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BIOCIMENTACAO DE UM SOLO ARENOSO COM
RECURSO A ENZIMAS: EFEITO DE DIVERSOS
FATORES

Biocementation of a sandy soil with the use of eneyneffect of
some factors

Joao Paulo S.F. Carmona *
Paulo J. Venda Oliveira **
Luis J. L. Lemos ***

RESUMO — Neste trabalho apresentam-se os resultados de uma investigac&oriabqgree visa analisar os
ganhos de resisténcia e rigidez de um solo arenoso, através da péexigidazarbonato de calcio (CaffO

por via enzimética, com base na adi¢cdo de uma solucdo estabilizadgrasta por agua, ureia, cloreto de
calcio e a enzimarease Inicialmente a eficiéncia da metodologia é analisada em tubessdéo com a
determinacdo da massa de Ca@gcipitada, sendo posteriormente testada em provetes de solo, com base
em resultados de ensaios de compressdo nao confinada. Sdo analisadasaaefeitcentracdo de enzima
ureasee do tempo de cura, no ganho de resisténcia e rigidez do solo establiaasi@ata-se com o aumento

da concentracdo derease(até 4 kU/L) e do tempo de cura (até 7 dias) um significativo aumento de
resisténcia e rigidez do solo. Ensaios de raios-X e imagens de mpmosetronico confirmam a
precipitacdo de CaCO

SYNOPSIS — This paper presents the results of a laboratory investigation létkaitm of analysing the
effect of enzymatically-induced calcium carbonate precipitation (GRG0 the strength and stiffness of a
sandy soil. The stabilizer solution is composed of: water, ureauoalchloride and theireaseenzyme.
Initially, this process is studied in test-tube experimentsti®/ evaluation of the amount of CaCO
precipitated. After this, the methodology is applied to stabilizirepibbased on the results of unconfined
compressive strength tesfBhe effects of the amount of theeaseenzyme and curing time used on the
strength and stiffness of the stabilised soil are studied. An increatte istrength and stiffness of the
stabilised soil is observed with the increase in the concentratiamease(less than 4 kU/L) and in the
curing time (less than 7 days). X-ray power diffraction and scanning elecitcomsoopy tests confirm the
CaCQ precipitation.

Palavras Chave -Bioestabilizag&o; biocimentacado; precipitacdo dbar@ato de célcio; enzima urease.

Keywords —Biostabilization; biocimentation; calcium carbonptecipitation; urease.

1 - INTRODUCAO

A expansao de inumeras regides metropolitanas doogiem promovido a ocupacdo de
formacdes geotécnicas de fracas caracteristicasinicas, as quais, no passado, eram
frequentemente preteridas para efeitos de constrégéitilizacdo destas formacdes geotécnicas
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para fundacdo de obras geotécnicas, sé é pospiebaseu melhoramento e/ou reforco, de modo
a garantir um adequado comportamento mecanico @ssiat e rigidez) e hidraulico.
Recentemente a biocimentacdo (ou biestabilizacdo)otiess ¢em emergido com uma técnica
alternativa para promover a estabilizacdo de algahss probleméaticos (DeJorgg al, 2010;
DeJonget al, 2013; Muyncket al, 2010; Chotet al, 2011). Sucintamente, a biocimentacdo de
solos consiste na precipitacdo de carbonato deocé@aCQ), a partir da hidrélise da ureia
acelerada pela enzinnmeaseque atua como catalisador, originando a formacdmnueia, a qual
induz o aumento do valor de pH:

CONH2)p () Ho0() « "3RG 2 NH, (ag) COz(0) [pH A (1)

Ureia Amonia

e a formacé&o de ibes carbonato (Hammes e Verstrd#i2; Blammeet al, 2003; Whiffinet al,
2007):

2 NH, (ag) COy(g) H20() o 2NH, @9 CO3 (aq) 2)
Amonia

Na presenca de ides de calcio {¢& de ides carbonato a producéo de carbonato die calc
ocorre espontaneamente (Chedtal, 2011; Burbanlet al, 2013) através da seguinte reacao:

Ca’ (ag) COZ (ag) | CaCO3(s) 3)

O carbonato de célcio pode-se apresentar sob a fartr@gicristais: calcite (carbonato mais
estavel em condi¢cdes ambientais), aragonite (catbateelevada pressao) e vaterite (carbonato
hidratado instavel raramente encontrado na nat@fdzehawadi, 2011)).

A precipitacdo de CaCOpor hidrolise de ureia é um processo quimico quzenide da
concentracdo de célcio, concentracdo de carbonogdno dissolvido, pH do meio e
disponibilidade de locais de nucleacao (Hameted., 2003).

Existem varias aplicagbes praticas da biocalciioagm engenharia, entre as quais se
destacam a protecdo e restauro de monumentos dEieal€ianoet al, 1999), remocao de
contaminantes de aguas freaticas (Fugtaal, 2000), producdo de argamassas biologicas
(Muynck et al, 2008) bem como o preenchimento de poros em raéensarochosos destinados
a armazenamento de petroleo (Nemati e Voordouws)200

A biocimentacdo, quando usada para estabilizar splasnove a formacao de ligacdes de
CaCQ entre as particulas de solo, aumentando a resst@migidez do solo estabilizado (DeJong
et al, 2010; Whiffinet al, 2007; Al Qabany e Soga, 2013; Van Paasteh, 2010; Mortenseet
al.,, 2011; Venda Oliveirat al, 2015), com um resultado semelhante a cimentagéoah (Al-
Thawadi, 2011). Por outro lado, a deposi¢cédo de Ga® vazios e na envolvente das particulas
de solo promove a diminuigdo da porosidade (Whéfiml, 2007) e da condutividade hidraulica
do solo (Al Qabany e Soga, 2013; Yasuhatal, 2012). Em paralelo, diversos trabalhos de
investigacdo tém mostrado que a biocimentacdo tamdléara o comportamento dos solos,
tornando-os ndo colapsaveis (DeJogtgal, 2006) passando a exibir expansdo volumétrica
positiva durante ensaios de corte direto (Chowal, 2011), diminuindo por conseguinte 0 seu
potencial de liquefacdo (lvanov e Chu 2008; Van deytRuvan der Zon 2009; DeJomg al,
2010; Inagaket al, 2011; Montoyeet al, 2012; Burbanlet al, 2011, 2013; Chenegt al, 2013;
Kalantary e Kahani, 2015).

A generalidade da investigacdo sobre biocimentagésotbs baseia-se na precipitacdo de
CaCQ por via microbiologica (MICP), utilizando diversdgpos de bactérias, tais como a



Sporosarcina pasteurii (Whiffiat al, 2007; Chouet al, 2011; Mortenseret al, 2011; Venda
Oliveiraet al, 2015), Bacillus sphaericus (Shirakaeteal., 2011; Chuet al, 2012; Chengpt al,
2013) e Idiomarina insulisalsae (Venda Olivedtaal, 2015). Como principais limitagdes desta
via sdo apontadas a complexidade do cultivo e armaazemto de bactérias (Hamdetral, 2013),
a variacao da producdo dezasepor parte dos microrganismos (Whiffin, 2004) e a gplicacéo
em solos finos ser limitada (Van Paassen, 2008} \d@s bactérias terem um tamanho de 0,5 a 5
um, idéntico as particulas de solos finos (MitchelBantamarina, 2005). De forma a contornar
estas limitacbes, neste trabalho apresenta-se umcegmo alternativo de promover a
biocimentacé&o, consistindo na substituicdo do usmideorganismos pela adicao direta da enzima
urease(Yasuharaet al, 2012; Neupanet al, 2013, 2015), a qual pode ser encontrada em
diversas bactérias, fungos e plantas (Al-Thawa@i,1?, em particular numa espécie de feijao
tropical, Canavalia EnsiformisA via enzimatica € um processo mais simples aenpver a
precipitacdo de CaCG{Yasuhareet al, 2012), como forma de alcancar uma melhoria umiéor
das propriedades mecéanicas do solo (Neupa@aé 2015). Por outro lado, o tamanho da enzima
ureaseé da ordem de 12 nm (Blakely e Zerner, 1984), osygere que a aplicacdo desta técnica
possa ser também estendida a solos finos (Harmatdah, 2013). A principal desvantagem da
utilizacdo desta enzima reside no seu elevado ,costoal no futuro podera ser mitigado com o
aumento da produgéo e eventual industrializa¢cgmralwesso de extragéao.

Apesar do diminuto nimero de trabalhos publicadosesalprecipitacdo de Ca@@m solos
por via enzimatica, estes tem mostrado que esta oletpid promove o aumento de resisténcia
(Carmona, 2016; Carmoret al, 2016a, 2016b) e a diminuicdo da permeabilidageresidade
(Yasuharaet al, 2012; Nemati e Voordouw 2003; Neupagteal, 2013), estando diretamente
relacionado com o teor de Cagg@recipitado, ndo obstante a elevada dispersdo opaksuhara
et al, 2012; Neupanet al, 2015a). Venda Oliveirat al. (2016) mostraram que esta técnica é
potenciada em solos arenosos de granulometria @xteesdo pouco eficaz em solos organicos.
Alguns trabalhos também tém mostrado que a utilzalg# elevada concentracdo de enzimas e
reagentes pode diminuir a eficacia do processouf¥aset al, 2012; Nemati e Voordouw 2003).

Tendo como cenario a incipiente investigacdo sobrpregipitacdo de CaGOpor via
enzimatica, o presente trabalho pretende contriiaria melhorar a compreensdo desta tematica.
Assim, com base em resultados experimentais, ésadalia influéncia da concentracaaitEase
do tempo e condi¢des de cura. Inicialmente, aésftia do processo é testada em tubos de ensaio,
através da determinacdo da massa de Ga@Qipitada e de ensaios de raios-X para confiomar
material precipitado. Posteriormente, a técnicailada para estabilizar provetes de um solo
arenoso, sendo a analise efetuada a luz dos ssIl@btidos em ensaios ndo drenados de
compressao ndo confinada (UCS), em termos de émsiate rigidez. Complementarmente, a
presenca de cristais de Caf®confirmada por ensaios de raios-X e por imagerisiasbpor
microscopio eletronico (SEM).

2 — CARACTERIZACAO DOS MATERIAIS
2.1 — Solo natural

O solo arenoso utilizado neste trabalho € proveaigatregido de Leiria, sendo constituido do
ponto de vista granulométrico (E196, 1966) por 2,34argila, 3,5% de silte, 78,7% de areia e
15,5% de cascalho, exibindo por conseguinte unctaraao plastico. A classificagdo unificada
(ASTM D 2487, 1998) indica tratar-se de uma ared gnaduada com silte e cascalho, designado
por SP-SM com cascalho. A densidade das particdlizdas (NP 83, 1965) assume o valor de
2,71. O ensaio de compactacédo (E197, 1966), reeegeicbmpactacédo leve em molde pequeno,
remete para um teor 6timo em humidadgydvde 12% e um pesovelPLFR VHFR R4 LPR
de 17,3 kN/m. O teor em matéria organica (OM), realizado petdatio de ignicdo (ASTM D



2974, 2000), indica um valor desprezavel de 0,3@%alor de pH do solo natural (BS 1377-3,
1990) é de 8,4, indicando a presenca de um sadirdigente alcalino. O Quadro 1 resume a
caracterizacéo geotécnica do solo em estudo.

Quadro 1 - Caracterizacdo geotécnica do solo natural

Granulometria (%) Gs Wopt (%) | 3™ (KN/m3)| OM (%) oH
$UJLOD 8§
6LOWH 8§
Areia § 2,71 12,0 17,3 0,34 8.4
&DVFDOKR 8

2.2 — Constituintes da solucao estabilizadora

Os reagentes envolvidos na precipitacdo de Ga@dicionados ao solo no processo de
bioestabilizagdo) desempenham um papel primordiaf vez que desencadeiam interacoes de
natureza fisica, quimica e biol6gica com as pdatscde solo. A solugéo estabilizadora é composta
por:

i) Agua: destilada em laboratério a partir da rede publica.

i) Ureia /[CO(NH),/: fornecida pela Acros Organics é utilizada como fonte de ides

carbonato, tendo uma pureza de 99,5% e uma masaadad0,06 g/mol.

i) Cloreto de calcio [CaCl]: fornecida pela Applichem Panredg é utilizado como fonte de
ides de calcio e tem uma pureza de 95% e uma madaade 110,99 g/mol.

iv) Urease: esta enzima fornecida pel&iyma-Aldricli catalisa a hidrolise da ureia. De
acordo com a ficha técnica, esta enzima é extraid@ahavalia ensiformes’apresentado
um valor 6timo de pH de 7,4, temperatura 6tima de 6@@evendo a temperatura de
armazenamento estar no intervalo 5°+3°C. O lotzadbd neste estudo tem a referéncia
U1500 e tem uma atividade de 34310 U/g (1 U origitibertacao de 1,0 umol de Nior
minuto, a 25°C e com um pH de 7,0). As instru¢céegpmreparacdo do produto remetem
para a colocacdo degeasecom uma concentracdo de 10 mg/mL numa solucéo taohgpa
fosfato de sodio 0,2 M, permitindo manter a solugdm um pH constante proximo de 7.

3 — PROCEDIMENTO LABORATORIAL DE PREPARACAO DAS AMOST RAS

Previamente a realizacdo de ensaios UCS para earactio mecanica do solo estabilizado,
efetuaram-se ensaios laboratoriais em tubos decepsaa aferir a eficiéncia do processo de
precipitacdo de CaGOSeguidamente descrevem-se os procedimentos labaistie preparacao
dos provetes para a realizacdo de testes em tebmssdio e de ensaios UCS.

3.1 — Precipitagdo de CaC®em tubos de ensaio

O procedimento de ensaio para a quantificacdo dsande CaCgprecipitado em tubos de
ensaio € baseado em Neupameal. (2013). O procedimento de ensaio € ilustrado narkid,
sendo descrito nas seguintes fases:

i) Dissolugéo de ureia-Cagconcentracbes equimolares) em 10 mL de agua atistiaté a
dissolucdo completa dos reagentes.

i) A enzimaurease,na concentracdo pretendida, € misturada com 10 ndgde destilada,
procedendo-se a sua agitacdo durante 5 minutos.



iii) As duas solucbes sédo misturadas, perfazendo unrmediatal de 20 mL. Imediatamente
apos a mistura, inicia-se a hidrélise da ureia icaidh pelaurease processando-se a
ligacdo de ides carbonato com ides de célcio, cammnaequente precipitacdo de CaCO
(Figura 2).

iv) Os tubos de ensaio sédo colocados na vertical, nutaacean controlo de temperatura
(20+2°C) durante o tempo de cura predefinido.

v) Apoés o tempo de cura especificado, a massa de €pf&Oipitada nos tubos de ensaio
(Figura 2) é quantificada da seguinte forma: o corgeagiioso presente no tubo de ensaio
(subprodutos da reacdo e o excesso de agua) é&@expara um funil de vidro munido de
papel de filtro; o tubo € lavado com agua destilagatendo o conteddo no mesmo funil
com papel de filtro; o tubo de ensaio com o predajoitd seco em estufa durante 5 horas e
pesado; o papel de filtro € lavado, sendo seco arfeedtirante 2 horas e pesado.

A lavagem do tubo e do papel de filtro tem o obfetle retirar os reagentes néo precipitados,
0S quais, com a secagem em estufa, iriam precgmtaacdo da temperatura.

CF——.

Misturar com

agua destilada 10 mL .
T e
ureia-CaCl
L— Papel de filtro Ci

Misturar com
agua destilada

durante 5 min Filtrar Agitar volume  CaCQ
Ty - - B e final de 20 mL apods tempo
10 mL de cura

urease

Fig. 1— Quantificacdo da massa de Ca@dh tubos de ensaio (adaptado de Neupaag,
2013).

Fig. 2— Ensaios em tuics de ensaio. Precipitacdo de €aCO



3.2 — Provetes de solo bioestabilizado

Os provetes de solos utilizados nos ensaios UCSikadricos com 37 mm de diametro e 76
mm de altura, correspondendo a uma relacao erditera e o diametro de 2:1 (NP EN 12390-1,
2010). Dadas as dimensdes do provete, para quesokados sejam fiaveis, a maxima dimensac
das particulas de solo deve ser inferior a 3,35 (Mead, 1982), pelo que neste trabalho sO st
utilizou a fracdo de solo inferior a 2 mm (Penaifd0, ASTM), correspondendo a 84,5% da
fracao granulométrica total.

Na Figura 3 apresenta-se um esquema ilustrativoategimento de preparacdo dos provetes
de solo, sendo descrito pelas seguintes fases:

i) Pesagem de cerca de 180 g de solo seco.

i) Preparacdo de uma solucdo aquosa estabilizadonaposta por uma determinada
concentracdo equimolar de ureia-Ga€ldeurease O volume da solu¢cdo adotado é
equivalente ao teor em agua 6timo do ensaio Practonal.

iii) Mistura manual com uma espatula do solo comokicsio aquosa, garantindo a sua
homogeneidade.

iv) Preparacdo de moldes de PVC para execucdo don®tps de solo, colocando uma
camada fina de vaselina nas paredes interioresadeira a facilitar a extracdo do provete
de solo apos cura. O molde é colocado sobre unearfiada, sendo instalada uma alonga
na abertura superior deste, para evitar despesdieianaterial.

v) Compactacdo dos provetes com 8 camadas e 4 @anpadcamada, de modo a obter o
peso volumico seco maximo obtido no ensaio Proctomal. De modo a garantir a
homogeneidade dos provetes, o topo de cada camesizagficada ligeiramente com a
ajuda de um garfo.

|Pi|§0 de compactagdo Ieve)

AT

: 2) Divisdo em 8 partes \ ;“:::"-:1:1
\_ - / sensivelmente iguais.

1) Mistura manual homogenea de
180 g de solo seca e solugdo aquosa.

M 4]
LJ 4} Retirar tubo

7) Retirar a alonga e
rasgar as superficies.

3) Apiloar com 4

‘o metélico.
5) Escarificar com pancadas/camada.

- garfo metdlico.
]

6) Colocacdo da préxima camada. Repeticlo
dos passos 3,4 e 5 para as restantes camadas.

Fig. 3— Esquema ilustrativo do procedimento de compactdgégrovetes



vi) Colocacao dos provetes dentro de um saco pbagiiar forma a manter o teor em agua
durante o tempo de cura, ficando armazenados emaraarermo-higrométrica
(temperatura de 20°+2°C e humidade relativa de%+thl ao ambiente (temperatura de
200+2°C e humidade relativa de 60+£15%), confornmadicbes de cura de ensaio.

Apo6s o tempo de cura definido no programa de essaigesisténcia mecanica dos provetes de
solo é avaliada com base em ensaios UCS, executadosma velocidade de corte de 1%/min.

4 - PROGRAMA DE ENSAIOS

No Quadro 2 apresenta-se 0 programa de ensaiam@dst em tubos de ensaio (provetas) e
UCS. Em ambos os casos, analisam-se os efeitosrted0 da concentracdo deeasee do
tempo de cura. Adicionalmente, os ensaios UCS foemiizados considerando a cura em camara
hamida e em condigbes ambientais com menor humiddaliva (60+15%).De modo a garantir a
reprodutibilidade e a fiabilidade dos resultadosensaios realizados nos tubos de ensaio e UCS
séo repetidos 3 e 2 vezes, respetivamente. As cvacées de ureia-Café deureaseforam
estabelecidas com base nos trabalhos de Carmon®)(20Venda Oliveira et al. (2016),
enquadrando-se nos valores considerados por camtoses (Yasuhara et al.,, 2012; Nemati e
Voordouw, 2003; Neupane et al., 2013).

Quadro 2 - Programa de ensaios.

A Concentracéo ~ Ensaios
Parametro em . Concentragéo | Tempo de cura
analise ureia-CaClz urease(kU/L) (dias) Provetag UCS
(mol/L) i
1 X
Concentracéao 2 X X
4 X X
de
0,75 3 14 X X
urease
12 X
24 X
1 X X
3 X
Tempo
7 X X
c(ljﬁa o ’ 14 X X
21 X
28 X X

5 - APRESENTACAO E ANALISE DE RESULTADOS
5.1 — Influéncia da concentracéo derease

A Figura 4 ilustra o efeito da concentracdo uteasena massa de CaGQ@recipitado em
tubos de ensaio, sendo os resultados confrontatos enassa de CaG@orica, admitindo que a
reacao de precipitacdo € completa:

mi () C uV uM 4)

sendo C a concentracédo equimolar de ureia-Ca@€lmol/L, V o volume da solucdtoem L e M a
massa molar de CaG@100,087 g/mol). Constata-se que o aumento da otmag@o deurease
aumenta a eficiéncia da reacdo quimica, devidonarernento da quantidade de ureia que é
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hidrolisada, induzindo o aumento da massa de Ga€€ripitado. Com uma concentracao de 8
kU/L de ureaseobtém-se uma elevada eficiéncia (96,2% em relaghassa tedrica expectavel,
equacao (4)). Resultados de ensaios de raios-X [X@Dfirmam que o material precipitado
corresponde preponderantemente a cristais deecétagura 5).

Os resultados de ensaios UCS (Figura 6) corrobodemyma maneira geral, os resultados
obtidos em tubos de ensaio. Assim, observa-se comn@erao da concentracdo deeasea
melhoria das caracteristicas mecéanicas do solo iksdb, nomeadamente o aumento de q
(resisténcia a compressao nao confinada)se (Bhddulo de deformabilidade ndo drenado para
50% de @), estando este efeito associado a uma maior proddedCaC@ que promove 0
incremento das ligacbes entre as particulas. Este € mais significativo para reduzidas
concentracoes derease(até 4 kU/L) e para provetes curados ao ambientda€te, a melhoria
das caracteristicas mecanicas de provetes com soimbittado curados em camara humida, para
concentracoes dereasesuperiores a 4 kU/L, € negligenciavel, tendo mesmceteito negativo
para concentragdes superiores a 12 kU/L.

Para elevadas de concentracbesréase(superior a 8 kU/L), 0 aumento da sua concentracao
nao tem grande repercussdo na eficiéncia do pmcessto possivelmente por escassez dos
restantes reagentes (ureia e GaCl

—~16 + Myeor = 1,50 gr

9 ____________________________________________

S i [96,2%]

8

al2y

= i

3] i [75,6%] Max

~ - Média

% 0,8 1 { Min

O - [39,0%)] Condicoes base:

g - T=20|

© 0.4 1 [22,9%] teurs 14 dias

= I [..]% CaCQem \volume= 20 mL
I relagdo ao tedrico yreja-CaCj= 0,75 mol/L

0,0 ' : ' : ' : ' : ' |

0 2 4 6 8 10

Concentracéo de urease (kU/L)
Fig. 4— Determinagédo de CaG®m tubos de ensaio. Efeito da dosagerardase

Os resultados obtidos na Figura 6 também mostraenageura ao ambiente incrementa
substancialmente o valor dg € de Eso em relacdo aos provetes curados em camara humida,
sendo este efeito potenciado com o aumento da wwacéo deurease A influéncia das
condicBes de cura no comportamento deve-se fundalmemte ao efeito da succado, a qual é
extremamente elevada nos provetes curados ao @mblievido a sua secagem, dado os provetes
sujeitos a cura em camara hamida apresentaremesatie teor em agua mais elevados, o que,
naturalmente, diminui a succdo e consequentemeapt@sténcia obtida.
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Fig. 6— Ensaios UCS para cura em camara humida e ao amdigifuéncia da concentracao
deureaseem termos deyp Eiso

Resultados de ensaios XRD obtidos com o solo bewiato e ndo estabilizado (Figura 7)

mostram picos ligeiramente mais elevados de cal2ifegual a 26,809 e 34,239) e vateriteT(2
igual a 28,965 e 31,492) para o solo biocimentadoprovando a existéncia de precipitacao
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Fig. 7— Ensaios XRD do solo natural e bioestabilizado.

destes cristais, pelo que se pode concluir queag®es quimicas continuam a ocorrer na presenc
de solo, tal como observado em tubos de ensaiar@-h).

Em geral, o comportamento observado estd em lirdm o obtido noutros trabalhos
cientificos, tendo Neupane et al. (2013) tambérntdohtma diminuicdo da precipitacdo de CaCO3
para concentracbes de urease superiores a 9 kU/A (parmol/L de CaCl2), tendéncia esta
também confirmada por Li et al. (2013) e Jimenepdzet al. (2003) com outro tipo de enzimas.
De acordo com Li et al. (2013), com o0 aumento da eotnacdo de enzimas, estas tendem a se
adsorvidas pela superficie dos cristais de CaCalBindo o seu crescimento, tendo um efeito
negativo no processo de biocimentacgao.

5.2 — Influéncia do tempo de cura

A influéncia do tempo de cura na massa de Ggg€ripitada em tubos de ensaio € ilustrade
na Figura 8. Observa-se a que a eficiéncia daogaciseja a hidrolise da ureia) aumenta com ¢
tempo de cura, sendo este efeito mais prepondepanéemenores tempos de cura (até 7 dias)
constatando-se com o incremento temporal a atenwlgeacdes quimicas; por exemplo de 1<
para 28 dias de cura, a eficiéncia da reacdo ceesnente cerca de 10% (de 75,6% para 85,5%
Este comportamento esta em linha com o obtido @rpatalmente por Nemati e Voordouw
(2003) com tubos de ensaio.

A influéncia do tempo de cura na variacdo dee driso de provetes de solo biocimentado
curados em camara humida (Figura 9) indica que eolisd da ureia nestes provetes ocorre
fundamentalmente nos primeiros 7 dias, observaedmis 0 aumento do tempo de cura, reduzide
variacdo das caracteristicas mecéanicas. Comparandsltados de ensaios UCS com os obtido
nos testes em tubos de ensaio (Figura 8) constapaesa maior parte do processo de precipitaca
de CaCOQ ocorre durante os primeiros 7 dias, constatandmseo aumento do tempo de cura,
para além de 7 dias, uma maior repercussao em tidbernsaios do que com provetes de solc
biocimentado.

Na Figura 9 também se observa que o efeito do temepoura em provetes curados ao
ambiente e mais significativo que em provetes mgaein camara humida. Julga-se que est
comportamento, ndo € consequéncia direta do pmceds bioestabilizacdo, sendo
fundamentalmente induzido pela secagem do provetgntio a um aumento da succao e
consequentemente da resisténcia e rigidez do provete
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Na Figura 10 apresentam-se imagens obtidas emsuoé@p@o eletrénico (SEM) com analise
da energia de dispersédo de raios-X (EDX), obtida®m provetes de solo biocimentado (cura
durante 28 dias em camara humida). Observa-sestéegia de pequenas particulas (cristais) no
vazios do solo, cuja composicdo quimica (atravéanddise EDX) revela a existéncia de célcio
(Ca, 3,9%, 4,1% e 2,5% respetivamente para assagdli 3 e 4), 0 que parece indicar que esse
particulas possam ser cristais de Ca@3tes resultados corroboram com os obtidos cms-¥a
em tubos de ensaios (Figura 7).

|| !EI
: -
-

s
SRR LA Anlise quimica 4

Andlise quimica 5

T — R - L
100um 100pm

Analise quimica 1 1| Andlise quimica 2 Analise quimica : Andlise quimica 4 3| Anélise quimica ¢
Wt (%) 7] Wt (%) & Wt (%) & Wt (%) ] Wt (%) &
O 40,2 14 1| |0 461 14 O 496 1,7 O 453 19 dq||lo 424 172
4 Si 16,5 o, i Si 28,6 0,Ps C 18,2 2% 4 Si 17,3 0,p a-|| Al 20,3 0,6
C 142 29 ] [c 202 21 Si 156 0OF c 151 24 3d||c 201 19
Al 105 0/ 3 A 31 o Al 74 04 Al 97 0O Ul{si 145 06
@ Fe 68 21 Jl |c 20 03 Ca 41 05 K 39 04 4dl|lc 27 o
g cl 4,9 (R .- cl 32 o, Cl 37 04 A
Ca 39 0, ] K 1.9 0.4 0 ]
2 -~ 1 -
] qi
] @ Jll[c
0 —— A T
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Fig. 10— Ensaios SEM/EDX do solo estabilizado (Cura: 28 dim camara hamida)
6 — CONSIDERACOES FINAIS

Considerando os resultados de testes em tubos @oepara analise da eficiéncia do
processo de precipitacdo de CaC® os resultados de ensaios UCS de provetes de sc
biocimentado efetuados para se estudar a repercudessta metodologia na melhoria das
caracteristicas mecanicas de um solo arenoso, podsisklic 0 seguinte:

- Resultados de testes em tubo de ensaios mostrano qaumento da concentracdo da
enzima urease e do tempo de cura potencia a massa de Gaf®cipitada e
consequentemente a eficiéncia da reacdo, sendiegorele uma maior quantidade de
ureia hidrolisada. Este efeito é mais significatpara pequenas concentracdesitEase
(inferiores a 8 kU/L) e tempos de cura inferiorés dias. Ensaios de raios-X confirmam a
precipitacdo de CaGO

- Resultados de ensaios UCS com provetes de solariginotado comprovam, em termos
gerais, os resultados obtidos em tubo de ensa&gsstando-se 0 aumento de resisténcia ¢

14



rigidez com o aumento da concentracdaidase Contudo, este efeito é expressivo para
concentracdes dereaseinferiores a 4 kU/L, constatando-se para maioregeatracoes
um efeito negligenciavel (provetes curados ao ambdjeou mesmo negativo (provetes
curados em camara humida).

- O efeito do aumento do tempo de cura em provetesalo biocimentado esta em
consonancia com os resultados obtidos em tubos ndaiog dado a melhoria das
caracteristicas mecanicas dos provetes bioestatnbzacorrer, fundamentalmente, durante
0s primeiros 7 dias de cura.

- A cura ao ambiente induz maior resisténcia e egidue a cura efetuada em camara
hamida. Este facto ndo parece ser uma consequéneta do processo de biocimentagéo,
mas ser induzido pelo aumento das tensbes de sude@ioo a secagem dos provetes,
guando curados ao ambiente.

- Resultados de ensaios DRX e SEM/EDX confirmammenio de CaCg¢) comprovando a
ocorréncia de precipitacdo em meio poroso, tal cobservado em tubos de ensaio.

Finalmente, salienta-se o facto do procedimento ideirbentacdo utilizado, apesar de
originar uma melhoria no comportamento mecéanicoplosgetes, remete para valores de aumento
de resisténcia e rigidez pouco significativos dotpale vista pratico, talvez devido ao volume de
solucdo estabilizadora ser também reduzido. Nordutaera necessario estudar o efeito do
aumento do volume de solucéo estabilizadora (pampkeatravés de técnicas de multi-injecao)
para incrementar o teor de Cagjfdecipitado, de maneira a induzir um maior ganhecedesténcia
mecanica.
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SHOLDELOLW\ DQDO\VLV RI WKH SLOHV RI ¢
HPSOR\LQJ ED\HVLDQ PHWKRGRORJ\

$OLQH GH 9LHJDV %HORQL
$QWRQLR ODUFRV GH /LPD $OYHV
ODXUR GH 9DVFRQFHOORYV 5HDO

5(6802 + 2 REMHWLYR GHVWH WUDEROKRDGH DNR®pB Qi RDG®RFRQW
FDLV SRUWXiULR QR 3RUWR 18 DR ®H \5H RG HUPRGIH D BIUDNA DGR R L
VH DV GLVWULEXLo}HV SUREDEROJDWIHFRWpPERLFDSBFGOGDGRIO GFL W
GLVWULEXLomR SUREDELOtVRI PY O®LBGHDHFR SDIGID QB FF VUL PRIQF H L
RQGH D SUHYLVMR GH FDSDFLGDGH LGRUFDURD DB/ XY INVQILDXA D nFR P
GRFXPHQWDGRYV GXUDQWH D H[HFXomRLBXRWo R D GREBDFLUGDG B
SRVWHULRUL" $ HVWLPDWLWDLD GHJ PRWIRGIRVY REMLL GB SQUSGRY GH
GH FDUJD GDV HVWDFDV EDVHDGERY HPWDBGDW\EDIRYH &K DHDLMOQ. |
SUREDELOtVWLFD GD VRO LPLWIDRBNRDVRER W [DQ/GRVWAHD ED Y HBDRAD F R
D FDUJD GH VHUYLOR $VVLP GRIFERGMBEPOQGBBHRGR GIMAMD TXHDP}

6<1236,& 7KH REMHFWLYH RI WKLV VWKB\ JEHRWHARK GLYFDCOX MWW OR Q
IRXQGDWLRQV RI D SRUW TXDWBRFBIWHGR DYWL RRWWR GIR Y WD PLEY
KDV EHHQ SHUIRUPHG E\ FRPSDUEXQNLWRM B U RKMHE 1B R WW EK GLLR/DADU
WKH ORDGYV DSSOLHG RQ WKW WBLEOXWLREHRISWKEDEHOUVQRILHAH GEVFL
DSSO\LQJ %D\HVLDQ DQDO\VLVFARHGFEEWVLQKFODSDIFKW\SUBI@GULRU
XSGDWHG EDVHG RQ WKH UHFRIUBNX®RRROPRDWHKE SXOLQJ WKRBRBHLU
SUREDELOLVWLF GLVWULEXWKRY EHHQ RESNDRRWHG HYVRRPOMPHL HF
SUHGLFWLQJ WKH EHDULQJ FDSBWID/Q\GRIUSL ®HYH W DD WG RRYY YEB\FW
GLVWULEXWLRQ RI WKH DSS@LHEG DDROSBVLKAD W BEWHQD B VRRHRIBMFH. H (
VHUYLFH ORDG 7KXV WKHOUWKBOIRDEL®GDLWLRQEZBPVREHWHUBLQHG

3DODYUDV)&RD¥OHYV $QiOLVH GH &RQILDELOLGDGH 7HRUHPD GH %D\HV

. HV\ZRUGRXQGDWLRQV 5HOLDELOLW\ $QDO\VLV %D\HV 7TKHRUHP

+1752'8d-2

$ GHWHUPLQDOmMR GR QtYHO G FRQRIEBEVYRLGSD BB XGHR TRX
XPD FXLGDGRVD DYDOLDomR GDV LQMHEHNH]D W OV VRFRDGE
DYDOLDomR HP JHUDO SRGH VHU UHDOL]DBPQRVRIDV ISQ REDQE
TXH SHUPLWHP HVWXGDU RV HIHLWRV FRPERL @MGRVVEDV LQF
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IDFDVVH H 1DGLP DILUPDP/ TOX®Hi O VHHWW G M/ t ¥ R/Q FLID E D(
HVWLPDWLYDV GH ULVFR SRGHH GHB LVHLRI PKXH.Q\RDYWGEIHVD S|
*HRWpFQLFD PDV DYDOLDP DOJXPDV HVMYWX{BR SH O DV RT QML 8 H )
SRU H[HPSOR D GHVFRQILDQODRGHUQRYRVI@HUPRY PRWMKHAI L
FUHQoD GH TXH D H[HFXomR GH WDLVRMNQDGL¥HRQIRWVID WEB|
TXH RV SURFHGLPHQWRY UHTXKMUHPA PREG®HD HVA RAUH R @6 R UFFIRIX
GH TXH R ERP H YHOKR 3MX O JIDIP HQFA\ORX t&HR HGRIISQRBH VD R \GHJ G

BHIXQGR 'XQFDQ DV WHRURQMN ISR BOHE ERQYWDED Y LG [
DSOLFDGDV QD (QJHQKDULD *HRWPpPFQLFDVHEW®NWH)YHM GRHD ISW A
DOpP GDTXHOHY QRUPDOPHQWH QHFHVWILFIIR ¥ RRDYUHQ R PRQD Qi
HVIRUOR DGLFLRQDO UHODWLXP RHQMWID B HDYWHRQ RR @ VS RB\HULWHHC
VHIJXUDQoD H FRQILDELOLGDGH 'GIHOMPORURMHWWDPERWpEEL
DSOLFDomR GH DQiOLVHV SUREDELOQYRRW DYV LWIDRE®OR! W HDARRAD &
DXWRU FKDPD GH *UHFHLWDYV GRJIARR G HH B BAAR\O HI B HQLAPRHUB/RD
LQFHUWH]DV

(P HYSHFLDO R SURMHWR G I GV H X VGHU DXIDQY K €& Y HWLLG
GH YiULDV IRQWHV $RNL V $ORX KDV IDHEL\ODE DB W SDFL|
GR VROR LQYHVWLJDomR JHRWPpPFQLFD RO GRLWRGR RFAWHU®D}
H DSyV D H[HFXomR GD IXQGDomR R/GRORVIGHDE}E FXIMDARR \GBIE B
GR H[DWR PHEDQLVPR GH LQW H U Bdim& DWR PRUIXQY/GD S & RF DA\
GH IXQGDomR

'HQWUH DV DERUGDJHQV SUREDELOtVWALFIONUBD VAHR WIp¥ QG
DERUGDJHP ED\HVLDQD WHP S\WD OF D UDGHA D UGWHWILEHD D XIREFOPVI L]
~QLFD IRQWH GH LQIRUPDO}H\HPDIRJ HFRQUDUV UV R/ 05 D $ONERDNGD/J
WHRUHPD GH %D\HV WRUQD VH GRY VERPELGBUXPY LRURDPWDDF
DQWHULRUPH®WH j DPRVWUDJHPRPS DR EDE ILROLREI0G H VV K E QW WG
DPRVWUD SUREDELOLGDGH RIKMKWRY®H FiPICPDQ GRURN \GLHP IX® B
DVVLP REWHUW XP QtYHO GH FRQKHELRY QWP DWXDDIHBGRD B
GLVWULEXLom® SUREDELOtVW LFFKOD PIG\DH GLR G LjV IVRIR ¥ W U R P
GLVWULEXLomR DWXDOL]DGD p FKDPDGDXGH GLVWULEXLomR 3|

LLl

»

3 D SULRUL ===
YHURVVLPLOKDQoD
D SRVWHU LR+

'"HQVLGDGH GH SUR

- -

9DULIYHO DOHDWyULD

)L £ 'LVWULEXLO}HV 3D SULRUL"™ H D BBNWRMADLRUL" H I

(P UHODomR j DWXDOL]DomR GD FDSDBR®M&KRHGCGRHWAHDRIIDP G F

QmR p UHFHQWH .D\ SHU\RVB DW tIY WDLEFRDU E D IHYLD QD ¢
LQIRUPDomR SUpYLD VREUH D FDSDFLGDGRVGGHFSURY D&H GHHV
%DHFKHU H 5DFNZLW] GHVHQYRO Y HR PXEPLDQ IVp AL R A-DVOW
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SULRUL" FRP UHVXOWDGRYVY GH BBRYPNVQGHR PHWRGRB RHMW D
7DQJ DQDOLVDUDP R HUGR PDYRFLOCOGRH SUHWHNDV MR GH
FRP EDVH HP UHVXOWDGRY GH S$URYDYnGH FIDROWVWVH G WGRY
WpFQLFD ED\HVLDQD SDUD DWHKIDAUGDG HD HS GHY ER S B FGE DU
HVWDFD FRP EDVH HP GDGRV PHGLGRV GXUDGQ@WR SXVHUDD/MD
PpPWRGR SDUD FRQWUROH GD FUDYDomKH;® HYW DFFIDAWH G&HD \Dr
GDGRV =KDQJ H 7DQJ XVDUDRDD SIDEFDU GQBFR B SRDOABV F
SURYDV GH FDUJD QR SURMHWR oGIRY GRV WREFDYL PHQYWR GFRD Y
R PHVPR tQGLFH GH FRQILDELOL QRG W WEIHAOCHMIRG/R G H R6 BDoQJW
ODJDOKmMH\W $PDGRUL VMR XHIBBGORV GH HYV
PHWRGRORJLDV gD\HVLDQDVGHU—D\RNI]DS'(XIHFDEPCB-IIZD\XNQD DQiIOLVEF
2 FRQFHLWR GH FRQILDELOLGD/MH DAMMRKRIORGEROUYDOLDO
GD SRVVLELOLGI%'GH GR GHVHPYWNRKR DREEHXTW R GRX G/H. \XW HP DI
HVSHFtILFR GH WHPSR HP FR@GGHUOHWGIRSHWF¥DRDYPDOLBO
FRPSDUDomR HQ%/UH DV GLVWULEXLOgH®V 5 GRE GEPDIQ@ R/D FID
FROQOMXQWR VRE %QiOLVH )LIXUD

U

"4 FS=RI R

f4(D) f(C)

'"HQVLGDGH GH

B R
Pr

)L £ &XUYD GH SUREDELOLGDGH GH IDOKD &LQW

'R SRQWR GH YLVWD GH (QJHQKBIWAIDG DXPHD DHU O LWH &R DI
VHIXUDQoD VXSHULRU | DQi®RWH ML WRG GFHL RIDW B UOG HD &HJ DU
HQWUH RV YDORUHVY GHWHUPLQtVVPL AR G DR HFPD G GRY O [G/LH R
FRQILDELOLGDGH OHYD HP FRQWD DV ®IRWSMDQ@RUHWEH @Bt
GHPDQGD $VVLP p SRVViYHO RLELGPDXHR GGH | BHPH DEQ GRED
SUREDELOLGDGH GH RFRUUrQFLD GHGE M A-DXQYGRIDW VEBMULRUF

2 REMHWLYR GHVWH WUDEDOKRFR QSDHV BQ &DE HX PHR DWW
GR FDLV PRGHUQL]DGR GR 3RUWRDIRY RVB@E 5/RR BB DIQS3H. FDEG
DQiOLVH ED\HVLDQD $ HVWLPDWSUYDRGH FW B ALGORRH EDH/ 1 [
PPWRGRV VHPL HPStULFRV GH GW B & RVMRHEDY WDIGRRW 6:8F UV
7HVW DGDSWDGRV SDUD LAVR®IMD GRWDGRDHEQ QDGR GHV GRA/
GXUDQWH D FUDYDomR GDV HGWDEFPY | \YDIWPXRFD DGARKFALBEOR ¢
SDUD JHUDU XPD IXQomR GH Pi[LP®DGHUR M VAPU O B oTR VBNV
FRPELQDQGR VH D HVWLPDWLYRPP VIX ERNAWMLPYIDW LD SRENRHW
YHURVVLPLOKDQoD DWUDYpV GRMWRHBUREDEGB t%W\H\D & DG/
HVWDFDV IRL HVWLPDGD DGRWDQGR VHHGGEH YBQWDHm K DG
FDUDFWHUtVWLFD GH FRPSUMMWMEBH RN H PE IRVPERBW HFUR L
FRP EDVH QD WHRULD GH FRQILDELOLGDGH

21



+(68&5,d-2 '$ 2%5$

$ REUD GHVFULWD QHVWH HVMUXGR BRI WRGIHURL]D &F R QAR D&
5LR *UDQGH 56 2 FDLV RULJSRN® SRS BRPWRX URYIR UPPRSR ST
GH FRQFUHWR VREUHSRVWRVQGRL VLR BURNGRVBBR SD WK Uk
FDODGR GH DWp P 5HFHQWHPHQWH R FOLNoWNP YLHAHE
SULQFLSDOPHQWH R DSURIXQGBRNVYWRL G RWD@®R B \G\DLPDD DRA
GH PDLRU SRUWH

$ REUD GH PRGHUQL]DomR HPHXXD §B QRRLWYDo MRV B HHQPY RA

P GH HIWHQVmMR DSRLDGR GR FD QW GRR K WRH GBIDF DL H S
PLVWDV SHOR ODGR GH iJXD VHBY PNMEW®RRNRLFOIGYOL GPGFRRAP P
FRQVWDQGR GH XPD SODWDIRUWPIY LUDIV GID bl P OHHDXD \B MIRQ RD LW/
WHUUD H HVWDFDV PLVWDV)LRXUD FR$MRR B bDNV[ SRIW\S R QL F X
VHQWLGR WHUUD PDU VMR DEWRIWYTGI\53RW HR GCRRN E®HR FR\W
VROR H DV IRUODV SDUDOHODV DRVRIR/ BRPRRDOED B D ¥ HG AR SSHR

Plataforma Muro Existente

do cais

Viga V1 Viga V2 " Viga V3
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Paramento
Posterior
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4

)L £ 6HOomR WUDQVYHUVDO GR FDLV /RER

3DUD R SURMHWR IRL UHDOL]D ®DW{(FRER B S B W D QE&HD KHE® \B
THVW’ FRPSRVWD GH IXURV GWDVRWOKG GRHEe IDGRDG® PDWP TXDQ!
JRUDP H[HFXWDGRYV IXURV GMWRW GDIRUDPVHHFRWREB FBVHV R
6 $ 6 % 6 % 6 $ 6 6 H6 H 6HF WEUWD IBUPH 6 & 2V ER
GH VRQGDJHQV SRGHP VHU HQFRIQWOBGRY HP /REA® )LJIXWHD
VH XP SHUILO JHRWpPpFQLFR HVXQRWDIGWR¥FREDEDOVRQGRIGRW WH C

Distancia (m)
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S2B S3B S4A S5
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$V HVWDFDV HP iJXD VmR PLVWDV W XERKNQRMHW FRIPF KR Q
DUPDGR 2 WXER PHWIiOLFR WHP G RIPFSHW P RQW R MAURMRD ®HG H
HVSHVVXUD GH PP 2 WXERHWRUBDHPF&RGRDFRPWIRQFU P
P 2 DoR TXH FRQVWLWXL RV WXERV WHI\@\NOWR RG/H GHDWF R D WH
03D H R PyGXOR GH HODVWLFLGDGR YVEIER STBWDD R FSRIGHQF |
SRVVXL UHVLVWIQFLD FDUDFWHUERW LFDELFINP M QWORBOEH DBR ¢

'H DFRUGR FRP R SURMHWR PBDR®RHXR\DD F D UJIDF Pl HP B PGW
GH N1 H XP PRPHQWR IOHWRUBUWGKBLUHNIR H® FEDODTXmR
UHDOL]DGD FRPR PDUWHOR PRGHOR '"(D$LHVHPDUWHOR DX

'XUDQWH D H[HFXomR GR HVWD®OKMWDRPH®N RU DR'ID ®rmR \& Bl GV
EHP FRPR HIHWXDGD D PHGLGD GH QHJD DBHIRQDI® GRPVFRQW
FDUUHJDPHQWR GLQKPLFR HP XPD\Q~PRRR FUBERR LEMHG R VS
EUDVLOHLUD 1%5 $%17

+#67,087,99% '( &$3%&,'$"'( '( &$5*% 3% 35,25,°

1R SUHVHQWH HVWXGR R FDHINVIRGIH GMOXrQRLBP FFEQDBRJ
GH VRQGDJHQV WLSR 637 H[HFEWDG6GRWVW ¥RE 6k¥P HQD G 1iXKWDL

(EUHD GH LQIpxrQEldHP GH LQIOXEQHIDDBHWU. QIOXIrQFLD 6 %

@0 00 000000000000080000000000000000®MO00
6 % % 6 %

OyGXOR 0yGXOR 0yGXOR

‘ EUHD GH LQIOXrQFLD 6 $ EUiHD GH LQIOXrQFLD 6

OOOOOOOOOOOOGOO$$)OO 00000000000 OE®OOOOOOO
6

|
0yGXOR 0yGXOR 0yGXOR

)LJ + EUHDV GH LQIOXrQFLD /RER

$ iIUHD GH LQIOXrQFLD 6 $ DEUDQJH 6 VVID FEDY DEVDQH B
HVWDFDV FDGD D iUHD GH LQIOXrQFLGH6LQ DKUQRUM 6 BY¥
HVWDFDYV

3DUD HVWLPDWLYD GD FDSDFLGDGHRGH HWDYOXQ W/ @RV HVRWD
637 DGRWDUDP VH GRLV PpWRBERORER SUHY IF\RPRP RBKINIL AD 8
SRU /DSURYLWHUD H %HQHADDUHVPDH 'pFRWODWEpPP 'pF

$ GLVWULEXLomR SUREDELOD/G\H FEH *BDSUDRIRL" KS\DWEDP B G
IRUPXODomR GHVFULWD HP $OYHWDHUSPEGBUGDGH CRQGSHU)
l¢s7 DGPLWLGR FRPR YDULiIYHO DOHDWyYULDNRRGEHLOROX tiE @ H

H 'pFRXUW H 4XDUHPD DomPRVERDN pWREIDRD3OQLF3)LUVW
ORPHQW’ $ GLVSHU VeayES RGRHYDHIRWWIHUIDY LQFHUWH]DV D\
SUySULR HQVDLR D YDULDELGIPGPEHRHUSDEQBABUW®R |]IVWR Ol
VLPSOLILFDo}HVY DGRWDGDV QRV SUYSDERGDEHNVE B D GHD HV

$OYHV H $PDGRUL DGRWDP XPR VKEBH®QMWRVR BRDGHVX
FRPSULPHQMRRQIRUPH PRVWUDGR QD )LJXUDgp DLHDVWEDFRIGDR
FDUJD SRU SRQWD FRUUHYVSRQG RQMNFH DV VR FHH WW UL WHR  (
L RQGH L YDULD GH DWp Q
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3DUD R PpWRGR GH $RNL H 9HO®RWVIR SHYRBHNPHDYPDH.
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1DV HTXD0}HV SUHFHGHQWHM DWIGRWP OR W DXRUHHVSHUD (
GH XP GDGR SDUKPHWUR [ R WHK@RLD>G® YH2VHGHEB LjVY\DtP
VHIXLQWH VIEJQDILBBBRGHF SRQWD H 8 p & BHUMMRWURR IGB LH\WDW
UHODFLRQDGRY DR WLSR GHDVIRVOWRiI RE®EH VR W)U HHF KRVEGIR HIVWB!
DR WLSR GDR pH RWIIFDORMPEBLIGR QD SURIXQGLGDGH RQGH R V
ORFDOL]RGR DHPAGLD HQW U H37RQ ¥ DSOURRU X®KS LIG D GH RS DY CBARRQUNV T
LPHGLDWDPHQWR H @WHUWOLRW LPHGLDWDPHQWR SRVWHULRU 1

$GPLWLQGR VLPSOLILFBGERPMBWDP WOHLLIYHLY DOHDWyYULD
LQGHSHQGHQWHY SRGH VH HVFUHYHU

Non ER,, @\ln Nn Nn

VR, @%ivmn @nN>v@ > @

3DUD R PpWRGR GH 'pFRXUW H 4XPLGRPD DHQHH\H QHV
VHIXLQWHY HTXDo}HYV
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RQGH NXP FRHILFLHQWH UHODFLRRDGRRDRRW LLFR HGAHW\HR/O BRH

WLSR GH VROR H DR WLSR GH HWAMDRD 2¥ GHP BPVFR(PEHRGRV

VLIJQLILFDGR DGRWDGR QR PpWRGR GH $RNL H 9HOORVR
1RV GRLV PpWRGRV GH SUHYLNMM® SBPRGEDGEH HMWF BFBYRD /I

EQUH @un abn

an 6bn

VQun @an> V@n >/Qbr@) :v IQs@ l/P > @

RQGWHee¢ D FDSDFLGDGH GH FDUJD SRUUMWUHWRQWDVR UYCD |

SULRUL" GD FDSDFLG DbGH GBIUERQBDDH TXDGUDGR GR GBVY

FDSDFLGDGH GH FDUJD SDUD XPD GDGD UMBRLGRYV iHRBDG
DQWHULRUHYV DGPLWH WH, HS RV mkR. SYBMHMMHTXHD®HDWy U LD
LQGHSHQGHQWHY HQWUH VLG H DN LBWVIRFELDYPH UM B VL @ BH BH QK
VL

&RP EDVH HP GDGRV SXEOLFDGRV GD OLWHUDW X QB VW
WUDEDOKR IRL DGRWDGR XB ERHMR HQWWH G3HH WDILUR. [BAnGRU 17
SDUD RV YROQRUHV GH 1

8PD YH] TXH DV IXQGDo}HV VMR FRQVWLW RDGHLW SR WV HH
KLSYWHVH TXH DV HVWDFDV QmR HPEXFKB3PF&EDEGWGEHDF
JHRWPpPFQLFD p FRPSRVWD SRU KPDN SKROEHHOMH GjH i ISHRI) VDD |
WUDQVYHUVDO GD HVWDFD XPD SDURHHD G H: B VDW.WL.RV R DO,
RULXQGD GD FROXQD GH VROR SRVLFLRQDGD)WR U@RVHULR
D SDUWLU GR DWULWR H[WHQD® HKQWWYHG R W DSHIRPWHIVDRWL
WDPEpP XP GHVORFDPHQWR GD FROXQMUWIQMHUGR GHLWRO|
FRWD VXSHULRU GD FROXQD LQWHU QDPGN YR RSIRRLMRXVV E
R DWULWR XQLWiULR LQWHUQR GD HVWWRQ FRUP H JXDOL PRo W
H /RSHV

$ FRWD GH DVVHQWDPHQWR HVFROKKXGD 5 RQIS B [REQWDF
FDUJD PpGLD HUD LJXDO RX PDRRUFBRJIJDXBISR LGREDR HFPD FPT
PDLRU RX LJXDO D N1 EXWFRQ GRI \6H JRV B QR DXIPJ XD O R X
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2V 4XDGURV H DSUHVHQWDP RV UHWDOR\D GRL\G B pVRiGI
SUHYLVMR DGRWDGRV HP WHUPRR G&HVOYHRDPHREARR | S RIQHNQDA
GH YDUGDGBRFDSDFLGDGH GH FDUJD HVWLPDGD

4XDGUR 3DUKkPHWURY GD GLVWULEKI$SRMNR 3D 9IFHOLRRILR = 0}

EUHD
GH (OHYDomR PP N1 | & N1 G

L QIOXrQFLD
6 3$
6 %
6 %
6 $
6

4XDGUR3DUKkPHWURY GD GLVWULEX1poAiRX B SUALRDUH Y FOp W

EUHD
GH (OHYDOmMR PP N1 | &5 N1 el

,QIOXrQFLD
6 $
6 %
6 %
6 $
6

2EVHUYD VH TXH R PpWRGR GH XpRSRRUXNQ 8 L G00EHW B DW/A
OLJHLUDPHQWH PHQRUHV GR TRNR PpWHRGHRPGHH GRD L HOPHOE
UHVXOWDGRY GR PpWRGR GH $RRHIHFRHQWRIWRGMHS Y BV HRQWDR
Ssbub D FDSDFLGDGH GH FDUJD HHQPFRXQWRHTAXKDRHNPWRGI
FRHILFLHQWHY GH YDULDomR HQWUH H

+)81d-2 '( 9(5266,0,/+$1d$

1D DERUGDJHP ED\HVLDQD D IXQomR GH Y HULRYWUIPEXOLKoD(
REMHWLYD GH SUREDELOLGD&W DRRVWHNLD V E B YSHDWLOP HPW®I
HVWXGR D FDSDFLGDGH GH FDUJD GRDWHWQWDED W NE UG DWW MDA
FUDYDomR )RUDP DQDOLVDGRV RV GDGR]WGHV QD DREUDH\WGML
DXVrQFLD GRV EROHWLQVY GH FUDYDomR GDV GHPDLV HVWDEFD

2 SURFHGLPHQWR SDUD GHILQLomR GD IXQ@JdDR BHGYGDRYV W
SRU EDVH D SURSRVWD GH *XOPWRR BRHQEDEUDDGRWD @DSWR F
IXQGDPHQWD QD FRQVWUXomR GH MRXWWDOD GHVFUHDWILE L G
HVWIWLFD GR VROR j FUDYDomR 65' YGRJLQHORVL QWRILLWOV R H3,
WDPEpP FKDPDGR GH Q~PHUR GH JRRO VR UV PRV RRRAWALC
PPWRGRV GH FRQVWUXomR GH UKPHW BRV Y®M) 6MHLISAHRYG H R O®HV |
VROR H DR PDUWHOR GH FUDYDomR

$ YDULDELOLGDGH LQFHUWH]D GDBDUBW.WWDAYrEF LAOH GDU HW
FUDYDELOLGDGH XPD FXUYD PRGYRVWXEXD YHR PHY3H KWDHIMDU R V
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FXUYDV FRQVWUXtGDV FRP RV YWJURRUKNR PEDRGER\R VR )G RAX ES/DU
UHVSHFWLYR GHVYLR SDGUMRXWGYD PYZBHUDRL TRHURPD KRD®
UHVLVWrQFLD FRQIRUPH PRVWUDGR QD )LJXUD

Qua
Curva
Q‘:,k 1 X superior
E Curva
esperada
Curva

inferior

I

+ >
1/s, 1/s

)L £ &XUYDV GH FDSDFLGDGH YHUVXV R LQYHU

JRL XWLOL]DGR QHVWH WUDEDIDPHR WR BREGEHGDRHRQ W R
SURFHGLPHQWR RULJLQDO GHGRWRMRBPYBRFHGLPHKWRRRRC
GRV YDORUHV GH QHJD REWLGRYV DRDIEQBO 8 WWBD Do nbRV

GH FDUJD @Gy SHUDXGD FDSDFLGRGH VXASHUERBDFQGDGH LQIHLU

&KDPDQGR GH P R Q~-PHUR WRWDO GH HVWDXrMWw HP RPDLC
PpGLR GD FDSDFLGDGH /GHVHDWJDI XDWVijWREFGLD GRV YDOR

FDSDFLGDGH GH FDUJD GH WRGDV DV HVWDFDV GDTXHOD iU

Im
IkQuk
m

$ YDULKQFLD GD FDSDFLGDGH GH FDUJD HM® XPDVHKUWHWH
FRQVLGHUDGD LJXDO j VRPD GH GXDV YDULKQFLDV SDUFLDL

W s Wy

$ SDURHOP D YDULKQFLD HVSDFLDO GD FDSDFLGH®HD G
YDULDELOLGDGH GDV QHJDVL®HGLGDV QD iUHD GH LQIOXrQF

Im
|kQUk PL
m

Ws

$ SDUWNHOD D YDULKQFLD SDUDPpWUIGRD/ §BOIPHIWWDRW DG

FRQVWUXomR GDV FXUYDV GH Y HWH \F\U QDF HY WD ¥FD @RHVE®H P
IRUPD

§guk Quk ’
© 1

|/I_vk
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2 YDORW,GGEH XPD iUHD GH LQIOXrQFLD VHW iwLUXIOD W RYRDL

WRGDV DV HVWDFDV VLWXDGDV QDTXHOD iUHD

+i GXDV IRUPDV SRVVtYHLV SDEDB FRDQYMNELXOINGHD GH VDRMXWIY Df
EDVHDGDV QD WHRULD GH SURSDJDomR GHFROKGEDWXPOWUWY
lyUPXODV GLQkPLFDV PpWRGR PUHWR[LE@BPIBERWNKMWHLWR DURNH
VLPSOLILFDomR IRL XWLOL]DGD D IyUPXON GLQKkPLFD DWULE X

ey Wh

S \/s eHWhELA

Qq

RQGHp4D UHVLVWIQFLD GLQKPLFD PREpOR|®IGBLPG@FILD) B® D!
FUDYDomR : p R SHVR GR PDHIGADHGR PO P VDHD®W X UD DGE HID  /
GD HVWDFD ( p R PyGXOR GH HOD YAV DF H& W®H DG RH PID W HDU LLDHX
WUDQVYHUVDO GD HVWDFD

1IHVWH HVWXGR D IyUPXOD RULXPERDDOWH U:DHdWE D /K EWRN L
FRPSULPHQWR UHDO / SHOR FRRSHRPSQWR GIW R LN DXOHDVDH @ W
HQFXUWDPHQWR HOiVWLFR GD HVW)FED ®H FDQGR $IRUF R QYW DF
VHX FRPSULPHQWR 'H XPD IR BI®IDHUR G RSB G HPWH W R SHUTH\L Y D

L DL
VHQIRP IDWRU GH SURSRUFLRQDOLGD@GWHHIXQémB GR PBEB DI IC
(VWH YDORU SRGH YDULDU HQWUH B VS/RIADD V DRV gV U D QH/Y M

WUDQVIHUrQFLD GH FDUJD SRU DWULWR
$OpP GLVVR D WUDQVIRUPDOomR GDGODHNUDW¥DQMERDXBDQKPL
FDSDFLGDGH GH FDUJD HYWpWLHDOGHDGR QW WBDMPIR GH XP IDW

IDWRU GH FRUUHomR p HQWHQ@QGLGR IPR\PRRU VGIK) & R HDV BJIDA ki @ WHRD

FDUJD FRP R WHPSR B3VHW XS’ )7 H XP)IDWRK GHSDHAYE R\

UHODomR HQWUH DV UHVLVWrQFLDV PRELOL]DG IR IV \M MWLD-BL
$VVLP D IyUPXOD PRGLILFDGD GH :HLVEDFK ILFD

e, Wh FT

FD
S \/s eHWhéjl‘A

Qu

2V SDUKPHWURY FRQVLGHUDGRYVY GHWHR PDUIWWQRRY QD i®
HVWDFD $ R PyGXOR GH HODVWLFLGDG HH G\ LAPDVW R UL EIDV
UHVXOWDGRYVY GH HQVDLRV GH]BGRYVHHEP -H/QWDR OV @GP RFEERJ W HE
PRVWUDGRV RV YDORUHY DGRWDGRY SDUD HVWHV SDUKPHWU

4XDGURBDUKPHWURY GHWHUPLQtVWLPRNDDGRWDGRYV QI

SDUKPHWUR 9DORU
N1
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2 FRPSULPHQWR / GDV HVWDFDV WDPEpPURLQFRW VER HRUDG
HP FDGD HVWDFD FRP EDVH QDV FRAMX\D GWHVR SR BIYDR @W D

2V SDUKPHWURY FRQVLGHUDGRYV DOHDW@DLEBR DUDNNHOR'
HILFLrQFLD GR ARDBWHDWRHHY GH FRUUHOMRKED7IRL)FRQDDOGE
DOHDWyULD XPD YH] TXH QmR IRL UHJLVWNDBGDN RR W DO WHIF
WUDWDU GH XP PDUWHOR GLIGBWRWNORMKR BR@RGHR PIiVIFRR AR P WL
SDUD FDGD SDUKPHWUR $ DYDOLDomR GHD GIDL [$D G KHP M WWWILRD «
EDVHDGD HP GDGRV WpFQLFRYG KM 3/RXOYBHRN QHV R PGP HEQIHIL

4XDGUR 3 DUKPHWURY DOHDWYULRY DGRWDGRV QD

)DL[D GH YDULDomR
tQLPR Oi[LPR

o
R
0

<<

3DUKPH

)7

2 YDORU PpGLR GRV SDUKPHWUHOD DRI W yDU RW PIRW LR BW
HIWUHPRYV FRQFHEtYHLV Pi[LPR H>Pm@®RLBRY -$ DRJ kBPHIWWULRY S
HVWLPDGR D SDUWLU GD IDL[D GH YDUYDO®RR PR@PREHY RO
PtQLPR $GRWRX VH/D EDMBDGBBRR IDWR GH TXHV GH &R W
SDUKPHWUR DOHDWYULR QRUPDOPHQWH GIRWMNEDEXIGR &R F
PpGLR $VVLP HP SULQFtSLR RUGPNWIUR SIRGUHMWR DG M HXUP HV \
IDL[D GH YDULDomR SRU 3RUpP VmR URSRUDWEIGDLW QR GD
YDULDomR SRU FRQGX] D VXEWWR LSDWLLPY DY/RGRUBWN @ WRH I
GLYLVMR GD IDL[D GH YDULDWRRIBRYQFFRQIRUPH VXJHVW

1R 4XDGUR VMR PRVWUDGRV RV SPIUUGR B QAR R EVDL RN H |
GH LQIOXrQFLD LQFOXLQGR VH Dt DVORDEY¥DGPHW @Pp GRLDDA
HVWDFDV

4XDGUR 3 DUKPHWURY GD IXQomR GH YHURVVLP

EUHD

QIGOHX QFLF(,DSE'ZSOETLB N 1 & N1 G
, r

6 $

6 %

6 %

6 $

6

e SRVVtYHO REVHUYDU TXH DWMVFD®HELYD/GEN PGdDHR ®H
IRUDP EDVWDQWH SUy[LPDV @DV 3:BUHYILFWD V $¥D 8 URYXVQ G D(
ILFDUDP PDLV SUyY[LPDV GDTXR GIH $RNLYHVIHDO BHUR R PpWR
IXQomR GH YHURVVLPLOKDQoD UHSURNVNHRQWRGGBGBHAR DYHXL
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IXQo}HV 3D SULRUL" e GH VH VDOLHQWDW XTUOH GH LTHHGEDN B FO
RFDVLRQRX IRUWH DXPHQWR @R GHVURVK ISO®KDK cd@D DFXFQYei R
QR FRHILFLHQWH GH YDULDomR

+(67,087,9% '( &$3%$&,'$'( '( &$5*$ 3 $ 3267(5,25,

$ HYWLPDWLYD GH FDSDFLGDGH GHDADWD Bp\D GRVWRUHRD L(
FRPELQD DV HVWLPDWLYDV 3D SULRULV GDVFDSDIAL WHGKH HOH @
HVWDFDV REWLGDV D SDUWLU GRV PpW RGRW VP PQKDRED L RE
SDUWLU GRV UHVXOWDGRY PHGLGRV GXUPQWWUWHDFBEYVGD MBS
GR 7THRUHPD GH %D\HV D FDSDFLGDGH GH FDUJD GDV HVWDF|

*XWWRUPVHQ DSUHVHQWD DEDKNHAXDDQHV GID B D SIDW X6 D¢
GH HVWDFDV DGPLWLQGR QRUPDOLGDGHV HG H QGUHRSEHIEL r@LFG. D
SULRUL” H D IXQomR GH YHURVVLPLOKDQoD

R UR W R

W %
Y %
¢ W %

RQ®Hp R YDORU PpGVRp (DNXDOILKDERD DWXDOL]DGDiIWDFBEDSDF

GDV HVWDFDV H RV GHPDLV SDUKkPHWURYV Mi GHVFULWRYV DQYV
*XWWRUPVHQ WDPEpP SURSOKD XPTXIHQ@HFD GRU BEHMIBDW
HILFLr QFLD GD DWXDOL]DomR HIHWXDGD 2 LQGLFDGRU p FDO

R_R
VW%

'H DFRUGR FRP *XWWRUPVHQ PYyGXXORYPORRUGER) THH L
DWXDOL]DomR VDWLVIDWyULD GD UHRLWWORUHDYRIKBHBLE D H(
TXH DV GXDV FXUYDV GH GLYWULRKLomKF HBUREDIERLLIGNBWQED V
HQWUH VL R TXH SRGH LQGLFDU XP HUUR GH DYDOLDomR HP

1RV 4XDGURV H HQFRQWUDP VH RV UH\WXO WDWIHV DBERWO
HVWLPDWLYD 3D SULRUL"™ SUHYL VAVD® HSOHIORRAR B WRFGRRAMI V& HH ¢
UHVSHFWLYDPHQWH

F

AXDGUR 3DUKPHWURYV GD GLVWULEXR GHR$DONE R WHOQRVR™ +

EUHD
GH B N1 | ok N1 G )
,QIOXrQFLD
6 $
6 %
6 %
6 $
6
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2V UHVXOWDGRYVY GD DWXDOL]DomR [|RUDAPp WIDRV IGVH DY WU
1RWD VH XPD UHGXomR M EDGSDEDE DGLHAS DWWX Bl @ L BIDG
GLVSHUV}HV REVHUYDGDV QDV HRRWWHPPMWURVDVLFDL GKDRUD R
XPD UHGXomR QD LQFHUWH]D SHOR DFUpVFRPELQBOMRIRC
HVWLPDWLYDV VXEMHWLYDV FRP DV REVHUYDo}HV GH FDPS|

AXDGUR 3DUKPHWURYV GD GLVWULEXR iGHR'pBb RRARIMW H VADRDULF

EUHD

GH B N1 & N1 G )
,QIOXrQFLD

6 $

6 %

6 %

6 $

6

1R 4XDGUR VmR PRVWUDGRV WHDWWWHIDBRYWRH 'I(QKMPILA
UHDOL]DGRVY FRP DOWXUDV GH TXM@WD AFAWJHGHDHREWDY HP DOJ

4XDGUR 5 HVXOWDGRYV GH (QVDLRVY GH &DUUUHJDPHQ

7THPSR GH4pre | SDUFHOD GH
UHSRXVR| GNDV DWULWR

(VWDFD

OyGXOR
OyGXOR
OyGXOR
OyGXOR
R
R

e Y Y )

( 0yGXO
( 0yGXO

2V YDORUHV GH FDSDFLGD Gk QR W BIQMD PRE HOAWD®RDQ B R
GRV YDORUHV SUHYLVWRV 3D SULRUL'LB DWWV WIDFHHG RY VDV O
FDSDFLGDGHV GH FDUJD VmR GLWDV :PBEGBLIBSDNWRXBRB
GXUDQWH R HQVDLR SRGH QoWRDUHD ¥R B0O-RIHE&DNGH SIPHJ) B DAJH D!

+$1E/,6( '$6 &$5*$6 62%5( $6 (67$&$6

&RQIRUPH R PHPRULDO GH FIOFXOR HVWBMXMWKXWUDMHP WHNXH\
XPD FDUJD FDUDFWHUtVWLIFIXBMH FRPSUHIVVRIRLXQRGD GD F
GHVIDYRUiIYHO GDV VROLFLWDo}HV UHODWMWWLNF P ®@ok”h RDEPR
VREUHFDUJDVY DFLGHQWDLV H SHVR SUYySULR VREUH R FDLV

1D IDOWD GH GDGRV SUREDERtW¥WWUBRNVDFFCHYWRY WRD/U DR
DGRWDGRV WUrvV GLIHUHQWHYV Y DO RUH3/D SHEDJD] R FIRUAHD [EFRALHHLG,

H 1R 4XDGUR VmR PRVWUWRAR\E DRI PBMAMUFROMW B G R
FRQVLGHUDGRYVY HP FDGD DQiOLVH GV WIHU BR®BEHRR@GE DW
VREUH DV HVWDFDYV
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4XDGUR 3DUKPHWURYV SUREDELOtVWLFREUHGBW BIG R\D SDW D

G P N1 |& N1

+$1E/,6( '( &21),8%,/,'$'(

2 tQGLFH GH FRQpPLBRESDUBMHSWUR TXH UHSUHVKDVBH XS UR]
HOHPHQWR GH IXQGDomR 3DUD DYDOLDU BDRR®ILBRMILFOEH
HOHPHQWRY GH IXQGDo}HV RRQIIFDELRXAEDER R tQB LISHREBER O
HRIDWRU GH VHIJXUDQoD )®GRV RIRWF XMRNX ORMDIGPR EDG/HH FDSLC
SULRUL” H ®D SRVWHULRUL H QD DQIiOERAIRDPH FDIU IHN RV
DQWHULRUPHQWH

2 tQGLFH GH FRQILDELOLGDGH p/HIKWOWPL@QD&R oMW U LYY
GLVWULEXL0}HV QRUPDLV GH PDSDFLGDGH H GH GHPDQGD +

E

Je % W vy

RQ®Hp D PpGLD GD FDSDFLGDGH GHDFPLGDD G®YN GINMMDFEN VI
VREUH DVVEHYWDFDVULKQFLD @ DpFD YDRULLEKDPEHD GD GHRDQGD VI

p R FRHILFLHQWH GH FRUUHODomR HQWUH FDSDFLGDGH H GHI
I1HVWH HVWXGR R FRHILFLHQWH GH FRUGMH ORLo A RQAVQE H H DOG
D JHUR $ SUREDELOLGDGH GH IDOKD SRGH V&WQWHEW LIb Db FON £

f
p; ¥, DF,DdD
f

RQGHpSD SUREDELOLGDGH GH IDOKDe 'GRy HDO HEQHIQWRR GGHD M K G L
SUREDELOLGDGH rGDpGH BLYBWNLEX)LomB DFRPXGQPGRQ®ED SR U
GD IXQJdmR |
2 )DWRU GH 6HJXUDQoD IRL GHWHUPLO®GR DWUDYpV GD VH
Fs 22
R

1R 4XDGUR VMR DSUHVHQWDD RO REDIDIWREW VGERN DHDNX DR
H sD SRVWHULRUL" 'H PRGR RHYURDGUBRGH VYMHRRYVHIDYDRU QV
REWLGRV QD DQiOLVH QmR VRIUHUDP JUDRQGBY H IGIH WFDW JHR
HVWDFDV 7DPEpP YDOH UHVVDOWDU DMH (RM UDW RHAH W REGIDWHLE
LQIOXrQFLD YDORUHV VXSHULRUHV D

$ VHIXLU VMR DSUHVHQWDG D\ ®IYGBHBY DHOR\N p FKO\L FPH GARR @MW E
DV DQiOLVHV 3D SULRUL™ H 3D SRVWHULRUL"~

32



AXDGUR )DWRUHV GH VHJIJXUDQoD REWLGRVHYLDRWQiOL)

EUHDO )6 3D SULRU )6 3D SRVWHULRUL"

GH $RNL| 'pFRXU\ $RNL "PFRXUW H
LQIOXY 9HOO| 4XDUHV| 9HOOFR 4XDUHVPD

6 $
6 %
6 %
6 $
6

R®RQILDELOLGDGH D SULRUL"

1RV 4XDGURYV H VmR DG BMVRHEMWLE&RR/V QRDV DUH O XK O MW [
D SULRUL" SDUD WUrV YDORUHV GH FRHILFLHQWH GH YDUL

4XDGUR EQGLFHV GH FRQILDEGOLGDGH 3D SULRUL

EUHD G|H G
LQIOXrQFLBRNL H 9HOORVR 'PFRXUW H 4XDUH"
6 $
6 %
6 %
6 $
6

4XDGUR EQGLFHV GH FRQILDEGOLGDGH 3D SULRUL

EUHD GHH &
LQIOXTQFLIBRNL H 9HOORVR 'PFRXUW H 4XDUH"
6 $
6 %
6 %
6 $
6

4XDGUR EQGLFHV GH FRQILDEGOLGDGH 3D SULRUL

EUHD G|H G
LQIOXrQFLBRNL H 9HOORVR 'PFRXUW H 4XDUH"
6 $
6 %
6 %
6 $
6
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1RV JUIILFRV GDV )LIJXUDYV HKOWDNERRFRE8WUQ GRVHRFHUHKQ
IXQomR GRV FRHILFLHQWHY GH YDUL DPpWMRGE ¥ VCYR®UWHY WDwRHE
SDUD DV FLQFR iUHDV GH LQI®KNMH REVHUFRGRT AHUDDUBRRYV |
SUHYLVmMR $RNL H 9HOORVR HXPBHRMWRWGR #RMHUHMADQWR BH
VROLFLWDo}HV RFDVLRQD UHG®6éimRR Q R\DEOSIPRMMHSG BG\R 1@ G UF
HVWXGDGDV FRPR HVSHUDGR

Priori - AoKi & Velloso

6.00
(=58

@ 550

E \

= 5.00

gun ——S1A
- \ —=—52B
g T o4  _. 538
oo

g 3.0 ——S44
[-7]

300 5
;E : —e—353

10% 15% 20%

Coeficiente de variacio &p

)L + EQGLFH GH FRQIL DtE LYAHUG/DXG/HF FH SULFLLRGQIVISD G B R CPLHIMDR @Gl
GH $RNL H 9HOORVR

Priori - Decourt & Quaresma

6.00

(1o 8

@ 3,50

=

= 5,00

‘H -l-jD ——51A
—=—52B

'E 400 GB=—

g __'—\"—‘f}--—h—-_._h___ —4—33B

b

2350 e — -

@ b

o 3.00 ——53

£

o 2,50
10% 15% 2004

Coeficiente de variacio &p

)L + EQGLFH GH FRQIL DtE LYAHUBDXG/HF FOH SULFLLREQIVSD G Bl R CPHIVWDR G
GH 'pFRXUW H 4XDUHVPD

BHIJXQGR $RNL HP (QJH QK DAR@®V GGIH)XMEGR\W JHIVWMK RD W y
FRQILDELOLGDGH VXSHULRUISYREDELELDH GHIGHW\GH WRIFQD L
2 PPWRGR GH $RNL H 9HOORV R BBV HVHH Q Q/IROX HOFF MDR GG/ BW Vi (
VXSHULRUHV D i R PPWRGR BDSUHW¥RRWWXHt@®DEMHY PG H
OLJHLUDPHQWH LQIEUURDKVDD iSPDOH LQIOX XD B $ H
iUHDV GH LQIOXrQFLD 6 $ 6 % 6 % H 6 $

34



®RQILDELOLGDGH 3D SRVWHULRUL"

2V UHVXOWDGRYVY REWLGRV QD DD@RMWHUGRUERQIMBEDGSL
4XDGURYV H QRV TXDLYRWHMWM PR YQWLDFGR @ HR BBRYA D CRAVL
wurV YDORUHY GH FRHILFLHQWH GH YDULDomR GDV VROLFL

$ VHIXLU VMR DSUHVHQWDGRW RV RVIilDFRMW GDWD)E 3 KHUD R
FRQILDELOLGDGH D SRVWHULRUL® FRQVLGHEPRPQWHGCBYMWR L
DGRWDGRV &RPR Mi REVHUY R GRX BHDQDRI CALR/ HF R B | B&JLERDWY H
VROLFLWDoO}HV UHGX] RV tQBR AHWS BUBIDFERRQ ILR € RO LK GGIG IFR-
ILFDUDP DFLPD GH Y D O RQD FRQIWIQXHDWD G RG B FXLQNG B 61 JAH V

4XDGUR EQGLFHV GH FRQILDELOGGDGH 3D SRVWHUL

EUHD G|H G

LQIOXrQFLBRNL H 9HOORVR 'PFRXUW H 4XDUH"
6 $
6 %
6 %
6 $
6

4XDGUR EQGLFHV GH FRQILDELOGGDGH 3D SRVWHUL

EUHD G|H G

LQIOXrQFLBRNL H 9HOORVR 'PFRXUW H 4XDUH"
6 $
6 %
6 %
6 $
6

4XDGUR EQGLFHV GH FRQILDELOGGDGH 3D SRVWHUL

EUHD G|H G

LQIOXrQFLBRNL H 9HOORVR 'PFRXUW H 4XDUH"
6 $
6 %
6 %
6 $
6
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Posteriori- Aoki & Velloso

@ '_‘ljl}

= Q\\\

z 500 §

i;-l-jl} ——51A

LE-I-I}I} ﬁ i

—4—53B
d.l

= 330 —&—544
=]

o 300 &—55
3

S 250

10% 15% 20%

Coeficiente de variacio &g

)L + EQGLFH GH FRQILDEUONGD® K\ ESKRNWHHE RHDGBD RD ULI
PPWRGR GH $RNL H 9HOORVR

Posteriori- Decourt & Quaresma

6,00
o

o 5.30

=

& 5,00

i 150 P ——514
= 4.50

g !———.__‘__K_“‘ﬂ-ha_ —=—52B
S 400

g — 4y —+S3B
8 3.50 il . g
@

g 300 5
;E : —&— 353

9= 2,50
10% 15% 20%

Coeficiente de variacio &p

)L + EQGLFH GH FRQILDEULONGD® M\ ESKRNWHHEQ RHDGB RDUL
PPWRGR GH 'pFRXUW H 4XDUHVPD

1RWD VH XP DXPHQWR JHUDODGRV:DQ&ERY¥WW GIHRBRQ IHP EWLIDQ
REWLGRV QD DQiOLVH 3D SULRUL" ,VWERHWRDGXD) AW BPGW LE
SHOD LQWURGXomR GDV PHGLo}HV GHDODPRS ED\BQDMD/ K DY WU
GH FDSDFLGDGH GH FDUJD

+&21&/86-2

1HVWH HVWXGR DSOLFRX VH D WHRULBDEHR\GIVE B Q®H SHRJWDJ |
HVWDFDV GR FDLV GR 3RUWR 1BMRX®H BDIGR VUDSAGHY HHBW 2GR V
TXH p SRVVtYHO XPD DWXDOL]DomR VDPWLSUDRY UL P RAR PHNVXD(
PHGLo}HV DWUHYpV GH XPD IXQomR GH I HUHGRA\WLR IGAK DQBIBU
UHODomR DRV YDORUHYVY GD FDSDFLGDGH GH FDUJD

$ FRPSDUDomR HQWUH DV FXUYDV GH GGUOWHLHEXGHPD B
VROLFLWDo}HV LQGLFD tQIGLIPMWY GIHRNVRHR LWDHEQ D@ R G H VO DV L
HVWDFDV QR FDVR GH REUD HXMW RVDI®RLERG HGWHF K B VIVDIDR [BU
WLYHUDP XP DXPHQWR VLIJQLILFDWLYR HOLGOGHGBoMR PRWRI

36



FRUURERUDQGR D UHGXomR QD XQfRUMRY| G BERVLRY FGD SO
QD DQiOLVH

2 SUHVHQWH HVWXGR DSRQWDQSDUOD @R LHP\B\R X &/R QGD DF RXX
XPD FRUUHWD DYDOLDomR GD VHJXUDMWDD GEHPXBRPRHUH
LPSRUWKQFLD GR PRQLWRUDPH®QWRRG FAH\VFIDRSERKB BPNY R
GH ULVFRYV

+$*5$'(&,0(1726

2 WHUFHLUR DXWRU DJUDGHFH DR &RHYWRK&RLHDQRLRL
7HFQROYJLFR &13T GR %UDVR G RVHSRLROY HIFHE WRR GIDUNDD

+5()(5C1&,%$6 %,%/,2*5E),&%$6

$VVRFLDomR %UDVLOHLUD GPRiojetR & Pxcvcaopde QunBdydRBR 6122
S5LR GH -DQHLUR S

$OYHV $ 0 / $PDGRajiéincid Estatistica Associada a Métodos Semi-eaqsi
para Estimativa da Capacidade de Carga de Estacé&d RULD H 3UIWLFD QD (QJ
1R S KWWS ZZZ HGLWRUDGW @V FBREHA EU UHYLVW

$PDGRUL 7Andlise de Confiabilidade das Fundacdes da Obraupliagdo do Cais do
Terminal de Contéineres do Porto de Rio Grande (RS8jcando Metodologia Bayesiana.
'LVVHUWDOmMR GH OHVWUDGR 3URJUDPDDGZ B k@ L*RJID G3XDLoY
JHGHUDO GH 5LR *UDQGH S

$RNL 1 9HOORYVRNApfximate Method to Estimate the Bearing Capadfi Piles
&RQJUHVVR 3DQDPHULFDQR GH OHFkQL®G O D®RNV6 RORMVMQ R V(!
9RO S

$RNL 1 Probabilidade de Falha e Carga Admissivel de Fu@dagor Estacas 5SHY LV WD
OLOLWDU GH &LrQFLD H 7THFQRORJLD 9RO ;,; S

%DHFKHU * @ & K U L VIpatiBl Variability and Geotechnical Reliability , Q
5HOLDELOLW\ EDVHG GHVLJQ LQ.RNRYWHFEK @GKRIR® (QGL Q HMH
JUDQFLV SS

%DHFKHU * % 5 D F Wactovs pf Safety and Pile Load TestsQWHUQDWLR QD
IRU 1XPHULFDO DQG $QDO\WLFWDO9RIOWKRIR/ LQS*HRPHFKD C

%WHQHJIJDV ( #revisdes para a Curva Carga-Recalque de Estacasréir de SPT
'LVVHUWDoOomR GH OHVWUDGR &233( 8QLYRUVLSEDGH )HGH!I

&DEUDO ( ontribuicdo a Confiabilidade de Estacas Cravadéswes de um Estudo
de Caso com Aplicacdo da Teoria BayesianaLVVHUWDomR GH OHVWUDGR
*UDGXDomR HP (QJHQKDULD &LYLO 8QOWHHWWLGDGH GR (V\V

&LQWUD - & % $ FENndacdes por Estacas ! Projeto Geotécnicd?? ILFLQD GF
7THIWRV 6mR 3DXOR
'PFRXUW / $OELHUR - + AnblileNPbjete desFurtlacbes ProfundasQ

)XQGDo}HV 7HRULD H 3UIWLFD =« (G &DSBWXOR (GLWR
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'PFRXUW / 4XDUHVPD )CdpkciRadé® dexarga a partir de valores de SPY,
&RQJUHVVR %UDVLOHLUR GH OHFkQLEDOWGRV 6R®RG&HH- D@QHQ
S +

'H OHOOR 9 ) Reconstruindo as Bases para a Geotecnia Prética faoativa
Difundindo Estatistica-Probabilidades (EP) Simples e Convidapeasa Tudo ;,, &RQJUHVVR
%UDVLOHLUR GH OHFKQLFD GRVY 6RORWHSQJH®KDULD *HRW

'"XQFDQ - 0 Factor of Safety and Reliability in Geotechnical Engineerin@ XUQD O R
*HRWHFKQLFDO DQG *HRHQYLURQRIWQWDOLRQIJLGHHUALQJ $6¢

'"XQFDQ - 0 Closure on !'Factor of Safety and Reliability in Geotechnigabineering”
-RXUQDO RI *HRWHFKQLFDO DQHWU FE8RHKEEL(UPRPRPHQWDIR (QJIS

*XWWRUPVHQ  7Uncertainty in Offshore Geotechnical EngineeringgSSOLFDWLRQ
%D\HVLDQ 7KHRU\ WR 3LOH "FKYLIQS RBUM G RAFFWHR/GIV1 W VR Q D (
1*, 5HSRUW

+DFKLFK : Modelos Matematicos e Probabilistas em Engenhar@t€cnica # Uma
Sistematizacdo em Forma de Sonat&Z HVH GH /LYUH 'RFrQFLD (VFROI
8QLYHUVLGDGH GH 6mR 3DXOR

+DUU 0 ( Reliability-Based Design in Civil EngineeringDF*UDZ +LOO 1HZ <RUN
-XPLNLV $ B3oundation Engineering ,QWH[W (GXFDWLRQDO 3XEOLVKHU!

.D\ - 1 Safety Factor Evaluation of Single Piles in SandRXUQDO RI WKH *HRW
(QILQHHULQJ 'LYLVLRQ $6&( 9RO 1R S
.D\ - 1 Factor of Safety for Piles in Cohesive SoilsWK ,QWHUQDWLRQDO &R

BRLO OHFKDQLFV DQG )RXQGDWIORQ (RJLQHHULQJ 7RN\R 9

IDFDVVH 6 *XWWRUPVHQ 7 BayesialR Mgddrihgyof &xial Capacity of
Single Ple WK ,QWHUQDWLRQDO &RQI|DQYHQ 5 HOR Q BBLVOUL XVR W X8LPB 6
$6&( S

IDFDVVH 6 1D G RBK and Reliability in Geotechnical EngineeringWK ,QWHUQDWL
&RQIHUHQFH RQ &DVH +LVWRUWHUIHWIQ6MARMMNEKQEFDO (QJLQ!

/IDSURYLWH U DReavaliacdo de Método Semi-empirico de Previsa®dpacidade de
Carga de Estacas a partir de Banco de DadosLVVHUWDomR GH OHVWUDC
8QLYHUVLGDGH )HGHUDO GR 5LR GH -DQHLUR S

IRER % 2 Verificacdo de Desempenho das Fundacdes da ObMadiernizacdo de um
Cais de Gravidade7UDEDOKR GH &RQFOXVmMR GH @X&K R LBQLUIHYGEH
S

/IX]]DUGL ) - Andlise de Confiabilidade das Fundagfes do Caigstaleiro Honorio
Bicalho no Porto de Rio Grande (RS) Aplicando Metogia Bayesiana."LVVHUWDOoOmR G
OHVWUDGR 3URJUDPD GH 3yV *UDGXB&MR HHPV (@GIHIIHK PG B UX
*UDQGH S

ODJDOKmMmHV ) Agdlise das Fundagcbes da Obra de Modernizacdo de Ga Porto
Novo de Rio Grande (RS) Aplicando Metodologia Bayes 'LVVHUWDoOomR GH OHV
SURJUDPD GH 3yV *UDGXDomR HP HQVHQRODUWL PH BHHKINA FKDR 8¢
S
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6DQWRV 0 ®feréncia Bayesiana na Avaliagdo da Segurancautedacoes em Estacas
de Deslocamento 'LVVHUWDomR GH PHVWUDGR (VFROD DBRMRWp
S

6LGL , ' 7DQJ : Updating Friction Pile Capacity in Clay WK ,QWHUQDYV
&RQIHUHQFH RQ $SSOLFDWLRQLR\ aVQD&RLIVON DRNG D6QVGJ B R\R
9DQFRXYHU S

6XJDL O 0D WV X RTheOControl of Steel Pipe Pile Driving Based on id&telity
Analysis of Bearing Capacity Estimatio®@ RLOYV DQG )RXQGDWLRQV 9RO

9HOORVR ' $ /RS HANdacoBs 9RO 2ILFLQD GH 7TH[WRV 6mR

=KDQJ / 7DQJ : Use of Load Tests for Reducing Pile Lengtf Q ,QWHUQDW
BHUVSHFWLYH RQ 7KHRU\ 'HVLUQRUSPQWVFW U XHRMWHF K QIQ
SXEOLFDWLRQ 1R S
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(92/8d-2 '( &,1&2 *(20(0%5$1$6
(;3267%$6 $ &21',d®(6 &/,0E7,&%$6 (0
32578*$/ '85%$17( $126

(YROXWLRQ RI ILYH H[SRVHG JHRWHRQWY Ot
SRUWXJIJDO WKURXJKRXW \HDUYV

$PpOLD 5HLYV
ODGDOHQD %DUURVR
ODULD GD *UDoD /RSHV

5(6802 + $ HYROXomR GDV SURSULHGDGHV GDV JH RIRNMERNQWWDIGRL
VREUH DPRVWUDV H[SRVWDV jV FRQ®/IpPWH\D FOH. FREHDWX ERP GXVH |

DQRV HP GLIHUHQWHV ORFDIR G BEUWXN VO O HYWHXDQFLD GD
JHRPHPEUDQDV GH 3($' D LQIOXRMDHWDGDREDG LDHHRARHRE WOV HI ¢
GLVWLQWRY tQGLFHV GH 89 GIHDSURNG M o@RL PV GRIRPRMEDMIQDY $V S
IRUDP D PDVVD YRO~PLFD RW QG RLFH jGW UIDOM. IS HH] DDHY\W W QW R RVE R UF
HP QHJUR GH FDUERQR H R WHPRSIR IG HFRXGWK MR H R[HEHRWMIRO MR |V
DIHWRX D PDVVD YRO~PLFD H R WHPSR GWMDIPE@RoMRH R[DEBHQR R
XOWUDYLROHWD LQIOXHQFLRXWRWD Ui RXHD \W PIGIRYVEGR QHDV E M & rjQ F LD
R[LGDomR 3RU ILP FRQVWDWRX VH TXHSBYDUBV XJHRBBREURQYDY N
VHP JHRWr[WLO GH FREHUWXUD

6<1236,6 TR VWXG\ KRZ WKH SURSHUWQHQ R U KR PK FEEHDWQLAW SH O RHY
FRQGLWLRQV HYROYH WKURXJKRZDW FDUDUNGDRIZDUDBPHWDPHN N WX
L GLIIHUHQW JHRPHPEUDQHV H[SRYM®G IDQ PLHYIHWROD VW BIVR/QW KRl [
FRQGLWLRQV LL JHRPHPEUDQHV H[SRVHBW Q QXRFDWQRRWGHLUINW
LQIOXHQFH Rl WKDW LQGH[ FRYHUWEHZ HWIRDBG Y DW &8 KWL Q HIRXN\HHJ M
RI VXFK DV D SURWHFWLRQ IRU JHRPHPEGHBQWNW\ KPHSOWR SGIRIZV L g
SURSHUWLHV FDUERQ EODFN FROWHDKWH DX R WG DM RZHWKDINX FV
JHRPHPEUDQHV H[SRVHG WR FOLPDWLA RRQE&V®HRRNVO®Y HMHPW GAF
LQGXFWLRQ WLPH DQG GHQVLVS\RBWGIRQ \WRFDIWRR® P EZU WXHSHM VH U |
WKDW WKH LQFUHDVH RI WKLV WQIEW [DIGRE RFMGD W K ¥ HWLHIBWFOML B QR
IRXQG WKDW FRYHUHG DQG H[SRVHGDIHRPANRPWD/QHY SUHVHQWHG

3DODYUDV ®HRNYHQWpWLFRY JHRPHPEUD@EDVPHYERDMVOmMR D FRQGLoO}H

. H\ZRUGWRV\QWKHWLFV JHRPHPEUDRRQOGLMWERYXUH WR FOLPDWLF
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$V JHRPHPEUDQDV GH SROLH\WL.OM@R %W LDDQ\MDG G M Q\PL @ DUGH
HP JHRWHFQLD SHUPDQHFHGFB®R GIRWHYHABVYPHMNERYWBRUYVORQ:
p FDVR GDV ODJRDV RX GRV BMWHWHRDNY GGHUHP\SIEX RN D EXMR D o
FRORFDoOmMR GH &4 RXPLIHVRYW [WR® SDUD SURWHoOmMR GD JHRPF

$V JHRPHPEUDQDV H[SRVWDV IRG ¥ A UAXDM LO\RP\H D GFIRROHIL W HH
UDLRV XOWUDYLROHWD 89 GR MR[LUYKLRR EHGOHW B B SjH G B WK
SURSULHGDGHV H FRPSURPHWHSUR]RHX GHVHPSHQKR D ORQJF

$ GHJUDGDOmMR GDV SURSULHGDB&HWHGEIRN 1B R R H K EFURDDL\ G
WHP VLGR DPSODPHQWH HVWXGHBOL]BRRRW XRXR X \RIVU BI K WIXI®
HQYHOKHFLGDV DUWLILFERORHQ&MUHP ODERUBWWH RIHVWUL
ORFDLV FRP FRQGLO}HV FOLPiWLFDVPHY SWMRWDRL\G DTGXH GDvR

UHIJLVWDGDVetyP/ RBHWXIDRQWHLUR TDUQREVNHIHJRBRDOGE
5R Zetal % Bt&H N L < BtMIR 5RZH H (ZDLV

3DUD DYDOLDU D HYROXomR GHUD QDR SHR HBGH GH 'S RODVD VHR/P
FOLPiIWLFDV HP 3RUWXJDO HVXA HYPWBOGR/ R RGHMERUDWYULR
(QJHQKDULD &LYLO /1(& 1XPRXSWH POHLQDODD\DH L D QIDOL ¥R QG
VREUH D UHVLVWIQFLD PHFKQLFD GBIV \GRIOJBLREHPEW Bl Q BV UH/ SU
GHVWH HVWXGR IRUDP DSUHVHQWD®RWHMRWR/RSHY H %DUURVI
H /RSHV

3DUD GDU FRQWLQXLGDGH DRQUBRHQWR HWODXIGRUHR WL
JHRPHPEUDQDYV SURSULDPHQWH GLWDV VARENM WDHDIDRRYG/RND W
DQRV GH H[SRVLomR )RUDP DYDOLDGDV DM BHUXMRLWWYQSUR S|
H HHWHQVmMR QD FHGrQFLD Q®GURHGGIHF DO)ERER MWWRBSRPGH L

1R SUHVHQWH HVWXGR DQDOLVD VH DPHVQFOXPQWLB D&DVRE
GLIHUHQWHY SURSULHGDGHV G$ FISRRWDIMRPHRE UD BV GRE
JHRWI[WLO HP RLWR ORFDIRW GG LWFKX@WHWH G XD QW) FLD QG D
DV SURSULHGDGHV GH GXDV JARPW FRP DD M UH O R\NHW DD G PFE R
D LQIOXIQFLD GR JHRWr[WLO|¥RMRPBMHILL@DVGH SURWHomMR

1HVWH HVWXGR IRUDP WDPEpP FRPSQWBSRSURSUYBGBG
JHRPHPEUDQDV FRP RV UHTXLYVBWR FRRXQ| DRFRKthSBVREERRQdhH Q W H
Institute *5,  *0 FRP YLVWD ¥ YHDQR\F W HHSRBlyomR HV)\
DLQGD FXPSUHP RV YDORUHV PHYXFRNVDSBMFEBY VDI RARP 3D W
DSUHVHQWDGRYV SREBt&HLY SHORSAKWM QmR VHUMRUMQREB®XtGR'

+75%$%$/+2 (:3(5,0(17$/
S$PRVWUDV H ORFDOL]DomR

$V DPRVWUDV IRUDP H[SRVWDV QR ILQDEQEMW GX&DR DG B HY K
DWHUURY GH UHVtGXRV VyOGILSRVQHP \3 BHWXIFRH PE $DQ W LERG V
IDEULFR ,QFOXtDP XPD VROGDGXUDNR XB®OPH LIRH GO L PIPRLY VBRI
GLYLGLGDV HP GXDV SDUWH W RPPRPGIHR WX DW IO RALHFRERW Wdm R
REVHUYDU QD )LIJXUD

$V FRQGLO}HV GH H[SRVLomR IRUDP MFPRHPELOWBY SPHW D PF
IRUDP FRORFDGDV QD KRUL]JRQWDO HPIED QR XHHGLD A IGRN W\DHDIX
VXMHLWDV D WHQV}HV GH WURQMDRGRXVRMBNGKR IV RRE WD LYK I
QRUWH VXO

JRUDP XWLOL]DGDV FLQFR JHRPHMNSHYD X UDH BR$'L QCOLY [BH
TXDLV VMR GHVLJQDGDV SRU *0 $0 {0 PRUDOP&H [ORVW DV HP RL'
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)LJ +([HPSORV GH DPRVWUDV H[SRVWDYV

GLIHUHQWHY GH 3RUWXJDO R L&IXW\BH O RO DORI\@ b PD @ L P QOMDGLR
$YHLUR )LJXHLUD GD )R] H /RXOp S$REDBVIRIL CHEFDRN WP ISR [
GLIHUHQWHYV

JRUDP XWLOL]DGDV FLQFR JHRPHPEUDD MR BHY®@G'GBOLVDR
TXDLV VMR GHVLJQDGDV SRU *0 $0 {0 PRUTOP&H[SORVW DV HP F
GLIHUHQWHY GH 3RUWXJDO R L&IXW\BH O RO DOR\@ b PD @ L b QMDGL R
$YHLUR )LJXHLUD GD )R] H /RXOp S$RE® BVIRIL CHFHRN WP IGMR L
GLIHUHQWHYV

A Valenca
A Vila Nova de Gaia - GM-A
A Aveiro

@ FigueiradaF
igueira da Foz :|>GM—B

® Loulé

@ Boticas GM-C
mm Bigorne GM-D
& Viana do Castelo  GM-E

)L £+ /RFDLV GH H[SRVLomR GDV JHRPHPEUDQD\

2 JHRWr{fWLO GH SURWHomR IRL R FHHM\RPE HH B OWRE BY RYLGPR
QmR WHFLGR DJXOKDGR PPGEHPBVSBVS/RKWXGLGDGW® GH iU

SB8URSULHGDGHV LQLFLDLYVY GDV JHRPHPEUDQDYV

1R 4XDGUR DSUHVHQWDP VHVDNVQEBLOEVYS®DLY SHRBSRRHGL
GH DFRUGR FRP D VXD ORFDOL]DomR 2V Y®OIHRIIDWIRQGE DO
SHOR /1(& GXUDQWH R SHUtRGR GHSSORSDMENIFR @DN QR R
FRQWUROR GH IDEULFR H GLVISEQUELAOR]GGNVDP RXMUDBDR/ GEOM:
RV YDORUHY DSUHVHQWDGRYV QDV ILFKDV WpFQLFDV GDV U}
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4AXDGUR 3ULQFLSDLY SURSULHGDGHWV LQLFLDLV

/IRFDOL]DomR

RUPD GH *0 §$ .
DGﬁHQVDLR 9DOHQoR O 10 & xQ 0 (

*
I%LJXHLLD LDQD| GR
*
9$1YHLDULRD)R] IRXOp g7‘0BWLFD%LJRL QgDVWHOR

BURSULHG

0ODVVD YRO|-P .
Ve R
5HVLVWrQFLUD j WUDomR
QD FHGrQFLD
N1 P
(IWHQVmMR QD
FHGIQFLD 4o/ 0 .

5HVLVWrQFLUD j WUDomR
QD URWX|UD
N1 P
(IWHQVmMR QD URWXUD !

7THRU HP QHJUR GH
FDUERQR $670 "'

7THPSR GH LQGXomR j
R[LGDomR |2 %670

PLQ

EQGLFH GH| IOXLGH]
zZ& NJ $670 '

J PLOQ

/HIJHQGD )LFKD 7pFQLFD _ {VHWWRUPLQDRBR HPI RDERLDRVGLSRQtYHO

&RQIRUPH SRGH REVHUYDU VHU WMMWWVNHVXPQLGLABWHYDD HS
REWLGRV QRV HQVDLRV UHD ®L]D/®ROR VRE UH GIVF DB R VWQDW | H
JHRPHPEUDQDV R TXH VH GHYH IDRKDDFWRF®RY¥DAD BRUHNVGR (
PpGLRVY REWLGRYVY DR ORQJR GRHWRPBRLWRSBIOWMYD CRH GHP IOt
HQVDLDGDV

OpWRGRV GH HQVDLR
8DVVD YRO~PLFD

2V HQVDLRVY GH GHWHUPLQDomR GD PDVVIGR RD~@REP DI
$670 ° (VWH PpWRGR p JHUD CFCHQMUH. XML O RFD B B VYUY R O ~
JFP TXH p QRUPDOPHQWH R FDVR GDWWBRP KRALODLQDYGRHU3
PDVVDV YRO~PLFDV QD JDPD GRY FRQWHJIJXHPJFWLQJLU YDO
YRO~PLFD GD RUGHP GRV5R 2tHID JGHLGR j DGLomR GH QHJ!I
RX RXWURV DGLWLYRV JHUDOWPRPRUDHDYFRUSRUDGRY QDV JHR

$ PDVVD YRO~PLFD p LPSRUWDRR IS RR KWV\E DW RG G bl N W Bl PW (@ D
D FULVWDOLQLGDGHEEGRY SROIPHXRY BDHOWMH DV SURSULHGDG
HQGXUHFLPHQWR YLVFRVLGDGH H WH P SHLD W YWD @R | XW R R
LPSDFWR H IOH[LELOLGDGH DFPINL[DHWHPWHQBMDX Tt PHFIDX tB HV
stress crackingQ D OLWHUDWXUD DQJOR VyQLFD GD JHRPHPEUDQDV

1R 4XDGUR UHVXPH VH R PRGROOY¥RMHRPNPEURDIVHGDGIHD//P (
FRP R DXPHQWR GD PDVVD YRO~PLFD GR SROLHWLOHQR
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AXDGUR 9DULDomR GDV GLIHUHQWHYV SBRBURHGW B HGWD GPRD X
YRO~PLFD /RGL

BURSULHGDGHYV 7HQGrQFLD GH YDULDom
7pUPLFDV
3RQWR GH HQGXUHFLPHQWR *UDQGH DXPHQW
9LVFRVLGDGH H WHUHARIXVmR $XPHQWR
OHFKQLFDYV
(VSHVVXUD $XPHQWR
SHVLVWrQFLD | WUDomR $XPHQWR
SHVLVWrQFLD | WRUOmMR $XPHQWR
SHVLVWrQFRAWRDR LP 'LPLQXLomR
JOH[LELOLGDSH DWOUDPD WHP'LPLQXLomHF
4AXtPLFDV
SHVLVWIQFLD j ILVVXUDomR "LPLQXLomR
SHUPHDELOLGDGH "LPLQXLomR
5HVLVWrRIFAD $XPHQWR

EQGLFH GH IOXLGH] 0),

2V HQVDLRV GH GHWHUPLQDOomR GR tQGLFHGRGHD IQRUG®!
$670 JRUDP UHDOL]DGRYV D D *@RRLRDFOXPH FDNJ (VWH
XVDGRV SDUD TXDQWLILFDU PORVWIWHKXGUBRDHP G RP SGOWRH
RULItFLR QRUPDOL]DGR VRE SHWWWURRGQD &BWY FHROIBW XJHV Gt

2 YDORU GR 0), SHUPLWH DYDOLDU GRGLSRONPIRPHRW W RUP
8P YDORU DOWR GHVWH tQG LUFHVH@GLF DX A XSHH \RR SRRO® P{HF M R DU
TXH FRQGLFLRQD GLUHWDPHQWH DV SURSEDOGBGWYD VHF1
FRPSDUDOMR GH YDORUHV GRJ@GLFBIGRHVIIDXRGHP \F\R AHPUD |
GH XP PHVPR SROtPHUR B5RZH H (ZDLV

2 0), SRGH VHU XVDGR FRPR LQGUPE®R S I R [$ O MHR R$
SRGH LQGX]LU WDQWR D UHDo}H VcibséhhkRd) IFRRFD P O HIDG HW G
GD FDGHLD SiRiléaptidh FDPEDYV SURGX]LQGR DOWHUDDBYHV
SULPHLUDV UHVXOWD XP DXPXDEWRRQIRVSWHH/RX © R O M FPRIDGX |HE
GR SHVR PROHFXODU /RGL 5RZH H (ZDLV

EHVLVWrQFLD j WUDomR H[WHQVmMR

2V HQVDLRV SDUD DYDOLDomR GD UHMD/OWQBLRY jWUROQ @
$670

$V JHRPHPEUDQDV GH 3($' DSUHRHHPDEHXPQSIGRRR SR QWHRC
SDUD SHTXHQDV H[WHQVIHV FWRFGDGWROLFRWPORNRXPMQ@Dor
SDUWH FHQWUDO VRIUH XP D Q\RRQ DIPMIQWDRD FIRPH DGR UFHR.RV [
UHVLVWIQFLD GLPLQXDP DSy\GR BRQGWR DOHR FHG UGIDLDL | B B YO
GHIRUPDOomR FRQVWDQWH &RP D FRQWLXDoR R XPRI QWRH@F
GD UHVLVWIQFLD DWULEXtGRUR WK WHDWILDQ M R/ R SOHDX DD O
HOHYDGRV GD RUGHP GRV BY GD UWHQE R rRO\F LYSD QRUU R W
VXSHULRUHV DRV GD FHGrQFLD GR PDMWNUDDO /RGL FR
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Forca/largura (kN/m)

1
|
|

- =
|
1

Extensio (%)

)L + & RPSRUWDPHQWR )RUOD ([WHI$MRREGHL *HRPHPEUDQDV

$V SURSULHGDGHV PHFKQLFDV GDV JHRAHREHINQDBD oVmRR G
JHRPHPEUDQDV HP UHVXOWDGR ng® [R[EGDWW R O I&RLFG D GRI[ LG\
DXPHQWD WRUQDQGR DV PDILVGDUWMRLSRGELEHT DB HQ WM MXRHQ
i WUDOmMR QD FHGrQFLD H XPD GLPLQXLomRHGRGOWKE@&VINR[QGD
SURVVHJXH D GHJUDGDomR DFHQWXD VH H D iJHRPHPEUDC
FRQVHTXrQFLD D UHVLVWrQdthD j WUDomR GLPLQXL 5RZH

¥*HRU HP QHJUR GH FDUERQR

2V HQVDLRV GH GHWHUPLQDoOmMR IRR D\PH B H DHORL |Q BRI VGHH XAD
$670 °

2 QHJUR GH FDUERQR p XP DGLWLYR TXH VD WX ®WPLP LRDP X
HIHLWRY QHJDWLYRV GRV UDLRY gXDIRE FR QR\X]SR O PG RYVD
SURSULHGDGHV PHFKQLFDV GDV JHRPHPEWH) GRFSRBWIBDP & Q MHRC
H GH ILVVXUDV $ SHUFHQWDJHP GH QHJUIR jG H HFRRHERELRD Q/D
3($' p GD RUGHP GRV D

$ GHJUDGDOomR GRV PDWHULDLYV SROLPpKLERR BRQMBKR W GSL
GH FDUERQR

FHPSR GH LQGXomR j R[LGDomR

$ DYDOLDomR GD HVWDELOLEREHSREHRMHLD &M R/ IGRD SR N
GH LQGX0omR j R[LGDomR 2,7 VHJIJXQGWH QRRPD BRI QHFHV VL
XPD DPRVWUD GH JHRPHPEUDQD VHWRD K[ bEH\G B HVREHE M VR UHP
2V YDORUHV GH 2,7 LQGLFDP D TXDWQWR LIGDIEHWHQ MRHRDWQ SR
JHRPHPEUDQD (VWH FRQKHFLPMNOWRY ] HX\HU N PRP R § WDH) WWR [
SURWHJHP D JHRPHPEUDQD GD GHJUDGDOmR

'H XPD IRUPD JHUDO D GXUDELG®HGDE HGGPVQXHRPRIP DURQ D\
UHVXOWDGR GD UHDomR HQWUH R R[LJpQLR H R SROtPHUR

BHIJXQGR +VXDQ H .RHUQHU D GHIJUDGDOMRLIF®XED G
WUrV IDVHV
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X GHSOHomR GRV DQWLR[LGDQW®W H VDM H WK HIQ\WM HR/V QIDQ W
FRQVXPLGRYV

Xx WHPSR GH LQGXomR IDVH FRUQUWUYERD GHQWSILG R olnQRV &
HRLQtFLR GD GHJUDGDOomR GDMBODRSULHGDGHV GD JH

X GHJUDGDOomR GR SROtPHUR IDVH FRUUHVRRORBOGIPWMHR
DFRPSDQKDGD SHOD GHWHULRUDOmMR GDV SIHRSUAMHEPWE
p FRQVLGHUDGD XP UHGX0omR PRUURIYVISRQ®WQGMH DURS G

$ UHVLVWrQFLD j R[LGDomR GHSHQGH GBVGHDDDWPWWR [LG
DGLFLRQDGRY DR SROtPHUR SDUD HYLWDU D GHJUDGDoOomMR C

+5(68/7$'26
+QIOXrQFLD GD H[SRVLomR jV ERQIB & HW FOQ RiMAL BB R P/HRA

3DUD HVWXGDU D LQIOXrQFLD GD H[BBNL®MR j¥Y FWR A G LHR
FRPSDUDUDP VH RV UHVXOWDGRV R ESRMAMNRINS DU Bl [[SL FRP M
GH UHIHUrQFELD

JRUDP DGRWDGRV FRPR YDORWBVSGHWIHUIHWR @ H@VRV RRE O I
UHDOL]DGRV SHOR /1(& RX SHOWRHID E B QRDQRNOR @GR KIDELW. R RG *
1D DXVIQFLD GH UHVXOWDGRYV @ EYRIUDRURHWYL DQ & L FRWGIRR/ YWDV
ILFKD WpFQLFD B5HFRUGD VH JDXW IR¥KDOWRPYAYLEQGLFRGRN
PPpGLRV GRV HQVDLRV UHOL]DBR&RSWER SI®E B HPRQWHH LR/ &
HQFDUDGDV QXPD SHUVSHWLYD GH WHQGrQFLD JHUDO

1DV )LIJXUDV D DSUHVHQWRDWP VUH \RYHWHWYOPWQERY REWMOL
R tQGLFH GH IOXLGH] 0)5 D UHVLVWYBL M jQWUDRW RUHD HRW
GH FDUERQR H R WHPSR GH LQHRKRHREURQBW tHiiRR\B\W DD E\H F
GH UHIHUrQFLD 2V UHVXOWGORRYREWLEGRY D BR UHISUHR G
EDUUDV GH HUUR FRUUHVSRQGHQWHY DR GHVYLR SDGUmMR

1R TXH VH UHIHUH j PDVVD YIRKD~RHEDXHLWRGDYV DYHIHRPH
jV FRQGLO}HV FOLPiIWLEDV DSUHVHQWDPUMDHORQHRVDV X SH[WFIH
*0 ( FXMRV YDORUHV IRUDP LGBS@WDFRV*0'K WRNIHDQRTIKM |
UHIHUrQFLD SURYLHUDP GH QN DHE®VX0 Q RARU B BVIRIJ LLDL \U HL QW
IRUDP REWLGRYV D SDUWLU GDV ILFKDV WpFQLFDV

$ WHQGrQFLD GH DXPHQWR GD PHDODVPLRRO-GALFRFSROM HYI
GR SROtPHUR HP FRQVHTXrQFLD GD Dom® SGFRMWEURYV BRME
FRPELQDGR SRGH OHYDU DR DXPISQWP HWR/ HREOYV B F RH QDN
FULVWDOLQLGDGH 2V YDORIWHIXRBEWR jGH VGIDUIR R TW H P\SHR 053

WHQGHP FRQILUPDU D RFRWUPRIFIRY GH R[LGDomR GRV SR

3DUD R tQGLFH GH IOXLGH] H)RNXY¥DORUHWWREWDGRY TSO UD
H[SRVWDV VmMR VXSHULRUHV DRV YDORUHV*GH WH IREN BB YD
WHQGIQFLD FRQWUIULD 3D UDLEXQ@WERMRW HH DUPH VHHU Y. D OTRKWBH \B
' RV YDORUHV GH UHIHUrQFLDV VBIR BWQRGLAD GFRW QBVSIRE
PPGLRY SRGHP WHU VLGR DGRWHD\G R X SHRPLR UHVHDRY FY D OYROL
JHRPHPEUD@DAY /RGIH 5B2AH UHODWDP DXPHQWRYV QHVW
UHVXOWDGR GD H[SRVLomR jV FRQGLOBX¥PAQMPRW LG B YU D\GD
JHRPHPEUDQDY GHYLGR DR HIHLWR GRV UDLRV 89
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&RQIRUPH VH SRGH YHU QD )LARU®PD FB GrQFLDWI QB HY H QWD
VLIQLILFDWLYDV VH VH WLYHU HP FR/QWN LS3UHHVD/m B HID B Y VESCHUWD
e QR HOQWDQWR GH VDOLHQWDU TXH | ID[FHO MR] G WDHP\RMXWVW
WUDOmMR QD FHGrQFLD DXPHQWRX (VWIQWR PG KR Vp/ B RGRCLAPA
FRPR SRGH REVHUYDU VH QR 4XDNQR LD 2 BYUDH@WRSB0BHIHV WL
D R[LGDomR GR SROtPHURetaH DFRUG®LFRB GGRRHZGWH D R[LGDom
XP DXPHQWR GD UHVLVWIQFLD j WUDOQIR HIV FOIGMBFQD K HGH|
PHGLGD HP TXH D JHRPHPEUD QD R/JH MARUWQRD GDi BLH UDRSD ®m R [
UHVLVWIQFLD j WUDomR YDL BYPPQRVY QH3/RV XF&RRM RUHPIHO E RPGRIV
%DOGDXI H SRU 5RZH H (ZDLV

1R TXH UHIHUH j HIWHQVmMR QD FHGr@PHP ERD § DD RIY SR VRAEDV
PRGR JHUDO VmR VXSHULRWDHYnDRY ¥ DD B D HV UEDH nuRd GIHM QY FLF R
UHVXOWDGRY GLIHUHP GRV UHH\V{XDM/D GRV REXMLGR® DSARLP 5RZ B
GDV SURSULHGDGHVY PHFKQLFDV QXPD JHRPRRBGRQIR A[BR \DIX B
D GLPLQXLomR GDV SURSULHGDGHV PHFKkQLADWRBWRG\H H Y RADX
DOWHUDO}HV QD HVWUXWXUD IRWR R[LGDomR WH WKHOUNPRGHR]\
DSUHVHQWDGRY QR SUHVHQWHOW WDBRVK B R RV XHHWHYO W B &
UHODFLRQDGD FRP DV GLIHUIHR WLV DA SWHIY DD HFRHEGW bl VH G XL
H[SRVLomR

3DUD R WHRU HP QHJUR GH FDUERQR )LJX®YIDD QDj GIR F&ID YR H
YHULILFD VH TXH RV YDORUHV GH HHYHDWR FRP FBHWHEO G 58 R GIHF
TXH LQYLDELOL]D D FRPSDUDOmMR SRLV IRNRXWHVELYB}HUBISH €
REVHUYD VH TXH RV YDORUHR VKR I HH B RYXDOQWRHZ mRXD HW. R )G
GD *0 (

3DUD R WHPSR GH LQGXomR j R[LGDomR QMDKXRY O D ERWD WK
LQLFLDLV H DSHQDV DV *0 ' H "WpFQQRFOXHPDQRVHNVFEDWYD HVW
TXH Vy GH GLVSIH GH YDORUHDDPRIN WWHDMN U rF LLLH \BOQ\N DGRV
JHRPHPEUDQDV H[SRVWDYV IRUDB CEOUHWD Q@MW M HIGHHADLFR DH W RV
FRQVXPR GH DQWLR[LGDQWH VVAHYRG RVj FH{ O B b d\R FEDL\P iDPLFE |
GH VDOLHQWDU TXH DSHVDU LRRLEO@WKFPR QLY G B RAHAEDD QW
HVWmMR GH DFRUGR FRP RV UEMMXOWDGHRRGRREWLGRD WBRRIZYRZHH
%DOGDXI H SRU 5RZH H (ZDDY JUDQGMW GHPODMWFLPRV QI
SURSULHGDGH HP FRQVHTXrQFLD GBDW[SRVLomR jV FRQGLO}HV

(P VXPD YHULILFRX VH TXH D PDVVD YRGRPLBDHHSRVHpPWIRQ
FRQGLO}HV FOLPiIWLFDV 3DUD R tQGILBR GH FDLERRHQIDRJ DRI
HVWDEHOHFHU QHQKXPD WHQGIQFLD H3IXQBLD BMVUWWXQMLD
JHRPHPEUDQDV H[SRVWDV IRUDB WWPRBQRDMIWH 2 W HPERS G HHLE
VLIQLILFDWLYDPHQWH FRP D H[SRVLDRRDjWH[FRYGba}R\|VFORP
FOLPiIWLFDV SDUHFH DIHWDU DSH®DMDB YODWR/ P RIRGPRIAD H R

+ QIOXrQFLD GR tQGLFH 89

2 FRQFHLWR GH tQGLFH 89 IRL GHWBDGBROY+E®LBXP SHRIPW
LQIRUPDOmMR jV SRSXODo}HV VREUH D L QVXIOGMLISYDLGRHD HPW DP Q X(
ORFDO DVVLP FRPR D VXD HGROKQXRoWRHRBERHWY FRD WDSDH Y
GD FDPDGD GH R]JRQR j HVFDOD JOREDO

2 tQGLFH 89 H[SULPH VH FRPR R UHVXOWOGR GR® WKXO %R SG
LUUDGLKQFLD HSRWLYD3RUPH[HPSOR D XPD LUUIFRLKDHFV DRIIG N
XP YDORU GR tQGLFH 89 GH L & HX\PD BH B MUHR SIUREB R UFR R® D O
UDGLDOmMR XOWUDYLROHWD jUVXSB UlXFLH DIXXUSRGRIOSUWRGX | B
DFRUGR FRP DV UHFRPHQGDO}HV GD 2UJDQLI]® GIR 20H\W B R .DR@
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0XQGLDO GH 6D~GH

206

QtYHLV GH tQGLFH 89 4XDGUR

IRL FREYBQFLIRG D 6D RD T X B DX QN

4XDGUROBVVLILFDomR TXDOLWDWLYD SDUB&R YIiULRV QtYF

EQGLFH 89 &ODVVLILFDomR 206
D %DL[R > >
D ORGHUIDGR > >
D $OWR > >
D OXLWR|$SOWR > >
ODLRU TXH (IWUHPR > «>

SRZH H

(ZDLV

SURSXVHUDP XPD UHODoHBEDMKXWDHC

JHRPHPEUDQD VHQGR TXH D AG\RLEBODEQ R Q 5AM ¥IRIPP Bl QW\DH
SDUWLU GRV UHVXOWD&RYV UHOBVBRGRYHIRW 5RZHSDUD JH
H[SRVWDV HP ORFDLV FRP GLIHUHQWHY tQGLFHV GH 89 4XD

$GRWDQGR D PHWRGRORJLD GHVFULWRRSBWHYRIZHAVH
FRPSDUDUDP VH RV UHVXOWDGRYV REWL®R¥ ISR WD \J HHPP®
GLIHUHQWHV tQGLFHV 89 FRPFLIDVWBVIVH WY& GHH \DR EQHO B
JHRPHPEUDQDV H[SRVWDV GXUDQWH DQRYV

2EVHUYDQGR D GLVWULE XL omRX RplCPLIR GG @ 6 R & \BOODD \EL
SHUtRGR FRPSUHHQGLGR HQWWREWLGH FRP)EDX¥WDQRV GDGI
VDWpOLWH Hwebfite KDMEBY WRPLYV QO FRQYHUXWY GRR/ (EHD R
$WPRVIHUD H DSUHVHOQAWDGRYV SRULIXKRMVYH TXH HVWH tQ(
GLPLQXLOomR GD ODWLWXGHUGW TORU WHH BOQUDR VRO P H M PRH/I H
PPpGLRV GR tQGLFH 89 HP 3RUW XIU® @ MKROQH\OH Y\ D P DXPERY®H L
H DEULO H GH D HQWUH PDLR H VHWHPEUR

4XDGURSH®DomR HQWUH R tQGLFH 89 H D WHPSHUDWXUD G
S5RZH H (ZDLV

THPSHUDWX

UD GD

EQGLFH

89

7D[D GH

GHIJHRBBBBEBRDQD

z

+

%DL[D

I+

ORGHUD

GD

I+

$OWD

I+

OXLWR $

OWD

(IWUHPD
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Forte: Valores dianos de IV do KNW fhelp i temis mlraadiation Uiarchive-himl |

a Baito Modexado Alto  Muito Alto  Extremo

i 1 2 3 a B B T ] ERET] n 12 =il ww

)LJ '"BVWULEXLomR GR YDORUSPU®LR SRUIRGLR B H=9al. 1X(

&RQIRUPH SRGH FRQVWDWDU 8B UXNH) GRXWIH U U lHPy DU B Q@CH- L
PpGLR YDULD HQWUH H 1 HAFRPDYWDRIRIMIF PQBWR @H.DV RV OR
*0$ DSUHVHQWDP WRGRV R PHWRR YIDXHR Q nGRH pt GRIVAVHYSBO &V V
GHVWH tQGLFH VREUH DV JHRPHRAERIDQDWOUHSYRYWDWHLIBR 4
SURSULHGDGHV GD *0 % H[SRVWD DQRV HP GRLV ORFDLV FR

4XDGURBURSULHGDGHYV GD *0 % H[SRVWD M@ERVHBORFDL'

YJLIXHLUD GD )R] /RXOp
EQGLFH 89 PpGLRQGLFH 89 PpGLR

BURSULHGDGH

ODVVD YRO~-PLFD J FP
EQGLFH GH IOXLGH] 78 NJ J PLQ
SHVLVWIQFLD j WUDomR QD FHGrQFLD N1 H

(IWHQVmMR QD FHGrQRLD

7HRU HP QHJUR GH FDUERQR
7HPSR GH LQGXomR | R[LGDomR 2,7 PLQ

9HULILFD VH TXH D PDVVD YRBV PLFED Dih RDWRLIYBIX PRORVR DX
89 WHQGR HP FRQWD R GHVYVRUSD O WR ®RAV RFX DHELRL Q G-RV T
tQGLFH QmR LQIOXHQFLD D PDVVD YRO~PLFD

1R FDVR GR tQGLFH GH IOXLEGH)mMRHGHMWD SHRPUW.KBEP GO F
tQGLFH 89 VXJHULQGR TXH R PRISAPIRHGQI®KXHQFLRX HVWD S

3DUD D UHVLVWIQFLD j WUDomR H H[BHRHOIVRRQ®HRHGD Q FSLLIR !
FRP R DXPHQWR GR tQGLFH 8% FH\DS H WLLIDMRHRQ VL B ®L BB G RWITX
WHYH LQIOXrQFLD QD UHVLV@W®FRBQ FDRQIRFAR B QDXIFPUIIQRVRP I&
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SRGH HVWDU UHODFLRQDGR FRP D R[LGDoMRGBRUSRDOAHRI RV
JHRPHPEUDQD PDLV IUiJLO EHP WRPR FIRFPDR HD GRH § RVIRt FFHUW R
GH GHJUDGDomR FRQIRWPM LQGLFDGR SRU 5RZH

1R TXH VH UHIHUH DR WHRU HPDQHIURHRWFDPROQR V Y |
HP /RXOp VMR VHPHOKDQWHYV ®/HMRE D \HPRFRRW/P R H\HW M I/ RU ¢
R tQGLFH 89 QmR LQIOXHQFLQMR WHRU HP QHJUR GH FDUER

3DUD R WHPSR GH LQGXomR j R [LE®DLoAHR 8 9 HRILL IILG DH ¥ HRTUX
H[SRVWD HP /RXOp R TXH SRGH HVWDU UH @I RRDG R QARI
FRQVHTXrQFLD GH D DPRVWUD HVWDU H[SRVWD QXPD JRQD |

(P VXPD R DXPHQWR GR tQGLFHH&Y DJHIL V)R P GIR/RXQA\U B
LQIOXHQFLDGR RV UHVXOWDGRY GD UEWFLD W GRL BV I R\SLRD G1H |
R[LGDomR 5HODWLYDPHQWH D HVWD ~OWHRDPDRR W HFRQYW
DQWLR[LGDQWHYV QD DPRVWUD H[SRVWD QR ORFDO FDUDFW!

+QIOXrQFLD GR JHRWr[WLO GH SURWHomR

3DUD HVWXGDU D LQIOXrQFLDjVGRHRHRIWEWL®D ) DF FSRISRDAUL
UHVXOWDGRY REWLGRV SDUDVBHW DARWWWILO HI B RFVRAEDHW \W X E
FRQGLo}HV DV JHRPHPEUDQDV *0 $ *0L%DRAHQQV&HH ISR \$WIBNMU R
%RWLFDV

1DV )LIXUDYV D DSUHVHQWIDERVH WRHV SYHW KO WHDHIRNVHF
YRO~PLFD R tQGLFH GH IOXLGH] D WH\GUQWLEQFH DQ P WUBRMOXIR
QHJUR GH FDUERQR H R WHPSRU®HDLMNQ GEKR FMHRP E B PLQECDV0 H RS RS
JHRWr[WLO GH FREHUWXUD *0 FRE H *0 H[S

3buD D PDVVD YRO~PLFD )LJXUD YHULIPHROKRVHVT B WR
*0O FRE GR TXH SDUD D *0 H[S SDUD DV DPRVN BRWHEDRV WD
6DOLHQWD VH TXH DV JHRPHPEWDQ DIV FPRPE HB WHRWQ G R¢} H\H RA
JHRPHPEUDQDYV QmR H[SRVWDV \anrRO i RTXVHL W W@ W HIMH V¥ RO WR
VHomR (P /RXOp *0 % D JHRPHPEUDQD RRERUMID VDXSSUHH\
JHRPHPEUDQD H[SRVWD VHP JRRAWEWUDO GRR @QWRDVH Q B IR QRO
FRPSRUWDPHQWR $VVLP QmR p SRVVtYHO HYWCHHMKHHIH X

3DUD R tQGLFH GH IOXLGH] )LIXUDVMR WHVEWWrQFLD j)Wl

H WHRU HP QHJUR GH FDUDERRXH RVWUDHVXOWDBGIRY SDUD
VmR PXLWR VHPHOKDQWHY HPmRR®R\Y EBR BR AARQYV GEHW[BRWY
UHVXOWDGRYV H[SUHVVD SHOXWVVEDGRYWGR HRHMBRHQWWWVF
FRPSDUDomR HQWUH RV UHVXOWDGRV DSURNWHRWBGR\SE QRS
QmR IRUDP VXEVWDQFLDOPH@DN DHHRW B 8 BV DSHXOWD G S B §¥ WoHN
DLQGD QmR p SRVVtYHO YHWHLRDD ¥R DR SIHRWH pWwilRODSUK & R
6DOLHQWD VH TXH RV JHRWr[\WQMWH VOLADHWH GW DYHDPU Y G YD X D
SXOYHUL]D VH TXDQGR VROLFbWR GGR FIRHR WO r PWRO $ GYHIDJELGEL
GHVWH HVWXGR QR IXWXUR

3DUD R WHPSR GH LQGXomR j R[LGDomR ¥DIXURV UHNWHUQLW
REWLGRYV SDUD D *0 H[S IRUDSDVOSHUERE HVRHRWVURBWDBRE W |
p FODUR R PRWLYR GHVWD RFRUUrQFLD %BRWDFDW D*HOR% WHU DO
RV UHVXOWDGRYV IRUDP VHPHOKR @WGEHIW SMHY @GR BR \F RIGIWIX®H
EDUUDVY GH HUUR DVVRFLDGDV DRV UHVRAOWRW RW L(O \@ R K
SURWHomR DGLFLRQDO jV JHRPHPEUR[QGWD o 6RJ DN PJ HRPMHPHE
OXJDU PHVPR TXDQGR HVWmMRVRRER WWXEBVWHMQ FXB OPWH RWEW LLG
GH UHIHUrQFLD
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(P VXPD SDUD D PDVVD YRO~PRFIDGB OMHRPBR G HVIXDIKDGRYV] Q'
XPD WHQGrQFLD 3DUD R tQBLFH WHDOXRGH) AHGHYRMW D H[W
R WHRU HP QHJUR GH FDUERQR RV WH¥REWDESRM[EEWUBR W SE
(P WHUPRV JHUDLV QmR p SRVVtYHO FRQJHRRDUWL G BRW HDIR
VHUHP GHWHWIiIYHLV DOWHUDo}$INVUWHI QLD VFSW RSBV HGD GRVL
JHRPHPEUDQDY H[SRVWDV VHP JHRWr[WLO

+8&21&/86® (6

2 SUHVHQWH DUWLJR DSUH YV H@DNRKDORL M GREDROK R LH/[\S B UL PN
GDV SURSULHGDGHV GH FLQFR)RHRH FHREWD QDHQ & HG SR GIL HWE.'C
FRQGLO}HV FOLPiIWLFDV GXUDWHIHROJQRVFBWY GHIBRVWXIDO |
DQDOLVDU RV VHJXLQWHV DVSHWRYV GLIBMUHQMMNYQFHRPEDE EH
SROLHWLOHQR GH DOWD GHQVLGDGWLRDIHWDLQRE X H Fi B PGP B/C
HP ORFDLV FRP GLVWLQWRNM XPGEEB\GRH IBBRWH[WLO ®HLRURWH o
$V SURSULHGDGHV DYDOLDGDVtQRLEP B H DU XDGHR OB PWH B L \RA
HIWHQVmMR QD FHGrQFLD H QH FUIRVERWIR R R/ MRHP SIR QH LURG B o

$ LQIOXIQFLD GD H[SRVLomR jV FRQGLHRIRY FOU P QDLVF DRL \DROE
PHGLDQWH D FRPSDUDomR HQWUHRRPHBEVR QWD G RYRREWDIVGHR \R'
SURSULHGDGHV LQLFLDLV GDV PHVPDV JHRAMRUDPWQ FRQEGH O
FOLPiIWLFDV DIHWRX VREUHWXGR D PRYVN®DYR®-RLFDW B WR{d
DXPHQWRX HQTXDQWR R WHPBR FBHWILY ®RHMRY B LFPR.R) DLX[ ¥R YQ ¢
FOLPiWLFDYV

$ LQIOXIQFLD GR tQGLFH 89 IRL HVWXGR\G ) DWKWDAYD & RG/D RFER/
DV JHRPHPEUDQDV H[SRVWDV HP ORFDLM FRP \GL IFHXUH ® WDHP #(Q
tQGLFH 89 LQIOXHQFLRX RV UWVWXYOWR GR W [ @B Q\HWR VO\Dr FHLEX Q |
LQGXomR j R[LGDomR $ UHVLVWIQFLD jDWRHQWR UD D HH [RV MVQH\F
LQGXomR j R[LGDomR GLPLQXLX FRP R DXPHQWR GR tQGLFH 89

$ LQIOXIQFLD GR JHRWI[WLO GM BRIRD/HDR®IRD 3/DJS RO B PFERIFSE
UHVXOWDGRVY REWLGRV SDUD DV DPRVWRBNUM[XBDWDNUE RLFF R
SDUD D PDVVD YRO~PLFD H WHPSR G K in® @*UiR/HRM B Db R R RN
JHUDO 3DUD R tQGLFH G HDICOWR. @] FB GIQFIL\DW DQF [\WH @Vt R QD
QHJUR GH FDUERQR RV UHVXIDUDDGRRVMUDY N FSRVOKD\Q WRIR/ 1

+5()(5C1&,$6 %,%/,2*5E),&$6

$670 ' Standard Test Method for Melt Flow Rates of Thedasijgs by Extrusion
Plastometer $PHULFDQ 6RFLHW)\ IRU 7H VARIMKB® & FONCHH UBIHBRGW \
86%

$670 ' Standard Test Method for Density of Plastics byDeasity-Gradient Technique
$PHULFDQ 6RFLHW)\ IRU 7THVWLQJ DQG ODWOUYDRONM 8EYW &R

$670 Standard Test Method for Carbon Black Content iefidl Plastics $PHULFDQ
6RFLHW\ IRU 7THVWLQJ DQG 0D HIH.DDWA O:¥HD/Q\L B. RO RK R F N

$670 ' Standard Test Method for Oxidative-Induction Tinhéolyolefins by Differential

Scanning Calorimetry $PHULFDQ 6RFLHW\ IRU 7THVWLQJ DQG ODWHI
3HQQV\OYDQLD 86%
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$670 ' Standard Test Method for Determining Tensile Prapsrof Nonreinforced
Polyethylene and Nonreinforced Flexible Polypropyl&eomembranes SPHULFDQ 6RFL
IRU 7THVWLQJ DQG ODWHULDOWOYD/OL B ROVKRKRFNHQ 3H(

%DOHNL 5 6DQGHUV % HOHOH.O B Chara¢t€riding- Lon§-TékhD WV
Stabilization of Geomembranes under Different Eorwinental Conditions 3SURFHHGLQJV F
,OQWHUQDWLRQDO &RQIHUHQBH RQ *HRV\QWKHWLFV %UD]

%DUURVR 0 /R SH\Mntegriddde das Geomembranas: Influéncia da Ex@aseos
Agentes Atmosféricos 7z &RQJUHVVR 1DFLRQDO GH *HBEMHRRDLL' *
520

%DUURVR 0 %UD]ImR & E$RBddHa/Resistéhcia Mecanica das Soldaduras por
Fusdo de Geomembranas de Polietileno de Alta DadsidExpostas aos Raios Solares,
&RQJUHVVR /XVR %UDVLOHLUR/ XGHDOHRBWHFQLD $YHLUR 3

%DUURVR O /IRSHV 0 * "RUHYV Infegritg & HBEREJ®eomembranes:
Effect of Weather Exposure on the Mechanical Priogerof Seams SURFHHGLQJV

*HR$PHULFDV 6HFRQG 3DQ $PHRQIHUM AHARV\ QWK B MW
3HUX 0D\ S
&DUQHLUR - 5Durébilidade de materiais geossintéticos em estagule caracter

ambiental. A importancia da incorporacéo de adivpimicos 'LVVHUWDOmMR GH GR X
)(83 3RUWR S

*HRV\QWKHWLF 5HVHDUFK , QV WdsiWetoHs, Test Prop&fies and Testing
Frequency for High Density Polyethylene (HDPE) Stinoand Textured Geomembranes
Z22Z JHRV\QWKHWLF LQVWLWXWH RUJ JULVSHFV JP SGI

+DOVH < :LHUW] - 5LJR - 0 Cheéniich] XlEhlificatio® Methods Used to
Characterize Polymeric Geomembranes,/(0 5HSRUW RI 7THFKQLFDO &RP

+VXDQ < * . R HU Q H Wntiéxidant depletion lifetime in high density petlyylene
geomembranes -RXUQDO RI *HRWHFKQLFDO QBUIHRHGBELKYRQP
SS +

.RHUQHU 5 0 +VXDQ < * Qeohigrbde lifetibe prediction: unexposed
and exposed conditions*5, :KLWH 3DSHU 1R 2ULJL QD@ XHER X D

.RHUQHU 5 0 +VXDQ < * Lirthi@redittions & exposed geotextiles and
geomembranes *HRV\QWKHWLFV ,QWHUQDWLRQDO 1R SS

IRGL 3 & Aspectos da degradacdo de Geomembranas Poliméte®olietilieno de Alta
Densidade (PEAD) e de Policloreto de Vinila (PVCYHVH GH 'RXWRUDPHQWEF
(QIHQKDULD GH 6mR &DUORYV S

/IRGL 3 & %XHQR % 6 =Bygr@dadddde Geomiembranas Poliméricas apos
Exposicéo a Intempérie9, & RQJUHVVR %UDVLOHLUR5GH2*HRWHRQLD
9 6LPSYVLR %UDVLOHLUR GH *HRYYE6QWpPpWLHRYV GH* (X8BK R7}
+ 3( %UDVLO

IRSHY 0 * % D U U RMeRhartical Performance of HDPE Geomembrane Seatmis af
Sunlight Exposure 3 URFHHGLQJV RI (XUR*HR OXBRK.FK *HRI® DQ\S
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/IRSHV 0 / ORQWHLUREsthdo @9a accdo de agentes de degradagdo no
comportamento a traccao de geomembrand&sHY LVWD GD 6RFLHGDGH 3RUWXJ,
*HRWHFQLD 12 SS

1XQHV [/ ) &XQKD 6 6LOYD $ &DU YPDessRmento etaH&DSd 0d X HV
dados UV sobre Portugal, obtidos por satéltez 6LPSyVLR GH OHWHRURORJLD
$30* Z (QFRQWUR /XVR (VSDQKRO GH OHWHRURORJLD (U

3HJJV , How long will my liner last? *HRV\QWKHWLF'
2727 JHRV\QWKHWLFVPDJD]LQH FERP KRZHGRGR ZLBOP

5HLV $ Geossintéticos em Vias de Comunicagéo: Influénag @ondigbes Climaticas
'LVVHUWDoOomR GH OHVWUDGR ,6(/ S

5HLVY $ %DUURVR 0 /E&vélhécinentd de geomembranas de PEAD expostas
as condic¢@es climaticas durante 12anos 2 &RQJUHVVR 1DFLRQDO GH *HRW
J)DFXOGDGH GH (QJHQKDULD G®UNMXNIYHUVLGDGH GR 3RUWR

5RZH 5 . (ZDLV $ Ayeingof Exposed Geomembranes at Locations witerBnt
Climatological Conditions &DQDGLDQ *HRWHFKQLFDO -RXUQDO S
S5RZH 5 . &KDSSHO 0 - %UDFKPDQ 5 Field monitofngy bf : $

geomembrane wrinkles at a composite linertestsg&eDQDGLDQ *HRWHFKQLFDO -F
+

5RZH 5 . 5LPDO 6 6 D Q Adelg of HBPE Geomembrane Exposed to Air,
Water and Leachate at Different TemperaturesHRWH[WLOHY DQG *HRPHPEUDC

5RZH 5 . 6DQJDP + 3 / B\Whidatidi ofan HDPE Geomembrane after 14
years as a Leachate Lagoon Linel& DQDGLDQ *HRWHFKQLFDO -RXUQDO ¢

7TDUQRZVNL & % D QAGdnX Resistance of HDPE-geomembranes - Evaluation
Long-Term Behaviour under Consideration of Profegperiences *HRV\QWKHWLFV (GL
- . XZDQR DQG - .RVDNL OLOOSUHVV S5RWWHUGDP SS

<DNR 0 $ .RHUQHU * 5 .RHU®HU CaseHistorywoK®2AD-year Old
Exposed HDPE Surface Impoundment LneBURFHHGLQJV RI WK ,QWHUQDWL
*HRV\QWKHWLFV %UD]JLO SS
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$9%$/,9d-2 '$ (),&,C1&,%$ '$ 7e&1,&% '( &=
*5287,1* 12 (15,-(&,0(172 '( 62/26
&2035(66E9(,6

$VVHVVLQJ WKH HIILFLHQF\ Rl &35 *URXWL!

$PDQGD 2WWROLQL &KDYmR
$QD &ULVWLQD &DVWUR JRQWHQOD 6LHLUD
$QGUpP 3HUHLUD /LPD

5(6802 + $ WpFQLF®o@ity ERHVLVWH QR ERPEHDPHQWR GH DUJDPDV
VROR PROH VRE HOHYDGDV SUHVVIHV FRP JBRG]RPRY DF R Q RIFF
WUDWDPHQWR UHVXOWD QD GLPEDXDGMDRFBRSLHI/AVRN HIOH HY DR FOW B
FRQGX]LQGR D XPD UHGXomR V12 GUIH¥BQWHDWID\E DGIKR ONKP\FRP I
FRPSRUWDPHQWR GH GRLVY DWHUURYV R[BRIULPGIQW DL\SD WH\WH X GBI
LQVWUXPHQWDoOmMR (P XP GRYV IDFERRWIRING $BIU D GRR WO@GIDM B FWR A Q W
VHIXQGR DWHUUR IRL H[HEFXWDGR RSHIR\D FFRP SIGIHRFBHUGKWQRGE R \2 \H |
5HFUHLR GRV %DQGHLUDQWHVY 5LR GW GBIQHWROR PTROH DGEL HRUHHR |
UHVXOWDGRY SHUPLWLUDP DYREBVBHUYRXNHFLXPELOHGX OMRFYLEFQLI
VREUH R VROR HQULMHFLGR XPWRGLRRQX|R@RDE&RV H X\PORBPIRE B
UHFDOTXHYV

6<1236,6 7TKH &35 *URXWLQJ WHFKQLTXH FRQVLWWWRLQ SPRISUQNQI
SUHVVXUH ZLWK JHRGUDLQV SODBMG FEHIRQ HKPLQWN ¥ H WE H H\Q U WEB
GHFUHDVH RI YRLG UDWLR RI LVQKK HIRPHS WDV V WEIHH) DK H U KDHQBR Q V
UHGXFWLRQ LQ VHWWOHPHQWVWKRKLEFHEDSHRUDRP W BVARR HF[FSASLBH Q
HPEDQNPHQWY ,Q WKH ILUVW HPEDQNEBYW G\RE MW HG 5/ R URXMH QUU'
VRLO 7KH VHFRQG HPEDQNPHQWR LZ® \O BI[HE XZLMEK R BRI WRLIQYV 7KI
LPSOHPHQWHG LQ WKH FRQVWIDXQFAMLR® QWHE FSILRHG H H DR KRRER |, Q
WKLFNQHVVHY DUH RI WKH RUGHU Rl PLR®&H @ WHX\OMOHPKRIVE RD.
D GHFUHDVH RI WKH KRUL]RQW.DIOF BQWS DBPFH®H QW LRQGRED WM '@
RI JHRGUDLQV

3DODYUDV &RORYHR2SUHVVtYHO UHFDOTMRXYXWRMWIDGHQVDPHQWR &35

.H\ZRUGA\RI®W VRLO VHWWOHPHQWWEBXWIM)R GHQVLILFDWLRQ &35 *
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+1752'8d-2
FHQHUDOLGDGHYV

$ IDOWD GH HVSDOR SDUD FRQWWQXWRVRQRY QB DPRG HI\P F i
DR FUHVFLPHQWR GR VHWRU LR XF PQS WRNXSHRoMRYGE QRFBIY
FRQVWUXomR 2 DYDQoR WHFQRODWDRFRQ WRPGBHHVWRPRQ LFHDWP G W
REUDV HP VRORV PROHV TXH BQRMDPHERW R HRQWWMHFIQU EDP HHE W € F

2V VRORV PROHV HP JHUDO DSUHVRERWDBRDIDR GH PRA/S
*HRWHFQLD SRLV VMR VRORVFERSEMVDLEHOLGWGHF HDE MY S
HVFROKD GH VROX0}HV FRQVWWRW LPYROOM \G HG HDWWHH WBIR R K WH
FDUUHJDPHQWR JHUDGR SRGH VWDEUDHDUPDS\WWRSD¥LGBGRUG
GHVORFDPHQWRY H[FHVVLYRV LGHDYAK RHj WDHORDID TRRPS S V VALFEC
YLUWXGH GD EDL[D SHUPHDELOLGDGH GR VROR

2 &3%routng p XPD WPpPpFQLFD GH HQULMHFLPHROWR VEH \QRRO
ERPEHDPHQWR GH DUJDPDVVD R®RLPRGH MVRE GIID FDPOBY SWIH
FRQVHFXWLYDV GD GidutifigXPRiQRVGRWEHBE QD LQVWDODomR GH JHR
GH DUJDPDVVD H QR ERPEHDPHQWFRS B IV QR DFFFDO/H D) IQIK UQ W H U

$ LQMHomR GH DUJDPDVVD VRE \CHO WROU BSHURY WWHIWURV LB P LF\R RS
SUHVVmMR TXH FRPSULPHP R VR QO IDVDMNGRM G PN QW FID FHDQXW B @
EXOER $V YHUWLFDLV GH FRASUR VS/DIWRD Wit R D ROLWP D BYDPN G3HH EX
YHUWLFDO GR HTXLSDPHQW R RV \GiuR QRWV VG R\Q W\ /O/BIG RV WR \
JHUDOPHQWH GH D O LLVQ WIR\6 m-R DWD SUBIR/\GHY GM 3D D
UHGX]LQGR j PHGLGD TXH VH MSURJHPR GHOPKEBDItF 5HFERR

1R SURFHVVR GH H[HFXomR GD YHUMQWBOKIG K PFRXPUHQUWF
SRURSUHVVmMR $ SDUWLU GR FRIRFH \DV B HIH DGHQWD BSHDQ W RD |
GUHQRV LQVWDODGRY - PHGBGED VIX$HDORWY DG Y B Q RAH QI RX R[S L
GH WUDQVIHUrQFLD GH FDUDXBBQW RQGRFDEWRXRD RDVWGIIQG/RN R H

i M

I

e - k

;I:j Em Eguipamento de formagao ; |

a0
Equipamenta as insisiaclo das vericais de /| |
dos drenos verticais

compressdo
| Freparc da argamassa i

@"‘; » Bombesmento  Dispositive de

madicSo & controle. s |
ds argamssss oo bombezmento

)LJ )PVHV GH ([HF >QontihgG R K&BBmM R
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&RP R DFUpVFLPR GH WHQVMR LF®LWRGR FRPBGCRVYHM®D &
RFRUUH XPD GLPLQXLomR GR tQGILWFHVGEHY MD]HRXPGIXIP B RMMGL
(VWD PHOKRULD GR VROR UHWPQWRLIE M X KBD WDIQ UL WHOOML & B

®DVRV GH DSOLFDomR GD WpFQLFD GH &35 *URXWLQJ

1R 3DUTXH GR &DQWDJDOR QD 5DRRIH5-M®UHILIRR GR HOQHLLMI
PROH FRPGr&giig IRL H[HFXWDGR FRP D ILQD OQIGDIGHD REHQ \W }
UHFDOTXHV TXH RFRUUHP Ki GpoEthe DR/L @5 OHEDGR QR &36 UL
HVSHVVD FDPDGD GH DUJLODPP®B H VI3 HX\DXOUD W $ QHI[H D46 m R
IRUPDomR GDV YHUWLFDLV FRPHORXGH B URIXDGG LIEQWH HH \WH
H P DEDL[R GR QtYHO GR WHUBUHRRD @RVJBRG@UHRRRIXRGD (
FRQILIJXUDomR EiVLFD GD PDOKDRFWRQVDQWX G DHP GHP D HRLG/AWH
FRPSUHVVmBroGiHg &35HVSDoDPHQWR HQWUH RV JHRIGWWM QRD/L
IRUDP GLVSRVWDV QRV YpUVRLEHYDOHDXPPWULKQJXOR GH OD

3DUD DYDOLDU R FRPSRUWDPHQWRO PG WKEF R D LMD
JHRWpPFQLFD FRPSRVWD SRU SODFDVIGO{RHWDRVXRV LOHYZ
LQVWUXPHQWDOmMR SHUPLWLUDP FR@FQRBLGLT¥WDQBR MO
XPD DFHOHUDOmMR QR SURFHVVRR®HDD R HRWWDRHQW RG B UL IR FWD
RUGHP GH FP HP XP SHUtRGRUBMSRQGIHDE R GRW FHRIFDO"
UHPDQHVFHQWHY JHUDGRV SHBBVFROXHMXRIHORWY GHORN D)
JRUDP UHDOL]DGRY WDPEpP HQVDLRV PHWKQLFRYMHRP GDIVE Rk
DUJDPDVVD RQGH VH YHULILWRRDLXHDS PHDWHHUN D G GHYD GHD
GH HODVWLFLGDGH LJXDO *3D UNMXDQGER GR MEDIULDGRPRPI
&DQWDJDOR FXMR PyGXOR GHOH®IWVWLFLGDGH p GH 03D

1D FRQVWUXomR GR WUHFKR V)R GR WR 6 Q [Heitiay HIR®3 5 m
XWLOL]DGD SDUD HVWDELOL]DU BUXEOROQYWR XGR R \DQYB WHIV
%LOOLQJY RQGH IRL FRQVWDWDGD PRHIHVW2QFUD VEHPW Q YWR
HP XPD iUHD GH3DUDP HULILFDomR GD HILFLIQFRY BQVWREX
UHVLVWIQFLD QR VROR GR WWLBR 68 3 DORKGIG\DI HP QMW BN UHF YO\S
&3 Brouting 2V UHVXOWDGRY GRV HQVDHRY GHIVAD &K & RALED DBERR
SDVVRX GH N3D SDUD N 3DQ KRRX G/HHM D &R XUYHV XWPWIr Q F L
4XDQWR j GHIRUPDELOLGDGH GRGVRIBRUMEN]LUKFRP P GLOH |
UHFDOTXHVY HVSHUDGRY QD FDRPRGDHWWDWDGD HWVDPRWAER T
VHMD XP UHVXOWDGR FRPELQDE®R S8 0R H RROH HLMRVRSER C
IRUPDomR YLROHQWD GRV EX®¥WRMWRG@Ruthgs @R A-DLWL & H FRLPR
FDPDGD PROH GHYLGR DR DFUpVFLPR B \FERDKODM YAHRP K K
GR tQGLFH GH YD]JLRV GRV VRORYV PROHV UHPDQHVFHQWHYV

2 3RQWDO 2FHKQLFR p XP VXEORFIDWLRDGREQR S@OBWHLNRD G
=RQD 2HVWH + 5LR GH -DQHLHR TXH & FXBWDXP X UEMD D o
IH] VH QHFHVViULD D LPSODQWDomR @ FHUFDDGXUEDQP GF
GUHQDJHP GH FRQFUHWR DUPDHQRW I HVESH \HPX H B W G R UBIYWY
HQWUH P D P GH HVSHYYXURH AR VI\XIHG B G MW HUP IE X \
JHRWpPFQLFDV SDUD H[HFXomR H LP SO DWW ¢imRp G HRDSWHL R
WUHFKRVY FRP SUD]JRV SDUD HVWDEIDOARDoMRR VA \OLERLUBRQ
H[HFXomR GD W @BRPQ@bhFBFRGWRGD D H{[WHQVmMR GR WUHFKR *H

1R WUHFKR GR 9LD 3DUTXH QDD®PUWR GUDRPENMKXRM BHSR
GH DSOLFDomR G Brotng§ QLHFRMLQHJR35 $ UHJLMR WHDVEBIGD
DSUR[LPDGDPHQWH P85 FRP HRWHQV ® RJ IBH. 8 RVEWHD LGS O D
9LD 3DUTXH DSUHVHQWD XPD FDPWGDME&HQMRHARLRN BR P DR
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YDULIYHLV FRP WUHFKRV YDPDDBQ8RQG\H PP D YWPN D SEIRR D G D
VREUH HVSHVVD FDPDGD GH DWJE®P PXLWRRPBEM FRPXW DB Bk
P GH HVYSHVVXUD DWp WUHFKRARBRB}HV @H (DWKGBBR ERPVREU
GH JHRJUHOKDV QD EDVH GR GW HPDWH HLPROXDIDYXGDHQ DS WW
DFHOHUDomMR GRV UHFDOTXHV P WH RSWH PBERDE HITXHUILGE RHSL
REUDV GR DWHUUR HP VL XPBPVH{IXIXHDRVDER BWNHPHOG B URP
RUGHP GH DQRV 3HOD QHFHVVLGDGHVGHP BRWDEL® L [oDRR &
GD HVWDELOL]DomR GR WHUUH QRWH F QLEDRGRHNEB/R B RIOGHL BV L
PRVWURX VH VDWLVIDWyULDWHRGIS&AJRY GD REUD IRUDP
$ )LIJXUD DSUHVHQWD LPDJHQYDGID\RERP VD TXHIHRWUGP YWIFE
UH~QH DV SULQFLSDLV RBUTRP HJY HFXRRLETDVE ® RSCRIRD V
2 SUHVHQWH WUDEDOKR WHP R FRERVWHWDLPHRQWR GRPSRUL
H[SHULPHQWDLV H[HFXWDGRV NRERW NRROR[WROMD GR EREUBIW
VROR PROH HQULMHFLGOroEtR@ HD RVR X@/LLAD IGH BBSFXWDGR VREL
VROR PROH FRP JHRGUHQRYV

Trecho com Tratamento
de Camada de Argila

Muito Mole com CPR
executada em 2010

¥

D 3DUTXH 35RFN LQ 5L' 5RGRDQHO 6XO /IRWH
)LJ + 2EUDV YLDELOL]DGDGroEtR@ PRW WA L(RDJ .38 D X W
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¥RFDOL]DomR H &DUDFWHUL]DomR *HRWpFQLFD GD 5HJLm

$ QHFHVVLGDGH GH XP HVWXGR GRY SWMUVEDR GB KM UBM
PROHV JHURX D FRQVWUXomR DIV GRHQ GIRW KB U\RR/E BIIS N B DF
HQULMHFLGR FRP GroptR@ LIFIR RXWBR VREUH VROR GH UDQGD:«
DFHOHUDoOmMR GRVY UHFDOTXHV 2V DW H BV RYD Hi[\SHHL IGAH-H B RU@\L)
&RQGRPtQLR 3DOPV 5HFUHLR RH\FIRG®HR B P B 0D $U IRVE ) WIDBGHL Q

Condominio
sidencial Life

i .
iiitanda do ;‘Recreir:.

)L /RFDOL]DomR GR &RQGRPtQLR 3godgEerwagsHFUHLR 5H\

2 EDLUUR GR 5HFUHLR GRV %DQGHLQ@PDQ W RVRGNKWHOG D ALK
GH -DQHLUR VHQGR HVWH X ®RYODIUE UR VG D X% DRERDE WV IGWM
VH VLWXD HQWUH RV ODFLoRV GDVSBIKGWEDGE RBW MMPFPLHKGD 7L
&DEUDO D %DL[DGD GH -DFDUHSDJXi WD\ WHIXLY] DRY
DUHQRVRV H DUHQR DUJLORVRWVHIRUPQGRWRVHWVHEHQBLVOYRM
GHFRPSRVLomR GRV PDWHULDLVFEKQQGUWHDNGHRW 8 R GHRD HMW |
VHGLPHQWRY TXH FRPS}HP DV ODJURD/N BEOWMDHPIIMNR DDDRDPDC
GH -DFDUHSDJXi VH GHX HP FLFOR&HG®HGRUR VSHRU tHR G/RI\G IGPHH
WUDQVJUHVVmMR PDULQKD

$V DUHLDV PDULQKDV GD UHJLmMR SR\DWiD GHFBWIBDWRMHQW
SURIXQGLGDGH H TXDVH VHPW®WUWHR CESUYHIVHR WV IV X SGHY H BL HU F
DUHLDYVY PDULQKDV HVWmMR DVYVHWQRIRE/D VHMVRLEXHD MR GRVHP B D
WLSRV GH VHGLPHQWRYV TXH \FRFROWNVWNXHR ORERLV] HGDL OMARYV
DSUHVHQWDP XPD FDSD GH WXUID H HOHYWERVWWSHRWY H/H
FRQVWLWXHP XP SUREOHPD GR SRQVDRE WGH QWD D HIFH EEN p FO
EDL[D UHVLVWrQFLD H DOWD FRPSUHVVLELOLGDGH &DEUDC
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DGHQVDPHQWR H HQVDLRV SURVY¥XKRBNWRULFREVHARFR VAR V WH
SUHVVLRPpWULFRYV IRUDP H[HFXW B GRY $MWD \DVBBRAE WR H\R P
GH IRUPD D DYDOLDU R HIHLMWRURR WK RW DPHIFRR QRV S|

66



5.0 I I I 1 1

0,04 1=
ARGILA

-5,0

=100 | areiarina 53

1 EMEDIA
-15,0
- 20,0

- 25,0

-30,0

- 35,0

)LJ

AREIA FINA E MEDIA

W
s

~ >

3HUILO JHROYJLFR JHRWpFQLFRQWIHD/ GRV DWI

AXDGURRDUDFWHUtVWLFDYVY GRV HQVDLRVY GH DGHQVD

7LSR GH (QVDLR 'HQF?#L%BQ%I&GDGH&RQGLomR
D
$GHQVDPHOQOWR B 3Up &Zéuting
D
307 %/
307 %) 3Up &&duting
307 %/
SUHVVLRPpWULFR
307 %/
307 %)/ 3yV &GQGrSuting
307 %/

2 4XDGUR

DUJLOD H[LVWHQWH QD
SUHVVLRPpWULFRVY HQWUH

N3D H N3D

*RQGDUL]

DSUHVHQWD RV UWNVKPMWDUELER \G RYRN QTOILIRW \
i UH DD VQ D\ $HRHQWDL G B G MV VWY Q EEL

UNLMHFALPHQWBR BSYNMQR/BIQRV L
KRPRJHQHL]DomR GR VROR H XRMIFRPRRVRYGXFALRVPHGHD VL

R UWILPPAHORXRRGRRBY HUUR H|

67



VROR HQULMHFLGR H GHILQLX RWPHUR. FOHP HGWRIU R B EXDQ R D GG
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FRHILFLHQWH G Hy BGMIY\DR RGWHREFRYIDGRY D SDUWLU GRV HQVI
3RGH VH REVHUYDU R HOHYDGR OFARO® G THRR\FWUDH Y DL U
SURIXQGLGDGH GH D P DR HJ HAVDXOWRXS D LLEISRIMIK Q F L
DYDOLDomR GD TXDOLGDGH GDV DPRI\SDBWY @GRVIBDBRPH WDRD

SDUWLU GRV HQVDLRY GH DGHQVDPHQWR
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3UR|l 3 3 &ROVLVWIQFLD
(QVDLR "5 &RQGLom&%D N3D| N3D| %ULDXG
PROH
307 %/ PROH
E PROH
307 %)/ 3Up &85 PROH
PROH
0,
307 %/ PROH
PpGLUD
307 %/ PpGLD
PpGLD
3yV &35 ULMD
0,
307 %/ ULMD
PpGLD
0,
307 %/ TR

4XDGUR4AXDOLGDGH GDV DPRVWUDYV FROHWRDGDYV QD UHJLI

4XDOLGDGH GDV $PRVWUDV

URI G
$PRVWU RoHW:DFEi%S M| AH®RH /XQQH HVERPONLQKROHWH|LUD

DO

I+

(IFHOH QW[ HOH WHO'}'XOLHWQRWH
OXLWR [ERBLWR [ERDC

I+

(IFHOH QW[ HOH Q v@HO'iXOLHWQRWH
OXLWR [ERBLWR [ERD

RD
EHIXODU %RD

S3REUH SHJXODUSHJXODU

I+

I+

&KDYmR FODVVLILFRX D TXDOLGDGRVCOW DBRIQWDBM (X
SDUWLU GDV SURSRVWDV GHKRXRQHDON DO H 20L&RXWILQ
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f[HFXomR GRV $WHUURV ([SHULPHQWDLYV

2V VHUYLORV GRV DWHUURV GWH\DWRIWWRY IGFH. D U D PF QIR [5 P
iUHDV 1R GLD GH DJRVWRDGFHUDYDORIR IGRBQAIHRGDHQRYV |
GRY DWHUURV H[SHULPHQWDLV IRR GHPRY GGRD VRY@VRRGR D"
TXDQWR R JHRWI[WLO FRORFRGRp YSRED Hz B RRHUTUH.Q RV ) D@IX
WUDWDPHQWR 2 DWHUUR GH FRPTBHVWDSHMFRYDG B SRV
ODQoDGR XP SHTXHQR FROFKmMR &RORWEDWR UWRL® QXFO B DV F

IRL UHDOL]DGR R WUDWDPRIR)\&BHGiDy, i ERP B VHRGKbGR
YHUWLFDLY GH EXOER GH FRPBRHYWRGEEE RLR READ F RFH ERIRE

LQLFLRX VH D LQVWDODOmMRPRERW RQNW UK PEBWRYY RS
GHVORFDPHQWRY YHUWLFDLVQRKRPWHR QR VIHP HV 8 R WRDSPUHHWWE
Groutng D LQVWDODOmMR FRPHORX HP 4XHGUYRWHPHEWRP B HR KL
H[HEXomR GRV DWHUURV H[SHULPHQWDLYV

4XDGUR+LVWYULFR GH H[HFXomR GRV DWHUUF

'DWD (WDSD

'HPDUFDomR GDV iUHDV
)LQDOL]DomR GD FUDYDomR GRV GUt
,QVWDODOomR GRV L QWWIDVPBIRMERVRQD iU
(QULMHFLPHQW R GBRtNGR-D ROPRPDOIFo MR GRV LQ
([HFXomR GRVBIW HEBIRNQ D iUHD
([HEXomR GRFRW HRGBUWEN®Q D iUHD

1D UHJLmMR HVFROKLGD SDUDHRREWQWRAMR ROVR YHIREG H H Q R\

FRP HVSDODPHQWR P PP H @VR RD X\Wi UQJLR] DFGRG ®WRg BVMND Q L F
YHUWLFDLVY GH FRPSUHVVmMR |RIKIP TDCD/GNDGEDG B R PF R F SYORD
FROXQDV GH P [ P VHQGRDR VHX GDWDHWWUWRH.FDIVR |

PHFDQLVPR GH GUHQDJHP RFRUUWDp SIJ IS ILHRJIX Q BLLEMREHHQ W/ IHP U
GRV JHRGUHQRYV

+167580(17$d-2 '( &$032

$ LQVWUXPHQWDOmMR GH FDPSRDWHP FRPRR B B/NDIPWQWR RRR
GH WHPSR GH PRGR D YHULIGPEDUHPHS\RSHWRLYVMRVUDIG R W'
$OPHLGD H ODUTXHYV RV RAEDVOHVRL ¥ R R WPEF QLEDW K R H (
SUHPLVVDV GH SURMHWR E FRBEUDO IS (RF 5 ®D@RHIDP H QQ/RR T
VHJIJXUDQoD QDV IDVHV GH FDU®RNJDP HR WRW HQ®H WUF D ULOHA E
YLILQKDV

2 PRQLWRUDPHQWR FRP LQVWUXPUIQIMDLI MR RG B SHVPB R B @
GHFRUUHU GD REUD e LPSRUWQWWHVAMB HYMWHR DFRRP STPQ
*HRWHFQLD SDUD TXH D VHJ®DD EHP GRARE RY BBM RP B WLG
SURMHWR &DVR KDMD DOJXP®DELYMRLPFeLIHVDREMLIEDRV HS
SRVVLELOLWDP D DGRomR GHRPKIEL®DV FRUUHWLYDV HP WH

3DUD R PRQLWRUDPHQWR GRV DWH U RRVVHISH QWPH\D WOV W

+ 3LH]{PHWURV SDUD R PRQLWRUDPHQWR GDV SRURSU

71



f 30DFDV GH UHFDOTXH DUDQKDV PDJPPIWQRDWHHVBR UGR
UHFDOTXHV
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YL $WHUUR WHVWH ILQDOL]DGR FRP RV LQVWUX
+$1E/,6( '26 5(68/7%$'26
+tHVORFDPHQWRY 9HUWLFDLYV

2V GHVORFDPHQWRY YHUWLF DrW LIGRW D R PRHRYQLRWR GBIGRING &
SODFDV GH UHFDOTXH SHUILO{PHIWWRY H DUDQKDV PDJQpW

$ SODFD GH UHFDOTXH p XP GRV LQVRRXPWMRWRMVHBWR/ X
VREUH VRORV PROHV e XP LBPYWHNKRHH B R YR UV iIMALAD GV \
SDUD PHGLomR GRV GHVORFDPHQWRY YHUWLFDLV GR VROR

2 PRQLWRUDPHQWR GDV SO D KHPVWUD WDPHIQWKR ¥ QELAE LDRAXHHK
ILQDOL]RX HP GH MDQHLUR GH 1D 6@ V. RDH CPHRIQALXWRDU C
GHVORFDPHQWR Pi[LPR UHJLVWPDSROMHGBD 3RLIGH GH FP H
GH FP $ GLIHUHQOD HQWIGRRVSHE D XOSMDERY WAL LA/KV UQ
DSUHVHQWDQGR XPD XQLIRUPLGDGH GDV LQIRUPDO}HYV

$ HOHYDomR RX FRQVWUXomRL®OR D®H UHRY HPLE UGLFLBGD
GR PRQLWRUDPHQWR H ILQDOLR®DRYRP H5 D3 U HE H QA DVGIRP ELDF
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ILQDOL]DomR GD FRQVWUX0omR GR \UMRSRI R X 0B UDXRJ) GHVFRIR SR
RQGH SRGH VHU REVHUYDGR XPBRPFEHRPHOWRRQGRARDUEBEW® GX
HP IXQomR GR WHPSR

1R DWHUUR GFRtMg& R PRQLWRUDPHQWR GDV SOBFDWBH UH
VHWHPEUR H ILQDOL]J]RX QR GWBWDOQOH]IMP&R LURGGBHY GH PRQ
~OWLPD OHLWXUD UHDOL]DAPLPR GHYDWRWDPBGWRI ¥ B LB L FRIO (
35 IRL GH FP H SHOD 35 IRU GHIHUHRPOD$S HHDWUH RV UHV
FP LQGLFDQGR PDLV XPD YHWDX®RW BEMWAGBRYW SR DUHBOD F
DWHUUR ER®&ing I RVWUDP TXH RV UHFDOTXHV HVWmMRRIUDWLF
FRPSURYDGR SHOR PpWRGR GH $VDRND 4XDGUR

2V SHUILO{PHWURY VmR LQVWRXPSIQWDR WV RGOH WREPSH RW L®!
YHUWLFDLVY DR ORQJR GD ED@HFGBIUXR D@WHDRH @ QW H3/R GIHWIE
LQVWDOD VH XP WXER JXLD JHQNORBEXMD GRI B8R &W ROQIHG R ¢
PHGLO}HV GRV GHVORFDPHQWRY YHUWLFDLV GR WXER

2 PRQLWRUDPHQWR GR SHUILOYPRWYUWRD WDWPMRQWIRG R FRR LDHAX

GH DJRVWR GH D GH QRWHFDURHIW XUD IDHBOL]DGD |
UHFDOTXH IRL GH FP QR SRQWRRSBRP REDWRERDER QDVRH 8 U
PtQLPRVY GH UHFDOTXH SUy[LPRHDDRWR S\RIQWKD\G B\H PR GEWRGR|
PRVWUD D )LIXUD

AXDGURSHFDOTXHV SUHYLVWRY SHOR PpWRGR GH

5HFDJTXHMFDOTXH
$WHUUR 30DEDI0 PpGLR
FP FP

6HP 9?;.2

N D O\ R
WUDW[JréIS\{VI—\
&RP 33’;

N D O\ R
WUDW[JI_éI5\(Vr\

1R DWHUUR Géuing&  PRQLWRUDPHQWR RFRUUHX HKM®WUH
GH]J]HPEUR GH 2 YDORU GH GHRAOREDPHQWRFFPH QW L+FOW LPi
SUY[LPR DR 3Sp” DR DWHUUR GGRDODGRJBUDHLW®RD LMRRRDL @H ]
XPD UHGXomR H[SUHVVLYD DSURDLEOD&EBDVYHRWHWUDWQRWQWW
Grouting

e LQOWHUHVVDQWH REVHUYDUWIXGDNMVQIRRW PDWHGBGDRVFRKRF DVL
WUDWDPHQWR VMR GLVWLQWWDP QW @8 B HF/ HDQW\HDJ XR WHHFF C
FHQWUR H PtQLPR QRV ERUGHRV RYRUMWB O URHNVRR W UO WDPFPMH QW
DWHUUR

2V HIWHQV{PHWURY PDJQpWLFRWR RX \DWDXQRKHYWHD/J F pWLL IOR.DE
RV GHVORFDPHQWRY YHUWLFDERPR VR LR \GDDOWREIRQ GIIPG G G
XPD YHUWLFDO SRVVLELOLWDP D REWHQI W H3VH FUDHPBOISMTVX HBW
PDIJQpWLFDV IRUDP PRQLWRUDWBYEQYR SHUtRGPR GHGH GIB Q/HHL
Ssbub R b WHUUR VHP WUDWDHRHQWR HGHHMDGHLWHRWGHREUR 61
FRP &Q@rbuting $ )LIJXUD DSUHVHQWD DV X UH B\H ORUROFLSB VY)Y
IRUDP DV ~QLFDV TXH DSUHVHQWDUDPLIGAVOR¥FRVHG@WR&HFE
PDJQpWLFDV IRUQHFHUDP GHVORFDPHQWRYV YHUWLFDLV SUyJL
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)LJ 5HVXOWDGRY IRUQHFLGRYVY SHORV SHUILO{PHW

1R DWHUUR VHP WUDWDPHQWR D G I)XPKBRRDIQpWEF DRI
GHVORFDPHQWR YHUWLFDO GHGroutntg DRRDDWEKL R FRPpWRY
LQVWDODGD QD FRWD P ITRUQHHUBWLFDPP &I VEHYOR AVOHF
DVVHQWDGR QD FRWD PGreuti’y @\ HRRMRDFRP &85 $V GLIHL
HVSHVVXUDVY GH DWHUUR VREHB HP D BRREDWV DRI BGW U HBWD |

2 4XDGUR FRPSDUD RV UHVXOWDGERW HVURHGEGELGRVHSHGF
YHUWLFDLVY QD GDWD GD ~®WHRPSOWLW XOD]|DDENRHHYW VH R
SHORV SHUILO{PHWURV H SHODV SODFDNVGGHUWKDOVXEDV
PDIJQpWLFDV FRP RV GHPDLV LEXMEDXPRIQWWR SRIGW HWUHP D
GHVORFDPHQWRY KRUL]JRQWDINLY09LHQEO0OFDWRKF RV LODEDNUDL
GH DVVHQWDPHQWR GRVY DWHUURYV
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4XDGUR&RPSDUDomR GRV UHVXOWDGBMRGEBHW UGVWOXRHQ WS

30DFD GH 5HF30Y XH 3HUI

$WHUUR Ep b Ep
6HP &Bduting 35 35 3p $09 3
&RP &Gmuting 55 55 3p $0/9 3

/IHIJHQGD 35 SODFD GH UHFDOTXH $09 DUDQKD PDSQWWdRR YHUWLFDO

+tHVORFDPHQWRYV +RUL]JRQWDLYV

2V LQFOLQ{PHWURY VmR LQV\8BXPHIOI RN GLW LG H VIORAED PIHP QR
DR ORQJR GH XPD YHUWLFDO G# \JOREDP HQ WRWHKNR QW R QRWD L V
LQFOLQ{PHWURV LQVWD O D&®ihgQHR \F DRV &BEIRY 1\RHPWHBBUR VH
WUDWDPHQWR R PRQLWRUDPHQGWHR VRIMRHUREHMR Q3RH S H U tIR G R GGHF

3DUD R DW HGrowng RPV&BHVORFDPHQWRY KRUL]JRQWSIHLV IRL

VHWHPEUR GH D GH GH]HPEWHRUGBU TXRBRGHFXH YDV SOR
$ PRVWUDP TXH R PDLRU GHVORFBPMQUDRYERHQWR WRLO UGIR LDM
GH RXWXEUR GH D P GH SAPRGHQBDGQGWMXGERP$ SDUWLI

SURIXQGLGDGH RV GHVORFDPHQWR % HKRMLOLO RM@WDH. T X\HH Q GEH.RJ
DR SHUILO{PHWUR LQGLFDGR QD )LJXUD
1R GLD GH RXWXEUR GH AKHRXWR &P DUDHQUGEHR (PXQWR S U
H[SHULPHQWDO VHP WUDWDPHRWR )EBRRUDXDVH$V OHIGWMXDOW
REWLGDV SHOR LQFOLQ{PHWURUDR DWHWDGEBDWHR W UDXW Y P H®!
KRULIRQWDO PXGRX GH FRPSPDBWDYHMHVYWROODHQUVBERPMQAWR OmRJRO

GH MDQHLUR GH R GHVOWHDPRR @R VIORFIDRIOQQWR BIiDPLP F
QR ~OWLPR SRQWR GH PHGLOIMWHDURP GHHIVKEHQKRLBIRGBRQJ|
FKHIJDQGR D DSUR[LPDGDPHQWIDGBEHUR D P GH SURIXQGL

1D GLUHomR % R PDLRU GHVOREBRPWIDRVR WKIRWDPFRHDWROIBR U

GH RXWXEUR GH H IRL GDUWUGHPHVVH BRQWE& R GHVO
FKHIDQGR D DSUR[LPDGDPHQWHRWURBH VXSHWEMULHRGEDDWH
JUDQGH ODQoDPHQWR GH DWHUUR PRIONVWRHS8 UW[WLP W DOPRH @W/R U |
GHVORFDPHQWR KRUL]JRQWDO RXYAROXKRCGH MHRRVGGR DWPQILQ(
GD FRWD GH VXSHUItFLH GR DWHUUR

1R DWHUUR GfRtihg& 38D ~OWLPD OHLWXUD UHDOL]DGD HP
GHVORFDPHQWR KRUL]JRQWDO PiPLBHMH IRURGHQGLGPRKGHD QD GL
GLUHomR % RV GHVORFDPHQIMRQ X®RRNL]RQWDLV PHGLGRYV IRU

2 4XDGUR UH~QH RV GHVORFBRHNORWV KRFIRQWBMWURM G
GLUHo}HV 1D GDWD GD ~OWLRNMWHQIGER D ROLWHOUR {PHR WRJI
GHVORFDPHQWR GH FP ®@DICGDQBIMIRFY pEHYRREREIBD WHQVIT
ODQoDPHQWR GH DWHUUR PXPWRVVLY[VMR DVRJ DWBRKHGRWR S HLLD
FRP &G@rbuting IRUQHFHX GHVORFDPHQWR Pi[LPR GH FP

1D GLUHomR % R ~OWLPR UHJLVDWPHR\WR KRHUJL]RGWD®H GRI
WUDWDPHQWR H GH FP QRROMIDLOURR VEURWOIEBFD RRIPGERQ
PRVWUDP XPD UHGXomR VLJQLILFDWLY B HARWUGHY®RFGR HVQWLCF
& 3 B5routing
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4XDGUR&RPSDUDOMR HQWUH RV U HYR®OMIDBHRW UR V (

$WHUUR

'"HVORFDPHQWR +RUL]JRQWD
'LUHomR [$ 'LUHOMR %

$WHUUR \Giduitiegg35$QWHY GR ODQoDPHQWR

GR DWHUUR

$WHUUR \VOduti@g35 OOWLPD QHLWXUD

$WHUUR FXRoRtidg3 5

—=— Sem tratamento - 14/10/2014
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)LJ OPWHULDO GH GHVFDUWH G HBRVH W BE RWIUDWIDAPRH Q R/

BRURSUHVV}HYV

3LH]{PHWURY VMR LQVWUXPMNQFR\D X V8 RWIRBGRVVSDYDHP G
ORQJR GR SHUILO GR VROR SHR@WWH RI\HRBHW YRW LH]GRW HQLW
SLH]{PHWUR HOpWULFR GH FRUGD YHEPBQWRYV )RR F® & XPDEF
H[SHULPHQWDLVY ORFDGRV FRQ@ RULAMH{PNWWULRXHONVWULFR GH |
DSUHVHQWD UHVSRVWDV PDLV UiSLGDV DSKDRIL\YbYH W HGH GIX
SRURSUHVVmMR QHJDWLYDYV

1R DWHUUR VHP WUDWDPHQWRNRU SRV] {PRIVBHR VRIGRR A PR

D GH MDQHLUR GH $0OMBRHERODWRHRXUEFRQRVWOXFLDG
VHWHPEUR H ILQDOL]DGD HP FRFPHRWHWHWVEQWRDGR D HRIUGR/HQ\
H HP GLDV GH PRQLWRUDPHHQMVWR FRRBRSBHWWHINYR QR

FRQVWUXomR GR DWHUUR QR MPORUGGBY GH WRIDLR/ BEDPHQ
REWHYH D Pi[LPD SRURSUHVVMR GR SMUHRGR GRPFRQOWU X®
'XUDQWH R PRQLWRUDPHQWR HWPRBBHRVMR HR{PHWBRYXLDN GR
WHPSR WHQGHQGR D VH DSUR[PLPDU ERPSYDYR S KLGNRY Wi \§+
GH N3D SRUpP DR ILQDO GR PRQphWRLPRP & B VBR KRXLYHIV X R
SURYHQLHQWH GR JUDQGH ODQODPROR P SHHD WA WDR R ©DWD J

1R DWHUURGPRIRg&R53= IRL PRQLWRUDGR QR SGHWtRGM® GH

GH MDQHLUR GH H R 3=UIRGRP BGILWRUD 8RWHRP BHR GH
MDQHLUR GH $ HOHYDomR RRL ARQVFWDEDMERGRL D W H GUR
ILQDOL]DGD QR GLD GH VHWHREDR 'HH®FRUGBLDVFRPHDPRQLW
3= REWHYH D PDLRU SRURSUR V&/hn R RCHIW VW DR 05 R B \8 H U tRG
N3D $ FXUYD GH SRURSUHVVmMRS RRERALALRXDRPIBERWRR QR Q OFG
DEDL[R GR YDORU GD SUHVVmMR X\ GIHRAXDWDREBVGESUHVNQ@WL
PRVWUDP TXH HP GLDV GH PRILAVRUPPHRW BR BR3BY HR/E m R
SHUtRGR GH FRQVWUXomR GRNBIHWWD Q@RI YDORQLGHRUDPHQ
SRURSUHVVmMR QR 3= WDPEpP GRRL GHFSRVERQUEGMR IDRRXRDBRP I
KLGURVWiWLFD GH N3D

e LQWHUHVVDQWH QRWDU TXH BV HSHIIWPHWILPR \P DA=R UH V3 2
SRURSUHVVMR (VWHV SLH]{PHWUIRWRIFHDRQRV U DR YWD DR QD
VLPHWULD HQTXDQWR RV SLHRBBWOQWY GRV H BV SUYDIPPRV
DWHUUR IDWR TXH MXVWLILFD D GLIHUHQoD QDV OHLWXUDYV
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—@&— Pressdo Hidrostatica —8—P7 4
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+&21&/86®(6

2 SUHVHQWH WUDEDOKR DQDOMWPRXHRUBRFSRISWDEHRRQWDG
UHVXOWDGRV GH LQVWUXPHQWDoOomR JHRW BPQIURD &WH FWR QY W
UHVLGHQFLDO ORFDOL]DGD QR 5HFUHLR-GRY? %RQ @HN KD QRM
HIHFXWDGR VREUH VROR PRONRRPHIVRCGR HHQRM MHH RL BR WWRR [
Grouting

2V UHVXOWDGRY GD LQVWUXPHQWDoOomR GNM BEDPFR P BWHWUIWHDF
LQGLFDUDP GHVORFDPHQWRY YHUWLFDISHBRRSPWYWUWHRLY BRPD
PDJQpWLFDV YHUWLFDLY IRUQHFHUDP UHKNHNOILDEDWL L @IH3ULLIRW A
QR DWHUUR FRP WUDWDPHQWR RRBPWR&GHR GH BR/DRADXDQHMM
PpGLRV GH FP SD U®ownd VRHUXIHKR WBSUHVHQWD XPD PLQRUDO
FHUFD GH

2V LQFOLQ{PHWURY LQGLFDUDPRYXP®HVERKDMRQM[BV HVRALLY]
WUDWDPHQWR WDQWR QD GLUHomR $ TXDQWR QD GLUHomR ¢

2V UHVXOWDGRY SHUPLWLUF® IDACD Cioutiggp 2H V HIUNQAREX DV K6 X B/
UHGXomR VLIJQLILFDWLYD GRYWRM BRUXHQM GIRW \GR-EVWIR R D\WPRC

5HVVDOWD VH D HILFIiFLD GD WpFQLFOHDDH MFTHWHREWHY VW E
UHFDOTXHV FRP D LQVWDODomR GH JHRGUHQRYV

+$*5$'(&,0(1726

2V DXWRUHV DJUDGHFHP D HPRUMR/ YK MHHW B XGMH SHINDTRX ID\SDB
SHOD HI[HFXomR GRV DWHUURRRSB8HDDHO\WNRDAN $HSBH WKBISHI(GRDP |
GH 1tYHO 6 XSHULRU SHOR DX[tOLR ILQDQFHLUR

+5()(5C1&,$6

$OPHLGD O 6 6 0D U T X HA¥errds sdbre6solos moles - projeto e desempenho.
6mR 3DXOR 2ILFLQD GH 7H[WRYV S

$OPHLGD 0 6 6 5L FGrbudd ihprovement of extremely soft soils in Reo d
Janeiro ,QWHUQDWLRQDO &RQIHUHQFHG RQRXR& Q&R QRASWRRY H
8QLYHUVLW\ RI :ROORQJRQJ $XVWUIOLD
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%QULDXG - ThePressuremeter$ $ %DONHPD 5RWWHUGDP 1HW

&DEUDO 6Mapeamento Geoldgico-Geotécnico da Baixada de &pemyud e Macicos
Circunvizinhos. 7THVH 'RXWRUDGR HP *HRORJLDR BDRR YGH V-IDEHG
S

&KDYmMR $ 2Avaliacdo da eficiéncia da técnica de consolidap&ofunda radial CPR
Grouting no tratamento de solos compressiveis VVVHUWDomR GH OHVWUDGR
*UDGXDomR HP (QJHQKDULD &IGR. @ R8RUK KBWKHVLO@HEHU B R (1

&RXWLQKR 5 4 20LYHLUD -- 7 5Cara2@ristcas Gedtécticad das
Argilas Moles de Recife $QDLYV GR (QFRQWUR 3URS U LHB/O @\ WEOH $
$%06 &233( 8)5- 5LR GH -DQHLUR

(QIJHJUDXW ODWHULDO SXEOLFLWIULR

*HR L QIUDAterro da Via Parque sobre solo mole. Projeto Exieoude Tratamento de Solo
Mole 'RFXPHQWR LQWHUQR Q% *(2 (QJHQKIYUL*BI RHL @ RUDV X O
5LR GH -DQHLUR

*HRLQIUD Pontal Oceancio - Implantagdo de infraestrutura dia publica. Projeto
Executivo de Tratamento de Solo MoleRFXPHQWR LQWHUQR Qz *(2
*HRLQIUD (QJHQKDULD H &RQNVXRPWRULD /WGD 5LR GH -D(

*RQGDUL] [/ - 1Cofaportamento de Aterros Sobre Solos Tratados comsdlidacao
Profunda Radial CPR Grouting 'LVVHUWDoOmR GH OHVWUDGR R3HRJUD
(QJHQKDULD &LYLO 8QLYHUViEmB@HEIHUBR (MWDGR GR 5LR G

IXQQH 7 %HUUH 7 6 W3alple@rstukbanée Effects in Soft Low Plastic
Norwegian Clay. 5 HFHQW 'HYHORSPHQWY LQ 6RLO DQG 3DYHPEL
5LR GH -DQHLUR S

ODLD 0 & $ &Evolucao Holocénica da Planicie Costeira de Jacae@ (RJ) , Q
$QDLV GR ;;;,,, &RQJUHVVR % UDR/IGAHH{IDJRHGHR*HRORJLD 5

OHOOR 0 $ ¢&onsolidacado Profunda Radial aplicada em solo caspivel na Lagoa
Rodrigo de Freitas’/R) 'LVVHUWDomR GH PHVWUDGR ,QVWLWXWR
-DQHLUR

1RJXHLUD ( *Estudo de algumas solucdes de tratamento de solbssnpara
construgdo de aterros no trecho sul do rodoanel P S'LVVHUWDoOomR GH O
8QLYHUVLGDGH GH 6mR 3DXOR

20LYHLUD - 7A IBfluéncia da Qualidade da Amostra no Comportaimerensao-
Deformacéo- Resisténcia de Argilas Moless HVH GH 'RXWRUDGR &233( 8
-DQHLUR 5- %UDVLO S
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ENGEGRAUT

www.engegraut.com.br

®

s

— |
CONSOLIDA(:A O PROFUNDA RADIAL

O MAIS RAPIDO E EFETIVO | . T
TRATAMENTO PARA SOLOS MOLES ‘ FEMOA |

Processo de adensamento de solo SOLS heee

mole, eficientemente controlado,
monitorando-se o grau de
consolidacdo desejado.

‘i’ ¢ 100% especifico para solos moles;

& * Mobilizagdo rapida;

» Auséncia de transtornos a obra;

[ * Ampla gama de aplicagdes;

~ e Auséncia de aterros, refugos e lama;

. » Técnica ndo destrutiva;

“ * Alternativa super econdmica, além de prazos extrema-

mente curtos em relagdo a substituigdo de solos, aterros

- temporarios, colunas granulares e estagueamentos;

s Alcanga profundidades de tratamento onde técnicas

classicas sao limitadas;

. * Acesso a locais restritos, limitados e dificeis, sem interfe-

3 réncia com a rotina do cliente;

l;.' * Melhor custo beneficio;

¢ Perfeito para reforco de fundagao.

3 b o . ot Ll
¥ 9 S www.engegraut.co " aye o 1 B8 3

Para maiores informagdes, entre em contato com nosso departamento de geotecnia. A marca CPR® e a tecnologia Consolidagao Profunda Radial sdo patentes da ENGEGRAUT.



geofix

A maior carteira de
clientes privados do
Brasil, € o maior indice
de repeticéo absoluta.

Dentre os tipos de servicos, destacam-se projetos
de controle ambiental tais como: recuperagdo de
solos degradados; confinamento de lencol
freatico contaminado; construgao de filtros e
captagao de material; contengao de poluentes.

Pionerismo que se traduz em confianca
e qualidade para sua obra.

www.geofix.com.br







































