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RESUMO

O presente trabalho teve como objetivo a determina¢io de modelos para predizer
valores das forcas de corte ortogonais (paralelas e normais) na madeira de eucalipto
(citriodora, saligna e grandis) obtidos por NERI (1998), em fungio de trés parimetros:
densidade basica, espessura de corte da madeira, ¢ angulo de saida. Estes modelos foram
obtidos para duas diregbes de corte (radial e tangencial), para dois tipos de corte (90-0 e 90-
90) e para valores maximos e médios das forcas envolvidas. Toda a analise foi baseada em
resultados experimentais obtidos em fase anterior da pesquisa. Além dos modelos, o
trabatho analisou o comportamento das forgas nas dire¢des tangencial e radial concluindo
que as mesmas ndo podem ser consideradas estatisticamente iguais. Finalmente, foram
também calculados os angulos de saida ideais para a produgio de cavaco tipo II, no corte

90-0, segundo 4 meétodos propostos.






ABSTRACT

The objective of this work was the determination of models to predict orthogonal
cutting forces (parallel and normal) in eucalyptus wood (citriodora, saligna e grandis
species) related from NERI (1998) as a function of three parameters: density, thickness and
rake angle. This models were obtained for two different directions (radial and tangential),
for two different types of cut (90-0 and 90-90) and for maximum and medium values of the
related forces. All the analysis was based in the experimental results obtained in previous
phases of this research. The behaviour of cutting forces in the radial and tangential was also
analysed. The conclusion was that they can not be considered statistically equal. The ideal

rake angle to produce chips type II was calculated, using the four proposed models for the

cut 90-0.
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1 INTRODUCAO

dos primeiros. Nos primordios, o homem ja& utilizava a madeira para a confecgdo de
utensilios, armas para caga, etc. Com a evolugio do homem esta aplicagio também evoluiu,
passando, entdo, a madeira a ser utilizada em aplicacdes mais nobres, tais como: fabrica¢dao

de moveis, estruturas para edificagdes, pontes, etc.

Com o advento de outros materiais tais como 0 ago e o concreto armado, a madeira,
em alguns paises. perdeu terreno devido a trés fatores principais: mé& exploracio dos
recursos, falta de conhecimento tecnoldgico adequado as evolugBes alcancadas para

aplicacdo da madeira, falta de tecnologia apropriada nas serrarias que processam a madeira.

Estes fatores levaram a uma aplicagdo erronea das espécies e a um desperdicio
muito grande de material em seu processamento, provocando preconceitos com relagdo a

madeira, principalmente para fins mais nobres.

No Brasil existe um "modismo" com relacdo a utilizagio de determinadas espécies
de madeira para fins moveleiros. Isto provoca a exploragdo intensiva de uma determinada

espécie, agravando ainda mais os problemas de exploracio dos recursos florestais

existentes.

Nosso pais, possuindo extensas reservas florestais, ndo procurou promover uma
exploracdo organizada e racional destes recursos. Por longo tempo, ndo houve preocupa¢ao

em utilizar a madeira na sua mais vantajosa caracteristica - a de ser um recurso renovavel.

Desta maneira, as espécies de reflorestamento, principalmente aguelas provenientes

dos géneros Fucalyptus e o Pinus, estdo alcangando. atualmente, importdncia cada vez



- destes géneros florestais no-mercado nacional.

maior na produgio madeireira brasileira. No entanto, ainda existe um grande problema de

aceitacio destes géneros no mercado nacional, principalmente para fins de construgio.

A determinaciio das caracteristicas fisico-mecanicas das madeiras exoticas e do seu

comportamento & usinagem sio requisitos basicos para qualquer acdo que vise a introdugio

Grandes avangos ja se deram no campo do conhecimento das propriedades fisico-
mecanicas destes géneros arbdreos, mas, ainda existe uma grande falta de conhecimento no
que diz respeito a0 seu comportamento a usinagem. Os procedimentos relativos ao
desdobramento e beneficiamento sio realizados de maneira empirica, afetando diretamente

a utilizagdo racional ¢ oimizada da madeira.

E razoavel dizer que as especies florestais, em fungdo de sua densidade (por
exemplo) iro consumir maior ou menor poténcia das méaquinas e ferramentas usadas nos
processos de usinagem e, ainda, apresentar graus de acabamento superficial também
diferentes. O conhecimento das forcas desenvolvidas durante o corte da madeira é de
fundamental importéncia para que se projete corretamente as unidades gue irao compor
uma fabrica, serraria ou industria, em funcio, por exemplo, da espécie utilizada, evitando-
se o super ou sub-dimensionamento da poténcia necessaria. Em fung¢do do grau de
acabamento exigido, pode-se predizer também a necessidade ou n3o de um segundo

processamento numa linha de beneficiamento ou producao.

As forcas de corte dependem de véarios pardmetros do processo de usinagem, tais
como: o material usinado (no caso, a espécie florestal), os angulos da ferramenta e sua

afiacdo, a profundidade do corte, etc.

A literatura técnica menciona, com freqiéncia, perdas na producao de madeira
serrada, em grande parte devido & falta de informacgdes sobre o seu comportamento a
usinagem. A realidade das serrarias brasileiras mostra com clareza a grande necessidade de

conhecimento técnico apropriado evitando os grandes desperdicios hoje existentes e a baixa
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qualidade do material processado. A precaria situagdio das maquinas e a forma artesanal de
processamento, hoje existentes, contribuem ainda mais para agravar os problemas nas

operagOes de corte da madeira.

" TensOes de crescimento presentes nas espécies de reflorestamento, tais como os

Eucaliptos, dificultam seu processamento. A aplicacdo de técnicas mais adequadas de corte

poderia reduzir em muito os efeitos negativos provocados pelas caracteristicas particulares

destas espécies.

Para se conhecer a aptiddo da madeira aos diferentes processos de corte, um dos
parametros fundamentais a estudar sio as forcas de corte implicadas durante a usinagem.
Tal conhecimento ¢ requisito basico para a compreensio e posterior otimizagdo do processo

de usinagem.

O presente trabatho € parte de um projeto mais amplo na area de usinagem, e visa
contribuir para o melhor entendimento das forgas desenvolvidas durante o corte ortogonal
da madeira de eucalipto. O entendimento do comportamento das forgas de corte podera

contribuir para a otimizagdo dos processos de desdobramento e beneficiamento deste

género vegetal.

Baseado em dados experimentats coletados por NERI (1998), os objetivos desta

pesquisa foram:

1 ~ obten¢ao de modelos que representem a tendéncia da variagdo das forcas de corte
obtidas em ensaios experimentais, a partir dos pardmetros: dngulo de saida, espessura de

corte e densidade basica da madeira;
2 — comparacio entre as for¢as de corte obtidas nas dire¢oes radial e tangencial.

3 — determinacdo do dngulo de saida ideal no corte 90°-0°, utilizando-se as forgas de corte

obtidas em ensalos experimentais;



2 REVISAO BIBLIOGRAFICA

2.1 O Eucalipto

Embora nfo se possa afirmar com precisao a data e o local de introducdo do
eucalipto no Brasil, segundo relatos histéricos pode-se infenir que o mesmo foi cultivado

inicialmente em S&o Paulo e,a seguir, no Rio Grande do Sul (ANDRADE, 1904).

No inicio deste século, o eucalipto foi plantado como arvore decorativa. A
sistematizagdo da cultura no Estado de Sao Paulo e o inicio de estudos experimentais deveu-

se a Cia Paulista de Estrada de Ferro.

ANDRADE (1904) iniciou estudos comparativos do desenvolvimento de esséncias
indigenas e exdticas no Horto de Jundiai-SP. Nesse ensaio, os eucaliptos se avantajaram de
tal forma em comparacdo as demais esséncias, que a Cia Paulista de Estradas de Ferro

decidiu intensificar a cultura do eucalipto na regido de Rio Claro, em 1909.



Além de Sdo Paulo, existem extensas plantagdes de eucalipto nos seguintes estados:
Minas Gerais, Rio Grande do Sul, Pernambuco e Rio de Janeiro. Nos demais estados do

Brasil ha plantagdes dessa esséncia em menor escala.

RAMOS (1973), mencionou que a utilizacdo da madeira serrada de eucalipto para a

construcdo e mobiliario seria mola propulsora de uma verdadeira revolugdo nas serrarias

brasileiras.

Um dos paises que detém a tecnologia de ponta em relagdo ao beneficiamento da
madeira de eucalipto ¢ a Africa do Sul, onde essa espécie foi introduzida devido 4 extingdo
de madeiras nativas de sua pequena reserva florestal. O reflorestamemto, segundo RAMOS
(1978) se deu usando novas técnicas ortentadas pelo Dr. lan J.Craib Esta técnica,

objetivava a produgdo mais econdmica de madeira de qualidade.
Tal como ocorreu na Africa do Sul, no Brasil a madeira serrada de eucalipto tem
condi¢do de ser empregada, sem prejuizo algum, em termos de qualidade, para as mesmas

finalidades que se empregam, no Brasil, as madeiras de let, o que j2 vem ocorrendo em

outros paises,tais como a Africa do Sul (RAMOS, 1973).

2.2 Propriedades que interferem na usinagem

KOCH (1964) apresentou as propriedades que interferem na usinagem, relacionadas

4 madeira e as ferramentas de corte.

Com relacdo a madeira menciona-se:



2.2.1 Planos de corte

A madeira apresenta caracteristicas diferenciadas, quanto as propriedades fisicas e
mecénicas, nos trés planos de corte: transversal, tangencial e radial Estes planos sdo

definidos:

a) Plano transversal

O plano transversal é o plano perpendicular a direcdo das fibras e ao eixo principal

do caule da planta.
b) Plano tangencial

Este plano € paralelo ao eixo principal do caule da planta e perpendicular a seus

raios, tangencial aos anéis de crescimento sem, no entanto, passar pela medula.

¢) Plano Radial:

E denominado plano radial, aquele que € paralelo aos raios e perpendicular aos anéis

de crescimento, passando pela medula da planta.

Tendo em vista que a usinagem da madeira depende de suas caracteristicas
mecanicas, a anisotropia observada nos planos de corte tera conseqiéncias sobre as forgas

de corte envolvidas no seu processamento.

KIVIMAA (1950} observou que durante o corte efetuado na direcdo dos raios, as
forgas paralelas sdo aproximadamente 12% maiores que quando o corte ¢ efetuado

perpendicularmente aos raios.



As definigGes dos planos de corte da madeira podem ser visualizadas na Figura 2.1

Figura 2.1 - Planos de corte da madeira

2.2.2 Propriedades Mecanicas:

Durante a usinagem da madeira ¢ muito importante considerar as propriedades que
determinam a natureza da ruptura, ou seja, o modulo de elasticidade ¢ o limite de
resisténea. Os fatores que afetam a resisténcia mecénica da madeira e, conseqgllentemente,

08 pardmetros relacionados 4 usinagem, sdo: teor de umidade; temperatura e densidade.

A madeira, retirada de 4rvore recentemente abatida possul teor de umidade
variando de 40 a 140% conforme a espécie. Nestas condigdes ¢ designada “madeira verde”
ou saturada. Logo ap0s o abate e o desdobro, a agua comega a migrar da madeira pois o ar
quando seco ¢ avido de umidade. A dgua evapora-se facilmente até o ponto de saturacio,
guando o teor de umidade varia de 25 a 30%, dependendo da espécie; e ¢ definido como
umidade limite, acima da quai existe agua livie e abaixo da qual apenas agua de

umpregnacio. A partir do ponto de saturacfo o processo de evaporagio da agua continua,



mais lentamente, até atingir a umidade de equilibrio com as condigdes do ambiente, sendo a

madeira denominada, entdo , de “seca ao ar”.

Umidades abaixo do ponto de saturacéo das fibras afetam a resisténcia mecanica da

madeira, e por conseguinte, também as forcas desenvolvidas no processo de usinagem.

Alguns processos de usinagem sdo realizados com a madeira apresentando umidade acima
do ponto de saturagdo e outros com a madeira seca sendo, portanto, importante ter-se o

conhecimento da usinagem em ambas as condigdes.

KOCH (1964) enumerou duas razdes principais para se estudar o efeito da

temperatura no processo de usinagem:
« durante o processo de usinagem ocorre a geracdo de certa quantidade de calor;
e alguns processos utilizam a variagédo da temperatura da madeira para facilitar o corte.

Tendo em vista que a temperatura e os tratamentos térmicos dados a um materal
podem ter um efeito permanente sobre suas propriedades mecéanicas, € importante que se

quantifique tais efertos.

A densidade basica € uma das propriedades mais significativas na caracterizagdo das
madeiras e, ¢ um fator que, conjuntamente com os ja citados (teor umidade e temperatura),

certamente ira afetar os processos de usinagem.

Diversos pesquisadores apresentaram consideracdes a respeito da influéncia da
densidade nas propriedades mecanicas da madeira. Sendo assim, espera-se que exista
também uma relacio entre a densidade e as forgas que se desenvolvem durante o corte da

madeira.



2.2.3 Geometria da ferramenta de corte

WOODSON & KOCH (1970) definiram as caracteristicas relacionadas 4 ferramenta
de corte. Salienta-se que a terminologia utilizada por estes autores difere da terminologia

utilizada neste trabalho, tendo em vista que optou-se pelas recomendacdes das Normas

~ Brasileiras NBR 6162 e NBR 6163.
Angulo de saida (v ) (ou 4ngulo de ataque o das referéncias citadas)

E o angulo entre a superficie de saida da ferramenta de corte e um plano
perpendicular 4 superficie usinada. O adngulo de saida define, juntamente com outros
pardmetros, tais como a resisténcia da madeira e a espessura de corte, o tipo de cavaco
formado. Normalmente a forga de corte decresce com o aumento de saida (WOODSON &
KOCH, 1970; NERI, 1998). Tendo em vista que varios sdo os fatores que influenciam na
intensidade da forca e na qualidade da superficie usinada, para cada espécie havera uma

faixa otima para o angulo de saida.
Angulo de folga { o ) (ou angulo de folga v das referéncias citadas)

Angulo formado entre a superficie principal de folga e a superficie usinada da pega.

Ele reduz o contacto dos dentes da ferramenta de corte com a madetra.

Angulo de cunha da ferramenta (B)

O &ngulo da ferramenta ¢ o angulo entre a superficie de saida da ferramenta e
superficie de folga da cunha de corte. Este &ngulo relaciona-se com a resisténcia da

ferramenta de corte ao choque e a abrasiio.
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224 (Grandezas de corte

Os autores WOODSON & KOCH (1970) definiram ainda, pard@metros relacionados

ao processo de corte:

Espessura de corte (h)

A espessura de corte h € a espessura calculada do cavaco a ser removido, tendo em
vista que a espessura real do cavaco varia durante ¢ corte. Esta espessura ¢ medida

normalmente a superficie de corte e segundo uma perpendicular 4 dire¢do de corte.

Laroura de corte

A largura do corte € a largura da segdo transversal do cavaco. No corte ortogonal

esta largura corresponde ao comprimento da aresta de corte da ferramenta.

Qrientacido das fibras em relacio ao corte

A orientagdo das fibras em relagdo ao corte pode ser medida pelo dngulo entre as
fibras e a diregdo de corte. Tendo em vista que a orientagdio das fibras em relagio ao esforgo

exerce grande influéncia na resisténcia, as forgas implicadas durante a usinagem sfo também

afetadas.

Os materials isOtropos possuem as mesmas propriedades nas trés diregdes principais.
Este ¢ o caso dos metais, plasticos, etc. A madeira é considerada anisotropica, pois suas

propriedades sao diferenciadas nas trés diregdes principais (HAYGREEN. & BOWYER,
1989).

Na direc@o paralela as fibras as propredades da madeira diferem muito das

propriedades na dire¢do perpendicular as fibras.
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Afiacio da ferramenta de corte

DINIZ et al. (1999) definiram tempo de vida da ferramenta como o tempo efetivo de
trabalho, dentro de critérios previamente estabelecidos. Apds este tempo, a ferramenta deve

ser novamente afiada.

Segundo os autores, diversos sdo os fatores que permitem a fixagdo de critérios para
estabelecer o limite de desgaste da ferramenta para fins de uso. A ferramenta deve ser
reafiada ou retirada de uso quando exista risco iminente de ruptura da aresta de corte;
gquando nio permita mais a obtencio de boa qualidade de acabamentos superficiais da pega,
devido ao desgaste da ferramenta na superficie de folga, fator este, critico em operagdes de
acabamento; quando a temperatura da aresta, durante o corte, uitrapassa a temperatura
limite, na qual a ferramenta perde o fio de corte (a aresta se decompde) e ainda, quando o

aumento da for¢a de usinagem, proveniente dos desgastes elevados da ferramenta, interfere

no funcionamento da maquina.

Atrito entre o cavaco e a superficle de saida da ferramenta de corte

O cavaco pode ser definido como sendo o fragmento de madeira produzido pela

ferramenta de corte, durante um processo de usinagem. A espessura do mesmo €,

geralmente, pequena.

A forga de atrito € fungdo do tipo de cavaco, sendo pouco afetada pela rugosidade
na face da ferramenta. Esta forca sofre menor variagdo em relagdo ao ngulo de saida e
espessura do cavaco, quando comparado com o tipo de cavaco e com a espécie de madeira.
A estrutura anatdmica da madeira €, entdo, fator determinante na magnitude da forca de

atrito (GONCALVES & RUFFINO, 1993).
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Vibracio lateral

A vibragdo lateral pode ocorrer em conseqiiéncia da orientagdo particular das fibras
em relagdo ao corte, quando as mesmas nfo se mostram perfeitamente alinhadas (fibras

retorcidas, desviadas, etc).

A Figura 2.2 apresenta esquematicamente os dngulos, largura ¢ espessura de corte

definido e também o cavaco.

== dngulo ds olga
B = dngule de cunha
i§ = Angulo de saida
h = espessurn de corie J gepesaa
caleulada do scawaco
b= fargura de corta

Figura 2.2 - Angulos de corte ¢ componentes da forga
{Adaptada de WOODSON & KOCH, 1970)

2.3 Corte

O corte convencional € definido como sendo a aclio da ferramenta de corte sobre
uma peca de madeira, produzindo cavacos de dimenso e espessura variaveis. O tipo destes
cavacos depende da geometria da ferramenta, do teor de umidade da madeira e do

movimento da ferramenta com relacdo a orientagdc das fibras.



[
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Segundo HERNANDEZ (1998) o corte periférico ¢ produzido de maneira rotativa.
Os cavacos sdo formados pela intervengdio intermitente das ferramentas nas pecas de

madeira; estas ferramentas {facas) sfo instaladas em um suporte rotativo.

A superficie final € formada pelas marcas da ferramenta, geradas pela intervencgio

sucessiva de cada faca.

As maquinas que trabalbam sob o sistema de corte periférico sdo: plainas,

desengrosssadeiras, serras circular, conforme Figuras 2.3 e 2.4,

Figura 2.4 - Serra circular
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O corte periférico apresenta duas classificagdes: trabalho em concorddncia e corte
em oposigdo. No trabalho em concordancia o deslocamento da pega a ser usinada e a
trajetoria da ferramenta de corte tém o mesmo sentido, enquanto, no corte em 0posi¢do, a
direcio de alimentagdo da pega é oposta & trajetoria da ferramenta de corte, sendo este o

tipo de corte mais usual.

No corte em oposi¢do, o movimenio do conjunto da pega a ser usinada e da

ferramenta de corte, produz cavacos em forma de virgula, com espessura crescente.

Quando o fio de corte da ferramenta & perpendicular & diregdo do movimento da
peca de madeira tem-se o corie orfogonal. A superficie obtida ¢ um plano paralelo 2
superficie original. O corte ortogonal é um caso particular de usinagem periférica, onde o

didmetro do suporte das facas tende a infinito.

McKENZIE (1960} definiu uma notagio para ¢ corte ortogonal com a utilizagdo de
dots numerais. O primeiro € o 8ngulo entre a aresta da ferramenta de corte ¢ a fibra da
madeira, ¢ o segundo é o dngulo entre a direcio de corte ¢ a fibra da madeira. Desta
maneira, ficam definidos trés tipos de corte (90° - 0%), (90° - 90%) e (0° - 90"). A Figura 2.5

de HOADLEY (1980) mostra, esquematicamente, os trés fipos de corte definidos:



CORTE 29707

CORTE 90750

Figura 2.5 - Principais tipos de corte ortogonal
{Adaptada de Hoadley, 1980)
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Os tipos de cortes definidos, teoricamente, podem ser associados as ferramentas de
corte convencionalmente utilizadas na industria madeireira, conforme esquematizado nas

Figuras 2.3,2.4 e 2.6.

Figura 2.6 - Serra de fita

2.4 Forgas de corte

A usinagem tradicional ¢ um processo baseado na tensdio de ruptura. A tensdo ¢
imposta 4 madeira por agdo humana ou mecinica,manual ou automatica, com ajuda de uma
ferramenta de corte. A orientagdo e a direcio da forga sdo controladas pelo tipo de

ferramenta de corte ¢ pela atuacio do operador ou da maquina.

A direcdo do movimento ¢ a forma da ferramenta determinam o desenvolvimento
de tenses impostas & madeira e, consegiientemente, a maneira COmoO vat 0COITer & ruptura

ou “corte”.
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Estes modos de ruptura serdo, portanto, variados, pois, a ferramenta de corte tem
sua geometria particular, assim como a madeira tem suas propriedades fisicas e mecinicas

particulares.

Dois fatores principais influenciam a ruptura;

= A superficie de corte (A), que deve ser suficientemente pequena para que a forca aplicada

(F), atraves da ferramenta, possa causar uma tensdo (¥/A) superior a resisténcia da madeira;
e A condi¢do da madeira com relagdo & umidade, temperatura, presenca de defzitos, etc.

2.3 Terminologia

Ainda ndo existe, no Brasil, uma norma de usinagem de madeiras. Desta forma, €
importante definir a terminologia utilizada no trabalho. A Figura 2.7 ilustra as defini¢des

apresentadas.

Fa - for¢a de atrito - forga entre a superficie da ferramenta de corte e o cavaco produzido;

Fp - forca paralela. comporente que age paralelamente ao movimento relativo da

ferramenta;

Fn - forca normal: componente perpendicular a forca paralela e perpendicular a superficie

gerada,

R - resuitante das componentes normal e paralela: R representa a soma da forga normal com

z forga paralela,

p - angulo da forga resultante: dngulo no qual a tangente ¢ igual a forca normal dividida pela

forga paralela;



N - For¢a normal de atrito: ocorre na interface entre a ferramenta de corte ¢ 0 cavaco,

A - dngulo entre a R e a forga normal de atrito N: dngulo no qual a tangente € igual a

forga de atrito dividida pela forga normal de atrito;

Fp = forga paralela
Fn = forca normal

j=s
f
L
=
E
B
&

F =foreca de atnito
M = forpa normal e atrito

Figura 2.7 - f&nguiﬁs de corte e componentes da forga

{Adaptada de WOODSON & KOCH, 1976)

2.6 Corte ortogonal 50°-0

O tipo de cavaco, mais do que sua forma, determina a qualidade da superticie
gerada na usinagem da madeira. FRANZ (1958) realizou um estudo de corte ortogonal

(90°-0") & classificou trés tipos de cavacos I, [T ¢ [IL;



19

@ Cavaco tipo T

Formado quando as condi¢cdes de corte sdo tals que a madeira rompe por
fenditharmento, em plano & frente da ferramenta de corte, € 0 cavaco se separa como uma

viga engastada (Figura 2 8).

Etapas de formagio:

a) compressdo paralela as fibras;

b) abertura de fenda 2 frente da aresta de corte da ferramenta;
b) ruptura por fendilhamento, seguindo a dire¢3o das fibras,

d) ¢ fendilhamento continua até que os esforgos de flex3o se tornam o fator limitante, e o

cavaco se quebra como se fosse uma viga engastada,;
e} um outro ciclo se nicia.

No caso deste tipo de cavaco, a relacdo entre a resisténcia ao fendilhamento, a
rigidez e resisténcia a flexdo da madeira, condicionam o comprimento do cavaco. Madeiras
com teor de umidade elevado podem produzir cavacos mais longos.

Os fatores que favorecem a formagdo de cavacos do tipo [ sdo:

& haixa resisténcia a0 fendithamento combinada com elevada resisténcia a flex3o;

 espessura de cavaco grande;,

» elevado dngulo de saida (v > 257%);
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# baixo coeficiente de atrito (u) entre o cavaco ¢ a face de ataque da ferramenta de corte;

e baixo teor de umidade.

Podem também ser citadas algumas caracteristicas do cavaco tipo [:
# fragmentacio da fibra;

¢ balxo requerimento de energla, tendo em vista que a madeira tem pouca resisténcia a

tracio perpendicular as fibras, ou ao fendilhamento perpendicular;

¥

# baixo desgaste da ferramenta de corte, pois o fio da ferramenta de corte ndo ¢ mutto
P F

solicitado, 14 que a ruptura se produz a frente do mesmo (Figura 2.8 );

s forca de corte normal (Fn) negativa, independentemente da espessura do cavaco e da

umidade da madeira.

Fmrramenta
e Corne

Figura 2.8 - Cavaco tipo 1 - Adaptada de WOODSON & KOCH (1970)



21
e Cavaco tipo 1T
Formado quando a ruptura da madeira se produz ao longo de uma linha que se

estende a partir da aresta de corte da ferrramenta. Neste caso, a ruptura se da por

cisalhamento e o cavaco € continuo (Figura 2.9).

Este tipo de cavaco se forma em condi¢es limitadas. A ferramenta deforma a
madeira & sua frente, em compressdo paralela, e provoca tensdes de cisalhamento
diagonals. A medida gque 0 corte avanga, € formado um cavaco continuo e levemente
espiralado. O raio desta espiral aumenta & medida que a espessura do cavaco aumenta.
Existe uma continuidade na formacdo deste tipo de cavaco, que € o tipo ideal do ponto de

vista de gualidade de superficie formada na usinagem.
Fatores que favorecem a formac8o do cavaco tipo [T

& pequenas espessuras de corte;

s teores de umidade intermedidrios,

s angulos de ataque variando de 5% 20°.

A demanda de energia é intermediaria entre aquelas requerida pelos cavacos dos

tipos [ e IIl.

Forramema de

ot

Figura 2.9 - Cavaco tipe T - Adaptada de WOODSGN & KOCH (1978)



o(avaco tipo III

Forgas de corte produzem rupturas por compressdo paralela e cisalhamento

longitudinal na madeira a frente da aresta da ferramenta de corte. O cavaco € sem forma

definida e reduzido 3 fragmeritos (Figura 27107
{ cavaco tipo I € formado de maneira ciclica, tem dificuldade de se desprender da
face de saida da ferramenta e &, entdo, compactado contra esta face. Tensdes sdo

transferidas as outras superficies da madeira, que por sua vez, serfo também compactadas

inictando outro ciclo.

Fatores que favorecem a formacio do tipo I
» pequencs angulos de saida (v);
@ fio de corte da ferramenta muito desgastado;

» coeficiente de atrito elevado entre o cavaco e a face do instrumento cortanie;

# elevado teor de umidade

Este tipo de corte provoca defeito na superficie, apresentando uma textura que se
assemetha a pelicia. Este tipo de defeito € produzido porque a ruptura da madeira se da
abaixo do plano de corte e, igualmente, porque a ferramenta de corte deixa os elementos

anatémicos da madeira cortados de maneira incompleta na superficie.
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Farrmmenis de

Figura 2.18 - Cavaco tipe I - Adaptada de WOODSON & KOCH {1570

STEWART (1977) propds um método para predizer a formacio de cavacos do tipo
1. Este método estimou o dngulo de saida (v) em corte ortogonal, com base no coeficiente
de atrito (u) desenvolvido durante o corte. Este coeficiente (1) pode ser estimado a parfir

das forgas de corte Fp ¢ Fn através da expressio;

w=tang (arc @ang (FFD) + V) (2.1}

Esta relacdo foi obtida para y variando entre 15 e 45° Segundo FRANZ (1938),
cavacos do tipo I sdo obtidos quando a forca normal de corte Fn ¢ proxima de zero ou
ligeiramente negativa. STEWART (1977) fez, entfo, a hipdtese de Fn igual a zero, o que

transforma a equacgdo (2.1) em:

B TANZ Yo R S USP SRR TSP {2.2)

Desta maneira, se v for igual ao arco tangente do coeficiente de atrito (u), o dngulo

de ataque pode ser estimade a partir deste dltimo.

WOODSON (1979) determinou as forgas de corte ortogonal para 22 espécies de
madeiras dicotileddneas, e utilizou estes valores como pardmetros para estimar o dngulo

ideal de atague para obtengéo de cavacos do tipo IL



24

O autor, por outro lado, notou que os coeficientes de atrito calculados a partir da
equacdo (2.2) sdo maiores do que aqueles observados por medidas experimentais (dindmicas
e estaticas). Uma das razdes admitidas para esta diferenca € que, durante o processo de

corte, existe um rebaixamento da superficie, devido a dois fatores: uma deformagcio plastica

do cavaco formado e devido a pressdo da ferramenta de corte sobre a superficie de saida.

STEWART (1977) demonstrou que a formacdo dos cavacos pode ser relacionada

com as propriedades mecinicas da madeira, obtidas através de ensaios estaticos.

FRANZ (1958) desenvolveu uma técnica para calcular de maneira aproximada o
angulo de saida ideal. Sua técnica demonstrou que o valor aproximado do dngulo 6timo no
corte ortogonal pode ser também obtido indiretamente através de regressio, envolvendo as
propriedades mecanicas da madeira e o coeficiente de atrito no corte (u) A técnica
relaciona as propriedades de resisténcia (tragdo normal as fibras e modulo de resisténcia a

flexdo) diretamente ao angulo de ataque através da expressio simplificada do coeficiente de

friccdo (W),

Segundo o autor as propriedades mecanicas que se relacionam mais
significativamente com a formacdo dos cavacos foram a compressdo paralela as fibras, o
cisalhamento paralelo as fibras e a tracdo paralela as fibras. Analises prévias demonstraram
que a flex3o (ruptura como viga engastada) ¢ a trag8o perpendicular as fibras foram fatores
limitantes na formacdo do cavaco. Além destes, o modulo de ruptura a flexdo (MOR)
também mostram intera¢do com as propriedades de resisténcia no processo de corte. Sendo
assim, o autor optou por relacionar o coeficiente de fric¢do (i) com a relagdo entre a
resisténcia a tragdo perpendicular as fibras (T) e o modulo de ruptura em flexdo estatica (R).

Através de métodos estatisticos, o autor sugeriu 0 modelo:

4 ma+b(%) (2.3)
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onde “a” e “b” sdo constantes.

A andlise de regressdo foi realizada a partir das propriedades de resisténcia e do
coeficiente de atrito, para trés espécies de madeira (sugar pine, yellow birch e white ash), em

trés condi¢des de umidade (1,5%, 8% e saturada).

As regressoes lineares e coeficientes de correlagdo estdo apresentados na Tabela 2.1.

Tabela 2.1: Determinacio do coeficiente de atrito (1) (FRANZ, 1938)

U(%) MODELOS R
L5 u=0.23+5 72(T/R) 0.97
8.0 1=0,29+2 81(T/R) 0.99
SATURADO 16=0.93-6 05(T/R) 0,97

InvestigacOes iniciais de FRANZ (1958) mostraram também que valores elevados de
compressio normal produzem valores elevados de coeficiente de friccdo (1) A agua e
talvez os extrativos podem servir também para lubrificar a ferramenta de corte e provocar

varia¢do nas forgas de atrito.

O coeficiente de atrito ¢, em esséncia, independente do dngulo de saida e da
espessura no corte ortogonal paralelo as fibras. O coeficiente de atrito aumenta levemente
com o aumento do angulo de saida até 60° e decresce levemente com o aumento da
espessura de corte. Muitos estudos demonstraram esta tendéncia até o valor de 45°. Todos
os estudos demonstram também que estas modificacSes sio minimas com os angulos de
saida variando entre 15” e 45° e comegam a decrescer lentamente de 15° a 0°. A maior parte
dos processos industriais de corte trabalha com &ngulos de saida entre 15° e 45°. Portanto,

uma técnica para predizer o ngulo de saida ideal deve ser aplicavel neste intervalo.
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2.7 Corte ortogonal 96°-90°

O corte ortogonal (90° ~ 90°) € de grande interesse pratico, tendo em vista que este
tipo de corte € o realizado pela serra de fita de corte longitudinal (KOCH, 1985). O corte

longitudinal da serra fita ¢ um caso especial de 90°-90°. A serra fita incorpora apenas parte

da largura do elemento de corte, ou seja, a trava do dente, que € mais estreita que a parte de
madeira a ser cortada. Desta maneira, além da formagdo do cavaco, o dente deve separar e
cortar as faces laterais para poder passar livremente dentro da ranhura de corte. Para evitar a
fricgao da serra contra os lados de corte, seus dentes devem ter uma geometria especial na

ponta, ou seja, a espessura da serra deve ser mais larga que a espessura da fita.

No caso das serra circulares, a condigio de corte se aproxima ao tipo 90°-90 quando
a serra € utilizada em sua maxima altura, ou seja, quando a serra corta o mais proximo
possivel da sua parte central. No entanto, quando a serra ¢ ajustada para fazer uma ranhura
rasa, os dentes da mesma serra trabalham em uma situacdo de corte proxima ao tipo 90°-0°

(HOADLEY, 1980).

WOODSON (1979) indicou que, para as madeiras folhosas, cavacos uniformes e
com faces de qualidade sdo obtidos com utilizagdo de angulos de saida elevados (30° a
40°). Angulos de saida pequenos associados 4 madeira com baixa umidade produzem

superficies de baixa qualidade.
2.8 Forcas de corte na madeira de Eucalipto

NERI (1998), apresentou os resultados de for¢a de corte (paralelas e normais) 90™-0°
e 90-90" em fungio de diversos parimetros. Tendo em vista que, este trabalho foi a
referéncia basica para o trabalho de dissertagdo ora apresentado, a metologia de obtengéo

das forcgas e seus principais resultados serdo descritos detalhadamente.
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O autor utilizou madeira de eucalipto das espécies Eucalypius citriodora,
Eucalbyptus saligna e Fucalyptus grandis. Estas foram adotadas na tentativa de abranger
uma gama de densidades basicas que permitissem uma posterior adequacdo as classes de

densidade de basica da NBR 7190/97.

Utilizou ainda o autor, um dinamdmetro de anéis ortogonais; fresadora provida de
mesa com movimento vertical e horizontal, computador e PC provido com placa de
aquisicio de dados (Strawberry mini-16), facas e dentes adaptadas para os diferentes

angulos estudados

A metodologia para a obtengdo dos corpos-de-prova foi a de utilizar um total de 16
pegas de se¢do 120 mm por 120 mm cortadas de trés arvores das trés espécies estudadas.
Corpos-de-prova, para medida de forgas de corte e densidade, foram preparados de maneira
a apresentar a obtencdo da medida da for¢a de corte 90°-0° e 90°-90° e, também, para a
medida de densidade. Para o adequado estabelecimento das relacdes entre os diferentes
pardmetros estudados os corpos-de-prova foram retirados de maneira pareada (Figura 2.11).
Além disto, dois tipos de orientagdes de corpos-de-prova foram preparados destas pegas:
tangencial e radial. As dimensdes dos corpos-de-provas foram de 6 mm (dire¢des radial ou
tangencial) por 75 mm (dire¢des radial ou tangencial) por 75 mm (longitudinal). Estes
corpos-de-prova foram conservados no estado verde durante os ensaios de forca de corte e
densidade. Um total de 20 corpos-de-prova radiais, 20 tangenciais e 20 para a densidade

foram obtidos para cada espécie.
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\Pranchetes aspassura T

Hl. Carpo-de-provs
Figura 2,11 - Exemplo de preparaciio de corpos-de-prova tangencial

Os ensaios para a medida das forcas de corte foram realizados na direcdes 90°-0°
90°-90°. Em ambos 0s casos, quatro espessuras de corte foram utilizadas: 0,38; 0,76;
id e 1,53mm (0,013, 0,030; 0,045 e 0,060poiegadas). Os angulos de saida utilizados
foram 20°, 30° e 40° para o corte 90°-50° ¢ 10°, 20° ¢ 30° para 90°-0°. A velocidade de
corte for de 30 mm/minuto. Duas passadas sucessivas foram efetuadas para cada
espessura de corte. Durante o ensaio de corte, as forgas foram simultaneamente
registradas nas trés diregSes principais, chamadas de diregdes paralela, normal ¢ lateral,
utilizande o dinamémetro de anéis ortogonais e a carta de aquisicio de dados. A taxa
de aquisi¢do de dados foi fixada em 25 pontos/segundo. Através destes dados, calculos
foram feitos para obter as forgas de corfe maximas, meédias ¢ minimas. Para o corte
50°-0°, os tipos de cavacos e a gualidade da superficie de corte foram registradas para

cada ensaio.

Os resultados das forgas de corte, na condigio verde, apresentam os valores em
kegf/mm das forcas maxima, média e minima nas direcSes normal, lateral e paralela para
cada condicdo de corte. Estas condigfes incluem as trés espécies de madeira (£.

citriodora, E. grandis e E. saligna), trés angulos de saida (na diregdo 90°-0 anguios 10,
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20" & 30°; para diregio 90°-90" angulos de 207, 30" £ 40° ), quatro espessuras de corte ¢ 0s
dois tipos de corpos-de-prova (radial e tangencial). Os valores das forgcas de corte
maxima, média e minima, foram obtidas do tratamento de graficos provenientes da carta

de aquisicio de dados, e cujo exemplo € mostrado na Figura 2.12.

Grafico 1 - Corte 80-0 targencial,
eucalipto saligna o =307 1° pessada

(Hah)

Forga paralela

Beslocarmento de corte {imem)

g Fonorma —-G--Flgterd —&—F. paralela

Figura 2.12 - Exemplo de grafico obtido através carta de aquisicdo de dados

[Adaptada de NERI (1998)]

Para o corte na diregdo 90°-0', NERI(1998) concluiu que as relages obtidas entre a
forca de corte e a espessura, ¢ enire a forca de corte e a densidade, nfio tiveram
comportamento linear para todos os casos. Isto pode ser explicado pelos diferentes tipos de

cavacos formados, s quais afetaram as forcas geradas,

Concluiu ainda, o autor, que a forga paralela aumentou com o aumento da espessura
de corte. Esse efeito aumentou com decréscimo do dngulo de saida e, em geral, a forca de

corte aumentou com o aumento da densidade. Esse efeito dependeu do &ngulo de saida

utilizade.

0 efeito da espessura de corte na forga normal foi dependente do dngulo de saida.



Para o corte na direcdo 90°-90°, NERI (1998), concluiu que a forga paralela
aumentou com o aumento da espessura de corte e que este efeito também aumentou com o

decréscimo do dngulo de saida. A forga paralela decresceu com o aumento do dngulo de

saida.

NERIT (1998) indicou que o efeito da espessura de corte na forga paralela mostrou
ser mais importante para as espécies de eucalipto, do que para outras dicotileddneas

provententes de regides temperadas.

A forca paralela aumentou com o aumento da densidade. Este efeito foi mais

acentuado para angulos de saida menores e para grandes espessuras de corte.

2.9 Modelos obtidos para forcas em corte ortogonal
BLAPAIN (1966) determinou a forca especifica de corte em Newton (N) necessaria

para arrancar um cavaco ou fatia do matenal cortado de 1 mm’, mediante a atua¢io de uma

ferramenta de corte cuja qualidade e caracteristicas geométricas, implicam na forc¢a de corte.
p=K. §¢ (2.4)
Onde:

K = constante que depende das condigbes de corte (propriedades mecénicas do

material, dngulos de corte, relacdo entre velocidade e espessura de corte).
S = se¢do transversal do cavaco (mm®)

o = indice que depende da classe do material cortado e de suas propriedades

mecinicas.



Em geral, as tensdes sdo determinadas indiretamente, a partir da medida das
deformagdes e da relac@o entre tensdo e deformacio. ExtensOmetros sdo os instrumentos

destinados a determinacio dessas deformagdes (PERRY & LISSNER, 1958).

- WOODSON & KOCH (1970) desenvolveram equagdes para calcular forgas em

corte ortogonal, nas dire¢des 90°-0°, 0°-90° e 90°-90°, para madeira juvenil e adulta de
Pinus, atraves de regressdes tendo como pardmetros angulo de saida da ferramenta de corte,

espessura de corte, densidade bésica e teor de umidade contido na madeira.
Os autores retrocitados obtiveram os seguintes modelos:

Quando os cavacos sdo delgados, a forga paralela varia segundo uma curva de

poténcia dada por:

Fp=ki™w (2.5)
para cavacos delgados, onde:

Fp = for¢a paralela,
k = constante;
t = espessura do cavaco;

m = constante que varia de 0 a 1, geralmente situando-se entre 4,25 e 0,67,

w = largura do cavaco,

Por outro lado, para cavacos nio tao deigados, é possivel dividir a curva em trechos

onde se pode utilizar uma equagio linear simplicada:
Fp=(A+Bt)w (2.6)

onde A e B sdo constantes adaptadas a cada situag@o particular.



Para sumarizar os efeitos dos principais fatores de corte 90-0", foram executadas
regressdes multiplas relacionando espessura de corte (h), teor de umidade (U), dngulo de
saida (v) e densidade basica(p), para determinar-se a forga paralela média (Fp) ¢ a forca

normal média (Fn).

Qs modelo obtidos foram:

a) na diregdo 90-0°

Fp=—6,996+2178193| 5f !—274,182phm409,777U3+147,362U 2.7
¥
L

i
|
i
[

com r* de 71% e erro padrio de 4,7 libras

, h
Fin=—0.659 66100 + 4751 —87,518ph+336,975£f= (2.8)

\/77 N

com r* de 69% e erro padrio de 0,36 libras.
a) na diregdo 0°-90°

63,565+747,56}hm0,0338+3,318 2.9)

N 7 vt U

Fp=-5002+

com r* de 64% e erro padriio de 0,85 libras,



2
Jh+ 694,5)63 . 1,296

Fn=—2241-33572
' NP

com 1° de 69% e erro padrio de 0,36 libras.

= +0,03050 ¥

b) diregdo 90°-90°

561,346 p . 2650,962 ph
¥ 7

Fp=1564 +

com r° de 87% e erro padrio de 6,80 libras.

6,699, 50,615ph 894843h
- “+

Fn=0,285-180,253yh + =

com r° de 82% e erro padrio de 3,40 libras.

Onde:

espessura de corte (h) em polegadas,

angulo de saida (y) em graus;

Uy

teor de umidade (U) — base seca — em fra¢ao decimal;

densidade (p) — volume e peso seco;

33

(2.10)

(2.11)

(2.12)

forga paralela média (Fp) e for¢a normal (Fn) em libras por 0,1 polegada de largura do

corpo-de-prova.
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2.10 Analise Estatistica

2.10.1 Testes de igualdade entre médias

- A vernifica¢do da 1gualdade entre as médias das for¢as de corte obtidas nos ensaios
- em corpos-de-prova radiais e-tangenciais exige a aplicacio de testes estatisticos. Neste item

apresenta-se, resumidamente, os testes aplicados aos resultados experimentais.

Segundo AQUINO (1981), para se testar a hipdtese de nulidade (Hy) de que a média
(1t) de uma populagio com varidncia conhecida (¢%) é igual a um valor L, contra a hipotese

alternativa bilateral de que a média no ¢ igual a i, 1sto €, testar:

HO:#IIUG
H o u=u,

Uma estatistica adequada para basear-se a decisdo € a variavel aleatoria X . Sabendo que a

5 2
distribuiciio amostral de X ¢ aproximadamente normal com x; = ¢, e varnidncia oz = ©C A .

onde p e 6° s3o a média e a varidncia da populacio da qual foram selecionadas as amostras
aleatorias de tamanho n. Através do nivel de significdncia (o) € possivel encontrar dois
valores criticos X, e X, tais que o intervalo ¥ (¥(X, defina a regido de aceitacio e os dois

extremos da distribuicdo, X{X, e X)x, definam a regido critica do teste.

A regido critica € dada em termos dos valores de z por meio de transformagao,

z=2"4 (2.13)

Conseqiientemente, para um nivel de significincia «, os valores criticos da variavel

aleatéria z, correspondentes a X, € X, sdo.



x_ ¥ —
,—._ﬂ —_f’_'uﬂ_ (2.14)

-Da amostra em estudo seleciona-se uma amostra aleatoria de tamanho n e calcula-se

‘a'média amostral-x - Se-a média amostral pertencer-a regido de aceitacdo, -{~{(,, entdo:
F o
r=2th (2.15)
o
]//
7 2

situa-se na regido —z,-<z<z., e conclui-se que u = g ; de outra forma rejeita-se H, e

aceita-se a hipotese alternativa H, de que = g .

O teste descrito equivale a obter-se um intervalo de confianca de (1-00}100% para g,
aceitando Ho se L, pertencer ao intervalo. Se y, ndo pertencer ao mtervalo rejeita-se Hy em
favor da hipotese alternativa H,. Consequentemente, quando se fizer inferéncia a respeito da
média (1) de uma populagio com varidncia (¢”) conhecida, quer seja pela construgio de um

XU

intervalo de confianca ou através de um teste de hipdtese, a mesma estatistica z = €

utilizada.

Em geral, utiliza-se uma estatistica para a construgdo do intervalo de confianga para
um parametro 6, seja ela z, t, };2 ou F. A mesma estatistica pode ser utilizada para testar a
hipétese de que o pardmentro € igual a algum valor especifico Gp,contra as alternativas de

que &8, 88, ou 8= 6,

Os passos utilizados para se testar a hipotese referente a um pardmetro populacional

© contra alguma hipotese alternativa, podem ser sintetizados da seguinte forma:
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1'-H,:6=6,

2'- H, : as alternativas sio 8¢4,, )6, ou 8 =9,

4" - Selegdo de uma estatitica apropriada e estabelecimento da regido critica;
5" - Calculo do valor estatistico baseado numa amostra aleatoria;

6" - Conclusio: rejeita-se Hy se o valor estatistico pertence & regio critica; de outra forma

acetta-se Hp.

A seguir apresentam-se as estatisticas utilizadas para testar uma hipotese especifica
H, e, ainda, as regides criticas apropriadas para as hipdteses alternativas unilaterais e

bilaterais.

a — Igualdade de um parametro com a média de um conjunto

Ho u=peo

Teste estatistico:

X -~
=2t (2.16)
0/
SR
H; Regido Critica

B pe 2% 2

B e Z72s

uE oy 2Rz €27 Zan




b — Igualdade entre duas médias com varidncias iguais e conhecidas

Ho:p-mo=do

Teste estatistico:

(fz fz) Cuz 2)
T As T - =
Z o 1 2 1 JLIA (2}7)
2 2
To2) (o)
e e =z
J o\
H; Regido Critica
Wi <d 7 gy
p-pg>d 2>z
Bty FLd |2 R 87 Zan

¢ - Igualdade entre duas médias com varidncias iguais, porém desconhecidas

Ho:p-po=do

Teste estatistico:

t:("fl—fz)_(a‘ulwﬂz) (218)
5, JLiL
\n o n,

(2.19)

v=n+n -2

§ = (n'i _1)513 +(n2 Wl)szz (220)
g notn, -2
I, Regido Critica
-t <d 1<ty

-y > d Tt

Loy Fod | Tton et > lgn




d - Tgualdade entre duas médias com varidncias diferentes e desconhecidas
Hp : pt- o =do

Teste estatistico:

Ix(fl_fz _(auf“)uz) 2.21)

V== (2.22)
+
m -1 n, -1
H; Regisio Critica
B be < do tet,
Ho Lo > do To
Bty F<dg VS taz 12 tan
e — Para observagfes emparelhadas
Ho :pp = do
Teste estatistico:
D-d
t= - (2.23)

ve=n-1 (2.24)

38
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H,; Regido Critica
Lp < do <ty
Hp > dy Tty
pp E<dy 19 ten et tyn

21072 Teste t em varidveis emparelhadas

Nos casos anteriores examinou-se a diferen¢a entre amostras distintas, onde as
variavels ndo estavam associadas. Algumas vezes, porém, tem-se que analisar varidveis
emparelhadas, onde cada valor de x, estd associado a um valor x,. Assim, pode-se
constituir pares de plantas, animais, trabalhadores, corpos-de-prova, maquinas, etc., de
forma que cada par seja composto por elementos semelhantes quanto & caracteristica na qual
se val medir o efeito dos tratamentos. Nestas condi¢des, deve-se homogeneizar o maximo
possivel o material em estudo, de tal modo que o Gnico fator variavel seja o tratamento
aplicado. Apos a constituigdo dos pares, procede-se o sorteio para a distribuigdo dos
tratamentos dentro do par. Se os individuos de cada par sdo perfeitamente iguais, no fim do
experimento todas as diferengas entre os pares seriam iguais e nfo haveria erro
experimental. Contudo, na pratica, sempre ha diferencas entre os individuos que formam o
par e, além disso, h4 diferencas de respostas dos individuos aos tratamentos, razdes pelas

quais as diferengas entre os pares ndo sdo iguais.

Para a analise estatistica, consideram-se as diferencas de pares, como dados de uma
amostra extraida de uma populagio de diferengas. A variabilidade da amostra de diferengas
¢ tanto menor quanto mais semelhantes forem os individuos de cada par. Quanto mais
semelhanca houver entre os elemenios de cada par, maiores serdo as possibilidades do

experimento para detectar pequenas diferencas de efeitos entre os tratamentos.
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A comparagdo entre as medias dos tratamentos se faz pelo teste de t, dado por:

=2 (2.25)

s(D)

onde: .

Para se determinar o erro padrio, calcula-se o desvio padrio das diferencas e divide-se pela
raiz quadrada do nimero de pares envolvidos na experiéncia. Portanto, tem-se:

s (Zdy’
Sp=——"— (2.26)

n—1

s(D)= — (2.27)

7

O numero de graus de liberdade para a consulta a tabela de t € igual ao numero de

graus de liberdade com que se estima o desvio padrdo das diferencas entre os pares.

2.11 Regressao linear

2.11.1 Regressao linear simples

A obtencdo de modelos matematicos através da utilizagdio de resultados
experimentais requer uma seérie de analises estatisticas. Neste item serdo resumidamente

apresentados algumas destas analises.

Os métodos estatisticos abordados até agora trataram do estudo de uma variavel
aleatoria com sua distribuicio de freqiiéncia, determinacdo das medidas descritivas da
distribui¢do, calculo das estimativas e testes de hipoteses sobre os pardmetros das
distribuicdes. Muitos problemas tratados pela Estatistica envolvem apenas uma variavel,

mas, em numerosos casos, depara-se com situa¢bes que relacionam duas, trés ou mais
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variavels. Uma das técnicas utilizadas para o estudo destas situacSes € conhecida como

regressao.

O método estatistico da regresséo € utilizado com o interesse de se estudar a relacdo
existente entre duas ou mais varidveis, através de um modelo que descreva esta relagdo, e
'possa ser utilizado para se fazer estimativas ou predi¢des de uma das variavels. Assim, a
técnica de regressao consiste em se ajustar uma curva a um conjunto de dados, com objetivo
de que ela expresse matematicamente a relagio entre as variaveis. Esta denomina-se de

curva de regressio, € a equaglo que a descreve, de equacdo de regressio.

Pela equagdo de regressdo pode-se estimar para um determinado valor de uma
variavel, o valor esperado da outra com a gual esteja relacionada.

O estudo de regressdo tem multiplas aplicacdes em pesquisas, nos mais variados
campos da ciéncia e nos trabalhos praticos, sejam agricolas, agro-industriais, comerciais ou

economicos.
O método dos minimos quadrados

Conhecida a relagdo entre as duas variaveis, através do diagrama de dispersdo, se
procede o ajustamento de uma curva aos dados. Esta curva tem a finalidade de expressar
matematicamente a relagdo entre as variaveis envolvidas. Se o grafico de dispersdo mostrar
uma relagdo linear, uma reta de regressdo sera a forma matematica da curva de ajustamento.
Caso ele evidencie uma tendéncia parabdlica, entdo uma parabola do 2° 3° e 4° graus
podera descrever melhor o ajustamento. No primeiro caso tem-se uma regressio linear de

equacdo geral:

y=a+ bX (2.28)
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e, no segundo caso, uma regressio curvilinea de forma:

Y=a+bX+bX + +bX" (2.29)

Observando-se o diagrama de dispersdo representado pela Figura 2.13, vé-se que
uma infinidade de retas poderia ser tracada para descrever a associag@o entre as variaveis.
Como a reta desejada deve ser usada para fins de previsio, € razoavel exigir que ela seja tal

que torne pequenos os erros dessa previsdo. Um erro de previsdo significa a diferenga entre

um valor observado de ¥, e o valor correspondente ¥, estimado pela reta de ajustamento.

?
Assim, para evitar o critério individual na construcio de retas, parabolas, ou outras curvas
de ajustamento que se adaptem ao conjunto de dados, € necessario instituir uma defini¢do da

“melhor curva de ajustamento”.
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Figura 2.13: Exemplo de grafico de dispersio



Os erros sdo representados por:

e =Y -7 (2.30)

abaixo da reta. A reta de melhor ajustamento € aquela que tem a soma dos quadrados de
todos os erros, tanto 0s que estdo abarxo da reta ajustadas, como 0s que estdo acima, menor
do que a soma de quadrados dos erros correspondentes a qualquer outra reta que se possa
conceber. Assim, exige-se, pelo método dos quadrados minimos, que a soma dos quadrados
dos erros seja minima. A curva que apresente essa propriedade, ajusta os dados no sentido

dos minimos quadrados e ¢ denominada curva de minimos quadrados.

Para obtengdo dos pardmetros do método dos mimnimos quadrados tem-se:

Seja ¥V, =a+b(X ~ X) a equagdo da reta a ser ajustada, ndo paralela ao eixo das

ordenadas, onde b é a declividade ou coeficiente angular, também denominado coeficiente

de regressio, X ¢ a média dos valores de X, e a é para X, = X, a intersegio da reta

ajustada com o eixo das ordenadas (coeficiente linear). A experiéncia tem demonstrado que

¢ muito vantajoso o uso da equagdo da reta na forma apresentada, € ndo na onginal:

Y =a~+bX,

O problema consiste em determinar os pardmetros a e b de tal modo que a2 soma dos

quadrados dos erros seja minima.
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Nestas condigBes tem-se:
Z=%¢g (2.31)

L Z=S( =YY o (232)

5"’ =
-

Z=3 Laﬂf—b(Xi—f() ¥ (2.33)

i

Z=3fF-a-b(X.-X)F (2.34)
Essa soma € funcio dos pardmetrosaeb,

A condigdo para que fungdo passe por um minimo € que suas derivadas parciais de

primeira ordem sejam nulas, e que suas derivadas de segunda ordem sejam positivas. Logo:

Z o5 lr-a-slr- 1)

(235)
% o5 ly-a-slx - Pl -]

gm‘%zzz [-7 +a+b(x - X)|

; (236)

égggzzz[w(x ~X)+alx, - X blx wx)]

jr 2> [—wK ‘i‘éibﬂ (X —X)] =0 2.37)
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A segunda condig&o ¢ que as derivadas segundas sejam positivas:

{ 72

Z’cf =2n>0
: 5 (2.38)
1-&-——72()( X)>o

As raizes da equagdo que tornam a fungdo minima sio:

JZ [—Y. +a+b(X —f)]

lZ[ (x,-X)¥+aly,-X)+s(x,- X)r]:O (239)
(=¥ ma+by (X} ~f)ﬁo
T“Z(Xz—)?)z“*éz (x,- X5 (x,-Xf =0 (2.40)
Como Z (Xi -X ):0, tem-se:
(S ¥ =na
{LZ (x,-X)r=b3 (x,-XJ (2.41)
Logo:
2y 2 X .

As equagdes constantes dos sistema (2.41) obtidas segundo o processo dos minimos

quadrados, denominam-se equagdes normais.



46

Uma vez estimados os coeficientes a e b, obtem-se a equacio de regressio ajustada

nas formas:

}% 2&%1’;(){1 wf)
ou
__________ f:f-&b(X—ff)

Para fins de céalculos é conveniente trabalhar com uma formula de

simplificada 0 que se consegue com a seguinte transformacgo:

Y (x-X),

b-—-‘———-—-—*—:-:,— i:(}.,z,},...,ﬂ)

S (x, %)

Desenvolvendo o quadrado do denominador de b fica:

b >, -x)y

S {x-2x, X+ X7)

Resolvendo os somatorios:

. T XI-FYY

S X -2XY X +nkXe

— X
Sendo Xzz . vem:

2
1

~

5y y SXTY

2. xioa 2 > X 0D
I

(2.45)

(2.46)

b mais
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ZX;-K””ZLZE
sy 2Z XS G x)

b=

(2.48)

2 X}/_ZXIZYI

- (an
) X{'

> X, B

(2.49)

O numerador da equacdo do coeficiente de regressio se denomina Soma de

Produtos de XY e o denominador chama-se Soma de Quadrados de X. Entao:

Paexr-3 x¥-2T (2.50)
n
SQde X =" sz—(ZmX—}- (2.51)
n
5:% (2.52)
SOX

Caracteristica da linha de regressao

1- Ela é valida dentro dos valores observados de X. Fora destes limites ndo ¢ aconsethavel
usar a equagdo de regressac para fazer previsbes, pois ndo sabe se o fenémeno em
-estudo continuard a apresentar a mesma dependéncia linear entre as variaveis.

2- Se b é positivo, a reta de regressio € ascendente da esquerda para a direita, e se €

negativa, ela ¢ descendente .
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3- A linha de regressdo deve passar pelo ponto de coordenadas X e ¥ .

4- A soma algébrica dos desvios ¢, =Y — ¥, deve ser nula. Os desvios sdo positivos se os

valores observados estdo acima da reta de regressio e negativos se eles estiverem abaixo

da reta . . O SRR SRR RO e s

5- A soma dos quadrados dos desvios ¢ menor que a mesma soma calculada em relagio a

qualquer outra reta que se trace.

6- A linha de regressio corta o eixo das ordenadas a uma distdncia da origem deste eixo

igual a “a” (coeficiente linear da reta de regressdo).

Correlacio

A correlagdo € uma medida do grau de assoclagdo entre variaveis que determina
quanto a equagdo descreve ou explica a verdadeira relagdo entre as variaveis. Esta
correlacio pode ser medida matematicamente, através do coeficiente de correlagdo. O
coeficiente de correlagdo apenas mostra se as variaveis estdo relacionadas ou ndo, sem
propiciar met0s para expressar esta ligagio por meio de uma equagiio e proceder
estimativas, como se faz no estudo de regressdo. Para validade da correlagdo exige-se que as

variaveis aleatorias envolvidas tenham distribui¢des normais.

Se todos os valores das vanaveis satisfazem exatamente uma equagdo, diz-se que
elas estio em correlag@o perfeita. Quando se estudam duas variaveis, a correlagdo entre elas
¢ dita simples, enquanto que o estudo de mais de duas variaveis € tratado na correlagio
multipla. Se a dependéncia entre duas variavels X e Y pode ser descrita por uma reta, a
correlac@o entre elas € linear. Se Y aumenta quando X aumenta a correlagio € denominada
positiva ou direta. Se Y diminui quando X aumenta a correlagdo € negativa ou inversa. Para

os casos em que a dependéncia entre as variaveis pode ser descrita por uma curva, a
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correlagdo ¢ chamada ndo linear ou curvilinea. Se ndo existe associacdo entre as variaveis,

diz-se que ndo hé correlagdo entre elas ou que elas s3o ndo-correlacionadas.

Cilculo do coeficiente de correlacio

Ao estudar-se na regressao linear, a precisio com que uma reta se ajusta a um
conjunto de pares de variaveis X e Y, vé-se que a variacdo total ¢ a soma da varia¢do nio

explicada (de acaso) com a variagio explicada pela regressdo. E demonstrado também que
a variag@o total € dada por X (¥ - Y'Y, a variacdo nio explicada por T (¥ -V )ea

variagdo explicada pela regresséo por L (¥, - Y'Y’ . Expressando-se a variacio explicada em
porcentagem da variagdo total, obtem-se o coeficiente de determinagio que vai indicar
quanto da variagao total pode ser explicada pela dependéncia entre as variaveis. Em outras
palavras, ela indica qual a porcentagem da variagdo em Y que foi explicada pela variago
explicada for nula, isto €, se a variagdo total for toda nao explicada, esse coeficiente sera
nulo. Se a varia¢@o ndo explicada for i1gual a zero, ou seja, a variagio total € toda explicada

o coeficiente sera 1. Nos outros casos, o coeficiente tera valor compreendido entre 0 e 1.

Como a relagdo ¢ sempre positiva, representa-se esse coeficiente por 7. A raiz quadrada do

coeficiente de determinacdo define o coeficiente de correlagdo que vem expresso por:

variacdo exp licada

y== /
\  variacdotoral

ou (2.53)

O coeficiente de correlagio, medindo o grau de associagdo entre variaveis, pode ser

negativo ou positivo. Numericamente, seu campo de varia¢do se estende de —1 indicando
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uma perfeita associagdo negativa até + 1 que indica uma perfeita associagio positiva. Um

valor de r nulo mostra que no existe correlacio entre as variaveis.

Uma maneira de tornar a expressdo de r mais facil de ser calculada pode ser obtida

(2.54)

ou
SPXY

JSOX -SO7

As expressdes (2.53) para coeficiente de correlagio s@o gerais e podem ser
empregadas tanto para as relagdes nao lineares como para as lineares, com a unica diferenca
de }7: ser calculado por meio de uma equago de regressdo ndo linear em lugar de uma linear
e dos sinais £ serem omitidos. Nestas condi¢des, a expressdo (2.54) ¢ aplicavel a correlagéo

linear, pois I foi substituido por uma equagdo linear.

E interessante frisar que o valor de r, calculado em qualquer caso, mede o grau de
associacio correspondente ao tipo de equagdo que ¢ realmente admitida. Se for adotada
uma equagdo linear e se as expressOes de (2.53) conduzirem a um r proximo de 0, isso
apenas significa que ndo ha correlagdo linear entre as variaveis. Entretanto, ndo significa que

nao haja nenhuma correlacio, pois pode existir uma forte correlagdo ndo linear entre as

variaveis.
As principais caracteristicas deste coeficiente sdo:

1) Eles sdo nimeros adimensionais;



2)
3)

4)

Seus valores estdo compreendidos entre ~1 e 1;

O sinal de r depende somente do sinal da soma de produtos,

Se o coeficiente for positivo as duas caracteristicas estudadas tendem a variar no mesmo

6)

7)

sentido, isto €, se aumenta o valor de uma, aumenta o valor da outra, e se diminui o
valor de uma, diminui o valor de outra. Se o sinal for negativo as duas caracteristicas

variam em sentido contrario, ou seja, se aumenta o valor de uma, diminui o valor de

outra e vice-versa;

A relag@o entre as duas variavels € tanto mais estreita, quanto mais o coeficiente se

aproxima de +1 ou —1;

Se a relacdo entre as vanaveis for perfeita, o valor de r serd 1 ou —1 e se ndo houver

relagdo alguma seu valor sera zero,

O valor de r € uma estimativa do pardmetro p, da mesma forma que a média 7 € uma

estimativa de .

Teste para o coeficiente de correlacio

A fim de julgar se o valor de r € estatisticamente igual ao pardmetro de uma

populagio em que p = 0, pode-se empregar o teste t definido por:

1=" L 72 (2.55)

O vaior de t da tabela € verificada nos niveis de significincia adotados com n — 2

graus de liberdade.
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Interpretacio do coeficiente de correlacio

Se o valor de r se encontra proximo de zero, isto indica que os pares de dados
apresentados no diagrama de dispersdo estfo bastante dispersos, e que a equagdo de

regressdo ¢ deficiente para descrever a associagdo entre as variaveis. Nestas condigdes, para

o valor de r se encontra proximo de —1 ou 1, significa que os pares de dados se aproxima

bem da equag@o de regressao, sendo possivel fazer uma boa predi¢iio de Y.

O fato de encontrar-se um valor r, proximo de zero, ndo significa que Inexiste
associagdo entre as variavels, pois se for um coeficiente de correlagdo linear ele apenas diz
que esta ligag3o pode ser descrita por uma linha reta. Logo, pode existir uma pronunciada

relacdo curvilinea que expresse bem a dependéncia entre as variavets.

O coeficiente de correlagdo nao implica necessariamente numa medida de causa e
efeito. Assim, € mais seguro Interpretar o coeficiente de correlagdio como medida de

associacdo, do que como medida de causa e efeito.

2.11.2 Regressio hnear multipla

A maioria dos problemas praticos envolve mais de uma variavel para previsio.
Os métodos para tratar problemas de previsdo de uma vanavel por meio de diversas

outras variaveis, sdo semelhantes aqueles realizados para uma variavel. Para se prever y em
fungio de duas varidveis x, e x,, ¢ necessdrio obter-se o plano que melhor se ajusta, no

sentido dos minimos quadrados, 2 um diagrama de pontos de trés dimensdes.

A equacdo de um plano no espaco determinado pelas variaveis y,x; e x,pode ser

escrita na forma:

y=a,+aq x+a,Xx, (2.56)



O problema € estimar os trés parimetros a,,¢, € a,pelo método dos minimos

quadrados. Como ha » valores disponiveis, segue-se que os valores dos minimos quadrados

de as a; e a; sio obtidos resolvendo-se em conjunto de trés equacdes lineares. Supde-se

ao‘“%Z X 4 Y X%,=3 Y
DX FA Y N AP XX, =Y %Y (2.57)
4 % T4 XX F A ) X5 =Y X, Y

Este resultado é generalizado para um namero mdefinido de variaveis. Assim, se o
sistema for de quatro variavels, x;, X, X3 € x4, havera cinco equagdes nas cinco incognitas ay,

a,, as, as e a. para ser solucionado.
2.12 Método numérico para cilculo de zero de funcio

Tendo em vista que a obtengdo do angulo ideal no corte ortogonal 90-0" prevé
calculo do valor para o qual se obtem Fn igual a zero, ¢ necessario estudar-se o método

numérico para o calculo de zero da fungdo.
2.12.1 Métodos iterativos para resolu¢do de equagdes polinomiats ou transcendentes.

Segundo SAFADI & MORAIS (1995) qualquer método iterativo € obtido

basicamente por quatro passos:

a) Estimativa inicial: uso de uma ou mais aproximagdes para a raiz desejada. Esta

expressio € obtida na separagdo das raizes,

b) Atualizacdo: obtengdo de uma expressio que atualize a solucdo aproximada. Esta

expressdo depende do método utilizado;,



c) Critério de parada: forma de se estabelecer quando parar o processo iterativo em

qualquer caso;

estimativa do erro cometido.
Método Grafico

Seja a equacdo algébrica ou transcendente f(x)=0.  As raizes reais de
f{x)=0podem ser obtidas através de representacio grafica de f(x) contra X . As raizes
x,x,,... de f(x)=0s30 os pontos em que a curva representativa de f(x) corta o eixo das

abscissas (Figura 2.14).
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Figura.2.14 — Grifico com raizes reais
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Uma outra maneira de se determinar as raizes ¢ desdobrar a fun¢do ffx) = 0 em

fungdes mais simples g(x) e A(x)na forma f(x)= g{x)-A(x)=0 e, portanto, g(x)=h(x).
Por exemplo f{x)=e ™ —sen(x) =0 de onde toma-se

gl(x)=e"e h(x)=sen(x)=>e * =sen(x)(Figura 2.15).

*’ XZ\\JW‘ \

Figura 2.15 - Grafico de uma funcio desdobrada

A representaco grafica das fungdes g(x)e A(x)contra X, num mesmo grafico,
mostra que as raizes x,, x,,..s30 as abscissas do ponto de encontro das curvas

representativas de g(x) e de A(x) contra X .

1) A precisdo dos resultados do método grafico depende fundamentalmente da
habilidade do desenhista;
1) O método torna-se inadequado quando se deseja obter as raizes com mais de trés

algarismos significativos.



Método de Newton

O meétodo de Newton, ou método das tangentes, € um dos métodos classicos para o

célculo de zeros ou de raizes de fungdes (Figura 2.16).

Seja ffx) uma funcdo continua em um intervalo (a, b), de tal modo que contenha uma

raiz de fix)=0, e seja y=f{x) a func¢io associada.
Este método pode ser aplicado segundo os seguintes passos:

1 - Constru¢do de um grafico considerando b=x, (ou @ =x,), b como ponto inicial;

2 - Obtencdo da tangente a y=f(x)no ponto (x,, f{x,));

3 — Determinacdo do ponto (x,0)onde a reta tangente corta o eixo das abscissas (Figura

2.17);

4 — A partir do ponto (x,, f(x,)) o processo € repetido at¢ a obtenc@o da precisio

desejada.

=10

Figura 2.16 — Exemplificacio do Método de Newton
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Resumidamente, o processo consiste em determinar-se o ponto x , , , pertencente a

nterse¢do do erxo das abscissas com a reta tangente 4 curva y = f(x) no ponto

(x,. f(x, )

Como a reta tem por equagdo y ~ f(x,) =f(x,) (x—x,) e o ponto do eixo dos

xé (x,.,, 0),0valorde x, , édeterminado por:

=y L) (2.57)

xn 0 i
| fi(x,)

O Meétodo de Newton fornece valores que podem convergir rapidamente para o
valor exato da raiz, mas esta convergéncia €, algumas vezes, ilusoria. Muitas vezes, em
lugar dos valores obtidos aproximarem-se da raiz, afastam-se podendo mesmo ultrapassar o
intervalo da raiz. Ha, portanto, necessidade do exame de cada resultado para verificar se

nio esta se afastando do valor da raiz.

FOURIER aperfeicoou o método de Newton estabelecendo condigdes que permitem

seguranca na avaliagio das aproximacdes sucessivas. Essas condigOes sdo:

(1) fla) f'(b)<0 e f(b)/ f'(b) >0, para que os novos valores estejam dentro do

intervalo (a, b);

(2) x,=a quando f(a)e f"(a) forem de mesmo sinal, ou x, = b quando f(b)e f"()

forem de sinais diferentes.



3 MATERIAL E METODOS

3.1 Material

3.1.1 Base de dados

A base de dados utilizada foi o conjunto de resultados experimentais obtidos por

NERI (1998), em seu trabalho. Esta base de dados € composta de valores de forga de

corte ortogonal distribuidas como mostra a Tabela 3.1.

Tabela 3.1 - Base de dados composta de valores de for¢a de corte ortogonal.

CORTE 90°-0° CORTE 90°-90°
TANGENCIAL RADIAL TANGENCIAL RADIJAL
h PARALELA j NORMAL PARALEEA NORMAL h i PARALELA NORMAL PARALELA NORMAL
Y Emrg] MED MaAX MED MAX MED MAX MED MAX ‘Y [mmL MED MAX MED MAX MED MAX MED MAK
0381 | - - [ 0,381 | e
0,762 | " § - 0,762 N -
1143 | - g : 1.143 T T i
10° [ 1524 | 20° | 1524 1 - ! - -
0,381 ! ) N 0381 3 . )
0,762 3 0.762 = T ;
1,143 ) - 1143 : =
20° | 1,524 " ) 30° | 1,524 -
0.381 0381 | - - : -
0,762 0,762 T
30° L5143 ; - . 40° L1143 : - ‘
l 1.524 | ] 1,524 |
*a céiula contém 20 dados experimentais

Os resultados se referem a ensaios com trés espécies de eucalipto

- B grandis, E. saligna

e F. citriodora, cuja densidades basicas médias foram 0,422 (tangencial) e 0,407

(radial); 0,559 (tangencial) e 0,568 (radial); 0,905 (tangencial) e 0,918 (radial),
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respectivamente, para as espécies, nas dire¢des 90-0 e 90-90". O teor de umidade média
dos corpos-de-prova foi de 106,1 (tangencial) 92,6 (radial) para o E. grandis, 82,5
(tangencial) e 78,7 (radial) para o £. saligna e 39,2 (tangencial) e 38,2 (radial) para o £.

citriodora, também nas diregdes 90-0 e 90-90".

12— Softwares

i

1.2.1 — Analise de dados

(¥

Para execug@o da analise estatistica dos resultados os programas computacionais
adotados foram o S-PLUS 4.5 e o MATLAB. Este primeiro programa estatistico foi
desenvolvido pela AT & BELL Laboratories e comercializado pela StartSci Europe. E

um método flexivel e realiza as seguintes analises:

o Estatistica Descritiva;

o RegressGes: lineares, polinomiais, logaritmicas, etc...;
e Modelos lineares gerais;

e  Estatistica multivariavel;

e C(lassifica¢do e regressio metodologica;

e Interpolagdo;

e  Analise de grupos;

»  Analise de séries temporais;

e Estimacio de densidade;

s Ajuste de curva;
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o Comparagao Multipla — ANOVA;

e Oumizacdo numeérica

- O MATLAB ¢ um software com linguagem de programacgdo para computagio
~cientifica desenvolvido pela MathWorks; Inc. Atraves-dele-pode-se obter a-resolugio de

matrizes, equagdes diferenciais, conjunto de dados, graficos e diagramas através da

Matematica Aplicada.

Este software tem sido utilizado em larga escala nas areas industrial, governamental
e académica com amplo espectro de aplicagbes cientificas, de engenharia e outras,

tornando-se 0 ambiente de computagdo grafica de grande importancia,

3.2 - Métodos
3.2.1 - Determinac@o de modelos matematicos

Utilizando a base de dados citada, foram testados modelos matematicos para

relacionar as forgas de corte com 0s pardmetros:
e Espessura de Corte;
» Densidade Basica;

» Angulo de Saida da ferramenta.

Para a determinacdo dos modelos matematicos que melhor representassem o0s
conjuntos de dados experimentais, foram utilizadas ferramentas da Estatistica. Com
auxilio do software S-Plus 4.5 os modelos eram testados através da dispersao dos
residuos, dos testes “t” e “F’ e, também, dos coeficientes de determinacio (RY) e

coeficientes de variagdo da regressio (CV).
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As etapas da analise foram:

1°- Andlise grafica da dispersdo dos residuos.

Verificou-se a uniformidade da distribui¢8o dos residuos pois, sabe-se que, quando
0s mesmos apresentam distribuigio uniforme em torno da média (valores positivos e
negativos), todo o efeito da varidvel foi observado pelo modelo ou sua influéncia

nos valores observados nic foi significativa.

Ocorrendo tendéncia de acréscimos ou decréscimos sucessivos de dispersdo ao
longo do eixo, sabe-se que a varidncia ndo € uniforme, implicando, provavelmente,

na necessidade de se estudar um outro modelo matematico.

Se esta tendéncia for linear, verifica-se a necessidade de inclusio de um termo
linear; ocorrendo uma tendéncia curva € provavel a necessidade da inclusdo de

termos quadraticos, ou de ordem superior, no modelo.
2% Testes “t” e “F”:

a). teste t- indica a significéncia de cada variavel no modelo adotado. O teste consta
em verificar se a probabilidade [t} € menor ou igual a 5% (nivel de significdncia

do teste), o que indica que a variavel adicionada a0 modelo foi significativa;

b). teste F- imndica a significincia do modelo adotado. O teste consiste em se
comparar © valor de Feaundo com o valor da probabilidade de F. Se Feajoulago for

maior que probabilidade de F, a regressio € considerada significativa

estatisticamente;

3% Coeficiente de determinacio (R?). Indica se o modelo se ajusta bem aos dados

experimentais;
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4%- Coeficiente de variagio da regressio (CV). Indica a variacio dos dados

experimentais com relagdo ao modelo matematico ajustado;

adotou-se aquele que melhor se ajustou, considerando-se 0s pardmetros estatisticos

apresentados (testes t e F, analise de residuos, R’e CV)
3.2.2 Determinagio do angulo de saida ideal no corte ortogonal 90°-0’

Conforme descrito no capitulo de Revisao Bibliografica, um importante aspecto a
ser estudado no corte 90-0", ¢ a determinagdo do 4ngulo de saida ideal da ferramenta de
corte. Este dngulo € aquele que propiciaria a existéncia de uma forga normal igual ou
proxima de zero, € que produziria cavacos tipo II. A superficie gerada neste caso sera de

methor qualidade, sendo, portanto, um importante pardmetro pratico da qualidade de

corte da madeira.
O angulo de saida ideal foi obtido através de quatro diferentes metodologias:

1" - Encontrando o zero da funcio, nos modelos adotados para forca normal em
funcdo de dngulo de saida. Os modelos foram obtidos através do método estatistico
de regressdo linear, seguindo os critérios anteriormente citados, e o zero da fungéo

foi obtido como auxilio do software MATLAB.

2" - Pelo valor do coeficiente de atrito (11), obtido através da expressdo:

U= tg(arctg fn, a\g (G.1)
\ Fp )
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3 - Atraves da equagao da expressdo

U= a+b(%) (3.2)

que correlaciona os valores da forca de atrito. aos.valores das propriedades de. ...

resisténcia das espeécies estudadas, onde T e R que representam, respectivamente,

resisténcia a tragdo normal as fibras e modulo de resisténcia a flexdo.

A analise de regressio foi calculada utilizando-se a resisténcia a tracgo normal
(fteg), a resisténeia a tragao paralela (fig)e os coeficientes de friccio (u) para as trés
especies de eucalipto estudadas (£. citriodora, E. saligna e E. grandis). Os valores
de ftoy e fip foram obtidas da NBR7190/97 (Anexo E da Norma). O valor da
resisténcia a flexdo (ftn) foi simplificadamente tomado como igual ft; conforme

item 5.3.3 da Norma. Os valores de u foram calculados pela expressio

4
H= IgLarctg% + aj (3.3)

utilizando os valores experimentais de NERI (1998).

4 - Utilizando a equacio proposta por STEWART (1977), para madeira na condigdo

saturada:
4 =095~ 6,05(%) (3.4)

onde:
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Tzﬂgo [ R;—ft{)

Os valores de fiy € fto foram obtidos da NBR 7190/97 (Anexo E).

" 323 Comparacio entre forcas de corte paralela nas direcBes tangenciais e radiais

Os ensaios realizados por NERI (1998) foram feitos levando-se em conta as
diregOes anatOmicas radial e tangencial do corpo-de-prova. Visando verificar a
existéncia de diferencgas estatisticamente significativas entre os resultados obtidos
nas duas direcdes, foram executados testes de comparag@o de médias. Estes testes
foram executados atraves da utiliza¢io do software S-PLUS 4.5 O teste consiste em
verificar se o intervalo de confianca obtido contém o zero. Ou seja, se 0 intervalo de
confianga contém o zero, a hipdtese de que as médias ndo apresentam diferencas
estatisticamente significativas ndo pode ser descartada. Se o intervalo nfo coniém o

zero, as médias apresentam diferencas significativas.



4 - RESULTADOS
4.1. Modelos para determinacio das forcas de corte normal e paralela

item 3.2.1, foram obtidos os modelos das forgas (paralela e normal) em fungio dos
parametros de corte (dngulo de saida, espessura de corte e densidade basica), nas duas
direcBes (radial e tangencial), e para os dois tipos de corte (90°-0° e 90°-90°%). As tabelas

de 4.1 a 416 apresentam estes resultados.

As analises foram executadas para as forgas maximas e médias. A forca maxima,
ainda que sendo apenas um valor de pico, € importante no dimensionamento das maquinas
que compdem uma serraria. A forca média € importante por tratar-se do valor mais
representativo do processo. A for¢a minima nio foi estudada, tendo em vista ser um valor
de pico que, muitas vezes, € obtido devido a defeitos na pega usinada. Este valor,

portanto, ndo foi considerado.

Nas tabelas citadas sdo apresentados os modelos de regressdo simples: forga x
espessura de corte e forga x densidade basica, para cada dnguio estudado e, o modelo de
regressio multipla: forga x [densidade x angulo de ataque x espessura de corte]. As
tabelas de 4.1 2 4.8 apresentam os valores de forga normal e as tabelas de 49 a2 4.16 os
valores referentes a forga paralela. Observa-se que as tabelas referentes a forga normal ndo
apresentam a coluna de CV (coeficiente de variacdo da regressdo). Este valor ndo foi
apresentado tendo em vista que a forga normal, variando de positivo a negativo faz com
que valor obtido para o CV nao seja representativo da validade do modelo. No caso da
fo'r(;a paralela este valor € muito importante na verificagdo da validade do modelo e de seu
valor preditivo. Em engenharia espera-se que o valor de CV do modelo esteja abaixo de
15% para que 0 mesmo seja aceitdvel para fins de predigiio, dentro do intervalo de

validade da regressdo.
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Os graficos apresentados na figuras de 4.1 3 4.32 exemplificam o comportamento

do modelo adotado em relac@o as valores experimentais.

Tabela 4.1: Forca normal mixima em corte 90°-0° radial

Tipoe de forca: FORCA NORMAL MAXIMA

Tipo de corte: CORTE 90%0°RADIAL

FORCA x ESPESSURA [mm]

ESPECIE ¥ EQUACAO de FORCA [N/mm) R*(%a)
Citriodora 10° F=0,32-3,9%xp(hi+1,02exp{ ) 21,12
Saligna 10° =.13,57+3,61/h 64,11
Grandis 10° =1 82-9 36h+2 21h° 69,33
Citriodora 20° F=-2 41+2 07exp(h 0 41exp(h®) 34 44
Saligna 20° F=-0 82.3,00h+1.900" 16,75
Grandis 20° F=-2.36-1.4%h 56.20
Citriodora 30° F=-0.29+8 18h-1,37h’ 91,40
Saligna 30° F=-1,02+4,51h 88,07
Grandis 30° F=-1,65+1,50e 49.82
FORCA x DENSIDADE BASICA [g/cm’]

ESPESSURA ¥ EQUACAOQ de FORCA [N/mm] RY(%)
0,381 mm 10° F=-533+1,34d 7.38
0,762 mm 10° F=-1142+3,07d 6,89
1,143 mm 10° F=-9,34+12,89d 87,27
1,524 mm 10° F=3,03-58,53d+48,84d° 33.48
0,381 mm 20° F=4,91+3,42d 71,36
0,762 min 20° F=-7,93+10,344 84,60
1,143 mm 20° F=-9,34+12 89d 87.27
1,524 mm 20° F=-9,80+1412d 84,75
0,381 mm 30° F=-3 68+6,93d 73
0,762 mm 30° F=-11,67+34,89d-17,83d° 93,41
1,143 mm 30° F=-19,11+61 8d-36,16d" 93,28
1,524 mm 30° F=-20,64+68,44d-39 244’ 93,93

FORCA x DENSIDADE BASICA [g/cm’] + ANGULO DE SAIDA [rad] + ESPESSURA [mm]

EQUACAO de FORCA [N/mm]

R*(%)

=-16,06+9,44d+25 35v+0,55h

69,72




Tabela 4.2: For¢a normal mdxima em corte 90°-0° tangencial
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Tipo de forca: FORCA NORMAL MAXIMA

Tipo de corte: CORTE 90-0 TANGENCIAL

FORCA x ESPESSURA [mm]

ESPECIE ¥ EQUACAQ de FORCA [N/mm] R (%)

Citriodora 10° F=-2.78-3.35h 33,44

_______ Saligna 10° F=-13,59h+4,19h° 74.94
Grandis 10 R S i o] e 66,02

Citriodora 20° F=-168+3.48h 51.09
Saligna 20° =-1.16+0.03h 0,02
Grandis 200 | F=-1,36-0.54h 18.85

Citriodora | 30° F=exp(-,45+3,54h-1,15h%) 80.76
Saligna 30° F=-0 51+3.64h 76.50
Grandis 30° F=-0.93+1.94h 45,68

FORCA x DENSIDADE BASICA [g/icm’]

ESPESSURA ¥ EQUACAQ de FORCA [N/mm] R*(%)
0.381 mm 10° F=-524+146d 7.24
0,762 mm 10° F=3 61-36.12d+28,79d" 4403
1,143 mm 10° F=021-61.62d+48 62d" 52.24
1.524 mm 10° F=8 06-62 40d+49 81d" 52.19
0.381 mm 20° =2 3242 17d 31.39
0,762 mm 20° F=-4 77+6 41d 71.18
1,143 mm 20° F=-626+9.60d 79.18
1.524 mm 20° F=-7.61+12.38d 83,84
0,381 mm 30° =-1.69+4.02d 84.79
0.762 mm 30° F=-7.49+23 43d-10,394° 75,15
1.143 mm 30° F=-11,19+34_58d-14 85d° 81,68
1.524 mm 30° F=-3.32+17 88d 80,87

FORCA x DENSIDADE BASICA [g/cm’] + ANGULO DE SAIDA [rad] + ESPESSURA [mm]

EQUACAOQ de FORCA [N/mm]

R (%)

=_16,89+0,30h+7 42d+30 24y

78,38




Tabela 4.3: Forca normal maxima em corte 90°-90° radial
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Tipe de forca: FORCA NORMAL MAXIMA

Tipo de corte: CORTE 90-90° RADIAL

] FORCA x ESPESSURA [mm]
ESPECIE ¥ EQUACAO de FORCA [N/mm] R (%)
Citriodora 20° F=3.03+33.00h-14.98h° 97.06

Saligna 20° F=-3,00+4,94exp(h)-0,94exp(h’) 81.03
Grandis 26° : F==1:39-0.201 121
Citriodora 30° F=-432+42,22h-3 770" 98.70
Saligna 30° F=-0.63+13.43h 9519
Grandis 30° =_5 83+16.67h-5,65h" 78.16
Citriodora 40° F=-2 8450 85h-3.62h" 97 97
Saligna 40° F=-3,12+28 89h-4 98h" 93,89
Grandis 40° F=-125+1043h 61,29
FORCA x DENSIDADE BASICA [¢/cm’]

ESPESSURA ¥ EQUACAQ de FORCA [N/mm] R*(%)
0.381 mm 20° F=-8.88+17,70d 94 19
0,762 mm 20° F=-13,61+34.85d 97.93 .
1,143 mm 20° F=-24,23+55.23d 98 83
1.524 mm 20° F=-28 32+64,69d 9833
0,381 mm 30° =_15,87+45.294-17,31d" 96,78
0,762 mm 30° F=-9 96+28 33d+11,57d" 97 44
1,143 mm 30° F=-20.84+64.63d 98.73
1,524 mm 30° F=-29.91+88 16d 98,57
0,381 mm 40° F=-8,25+26.31d 96,08
0.762 mm 40° =.23 28+88.96d-26_24d" 97,58
1,143 mm 40° =-19.20+75,124 93 88
1,524 mm 40° F=-28 40102, 96d 97 81

FORCA x DENSIDADE BASICA [g/cm’]+ ANGULO DE SAIDA [rad] + ESPESSURA [mm]

EQUACAOQ de FORCA [N/mm]

R(%)

F=-18,04+3,12exp(d-+y+h)+1,96exp(d -+ +h°)-0, 74exp(d+/ +1)

81,39
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Tabela 4.4: Forca normal maxima em corte 90°-90° tangencial

Tipo de forca; FORCA NORMAL MAXIMA
Tipo de corte: CORTE 90 -90 TANGENCIAL
FORCA x ESPESSURA [mm]
ESPECIE Y EQUACAQ de FORCA [N/mm] R%(%)
Citriodora 20° | F=-0.81+18.90h 77.76
Saligna 20° =_1,95+533h 64,51
GFaIidlS TETT e B o e S S, 12.98...
Citriodora 30° =-7 68+31,35h 86,04
Saligna 30° F=-2 61+13 24h 84.86
Grandis 30° F=-2,11+4,83h 73.4
Citriodora 40° F=-3,58+39 65k 90.98
Saligna 40° F=-2.43+17.11h 83.79
| Grandis 40° F=-2.33+7.64h I 80.42
FORCA x DENSIDADE BASICA [g/cm’)

ESPESSURA Y EQUACAOQ de FORCA [N/mm] R (%)
0,381 mm 20° F=421+12.65d° 94,75
0.762 mm 20° F=-16.61+33.93d 96,60
1,143 mm 20° F=-23,00+50, 16d 97.15
1.524 mm 20° F=-27.18+60.44d 97.04

|
038 mm | 30° F=-8.36+19,34d 96 44
0.762mm | 30° F=-16,64+42,59d 96.19 !
1.143 mm 30° F=-23,29+63.35d 97 4%
1,524 mm 30° F=-29.54+83.44d 9733
0.381 mm 40° | F=-8.56+22,48d 97,25
0,762 mm 40° | F=-16.69+48.16d 96,89
1.143 mm 40° F=-25,36+75,23d 97.68
1,524 mm 40° F=-32.09+99.24d 97.70

i

FORCA x DENSIDADE BASICA Jg/cm’]+ ANGULO DE SAIDA [rad}+ ESPESSURA [mm] i

EQUACAO de FORCA [N/mm| { R (%)

F=-14.66+1 8lexp(d+y+h)+2, 74exp(d-+y>+h")-0 82exp(d’+y +h’) | 78.53




Tabela 4.5: Forca normal média em corte 90°-0° radial
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Tipo de forca: FORCA NORMAL MEDIA

Tipo de corte: CORTE 90 -0 RADIAL

FORCA x ESPESSURA [mm]
ESPECIE ¥ EQUACAQ de FORCA [N/mm]} R%(%)
Citriodora 10° F=-3.64-6 85h 5534
Saligna 10° F=-233-8.83h 84.73
Grandis 10° =-3,59-8:52h 94 34
Citriodora 20° F=-1,15-0,35h 2.03
Saligna 20° F=-1.96-1.43h 4273
Grandis 20° F=-3.04-2 49h 79,63
Citriodora 30° F=-0_4+4 48h-2.10h° 21.63
Saligna 30° F=-128+3,97h-1.82h" 33,36
Grandis 30° F=-2.39+0.6% 10,62
FORCA x DENSIDADE BASICA [g/em’]

ESPESSURA ¥ EQUACAO de FORCA [N/mm] R(%)
0.381 mm 10° =.11,60+9. 19exp(d)-7.45exp(d") 1525
0.762 mm 10° F=-1111+2.43d 11.46
1.143 mm 10° F=-14.31+2.79d 7.76
1.524 mm 10° =.18 87+5.62d 18.83
0.381 mm 20° F=-9,75+18,73d-10,21d" 77,71
0,762 mm 20° =.10,33+15.04d-4,92d" 84,65
1,143 mm 20° F=-10,15+10.69d 88,64
1.524 mm 20° =-10.84+11.08d $7.36
0,381 mm 30° F=-11,17+29,45d-17.57d" 84,12
0,762 mm 30° =-14,36+41,28d-25 87d" 85,82
1,143 mm 30° F=-12,20+34 48d-20,60d" 81,60
1,524 mm 30° F=-9.39+26.21d-15.56d" 63.49

FORCA s DENSIDADE BASICA [g/cm’]+ ANGULO DE SAIDA [rad]+ ESPESSURA [mm]

EQUACAO de FORCA [N/mm]

R (%)

=-27.84+18.90d+81.69v-2,90h-9.62d"-71,90v"

84,51




Tabela 4.6: For¢a normal média em corte 90°-0° tangencial

Tipo de forca: FORCA NORMAL MEDIA

Tipe de corte: CORTE 90-0° TANGENCIAL

FORCA x ESPESSURA {mm]
ESPECIE Y EQUACAQ de FORCA [N/mm] R(%)
Citriodora 10° F=-3 34-5 38h 58.89
Saligna 10° F=-2.61-8 53h 87.60
Grandis PR, B T e 7, e N B WA A A
Citriodora 20° F=-2.19+1,92h 24.19
Saligna 20° F=-1.26-1.06h 20.63
Grandis 20° F=-163-1,32h 47,65
Citriodora | 30° F=-0.82+3.33h 34,36
Saligna 30° F=0,03+1,11h 4521
Grandis 30° =-0,89+0.55h B 5.09

FORCA x DENSIDADE BASICA [g/cm’]

ESPESSURA a EQUACAQ de FORCA [N/mm] ' R* (%)
0,381 mm 10° F=-6.15+0,97d 3.07
0,762 mm 10° F=0.48-30,54d+24.03d" 30,12
1.143 mim 10° F=6.88-61 44d+47.82d" 53.58
1,524 mm 10° F=0 6(0-79 47d+62.24d" 6421

E
0,381 mm 20° F=-2.29+0 94d 6.41
0,762 mm 20° F=-4 80-+4,66d 31,03
1,143 mm 20° F=-6,40+7,24d 67.87
1,524 mm 20° F=-7,73+9.31d 72,33

L0381 mm 30° F=.7.66+23.06d-13,83d 29.08
0,762 mm 30° Fm( (710.51- 8.3 4173947 3921
1,143 mm 30° F=1q (-6 0-13 T d-5.654% 67,71
1.524 mm 30° =.3 62+8,72d 51.75

FORCA x DENSIDADE BASICA [g/em’|+ ANGULO DE SAIDA [rad}+ ESPESSURA |mm]

EQUACAO de FORCA [N/mm] R(%)

F=-19.00-8,58d+84 36y-1,73h+9.71d"-77,85y 8231




Tabela 4.7: Forca normal média em corte 90°-90° radial

Tipo de forca: FORCA NORMAL MEDIA

Tipo de corte: CORTE 90-90° RADIAL

FORCA x ESPESSURA [mm]

ESPECIE v EQUACAOQ de FORCA [N/mm] R* (%)
Citriodora 20° F=189+19 06h°-4 44h° 95,3
Saligna 20° F=-3,66+8,30h-2,56h" 73.82
Gmﬂdis '\GO SN FR F“”1,92'2,3'6h ....... 33-75
Citriodora 30° F=-4 96+34 73e-4.08h" 99 17
Saligna 30° F=-1,96+9,93h 96.38
Grandis 30° F=-4 9249 68h-3,59h" 34,44
Citriodora 40° F=-3.26+4] 64h-4.37h" 98,27
Saligna 40° F=-3 63+21,36h-3 28" 96135
Grandis 40° F=-1.76+6.65h 42.16

FORCA x DENSIDADE BASICA [g/cm’]

ESPESSURA y EQUACAO de FORCA [N/mm] R (%)
0,381 mm 20° F=-8,91+14.61d 94.98
0.762 mm 20° =-15.93+29 81d 96,70
1.143 mm 20° F=-23,72+46,67d 98.61
1.524 mm 20° F=-27.77+54.33d 9841
0,381 mm 30° F=-13,10+32.12d-1041d° 9731
0.762 mm 30° F=-15.27+37.45d 98.07
1.143 mm 30° F=-20.86+54 40d 98,78
1.524 mm 30° F=-28.15+72 56d 98.63
0.381 mm 40° F=-8 40+21 94d 97,39
0.762 mm 40° F=-14.96+45,27d 98,51
1.143 mm 40° F--18.19461.12d 92.03
1,524 mm 40° F=.25.74+82.75d 98,99

FORCA x DENSIDADE BASICA [g/cm’] + ANGULO DE SAIDA [rad]+ ESPESSURA [mm]

EQUACAOQ de FORCA [N/mm] R¥(%)

F=-48 81+44 91d+36,15y+12.42h 84,31




Tabela 4.8: For¢a normal média em corte 90°-90° tangencial
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Tipo de forca: FORCA NORMAL MEDIA

Tipo de corte: CORTE 90-99 TANGENCIAL

] FORCA x ESPESSURA [mm]
ESPECIE ¥ EQUACAQ de FORCA [N/mm] R*(%)
Citriodora 20° F=exp(-0,68+6,06h-2.73h%) 72.66

Saligna 20° F=-2.75+4.04h 64.33
Grandis T S B2 T0-0A6h e 3,03

Citriodora 30° F=exp(0.67+3.58h-1,12h%) 90,07
Saligna 30° F=-3.03+10.94h 83.96
Grandis 30° F=-2.37+3.53h 58.43

]

Citriodora 30° | F=exp(1.02+3,36h-1.020°) 93,57
Saligna 40° =2 70+14.11h 86.70
Grandis 40° F=-246+6,11h 72,29

FORCA x DENSIDADE BASICA |[g/em’]

ESPESSURA Y EQUACAOQ de FORCA [N/mm] R*(%)
0,381 mm 20° F=-4,39+10,35d" 95,57
0,762 mm 20° F=-6,69+21,23d" 97.20
1143 mm 20° F=-21,05+41.66d 96,63
1,524 mm 20° F=-24,14+49.25d 97.73 5
0,381 mm 30° F=-7,63+16,00d 96,75
0,762 mm 30° F=-14,54+34,85d 97,04
1.143 mm 30° F=-20,53+52,79d 98 02
1,524 mm 30° F=-24.46+66,82d 97.21
0.381 mm 40° F=-7,51+18,13d 97.95
0,762 mm 40° Fao |0 (6765254 165 a%) 92.06
1,143 mm 40° F=-20.85+60,28d 97.42
1.524 mm 40° | F=-26,12+79.49d 97.92

FORCA x DENSIDADE BASICA [g/cm’] + ANGULO DE SAIDA frad] + ESPESSURA [mm]

EQUACAO de FORCA [N/mm]

R*(%)

=-10,97+2 17(d+v+h)

71,4




Tabela 4.9: For¢a paralela maxima em corte 90°-0° radial
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Tipo de forca: FORCA PARALELA MAXIMA

Tipo de corte: CORTE 96-0 RADIAL

FORCA x ESPESSURA [mm]

ESPECIE y EQUACAO de FORCA [N/mm] RY(%) | CVgea(%)-
Citriodora 10° F=exp(2,79+2.10h-0,52h°) 96,42 2,30
Saligna 10° F=exp(2.25+2,48h-0,70h°) 95.67 2,60

I T Grandis S ‘EOD F=8Xp(2-@6+2,34h-0_66h:) 9523 7
Citriodora 20° F=exp(2,59+2.14h-0.61h°) 9407 2.46
Saligna 20° F=exp(2,10+2,45h-0,68h") 96.73 2.72
Grandis 20° F=exp(1,78+2.43h-0.70°) 96,76 2.90
Citriodora 30° F=exp(2,43+1.67h-0.361") 88.73 3.81
Saligna 30° F=exp(1,99+2.30h-0.64h") 96.71 2.87
Grandis 30° F=106+23.06h 95,06 9,62

FORCA x DENSIDADE BASICA[g/cm’)

ESPESSURA ¥ EQUACAO de FORCA [N/mm] R¥ (%) | CVgeg{%)-
0,381 mm 10° F=exp(2,34+1,27d) 86,8 3,17
0,762 mm 10° F=exp(2,33+3.47d-1.67d") 88.58 2,63
1.143 mm 10° F=exp(2,60+3,86d-1,97d°) 87.03 2,40
1,524 mm 10° F=-16.65+218.18d-73.93d" 9121 9,14
0.381 mm 20° F=exp(1,38+3.70d-1,73d") 89.23 3.39
0.762 mm 20° F=exp(l.83+4.53d-2.49d°) 89,65 2,79
1.143 mm 20° F=exp(2,01+3.19d-3.01d") 89,69 2.54
1.524 mm 20° F=exp(0,53+10.24d-6,49d") 94,52 2.43
0.381 mm 30° F=-16.68+86,56d-50, 564" 89.63 925
0,762 mm 30° F=exp(0,75+7,37d-4.73d") 82,75 3,05
1.143 mm 30° F=exp(1,00+7 84d-5.17d") 85.65 2.74
1.524 mm 30° F=exp(1,46+7,10d-4.57d") 74,80 3.62

FORCA x DENSIDADE BASICA [g/cm’] + ANGULQ DE SAIDA [rad]+ ESPESSURA [mm]

EQUACAO de FORCA [N/mm]

R*(%)

CViga(%)

=exp(0.57+5,20d+2.50h-0.54v-3.02d°-0 63h°-1.30v")

96,2

2,75




Tabela 4.10: Forca paralela mixima em corte 90°-0° tangencial
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Tipo de forca: FORCA PARALELA MAXIMA

Tipo de corte; CORTE 96'-0 TANGENCIAL

FORCA x ESPESSURA Jmm]
ESPECIE ¥ EQUACAO de FORCA [N/mm] . RY(%) | CVrea(%)-
Citriodora 10° F= exp(2.56+2.28h-0.621°) 9652 | 220
_Saligna 10° | F=exp(2,32+2.17h-0,54h") 92.86 3,63
Grandis L CFexp(2.07+ 1,94h=0,48h7) e L 9751 L .. 2.79 .
i
Citriodora 20° | F=exp(2,40+2.36h-0,69h°) 19627 2.29
Saligna 20° F=exp(2,00+2.50h-0,70h%) F 9636 2,77
Grandis 20° F=exp(1.80+2,22h-0, 60h%) 9485 3,05
i
Citriodora 30° Frexp(2,37+2.07h-0.62h") | 9273 2.73
Saligna 30° F=exp(1.87+2.34h-0,68h°) {9673 2,49
Grandis 30° ] F=exp(1.61-+2,18h-0,61h") | 9797 | 209
FORCA x DENSIDADE BASICA[g/cm’]

ESPESSURA Y EQUACAO R® | CVgee(%)-
0.381 mm 10° F=-14.35+92.67d-50.33d" 76,32 13,47
0,762 mm 10° F=-32 20+ 182.50d-97.40d" 82,71 12.47
1,143 mm 10° F=-67,72+337.26d-196 41d° L8721 1037
1,524 mm 10° F=-96.32+468.95d-277.92d° 86,31 | 10653
0,381 mm 200 F=3.66d-2,10d" | 8110 12.81
0,762 mm 20° | F=-21.52+138,08d-97 40d° | 8937 9.06
1,143 mm 20° F=-40,68+ 238,09d-133,62d" 86,82 9,61
1,524 mm 20° F=-35 55+325.30d-191.384" 83,10 10,20

% ]
0381mm | 30° F=149+22 17d 9382 | 770
0762mm | 30° F=-13.93+97 40d-44.92d° 89.82 943 |
1,143 mm 30° F=-17.61++136.43d-68.35d" 81,19 11,76
1,524 mm 30° | F=-30,42+201.60d-111,68d" 76.58 12,75

FORCA x DENSIDADE BASICA [g/cm’] + ANGULO DE SAIDA [rad] + ESPESSURA [mm]

EQUACAQ

RZ

| CVrec(%)-

F=exp(1,76+1.21d+2 22h-1, 16y-0.6 1h")

!
}

93.86

H

]

3.96

|
|




Tabela 4.11: Forca paralela maxima em corte 90°-90° radial
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Tipo de forca: FORCA PARALELA MAXIMA

Tipo de corte: CORTE 9690 RADIAL

FORCA x ESPESSURA [mm]

ESPECIE ¥ EQUACAO de FORCA [N/mm] R(%) | CViapa(Yo)-
Citriodora 20° F=-3,44+210,28h~46 37h" 97.88 537
Saligna 20° F=7.48+87,46h 98,19 5.64
Grandis A § A E—— =E?&"p(2,31+3,98h-1,'71112“’?*0,41111) ‘}7,85 1,79
Citriodora | 30° F=4,36+122 96h 99,06 4.25
Saligna 30° F=exp(2.19+4,70h-3,73h+1.16h") 98,58 1,30
Grandis 30° F=exp(2,10+3,26h-1 81h°+0.40h°) 98,48 1.48
Citriodora 40° F=6,29+103.75h 98.42 5,39
Saligna 40° =exp(1,97++4,68h-3 40h°+0,94h°) 97.51 1,76
Grandis 40° F=exp(2,11+2.20h-0.60h%) 96,40 2.82

FORCA x DENSIDADE BASICA [g/cm’]

ESPESSURA Y EQUACAQ de FORCA [N/mmj R (%) | CVgee(%o)-
0,381 mm 20° F=exp(1.80+4_33d-1 82d°) 93,60 2,68
0,762 mm 20° F=exp(2,09+3,38d-2.56d") 97,45 1,63
1.143 mm 20° F=-70,46+397.4d-140,45d" 98,68 447
1.524 mm 20° F=exp(2.76+3.464-2.89d°) 97,72 1,11
0,381 mm 30° F=exp(0,92+6.47d-3,53d%) 96,87 2.03
0,762 mm 30° F=exp(1,39+6,38d-3,37d") 97,68 1.54
1.143 mm 30° F=-15.90+172,37d 98,29 5.32
1,524 mm 30° F=-127,54+579,65d-251.07d" 98,98 4,24
0,381 mm 40° F=exp(1,11+5.38d-2.65d°) 96,41 2,33
0,762 mm 40° F=-48.02+233,06d-95.09d" 96,87 7.28
1,143 mm 40° =.15,58+153.33d 98.35 6.62
1,524 mm 40° F=exp(2.35+3,17d-2.384) 97.64 1,55

FORCA x DENSIDADE BASICA [g/cm’] + ANGULO DE SAIDA [rad] + ESPESSURA [mm]

EQUACAO de FORCA [N/mm]

R(%)

CVrea(%)

F=cxp(l.23+5.82d-2 18y+2 26h-2 95d°+1.03y°-0 631°)

98.61

1,84
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Tabela 4.12: Forca paralela maxima em corte 90°-90° tangencial

Tipo de forca: FORCA PARALELA MAXIMA

Tipo de corte: CORTE 90-90' TANGENCIAL

' FORCA x ESPESSURA [mm] |
ESPECIE ¥ EQUACAO de FORCA {N/mm] R:(%) | CVgpe(%)-
Citriodora 20° F=-10,84+202.13h-31.28h° 94,77 9.87

Saligna 20° F=exp(2.74+2,13h-0,51h%) 83,03 3,29
" Grandls 200 ----- - erﬁfp(2434”194h-045h2) ...... [ S— 93.98 2_64
Citriodora 30° F=exp(2.89+2,69h-0.78h") 95,96 2.17
Saligna 30° F=exp(2,17+3,15h-0,94h°) 87,72 5,39
Grandis 30° F=exp(2.35+1,83h-0,42h°) 95,73 275
Citriodora 40° F=exp(2.66+2.73h-0.81h°) 96,17 2.28
Saligna 40° F=exp(2,42+1.770-0,34h°%) 95,10 2.67
Grandis 40° F=exp(2,28+1.68h-0.38h°) 9338 2.88

FORCA x DENSIDADE BASICA [g/cm’]

ESPESSURA Y EQUACAO de FORCA [N/mmj T R%) | CVgee(%)-
0.381 mm 20° F=exp(1.72-+3,81d-1,25d") 96,79 2.81
0.762 mm 20° F=exp(2,04+4.57d-1.64d°) 85,30 4,77
1.143 mm 20° F=exp(1.89+6,36d-2,96d") 94.16 3,09
1.524 mm 20° F=exp(2.32+6,09d-2.93d") 93 46 2,06
0.381 mm 30° F=exp(2,26+1.71d) 96,70 1.90
0,762 mm 30° F=exp(1,99+4.31d-1,66d") 97.24 2,52
1.143 mm 30° =-31.44+189.34d 97,59 7,10
1.524 mm 30° F=exp(2,92+3,34d-0.91dY) 9723 | 153
0381mm | 40° F=12,35+29.30d" 96,82 6,00
0.762 mm 40° F=-14,93+96.66d | 9434 10,73
1,143 mm 40° F=exp(2.33+3,78d-1,26d%) 97,53 1.70
1,524 mm 40° F=exp(2.42+4,39d-1.73d%) 97,21 5,06

FORCA x DENSIDADE BASICA jg/cm’} + ANGULO DE SAIDA [rad]+ ESPESSURA [mm]

EQUACAO de FORCA [N/mm] | RA%) | CVre(%)
F=exp(2,15+2.23h-1,23y+4,94d"-0,59h"-3.23v) | 9725 2.45
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Tabela 4.13: Forca paralela média em corte 90°-0° radial

Tipo de forca: FORCA PARALELA MEDIA
Tipo de corte: CORTE 90-0' RADIAL
FORCA x ESPESSURA [mm]

ESPECIE ¥ EQUACAQ de FORCA [N/mm] R*(%) | CVrpa(%o)-
Citriodora 10° F=exp(2,66+2,19h-0.64h") 91,11 3.49
Saligna 10° F=exp(0,67+9.03h-9 25h*+3,18h") 94,34 2.78
-------------------- Grandis 10° F=exp(1,93+2,244-0,62H) o 9544 1 296
Citriodora 20° F=exp(2.79+1,10h-0,40h%) 33.7 6.48
Saligna 20° F=exp(1,95+2.51h-0,80h") 956 2.88
Grandis 20° F=exp(1,19+4,34h-3,03h°+0.83h°) 96,96 3,16
Citriodora 30° erxp(2,27+0,67h-0,11h3} 52.41 7.14
Saligna 30° F=exp(0,80+7.04h-7, 14h*+2, 18h") 42,64 6,28
Grandis 30° F=exp(1,35+2.43h-0,75h°) 92,22 4.96

FORCA x DENSIDADE BASICA [g/cm’]

ESPESSURA ¥ EQUACAO de FORCA [N/mm] R (%) | CVgec(%)-
0.381 mm 10° F=exp(0,67+7,26d-3,71d") 69,10 5,20
0,762 mm 10° F=exp(2,03+3.85d-1,89d%) 89.61 2,76
1,143 mm 10° F=exp(2,54+3,33d-1.56d%) 84,94 2,52
1,524 mm 10° F=exp(2,55+4,22d-2.28d") 74,01 3.37
0.381 mm 20° F=exp(0,95+4,69d-2,33d") 85.27 3,58
0.762 mm 20° F=exp(1,24+6,22d-4,13d°) 61,99 4,23
1,143 mm 20° F=exp(l.19+7.89d-5.91d%) 53,13 3,99
1,524 mm 20° F=exp(1,92+6,34d-4 48d") 56,88 3.79
0,381 mm 30° F=exp(-0.21+8.05d-3,53d") 64,44 5.84
0.762 mm 30° F=exp(1,3+3.35d-4,15d°) 38,45 6,12
1,143 mm 30° F=exp(4,96-6,35d+4, 48d°) 33,97 6,80
1,524 mm 30° F=exp(7.01-12,90d+9 32d%) 66,00 6.64

FORCA x DENSIDADE BASICA [g/cm’] + ANGULO DE SAIDA [rad] + ESPESSURA [mm]

EQUACAOQ de FORCA [N/mm] R (%) [ CVrea(%)-
i F=exp(1.18+3.16d+0.70y+2.35h-2.07d"~4.39y"-0,79h°) 7788 | 868




Tabela 4.14: Forca paralela média em corte 90°-0° tangencial
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Tipo de forca: FORCA PARALELA MEDIA

Tipo de corte: CORTE 96 -6 TANGENCIJAL

FORCA x ESPESSURA [mm]

ESPECIE Y EQUACAO de FORCA [N/mm] R (%) | CVgee(%)-

Citriodora 10° F=exp(2,09+3.68h-2,29h°+0,57h%) 95 2] 2,56
Saligna _ 10° F=5,33+38.01h 92,13 11,54
Grandis [ o0 Feexp(1,97+1,87Th=0,45h=y 95.08 308

Citriodora 20° F=exp(1,80+4.23h-3,00h°+0,76h%) 86,10 473
Saligna 20° F=exp(1,84+2.69h-0,95h%) 92,46 2,97
Grandis 20° F=exp(1,69+2.18h-0,61h%) G3,63 3,24

Citriodora 30° F=exp(2.66+0,33h) 41.66 8.37
Saligna 30° F=exp(1,44+3 95h-3,28h"+0,95h") 87,36 3.40
Grandis 30° F=exp(1l,55+1,98h-0.73h%) 83,71 3,82

FORCA x DENSIDADE BASICA [g/cm’]

ESPESSURA Y EQUACAO de FORCA [N/mm] RY(%)  CVgea(%)-
0,381 mm 10° F=exp(0 91+5,38d-3,15d%) 0.9 3.42
0,762 mm 10° F=exp(1.28+5,87d-3.38d") 84,86 2.87
1.143 mm 10° F=exp(1,38+6,77d~4,06d°) 89,99 2,59
1.524 mm 10° F=exp(1,55+1,98d-0,75d%) 89,88 2.18
0.381 mm 20° F= exp(0,93+4,61d-2.53d5) 78,02 5.20
0.762 mm 20° F=exp(1.24+5.60d-3,25d°) 8623 | 299
1,143 mm | 20° F=exp(1.73+3,16d-3,05d") 76,04 | 3.89
1524mm | 20° F=exp(3,66-12.71d+23,92d°-13,02d°) 64.28 4,33
0,381 mm 30° F=exp(0,83+4,28d-2,34d") 86,22 3,81
0762 mm | 30° F=exp(1.50+3,63d-1,96d4°) 6302 | 591
1,143 mm 30° F=exp(2,45+0.98d) 50,54 6,51
1,524 mm 30° F=exp(2,49+1,04d) 4537 7.80

FORCA x DENSIDADE BASICA {g/cm’] + ANGULO DE SAIDA [rad] + ESPESSURA [mm]

EQUACAO de FORCA [N/mm]

RY(%)

CVirc(%)

F=exp(0.46+4,79d+2.09h+0,92y-2.71d"-0 66h™+4.13+%)

90,43

3.26




Tabela 4.15: Forg¢a paralela média em corte 90°-90° radial
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Tipo de forca: FORCA PARALELA MEDIA

Tipo de corte: CORTE 90°-90° RADIAL

FORCA x ESPESSURA [mm]

ESPECIE ¥ EQUACAOQ de FORCA [N/mm] R*(%) | CVgee(%e)-

Citriodora 20° =4 76+173,35h-36,56h" 98.27 5.00
Saligna 20° F=exp(2,30+3,64h-2A02h2+{},46i1f) 99 08 4.12
Grandis 20 F=exp(2,10+2,92h-1,47h*+0,33h") 98,59 1.69

Citriodora 30° F=-49.86+85, 17exp(h)-33,19exp(hy+4, 46exp(h’) 99,41 3.42
Saligna 30° F=-27 94+51 60exp(h)-22.22exp(h")+3,3%exp(h’) 98,76 5.18
Grandis 30° F=-13.44+26 42exp(h)-8 48exp(h”)+0 94exp(h) 99,08 3,88

Citriodora 40° F=-40.11+69,69exp(h)-24 68exp(h)+2 6%exp(h’) 99,29 3,60
Saligna 40° F=exp(1,65+4.68h-3.27h"+0 88h"°) 98,57 1.58
Grandis 40° F=exp(1,89+2.11h-0,56h") 98,69 1.66

FORCA x DENSIDADE BASICA. [g/cm’]

ESPESSURA ¥ EQUACAOQO de FORCA [N/mm] R(%) | CVgea(%)-
0.381 mm 20° F=exp(1.63 +4.02d-1.34d") 97,70 1,82
0.762 mm 20° F=exp(1,76+5.69d-2,75d") 98,47 1.33
1,143 mm 20° F=exp(2,03+6,20d-3.25d%) 99,20 0,70
1,524 mm 20° F=exp(2,33+6,21d-3,43d") 98,20 0.94
0.381 mm 30° F=exp(1,06+5.38d-2.70d7) 98,38 1.38
(0,762 mm 30° F=exp(1,46+6,10d-3,12d%) 98,18 1.41
1.143 mm 30° F=exp(1,99+3,35d-2.57d") 9929 0,73
1,524 mm 30° F=exp(1,34+8,47d-4.82d°) 99,37 0.73
0.381 mm 40° F=exp(1,25+3,99d-1,56d") 98,57 1.78
0,762 mm 40° F=exp(1.05+6.65d-3.44d°) 98,51 1.48
1.143 mm 40° F=exp(1.69+3.74d-2.79d") 99.13 1.10
1.524 mm 40° F=exp(1.84+6,07d-3,01d) 99,13 1,03

FORCA x DENSIDADE BASICA {g/cm’] + ANGULOQ DE SAIDA [rad] + ESPESSURA [mm]

EQUACAOQ de FORCA [N/mmj

R*(%)

CVree(%0)

F=exp(0,99+5,82d-2,22y+2,29h-2 92d°+0,98y™-0,36h")

99.08

1,58




Tabeia 4.16: Forga paralela média em corte 90°-90° tangencial
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| Tipo de forga: FORCA PARALELA MEDIA

Tipo de corte: CORTE 90-90 TANGENCIAL

1

_ FORCA x ESPESSURA [mm)] |
ESPECIE Y EQUACAQO de FORCA [N/mm] RY(%) | CVgpa(%)-
Citriodora 20° F=-14 43+181,11h-29 54k’ 95,79 903
Saligna 20° F=axp(2.37+2,17h-0,51h") 84,54 547
Grandis .20° Fzexp(1.90+3.660-2 441°+0 680°) 94,42 272
Citriodora 30° F=exp(2.70+2,721-0,79h) 96,85 226 |
Saligna | 30° F=exp(2.17+2.630-0,79h") 94,80 262
Grandis 36° F=exp(2.23+1 79h-0 40 94 93 283
Citriodora 40° F=exp(2.45+2.80h-0,84h™) 96,42 2.38
Saligna 40° F=exn(4,68-7.63h+8 68h-2.63h°) 95.87 3,11
| Geandis | 40° | F=exp(2, 18+1.620-0,361") 94,00 3.00
FORCA x DENSIDADE BASICA [g/cm’]
ESPESSURA Y EQUACAQ de FORCA {N/mm] RY(%) | CVrec(%)-
| 0381mm 20° F=exp(},07+3,23d4-2,30d") 9523 2,84
' 0.762 mm 20° R L 83.52 0,31
- 1143 mm 20° F=-39 42+215 36d 93 86 9.73
1,524 mm 20° F=-96.02+453 90d-130,29d" 94 98 9,79
0,381 mm 30° F=exp(2,19+1,59d) 95,99 199
0.762 mm 30° F=exp(1.93+4 06d-1 56d7) 96.61 2.03
1.143 mm 30° F=-23,93+157.64d 97,52 5.98
1,524 mm 30° F=exp(2,77+3.44d-1,04d") 96,77 1,73
0.381 mm 40° F=11,20+2283d° 96,34 5.98
| 0762 mm 40° F=13.17+39,03d” 94,44 10,49
1,143 num 10° F=exp(2,135+3.90d-1,40d") 97.08 1.77
1.324 mm a° 1 F=-20,17+154 3584 97,01 6.30

FORCA x DENSIDADE BASICA Jg/em’] + ANGULO DE SAIDA [rad] + ESPESSURA [mm]

EQUACAQ de FORCA [N/mmj

1

RY(%)

CV¥rea(%)

Feexp(1,28+3,79d-1,27v+2 3 Lh-1.33d>-0,62h°)

|

96.98

2354 |
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A seguir, 580 apresentados alguns graficos que exemplificam o comportamento

dos modelos gerados através das regressdes com relaciio aos dados experimentals:

FNMAX x ESPESSURA (a=30%; CITRIODORA 9C°.
0°RD) R?=91,40% CV=12,32% [FN=-0,29+8,18e-
17378%

N

1=

FORCA NORMALIN/mim}

s

Bk

1 13

ESPESSURA [mm]

Figura 4.1 - FNMAX x ESPESSURA ~ 90°-0° radial

FNMAX x DENSIDADE {e=0,762mm; a=30° - 90°-
0°RD) R*=93,41% CV=25,92% [FN=.11,67+34,38d-
17,83d%)
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Figura 4.2 - FNMAX x DENSIDADE BASICA — 90°-0° radial



FMAX x ESPESSURA (a=30°; CITRIODORA - 90°-
0°TG) R?=80,76% CV=17,75% [FN=exp(-0,45+3,54e-
1,15e%]
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Figura 4.3 - FNMAX x ESPESSURA ~ 90°-0° tangencial

FNMAX x DENSIDADE {2=0,381mm; 2a=30° - 90°-
0°TG) R=84,79% CV=102,23% [Fh=1 89+4,024d}
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Figura 4.4 - FNMAX x DENSIDADE BASICA — 90°-0° tangencial



FAIMAX x ESPESSURA {a=30°; CITRIODRA - 90°-
90°RD) R%=98,70% CV=5,50% [FN=-4,32+42,22e-

3,777
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Figura 4.5 - FNMAX x ESPESSURA - 90°-90° radial

FNMAX x DENSIDADE {2=1,143mm; 2=20° - 90°-
90°RD) R*=98,83% CV=12,27% [FN=-
24,23+55,23d]
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Figura 4.6 - FNMAX x DENSIDADE BASICA - 96°-90° radial



FNWMAX x ESPESSURA (2=40°; CITRIODORA - 80°-
90°TG) R2=50,68% CV=15,76% [FN=-3,56+38 65¢]
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Figura 4.7 - FNMAX x ESPESSURA — 90°-90° tangencial

FINVAX, x DENSIDADE (e=1,524mm; a=40° - 90°-00°TG
RE=97,70% CV=10,43% [F=-32,09+9%,24d]
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Figura 4.8 - FNMAX x DENSIDADE BASICA — 90°-50° tangencial
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FRMD x ESPESSURA (a=10°; CITRICDORA -
90°-0°RD} R2=55,34% CV=26,13% [FN=-3,64-

§,85¢e]
0 .
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Figura 4.9 - FNMD x ESPESSURA - 90°-0° radial

FNMD x DENSIDADE (e=1,524mm; a=20% - 90°-
C°RD} Rzﬂﬁ?ﬁﬁ% CV=23,81%[FN=-10,84+11,08d]
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Figura 4.10 - FNMD x DENSIDADE BASICA ~ 90°-0° radial



FNMD x ESPESSURA { a=10°% SALIGNA - 30°-0°TG)
R%=87,60% CV=12,90% [FN=-2,61-8,53¢]
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Figura 4,11 - FNMD x ESPESSURA - 90°-0” tangencial

FNMD x DENSIDADE {e=1,143mm; a=20° - 90°-
0°TG) R?=67,87% CV=55,32% [FN=-8,40+7,24d]}
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Figura 4.12 - FNMD x DENSIDADE BASICA - 90°-0° tangencial



FNMD x ESPESSURA {a=40% CITRIODORA - 80°-
90°RD) R?=98,27% CV=6,07% [FN=-3,26+41,64e-

4,37a%
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Figura 4.13 - FNMD x ESPESSURA - 90°-90" radial

FNMD x DENSIDADE {2=1,524mm; a=40° - 90°-

S0°RD) R7=08,99% CV=13,76% [FN=-25,74+82,754d]
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Figura 4.14 - FNMD x DENSIDADE BASICA - 90°-90° radial



FNMD x ESPESSURA (a=40°; CITRIODORA - 90°-
90°7G) R%=93,57% CV=5,57% [FN=exp{1,02+3,38e-

1,028%]
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Figura 4.15 - FNMD x ESPESSURA - 90°-90° tangencial

FNMD x DENSIDADE {e=1,143mm; 2=30° - 90°-
36°TG) R2=98,02% CV=12,21% [FN=-20,33+52,734]
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Figura 4.16 - FNMD x DENSIDADE BASICA — 96°-90° tangencial
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FPMAX x ESPESSURA (2=30°; SALIGNA - 90°-
90°RD) R*98,58% CV=1,30% [FP=exp(2,19+4,70e
3,73e%1,18e%]
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Figura 4.17 - FPMAX x ESPESSURA ~ 90°-8° radial

FPMAX x DENSIDADE (e=1,143mm; 2=20° - 30°-
90°RD) R*=98 ,88% CV=4 47 % [FP=-70,46+397,40d-
140,45d9
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Figura 4.18 - FPMAX x DENSIDADE BASICA - 50°-0° radiai



FPMAX x ESPESSURA {a=30%; GRANDIS - 96°-
0°TG) R*27,97% CV=2,09% [FP=exp(1,61+2,18e-
0,61a% -
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Figura 4.19 - FPMAX x ESPESSURA — 90°-0° tangencial

FPMAX x DENSIDADE {e=0,381mm; a=30° - 50°-
09T 2293 82% CV=7,70% [FP=1,49+22,174]
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Figura 4.20 - FPMAX x DENSIDADE BASICA - 90°-0° tangencial
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FPMAX x ESPESSURA (a=30°; SALIGNA - 90°-
H0°RE) R?=08,58% CV=1,30% [FP=exp(2,19+4,70e-
3,73e%1,188%)]

160

40

120

B
£
=S
% o s FP{ENSAID)
hu

30 :
= —— P 4
T s (REGRESSAD) :
o ;
g
5 o
i

20

u]

& 93 t 13 2

ESPESSURA [mim}

Figura 4.21 - FPMAX x ESPESSUA - 90°-90° radial

FPMAX x DENSIDADE (2=1,143mm: a=20° - 90°-
90°RD) F*=98,58% CV=4,47% [FP=.70,46+397,40d-
140,459
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Figura 4.22 - FPMAX x DENSIDADE BASICA ~ 90°-90° radial
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FPMAX x ESPESSURA {a=40°; CITRIODORA - 90°-
30°TG) R*=96,17% CV=2,28% [FP=exp(2,66+2,7 3e-
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Figura 4.23 - FPMAX x ESPESSURA — 90°-90° tengencial

FPMAX x DENSIDADE {2=1,143mm; a=30° - 30°-
20°TG) R*=97,59% CV=7,10% [FP=-31,44+189,34d]
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Figura 4.24 - TPMAX 1 DENSIDADE BASICA — 90°-90° tangencial
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FPMD x ESPESSURA {a=20°; CITRIODORA - 30°-
0°RD} R?=33,7% CV=6,48% [FP=exp(2,79+1,10e-
0,408%)]
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Figura 4.25 - FPMD x ESPESSURA - 90°-0 radial

FPMD x DENSIDADE {e=0,381mm; a=20" - 50°-
0°RD) R%=83,27% CV=3,58% [FP=exp{0,85+4,694d-
2,5389]
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Figura 4.26 - FPMD x DENSIDADE BASICA - 90°-0° radial
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FPMD x ESPESSURA (a=10°; CITRIODORA - 90°-
0°TG) RP=95,21% CV=2,56% [FP=exp(2,09+3,68e-
2,292%+0,572%)]
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Figura 4.27 - FPMD x ESPESSTRA - 90°-0° tangencial
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R%=86,23% CV=3,80% [FP=exp(1,24+5,80d-3,25¢2)]
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Figura 4,28 - FPMD x DENSIDADE BASICA — 90°-0° tangencial
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FPMD x ESPESSURA (a=40°; CITRIODORA - 90°-
90°RD) R*=99,29% CV=3,60% [FP=-
40,11+69 89exp{e)-24,88exp{e’)+2,59exp(e%)]
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Figura 4.29 - FPMD x ESPESSURA - 990°-90° radial

FPMD x DENSIDADE {o=1,143mm; a=30° - 96°-
90°RE) R%=99,29% CV=0,75% [FP=exp(1,99+5,35d-

2,57d%]
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Figura 4.30: FPMD x DENSIDADE BASICA - 90°-90° radial
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Figura 4.31 - FPMD x ESPESSURA — 90°-90° tangencial
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Figura 4.32 - FPMD x DENSIDADE BASICA - 90°-90° tangencial
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4.2 Comparacdo entre médias de forcas paralelas tangenciais e radiais em
gorte 90°-0°

Com valores das forgas paralelas obtidas nas direc3es tangencial e radial, segundo
a metodologia descrita no item 3.2.3, foram obtidos os intervalos de confianga (IC) do
teste de comparac@o de medias. Estes valores sdo apresentados nas tabelas 4 17 (corte
_ 9(}090} 64 ls(comegco‘%o) T T T T T T N

Tabela 4.17: Resultados de teste “t” para comparacio de médias no corte 90°-0°

ESPECIE ¥ ESPEISLRA LC. - TESTE “¢” LC.— TESTE “t”
[remy] SIMPLES PAREADO
0,381 0.72-0.36 0,72 -0.36
0,762 124 -0.54 -1,28 -0,50
CITRICDORA 1,143 -1.82 -0.79 -1.86 -0.76
1,524 2,73 -1.70 2,76 ~1.67
Semn definigio 2,30 -0,28 1,49 099
0.381 024021 0,23 40,20
. 0,762 0,39 =039 0,62 -0.01
SALIGNA 1o 1143 20.73 +0.08 0,68 -0,008
1.524 -0,88 <037 091 ~0.40
Sem definicio G596 ~0.50 8,43 -0.03
0,381 0,29 0,07 031 0,05
0.762 0.77-0.39 081 -0,34
ORANDIS 1,143 113 -D.57 -1.18 0,52
1.524 -1.34 061 7140 70,36
Sem defini¢io -1,12-0.17 -0,80 -49
0381 0,31 -0.17 0,330,135
0,762 026 028 0,71 0,02
CITRIODORA 1,143 3,84 +0,007 0,91 +0.03
1,324 -1.08 +0,10 1,11 +0,13
Sem definigic J112 +0,31 0,61 0,19
0,381 028 0,01 0,28 -0.03
. 0,762 0,47 0,10 0,49 0,08
SALIGNA 20 L143 0,56 +0.04 0,52 +0,003
1,524 0,81 -0.01 -0.85 +0.03
Sem definicio -0,88 +0,33 -0,41 0,14
0,381 0,19 +0.12 0,21 +0,14
0,762 037 0,12 235 +7 64
GRANDIS 1,143 0,40 0,04 0,42 0,02
1.524 0.54 +0,10 058 -0 14
Sern definicio 3,60 +0,24 : -0,2% +-0,07
0,381 0,006 +0.22 0,02 +0,25
0,762 TO;OS -1-(151 ’70,04 fﬂ,ﬁs
CITRICDORA 1,143 .09 056 0,13 +0.72
1,524 -1.85 +0.39 -1,08 +0.41
Setn definicio 5,42 0,63 -0,12 ~0,33
0,381 025 -0,10 026 009
R 0,762 .44 513 0,44 012
SALIGNA 30 1.143 10,72 0,33 -0,81 -0,30
' 1324 -1,03 0,46 -1,04 047
Sem definiglo -0.8% 0,602 -0,53 0,33
0,381 0,03 +0,09 0,05 ~0.08
0,762 0,17 +0,06 0,17 +0,07
GRANDIS 1,143 0,29 ~0,01 0,31 0,03
1,324 20,43 0,12 0,36 —0.11
: Sem definicio -0,41 +0,18 -0,18 -0,04




SITUACAQ GERAL
ESPECIE 1LC. - TESTE “¢» LC.— TESTE “
SIMPLES PAREADO
CITRIODORA 0,99 0,03 .66 0,36
SALIGNA 068 +0.05 0,40 -0.23
GRANDIS 0,56 -0.06 0,39 024
| EUCALIFTO -0.62 ~0.14 -0.44 0,32

~Tabela 4.18: Resultados de teste ¢

ESPECIE ¥ ESPESSURA L.C. - TESTE “t” 1.C. — TESTE “t*
{mm] SIMPLES PAREADC
0,381 20,15 <0 .97 ~0.10 ~1,02
0.762 0,59 +0,58 0,56 0,55
CITRIODORA 1,143 -1,51.-0722 -1.63 0,10
1.524 2.51_1.17 2,57 -L10
Sem definicio 211 ~1.03 0,90 017
0.33] <0.12 ~0.42 0,10 +0.43
R 0,762 +0,24 +1.32 +0,18 ~138
SALIGNA 20 1143 +0.26 ~1.52 +0,22 +1,56
1.524 001 =160 0,10 ~1.69
| Sem definicio 0,40 <1.67 +0.38 ~1.00
E 0381 -0.02 +0.16 0.04 +0,18
0.762 20,04 034 0,08 +0.38
GRANDIS 1.143 0,14 +0,80 .07 +0,80
1.524 0,67 <100 0,08 ~1.14
Sem definigao 0.32 10,93 012 +0,49
0.3%1 +0.18 0,55 +0.16 +0.57
0.762 002 70,77 512 <0.87
CITRIODORA 1.143 0,85 +0.19 -0,89 0,23
1.524 0,29 ~1.17 0.30 11,19
Sem definicao 1,15 +1.58 0,03 +0.47
0.381 .29 0,52 +0.29 +0.52
R 0,762 +0,38 +0.97 +0.34 +1,00
SALIGNA 30 1,143 +0.002 ~0.69 {04 +0.35
| 1524 1,71 +2.64 I1.68 <268
! Sem definicio 0,12 +1,6% +0,66 +1.14
0.331 020005 -6.21 0,04
0.762 021 1012 0.22+0,12
GRANDIS 1,143 0,26 016 0727 +0.17
1.524 0,62 0.06 0.67 0,02
Sem definicao 0,60 +0.32 025 -0.04
0,331 ~0,52 ~0,85 .47 ~0.89
0,762 +0.51 £1.02 +0,52 1,01
CITRIODORA 1.143 $0,20 +1.30 026 1,34
1,524 +0,60 £1.7G 0,62 +1.69
Sem definicao 0,24 ~1,94 +0.65 +1.05
0.381 <0,13 ~0.33 +0.13 +0,33
o 0.762 0,99 1,38 0,07 =143
SALIGNA 40 1,143 +0.52+1.23 +0,52 41,22
1,524 +0_ 53 +1.73 +0,50 +1,47
Sem definigao 10,00 11.51 ~0.64 0,03
0.381 0.25 0.13 0,26 0,12
0.762 021 ~0.04 6,23 +0.66
GRANDIS 1143 0.14 +0.22 0,17 4025
1.524 20,33 +0.25 039 +0.33
Sem definicio -0.44 <031 0,17 +0.04

99

para comparacio de médias no corte 90°-90°
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SITUACAQ GERAL
ESPECIE 1.C. - TESTE “t” LC.~ TESTE “t~
SIMPLES PAREADOQ
CITRIODORA 066 +1.07 +0,001 +0,33
SALIGNA ©0.26 +1,30 10,67 +0,93
GRANDIS 0,28 +0,34 i 20,05 0,11
EUCALIPTO | 0,11 +0.77 i +0.25 0,42

4.3 Angulo de saida ideal para corte radial e tangencial

As tabelas 4.19 a 4.24 apresentam os resultados obtidos para os valores de angulo
ideal, de acordo com a metodologia descrita no item 3.2.2. Todos os valores
correspondem ao corte 90°-0°, tendo em vista que este angulo estd relacionado a formagéo
do cavaco tipo II e esta relacionado, ainda, com uma melhor superficie de corte, ambos os

aspectos ligados ao corte 90°-0°

Nestas tabelas sdo apresentados os valores obtidos para o dngulo ideal, segundo as

quatro metodologias descritas em 4.2.2 onde:

Método 1 — se refere aco calculo do dngulo para o qual se obtem £, = 0 (zero de fungio),
utilizando os modelos apresentados na tabelas 4.1 a 4.8. Observa-se que os valores
tabelados sio meédias dos valores obtidos, para todos os &dngulos de saida em cada

espessura de corte.

Método 2 — através do calculo do coeficiente de atrito (i) experimental. Para estes
caleulos foram utilizados os valores reais de Fn, Fp e o obtidos atraveés de ensaios
realizados por NERI (1998). Da mesma maneira que no método anterior, os valores tabela

dos representam a média dos valores obtidos para todos os angulos de saida em cada

espessura de corte.

Método 3 — através de regressdo linear, utilizando os valores de p (expenimentais e 0s
valores (T/R)) tabelados para cada espécie, obteve-se a expressdo sugerida por FRANZ

(1938), descritaem 3.2.
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Atraves da regressdo, substituindo os valores de T/R tabelados obtém-se o valor
de p. Com o valor de u, através da equagdo de STEWART (1977), obtém-se o valor do

angulo ideal. Observa-se que, neste caso, nio se distinguem as espessuras de corte.

Tabela 4.19 :Valores dos dngulos de saida ideais segundo as quatro metodologias.

Eucalipto grandis — direcio tangencial

| Espessura de corte Método 1 Método 2 Método 3 I Método 4
(mum)
0,381 26,90 26,86
(0,762 23,50 2552
1,143 24,43 2474
1324 2411 27 64 |
todas 24.89 (4,96%) | 26.19 T 25.10 (4.16%) 34.86 (33.10%)

Tabela 4.20: Valores dos angulos de saida ideais segundeo as quatro metodologias.

Eucalipto saligna — direcio tangencial

Espessura de corte Método 1 T Meétodo 2 Método 3 Método 4
(mm) |
(.381 30,25 32.80
0,762 33,50 29.43
1,143 32,26 28,07
1524 30,91 27 64
todas 3176 (7.55%) 2933 | 2970 (0.58%) 35.98 (21.84%)
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Tabela 4.21: Valores dos dngulos de saida ideais segundo as quatro metodologias.

Eucalipto citriodora — direcio tangencial

Espessura de corte | Método 1 Método 2 Método 3 Método 4
(mm) !
©0.381 | 27.82 25.36
0,762 "L 21,46 21.92
1,143 j 19.86 20,71
1,524 19.19 19.98
todas 20,68 (-6.09%) 22.02 E 19,60 (~10.99%) 37.2 (68.94%)

Tabela 4.22: Valores dos dngulos de saida ideais segundo as quatro metodologias.

Eucalipto grandis — dire¢do radial

Espessura de corie Meétodo 1 Meétodo 2 rl Meétodo 3 Meétodo 4
(mm)
(1,381 40.04 39,11
0,762 4138 33,48 |
1,143 40.40 31.29
1,324 37,03 30,24 |
todas 39,11 (16,64%) l 33,53 30.14 (-10,11%) 34,86 (3.97%)

Tabela 4.23: Valores dos angulos de saida ideais segundo as quatro metodologias.

Eucalipto saligna — direcio radial

Espessura de corte Meétodo 1 ! Método 2 Método 3 Método 4
(mm)
0.381 30,34 28.13
0,762 2756 26,24
1,143 27.40 25.38
1.524 | 27.13 25.91
todas 27,55 (4,28%) 26,42 26,12 (-1,14%) 33,98 (36,18%)
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TABELA 4.24 Valores dos ingulos de saida ideais segundo as quatro metodologias.

Eucalipto citriodora - dire¢io radial

Espessura de corte Metodo 1 Meétodo 2 Método 3 Método 4
(mm)
" 0,381 23,76 23,11
0,762 21387 21,60
1,143 2061 21.23
1,524 21,13 21,43
todas 21,38 (-2,15%) 21.83 21,34 (-2,33%) 37.2 (70,25%)

|




5DISCU55A0 DOS RESULTADOS

As tabelas e figuras apresentadas no capitulo 4 mostram o resultado da analise
realizada utilizando os valores experimentais, obtidos em etapa anterior do projeto

desenvolvido por NERI (1998).

Trabalhou-se, nesta analise, com os 5760 resultados dos ensaios englobando valores

de forcas paralelas e normais maximas e médias, obtidas em diferentes condigdes de corte.

5.1 Forca normal maxima

O comportamento intrinseco da for¢a normal no corte 90-0 torna dificil a obtengdo
de modelos representativos desta forca em fungZo dos paridmetros de corte. A busca por
modelos que se adaptassem aos resultados experimentais fol um trabalho arduo e, em
alguns casos com resultados pouco significativos. Observa-se que os modelos obtidos para
a forga normal em fiingdo da espessura de corte foram bastante diferenciados nas dire¢des
radial e tangencial, e que os valores obtidos para o coeficiente de deterrinagio foram
muito variaveis e, em sua grande maioria, baixos. As melhores adaptaces de modelo foram

obtidos para os angulos extremos (10" ou 30). A tendéncia dos modelos ¢ a linear ou

quadratica.



5.1.1 Diregdo de corte 90°-0°
5.1.1.1 Radial (Tabela 4.1)

a- Forga x espessura.

Os modelos apresentados na tabela 4.1 em sua maioria ndo foram significativos para
predizer o valor forga de corte, tendo em vista que os coeficientes de determinagio foram
considerados baixos. Analisando a relagio da forga de corte com a espessura, verificou-se
gue para a especie citriodora, quanto maior for o dngulo de saida, melhor sera a sua
correlagdo com a espessura, ocorrendo o contrario com a espécie grandis. Para a espécie
saligna nfo houve uma tendéncia da correlagdo em funcio do dngulo de corte pois o

modelo foi razoavel para o dngulo de 10°, tornou-se insignificante para o dngulo de 20° ¢

voltou a methorar para o dngulo de 30°.

b- For¢a x densidade

Para a relagdo forca x densidade os modelos adotados também ndo foram
significativos para predizer os valores de forca de corte para o angulo de saida de 10”. No
entanto, observa-se que, conforme o angulo de ataque aumenta boas correlagdes sdo obtidas

para todas as espessuras de corte.
5.1.1.2 Tangencial (Tabela 4.2)

a- Forca x espessura

Como na discussio anterior, a maior parte dos modelos ndo foi significativa para a
determinacio da forca de corte, em virtude de seus baixos coeficientes de determinagio
(inferiores a 65%). Da mesma maneira que para a dire¢dio radial, observou-se uma
tendéncia de melhoria da correlagdio com o aumento do adngulo de ataque no caso do

eucalipto citriodora. Para a espécie saligna a variavel espessura apresentou boa correlagio
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com a forga para os angulos de 10 e 30 e correlagdio insignificante para o angulo de 20" .
Para a espécie grandis a correlagdo entre espessura de corte e forga foi significativa

somente para o Angulo de 10°,

b- Forca x densidade

Como no caso da diregdo radial, os modelos adotados para os dngulos de ataque de
20 e 30" foram significativos, exceto para a espessura de 0,381mm e angulo de 20" Para o
angulo de ataque de 10 as correlagdes obtidas foram baixas. Para todas as espessuras a

variavel densidade sera tanto melhor correlacionada com a for¢a quanto maior for o dngulo

de saida.
5.1.2 Diregao de corte 90"~ 90’
5.1.2.1 Radial (Tabela 4.3)

a- Forga x Espessura

Os modelos apresentados na tabela 4.3 podem ser considerados bons para predizer
os valores de forca normal maxima na diregdo 90° — 90°, apresentando altas correlacdes,

com excecdo feita a espécie grandis para os dngulo de saida de 20° e 30°.

b- Forga x Densidade

Todos os modelos foram considerados aceitaveis para predizer a forga de corte,

notando-se que ocorreram mudancas no comportamento das forcas quando variou-se o

angulo e também a espessura.

Para espessura de 0.381mm com dngulo de saida de 20° o comportamento da forga

foi linear, passando a ser quadratico para o dngulo de 30° e voltando 2 ser linear para o

dngulo de 40°.
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Na espessura de 0,762 mm com angulo de 20° o comportamento da forga foi linear,
passando a quadratico com angulos de 30° ¢ 40" Nas espessuras de 1,143 mm e 1,524 mm

o comportamento foi linear para todos os dngulos de saida.
5.12.2 Tangencial (Tabela 4.4y~

a- Forga x espessura

Para o modelo adotado a variavel espessura foi bem correlacionada com forga em
todos os casos, com excecdo do modelo obtido para a espécie grandis com angulo de ataque
de 20° . Observou-se ainda que todos os modelos foram lineares ¢ que a variavel espessura
foi1 mais fortemente correlacionada com a forca a medida que o angulo de saida aumentou,

para todas as espécies de eucalipto estudadas.

b- Forga x densidade

Todos os modelos apresentaram coeficientes de determinagdo elevados mostrando
que os modelos podem ser utilizados com fins preditivos da forga. Estes modelos se
apresentaram na forma linear, com excecdo do modelo obtido para espessura de 0,381 mm
com dngulo de ataque 20° que apresentou tendéncia quadratica. Notou-se, também, que
para as espessuras de 0,381 e 1,143 e 1,524 mm a densidade apresentou-se levemente

melhor correlacionada com a forga com o aumento do angulo de saida.
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5.2 Forca normal média

Para a for¢a normal média, bons modelos em funcdo dos pardmetros de corte foram

de dificil obtengio, principalmente no caso do corte 90-0

5.2.1.1 - Radial (Tabela 4.5)
a- Forga x espessura

Os modelos adotados apresentaram tendéncia linear, com exce¢do dos modelos para
o eucalipto citriodora e saligna, com &angulo de saida de 30° cujos modelos adotados
apresentaram tendéncia quadratica. Dentre estes modelos, poucos foram aqueles que
poderiam ser utilizados com fins preditivos da forca de corte, mas, observou-se que para as
espécies saligna e grandis, com o aumento do angulo de saida, a varidvel espessura se

mostrou methor correlacionada com a forga.

b- Forga x densidade

Os modelos obtidos para o angulo de 10° n3o foram significativos, nio devendo ser

aplicados para predizer a variavel forga em nenhuma das espessuras de corte .

Ja os modelos obtidos para dngulos de ataque de 20° e 30° apresentaram boas
correlagdes, podendo ser aplicados para predizer valores de forga de corte. Os modelos
obtidos para angulo de saida de 20° foram quadraticos, para as espessuras de 0,381 mm e

0,762mm, e para as maiores espessuras (1,143 e 1,524 mm) foram lineares. Para 30° todos

os modelos obtidos foram quadraticos.

Observou-se que, para as espessuras de 0,381, 0,762 e 1,143 mm, a densidade tem a

tendéncia de se correlacionar melhor conforme o dngulo de ataque aumenta.
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5.2.1.2 Tangencial (Tabela 4.6)

a- Forga x espessura

aqueles obtidos para o dngulo de 20°, para as espécies saligna e grandis. Todos os modelos

adotados foram lineares.
b- For¢a x densidade

Poucos modelos foram significativos para predizer os valores da forca de corte em
fungdo da densidade, podendo ser observadas apenas as tendéncias. Para o dngulo de 10°
predominou o modelo quadratico, para o angulo de 20°, os modelos obtidos para todas as
espessuras foram lineares, e para o dngulo de 30°, quadratico nas espessura de 0,381 mm,

exponencial nas espessuras de 0,762 e 1,143 mm e linear na espessura 1,524 mm:.
¢~ Forga x (densidade x angulo de ataque x espessura)

Os modelos obtidos nas direcdes tangencial e radial foram semelhantes e

apresentaram coeficientes de determinagdo proximos, sendo ambos significativos.
52.2 Corte diregdo 90°- 90°
5.2.2.1 Radial (Tabela 4.7)
a- Forga x espessura
A tabela 4.7 apresenta modelos com tendéncias diferentes, ou seja, linear,

quadratica e bi-quadratica. Os modelos foram significativos para as especies citriodora ¢

saligna, enquanto que para a espécie grandis apresentaram baixos coeficientes de
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determinagdo. Para todos os casos houve uma melhoria na correlacio entre a variavel

espessura de corte e forga, conforme se aumentou o dngulo de saida.

b- Forga x densidade

Todos os modelos obtidos foram lineares, com excecdo do modelo para espessura de

0,381mm e dngulo de 20° que foi quadratico.
5.2.2.2 Tangencial (Tabela 4.8)

a- Forca x espessura

Os modelos obtidos para a espécie citriodora apresentaram tendéncia exponencial, os
demais modelos foram lineares. Com excegdo da espécie grandis, os modelos obtidos para
as outras espécies foram todos significativos, para todos os dngulos de ataque. A correlagio

entre a espessura de corte e a forga foi crescente com o aumento do angulo de saida para as

trés espécies estudadas.

b- Forca x densidade

Todos os modelos foram significativos para predizer os valores da forga de corte. O
comportamento do modelo para dngulo de 20° foi quadréatico para as espessuras de 0,381 e
0,762 mm e linear para as espessuras de 1,143 e 1,524 mm. Para o angulo de 30° o modelo
obtido foi linear para todas as espessuras de corte. Para 0 angulo de 40° o modelo foi linear

para as espessuras de 0,381, 1,143 e 1,524 mm e exponencial para espessura 0,762 mm.

c- Forca x (densidade x dngulo de ataque x espessura de corte)

Os modelos obtidos para as direges radial e tangencial foram significativos para

serem aplicados na previsdo de valores de forca de corte.
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5.3 For¢a paralela maxima
5.3.1 Corte diregio 90°-0°
5.3.1.1 Radial (Tabela 4.9)

a- FOFC}& X espessura

Os modelos adotados foram significativos para predizer os valores de forga de corte,
e apresentaram tendéncias exponenciais, com excegdo do obtido para a espécie grandis com
angulo de 30°. Os coeficientes de variagio foram todos menores que 15% e mostraram

tendéncia a crescer com o aumento do angulo de ataque.

b- Forg¢a x densidade

Os modelos adotados foram todos sigmficativos e apresentaram tendéncia
exponencial, com exceg¢do dos modelos adotados para espessura de 1,524 mm com angulo
de 10° e para espessura de 0,381mm com &ngulo de 30°, que apresentam tendéncia

quadratica. Os coeficiente de variagdo da regressdo foram, em todos os casos, inferiores a

15%.
5.3.1.2 Tangencial (Tabela 4.10)

a- Forga x espessura

Os modelos obtidos apresentaram tendéncia exponencial, altos coeficientes de
determinacgdo e coeficientes de variagdo da regressdo abaixo de 15%, indicando gue foram

significativos para predizer o valor da forga de corte.
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b- Forga x densidade

Os modelos adotados apresentaram tendéncia quadratica, com excegio daguele
obtido para espessura 0.381mm e dngulo de saida de 30°, cuja tendéncia foi linear. Em

todos os casos, os valores do coeficiente de determinacio foram altos e os coeficientes de

valores de forga de corte.
c- Forga x (densidade x dngulo de ataque x espessura de corte)

Os modelos obtidos para a as dire¢des radial e tangencial foram do tipo exponencial
e apresentaram valores de coeficientes de determinagfo e de variagdo que os tornaram

altamente significativos para a previsao da forga de corte.
5.3.2 Corte direcio 9090’
5.3.2.1 Radial {(Tabela 4.11)

a- For¢a x Espessura

Os modelos adotados para predizer os valores de forga em funcio de espessura de
corte foram altamente significativos. As especies citriodora e saligna apresentaram modelos
com diferentes tendéncias para cada dngulo de ataque estudado. Para a espécie citriodora o
modelo escolhido foi quadratico para ngulo de 20° e linear para os angulos de 30° € 40 A
espécie saligna apresentou modelo linear para angulo de 20° e exponencial para os dngulos

de 30° e 40°. A espécie grandis apresentou modelo com tendéncia exponencial nos trés

angulos estudados (20°, 30° e 40°).
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b- Forca x densidade

Os modelos podem predizer satisfatoriamente os valores de for¢a de corte pois
apresentaram bons coeficientes de determinagdo e baixos coeficientes de variagdo. Nas

diferentes espessuras de corte, os modelos também apresentaram diferencas de

comportamento em cada angulo. Na espessura de corte 0,762 mm os modelos foram
exponenciais para os dngulos de 20° e 30°, e quadratico para o angulo de 40°. Para a
espessura de 1,143 mm foram quadratico para o angulo de 20° e linear para angulos de 30°
e 40°  Para a espessura de 1,524 mm o modelo foi exponencial para os dngulos de 20° e
40° e quadratico para o angulo de 30° e para espessura de 0,381mm o modelo foi

exponencial para todos os dngulos estudados.
5.3.2.2 Tangencial (Tabela 4.12)

0Os modelos apresentados na tabela 4.12 foram significativos, apresentando altos
coeficientes de determinagio e baixos coeficientes de variagio, podendo ser aplicados para

predizer os valores de forga de corte.

a- FOI’(}& X espessura

Somente os modelos obtidos para a espécie citriodora apresentaram mudangas no
comportamento ou tendéncia. Para o dngulo de 20° 0 modelo adotado apresentou tendéncia
quadratica e para os angulos de 30° e 40° o modelo apresentou tendéncia exponencial. Os
modelos obtidos para as espécies saligna e grandis apresentaram tendéncia exponencial

para todos os angulos estudados (20°, 30° e 40°).

b- Forca x densidade

Os modelos obtidos nas espessuras 0,381, 0,762 e 1,143 mm apresentaram
mudancas no comportamento com a variagio do angulo de saida. Na espessura 0,381 mm o

modelo adotado foi quadratico para dngulo de 40° e exponencial para os dngulos de 20° e
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30° Para a espessura de 0,762 mm os modelos adotados foram exponenciais para 20° e 30°
e linear para 40°. Na espessura 1,143 mm o modelo adotado foi exponencial para os
angulos de 20° e 40° e linear para o angulo de 30°. Na espessura 1,524 mm o modelo foi

exponencial para todos os &ngulos estudados (20°, 30° e 40°).

Os modelos adotados apresentaram, tanto para corte tangencial quanto para radial,
altos coeficientes de determinagio e baixos coeficientes de variag@o da regressdo. Devido a
estes resultados foram adotados, como modelos, em condigdo de predizer os valores da

forca de corte de corte, em fungio das variaveis estudadas.
5.4 Forc¢a paralela média
5 4.1 Corte direcio 90—0

5.4.1 1 Radial (Tabela 4.13)

Os modelos foram significativos para predizer a for¢a de corte. Alguns modelos
apresentaram coeficiente de determinaglo (rz) mmferiores & 65% mas apresentaram
coeficiente de variagio de regressdo inferiores a 15%, fator este que também foi condigio
basica para, juntamente com outros paridmetros avaliar a possibilidade de aceitacdo do

modelo para predizer a forga de corte.

a- Forca x espessura

Os modelos obtidos foram do tipo exponencial para as trés espécies e para os tr€s

angulos de saida.

A variavel espessura, para a espécie citriodora, nos dngulos de 20° e 30° ndo se

mostrou bem correlacionada com a for¢a, 0 mesmo ocorrendo para a espécie saligna no
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dngulo de 30 . E possivel que a adigao de outras variaveis significativas ao modelo, tal

como o teor de umidade, pudesse torna-lo mais significativo.

b- For¢a x densidade

O modelo adotado para todas as espessuras e ingulos de ataque foi o exponencial.

A varidvel densidade mostrou cormrelagdo baixa com a for¢a nas espessuras 0,762,
1,143 e 1,524 mm para angulo de 20°, e nas espessuras 0,381, 0,762 e 1,143 mm para
dngulo de 30°. Para todos os casos, no entanto, os coeficientes de variagdo da regressio

situaram-se abaixo de 15%.

5.4.1.2 Tangencial (Tabela 4.14)

Os modelo adotados foram todos significativos. Com excegdo da espécie citriodora,
no angulo de 30° todos os modelos apresentaram excelentes valores de coeficiente de
determinacdo e todos os modelos, sem excegdo, apresentaram coeficientes de variagio da

regressdo inferiores a 15%.

a-Forca x espessura

Os modelos obtidos para as espécies citriodora e grandis foram do tipo exponencial
para todos os dngulos estudados (10°, 20° e 30°) e para a espécie saligna o modelo foi linear

para angulo de 10° e exponencial para os angulos de 20° ¢ 30

Para a especie citriodora observou-se que o coeficiente de variagdo da regressio

aumentou conforme aumentou o dngulo de saida para os modelos adotados.
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b- For¢a x densidade

O modelo adotado foi o exponencial para todas as espessuras e todos os angulos de

ataque estudados. Todos os coeficientes de variagao foram inferiores a 15% e, no geral,

¢- For¢a x (densidade x angulo de ataque x espessura)

O modelo adotado foi exponencial tanto para a diregdo radial quanto para a diregao
tangencial. Ambos os modelos se mostraram significativos, apresentando altos valores de

coeficiente de determinag@o e baixos valores de coeficiente de variacio da regressio.
5.4.2 Corte diregdo 90°-90°

5.4.2.1 Radial (Tabela 4.15)

Os modelos adotados na Tabela 4.15 foram satisfatorios para predizer os valores de
for¢a de corte. Todos apresentaram tendéncia exponencial, com exce¢io do modelo que
relacionou forga com espessura de corte, obtido para a espécie citriodora com angulo de
ataque 20°, que foi quadratico. Observou-se que as varidveis espessura e densidade

apresentaram alta correlagdo com a forga de corte,

5.4.2.2 Tangencial (Tabela 4.16)

Na tabela 4.16 sdo apresentados os modelos que predizeram os valores de forca de
corte. Observou-se, através da analise dos modelos, que as vaniaveis densidade e espessura

estio bem correlacionados com a forca de corte.
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a- Forga x espessura

Com exce¢do do modelo obtido para a espécie citriodora com dngulo de ataque 20°,

que foi o quadratico, os demais foram exponenciais. Todos os modelos foram altamente

significativos, apresentando altos coeficientes de determinacdo e baixos coeficientes de

variagdo.
b- For¢a x densidade

Os modelos adotados apresentaram mudanca de comportamento para os diferentes
angulos de saida. Para as espessuras 0,381, 0,762 mm o modelo apresentaram
comportamento exponencial para 20° e 30° e quadratico para 40°. Para espessura 1,143 mm
o comportamento foi linear para 20° e 30° e exponencial para 40° e, para espessura

1,524mm o comportamento foi quadratico para 20°, exponencial para 30° e linear para 40°.

¢~ Forga x densidade + dngulo de ataque + espessura

O modelo obtido foi do tipo exponencial para as diregbes radial e tangencial e
podendo ser considerados altamente significativos para expressar a forca de corte em

fun¢io da espessura e densidade.

5.5 Aspectos gerais

Os graficos apresentados nas Figuras 4.17 a 4.32 exemplificam as observagdes
exaradas. Através deles pode ser observada a tendéncia dos modelos e dos valores
experimentais, bem como a dispersdo dos valores em tormo da linha de tendéncia tracada
através do modelo obtido na regressio. Quando nio houve muita dispersdo dos pontos, 0s
valores obtidos para o coeficiente de determinacgio foram bons (Ex: Figura 4.18 € 4.24). Em
contrapartida, quando os valores se dispersam, existe grande dificuldade em se encontrar

um modelo adequado, como no caso exemplificado na Figura 4.25.
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De maneira geral concluiu-se que, para as forgas paralelas, é possivel a obtencio de
modelos que representem o comportamento das mesmas em fun¢io dos pardmetros de
corte, tanto para o corte 90— 0 quanto para 0 90~ 90" Estes modelos poderiam ser Uteis
para predizer valores de forgas de corte em fungio da espessura, dngulo de ataque e

densidade basica, desde que utilizados no intervalo de variagdo destes parimetros nos

ensaios, ou seja, espeséufas de corte variando de 0,381mm a 1,524 mm; densidades basicas
[¢/cm’] variando de 0,41 a 0,92 e Angulo de saida de 10" a 30°, para o corte 90™-0°, e de 20" a

40° no corte 90 -90".

Os graficos apresentados por NERI (1998) foram realizados utilizando-se os valores
da meédia das forcas de corte nas 20 repetigdes, para cada uma das 4 diferentes espessuras e
para as 3 densidades. Estes graficos foram tragados para apresentar a tendéncia dos dados,
mas ndo foi executada nenhuma regressio. O autor concluiu que a forga de corte e
espessura ndo tiveram comportamento linear para todos os casos e as diferengas foram
atribuidas aos diferentes tipos de cavacos obtidos. No corte 90-0" graficos mostraram
tendéncia linear, para angulos de saida de 10°, e n#o linear para os angulos de ataque de 20°
e 30°. Os modelos obtidos no presente trabalho mostraram uma tendéncia majoritariamente
exponencial. Esta diferenca deve-se ao fato de que os graficos apresentados por NERI
(1998) foram construidos por meio de de 4 pontos representativos das médias, enquanto os

modelos obtidos no presente trabalho utilizaram todos os dados experimentais.
5.6 - Comparacio entre médias de for¢as paralelas tangenciais e radiais.

5.6.1 Direcio de corte 90°-0°

Através dos resultados apresentados na tabela 4.17, verificou-se, para a espécie
citriodora, com dngulo de saida 10°, que para todas as condi¢des estudadas a hipotese de
igualdade entre as for¢as de corte tangencial e radial foi rejeitada. Para o dngulo de 20° esta
mesma condi¢do ocorre para as espessuras 0,381 mm e 0,762 mm. Quando ndo se definiu a

espessura de corte, o mesmo resultado pode ser observado, ou seja, se rejertou a hipotese de
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igualdade. Para o dngulo de saida de 30° a hipotese foi rejeitada somente para a espessura

de 0,762Zmm.

Para a especie saligna a hipotese de igualdade foi rejeitada para as for¢as de corte

obtidas com &ngulo de saida de 10°, na espessura de 0,762 mm, bem como quando ndo se

" definiu a'espessura. A hipotese de ignialdade também foi rejeitada para o dngulo de 20° para’
as espessuras de 0,381 mm e 0,762 mm, e para o angulo de 30° a hipotese foi rejeitada em
todas as situagdes. A hipdtese tambeém foi rejeitada na situagdo geral em que o teste foi
executado para todos os valores de ensaio, sem se classificar por espessuras de corte e

angulos de saida.

Para a espécie grandis a hipotese de igualdade foi rejeitada para todas as situagdes
estudadas quando o dngulo de saida foi de 10°. Para o dngulo de 20° a hipotese foi rejeitada
somente para espessura de 1,143 mm, e para o angulo de 30° a hipotese foi rejeitada na
espessura de 1,524 mm. A hipotese também foi rejeitada para a situagfo geral, quando o

teste foi executado com todos os valores obtidos no ensaio, sem classificacio por espessura

e dngulo de saida.

Tomando-se a condi¢cdo em que o teste fol executado, utilizando-se todos os valores
de ensaio, sem distingdo de espécie, espessura ou angulo de saida, a hipotese de igualdade

também foi rejeitada.

5.6.2 — Corte dire¢dao 90°-90°

Na comparacgio através do teste “t” apresentado na tabela 4.18 pode-se observar
que, para a espécie citriodora, com dngulo de 20°, a hipotese de igualdade nao foi rejeitada
somente na espessura de 0,762 mm. Para o dngulo de 30° a hipotese foi rejeitada para todas

as situagbes estudadas.

Para a espécie saligna a hipotese de igualdade entre as médias ndo foi rejeitada para

o angulo de 20° na espessura de 1.524 mm e para o angulo de 30° na espessura de

1,143mm.
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Para a espécie grandis a hipdtese de igualdade foi rejeitada para o dngulo de 20° e
espessura 1,143 mm, para o dngulo de 30° com espessura de 0,381 mm, ¢ para dngulo de

40° com espessura também de 0,381 mm.

espécie, angulo de ataque ou espessura, a hipotese de igualdade das médias foi rejeitada.
5.7 Angulo de saida ideal

As tabelas 4.19 a 4.24 apresentaram os angulos de saida ideais, segundo as quatro

metodologias citadas para cada espécie e espessura de corte.

Verificou-se, ao observar as tabelas, que n3c existiu diferenca significativa nos
resultados dos métodos 1, 2 e 3. O meétodo 4, em todas as situagdes, apresentou como
resultado um angulo de saida muito superior aos demais. Esta discrepancia de valores pode
ser justificada tendo em vista que a equacio utilizada no método 4 foi desenvolvida para
madeiras crescidas em regides temperadas, fato este que afeta as propriedades fisicas e
mecénicas da madeira, tornando-as diferentes daquelas crescidas no Brasil, como € o caso

dos eucaliptos estudados neste trabalho.

As tabelas apresentaram também a diferenca, em porcentagem, entre os angulos de
ataque obtidos através dos quatro métodos, tendo como testemunha o angulo de ataque
obtido pelo método 2. Este método foi escolhido como testemunha porque foi obtido

através do coeficiente de atrito (i) real, determinado atraveés dos resultados obtidos na

experimentagio.
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5.8 Comparacdo dos resultados obtidos neste trabalho, com os resultados da

dissertacio mestrado de NERI (1998)

5.8.1 Forga paralela

NERI (1998) analisando a tendéncia da relacdo da forca de corte com a espessura e
a forca de corte e densidade, no corte 90°-0’, concluiu que estas relagdes ndo foram lineares
para todos os casos. Esta conclusio pode ser visualizada por meio dos graficos de
tendéncia apresentados pelo autor. Neste trabalho, as equagdes obtidas confirmaram esta
tendéncia, ou seja, existe variagdo no tipo de relacio obtida, dependendo de dngulo de saida

e da espécie considerada.

Os graficos apresentados por NERI (1998) em seu capitulo de conclusdes
mostraram uma tendéncia linear para o caso da forga x espessura de corte para o angulo de
10" e para o caso da forga x densidade para pequenas espessuras de corte. Esta linearidade
ndo se confirmou nas relagdes obtidas para forga paralela no presente trabalho. Para o caso
da forca normal x densidade, verificou-se, nos modelos obtidos neste trabalho, a linearidade
para pequenas espessuras de corte. E importante lembrar que, no caso de trabatho de NERI
(1998), o grafico foi construido com valores médios (4 pontos para graficos em fungao de
espessura e 3 pontos para graficos em fungio de densidade), enquanto que, neste trabalho,

os modelos foram obtidos considerando todos os valores de ensaio.

A forga de corte aumentou com o aumento da espessura de corte. Em geral, para um
mesmo dngulo de saida esse efeito foi mais acentuado para pequenas espessuras de corte.
NERI (1998) concluiu que o efeito da espessura na forca de corte aumentou com o
decréscimo do dngulo de saida. Esta conclus@o, em geral, foi confirmada para o corte 90°-0"
e 90°-90 para os angulo de 10 e 20", Para o angulo de 30" observou-se que a conclusio é

valida somente para pequenas espessuras de corte.

NERI (1998) concluiu que, em geral, a forga paralela aumentou com aumento da
densidade e, este efeito dependeu do &ngulo de saida. Os resultados obtidos neste trabalho

para o corte na dire¢io 90™-90" radial, mostraram que o efeito da densidade aumentou com o
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acréscimo do angulo de saida. Para o corte 90-90 na dire¢iio tangencial, e no corte 90 -0
(tangencial e radial) o efeito diminuiu com o acréscimo do angulo de saida. Concluiu-se,
ainda, que para 0 mesmo angulo de saida o efeito variou em fungo da espessura. Em corte

90™-0" tangencial, para dngulo de 10" e pequenas espessuras, o efeito da densidade diminuiu

Para 30, em geral, o efeito da densidade foi crescente com a espessura de corte.

582 Angulo de saida ideal

NERI (1998), em suas conclusdes, observou que a forga normal passou de positiva a
negativa pé.ra angulo proximos de 20 no caso da espécie citriodora, entre 20 e 30° para a
espécie saligna e angulos maiores que 30 para a espécie grandis. Isto sugere que, é nesta
faixa que se situam os dngulos de saida ideais para cada uma das espécies estudadas, tendo
em vista que a forga normal passaria pelo valor zero. Os resultados obtidos neste trabalho
confirmaram esta conclusdo para todos os casos, com excecao da especie grandis na

dire¢do tangencial, cujo o dngulo obtido for menor que 30,



6 CONCLUSOES

o Forcas de corte

Forca normal

O comportamento intrinseco da forca normal no corte 90 -0 torna dificil a obtencio
de modelos representativos desta forca em fungdo dos pardmetros de corte. A busca por
modelos que se adaptassem aos resultados experimentais foi um trabalho arduo e, em
alguns casos, com resultados pouco significativos. Para o corte 90-90° foi possivel
encontrar modelos significativos principalmente no caso de regressdes envolvendo forga
normal e densidade basica. Embora sem valor preditivo, os modelos obtidos permitem
visualizar a tendéncia do comportamento da correlacio entre a for¢a e a espessura, € a

for¢a e a densidade basica para os diversos dngulos.

Forga paralela

As relaces obtidas, no corte 90 -0 ndo foram lineares para todos 0s casos, O mesmo
ocorrendo no corte 90-90", principalmente nas relacbes entre forga de corte e espessura.
Ainda para o corte na direcio 90°-90°, as relacBes obtidas indicaram que, mesmo que se
obtenha um unico tipo de cavaco durante a usinagem da madeira, as relagdes ndo sdo

sempre lineares.
e Compara¢do entre forcas de corte tangencial e radial nas diregdes 90°-0" € 90-90°

A analise estatistica demostrou que as forcas paralelas obtidas em corte 90-0" e 90'-
90" nio podem ser consideradas iguais na direcdes tangencial e radial. Esta conclusio foi
muito importante no caso de confec¢@o de corpos-de-prova para pesquisas cientificas, pois,
verificou-se a existéncia de diferengas significativas entre os resultados obtidos nestas duas

dire¢des. Estas diferencas n3o devem ser desprezadas, pois certamente levariam a



124

conclusdes erroneas. Este resultado confirmou a anisotropia transversal nas propriedades

mecanicas da madeira.

e Angulo de saida ideal

~ Com relagdo ao dngulo de saida ideal conclui-se que os métodos 1, 2 e 3 sdo validos
para o célculo, considerando-se os intervalos de densidades, espessuras e angulos de saida
adotados neste trabalho. O método 4 levou, em todos os casos, a resultados muito diferentes
daqueles obtidos por intermédio dos outros 3 métodos, indicando que 0 mesmo nio se

mostrou adequado para obten¢do de valores de dngulo de saida ideal das madeiras

pesquisadas neste trabalho.
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*** Tinear Model ***

Call: Im{formula = FNM ~ E, data = CS0.0T7GAAIDFNMAY, na.action = na.omit)

e

Coefficients:

Value Std. Error t value Pxri{>{tl)
{(Intercept) -2.7833 0.3340 ~-5.2123 G.0000C
E —-3.3487 (¢.5118 -6.5433 0.0000

Residual standard error: 1.85 on 78 degrees of freedom
Multiple R-Squared: 0.3544

F-statistic: 42.81 on 1 and 78 degress of freedom, the p-value is 5.746e-
0%

Analysis of Variance Table

Response: FNM

Terms added segquentially (first to last)
Df Sum of Sg Mean Sg ¥ Value Pri(F;
47.81493 5.745856e-00%

E 1 1&2.7822 18Z.7822
S

Residuals 78 286.5558 3.8020
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Fitted : £ + {E2)
**% Tinear Model ***

Call: lm{formula = FNM ~ E + (E~2), data = S$3%0.0TGAATIOFNMAY, na.acticn =
na.omit)

Coefficients:
Value Std. Errcr t wvalue Pr{>\ti}
(Intercept) 0.0072 0.5042 0.008¢0 0.5%37
E ~13.38%%6 2.1650 -6.2768 0.0000
I(E"Z) 4.1811 1.1187 3.7463 0.0003

Residual standard error: 1.4%3 on 77 degrees of freedom
Muitiple R~Sguared: 0.7494
F-statistic: 115.1 on 2 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNM

Terms added seguentially {(first to last)
Df Sum of S5g Mean Sg F Value Pri{E)
E 1 456.10%C 456.10%0 216.1812 0.00080000CC

I{g~2) 1 29.6111 289.6111 14.0347 0.006034472¢
Residuals 77 162.4582 2.1088
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**+ Tinear Model ***

Call:
Im{formula = FNM ~ E, data = GSOTGAAICFNMAY, na.actlon = na.omit)

Coefficients:
{Intercept) E
-2.833594 -£.447411

Degrees of freedom: 80 total; 78 residual
Residual standard error: 1.376455

Call: Im(formula = FNM ~ E, data = GSOTGAAIQCFNMAX, na.action = na.omit}

Coefficients:

Value Std. Errocr t wvaliues Pr{>[t}])
{Intercept) -2.8336 0.377¢C ~T.5170 0.0000
E -4.4474 0.3613 ~12.3103 G.0000
Residual standard error: 1.376¢ on 78 degrees of freedom
Multiple R-Squared: 0.6602
F-statistic: 151.5 on 1 and 78 degrees of freedom, the p-value is 0

Correlaticen of Ccefficients:
(Intercept!

E -0.8129

Analysis of Variance Table

Response: FNM

Terms added sequentially {(first to last)

Ly



Df Sum of 83g Mean Sq F Value Pr(F)
E 1 287.1206 287.1206 151.5448 0

Residuals 78 147.7809 1.8594¢
Y=20°
CITRIODORA
¥ 5 .
o & < gt
é I g ;
1 N g 8
T - T4
' 73
0 1 2 3
Fitted . E

*AF linear Mode] **+

136

Call: Ilm{formula = FNM ~ E, data = C%0.0TGAA20FNMAX, na.action = na.omit)

Coefficients:
Value S3td. Error t wvalue Pri>|t])

{(Intercept) -1.6787 (0.4026 -4.31722 0.0001
E 3.4830 0.3858 9.0268 0.0000

Resgidual standard error: 1.47 on 78 degrees of freedom
Multiple R-Sguared: 0.5109

F-statistic: £1.48 on 1 and 78 degrees of freedom, the p-value is 9.57e-

014
Analysis of Variance Table
Response: FNM

Terms added segquentially (first to last)
DEf Sum of Sg Mean Sg F Value Pr
E 1 176.089%6 176.085€ 81.4829 9.570122e-0

Residuals 78 168.5686 2.1611

4
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Fitted : E

*** T inear Model **%*

Call: Imi{formula = FNM ~ E, data = S5S0.0TGAAZ0FNMAX,

Residuals:
Min 10 Median 3Q Max
-1.844 ~0.7681 0.145 0.59%88 1.874

Coefficients:

Value 8td. Error t value Pri>lt])
{(Intercept) -1.15%3 0.2319 -4.,8886 0.0000
E 0.0254 0.2223 0.11421 0.90985

fadt

na.achtion

Residual standard error: 0.846% on 78 degrees of freedom

Multiple R-Sguared: 0.0001668

F-statistic: 0.01302 on 1 and 78 degrees of freedom,

0.8085
Analysis of Variance Table
Response: FNM

Terms added seguentially {(first to last)

Df Sum of Sqg Mean S5g P Value Pr(F)
E 1 0.00934 0.0093351 0.01301633 0.9084603
Residuals 78 55.%4(G57 0.7171868

the p-value is
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Fitted : £

**% Tinear Model *+%%

Call: Im{formula = FNM ~ E, data

Coefficients:

Value Std. Error % wvalue Pri{>[t])
{Intercept) ~-1.35370 0.1352 ~-10.039% 0.0000
E -0.5448 0.1288 ~4,22%80 0.0001

Residual standard error: (0.4852 on 77 degrees of freedom
Multiple R~Squared: 0.1885

F-statistic: 17.88 on 1 and 77 degrees of freedom, the p-value is
G.00006402

Analysis of Variance Table
Response: FNM
Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pri{F)

E 1 £4.21108 4.211076 17.88481 0.00006402167
Residuals 77 1§.13007 0.235455
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G8C. 0TGAAZOFNMAX, na.action = na.omit)
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*** Linear Model ***

Czll: Im{formula = LN.FNM. ~ E + (E"2), data = CS9C.0TGAA3C0LN.FNMAX.,

na.action = na.omit
)
Residuals:
Min 10 Median 3¢ Max

-1.352 -0.1406 C.0316% 0.1845 0.481

Coefficients:

2.0

Value 3td. Error & wvalue Pri{>it]}
0.0207
0.CUo0
0.0000

{intercept) ~0.4480 0.189¢ -2.3627
E 3.541% 0.4523 7.8307
I{E~2) -1.1453 0.2333 ~4.9098

Residual standard error: $.289 on 75 degrees cf freedom

Multiple R-Squared: (.8076

F-statistic: 157.4 on 2 and 75 degrees of fresedom,

Analysis of Variance Table

Respcnse: LN.FNM.

Terms added sequentially (first to last)

Df Sum of Sg Mean Sg F Value
E 1 25.9%%66 25.8%966 2390.768¢%
i 4 2.153552 2.15352 24.10864
s 75 &.70627 0.08942

ur O

.00
.18

PriF)
0030e+000
604%e~006

the p-vaiue is ¢
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*** Tinear Model ***

Call: lm(formula = FNM ~ E, data = S$50.0TGAA30FNMAY, na.action = na.omit)

Coefficientsy
Value 5td. Error t value Pr{>|ti}}
{(Intercept} -—0.5080 0.2385 -2.1304 0.0363
E 3.6412 0.2285 15.9330 0.0000

Residual standard error: 0.8707 on 78 degrees of freedom

Multiple R-Sguared: 0.765
F-statistic: 233.% on 1 and 78 degrees of freedom, the p-value is 0

Analysis of Variance Takle
Response: FNM
Terms added sequentially {(first to last)
Df Sum of Sg Mean Sg F Value Pr({F

;
E 1 1%92.4544 1%82.4344 253.85%¢ G
Residuals 78 59,1329 0.7581

GRANDIS
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**% Tinear Model ***

Call: lmi{formula = FNM ~ E, data = G%0.0TGAA30FNMAX, na.action = na.omit)

Coefficients:
Value Std. Error t value Px{>iti)
(Intercept; -0.8313 0.2498 -3.7276 0.0004
E 1.9382 0.23%4 §.098¢ 0.0000

Residual standard error: 0.92123 on 78 degrees cf freedom
Multiple R-Sqguared: 0.4568

F-statistic: €63.59%9 on 1 and 78 degrees of freedom, the p-value is 6.063e~
012

Analysis of Variance Table

Response: FNM

Terms added seguentially {(first to last)

Df Sum cf Sg Mean Sg F Value Pr(F)
E 1 54.58671 54.58671 65.58652 €.082706e~-012

Residuals 78 6©4.91827 0.83229%

e FORCA x DENSIDADE BASICA

y=10°



142

ESPESSURA = 0,381mm

25

Residuals

*** Tinear Model ***

Call:
Im{formula = FNM ~ DR, data = FNMAY.x.DENSBASE0O381AAl10, na.action =

na.cmit)

Coefficients:
(Intercept) LB
-5.243778 1.457235

Degrees of freedom: &0 tetal; 58 residual
Residual standaxd error: 1.081775

Call: lm(formula = FNM ~ DB, data = FNMAX.x.DENSBASEO381AA1Q0, na.action =
na,omit)

Coefficients:
Value sStd. Errcr + wvalue Pr{>itl)
{Intercept) -5.2438 0.4507 -11.6342 0.0000
DB 1.4572 0.6847 2.1283 0.0376

Residual standard error: 1.082 on 58 degrees of freedom

Multiple R-Sguared: (0.07244

F-statistic: 4.53 on 1 and 58 degrees of freedom, the p-value is 0.03757
Analysis of Varlance Table

Response: FNM

Terms added seguentially (first to last)



DE F Value
DB 1

Residuals 58

of S¢g Mean Sq
30077 5.300772
87381 1.170238

Sum
5.
&7,

4

ESPESSURA = 0,762mm

Pr(F)

529653 0.03757238

e

Residuats

-6

Fitted : DB + (DB~

ok Tinear Model ***

Call:
lm{formula = FNM ~ DB + (DB"2),
na.action =
na.omit)
Coefficients:
(Intercept) DB I{DB™Z)
3.610457 -36.11676 28.78252

Degrees of freedom: 60 total; 57 residual
Residual standard error: 1.1794

-

data = FNMAX.x.DENSBASECT7622R10,

FNMAX . x . DENSBASEQT7622210,

Call: Im{formula = FNM ~ DB + (DBE"Z2), data =
na.action =
na.omit;
Coefficients:
Value Std. Errcr © wvalue Pri(>»itl}
(Intercept) 3.6105 2.3051 1.5663 G.1228
DB —-36.1168 7.3717 ~4,89%94 0.000C
TIDB™2) 28,7825 5.39%55 5.3363 0.90060
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Residual standard error: 1.178 on 57 degrees of freedem
Multiple R~-Sguared: (C.4403
F-statistic: 22.42 on 2 and 37 degrees of freedom, the p-value is 6.567e-

008

Correlation of Coefficients:

{(Intercept) DB
DB —-0.8925

I(DB"~2) 0.8770 -0.5949

2nalysis of Variance Table
Response: FNM

Terms added sequentlally (first to last)
Df Sum of Sg Mean Sg F Value Pri{r;
DB 1 22.75444 Z2.75444 16.35853 0.0001593326
I(DB"Z) 1 3%.61047 3%9.61047 28.4762% 0.0000017056
Residuals 57 7%.28607 1.38038

ESPESSURA = 1,143mm

“@5

Restduals

a0 e e s
Fitted - DB + {DBAZ}
*** Tinear Model ***
Call:
Imi{formula = FNM ~ DB + (DB"2), datz = FNMAX.x.DENSBASE1I143AAL10,
na.actlion =
na.omit}

Coefficients:
{Intercept) DB I1!{DB™Z;
©.20%021 ~-61.62317 48.61629

Degrees of freedom: 60 total; 57 residual



Residual standard error: 1.61474%

Call: Ilm(formula = FNM ~ DB + (DB"2), data = FNMAX.x.DENSBASE1143AR10,

na.action =
na.omit}

Coefficients:
] Value Std. Error £ wvalue Pri{>|til)
{Intercept} €.2090 3.15%5%¢9 2.9180 0.0C50
- DBl 6232 - L6-0B29 6o LGB 00000
I(DB~Z2) 48,6163 7.3872 6.5812 0.0006

Residual standard error: 1.615 on 57 degrees of freedom

Muitiple R-Sguared: 0§.5224

F-statistic: 31.17 on 2 and 37 degrees of freedom, the p-value is 7.148e-
0140

Correlation of Coefficients:

(Intercept} DB
DB ~0.9825
I(DB"2) 0.877C ~0.9949

Analysis of Variance Table
Response: FNM

Terms added seqguentially (first to last}
Df Sum of Sg Mean Sg ¥ Value Pr{F)
b 1 49.6108 4£9.6108 19.02681 0.00005469381
I(DB~2) 1 112.9312 112.8313 43.311e2 0.06000001582
Residuals 57 148.622¢6 2.6074

ESPESSURA 1,524mm
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21

Residuals

A4

*** Tinear Model **+
Cail:
Im{formula = FNM ~ DB + (DB"2),
na.action =

na.omit)

Coefficients:
{Intercept} DE I(DB"2)
8.059579 -€2.40054 49.805%

-10 -8 -8 -7 &
Fined | DB + (DB2)

data = FNMAX.x.DENSBASEISZ24AR10,

Degrees of freedom: 60 total; 57 residual

Residual standard error: 1.7408

Call: Im{formula = FNM ~ DB + ¢{
na.action =
na.omit)

Coefficients:
Value Std. Error
{Intercept} 8.0596 3.4024
DR -62.4005 10.8812
T(DB~2) 45.8058& 7.9642

81

DB"2), data = FNMAX.=x.DENSBASEISZ24AR1IO0,

t value Pri(>|t!}
2.3688 0.0213
-5,734% 0.Go00
6.2537 0.000C

Residual standard errcr: 1.741 on 57 degrees of freedom

Multiple R-Sguared: 3.5219

F-statistic: 31.11 on 2 and 57 degrees of freedom, the p-value is 7.345e-

1o

Correlation of CUoefficients:
{Intercept) DE

DB -0.9%25
I{DE~2y 0.8%770 ~-0.5%949



Analysis of Variance Table

Response: FNM

-2.31004 2.17008%

Degrees of freedom:

Ferms added sequentially

60 total:

Residual standard error:

Call:
na.omit)
Coefficients:

{Intercept) -Z.

lmi{formula = FNM ~

Std.
G.2773

{first to last)

58 residual
0.6058444

DB, data = FNMAX.x.DENSBASEC381anz2d,

Error t value Pri>itl)
-8.3533 0.0000

Df Sum of S5g Mean Sg F Value Pr{F;
pB 1 70,0568 70.0568 23.11597 1.15301e-005
I{DpB~2} 1 118.5256 118,3256 39.,10876 5.50700e-008
Residuals 57 172.7481 3.0307
v =20°
ESPESSURA = 0,381mm
-
a8
@40
-‘!=,4 ~1=.2 -1‘.0 -{)“5 0.6 -0’,-& ~0l2
Fitted . DB
* % Tinear Model ***
Call:
im{formula = ¥FNM ~ DB, data = TFNMAX.x.DENSBASEOI381IRAAZ0,
na.omit)
Coefficients:
{Intercept) DB

147

na.action

na.action
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DB 2.1701 0.4231i3 5.1514 0.00090

Residual standard error: 0.6658 on 58 degrees of freedom
Multipie R~Sguared: 0.313%8
F-statistic: 26.54 on 1 and 58 degrees of freedom, the p-value is 3.23%e-—

00&

Correlation of Coefficients:
{(Intercept)
DR -0.8307

Analysis of Variance Table

Response: FNM

to last}
F vValue Pri{F;

Terms added sequentially | st

Sqg

05 26.53678 3.23902%e-006
35

1 £

Df Sum of Sg Mean
DB 1 11.786305 11.7

Residuals 58 25.71423 0.4

ESPESSURA = 0,762mm

29

o

40 .

Fitted - DB

**x T inear Model ***

Call:
lmi{formula = FNM ~ DB, data = FNMAX.x.DENSBASEQT76Z2AR2(0, na.action =
na.omit}
Coefficients:
{Intercept} DB

-4,767857 &6.411127



Degrees of freedom: 60 total; 58 residual
Residual standard error: 0.84672

Call: Im{formula = FNM ~ DB, data = FNMAX.xX.DENSBASEQ762AA20,
na.omit)

Coefficients:
) Value Std. BError t wvalue Pr{>it])
{Intercept}) -—-4.7680 0.352¢ ~-13.5231 0.0G600
DB 6.4111% 0.35357 11.%9877 0.0000

Residual standard errcr: 0.8467 on 58 degrees of freedom
Multiple R-Squared: 0.7118

na.action

F-statistic: 143.2 on 1 and 58 degrees cof freedom, the p-value is O

Correlation of Coefficients:
{(Intercept)
DB —-0.3507

Analysis of Variance Table
Response: FNM
Terms added sequentially (first te last)
Df Sum of Sg Mean Sq F Value PriF)

DB 1 102.6841 102.6841 143.226% &
Residuals 58 41.5822 0.718%

ESPESSURA = 1,143mm

Restdusls

= 31

g ;

**+ Tinear Model ***
Call:

im(formula = FNM ~ DB, data = FNMAX.x.DENSBASE1143AAZ0, na.action =

ra.omit)

149



Coefficients:
{Intercept) DB
~5.258332 9.385574

Degrees of freedom: 60 total; 38 residual
Residual standard error: 1.0621078

na.action

Call: Im(formula = FNM ~ DB, data = FNMAX.x.DENSBASEL143AA20,
ra.omit}
Coefficients:
Value Std. Error t wvalue Pr(>ltl]]
{(Intercept) ~6.2382 0.4252 ~14.,7191 0.0060

DB $.5956 0.6460 14.8535 0.0000

Residual standard errcr: 1.021 on 58 degrees of freedom
Multiple R-Squared: 0.78918

F-statistic: 220.6 on 1 and 58 degrees of freedom, the p-value is 0

Correlation of Coefficients:
(Intercept)
DB -0.9507

Analysis of Variance Table
Reszponse: FNM
Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr (¥

}
DB 1 230.0257 230.0257 220.6263 0
Residuals 58 60.4710 1.0426

ESPESSURA = 1,524mm

130
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Fitted : DB
*+% Tinear Model ***
Call:
Ilm{formula = FNM ~ DB, data = FNMAY.x.DENSBASE13Z4AA20,
na.omit)
Coefficients:
{Intercept) DB
-7.612001 12.3777¢

Degrees of freedom: 60 total; 58 residual
Residual standard errcr: 1.127%6

Call: lm{formula = FNM ~ DB, data = FNMAX.x.DENSBASEISZ4AA20,
na.omit)

Coefficients:
Value Std. Error t wvalue Pri>|tl|)
(Intercept) -7.6120 0.4697 -16.2065 0.0000
DB 12.3778 0.71386 17.3447 C.0000

Residual standard errcr: 1.128 on 58 degrees of freedom

Multiple R-Squared: 0.8384

F-statistic: 300.8 on 1 and 58 degrees of freedom,

Correlation of Coefficients:
(Intercept)

DB -0.8507

Analysis of Variance Table

Response: FNM
Terms added sequentially {(first to last)
Df Sum of Sg Mean S5q F Value Pr(F)

DB 1 382.7547 382.7547 300.8385 0

na.action =

na.action =

the p-value is 0



Residuals 58 73.7930 1.2723
v = 30°

ESPESSURA = 0,381mm

Residuais

2

0.0 a5 1.0 TS 20
Fitted : DB

*x* [inear Model ***

Call:
Im{formula = FNM ~ DB, data = FNMAX.x.DENSRASEQ381AA30, na.acticn =
na.omit)
Coefficients:
{Intercept) DB

~-1.686248 4.021505

Degrees of freedom: 60 total; 5§ residual
Residual standard error: (.8479328

Call: Im{formula = FNM ~ DB, data = FNMAX.x.DENSBASE(C381AAZ(Q,

na.omit)

Coefficients:

Value 3td. Error t value Pri>itl)
{Intercept; ~1.6862 0,3531 -4.7758 G.0000
DB 4.0215 0C.3365 7.4%963  0.00C0

Residual standard error: 0-8478% on 58 degrees of freedom
Multiple R-Squared: 0.4%21

na.action =

F-statistic: 56.19 on 1 and 58 degrees cof freedom, the p-value is 4.2%95e-

010

Correlation of Cecefficlents:



(Intercept)
DB -0.8507

Analysis of Varilance Table

Response: FNM

Terms added seguentially {first to last)

Df Sum of 3¢ Mean Sg

F Valiue Pri{F)

DE 1. 40.40282 40.40282 56.153386 4.294565e=010

‘Residuals 58 41.70142 0.7189¢

ESPESSURA = 0,762mm
“ 71
o ®
g & ) ’
21
0 : 2 3 4 5

**% Tinear Model ***
Call:
Im(formula = FNM ~ DB + (DB"2},
na.action =

na.omit])
Coefficients:
(Intercept) bB I{(DB"2)

T
-7.486121 23.447%1 -10.38414

Degrees of freedom: 60 total; 357
Residual standard error: 1.135303

residual

Fitted : DB + (DB2)

data = FNMAX.x.DENSBASE(O762AA30,

Call: lm{formula = FNM ~ DB + (DB"Z2), data = FNMAX.x.DENSBASEQT76ZAA30,

na.acticn = na.omit)

Coefficients:
Vaiue 3Std. Error
{Intercept) -7.4861 2.2205

{
-3.37%13 a.

value Pr (>

o)
0013

153



DB 22.4479 7.1030 3.3011 0.0017
I(pen2)y -10.3%4%2 5.15%92 -1.98¢82 3.0504

Residual standard error: 1.135 on 57 degrees of freedom
Multiple R-3Sguared: 0.7515

F-statistic: 86.1% on 2 and 57 degrees of freedom, the p-value is 0

Correlation of Coefficients:
{Intercept) DB
DB -0.9825

I{DB"Z) 0.8771 -0.59845%
Analysis of Varilance Table

Response: FNM

Terms added sequentially (first to last)

Df 3um cof 3¢ Mean Sg F Value ri{Fj
DB 1 237.029%8 217.0298 168.3821 0.00000000
I{og~2) 1 5.1513 5.1313 3.2967 0.050368617

Residuals 57 73,4680 1.2888

ESPESSURA = 1,143mm
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Fitted - DB + (DB™2)

*%* Tinear Model **%%

Call:
Im{fermuia = FNM ~ DB + {(DB"2), data = FNMAX.x.DENSBASE1143ARA3C,

na.action =

na.omit)

Coefficients:
{(Intercept) DB T(DB 2
«11,18858 24.57704 ~14.847%2



Degrees cof freedom: 60 total; 57 residual
Residual standard error: 1.441895

Call: lm(formula = FNM ~ DB + (DB"2), data = FNMAX.x.DENSBASE1143AA30,
na.action =

na.omit)
Coefficients:
s W@l Ue  B3Td . Brror.oo.tovalue Brixit])
{Intercept) -11.1886 2.8202 -3.8673 0.0002
DB 34.577C 9.0212 3.8329 0.0003
I(DR"2) ~14.847% ©.6033 -2.248¢6 G.0284

Residual standard error: 1.442 on 57 degrees of freedom

Multiple R-Sqguared: 0.8168
Fe~statistic: 127 on 2 and 57 degrees of freedom, the p-value is 0

Correlation of Coefficients:

{Intercept) DB
DB ~-0.8825
I(DB"2) 0.9771 -0.5%%945%

Analysis of Variance Table

Response: FNM

Terms added sequentially {first to last)
Df Sum of Sg Mean Sg F Value Er{F)
DB 1 517.7679 517.7679 249.03%4 0.00000000
I(pp~2y 1 10.%117 16.5117 5.0560 0.02842337

an

Residuals 57 118.5064 2.07%1

ESPESSURA = 1,524mm

L
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Reslduals

B0 |

%1

Im{formula = FNM ~ DB, data =
na.omit)
Coefficients:

(Intercept) DB

-5.320788 17.88347

& 8 10 12
Fitted - DB

FNMAX.x.DENSRBASELISZ24AR30,

Degrees of freedom: €0 total; 58 residual

Residual standard error:

Call: lm{formula = FNM ~ DB,
na.omit)

Coefficients:

Value $td. Error

7517
1422

-5.3208 0.
17.8835 L.

{Intercept)
DB

Residual standard errcr:
Multiple R-Sguared: 2.8087
F-statlistic:

Correlation of Coefficients:
(Intercept;

DB ~0.9507

Analysis of Variance Table

FNM

Response:

Terms added sequentially
Df Sum of 3g

DR 1 758.584z2
Residuals 58 188.033% 3.2592

data =

1.805327

FNMAX . x . DENSBAS

t value Pr{>iti}
-7.077% 0.0000

15.8572 0.0000

245.1 on 1 and 58 degrees of fresdom,

(first to last)
Mean Sg F Value Pr(F}
798.5842 245.147 0

E1524AR30,

na.action =

1.805 on 58 degreeg of freedom

the p-value is C

156

na.action =
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Fitted 1 £ + DB+ AA

**%* Tlinear Model ***
Call:

Im(formula = FNM ~ E + DB + AA, data = FNMAX .x..DENSBAS, . . ESP.. . AA,,
na.action =
na.omit)

Coefficients:
{Intercept: E DB AR
~16.88739 0.3044207 7.424642 320.24633

Degrees of freedom: 720 total; 716 residual
Residual standard errcr: 2.4071%

Call: lm{formula = FNM ~ E + DB + RA,

data =
FNMAX .x..DENSBAS...E5P. .. AA

., na.action =

na.cmit)
Coefficients:
Value Std. Error t wvalue Pri>|t])
(Intercept) -16.8874 0.4151% -40.68086 0.00600
E 0.3044 0.21086 1-4455 0.1488
DR 7.4246 0.4387 16.8855 0.0000
AR 30.2463 0.6285 48.0463 0.0000

Residual standard error: 2.407 on 716 degrees of freedom
Multiple R-Squared: 0.7838
F-statistic: 863.1 on 23 and 716 degrees of freedom,
Correlation of Coefiicients:

{Intercept; E DB
L ~-0.4832

the p-value is 0§



DB -0.6630
AR ~0.5256

0.0000
0.0960

4]

.00G3

Analvysis of Varilance Table

Response: FNM

Terms added sequentially

(first to last)

Df Sum of 3q Mean Sg F Value Pr{F}
E 1 1z2.11 12,10 2.-088 0.1487625
DB i 1649.33 1€48.33 284.633 0.0000000
BA 1 13376.47 13376.47 2308.452 £.00000090
Residuals 716 4148.97 5.79
FORCA NORMAL MAXIMA
CORTE 90°-90° RADIAL
¢ FORCA x ESPESSURA
y=20°
CITRIODORA
o %2
<4 o . z -
L ‘ 38 . E)
10 15 e 25 30
Fitted  {E"Z) + (E"3)
**++ Tinear Model ***
Call:
Im{formula = FNMAX ~ (E"2) + (E~3;, data = CFNMAX30.90RDAAZUXESP, na.action
na.omit)
Coefficients:
{Intercept) I(E"2) I{(E"3}
3.031258 35.00175% -14.979%9

Degrees of freedom:

Residual standard error:

Call: Im{formula

FNMAX

80 total:;

77 residual

1.635765

{

E~2Y 4+ (E~Z data

i
Ly

CENMAXSO

.S0RDAAZOXESP, na.action



na.omit)

Coefficients:
Value S5td. Error

£t value Pr(>|t})

{(Intercept) 3.0313 0.4862 6.2348 0.000¢C
I{E"2) 35.0018 1.616% 21.6582 0.000C
T(E~3) -14.9800 0.9855 -15.2011 0.0000

Residual standard error: 1.636 on 77 degrees of freesdom

Multiple R-Squared: 0.8%706

the povalus is O

Call: Im{formula = FNMAX ~ exp(E)
na.action =

na.omit)

Coefficients:

+ exp(E~2),

dat

=1

~Pegtatistic:. . A272 on 2. .and. .77 degrees of freedom,
Analysis of Varlance Table
Response: FNMAX
Terms added sequentially (first to last)
Df Sum of 5¢g Mean Sg F Value Pr(F}
T(E~Z2} 1 8187.038 €187.058 2312.290 o]
Z(E 3) 1 61B.286 618.28€ 231.072 o
siduals 77 206.031 2.676
SALIGNA
& 0 £
. 2
& g
T = .
%1 31|
2 p 5 s
Fitted | exp{£) + exp{Er2)
% Tinear Model ***
Call:
In{formula = FNMEX ~ exp(E) + exp(E~Z), data = SFNMAXS0.30RDAAZOXESP,
na.omit)
Coefficients:
{Intercept) e#Zp(E) exp (E~2)
~4.999251 £.93636 ~(.8392661
Degrees of freedom: 80 total; 77 residual
Residual standard error: 1.342441

SFNMAKXSC. 90RDAAZ0OXESP,

na.action



Value

{Intercept) -4.9983
expi{E) 4.9364
exp{E~2} ~0.9393

Std. Error t wvalue Pri{>itl)

C.7458 -6.7035 0.c0cc
0.471e 1C.4878 J.6000
G.1548 ~&.0690 C.0000

Residual standard error: 1.342 on 77 degrees of freedom
Multiple R-Squared: 0.8103

F-statistic: 164.5 on 2 and 77 degrees of freedom,

Analysis of Variance

Table

the p-value is 0

Response: FNMAX

Terms added sequentially (first to last)

Df Sum cf Sg Mean Sg F Value Pr(F}
eXp (B} 1 52€.4140 52¢.4140 292.1037 0.000000e+0C0
exp (E~2) 1 €6.3773 66.3773 36,8323 4.515981e-008
Residuals 77 138.7654 1.8021
GRANDIS
| ®s i
- £ @5
@ 8
5 2 &
§ i g
15 -z.iao 155 450
Fitted | E
**xx Tinear Model ***
Calli:

Im{formula = FNMAX ~
Coefficients:
{Intercept)
-1.389505 -0.1873

Degrees of freedom:

160

E, data = GFNMAXSD.90RDAAZOXESP, na.actlon = na.omit)

E
Sa

80 total; 78 residual

Residual standard error: G.7704234

Call: lm{formula = FNMAX ~ E, data = GFNMAXS(.S0RDAAZCXESP,

Coefficients:
Value
{Intercept} -1.3885
E -0.1574

Std. Error t value Pri{>|ti)
c.213i0 -6.5857 0.0000C
0.2022 -0.8762 0.3320

Residual standard error: 0.7704 on 78 degrees of freedom

Multiple R-Squared:

0.01207

na.action

na.omit)



F-statistic: 0.952% on 1 and 78 degrees of freedom, the p-value is 0.332

Analysis of Variance Table

Response: FNMAX
Terms added sequentially {(first to last)
DEf Sum of Sg Mean Sg F Value Pr(rF)
. 1 0.56562 0.5656225 0.9525%447 0.3319888
Residuals 78 46.28708 0.5535523
v=30°
CITRIODORA
- %
& j . z
¢ ¥ :
- s ,
i ] L]
< . a
v - ’ %2
16 2;3 3‘6 4‘0 50
Fifed : £+ (En2)
**x Tinear Model ***
Call:
Imi{formiia = FNMAX ~ E + (E~2), data = CFNMAXS0.S0RDAA3ZOxESP, na.action =
na.omit}
Coefficients:
(Intercept) E I(E"2}

-4,321219 42.22055 -3.7686507

Degrees of freedom: 80 tetal; 77 residual

Residual standard error: 1.748403
Call: lIm{formula = FNMAX ~ E + (E~2), data
na.omit)
Coefficients:
- Value Std. EBrror ¢
{Intercept) -4.3212 1.0884 ~3.8704
E 42.2206 2.6060 16.2010
I{E~2) ~3.7685 1.346¢6 ~2.7970

Residual standard error:
Multiplie R-Sguared: 0.887

F-statistic: 2820 on 2 and 77 degrees of Zreedom,

Analvsis of Varlance Table

1.748 on 77 degrees

CFNMAXSC. S0RDAAZOXESP, na.action

value Pri{>ltl])
G.
0.
0.

0ooz
o000
0065
of freedom

the p-value 1s 0

161



Response: FNMAX

Terms added sequentially (first
Df Sum of Sg Mean Sg

E 1 17828.34 17828.34

T(E~Z) 1 23.91 23,91

Residuals 77 235.38 3.06
SALIGNA

to last)

F value Pr{F}

5832.142 0.000000000C
7.823 0.006511624

Resigusls

46

o

= : :
H 4 :
z B & o
E £ £ L&
: ° 0 &
° g
¥ 3 g
s ¢
s I
5|
5 10 15 20
Fitted . &

¥4k Tinear Model **=*
Call:

=

lm{formula = FNMARX ~ E,

Coefficients:
{Intercept) E
-0.6291429 13,42752

80 total;

Degrees of freedom:
Residual standard error:

Call: lmi{formula = FNMAX ~ E, data = SFNMAXS0.S0RDAASOxXESP,

Coefficients:
value Std. Error
{Intercept) =-0.62%91 0.3548
E 13.4275 0.32418

Residual standard error:
Multiple R-Squared: 0.93519
Festatistic:

Analysis of Variance Table
Response: FNMAX
Terms added sequentially (first

Df Sum of Sg Mean Sqg
E 1 2617.227 2617.227

1543 on 1 and 78 degrees of Ifreedom,

data = SFNMAX90.S0RDAAZOXESP,

78 residual
1.302245

t value Pri{>lti}
~1.7641 0.081¢
28,2851 0.00060C

1.302 on 78 degrees of freedom

to 1ast)
F Value Pr(¥F)
1543.32 0

na.action

the p-value is O

162

na.action = na.omit)

na.omit)



Residuals 78 132.27¢ 1.69¢
GRANDIS
< g71
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FrF Tinear Model **F

Call:
Im{formula = FNMAX ~ E + {(E"2},
na.omit)
Coefficients:
(Intercept) B I(E"2)

~5.828753 16.67421 -5.6€5078

Fitted - E + (E72}

data = GFNMAXSC.S0RDAAICXESPE,

Degrees of freedom: B0 total; 77 residual

Residual standard error: 1.426345
Call: Im{formula = FNMAX ~ E + (E~2), data = GFNMAXSC.S90RDAAZOXESP,
na.omit}
Cogfficients:
Value Std. BError t value Pr{>iti})
{Intercept} ~5.8288 G.BE79 -6.5647 0.0000
E 16.8742 2.1260 7.8430C 0.0000
I{E~2) -5.%508 1.0%886 ~5.1437 0.03800

Residual standard error:
Multivle R-Sqguared: 0.781¢
F-statistic: 137.8% on 2

Analysis of Variance Table

Response: FNMAX
Terms added sequentially (first
Df Sum of Sg Mean Sg
E 1 506.2300 506.9300
TiE~Z; i 53.8278 53.8278
Residuals 77 15€.6543 2.0345

v=40°

and 77 degrees of freedom,

1.426 on 77 degrees of freedom

to last)

F Value PrirF)
249.,1704 0.000000e+000
26.4579 1.9957%2e-00¢

na.action =

the p-value is 0

na.action =
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Fitted . E+ {(E°2)
Call:
Im{formula = FNMRX ~ E + (E"2}, data = CFNMAXSC.S0RDAA4OXESP,
na.omit)
Coefficients:
{Intercept} E I{E"2)

-2.836831 50.8468]1 -3.620323

Degrees of freedom:

80 total;

Residual standard error: 2.748932

Call: Im{formula = FNMAX ~ E + (E~2),

na.omit}

Coefficients:

Value Std. Error

{Intercept) ~Z.83¢8
E 50.84¢9
I(~2; =3.6203

Residual standard error:
0.9787

Multiple R-Squared:

1.7112
4.0874
2.1172

77 residual

t wvalue Pri{>it])
~1.6578 G.1014
12,4087 0.0000
-1.7099 ¢.0913

2.748 on 77 degrees of freedom

F-statistic: 1857 on 2 and 77 degrees of freedom,

Analysis of Variance Table

Response: FAMAX

Terms added seguentially (first to last)
Df Sum of S5g Mean Sg

T(E~Z
Residual

SALIGNA

77 581.8¢

1 22.09 22.08

7.58

¥ Value Pr{F)

2.%24 D.0S91305

E 1 2803%.56 28039.56 3710.532 0.000C0C
)
5

*** Tinear Model ***

na.acticn =

data = CFNMAXS0.90RDAX4OxESP, na.actiecn

the p-vaiue is 0

164



23

= o o
@) G B 9D 0 a

DOOOMG W L

Residuals
CEIUED D

-2
L
40 e adoy

oa

B2

TG k53 0 25 30

Fitted : £ « {£°2}

*x* Tinear Model ***

Call: _
im{formala = FNMAX ~ E + (E"2), data = SFNMAX90.S0RDARA4CxESP, na.action =

na.omit)

Coefficients:
{Intercept) B I{E"Z)
-3.116086 28.8%277 -4.883725

Degrees of freedom: 80 total: 77 residual
Residual standard error: 2.157554

Call: Im(formula = FNMAX ~ E + (E~2), data = SFNMARX90.90RDAAMOXESP, na.action =
na.omit)

Coefficients:
Value S5td. Error T wvalue Pri>iti}
{(Intercept) -3.116%1 1.3431 -2.3201 L0230
E 28.8928 3.215% §.9844 C.5000
I(E~2y —4.9837 1.6¢18 -2.59%1 0.003¢6

Residual standard error: 2.158 on 77 degrees of freedom

Multiple R-~Squared: 0.8389

F-statistic: 5%1.2 on 2 and 77 degrees of freedom, the p-value is C
Analysis of Variance Table

Response: FNMAX

Terms added seguentially (first teo last)

Df Sum of Sg Mean Sg F Value Pr{F}

B 1 5462.58¢6 5462.58¢6 1173.478 0.00C000000

I{E~2) 1 41.870 41.870 8.9%94 0.003846011
Residuals 77 358.438 4.655

GRANDIS
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*** Linear Model ***

Call:
Im{formula = FNMAX ~ F, data = GFNMAX90.S90RDAR4OXESP, na.action = na.omit})

Coefficlents:
{Intercept} E
-1.258598 10.4305¢

Degrees of freedom: 80 total; 78 residual
Residual standard error: 3.576027

Call: Im{formula = FNMAX ~ E, data = GFNMAXSC.SORDAR4OxESP, na.action = na.omit)

Coefficients:
Value Std. Error t wvalue Pri{>iti)

(Intercept} -1.2586 0.8783 -1.2852 0.2025
E 10.4306 0.938¢ 11.113¢0 0.0000

Residual standard error: 3.376 on 78 degrees of freedom

Multiple R-~Squared: 0.6128
F-statistic: 123.5 on 1 and 78 degrees of freedom, the p-value is ©

Analysis of Variance Table
Response: FNMAX
Terms added seguentially (first to last}
Df Sum of Sg Mean Sqg F Value Pr(F)

E1 1879.303 1579.303 123.499Z2 ¢
Residuals 78 997 .46l 12.78¢8

e FORCA x DENSIDADE BASICA
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v =20°

ESPESSURA = 0,381mm

Rasiduats
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Fiteq . DB

*%* T inear Model ***

Call:
Im({formila = FNMAX ~ DB, data = FNMAXS(0.SORDESPO3SIAAZOXDENS, na.action =

na.omit)

Coefficients:
{(Intercept) DB
~-8.883163 17.69612

Degrees of freedom: &0 total; 58 residual
Residual standard error: 0.9549198

Call: Im(formula = FINMAX ~ DB, data = FNMAX90.90RDESPO381AA20xDENS, na.action =
na.omit)

Coefficients:
Value Std. Error t valus Pri{>[t])

{Intercept} -8.8832 0.3845 ~-23.1025 0.CC00
DB 17.€861% 0.5769 30.€740 0.C000

Residual standard error: 0.354% con 58 degrees of freedom
Multiple R-Sguared: 0.941%
F-statistic: 940.% on 1 and 58 degrees of freedom, the p-value is ©
Analysis of Variance Table
Response: FNMAX
Terms added seguentizlly (first to last)
DPf Sum of Sg Mean Sg F Value Pr{F)

DR 1 B857.9738 857.8738 9£0.8931 o
Residuals 58 52.888¢ 0.811%

ESPESSURA = 0,762mm
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Fitted : DB

*%*% Tinear Model ***

Call: .
Im(formula = FNMAX ~ DB, data = FNMAXS(C.S0RDESPGT76ZAAZOXDENS, na.actlon =

na.omit}

Coefficients:
{Intercept) DB
~15.6111 24.85221

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.10087

Call: Imi{formula = FPNMAX ~ DB, data = FNMAXS0.S0RDESPO76ZARAZ20xDENS, na.action =
na.omit}

Coefficients:
Value Std. Error t value Pr{>|tl])

(Intercept) -15.61ll1 0.4433 -35.2173 G.000Q
DB 34.8522 0.6651 52.4027 0.00C0

Residual standard error: 1.101 on 58 degrees of freedon

Multiple R-Squared: 0.9793
F-statistic: 2746 on 1 and 58 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: FNMAX
Terms added seguentially (first to last}
Df Sum of Sg Mean Sg P Value Pr(F}

DR 1 3327.%€5 3327.965 2746.041 0
Residuals 58 7G.291 1.212

ESPESSURA = 1,143mm
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*** Tinear Model ***
Cail: .
Im{formula = FNMAX ~ DB, data = FNMAX®90.90RDESP1L143AAZ0xDENS, na.action =
na.omit)
Coefficients:
{Iintercept) DB

-24.23221 55.22%13

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.303981

Call: Im{formula = FNMAX ~ DB, data = FNMAXO90.SCRDESP1143RAA20XDENS, na.action =
na-omit)

Coefficients:
Value Std. Error +t walue Pri{>|ti}
(Intercept) ~24.2322 G.5251 -46.1509 0.00600
DR 55,2291 g.7878 70.1061 0.0000

Residual standard error: 1.304 on 58 degrees of freedom
Multiple E-Squared: (.8883
F-statistic: 4915 on 1 and 58 degrees of freedom, the p-value is C
Analysis of Variance Table
Response: FNMAX
Terms added seguentially (first to last)
Df Swm of Sg Mean Sg F value Pr(F)

by 1 8357.078& 8357.078 4914.871 &
Residuals 58 88.621 1.700

ESPESSURA 1,524mm
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*xx Tainear Model *rr
Call:
lm(formula = FNMAX ~ DB, data = FNMAX90.90RDESPIS24AAZ0xDENS, na.action =
na.omit)

Coefficients:
{Intercept) DB
-28.3158% 64.65331

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.832813

Call: Im{formula = FNMAX ~ DR, data = FNMAX®0.90RDESP1524AAZ20xDENS, na.action =
na.omit)
Coefficients:
Value Std. Error t value Pri{>lti)
{Intercept) -28.315% 0.738C ~-38.3660 0.000¢C
DB ©£4.6%33 1.1073 5g8.4220 0.0000

Residual standard error: 1.833 on 58 degrees of freedom
Multiple R-Squared: (.8833
F-statistic: 3413 on 1 and 58 degrees of freedom, the p-value is 0
Analiysis of Variance Table
Response: FNMAX
Terns added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr{F)

DB 1 11466.66 11466.66 3413.131 0
Residuals 58 194.86 3.36

v = 30°



ESPESSURA = 0,381mm
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*+% Tinear Model ***

Cali:
Im(formala = FNMAX ~ DB + (DBR~2)
= na.omit)
Coefficients:
(Intercept) PB I1{(DB"2)

-15.87445 45.2%9208 -17.31364

Fitted : DB + (DE"Z)

data = FNMAXS0.20RDESFO381AA30xDENS, na.action

’

Degrees of fresdom: 60 total; 57 residual
Residual standard error: 0.878382%

Call: Im{formulas = FNMAY ~ DB +
na.action
= na.omit)

Coefficients:
Value Std. Zrror
(Intercept) -15.8745 1.7815
DB 45.29Z21 5.786%
I{pp~2; ~17.313¢ 4.25%0

Residual standard error: [5.8784
Multiple R-Sguared: (.9€78

(LB~2), data = FNMAXS0.90RDESPC3IB1AA30xDENS,

t value Pr(>[ti}

-8.8107 0.0000
7.8267 0.00C0
~4.0652 0.0C0%

on 57 degrees of freedom

F-statistic: 857.2 on 2 and 57 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: FNMAX

Terms added sequentially (first
Df Sum of Sg Mean 3g

DR 1 130%.97% 130%.97%
I{DB"Z) i 12.751 12.751
Residuals 57 43.879 0.772

ESPESSURA = 0,762mm

to last)

F Value Pr (F)

16587 .840 0.0000000000
16.526 0.0001487898
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* % x Llnear MOdel E
Call:

Im{formula = FNMAX ~ DB + {(DB"Z}, data = FNMAX90.90RDESP(Q7&2AA30xDENS,

= 1a.omit)

Coefficients:
{Intercept) DB I(DB~2}
-9.957687 28.32682 11.37144

Degrees of freedom: &0 total; 57 residual
Residual standard error: 1.562684

20

25
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na.action

Call: Im{formula = FNMAX ~ DB + (DB"2}, data = FNMAXSO.90RDESPO762AA3Z0xDENS,

na.action
= na.omit)
Residuals:
Min 10 Median 30 Max
-4,.387 -0.785 -0.11¢6 (.8362 4.72%

Coefficients:
Value Std. Error t wvalue Pr{>(tj)
{Intercept) =-9.8577 3.16%4 -3.1418 0.0027
DB 28.326% 10.295Z2 2.7515 C.007%
I(DBR"~2)y 11.5714 7.5769 1.5272 0.13z22

Residual standard error: 1.563 on 57 degrees of freedom

Multiple R-Squared: 0.5744

F-statistic: 1086 on 2 and 57 degrees of freedom, the p-value is ©

Correlation of Coefficients:
{Intercept) DB

DB -0.58932
I(DB"~2) 0.8801

-0.9858
Anaivsis of Variance Table

Eesponse: FNMAX

Terms added sequentially (first to last)

Df Sum of Sg Mean Sg F Value BPr (¥

DB 1 5300.282 5300.252 2170.471 C.000000
Imerz) 1 5.69¢€ 5.69¢6 2.332 0.132242

Residuals 57 138.193 2.442

]
O
2
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ESPESSURA = 1,143mm
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Fitted : DE

*** Tinear Model ***
Call:
im(formula = FNMAX ~ DR, data = FNMAXSC.GCRDESPLI4AZAAZOxDENS, na.action =
na.omit)

Coefficients:
{Intercept) DB
-20.84313 64.6345¢6

Degrees of freedom: 60 total
Resgidual standard error: 1.5

Call: Imi{formuia = FNMAX ~ DB, data = FNMAXS90.9CRDESP1143AA30XxDENS, na.action =
na.omit)

Coefficients:
Value Std. Error T valiue Pr(>it})
(Intercept) -20.8431 0.6420 -32.4865 0.0000
DB 64.634¢6 G.9632 £7.1024 0.0000

Residual standard error: 1.594 on 58 degrees of freedom
Multiple R-Squared: 0.9872
F-statistic: 4503 on 1 and 58 degrees of freedom, the p-value is 0

tic:
2Znalysis of Variance Table
Response: FNMAX
Terms added seguentially {first to last)
Df Sum of Sg Mean Sq F Value Pr{F)

DB 1 11445.84 11445.84 4502.729 0
Residuals 58 147 .43 z2.54
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**% Linear Model ***

Call:
Im{formula = FNMAX ~ DB, data = FNMAXS0.90RDESP1524AA30xDENS, na.action =
na.omit)
Coefficients:

(Intercept} DB

~29.90876 88.16498

Degrees of freedom: 80 total; 58 residual
Residual standard error: 2.311095

Call: lm{formula = FNMAX ~ DB, data = FNMAXS0.90RDESP1S24AA30xXDENS, na.action =
na.omit}

Coefficients:
Value Std. Error t valuse Pri(>!ti)

(Intercept) —-29.92088 0.230¢ -32.1395 0.0000
DB 88.1650 1.3962 63.1448 .0000
Residual standard error: 2.311 on 58 degrees of freedom

Multiple R-Sguared: 0.9%8537
F-statistic: 3987 on i and 58 degrees of freedom, the p-value is C

Analysis of Variance Table
Response: FNMAX
Terms added sequentiaily (first to last)

Df Sum of 3g Mean Sg F Value Pr(F)
OB 1 212%6.60 21296.60 3987.2¢ G

Residuals 58 309.79 5.34
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*%% Tinear Model ***

Call:
Im{formula = FNMAX ~ DB, data = FNMAXS).3I0RDESPO321AA40xDENS, na.action =
na.omit)
Coefficients:
{Intercept) DB

-B.246086 26.31134

Degrees of freedom: €0 total; 58 residual
Residual standard error: 1.15438

Call: Im{(formula = FNMAX ~ DB, data = FNMAXS0.S0RDESPU381AA40xXDENS,
na.omit}

Coefficients:
Value Std. Error t wvalue Pri{>it]|)

i

RAR
{Intercept; -B8.2461 0.4648 ~-17.740% 0.0000
DB 2£.3113 0.6974 37.7271 0.00600

Residual standard error: 1.154 on 58 degrees of freedom

Multiple R-Sguared: 0.32608
F-statistic: 1423 on 1 and 58 degrees of freedom, the p-value is ©

Analysis of Variance Table
Response: FNMAX
Terms added seguentially (first to last)
Df Sum of S3g Mean Sg F Value Pri{F}

DB 1 18B96.72Z4 18%c.724 1423.333
Residuals 58 77.290 1.333

na.action
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Fitted : DB + {DE~2)

#*x Tinear Model ***

Call:
lm(formula = FNMAX ~ DB + (DB"2}, data = FNMAXY0.SURDESPO7E6ZAA40xDENS, na.action
= na.omit)
Coefficients:
{Intercept) DB I1({DB"2)

-25.28353 88.26204 -26.24082

Degrees of freedom: 60 total; 57 residual
Residual standard error: 1.849227
Call: Im{formula = FNMAX ~ DB + (DB"Z), data = FNMAXS0.S0RDESPO762ARL0xDENS,
na.action

= na.omlit)

Ceoefficients:
Value Std. Error t wvalue Pr(>Iitj)

{Intercept) -25.2835 3.7505 ~6.7413 0.0000
DB  88.9620 12.1830 7.3022 0.0000
I{DB"2) =-26.2409 B8.9663 -2.9266 0.0049

Residual standard error: 1.84% on 57 degrees of freedom
Multiple R-Sguared: 0.8758

F-statistic: 1149 en 2 and 57 degrees of freedom, the p-value 1is 0
Analysis of Variance Table

Response: FNMAX

Terms added secquentially (first to last)

Df Sum of Sg Mean Sq F Value Pr(F)
DB 1 7829.458 782%9.459 2289.557 0.00000000C
r(pe~z) 1 2%.290 29.2%0 8.565 £.0049141054

Residuals 57 194 .819%9 3.420
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*x* Tinear Model ***

Call:
Im{formula = FNMAX ~ DB, data = FNMAXY90.90RDESP1I143AR40xDENS,
na.omit)
Coefficients:
{Intercept) DB

~19.19576 75.11704

Degrees of freedom: 60 total; 58 residual
Residual standard error: 4.167642

Call: Im{formula = FNMAX ~ DB, data = FNMAXS0.S0RDESP1143AA40xDENS,

na.omit)

Coefficients:

Value 5td. Error t value Pri{>i{t|}
{Intercept) -19.1858 1.67¢2 -11.438¢ J.0000
DB 75.117C 2.517% 29.8337 0.0000

40 50

Residual standard error: 4.168 on 58 degrees of freedom

Multiple R~Sguared: (.S5388
F-statistic: 8%0 on 1 and 58 degrees of freedom,

Analysis of Varilance Table
Response: FNMAX
Terms added sequentially (first to last)
DEf sum of Sg Mean Sg  F Value Pr{f)
G

DR 1 1545%.48 1545%.48 850.0£98
Residuals 58 1007.42 17.37

the p-value is 0

177

na.action
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*** Tinear Model =***
Call:
Im{formila = FNMAX ~ DB, data =
na.omit)
Coefficients:
{Intercept) DB

~28.40072 102.9553

30 40
Fitea: 0B

30 &0 70

FNMAXSO.S0RDESP1524AA40xDENS, na.action

FNMAXS0 . 90RDESP1524AR40xDENS,

BPr(>itl)
0.0000
0.000C

Degrees of freedom: 60 total; 58 residual
Residual standard error: 3.350341
Call: lm{formula = FNMAX ~ DB, data =
ra.omit)
Ceoefficients:
Value 5td. Error t value

{Intercept) =-28.4007 1.3491  -2L.0522

DB 102.9553 2.02437 50.8650
Residual standard error: 3.35 on 58 degrees of freedom
Multiple R~Sguared: 0.8781
F-statistic: 2587 oen 1 and 58 degrees of freedom,

Analysis of Variance Table

Response: FNMAX

Terms added seqguentially (f£irst to last)

Df sum of Sg
. DB 1 2%041.27
Residuals 58 651

.04 i

i.22

the p~value is C

Mean Sg F Value Pri{F)
29041.27 2587.24¢

n
L%

na.action
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Fitted : exp{DB + AA » E} + exp({DB"2) + (AARZ) + (E72)) + exp{{DBAI) + (AAAT) + (En3)

**% Jinear Model *#**
Call:
im{formila = FNMAX ~ exp (DB + AA + E) + exp( (DB Z) + (AA"2) + (E~2))
+
BAA"3) + (E™3)), data = FNMAXI0.%0RDxDENSAAESP, na.action = na.omit}
Coefficients:
{Intercept) exp(lB + AL + E) exp((DB~2) + (AR"2} + (E~2}}
-18.04164 3.122224 1.861334
exp{(DB"3) + (AA"3) + {(E"3}]
-0.7353362
Degrees of freedom: 720 total; 716 residual
Residual standard error: 7.078587
Call: lm(formula = FNMAX ~ exp(DB + AA + E) + exp((DB~2) + {(AR"2) + (E™2))
exp{ (DB"3} + |
AR~3Y + {E~3)), data = FNMAXS0.90RDxDENSAAESP, na.action = na.omit)
Coefficients:
Value Std. Error T value Pri{>itl])
{Intercept) -~18.041¢ 1.4603 -12.3551 0.0000
exp{DB + AR + E} 3.1z2z22 0.5565 5.610%9 0.0000
exp{ (DB"2} + (AA"Z) + (E"2)} 1.8613 0.7C08 2.798¢ 0.0053
exp{ (DB"3) + {(AA"Z} + (E73)) ~0.7353 C.1464 ~5.0244 0.0CGC0

Residual standard error:
Multiple R-Squared: 0.813%
F-statistic:
Analysis of Variance Table
FNMAK

Response:

Terms added sequentially (first

Df Sum of Sg Mean Sg

jou

exp{DB + AA + E)

exp( (DB 2) + (AR™Z) + (E°2)) 1
exp( (DB"3) + (AA3) + (E°3)) 1

Residuals 716

1044 on 3 and 716 degrees of freedom,

to last}

1419314.8 141814.
136%2.3  136%2.

1264.9 1264.
35876.3 50

7.07% on 71¢ degrees of freedom

F Value
g8 2832.261
3 273.263
& z25.245
.4

the p-value is 0

Pr{F;
0.000000e+000
0.00C000e+000
£.38£239e~007

e
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+ exp{{DB"3)
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%% Tinear Model ***

Call:
Im{formula = FNMAX ~ E, data = CFNMAXS0.20TGAAZO0xESP, na.action = na.omit)

Coefficients:
{(Intercept} E
-4,8052587 18.50087

Degrees of freedom: 30 teotal; 78 residual
Residual standard error: 4.361224

180

Call: Im{formula = FNMAX ~ E, data = CFNMAXS(0.S0TGAAZOXESP, na.actien = na.omit)

Coefficients:
Value std. Error t wvalue Pr(>iti)
(Intercept) ~-(.8053 1.1544 -0.6742 0.5022
E  18.8009 1.1447 16.5119 G.0000

Residual standard errcr: 4.361 on 78 degrees of fresdom

Multiple R-Squared: 0.7776
F-statistic: 272.6 on 1 and 78 degrees of freedom, tThe p-value is 0

Analysis of Variance Table
Response: FNMAX
Terms added seguentially {(first to last}
Df Sum of Sq Mean Sg ¥ Value Pr(F)

E 1 5185.773 5185.773 272.6444 Q
Residuals 78 1483.582 1%.02C
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*** Tinear Model ***

Call:
Im{formula = FNMAX ~ H, data = SFNMAX90.S50TGAAZ0XESP, na.action = na.omit)

Coefficients:
{Intercept) E
-1.9489%82 5.328031

Degrees of freedom: 79 total; 77 residual
Residual standard error: 1.696071

181

Call: 1m{formila = FNMAX ~ E, data = SFNMAXS).S0TGAAZOxESP, na.action = na.omit)

Coefficients:
Value Std. Error t wvalue Pr(>[tl|)
{Intercept) ~1.8480 0.4724 ~-4,1254 0.0002
B 5.3280 0.4503 11.831¢ 0.0000

Residual standard error: 1.696 on 77 degrees of freedom

Multiple R-Squared: 0.6451
F-statistic: 140 on 1 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX
Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr(F)

B 1 402.692¢6 402.692¢ 13%.9864 0
Residuals 77 221.502% 2.87¢67
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¥ Tinear Model ***
Call:
Im(formula = FNMAX ~ E, data = GFNMAX30.S0TGAAZOXESP, na.action = na.omit)
Coefficients:
(Intercept} E
-2.428337 0.8445345

Degrees of freedom: §0 total; 78 residual
Residual standard errcr: $.94316

182

Call: Imi{formula = FNMAX ~ E, data = GFNMAXS0.90TGAAZ0XESP, na.action = na.omit)

Coefficients:
Value Std. EBrror t walue Pri(>ItTt)
{Intercept) ~2.4283 0.2583 ~-9.4014 0.0000
B 0.8445 0.247% 3.4116 0.00L0

kResidual standard error: 0.5432 on 78 degrees of freedom

Multiple R-Sguared: 0.1298
Fwatatistic: 11.64 on 1 and 78 degrees of freedom, the p-value is 0.001026

Analysis of Variance Table
Response: FNMAX
Terms added sequentially (first te last)

Df Sum of 3g Mean 3Sg F Value PriF)
= 1 10-35344 10.35344 11.638%6 0.001026126

Residuals 78 ©5.38496 0.8895%
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*x+ Tinear Model **=*

Call:
Im{formula = FNMAX ~ E, data
Coefficients:

{Intercept} E

-2.675358 31.3475

Degrees of freedom: 80 total
Residual standard error: 5.4

Call: lm(formula = FNMAX ~ B

= CFNMAX90.90TGAA30XESP, na.action = na.omit)

; 78 residual
46363

, data = CFNMAXS(.90TGAAZORESP, na.action

Coefficients:
Value Std. Error t wvalue Pr(>iil)
(Intercept) ~2.6754 1.4915 ~1.7937 0.07&7
E  321.3473 1.42¢5 21.82%1 0.0000

Residual standard errcr: 5.4
Multiple R-Squared: 0.8604
F-statistic: 480.%9 on 1 and
Analysis of Variance Table

Response; FNMAX

Terms added seguentially (fi

46 on 78 degrees of freedom

78 degrees of freedom, the p-value is O

rst to last)

Df Sum of Sg Mean Sg F Value Pr(r)

E 1 14264.48 14254

po13

.48 480.8868 0

Resjduals 78 2313.70¢ 29.66

na.omit)
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*** Tinear Model ***

Call:
Im(formula = FNMAX ~ E, data = SFNMAX90.90TGAA30xESP, na.action = na.omit)

Coefficients:
{(Intercept) E
-2.608905 13.24023

Degrees of freedom: 80 total; 78 residual
Residual standard error: 2.412613

Call: Im{formula = FNMAX ~ E, data = SFNMAXS0.S0TGAA3Z0xESP, na.action = na.omit)

Coefficients:
value Std. Error t walue Pr(>it])
{(Intercept; ~2.8608% C.e607 -3.948% 0.0002
E 13.240Z 0.633Z 20.90%0C . 0000

Residual standard error: 2.413 on 78 degrees of freedom

Multiple R-Squared: (.3486
F-statistic: 437.2 on 1 and 78 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX
Terms added sequentially (first te last)
Df Sum of Sg Mean Sg F Value Pr{F}

E 1 2544.724 2544.724 437.1853 e
Residuals 78 454,015 5.821
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*** Linear Model ***

Call:
Im{formula = FNMAX ~ E, data = GFNMAXS90.S0TGAAIOxXESP, na.action

Coefficients:
{Intercept) E
-2.105657 4.826188

Degrees of freedom: 80 fotal; 78 residual
Residual standard error: 1.25323¢

Call: Im{formula = FNMAX ~ E, data = GFNMAXS0.20TGAR3IOxESP, na.action

Coefficients:

vValue Std. Error t wvalue Pr{>iti{)
{Intercept} ~-2.1057 0.3432 -6.1351 0.0000
E 4.8262 0.3289 14.6722 0.006G0

o]

Residual standard error: 1.253 on 78 degrees of freedom
Muitiple R-Sguared: (.734

F-statistic: 215.3 on 1 and 78 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added sequentially (first to last)
pf Sum of Sg Mean Sg F Value Pr{F)
E 1 338.1103 338.1103 215.2744 )
Residuals 78 122.5069 1.5708
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*x% Tinear Model **%
Call:

Imiformula = FNMAX ~ E, data = CFNMAXO(.S90TGAR40xESP, na.action

Coefficients:
{Intercept) B
~-3.57844¢ 39.64604

Degrees of freedom: 80 total; 78 residual
Residual standard error: 5.384893%¢

Call: Im{formula = FNMAX ~ B, data = CFNMAXSO0.S0TGAAR40xESP, na.action

Coefficients:
Value Std. Error t wvalue Pri>|t]}
{Intercept} ~3.5784 1.4747 ~2.4265 0.017¢
E 39.6460 1.4134 28.0504 0.000C

Residual standard error: 5.385 on 78 degrees of freedom
Multiple R-~Squared: 0.39098

F-statistic: 786.8 on 1 and 78 degrees of freedom, the p-value is 0

Analysis of Variance Table
Responss: FNMAX

Terms added sequentially (first to last)
Df Sum of Sg Mean 5g F Value Pr(F)
E 1 228l6.53 22816.53 786.8281 4
Residuals 78 2261 .86 29.00

EEHE IR
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na.omit)

na.omit)
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**% THinear Model ***

Call:
im{formila = FNMAX ~ E, data = SFNMAXS0.S0TGAMMOXESP, na.action = na.omit)

Coefficients:
{Intercept] E
~-2.433588 17.1055%

Degrees of freedom: 8C total; 78 residual
Residual standard error: 3.003382

Call: Imi{formula = FNMAX ~ E, data = SFNMAXS0.S0TGAR4AOXESP, na.action = na.omit)

Coefficients:
Value Std. Errer t walue Prixit]|)
~2.433¢ 0.8226 -2.9585 0.0041

{Intercept
17.1058 0.7883 21.6982 2.0000

1~

Residual standard error: 3.004 on 78 degrees of freedom
Multiple R-Sguared: 0.857¢9
FP-statistic: 470.8 on 1 and 78 degrees of freedom, the p~value is O

Analysis of Variance Table
Response: FNMAX

Terms added segquentially (first to last)
Df Sum of Sg Mean Sg F Value Pr(F)
E 1 4247.4£29 4247.42% 470.8115 ¢

Residuals 78 703,877 $.022
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**% Linear Model ***
Call:
Im{formula = FNMAX ~ DB, data = FNMAXS0.90TGESPOT762AA20xDENS, na.action =
na.omit)
Coefficients:
{Intercept) DB

~16.60738 33.9345¢6

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.321375

Call: In(formula = FNMAX ~ DR, data = FNMAXS0.SOTGESPOT762ARZ0xDENS, na.action =
na.omit}

Coefficients:
Vaiue Std. Error t wvalue Pri{>{ti)

{Intercept; -16.6074 0.5502 -30.1827 C¢.0000
DB 33.8346 0.8380 40.5513 G.0006¢0

Residual standard error: 1.321 on 58 degrees of freedon

Multiple R-Squared: 0.8£¢&
F-statistic: 1548 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added seguentially (first to last)

{
DE sum of Sg Me

an Sg F Value Pr{¥;
DB 1 2876.861 2876.861 1647.656 0
Residuals 58 161.270 1.746
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**% Tinear Model ***
Call:
lm{formula = FNMAX ~ DB, data = FNMAXSO0.S0TGESP1I43AAZ0XDENS, na.action =
na.omit)

Coefficients:
(Intercept) DB
-23.00048 50.16385

Degrees of freedom: 60 total; 58 residual
Residual standard errcr: 1.783188

Call: Im{formula = FNMAX ~ DB, data = FNMAXS(0.S0TGESPLl1432R20xDENS, na.action =
na.omit)

Coefficients:
Value Std. Error t wvalue Pri{>|tl)
{Intercept) -23.0005 0.7425 -30.9758 0.0000
DB 50.183%9 1.1282 44,4643 0.56000

Residual standard error: 1.783 on 58 degrees of freedom
Multiple R-Squared: 0.85713
F-statistic: 1277 on 1 and 58 degrees of freedom, the p-value is C

Analysis of Variance Table
Response: FNMAX
Terms added sequentially (first to last)
DE Sum of 3gq Mean Sg F Value Pr(F)

DB 1 ©286.630 €286.63 1977.077 Q
Residuals 58 184.42¢ 3.18
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Fitted . DB

*x* Tinear Model ***

Call:
Im({formula = FNMAX ~ DB, data = FNMAXGSO.S0TGESP1524AAZ0xDENS, na.action =

na.omit)

Coefficients:

{Intercept) DB
-27.181 ©0.44118

Degrees of freedom: 60 total; 58 residual
Residual standard error: 2.183953

Call: Im{formula = FNMAX ~ DB, data = FNMAXS90.S207TGESPLISZ24AAZ0xDENS, na.action =
na.omlt)

Coefficients:
Value 3Std. Error t value Pri{>it})

(Intercept) -27.1810 0.9119 ~-29.8087 3.4000
DR 6£0.441Z 1.3855 43.6230 0.G000

Residual standard errcor: 2.18 on 58 degrees of freedom

Multiple R-Squared: (.5704
F-statistic: 1303 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX
Terms added sequentiaily (first fto last)
Df Sum of 5g Mean S5g F Value Pr{f)

DE 1 ©9126.41% 9126.41% 1502.965 0
Residuals 58 278.1¢6z2 4.796
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Fittec : DB

*x* Tinear Mode] ***

Call:
Im({formala = FNMAX ~ DB, data = FNMAXS0.S30TGESPO381AA30XDENS, na.action
na.omit}
Coefficients:
(Intercept) DB

-8.361108 1%9.54315

Degrees of freedom: 60 total; 58 residual
Residual standard error: 0.7738315%

Call: Im(formula = FNMAX ~ DB, data = FNMAXOC.SOTGESPO281AA3LxDENS, na.action

na.omit)

Coefficients:
Value Std. Frrer t wvalue Pr

(=itl
{Intercept} -8.3811 0.3247 -25.7482 0.0000
DB 192.5431 0.4934 39,6106 G.GC000

Residual standard errcr: 0.77%8 on 58 degrees of freedom
Multiple R-Squared: (,9644

F-statistic: 156% on 1 and 58 degrees of freedom, the p~value is 0

Analysis of Variance Table
Response: FNMAX

Terms added sequentially {first to last)
Df Sum of S5g Mean Sg F Value Pr{¥)
DB 1 854.16492 $54.15649 1568.3%6 0
Residuals 58 35.2720 0.e081
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Fitted - D&

*E* Tinear Model ***

Call:

Imi{formula = FNMAX ~ DB, data = FNMAX90.20TGESPC762AA30xDENS, na.action

na.omit)

Cogfficients:
{Intercept) DB
~-16.64283 42.53305

Degrees of freedom: €0 total; 38 residual

Residual standard error: 1

Call: Im{formula = FNMAX ~
na.omit)

Cogfficients:

.759¢684

DB, data = FNMAXS0.90TGESPO762AA3INXDENS, na.action

Value Std. Error + value Pri>it})
{(Intercept) -16.6428 0.7327 -22.7131 J.0000
DB 42.5931 1.7133 38,2579 0.0000

-

Residual standard error: 1
Multiple R-Squared: 0.96185
F-statistic: 1464 on 1 and

Analysis of Variance Tabie

Response: FNMAX

.76 on 58 degrees of freedom

58 degrees of freedom, the p-value is 0

Terms added sequentially (first to last)
Df Sum of 5g Mean Sg F Value Pr{f}
DB 1 4532.231 4532.231 1463.668 4]

Residuals 58 179.59¢

3.08¢
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*** Tinear Model *=**

Call:
Im{formala = FNMAX ~ DB, data = FNMRX90.S0TGESP1143AA30xDENS, na.action =
na.omlt)
Coefficients:

{Intercept) DB

~-23.28735 €3.35286

Degrees of freedom: 60 total; 58 residual
Residual standard error: 2.113753

Call: lm(formula = FNMAX ~ DB, data = FNMAX90.90TGESPI1L43AA30xDENS, na.action =

na.omlt}

Coefficients:
Value Std. Error t value Pri{>it])

(Intercept) -23.2874 3.8802 ~-26.4575 0.0000

DB E3.3529 1.3373 47.3728 0.00C0
Residual standard error: 2.114 on 58 degrees of freedom
Multiple R-Sguared: .3748

F-statistic: 2244 on 1 and 58 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: FNMAX
Terms added segquentially (first to last)

bf Sum of Sg Mean S5g F Value Px(F)}
DB I 10026.91 10026.91 2244.184 a

Residuals 58 259,14 4,47



ESPESSURA = 1,524mm

© - 22
[+ N a
- =
B oo o = o
I s S
» .5 e il
& z oF o
S o N et
e > ot © 6 ©
. . 5
e E a
o N
o ° s
T < E
@ e
7ng
& 10 20 30 40 4
Fitted : DB

*** Jinear Model ***
Call:
Im{formula = FNMAX ~ DB, data = FNMAX90.S0TGESP1E524AA30xDENS,
na.omlt}

Coefficients:
{Intercept} DB
-29.53772 83.43614

Degrees of freedom: 60 total; 58 residual
Residual standard error: 2.868482

Call: 1lm{formula = FNMAX ~ DB, data = FNMAXS(0.S0TGESP1524AA30xDENS,
na.omit)
Coefficients:
Value Std. Error 1t wvalue Pri(>iti)
(Intercept) -29.5377 1.1945 ~24.729] 0.060060
DR £83.436] 1.8148 45,9748 0.0000

Residuzl standard error: 2.868 on 58 degrees of freedom
Multipie R-Squared: 0.9733

F-statistic: 2114 on 1 and 58 degrees of freedom, the p-value
Analysis of Variance Table

Response: FNMAX

Terms added segquentially (first to last)
Df Sum of 3g Mean Sg F Value Pr(¥)
DB 1 17391.73 17391.73 2113.678 6]
Residuals 58 477.23 8.23

na.action

is 0

na.action =
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Fitted : DB
*** Tinear Model ***
Cail:
Im{formula = FNMAX ~ DR, data = FNMAXSO.90TGESPO381AA4CXDENS
na.omit}
Coefficients:
{Intercept) DB

-8.56137¢ 22.4768%

50 total; 58 residual
0.7838444

Degrees of freedom:
Residual standard error:

FNMAX S0 . 90TGESP038 1224

Call: 1lm{formula FNMAX ~ DB, data

na.omit)

Coefficients:

t value Pri{>izl)
~26.2299 0.6000C
45,3237 0.0000

Value Std. Error
{(Intercept) =-8.5614 0.3264
DB  22.4770 0.495%

kesidual standard error: 0.7838 on 58 degrees of freedom
Multiple R-Sguared: £.8725
F-statlistic: 2054 on 1 and 58 degrees of freedom,

Anaivsis of Variance Table

Response: FNMAX

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr(¥)
DB 3 1262.14%8 1262.14% 2054.23% G

Residuals 58 35.63¢€ 0.6714

na.action =

?

O0xXDENS, na.action

the p-value iz 0
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Fited : DB

*x% Tinear Model ***
Call:
im{formula = FNMAX ~ DB, data = FNMAX90.90TGESPCT762AR40xDENS, na.action =

na.omit)

Coefficients:
(Intercept) DB
~16.68125 48,15668

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.79%91255

call: 1lm(formula = FNMAX ~ DB, data = FNMAXSO0.9CTGESPOT762ARA40xDENS, na.aciion =

na.omit)

Cogfficients:
Value Std. Error  value Pr

(>1tl}
(Intercept) -16.6%912 0.745% 22,3777 0.000D
DB 48.1567 1.1333 42.4929 0.0000

rResidual standard error: 1.781 on 58 degrees of freedom

Multiple R~-Sguared: 0.9689
F-statistic: 1806 on 1 and 58 degrees cf freedom, the p-value i3 0

Analysis of Variance Table

Response: FNMAX

Terms added seguentially (first to last}
pf Sum of Sg Mean Sg F Value Pr{F}
DB 1 5783.588 5793.588 1805.647 0
Residuals 58 186.0%8 3.209
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Fitted | DB

**=* Tinear Model ***
Call:
Im{formaila = FNMAX ~ DB, data = FNMAXO20.S0TGESPLIZL3AR40XDENS, na.action =
na.omit}

Coafficients:
{(Intercept) DB
~25.36447 75, 22653

Degrees of freedom: &0 total; 58 residual
Residual standard error: Z.405458

Call: Im{formula = FNMAX ~ DB, data = FNMAXS(0.,907TGESP1143AA40xDENS, na.action =
na.omit}

Coefficients:
Vaide Std. Error t wvalus Pri{>lti)
{Intercept) =-25.3645 1.0016 -25.3228 G.0000
DR 73.2265% 1.5219 494300 0.0000

Residual standard error: 2.405 on 58 degrees of freedom
Muitiple B-Sguared: (.5768
F-statistic: 2443 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added sequentially {first to last}
Df Sum of Sg Mean Sg F Value PI(F)
DB 1 14137.6€3 14137.63 2443 .324 0

Residuals 58 335.60 5.7¢%
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*** Tinear Model **%*
Call:

36 40
Fitted - 0B

50

&0

Im{formula = FNMAX ~ DB, data = FNMAXNS0.S0TGESPl%24AR40xDENS, na.action =

na.omit)

Coefficients:
{Intercept) DB
~32.08%21 ©9.2407¢

Degrees of freedom: 60 total; 58 residual

Residual standard error: 3.163623

Call: lm({formula = FNMBX ~ DB, data =
na.omit)

Coefficients:
Value Std. Error t value Pri{>{t])
(Intercept) -32.08%Z 1.3174 -24.358¢9 0.0000
DB 99.2408 2.001¢ 48.5818 0.C000

Residual standard error: 2.164 on 58 degrees of freedom

Multiple R-Squared: 0.877

FNMAXOSO . B0TGESP1524A040xDENS, na.acticon =

Festatistic: 2458 on 1 and 58 degrees of f{reedom, the p-value is O

Analysis of Variance Table

Response: FNMAX

Terms added sequentially (first to last)
Df Sum of Sqg Mean Sg F Value Pri{F)
DB 1 24604.51 24604.51 2458.359 J

Residuals 58 580. 49 16.01
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Fitted  expiDB + AA+ B3 + sxpliDBAT) + (ARSZ] + {EA2)) + exp{(DEN3) + (AART) + (T73))
*** Tinear Model **~
Call:
Im{formula = FNMAX ~ exp (DB + AR + R) + exp((DB*2} + (AR"Z) + (E~2)) + exp({DB"3}
+
AR~3) + (E73)), data = FNMAXS90.SOTGxDENSAAESP, na.action = na.omit)
Coefficilents:
{Intercept) exp(DB + AA + E)} exp{(DB"2) + (AR"2) + (BE"2))
-14.¢6545% 1.81380% 2.74098%
exp { (BB"3) + (AA™3) + (E*3))
-0.8121&871
Degrees of freedom: 719 total; 715 residual
Residual standard error: 6.737797
Call: Im{formula = FNMAX ~ exp(DB + AR + E) 4+ exp{{(DB"2) + {AA™Z)} + {(E~2)) +
exp ({DB"3) + |
AAN3Y 4+ {(EN3)), data = FNMAX90.S0TGxDENSARAESP, na.action = na.omit)
Coefficlents:
Value $td. Error t valiue Pr(>itl]}
{(Intercept) -14.6645 1.4041 -10.4440 G.0000
exp (DB + AR + E} 1.8138 0.5342 3.3857 0.0007
exp( (DB"2) + (AA"2) + (E"2)) 2.7410 U.6e733 4.0711 0.0001
exp { (DB"3) + (AA~3) + (E~3)) -0.8132 0.1405 -5.829% 0.0000
Residual standard error: 6.738 on 715 degrees of freedom
Multiple R-Squared: 0.7853
F-gstaristic: 871.7 on 2 and 715 degrees of freedem, the p-value is 0
Analysis of Variance Table
Response: FNMAX
Terms added sequentiaily (first fo last)
Df Sum of Sq Mean 3g F Value Pr (F}
exp (DB + AR + E) 1 10%9740.0 109740.0 2417.2%2 0.0000Ce+030
exp{ (DB"2) + (AR"2Z) + (E"Z}} 1 T436.5 T7436.5 163.806 0.0000Ce+0C0
exp{ (DB 3Y + (BA"3) + (E~3]) 1 1543.0 1543.¢ 33.988 8.3%9481e-009
Residuals 718 32458.5 45.4
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*%% Linear Model ***

Call:
Im{formula = FNMD ~ K, data = CFNMDEC.ORDARAIOXESP, na.action = na.omit)

Coefficients:
{Intercept; E
-3.636098 -€.851512

Degrees of freedom: &80 total; 78 residual
Residual standard error: 2.655343

Call: Im{formula = FNMD ~ E, data = CFNMDSO.ORDAAIOXESP, na.action = na.omit)

Coefficients:

Value Std. EBrror t wvalue Pri{>jtl}
(Intercept) -3.£361 0.7272 -5.0002 0.0000
B -£_E515  05.686% -9 8308 0.0000

Residual standard err 655 on 78 degrees of freedom
Multiple R-Squared: 0.

F-statistic: $6.65 on 4 78 degrees of freedom, the p-value 1s 2.665e~015
Analysis of Variance Table

Respoense: FNMD

Terms added seguentially {first to last)
Df Sum of Sg Mean Sg F Value Pri{¥)
E 1 €81.4324 €81.4224 96.64545 2.664535e-015

Residuals 78 542.9662 7.0508
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**¥ Tinear Model ***
Call:
Im{formulia = FNMD ~ B, data = SFNMDSC.ORDAAIOXESP, na.action = na.omit)

Coefficients:
{(Intercept) E
~2.333873 -8.8468¢62

Degrees of freedom: 80 total; 78 residual
Residual standard error: 1.619884

Call: Imiformula = FNMD ~ B, data = SFNMDS0.O0RDARIORESP, na.action = na.omit)

Coefficients:
Value Std. Brrer t value Pr(>|tl)
{(Intercept) ~2.3339 0.443¢6 -5_260% ¢. 0000
E -8.846% 0.4252 -20.8080 0.0000

Residual standard error: 1.62 on 78 degrees of freedom
Multiple R-Squared: (.B8473
F-statistic: 433 on 1 and 78 degrees of freedom, the p-value is

Analysis of Variance Table

Response: FNMD

Terms added sequentially (first to last)

Df Sum of Sg Mean Sg F Value Pr(F)
E 1 1136.131 113¢€.131 432.8728%8 a
]

Residuals 78 204.674 z.624
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*%* Tinear Model ***

Call:
im(formula = FNMD ~ E, data = GFNMDSO.JRDARIOXESP, na.actfion = na.omit)

Coefficients:
{Intercept) E
-3.586346 ~8.51556

Degrees of freedom: 80 total; 78 residual
Residual standard errcr: 0.8988328

Call: Im{formula = FNMD ~ E, data = GFNMDI0.0RDAAIOXESP, na.action = na.omit)

Coefficients:
Value Std. Errxer t wvalue Pri>itl)
{Intercept) -3.5863 0.2465 -14.551¢ 0.0000
E -8.51%5% 0.23862 -36.0518 0.0000

Residual standard errcr: 0.8%99% on 78 degrees of fresdom

Multiple R-Squared: 0.9434
P-statistic: 1300 on 1 and 78 degrees of freedom, the p-value is 0

Analysis of Varlance Table
Response: FNMD

Terms added sequentially (first teo last)

Df Sum cf 3g Mean Sg F Value Pr(F)
E 1 1052.0632 10%2.632 128%.739 O
s

Residuals 78 63.17% 0.810
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*** Linear Model ***

Call:
Im{formula = FNMD ~ E, data = CFNMDS0.0RDAAZ0OXESP, na.action = na.omit)

Coefficients:
{(Intercept) E
-1.15%4261 0.3542293

Degrees of freedom: 80 total; 78 residual
Pesicdual standard error: 1.060676

Call: Imi{formula = FNMD ~ E, data = CFNMDY0.0RDAAZOxESP, na.action = na.cmit)

Coefficients:
Value Std. Error t wvalue Pr{>itl)
{Intercept) -1.1543 0.2905 -3.9737 0.8002
E 0.3542 0.2784 1.2724 0.2070

Residual standard error: 1.061 on 78 degrees of fresdom

Multiple R~-Scguared: 0.02033
F-statistic: 1.619 on 1 and 78 degrees of freedom, the p-value is 0.207

Analyvsis of Variance Table
Response: FNMD
Terms added segquentially (first to last}
Df sSum of Sgq Mean 3¢ F Value Pr{¥)

E 1 1.82146 1.821457 1.619025 0.2070079
Residuals 78 87.75259 1.125033
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*** Tinear Model x*%
Call:

Im{formula = FNMD ~ E, data = SFNMDS0.URDAAZOxESP, na.action

Coefficients:
{(Intercept) E
-1.965227 ~1.430435

Degrees of freedom: 80 total; 78 residual
Residual standard error: 0.7143%943

Call: lm(formula = FNMD ~ E, data = SFNMD20.ORDAAZOXESP,

Coefficients:

Value Std. Error T wvalue Pr(>it])
0.000¢C
0.0000

{Intercept) -1.98652 0.185¢ -10.044%
E -1.4304 0.1875 ~7.6288

Residual standard error: 0.7144 on 78 degrees of freedom

Multiple R-Squared: (0.4273

F-statistic: 58.2 on 1 and 78 degrees of freedom,

AZnalysis of Variance Table

Response: FNME

Terms added segquentially {first to last)
£ Sum of Sqg Mean Sg F Value

E 1 2%.70203 29.70203 58.19828 4.910516e~-Cl1

Residuals 78 39.80802 (0.51036

the p-value 1s 4.91le-011

Pr(F}

na.action
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*** Tinear Model ***

Call:
Im{formula = FNMD ~ E, data = GFNMD30.0RDARZUXESP,

Coefficients:
{Intercept) E
-2.040641 -2.489443

Degrees of freedom: 80 total; 78 residual
Residual standard error: 0.5432407

Call: Im{formula = FNMD ~ E, data = GFNMDSO.ORDAMZOXESP, na.action = na.omit)

Coefficients:
Value Std. Brror t wvalue Pri>itl}
{Intercept) ~3.04086 0.1488 ~20.4382 ¢.0000
E -2.489%94 0.1424 -17.4%9¢6 0.0000

4.5

na.action

Residual standard errcr: 0.5432 on 78 degrees of freedom

Multiple R-Squared: 0.7963
F-statistic: 304.8 on 1 and 78 degrees of freedom,

Analysis of Variance Table

Response: FNMD

Terms added sequentially (first to last)
pf Sum of Sg Mean S5g F Value PriF)

~

E 1 89.96102 85.96102 304.8385 O

Residuals 78 23.01g61 0.29511

na. omit)

the p-value 1is 0
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*+* Tinear Model ***
Call:
Im{formaula = FNMD ~ E + {(E72), dara = CFNMD20.0RDAAS0xESP, na.action =
Coefficients:
{Intercept) E T(E~2)

~0.3954502 4.47923% -2.10035¢

80 total; 77 residual
0.7110317

Degrees of freedom:
Residual standard error:

Call: lm(formuia = FNMD ~ E + (E™Z), data = CFNMDS0.ORDAA3OxESP,
na.omit)
Coefficients:
Value Std. Error t value Pri>iti)
{Intercept) -0.3955 0.4426 -0.8934 0.3744
E 4.4782 1.05%98 4.22¢64 0.0001
I{E~2) -2.1604 0.547¢ -3.8353 G.00403

Residual standard error: 0.711 on 77 degress of freedom

Multiple R~Squared: 0.2165
F-statistic: 10.64 on 2 and 77 degrees of freedom,
Analysis of Variance Table

Response: FNMD

to last)
¥ Value
6.56204
14.70%49

Terms added seguentially {(first
Df Sum of 5g Mean S5¢g

B 3.31754 3.217544

7.43682 7.436620

I(E~Z}
Residuals 38.92859 0.505586

Pri{F)
0.01237118
0.00025483¢

<3 B

-3

na.action

na.omit)

the p~value is 0.00008345
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*** Tinear Model ***

Call:
Im{formula = FNMD ~ E + {E"Z), data = SFNMDS0.0ORDAAIOxESP, na.action = na.omit}

Coefficients:
{Intercept) E I{E"2)
~1.276367 3.966299 ~1.823534

Degrees of freedom: B8C total; 77 residual
Residual standard error: (.4865%937

Call: Im(formula = FNMD ~ £ + (E~2), data = SFNMD20.0RDAM3UXESP, na.action =
na.omit)

Coefficients:
Value S8td. Error £ wvalues Pri{>|t]}

{Intercept) -1.2764 0.302% -4.2138 G.0001
E 3.8663 0.7253 5.4686 0.0000
I{g~2) ~1.8235> 0.3748 ~4.8657 0.0000

Residual standard errcr: 0.486¢ on 77 degrees of freedom
Multiple R-Sguared: 0.3336
F-statistic: 19%.27 on 2 and 77 degrees of freedom, the p-value is 1.638e-007

Analysis of Variance Table
Response: FNMD

Terms added seguentially {(first to last)
' Df sum of Sg Mean Sg F value Pr{F)
E 1 3.52050 3.520503 14.8€866 0.0002375477
I{E~2y 1 5.60554 5.605540 23.67470 0.0000058251
Residuals 77 1B.23155 0.238773
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%% Tinear Model ***
Call:

Im{formula = FNMD ~ E, data = GFNMDS(C.ORDAA3CXESP, nz.action

Coefficients:
{Intercept) E
-2.391201 0.6%00548

Degrees of freedom: 80 teotal; 78 residual
Residual standard error: 0.8635285

Call: Im{formula = FNMD ~ E, data = GFNMD90.0ORDAA3QXESP, na.action = na.omit!

Coefficients:
Value Std. Error t wvalue Pri(>ltl)
{Intercept) -~2.3912 C.2365 -10.1113 0.0600
E 0.6901 C.2266 3.04486 0.0032

Residual standard error: 0.8635 on 78 degrees of freedom

Multiple R-Scuared: 0.1062
F-statistic: 9.27 on 1 and 78 degrees of freedom,

Analysis of Variance Table
Response: FNMD

Terms added sequentially {(first to last}

DEf Sum of Sg Mean Sg F Value Pr{F}
5 1 6.891221 6.912214 9.268661 0.003176005

Residusls 78 58.16315 0.745681

conn A G

@@ o

Ja

na.omit)

the p-value is 0.00317¢
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e FORCA x DENSIDADE BASICA
¥ = 10°

ESPESSURA = 6,381mm

Reslduals
o
+

55 64 52 -0 58 55
Fitted : exp(DB) + exp{DBA2}

*** Tineay Model *+*

Call:
Im(formula = FNMAX ~ exp(DB} + exp(DB~2), data = FNMDS0.ORDESPO381AA10xDENS,

na.action = na.omit)

Coefficients:
(Intercept) exp (DB} exp(DB"2)
-11.85977¢ 2.18668 -7.450874

Degrees of freedom: 60 total; 57 residual
Residual standard erxor: 0.965413¢6

Call: Im({formula = FNMAX ~ exp(DB) + exp{DBR"2), data =
FNMDS0 . 0RDESPO381AAT 0XDENS,
na.action = na.omit)

Coefficients:
Value S5td. EBrroxr t value Pri>itl)
{Intercept) -11.5%78 1.7579 ~5.5974 0.000C
exp (DB) 9.1887 3.1117 2.9523 0.004¢
exp (DB~2) ~7.450% 2.6401 -2.8222 G.006%

Residual standard error: 0.%654 on 57 degrees of freedom

Multiple R-~Sguared: 0.1525
F-statistic: 5.13 on 2 and 57 degrees of freedom, the p-value is 0.008%4

Analysis of Variance Table
Response: FNMAX

Terms added seguentially {(first to last)
Df Sum of Sg Mean Sg F Value Pr(F)
exp {DB) 1 2.13917 2.139174 2.295183 §.1353012
exp (DB Z) 1 7.42346 T.423463 7.964888 (.0065553
-

Residuals 57 532.12534 0.9832022
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-102 -16.0 -88 8.8 -8.4 -2.2 8.0 -3.8
Fitea | DB

**% Tinear Mode] **+
Call:

Im(formula = FNMAX ~ DB, data = FNMDSO.ORDESPCT6ZAAI0xDENS, na.action = na.omit)

Coefficients:
{Intercept) DB
-12.10767 2.431891

Degrees of freedom: &0 total; 58 residual
Residual standard errcr: 1.468837

Call: Im{(formula = FNMAY ~ DB, data = FNMDRDI0O.ORDESPUT7EZ2AAI0xDENS, na.action

na.omit}

Coefficients:
Value Std. BError € wvalue Pr{>|tl}
{Intercept} -11.1077 0.5915 -18.7792 0.0000
DR Z.4320 0.8875 2.7404 0.0081

Residual standard error: 1.469 on 58 degrees of freedom

Multiple R-Sguared: 0.1146
F-statistic: 7.51 on 1 and 58 degrees of freesdom, the p-valus is 0.008142

Analysis of Variance Table

Response: FNMAX

Terms added seguentially (first to last)
Df Sue ¢f Sg Mean Sg F Value Pr {7}
DB 1 16.2047 1€.20474 7.5099%3 (0.008141831

ES

Residuals 58 125.1510 2.15778
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*** Tinear Model ***

Call:
Ilm{formaila = FNMAX ~ DB, data = FNMD90.CRDESPL143AA10XDENS, na.action = na.omit)
Coefficients:

{Intercept) DB

-14.3083¢ 2.787387

Degrees of freedom: &0 total; 58 residual

Residual standard error: 2.08833%5
= FNMDO0.0ORDESP1I143AA10%DENS, na.action =

Call: Im{formula = FNMAX ~ DB, data =
na.omit)
Coefficients:
Value Std. Error € wvalue Pr{>it]}
{Intercept) -14.3064 0.840% ~17.0132 0.0000
2.20932 06.0311

DB 2.7874 1.2617

Residual standard error: 2.088 on 58 degrees of freedom
Multiple R-Squared: 0.077€2
F-statistic: 4.881 on 1 and 58 degrees of freedom, the p-value is 0.03112

Analvysis of Variance Table

Response: FNMAX

Terms added sequentially {first to lLast]
Df Sum of Sg Mean Sg F Vaiue Pr(F)
ps 1 21.2871 21.28706 4.881055 0.0311158¢8

Residuals 58 252.9472 4.36ll¢
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*** Tinear Model **%*
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Call:
Im{formula = FNMAX ~ DB, data = FNMDS0.ORDESPIS24AA10xDENS, na.action = na.omit)
Coefficients:

{Intercept} DB

-18.8663 5.622341

Degrees of freedom: €0 total; 58 residual
Residual standard error: 2.536892

Call: Im{formula = FNMAX ~ DB, data = FNMDI0.CRDESPISZ24AAICXDENS, na.action
na.omit)

Coefficients:
Value Std. Error t value Pr{>iti;
{(Intercept, -18.86&63 1.0215 -18.4690 0.0000
DB 5.6223 1.532¢ 3.6684 0.0005

Residual standard errcr: 2.537 on 58 degrees of freesdom
Multiple R-Squared: 0.1883
F-statistic: 13.4¢ on 1 and 58 degrees of freedom, the p-value is 0.0005321

Analysis of Variance Table

Response: FNMAX
Terms added seguentially (first to last)
Df Sum of Sg Mean 3g F Value Pr(F)
DR 1 86.60€% B86.60689 13.45701 0.000532059
Residuals H& 373.2776 6.432582
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**% Tinear Model ***

Call:
lm{formuila = FNMAX ~ DB + (DB"2), data = FNMDS0.ORDESPO331AARZOXDENS, na.action =

na.omit)

Coefficients:
(Intercept) DB T (DB"2}
-9,.751697 18.73065 -10.21133

Degrees of freedom: €0 total; 57 residual
Residual standard error: (.5861006

Call: Im(formula = FNMAX ~ DR + [DB~2), data = FTNMDO0.ORDESP0381An820xDENS,

na.actlion =

na.omit)
Coefficients:
Value Std. Error t value Pri{>|{ti)
(Intercept) -9.7517 1.2080 ~&.0660 0.0000
DB 18.7307 3.9272 4.7695 £0.0000
I(DBR~2) -10.2113 2.8803 -3.5330 0.0008

Residual standard error: 0.5961 on 57 degrees of freedom

Multiple R-Squared: 0.7771
F-statistic: 99.3% on 2 and 37 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added sequentially {first to last)
DE Sum of Sq Mean Sg F Value Pri{F)
DB 1 66£.16883 £6.16983 186.2177 0.00C0000000

I:DB"2) 1 4.4353C 4.43530 12.4820 0.00082223861
Residuals 57 20.25415 (.35534
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ESPESSURA = 0,762mm

-5 -4 -3 -2 -1
Fitted : OB + (BB"2)

*x+ Tinear Model ***

Call:
Im{formila = FNMAX ~ DB + (DB"2), data = FNMDS{.(0RDESPO762AAZ0xDENS, na.action =
na.omit}
Coefficients:
{Intercept) DB r{pp~2)

-10.3339¢ 15.03591 -4.924932

Degrees of freedom: &0 total; 57 residual
Residual standard error: 0.7838435

Call: Im{formula = FNMAX ~ DB + (DB"2}, data = FNMD®90.CORDESPO762ARZOXDENS,

na.action =

na.omit)
Coefficients:
Value 5td. Error t value Pri{>|%t|)}
{Intercept) ~10.3340 1.5898 -&,5003 0.0060
DB 15.0359 5.1641 2.%9110 C.0051
1(DB"2) -4.9249 3.8006 ~1.2958 0.2003

Residual standard errcor: 0.7838 on 57 degrees of freesdom

Multiple R-Squared: (.8465
F-statistic: 157.1 on 2 and 57 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: FNMAX

Terms added sequentially (first to last)
pf Sum of Sg Mean Sg F Value Pri{F)
192.0482 1%52.0482 312.5730 0.000000C
1.0317 1.0317 1.6782 0.206G25k8

35.0214 0.6144

De 1
I(pg~2y 1
Residuals 57
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*** Jinear Model ***
Call:
im{forpuls = FNMAX ~ DB, data = FNMD2O0O.0ORDESPL143AA20xDENS, na.action = na.omit)

Coefficients:
{Intercept) DB
-10.15218 10.€%305

Degrees of freedom: 60 total; 58 residual
Residual standard error: $.8319343

Call: Im{formula = FNMAX ~ DB, data = FNMDS0.O0RDESP1143AAZ20xDENS, na.achtion =
na.omit)

Coefficients:
Value Std. EBrror t wvalue Pr(>|ti}
(Intercept) -10.1522 0.32350 ~30. 3060 C. 0000
DB 10.6931 0.502¢ 2i.2751 0.0000

Residual standard error: 0.8319 on 58 degrees of freedom
Multiple R-Sguared: (.8864
F-statistic: 452.6 on 1 and 58 degrees of freedom, the p-value is C

Analysis of Variance Table
Response: FNMAX
Terms added sequentially {first to last)
pf Sum of Sg Mean 3g F Value Pr(EF)

DB 1 313.2718 313.2718 452.629% 0
Residuals 58 40,1427 0.6821



ESPESSURA = 1,524mm

Residuats

-6 -8 -4 -3 -2
Fittec: DB

*** Linear Model ***
Call:

Im{formula = FNMAX ~ DB, data = FNMDS0.0RDESP1I524RAZUxDENS,

Coefficients:
{Intercept) DB
-16.84062 11.0758%6

Degrees of freedom: 60 total; 58 residual
Residual standard errcr: 0.9155368

218

na.action = na.omit)

Call: 1lm{formula = FNMAX ~ DB, data = FNMDSO.ORDESP1ISZ4AAZO0xXxDENS, na.action

na.omit)

Coefficients:
Value Std. Error t wvalue Pr{>|tl}
(Intercept) ~10.8406 .3687 -29.4060 ¢.0000
DB 11.0759 0.5531 20.024¢ 0.0000

Residual standard error: 0.8155 on 58 degrees of freedom
Multiple R-Sguared: 0.873%

F-statistic: 401 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added seguentially (first to last)
DE Sum of Sg Mean Sg F Value Pr{F)
DB 1 336.1032 336.1032 400.2784 0
Residuals 58 43.6160 0.8382
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**% Tinear Model **»*

Call:
Im(formula = FNMAX ~ DB + (DB~2), data = FNMDS0.ORDESPO381AA30xDENS, na.action =
na.omit)
Coefficients:
{Intercept} DB T(DB"2)

~11.16%96 29.445¢66 ~17.56834

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.5783709%

Call: Imi{formula = FNMAX ~ DB + (DB"2), data = FNMD90.ORDESPO321AA30xDENS,
na.action =

na.omit)
Ceefficients:
Value Std. Errcr t value Pr(>|tl}]
{Intercept) -11.1&68& 1.1751 -%¢.5056 0.0000
DE 28.4457 3.8170 7.7144 0.0000
I(DR~2} -17.5%683 28092 -6.2339 J.0a00

Residual standard error: 0.57%4 on 57 degrees of freedom

Multiple R-Squared: 0.8412
F-statistic: 151 on 2 and 57 degrees of freedom, the p-value is O

Analysis of Variasnce Table
Response: FNMAX

Terms added sequentially (first to last)
Df Sum of Sg Mean 5g F Value Pri{¥)
DR I B8B8.24162 88.24162 262.8816 0.000000e+000
I{bB~2} I 13.12864 13.128c4 3%.1117 5.501633e~008
Residuals 57 19.13322 (0.33587
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Fitted : DB + (DB 2)

**+% Tinear Model **+%

Call:
Im{formula = FNMAX ~ DB + (DB"Z), data = FNMDS0.ORDESPO78ZAA30xDENS, na.action =
na.omit)
Coefficients:
(Intercept) LB I{DB"2}

-14.35¢38 41.27555 -25.87231

Degrees of freedom: 60 total; 37 residual
Residual standard error: 0.6281363

Call: Im(formula = FNMAX ~ DB + (DB"2}, data = FNMDS0.O0RDESPOT6ZAA30XDENS,
na.action =

na.omit)
Ceefficients:
Value Std. Error t value Pri>it]}
(Intercept; -14.3564 1.274¢ ~11.2691 0.000¢
DR 41.2756 4_.1382 G.9742 0.0000
I(DBR~2) ~25.8723 3.0458 ~8.4949 0.0000

Residual standard error: 0.6281 on 57 degress of freedom
Multiple R-Sguared: 0.8582
F-statistic: 172.6 on 2 and 57 degrees of freedom, the p-value is 0

Analysis of Varlance Table
Response: FNMAX

Terms added sequentially (first to last)
Df Sum of 3g Mean Sg F Value Pr(F}
DR 1 107.6931 197.6931 272.%9481 (.000000e+000
I{ps~2) 1 28.4727 28.4727 T72.164C 1.0417€7e-01%
Reslduals 37 22.489¢ J.3%4¢
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Fitted : DB + (DB"2)

**% Tinear Model #***

Call:
Im{formla = FNMAX ~ DB + {(DBR"2), data = FNMDS0.ORDESP1143AA30xXDENS, na.action =
na.omit)
Coefficients:
(Intercept) DR T{DB~2}

-12.20108 34.48063 -20.60256

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.7402117

Call: Im(formula = FNMAX ~ DR + (DBR"2), data = FNMDY0.0ORDESP1142ARA30xDENS,
na.action =

na.omit)
Coefficients:
Value Std. Error t value Pr{>[{ti)
(Intercept) ~1Z.2011 1.5013 -g8.1272 0.0000
DB 34.480¢6 4._876¢ 7.C708 0.0000
I{DB~Z2) ~20.6026 35890 ~5.7404 . 0000

Residual standard error: 0.7402 on 57 degrees ¢f freedom

Multiple R-Sguared: 0.815

F-statistic: 125.5 on 2 and 57 degrees of freedom, the p-value is O
Analysis of Variance Table

Response: FNMAX

Terms added segquentially (first to last)

Df Sum of Sg Mean Sg F Value Pri{F)

DE 1 119.5167 115.5167 218.1307 0.0000002+000

I(DRp~2)y 1 18.05651 18.05651 32.98525 3.813077e-007
Residuals 57 31.2311 0.5479
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Fitted : DB + (DB~2;

**% TLinear Model **+*

Call:
Im{formula = FNMAX ~ DR + (DB"2}, data = FNMDOC.ORDESP15Z4AA30xDENS, na.action =
na.omit)
Coefficients:
{Intercept) DB 1(DB"2)

~-8.387378 26.21134 -15.55628

Degrees of freedom: 60 total; 57 residual
Residual standard error: 9.9163658

Call: Ilm{formula = FNMAX ~ DB + (DB"2), data = FNMDYG.(CRDESPLL5Z4AA30XDENS,

na.action =
na.omit)

Coefficients:
Value 5td. Brror t walue Pri{>|t])

{Intercept) ~9.3874 1.8588 ~5.0476 0.00C0
DB  26.2113 €.0411 4.3388 0.0001
I{DB~2) -15.5563 4,4460 ~3.4889 0.000%

Residual standard error: 0.5%17 on 57 degrees of freedom
Multiple R-Squared: G.6348%
F-statistic:

Analysis of Variance Table
Response: FNMAX

Terms added seguentially (first to last)
DEf Sum of Sg Mean 3g F Value Pr{F}
DB 1 73.038963 73.03963 B6.86649 0.00000000G0

I{DB"~2) 1 10.29365 10.285365 12.24231 0.0009137326
Residuals 57 47.82710 0.84083

49.55 on 2 and 37 degress of freedom, the p-value is 3.3286e-013
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*%* Tinear Model ***
Call:
Im{formala = FNMAX ~ DB + AA + E + (DB 2} + (AA"2), data =
na.action = na.omlt)
Coefficients:
{(Intercept} DB P2V B I{DB"2} I{AA~Z)
-27.83652 18.90312 £1.69344 -2.902111 -9.622461 ~T71.89677
Degrees of freedom: 720 total; 714 residual
Residual standard error: 2.12307%
Call: Im(formula = FNMAX ~ TR + Ah + E + [DR"2) + (BHA"2), <
FNMDS(O . ORDXDENSAARSE,
na.action = na.omit)
Coefficients:
Value 3$td. Error t walue Pri{>|tl])
(Intercept) -27.8365 1.3882 -203.0529 0.0000
DR 18.3031 4.0377 4. 681¢ 0.0000
An  81.6334 3.8866 21.01s4 0.0000
E -2.2021 0.1857 -15.6241 0.0000
I(DB"2)} ~S. 6225 Z2.9716 -3.2381 0.00313
I{AR~2Y ~-71.8968 5.5100 ~13.0484 3.0000

Residual standard erxr
Multiple R-Scuared: {

F-statistic: 779.2 on 5 and 714 degrees of freedom, the p-value is O

Analysis of Variance

Response: FNMAX

Terms added sequentiall

Df Sum of

DB 1 1138,

AR 1 14508,

E i 1100.

I{DBR"2) 1 a7
I{AA"2) 1 TET.
Residuals 714 3218.

cil

. 8451

Table

Sg Mean =g
13 1138.13
35 14508.35
32 1100.32
.26 47.2%
45 TET7 .45
33 4.51

{(first to last)

F Value

252.
3218,
244,
EROIN
1740.

49%
7339
11z
485
261

Pr{F)
0.00000000C0
0.006300060006
0.000200000C
0.001258962
G.000000000

2.123 on 714 degrees of freedom

© KRN

FNMDS0. ORDxDENSARRSP,
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Fitted : exp(E) + exp(E"2)

**+* Tinear Model ***
Call:
lm{formuia = FNMAX ~ exp(E) + exp!{E~2}, data = CFNMAXS0

na.action =

na.omit)
Coefficients:
{Intercept) exp(E) exp{E"2)
0.3163973 -3.990642 1.0188685

Degrees of freedom: 80 total; 77 residual
Residual standard error: 3.030377

Call: 1lm{formula = FNMAX ~ exp(E} + exp{E"2)}, data =
CFNMAXS0.0RDPAALIXESP, na.action =
na.omit)

Coefficients:
Value Std. Error t wvalue Pri{>jt}]

{Intercept) 0.3164 1.6835 0.187% (.8514
exp(E) -3.9%06 1.08645 -3.7488 (©.0003
exp(E~2} 1.0187 (.34384 2.989158 0.0046

Residual standard errer: 3.03 on 77 degrees of freedom
Multiple R-Sguared: 0.2112

.ORDAAIQOXESPR,

224
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F-statistic: 10.31 on 2 and 77 degrees of freedom, the p-value is
0.0001082

Analysis of Variance Table
Response: FNMAX

Terms added seguentially (first to last)
B ...Pf Sum of 3g Mean 3g F Value Pr(F)
exp(E) 1 111.2012 111.2012 12.10622 0.00082928%6
esp {E72) B! 78.0768 T8.0768 §.50214 0.004644444

Residuals 77 707.1034 9.1832
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**+*+ Tinear Model ***

Call:
lm{formula = FNMAX ~ (E™(-1)), data = SFNMAXSO.ORDARIOXESP, na.action =

na.omit)

Coefficients:
(Inue;‘ce_puf {
-13.5748%1 3.606461

Degrees of freedom: 80 tetal; 78 residual
Residual standard erro

Call: lm{formule = FNMAX ~ (E~{~1)}, data = SFNMAXS(.ORDAAIQxESP,

na.action ¥ na.,omit)
Coefficients:
Value Std. Erzor t lue Pri(>jiti;
ntercept) -13.5748 0.4784 w28.3733 0.0000
I(E =105 3.6065 G.30586 11.8032 0.0020C
Residual standard erroxr: 2.087 on 78 degrees of freedom
Muitiple R-Sguared: 0.6411
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F-statistic: 139.3 on 1 and 78 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX
Terms added sequentially {(first to last)

Df Sum of 3¢g Mean Sg P Value Pr(F)
I{E~{-1}) 1 606.672% 606.6729 135.3145 0

Residuals 78 33%.66635 4.3547
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Fitted : £ + (E"2)

**+ Tinear Model ***

Call:
Imiformula = FNMAYX ~ & + (E"2), data = GFNMAXS0.ORDAAIOXESP,
na.omit)
Cogfficients:
(Intercept} B I{E~Z)

-1.822133 —-8.363755 2.214641

Degrees of freedom: 80 total; 77 residual
Residual standard error: 1.500851

na.acticn =

Call: Im{formula = FNMAX ~ E + (E"2), data = GFNMAXSO0.ORDAALlOxXESP,

na.action = na.omit)

Coefficients:
Value Std. Error t value Pr(>}jt])

{Intercept) -1.8221 0.8343 -1.9502 0.0548
B -9.3638 2.2371 -4.1856 0.0001
T(E~2) 2.2146 1.1560 1.9158 G.05%9%

Residual standard error: 1.501 on 77 degrees of freedom

Multiple R-Sguared: 0§.6935

F-statistic: 87.12 on 2 and 77 degrees of freedom, the p-value is 0



Analysis of Variance Table
Response: FNMAX

Terms added seguentially {(first toe last)
DEf Sum of Sg Mean 3g F Value

Pri{F}

E 1 384.2358 384.2338 170.5687 0.00000000
IEr2) 1 §.267%  8.2679  3.6703 0.05910346
nesiduals 4 173- 4559 . PN as v R S e,
y=20°
CITRIODORA

o w0
e =
- ; .
-
b 3 ; . ;
F6
0:5 ‘E:O 1:5 b} 2j5 3.0
Fitted | exp{E) + explEr2)
P e

**%x Tinear Model
Call:
Im(formula =
na.action =

na.omit)

FNMRX ~ exp(E} + exp{E~Z}, data

Coefficients:
{Intercept) exp{E} exp (E™2)
~2.411202 2.065431 -0.405371¢

B0 total; 77 resicdual
1.551345

Degrees of freedom:
Residual standard error:

CFNMAX 20 . 0RDAAZOXESE,

+ exp(E"2), data =

Call: 1lm{formula = FNMAX ~ exp(E]
CFNMAX OO . ORDAAZOXESP, na.action =
na.omit)
Coefficients:
Value Std. Errer t wvalue Pri>iti:
{Intercept] -2.4112 0.86l8 -2.7878  0.0065
exp(E} 2.0654 0.5450C 3.7800 0.00063
expiE~2; -0.4054 G©.1788 ~-2.2666 [G.5262

227
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Residual standard errer: 1.551 on 77 degrees of freedom

Multiple R-Sguared: {.3444

F-statistic: 20.22 on 2 and 77 degrees of freedom, the p-value is 8.734e-
008

Analysis of Variance Table

Response: FNMAX

Terms added seqguentially (first to last}
Df Sum cof 3¢ Mean Sg F Value Pr(F}
exp(E] 1 §4.9747 84.97471 35.307%8 0.00000008
exp(E"2) 1 12.3637 12,.36373 5.13728 0.02622452
Residuals 77 185.3137 2.408€7
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Fitted : £ + (E72)
**% Tinear Model ***

Call:
Imi{formula = FNMAX ~ E + (E~2), data = SFNMAXSO.UORDAAZOxESP, na.action =
na.omit)
Coefficients:

{Intercept) E I{E™Z)

-0.8172374 -3.09047 1.90373

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.8147883

Call: Im(formula = FNMAYX ~ E + (E"2}, data = SFNMAX90.0RDAAZOXESE,

na.action = na.omit)

Coefficients:
Value Std. Error t wvalue Pri{>itl;
{(Intercept) -0.8172 0.5072 -1.6113 0.111Z2
E -3.0805 1.2145 ~2.5447 (0.0129
I(E*~2y 1.9037 0.8270 3.033e 0.0033



Residual standard errcr: 0.8148 on 77 degrees of freedom
Multiple R—Sguared: 0.1675

F-statistic: 7.744 on 2 and 77 degrses of freedom, the p-value is
0.0008623

Analysis of Variance Table

Response: FNMAX

Terms added segquentially {first to last)
Df Sum of Sg Mean Sg F Value Pr{F}
E 1 4.17254 4.172542 6.285085 0.01428250
I¢{E~2y 1 6.10943 ©,109430 2.202613 0.00329365%
Residuals 77 51.11876 (.&663880
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Fitted | &

*x* Tinear Model **+
Call:
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im{formula = FNMAX ~ &, data = GFNMAXSO.ORDAAZOxESP, na.actjon = na.omit)

Coefficients:
{Intercept)
~2.355932 -1_487754

el

Degrees of freedem: 80 total; 78 residual
Residual standard error: 0.5666424

Call: Ilm({formula = FNMAX ~ E, data = GFNMAXS0.ORDAAZ0xESPF, na.action =

na.omit)
Coefficients:

Value Std. Brror t wvalue Pri>it])
{Intercept -2.355% G.1552 ~-15.1818 0.00C0

] z
E -1.4878 C.1487 -16.0034 0.0000
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Residual standard error: 0.5666 on 78 degrees of freedom
Multiple R-Squared: 0.562

F-statistic: 100.1 on 1 and 78 degrees of freedom, the p-value is 1.2Z21le-
015
Analysis of Variance Table

Response: FNMAX

Terms added sequentially (first to last)
Df Sum of S5g Mean Sg¢ F Value Pr(F)
E 1 32.13013 32.13013 100.0678 1.221245e~015
Residuals 78 25.04452 0.32108

v=230°
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Fitteg ; E=+ {En2)

*x* Tinear Model **+*

Call:
Im{formula = FNMAX ~ E + (E7°2), data = CFNMAXS80.0RDAAIUxESP, na.action =

na.omit;

Coefficients:
{Intercept) E I{(E"2)
-0.2855617 8.181833 ~1.369867

Degrees of freedom: 80 tetal; 77 residual
Residual standard errcr: 0.7445176

Call: lm{formula = FNMAX ~ E + [(E"2}), data = CFNMAXS0.ORDAA3UxESP,

na.action = na.omit)
Coefficients:

Value Std. Errcr t value Pri(>|t]}

(Intercept) -0.2856 0.4635 -0.6162 0.5336
E 8.181% 1.1097 7.372% 0.0000

TiE~2) ~1.30688% 0.5734 -2.388% 0.0193
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Residual standard error: $.7445 on 77 degrees of freedom

Multiple R-Sguared: 0,914
F-statistic: 409.4 on Z and 77 degrees of freedom, the p-value is 0§

Analysis of Variance Table

Response: FNMAX

Terms added sequentially (first to last)
Df Sum of 8g Mean Sg F Value Pri{F)

E 1 450.7383 450.7383 813.1573 0.00000000

I{E~Z] 1 3.1633 3.1633 5.7089 0.01%34722
Residuals 77 42.681l¢6 0.55%43
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Fitted! * &

®=** Tinear Model **~*

Call:
im{formula = FNMAX ~ E, data = SFNMAXS0,(Q0RDAAZOXESP, na.action = na.omit)

Coefficients:
(Intercept) E
-1.02351% 4.513638

Degrees cf freedom: 80 tetal; 78 residual
Residual standard error: 0.7168087

Call: lm(formula = FNMAY ~ E, data = SFNMAXSO.ORDAA3UxESP, na.action =
na.omit)

Coefficients:
Value Std. Frror € value Pr(>|t])
{Intercept) ~1.0235 0.19863 ~5.2139 0.0000
E 4.51326 0.1881 23.5%911 C.0000

Residual standard error: G.7168 on 78 degrees of freedeom
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Multiple R-Squared: 0.8807
F-statistilc: 575.6 on 1 and 78 degrees of freedom, the p-value is 0
Analysis of Variance Table
Response: FNMAX

Terms added sequentially {first to last)
DEf Sum of Sg Mean Sg F Value Pr(F)

R LZ85U07354 2557354 5755718 )
Residuals 78 4G.0773 0.5138
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*** Tinear Model ***

Call:
Im(formula = FNMAX ~ E, data = GFNMAXS0.0RDAAZ(0xESP, na.action = na.omit)

Coefficients:
{Intercept) E
-1.645141 1.5006%4

Degrees of freedom: 80 total; 78 residual
Residual standard errcr: 0.64%97235

Call: Im{formula = FNMAX ~ E, data = GFNMAX9¢.ORDAA3OXESP, na.action =
na.omit)

Coefficients:

Value 3td. Error t wvalue Pri{>itl:
{Intercept) -1.643%1 0.177% -$.2458 0.0000
E 1.5007 ¢.1705 8.80C1 0.0000

Residual standard error:
Multipie R-Squared: (0.488
F-statistic: 77.44 on 1 and 78 degrees of freedom, the p-value is 2.637e-
013

0.64387 on 78 degrees of freedom
z



Analysis of Varlance Table
Response: FNMAX

Terms added sequentially (first to last)
Df Sum c¢f Sg Mean Sg F Value

Residuals 78 32.92687 §.42214

y=10°

ESPESSURA = 0,381mm

Pr{F}
E 1 32.6%9146 32.69146 77.44212 2.63678e-013
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Fited : D2

#**% Tinear Model ***

Call:
Im(formula = FNMAX ~ DB, data = FNMAXS).ORDESPO3Z1AALOxDENS,
na.omit)
Coefficients:
(Intercept) DB

-5.528033 1.339841

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.031744

na.action

Call: Im{formula = FNMAX¥ ~ DB, data = FNMAXS50.0RDESPO381IAAICGRDENE,

na.action = na.omit)

G.0000

Coefficients:
Value S5td. Error t wvalue Pri>|t])
{Intercept) -5.5280 0.4154 -13.3063
DB 1.3398 G.6233 2.1485

0.0358

Residual standard error: 1.032 on 58 degrees of freedom
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Multiple R-Sguared: 0.07378
F-statistic: 4.62 on 1 and 58 degrees of freedom, the p-value is 0.03578

Arnalysis of Variance Table
Response: FNMAX

Terms added sequentially (first to last)

Df Sum of Sg Mean Sq F Value PriF)
CDEBCLTAVIIEEL AUSIS LT A TER 4TS 0. 0357771
Residuals 58 61.74070 1.064495
ESPESSURA = 0,762mm
@ =1i]
2418
-10.0 -9-.5 AS;,O ~8l5

Fitted: DB

**+* Tinear Model ***
Call:
im{formula = FNMAX ~ DB, data = FNMAXS(.(QRDESPOT76ZAALOXDENS, na.actlon = na.omit)

Coefficients:
{Intercept) DB
-11.417%4 3.06€558

Degrees of freedom: 60 total; 58 residual
Residual standard error: 2.449451

Call: Im{formula = FNMAX ~ DR, data = FNMAXS0.ORDESPO7622A10xDENS, na.action =
na.omit) '
Coefficients:
. Value Std. Error T value Pri>|ti)
{Intercept) -11.4179 0.9863 ~11.5765 0.0a00

DB 3.068¢ 1.4798 2.0722 0.0427
Residual standard error: 2.449% on 58 degrees of freedom
Multiple R-Scuared: 0.06893
F-statistic: 4.294 on 1 and 58 degrees of freedom, the p-value is 0.0427

Analysis of Variance Table

Response: FNMAX



Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr{F}
D 1 2h.7644 25.76442 4294204 0.0426977%
Residuals 58 3247.9891 5.99981
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Fited : DB

**¥%* Tinear Mode] ***

Call:
Im{formila = FNMAX ~ DB, data = FNMAXSO.ORDESP1i43AA10xDENS, na.action = na.omit
Coefficients:

{(Intercept: DB

-9.33863 12.88873

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.070006

Call: Im{(formula = FNMAX ~ DB, data = FNMAXS0.0RDESP1143AAI0xDENS, na.action =
na.omit)

Coefficients:
Value Std. BError t wvalue Pr{>iti}

(Intercept) ~9.339¢ 0.4308 -21.¢6771 0.0000
DB 12.8887 0.6464 18.9381 G.0000C

Residual standard errcr: 1.07 on 58 degrees of freedom

Multiple R-Squared: 0.8727
F-statistic: 387.5 on 1 and 58 degrees of freedom, the p-value is C

Analysis of Variance Table

Response: FNMAX

Terms added sequentially (first to last:
Df Sum of Sg Mean 3g F Value

DB 1 4535.132%9 455.1329 397.525%9
Residuals 58 66.4050 1.1449
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ESPESSURA = 1,524mm
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*** tTHoneal MOdel * *

Call:
Imi{formila = FNMAX ~ DB + (DB"2), data =
na.omit)
Coefficients:
{Intercept) DB I{DB"Z)

5.033075 -58.53227 48.83973

- -5

Fitted : DB + {DB"Z)

FNMAXS0.0RDESP1524001 0xDENS,

Degrees of freedom: 60 total; 57 residual
Residual standard error: 2.996647

Call: Im{formula = FNMAY ~ DB +
na.action =

na.omit}
Coefficients:
value Std. Error
{Intercept) 5.0331 6.0777
DR -58.5323 18.7423
I(DB"~2} 48,8387 14.5297

Residual standard error: 2.9897 on 57 degrses of freedom

Multiple R-Squared: (.3348

F-atatistic: 14.34 on 2 and 57 degrees of freedom,

Analysis of Varjiance Table
Response: FNMAX

Terms added sequentially {(first
Df Sum of Sg Mean Sq

DB 1 156.1493 156.1493
I(DB~2y 1 101.4623 101.4623
Residuals 57 511i.8540 8.973¢%

(DB"~Z2},

t value Pr(>|tl)

0.8281
-2.2648
3.3614

to last)
F Value
17.38876
11.28883

g
0.

G.4111
0.0044
G.0014

Pr(F}

.000104874

001388788

data = FNMAX2(C.0RDESP1524AR10xDENS,

the p-wvalue is 9.001e-006

na.action

2

6
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a =20

ESPESSURA = 0,383Imm
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Fittez : DB
**+ Tinear Model ***
Call:
Im{formula = FNMAY ~ DB, data = FNMAXS90.QRDESPO321AAZ0xDENS, na.action =
na.omit)
Coefficlents:
{Intercept) DB

-4.911954 5.42373¢

Degrees of freedom: 60 total; 58 residual
Residual standard error: 0.7432283

Call: Im{formula = FNMAX ~ DB, data = FNMAXS0.U0RDESPO381AAZ0OXDENS,
na.action = na.omit)

Coefficlents:
Value Std. Error t wvalue Pr(>it|}
{Intercept) -4.%120 0.2993 ~-16.,4131 0.008¢0
DB 5.£4238 0.4490 12.0792 0.0000

Residual standard errcr: 0.7432 on 58 degrees of freedom
Multiple R-Sguared: 0.7156

F-~statistic: 145.9% on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added sequentially {(first to last)
DEf Sum of Sg Mean Sg F Value Pr(F)}
DB 1 8C.%29817 B80.59817 145.9081 0
Residuals 58 32.03861 0.55238%
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**¥+ Tinealr Mogdel ***
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Im{formula = FNMAX ~ DB, data = FNMAXSUO.ORDESPOT762ARZ20xDENS, na.action = na.omit!

Coefficients:
{Intercept) DB
-7.832052 10.34422

Degrees of freedom: €0 total; 58 residual
Residual standard error: 0.%5%4027

Call: lm{formula = FNMAX ~ DB, data = FNMAXSC.O0RDESPOT762AAZ0xDENS, na.action
na.omit)

Coefficients:
Value Std. Error t value Pr(>iti;

(Intercept) -7.92321 0.38€3 -20.5323 0.000¢
DB 10.3442 0.5786 17.846¢8 0.0000

Residual standard error: 0.95%84 on 58 degrees of freedom

Multiple R-Sguared: 0.84%6
F-statistic: 318.5 on 1 and 58 degrees of freedom, the p-valiue is 0@

Analysis of Variance Table
Response: FNMAX
Terms added sequentially {(first to last)
Df Sum of 5g Mean Sg F Value Pr(f}

DR 1 293.1662 293.1662 318.5019% 0
Residuals 58 53.3863 0.8205
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Fitted : DB

**+ Tinear Model ***

Call:
Im(formula = FNMAX ~ DB, data = FNMAX9C.ORDESPL143AA20xDENS, na.action
Coefficients:

{Intercept) DB

-9.33963 12.88873

Degrees of freedom: &0 total; 58 residual
Residual standard error: 1.070008

Call: Im{formula = FNMAX ~ DB, data = FNMAX20.0RDESP1143BAZOXDENS, na.action =

na.omit}

Coefficients:
Value Std. Error ¢ wvalue Pr(>iti)
{(Intercept} -9.3396 0.4309 -21.8771 0.0000
DB 12.8887 0.6464 19.8381 0.0000

Residual standard error: 1.07 on 58 degrees of freedom
Multiple R-Sguared: 0.8727

F-statistic: 387.5 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FANMAX

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr(F)
DR 1 455.1329 455.1329 387.525% 0
Residuals 58 66.4050 1.1449

239
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ESPESSURA = 1,524mm

Residuals

-4 -2 o3 2
Fitted : D&

*F% Tinear Model ***
Call:

Im(formula = FNMAX ~ DB, data = FNMAXS0.(0RDESPLIS24AAZ0xDENS,

Coefficients:
(Intercept) DB
-9.785883 14.1174¢

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.3061749

Call: 1m{formula = FNMAX ~ DB, data = FNMAX90.0RDESPLS24AAZ20xDENS, na.action

na.cmit)

Coefficients:
value Std. Erreor t wvalue Pri{>it])
{(Intercept) ~9.7899 0.5242 ~-18.€770 0.060C
DB 14.1175 0.78€64 17.8510 0.0000

Residual standard error: 1.302 on 58 degrees of freedom
Multiple R-~Sguared: 0.8475

FPestatistic: 322.2 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added sequeﬁti&lly {first to last)
Df Sum of 3g Mean Sg F Value Pr(r}
DB 1 546.048¢ 546.048¢ 322.2378 ¢
Residuals 58 28.2840 1.694¢

na.action

240

na.omit)
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Fittez : DB

**+ TLinear Model **~*

Cail:
Im{formula = FNMAX ~ DB, data = FNMAXS0.0RDESP(281AA30Xdens,
na.omit)
Coefficients:
{Intercept) DB

~3.6831%6 ©.934068

Degrees of freedem: &0 total; 58 residual
Residual standard error: 0.5371706

241

na.action =

Call: Im({formula = FNMAX ~ DB, data = FNMAXS0.0RDESPO281AA30Xdens,

na.action = na.omit}

Coefficients:
Value 3td. EBrror t wvalue Pr(>[t]}
{Intercept) -3.8683Z2 0.2163 -17.0283 0.0000
DB G.%341 0.3245 21.3666 0.0000

Residual standard error: 0.5372 on 58 degrees of freedom
Multiple R-Sguared: 0.8873

F-statistic: 456.5 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: INMAX

Terms added sequentially (first to iast}
Df Sum of 8¢ Mean 8g § Value Pr(7)
DB 1 131.7329 131.7329 4%6.5304 0
Residuals 58 16.736C 0.288¢6
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ESPESSURA = 0,762mm
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Fitted : DB + (DB"2)
% Tinear Model ***
Call:
lm{formila = FNMAX ~ DR + (DR"2}, data = FNMAXS0.0RDESPUT762RA30xDENS, na.action =

na.cmit)

Coefficients:
{intercept) DB I{DB"2)
-11.66882 34.89228 -17.82642

Degrees of freedom: 60 total; 57 residual
Resjidual standard error: 0.6403332

Call: Im{formula = FNMAX ~ DB + (DB"2), data = FNMAXS0.CRDESPQT7&62AAR0xDENS,
na.action =

na.omit)
Coefficients:
Value Std. Error t value Pri{>|iti)
{Intercept} ~-11.6688 1.2987 -8.9858 0.0000
DR 34.8923 4.21886 8.2711 0.0000
I({pp~2) ~.7.82c4 3.1048 ~-5.7417 0.0000

Residual standard error: 0.6403 on £7 degrees of freedom
Multiple R-Sguared: 0.9341
F-statistic: 404.2 on 2 and 57 degrees of freedon, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added seguentially {(first to last)
Df Sum of 3g Mean 3Sqg F Value Pr(F)
DB 1 317.82485 317.%495 775.4361 0.000800e+G00
I(DB~2) i 13.5172 13.5172 32.2666 3.795623e-007
Residuals 57 23.3715 0.4100
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ESPESSURA = 1,143mm

&
“ -
- o - =1
e a o e
o ° s
L a
e =
=) & o
K]
é: (=T EE © ™ g
i o _ @ o
@ o =
o - I
s . -
- =
45 |
50
o 2 4 &

Fiteg : D& + (DB*2}

**% Tinear Model ***

Call:
Im{formila = FNMAX ~ DB + (DB"2), data = FNMAX%C.ORDESP1143RAA3J0xDENS, na-action =
na.omit)
Coefficients:
(intercept} DR I{DB"2)

-19.11482 61.78612 -36.16378

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.802332%
Call: Im{formulia = FNMAX ~ DB + (DB~2}, data = FNMAXS(.ORDESP1143AR30xXDENS,
na.action =

na.omit}

Coefficients:
Value Std. Error t value Pri{>it|)}
{Intercept) =-19.31148 1.6273 -11.746¢ ¢.0000
DB €1.7%61 5.2859 11.6908 G.0000

I(DB"Z) -36.1638 3.8902 -5.2960 0.0000

Residual standard error: 0.8023 on 57 degrees of freedom

Multiple R~Squared: 0.9328
F-gtatistic: 385.4 on 2 and 57 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: FNMAX

Terms added sequentially (first to last)
Df Sum of 3g Mean Sg F Value Pr{F)

DB 1 453.4888 453.4888 704.461¢ 0.000000e+000
I{DpB~2) 1 55.62%6 55.62%6 86.4165 5.090373e-0G12

<

Regiduals 57 36,6931 0.6437
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Fitted : DB + (DB~2)

**%x Tinear Model **+#

Call:
Im(formula = FNMAX ~ DB + {DB"2}, data = FNMAXGSO.ORDESPLS24AA30xDENS, na.action
na.omit)
Coefficients:
{Intercept) DB I{DB"2)

~20.64374 €8.443 -39.23854

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.8982565

Call: Im{formula = FNMAX ~ DB + (DB"2), data = FNMAXS(0.ORDESPLS24AA3Z0xDENS,
na.action =
na.omit)

Coefficients:
Value Std. Error t wvalue Pri>it|}

{Intercept) -20.6437 1.8218 -11.3315 0.0000
DB 68.4430 5.8178 11.563¢6 0.0000
I({DB"2) ~38.2385 4_3553 -9.00853 0.0000

Residual standard error: 0.8983 on 57 degrees of freedom
Multiple R-Sguared: §.9383
F-statistic: 440.7 on 2 and 57 degrees of freedom, the p-value is G

Analysis of Variance Table
Response: FNMAX

Terms added segquentially {first to last)
Df sum of Sg Mean Sg F Value Pr{g)
DR 1 645.7297 €45.7287 800.29485 0.000000e+500
I{DB"2} 1 £5.45913 65.4913 81.1&677 1.490807e-012
Residuals 57 45,6912 0.8089
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*x* Tinear Model *i¥

Call:
Im(form:la = FNMAX ~ DB + AA + E, data = FNMAXS(0.0RDxDENSARESP, nz.acticn =
na.omit)
Coefficients:
{Intercept) DB AD

B
-16.66231 ©.440164 25.34719 0.5336542

Degrees of freedom: 720 total; 716 rasidual
Residual standard erroer: 2.738528

Call: Imi{formula = FNMAY ~ DB + AA + E, data = FNMAXS0.0RDXDENSAARESP, na.action =
na.omit)

Coefficients:
Value Std. Error t wvalue Pri{>itl|)
{(Intercept) —16.6623 0.4647 -35.8594 0. 0000
D 8.4402 0.477¢ 19.7657 C.000C
AR 25.3472 0.7162 35.3924 0.0000
E 0.5337 0.23%¢ 2.2274 0.0262

Residual standard error: 2.73% on 716 degrees of freedom
Multiple R-Squared: 0.6%72
F-statistic: 54%.4 on 3 and 71€ degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMAX

Terms added sequentially (first to last}
Df Sum of Sg Mean 3¢ F vValue Pri{F)
B 1 2529.%38 2829.938 390.682 (0.00000C0C
AR 1008394.111 83%94.171 1252.625 0.00000060C
E 1 37.208 37.20¢ 4.%681 0.02623385
Residuals 716 536%.66€% 7.5C0
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** & Tinear Model ***
Call:

Im{formula = FNMD ~ E, data = CFNMDS0.0TGAALOXESP, na.action = na.omit)

Coefficients:
{(Intercept) E
-3.338023 -5.381029

Degrees of freedom: 80 total; 78 residual
Residual standard error: 1.938652

Call: Im{formula = FNMD ~ E, data = CFNMD90.0TGAALlOxESP, na.action = na.comit)

Coefficients:
Value 35td. Error t value Pr(>|ti)
{Intercept}) -3.3380 0.5312 -6.2840 0.00C0
E ~-5.3810 G.5091 -10.5698 0.0060

Residual standard error: 1.94 on 78 degrees of freedom

Multiple R-Sguared: 0.58883
F-statistic: 111.7 on 1 and 78 degrees of freedom, the p-value is l1.1lle-016

Analysis of Variance Table
Response: FNMD
Terms added seguentially (first to last)
Df Sum of Sg Mean Sg F Value Pr(F}

{
E 1 420.3208 420.3205 111.7205 1.1310223e-016
Residuals 78 283.4555 3.7822
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**+ Finear Model ***

Call:
Im{formula = FNMD ~ E, data = SFNMD%0.0TGAALOXESP, na.action = na.omit]

Coefficients:
{Intercept) E
~2.611419% —-8.525473

Degrees of freedom: 80 total; 78 residual
Residual standard error: 1.384202

Call: Ilm{formula = FNMD ~ E, data = SFNMDS0.0TGAALOxESP, na.action =

na,.omit;
Coefficients:

Value Std. Error t value Pr{>i{ti)
(Intercept -2.6114 0.3781 ~-6.8888 G.0000

Y
/
E -8.5295 0.3633 -23.4773 ¢.0000

Residual standard errcor: 1.384 on 78 degrees of freedom

Multiple R-Sguared: 0.875
F-statistic: 5531.2 on 1 and 78 degrees of freedom, the p-value is C

Analysis of Varilance Table

Response: FNMD

Terms added sequentially {(first to last)
Df Sum of Sg Mean 3Sg F Value Pr(F}
E 1 1056.074 1056.074 351.1827 0

Residuals 78 149,449 1.5%1¢
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*** Tinear Mode] ***

Call:
Im{formula = FNMD ~ E, data = GFNMDS0.0TGAR10xESP, na.acticon = na.omit)

Coefficients:
{Intercept) E
-3.283441 -6.105259

Degrees of freedom: B0 total; 78 residual
Residual standazd error: 1.255896

Call: lm(formula = FNMD ~ E, data = GFNMD30.0TGAALlOxESP, na.action =
na.omit}

Coefficients:
Value Std. Error t value Pr(>ltl|)
{Intercept) -3.2834 0.3440 —-2.5458 0.0000
E -6.1653 0.3297 ~18.7020 0.0000

Residual standard error: 1.256 on 78 degrees of freedom
Multiple R-Sqguared: 0.8177
Fwstatistic: 34%.8 on 1 and 78 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: FNMD

Terms added seqguentially (first to last)
Df Sum of Sg Mean Sg F Value PriF)
E 1 551.7631 551.7631 348.76459 0

Residuals 78 123.0470 1.5775
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#** Linear Model ***

Call:
Im{formuia = FNMD ~ E, data = CFNMD90.O0TGAAZ20xESPE, na.actlon = na.omit)
Coefficients:

{Intercept)} E

-2.19%0784 1.224024

Degrees of freedom: 80 teotal; 78 residual
Residual standard error: 1.46%431

Call: Im{formula = FNMD ~ E, data = CFNMDS0.0TGAAZ(XESP, na.action = na.omit)

Coefficients:
Value sStd. Error t wvalue Pr(>itt}
{(Intercept) -2.1508 0.4024 -5.4440 0.0000
B 1.%9240 0.3857 4.9887 (£.0000

Rezidual standard error: 1.469 on 78 degrees of freedom
Multiple R-Sqguared: 0.2419
F-statistic: 24.8% on 1 and 78 degrees of freedom, the p-value 1s 3.603e-006

Analysis of Variance Table
Response: FNMD

Terms added sequentliaily {(first to last;
Df Sum of Sg Mean Sg F Value Pr{¥}
E 1 53.7367 53.73667 24.88698 3.603241e-006

Residuals 78 1e8.4198 2.15623
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4k Tinear Model ***

Call:
Im(formula = FNMD ~ E, data = SFNMDS0.0TGAAZOxESP, na.action = na.omit)

Coefficients:
{(Intercept} E
-1.25%867 -1.064758

Degrees of freedom: B0 total; 78 residual
Residual standard error: 0.8004756

Call: Im{formula = FNMD ~ E, data = SFNMDSO.0TGAAZOxESP, na.action =
na.omit}

Coefficients:
Value Std. Error t wvalue Pr{>itl}
{(Intercept) -1.2600 0.2466 -5.10%82 0.0000
E ~-1.0648 (0.2363 -4.5031 0.0000

Residual standard error: 0.%005 on 78 degrees of freedom

Multiple R-Sguared: 0.2065
F-statistic: 20.3 on 1 and 78 degrees of freedom, the p-value is

0.00002296

Analysis of Varlance Table

Response: FNMD

Terms added sequentially (first to last)

Df Sum of 8q Mean Sg F Value Pr{F)
E 1 16.45703 16.45703 20.29586 0.000022%6299

Residuals 78 6€3.24673 0.81086
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Fitted | £

*x* Tinear Model *=**

Call:
Im{formula = FNMD ~ E, data = GFNMD20.0TGAAZOXESP, na.action = na.omit)
Coefficients:
{(Intercept) E
-1.632111 -1.323165

Degrees of freedom: 80 total; 78 residual
Residual standard error: 0.5982613

Call: 1m{fermula = FNMD ~ E, data = GFNMD20.0TGAAZUxESP, na.action = na.omit)

Coefficients:

Value Std. Error t wvalue Pr{>|tl)
(Intercept) ~1.6321 0.1638 -8.9616 0.0000
£ -1.3232 0.1370 ~8.4265%  0.0000
Residual standard error: (.5983 on 78 degrees of freedom

Multiple R-Sguared: 0.4765
F-statistic: 71.01 on 1 and 78 degrees of freedom, the p-value is 1.401e-012

Analysis of Variance Table
Response: FNMD

Terms added sequentially (first to last)
DEf Sum of Sg Mean Sg F Value Pr(F)
B 01 25.41427 25.41427 71.00613 1.400873e-012

Residuals 78 27.9174% 0.35792
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*** Tinear Model **=
Call:
Im{formula = FNMD ~ E, data = CFNMD20.{0TGRA3CxESP, na.acticn = na.omit)

Coefficients:
{Intercept} E
~0.821781% 3.335545

Degrees of freedom: 80 total; 78 residuzl
Residual standard error: 1.988823

Call: Ilm{formula = FNMD ~ B, data = CFNMD3C.{TGAA3(OxESP, na.action = na.omit)

Cogfficients:
Value Std. Error t value Pri{>|ti)
(Intercept; -0.8218 0.5447 ~1.5088 0.1354
E  3.335% 0.5220 £.389% (0.0C00

Residual standard error: 1.989% on 78 degrees of freedom

Multiple R-Sguared: 0.3436
F-statistic: 40.83 on 1 and 78 degrees of freedom, the p-value is 1.112e~008

Analysis of Varzance Table
Response: FNMD
Terms added sequentially {(first teo last)
Df Sum cf Sg Mean Sg F Value Pr(F)

E 1 161.5041 161.5041 40.83114 1.111865e-008
Residuals 78 308.5224 3.8554



SALIGNA

1.0

05
1

I ]

Residuats
feXd]
i
r 0 g

-85
i

a@a o

10

0O 0 @ Gmoo

o un

w oo

&
n

a0 ano

G0 oan oo som

o

55

7

oo o

06w

LRI

04 -1 as

*r+ Tinear Model **+
Call:

e £T

Coefficlents:
(Intercept) E
0.02602038 1.114873

im(formula = FNMD ~ E, data = SFNMDS(.0TGRA30OxESP,

Degrees of freedom: 80 total; 78 residual
Residual standard error: 0.5294837

Call: Im{formula = FNMD ~ E, data

na.omit}

Coefficients:

na.action

SFNMDY(.0TGAAZOXESP,

Value Std. Error € value Pri{>lti)

{Intercept; 0.0260 0.1450

0.1724 0.8581

E 1.11590 0.1390 8.0230 ©.0000

Residual standard error: 0.5285 on 78 degrees of freedom

Multiple R-Squared: 0.4521

F-statistic: 64.37 on 1 and 78 degrees cf freedom,

012

Analysis of Variance Table

Response: FNMD

T@fms added seguentially (first
DI Sum of 35g Mean Sg

E 1 18.045%0 18.045%80
Rasiduals 78 21.86753 0.28035

last)
Value Pr{F}

-36849 8.493085e-012

na.action

(5]

the p-value is 8.4%3e-
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*** Linear Model =**

Call:
Im{formula = FNMD ~ E, d

Coefficients:
{Intercept) E
-0.8800035 0.5508171

ata =

Degrees of freedom: 80 total;

Residual standard error:

Call: Im({(formula = FNMD
na.omit)

Coefficients:
Value Std.

{Intercept} -0.8500 0.2
E 0.5508% 0.2

Residual standard error:
Multiple R-Squared: 0.05
F-statistic: 4.185 on 1

ZAnalysis cf Variance Tab

Response: FNMD

Terms added seqguentially
DEf Sum of Sg

jary

1.026

~ &, d

Error
810
693

1.02¢6
o9z
and 78

le

{(firs
Mean S

Fited : E

GENMDS0. 0TGRAIOXESP, na.action = na.omit)

78 resicual
031

ata = GFNMDOO.0TGAA3(OxXESP, na.action =

t value Pr(>it!)
~-3.1674 0.0022
2.0457 0.0442
on 78 degrees of freedom

degrees of freedom, the p-value i1s 0.04415

t teo last)
g F Value Pri{F)

E 1 4.40578 4.405777 4.185057 0.04415277

Residuals 78 82.11371 1.0352740



¢« FORCA x DENSIDADE BASICA
¥ = 10°

ESPESSURA = 0,381mm

Residuals

o

a
o

B/

25

-5.8 =57

**% Tinear Model ***
Call:
Im(formula = FNMD ~ DB,
na.omit)

Coefficients:
{(Intercept) DB
-6.154532 0.970254

60 total; =8

Degrees cof freedom:
L.1i31zc0

Residual standard error:

Call: lm{formula = FNMD ~ DB, dats
= na.omit)
Coefficients:
Value 3td. Errorx
{Intercept) -6€.15453 0.4713
DB 0.9703 0.7160

Residual standard error: 1
Multiple R-Squared: 0.0306%
F-statistic:

Analysis of Variance Table

Response: FRNMD
Terms added sequentially
Pf Sum of S5g Mean Sg
o 1 2.35010 2.350100
Residuals 58 74.217%2 1.279619

residual

3

Fitted : DB

= FNMDS0.O0T

54

GED

-53

t wvalue Pr{>|t}}
0.00CG
0.1806

~13.0582
1.3552

(first to la
F Value
1.836562

=
5T

0.1

r
g

0

{
&

O by

1.837 on 1 and 58 degrees of freesdom,

)
2

-52

data = FNMD90.0TGE(C381AA10xDENS,

I81AR10xDENS,

1.131 on 58 degrees of freedom

na.action

(e}

na.acticn

the p-value is 0.1806
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Fitted : DB + {DB"2;
*+* Linear Model ***
Call:
Im{formula = FNMD ~ DB + (DB 2},
na.action =
na.omit}
Coefficients:
{Intercept) DB I(DB"2)
0.4750773 -30.5448% 24.,02817
Degrees of freedom: 60 total; 57 residual
Residual standard errcor: 1.25631
Call: Im(feoermulas = FNMD ~ DB + (DB"2), data =
na.action =

na.omit)

Coefficients:

Value 3td. Error
{Intercept) 0.4751 2.4554 0.1835
DB ~30.5449 7.85258 -3.889%
I(DB™2) 24.02%2 5.7474 4.180%
Residual standard error:
Multiple R-Squared: 0.3012

F-statistic:
0.0000367

m

Analysis of Variance T

Response: FNMD
Terms added sequential
DEf
DB 11.18177
I(DB"2; 1 27.58852
Residuals 57 89.96324

[

Sum of 5g

able

(first to
Mean S5g ¥
1.48177 7.
27.58852 17
1.:57831

ly

> O

t wvajiue Pri{>jti)

HI

0.8473
0.0003
0.0001

Pr({F)

8463 0.01008405
7973 0.00010111

-6.5

data = FNMDS(Q.O0TGECT62AALOXDENS,

FNMDS0.0TGEO7E2AA1CxDENS,

1.256 on 57 degrees of freedom

12.28 on 2 and 57 degrees of freedom, the p-value is
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*** Tinear Model ***

Call:

Im({formula = EFNMD ~ DB +

na.action =
na.omit)

Coefficients:
{Intercept) DB

(DB~Z2), data = FNMD20.0TGEL143AA10xDENS,

Firted 1 OB + (DEAZ)

I(DpB"2}

6.87558% -61.44294 47.81534

Degrees of freedom: 60 total;
1.462417

Residual standard error:

Call: lm{formula = FNMD ~ DB +

na.action =

na.omit!
Coefficients:
Value Std.
{Intearcept) 6.8756 2.
DB -61.4429 G
I{DB™N2;  47.8153

Resildual standard error

6.

57 residual

{(DB"2}, data = FNMDS0.0TGE1143AA10xDENS,

Error © wvalue Pri{>it!l}

8582

L1407

6903

1.462 on 57 degrees cof freedom

Multiple R-Sguared: 0.5358

F-statistic: 32.82 on 2 and 57 degrees cof freedom,

010

Analysis of Variance Table

Response: FNMD

Terms added seguentially

Df Sum of Sg
DB 1 31.4517
I(p8~2) 1 109.2409

Residuals 57 121.9038

2.4056 0.01%94
-5.721% 0.0000
7.1470 £.0000

(first to last)

Mean Sg F Value Pr{F)
31.4517 14.70622 0.0003163646¢

109.2409 51.07203 0.000000G001LE
2.1387

the p-value 1is

257

3.175e-
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Fitted : DS + (DB*2;

*x% Tinear Model ***

Call:
Im({formuia = FNMD ~ BB + {(DB"2), data = FNMDOO0.OTGEL5Z4AR10xDENS, na.action =
na.omit)
Coefficients:
{(Intercept) DB I(DB"2}

$.59€851 -72.46735 &2,2415%

Degrees of freedom: 60 total; 57 residual
kResidual standard error: 1.566417

Calli: Im{formula = FNMD ~ DB + {(DB~2), data = FNMD90.0TGE1SZ4ARI0xDENS, na.action

na.omit}

Coefficients:
Value Std. Error t wvalue Pr(>it])

{(Intercept) 9.526%9 3.0614 3.1347 0.0027
DB ~79.4873 g.7808 ~8.1les G.00C0
I{DBR"2) 62.241% 7.1661 8.6856 0.0000

Residual standard error: 1.566 on 57 degrees of freedom

Multiple R-Squared: 0.6421
F-statistic: 51.13 on 2 and 57 degrees of freedom, the p-value 1s 1.918e-013

Analysis of Variance Table

Response: FNMD

Terms added sequentially {(first to last)
Df Sum of Sg Mean Sg F Value Pr{m
Dy 1 65,7940 65.7940 26.81460 3.040315e~00¢
I(DB~2) 1 185.2024 185.1024 75.43%22 5.000000e-012

Residuals 57 139.8588 2.4537
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Fitted : D&

#** Tinear Model **+*

Call:
lmi{formula = FNMD ~ DB, data = FTNMD90.O0TGEO381ARAZ0xDENS, na.action =

na.omit)

Coefficients:
{Intercept) DB
-2.2834%6 0.9387¢

Degrees of freedom: 60 total; 58 residual
Residual standard error: 0.7446651

Call: Im{formula = FNMD ~ DB, data = FNMD20.0TGEQ381AA20xDENS, na.action
= na.omit)

Coefficients:

Value Std. Errcor t wvalue Pri>itl|}
{Intercept} -2.2835 (0.3102 -7.3%63 0.0000
DB 0.8388 C.4711 1.8826 0.051C

Residual standard error: 0.7447 on 58 degrees of freedom

Multiple R-3quared: 0.06407
F-statistic: 3.87 on 1 and 58 degrees of freedom, the p-value is 0.25102

Analysis of Variance Table

Response: FNMD

Terms added seguentially (first to last)
DEf Sum of 3qg Mean Sg F Value Pr{F)
DB 2.20163 2.203i626 3.570285 0.05102308

= Z
Residuals 38 32.162051 0.534526
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Fited : DB

**% Tinear Model ***

Call:
Im{formula = FNMD ~ DB, data = FNMD20.0TGEQ76ZAAZ0OxDENS, nz.action =

na.omit)

Coefflicients:
{(Intercept) bB
-4,801975 4.660504

Degrees of freedom: €60 total; 58 residual
Residual standard error: 0.39475757

Call: Imiformula = FNMD ~ DB, data = FNMD90.O0TGE0O762AAZ0xDENS, na.action
= na.omit)

Coefficients:
Value 8td. Erxror t value Pri{>|t]]
{Intercept] -4 .8020 2.394¢ ~12.170¢C 0.0000
DB 4.6605 0.5395% 7.773% 0.0000

Residual standard error: 0.9476 on 58 degrees of freedom
Multiple R-Squared: 0.3103
F-statistic: €0.43 on 1 and 58 degrees of freedom, the p-value is 1.467e-

0lé
Bnalysis of Variance Table
Response: EFNMD

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr{F)
DE 1 54.26256 54.26256 60.43276 1.467184e-010

Residuals 58 52.0781%9 0.8%7830
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ESPESSURA = 1,143mm

Hesiduals

a3 e1q

Fitted | DB

*+F Tinear Model ***
Call:
Ilm(formula = FNMD ~ DB, data = FNMDY0.0TGEL1143AAZ0XDENS, na.action =

na.omit)

Coefficients:
{Intercept) DB
-56,396844 7.24203

Degrees of freedom: &0 total; 58 residual
Residual standard error: 1.03413%

Call: Im{fermula = FNMD ~ DB, data = FNMDSC.O0TGEL143ARA20xDENS, na.action
= na.omit}

Coefficients:
Value Std. Error € value Pri>|t|)
(Intercept) ~6.3968 0.4306 -14.854% 0.0Q000
DB 7.24290 0.6543 11.0687 0.00060

Residual standarxd error: 1.034 on 58 degrees of freedom
Multiple E-3quared: 0.6787
F-statistic: 122.5 on 1 and 38 degrees of freedom, the p-value is 6.66le~

0le
Analysis of Variance Table
Resporse: FNMD
Terms added seguentially (first to last;
DE Sum cf 3¢ Mean Sg F Value Pr{F)

DB 1 1331.0253 131.0253 122.5172 6.661338e~016
Residuals 58 G2.0278 1.0624



ESPESSURA = 1,524mm

Reslduals :
5
>

*%% Tdinear Model ***
Call:
lm{formula =
na.omit)

Coefficients:
{Intercept) DB
-7.734339 2.308217

Fitted ! DB

= FNMD ~ DB, data = FNMD&(C.0TGELI324ARA20xDENS,

Degrees of freedom: 60 total; 58 residual

Residual standard errocr:

Call: 1lm(formula =

= na.omit}
Coefficients:
Value 5td. Error
{Intercept) =7.7343 0.4974
DB 8.30%82 0.7558

Residual standard erzor:
Multiple R-Sguared: 0.7235
F-statistic:

Analysis of Variance Table

Rasponse: FNMD

Terms added segquentially {first
DE Sum of Sg Mean Sg

DB 1 216.5014 216.5014
Residuals 58 82.7610 1.4269

1.194535

-15.5482

= FNMD ~ DB, data = FNMDSO0.0TGELSZ24AAZ0xDENS,

t valus Pri(>|tl}
0.000C

12.3178 0.00C00

1.195 on 58 degrees of freedom

151.7 on 1 and 58 degrees cf freedom,

to last)

F Value Pr (¥

y
151.7271 0

na.action =

the p-value is 0

262

na.action



vy = 30°

ESPESSURA = 0,381mm

Reslduats
i
1

o &

BS

%1

14 05 0.0 05
Fittedt - DB + (D842

*+% Linear Model **+

Call:
In(formula = FNMD ~ DB + {DB"2), data = FNMDO0.UOTGEO381AA30xDENS,
na.actien = na.omit)
Coefficients:
{Intercept] DB I{DR™2)

-7.66127 23.05926 ~15.8268%
Degrees of freedom: 60 total; 57 residual
Residual standard errcr: 0.8758644
Call: Im(formula = FNMD ~ DB + (DB"Z), data = FNMDSO.0TGECG381AA30xDENS,
na.action =
na.omit)

Coefficients:
Vaiue Std. EBError £ valilue Pr(>|tl)

(Intercept) -7.86613 1.7231 -4 .4722 0.0000
DB 23.05¢3 5.4788 4.2080 0.0001
I{(DB™~2) ~15.8270 4,.0111 ~3.9458 0.0002

Residual standard error: 0.8752 on 57 degrees of freedom

Multiple R~3quared: 0.2808
F-statistic: 11.6% on 2 and 57 degrees of freedom, the p-value is

0.0000558¢
Analysis of Variance Table
Respense: FNMD

Terms added seguentially {first teo last)
of Sum of Sg Mean Sg F Value Pr(F}
pB 1 5.98486 5.9848¢ 7.80154 0.007095321
I{DR"2} 1 11.94375 11.94375 15.58%22 0.060220578
Q

Residuals 57 43.72688% .76714
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ESPESSURA = 0,762mm

i
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o m A4
= a4
i : ; ;
-2.0 -1.5 ~1.0 -0.3 0.0 05 1.0

Fitteet | DR+ (DB*D)

%+ Tinear Model ***
Call:
Im{formula = log{FNMD} ~ DB + {(DB"Z2), data = FNMDSC.O0TGEQT62AA30xDENS,
na.action

= nag.omit)

Coefficients:
{Intercept) DB TI(DBR"Z2;
~-10.51179 28.23444 ~17.3903

Degrees of freedom: 47 total; 44 residual
Residual standard error: 0.6803597

Call: Im{formula = log(FNMD} ~ DB + (DB"Z), data =
FNMDS0O.0TGECTE2AAZ0RDENS, na.action

= na.,omit)
Coefficients:
Value Std. Error t wvalue Pr(>{ti})
{Intercept) -10.5118 2.0771 ~-5.0607 0.0000
DB 28.2344 6.2836 4.4934 0.0001
TI(DR™2) -17.3903 44,4273 -3.828¢0 0.0003

Residual standard errcr: 0.6804 on 44 degrees of freedom

Multiple E-3Squared: 0.53821%

Frstatistic: 31.%4 on 2 and 44 degrees of freedom, the p-value 1s 2.6%%e-
06e

Analysis of Varlance Table
Response: log (FNMD)

Terms added sequentially [first to last)
Df Sum of Sg Mean Sg F Value Pr({F)
DB 1 23.081%1 23.051%1 48.4516% 0.0000000131
I(prn2) 1 7.35350  T7.35350 15.42%18 $.0002583797
Residuals 44 20.87025% 0.47660



ESPESSURA = 1,143mm
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Fitted : DB + (DB"2}

**% Linear Model ***
Call:
Im(formula = log({FNMD) ~ DB + {(DB"2}, data = FNMDS0.O0TGE1143AA30xDENS,
na.action

= na.omit)

Coefficients:
{(Intercept) DB I(DB~Z2})
-6.00044% 15.7648 -8.6546469

Degrees of freedom: 50 total; 47 residual
Residual standard error: 0.5308497

Call: lm{formula = log(FNMD) ~ DB + (DB"2), data =
FNMDO0.0TGEL143AA30xDENS, na.action
= na.omit}

Coefficlents:
Value Std. Error t wvalue Pri{>iti)

{Intercept) ~6.0004 1.3773 ~4.3568 G.0002
DB 13.7648 4.2226 3.7334 0.0005
I{bB~2) -8.6547 3.00862 -2.8780 0.0060

Residual standard error: 0.530% on 47 degrees c¢f freedom

Multipie R-Squared: 0.6771

F-ztatistic: 48.27 on 2 and 47 degrees of freedom, the p-value is 2.%0%e-
01z

Analysis of Variance Table
Response: log(EFNMD)}

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pri{F)
DB 1 25.44422 25.44422 90.25730 0.0000000G0

I{pg~z) 1 2.33660 2.33660 8.28854 0.005887704
Residuals 47 12,.24%6¢ 0.281%1
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ESPESSURA = 1,524mm

@

Residyals

31

o 1 2 3 4 5
Fitted : DB

*** Tinear Model ***

Call:
lm(formula = FNMD ~ DR, data = FNMDS0.0TGE1524AA30xDENS, na.action =

na.omit}

Coefficients:
(Intercept) B
-3.6163262 B.71815

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.747205

Call: Im{formula = FNMD ~ DB, data = FNMDS%0.(0TGE1524AA30%DENS, na.action

= na.omit)

Coefficlents:
Value Std. Error &t wvalue Pri{>|ti)
(Intercept) -3.€170 0.7275% -4.8715 0.0000
DB 8.71%1 1.1054 7.8876 0.0000

Residual standard error: 1.747 on 58 degrees of freedom

Multiple R~Squared: 0.5175
F-statistic: 62.21 on 1 and 58 degrees of freedom, the p-value is 9.451le-

011
Analysis of Variance Table
Response: FNMD
Terms added seguentizlly (first te last)
Df Sum of S5gq Mean Sg F Value Pr(r

DB 1 188.%253 18%.9253 62.215 9.45115%1e~-01
Residuals 58 177.0580 3.0527

ot
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e FORCA x (DENSIDADE + ANGULO DE ATAQUE + ESPESSURA DE CORTE)

Residuals
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*+% Tinear Model *++

Call:

Im(formula = FNMD ~ DB + AA + E + I(DB"2)

FNMDS0. OTGXDENSRAESY,

na.action = na.omit)
Coefficients:
{Intercept) DB

~18.95649 ~-8.581943 84.36441 -1.72646% 5.705742 -77.84688

Degrees of freedom:

Call: Im{formula
FNMDE0O . 0TGxDENSAAESP,
na.action

Coefficients:

DB -8.
AR B4
E -1
I(DB"2)
T{AA~Z) =7

Residual standard error:
G.8231

= FNMD

720
Residual standard error:

total;
2.1357

= na.omit)

Value
{Intercept) -18,.

9965
5819

.3644
L7265
L7087
-8465

Multiple R-Sguared:

F-statistic: 664.5 on 5 and 714 degrees of freedom,

[

Error

3568

L8561

5097
1869
8225
5429

Analysis of Variance Table

Response: FNMD

-5
Fitted : DB + AA + £+ HDB"Z) + UAA™D)

14
2

~ DB + AA +

+ TIAAZ),

I{DB"2}

residual

E + IT(DB"Z) +

t value Pri{>itl)

-14
-2

21.

-9

3.
-14.

.0013
.2255
5780
L2387
4401
0445

5.0600
0.0264
0.0000
¢.0000
0.0006
0.0000

2.136 on 714 degrees of freedom

the p-value is ©
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Terms added sequentially (first o last)

Df 5um of 8¢ Mean Sg F Value Pr{F)
DB 1 636,44 ©36.44 139.528 0.0000000¢C0
AR 1 13175.64 13175.64 2888.513 0.000000000
E 1 389.41 389.41 85.371 ¢.0000CO000
I{DB"~2) 1 54.17 54,17 11.875 0.CD0602253
I{AA™Z) 1 898.73 B88.73 197.249 0.0000000CO
Residuals 714 3256.83 £.56
FORCA NO CMEDIA
CORTE 90°-90° RADIAL
e FORCA x ESPESSURA DE CORTE
v = 20°
CITRIODORA
8 . g .
oi® i 2
" z z H T
i : :
36 5
i F5 !
5 1‘0 15 2‘0

Fitted : {E"2) + [EM)

**% Tinear Model **++
Call:
Im(formula = FNMD ~ {(E"Z} + (E™4;), data = CFNMDS$0.S0RDAAZ(OXESP, na.action

na.omit)

Coefficients:
{Intercept) I(E"2Z) I{E~d)
1.886295 19.064 -4.44311¢

Degrees of freedom: 80 teotal; 77 residual
Residual standard error: 1.374608
Call: lmi{formula = FNMD ~ (E™Z} + {E"4;, data = CFNMDS0.90RDAAZ0OXESP,
na.action =
na.omit)



269

Coefficients:
Value Std. Error t wvalue Pr(>|t!)
{Intercept) 1.8863 0.3678 5.1283 0.0000
I(E~2} 19.0640 0.7870 24.2245% 0.0000
I(E~4) -4.4431 0.3040 ~-14.6153 0.0000

Residual standard error: 1.375 con 77 degreses of fresdom
Multiple R-3Squared: 0.863
F-statistic: 1002 on 2 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMD

Terms added seguentially {(first to last)
Df Sum of 3g Mean Sg F Value Pri(¥)

I(E™2) 1 33B3.%963 3383.963 17%0.88¢ 8]
I{E™4; 1 403.619 403.61% 213.&086 0
Residuals 77 145.495 1.850
SALIGNA
P ; é s
- ¢ ° N
Es 2 § ; :
£ H g z -
& . .
k! ) B1:
a
%2
4 o : 2 3

Fitted - &£ » (EAZ)

*** Tinear Model ***
Call:
Im{formula = FNMD ~ E + (E"2), data = SFNMD90.9CRDAAZOXESP, na.acgtion =

na.omit!
Coefficients:

{(Intercept) E I{E~2)
-3.661467 B.300371 -Z.58532

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.%020201

Call: ilmi{formula = FNMD ~ E + (E"2}), data = SFNMDS0.30RDAAZ0OXESP,
na.action = na.omit;

Coefficients:



{Intercept)
E
I{E"2Z)

Residual

Multiple R-Squared:
108.6 on 2 and 77

F~statistic:

standard error:

Value Std. Error t value Pri{>|ti}
~-3.6615 0.5615 ~-6.5208 0.0000
8.3004 1.3445 6.1736  0.0000
~2,5853 0.6947 ~3.7213 ©£.0004

0.902
0.7382

Analysis of Variance Table

degrees of freedom,

270

on 77 degrees of freedom

the p-value is 0

Response: FNMD
Terms added seguentially {(first to last)
Df Sum of Sg Mean Sg F Value Pr(F)
E 1 165.3804 16€5.3804 203.25988 0.0000000000
IiE~2) 1 11.2673 11.2673 13.8480 0.0003749362
Residuals 77 62.6503 0.8138
GRANDIS
~§ o g
3 g :
iy ® 24
@3
B5
53 0 45 & 35 30
Fitted - E
*++ [ inear Model ***
Call:
imi{formula = FNMD ~ E, data = GFNMDS0.90RDAAZIXESP,

Coefficients:
{(Tntercept)

=
ol

~-1.924424 -2.358162

Degrees of freedom:
Residual standard error:

Call:
na.omit}

Ceefficients:

Im({formu

80 total; 78 residual

1.42536%

ia =

Value Std. Error ¢+ walue Prix|t])

FNMD ~ E, data = GFNMDSC.3CRDAAZOXESE,

na.action = na.omit)

na.action =



(Intercept] -1.8244 (.3904 -4.9300 0.00900
E -2.3582 0.3741 -6.3033 0.0000

Residual standard error: 1.425 on 78 degrees of freedom

Multiple R-SBguared: 0.3375

271

F-statistic: 3%.732 on 1 and 78 degrees of freedom, the p-value is 1.6lle-

acs

Analysis of Variance Table
Response: FNMD
Terms added sequentially {(first to last)
Df 3um of 3¢ Mean Sg F Value Pri{®}

E 1 80.7230 80.72301 39.73218 1.6108%9e-008
Residuals 78 138.4709 2.03168

v = 30°

CITRIODORA

P
TOR Y
GO H 0 woo

on wo

o on uEe

o

=5

10 15 20 25 30 35
Fitted . £+ (E"2)

*** Linear Model **+*

Call:
im{formula = FNMD ~ E + (E~2), data = CFNMD30.S0RDAA30XESP,
na.omit)
Coefficients:
{Intercept) E I(E"2}

-4.861534 34.72579 -4.077758

Degrees of freedom: 80 total; 77 residual
Residual standard error: 1.06%657

Call: Im!
na.action na.omit;

0o B o

a0

ne.action =

formuia = FNMD ~ E + [(E™2), data = CFNMDS0.30RDAR3IO®ESP,
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Coefficients:
Value 35td. Error t wvalue Pr(>it}])
{Intercept} -4,9815 0.665% -7.4514 0.00060
E  34.7258 1.5%44 21.7805 0.6000
I(E~2) -4.0778 0.8238 ~4,5456 0.0000

Residual standard error: 1.07 on 77 degrees of freedom

Multiple R-Sguared: 0.9817
F-statistic: 4622 on 2 and 77 degrees of freedom, the p-value is 0

Analysis cof Variance Table

Response: FNMD

Terms added seguentialliy (first to last)
Df Sum of Sqg Mean 3g F Value Pr(F;
E 1 10545.08 1054%.08 $21%9.888 0.0000Ce+C00
I{(E™2) 1 28.03 28.03 24.48% 4.27801e-006
Residuals 77 §8.10 1.14
SALIGNA
1 243 .
- ; . .
T PSS A i .%
P : : o
- B ] &
o ®1
2 4 3 B 1¢ 12

%% Tinear Model ***

Call:
im!{formula = FNMD ~ E, data = SFNMDSC.90RDAAZOxESP, na.action = na.omit)

Coefficients:
{(Intercept] B
~1.968308 5.8327882

Degrees of freedom: B0 total; 78 residual
Residual standard error: 0.830382Z

Call: Ilm{formula = FNMD ~ E, data = SFNMDS0.S0RDAA3OxESP, na.action =

na.omit)

Coefficients:
Value 35td. Erreor t value Pr(>itj)
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(Intercept) -1.3683 0.2276 ~8.6491 6.0600
E 9.59328 0.218% 45.5413 0.0000

Residual standard error: 0.831 on 78 degrees of freedom
Multiple R-Sguared: 0.9%638
F-statistic: Z074 on 1 and 78 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMD

Terms added seguentially (first to last}

DEf Sum of Sg Mean Sg F Value Pr(F}
E 1 1432.166 1432.166 2074.00¢ 0
Residuals 78 53.861 0.691
GRANDIS
oa k.
s 2 o 1
£ & g g !
“
5
© Bt
B2 i
-Ls »‘s“O -0.5 o0 05 1.‘0 1:5
Fined * &+ (E"2)

¥+ Finear Model *+*

9]

ail:
im{formula = FNMD ~ E + (E"2), data = GEFNMDS0.S0RDAAIOXESP, na.action =
na.cmit}

Cecefficients:
{Intercept) E I{E"2})
-4,921214 9.677832 -32.592134

Degrees of freedom: 80 total; 77 residual
Residual standard error: 1.845643

Call: Im{formula = FNMD ~ E + (E™2}), data = GFNMDS0.90RDAAIOXESPE,
ra.actlion = na.omit)

Coefficlents:
Value 5td. Error © walue Pr(>it]}



{Intercept) -4.%212 1.1514 -4.2741 0.0001
E 98.6778 2.756% 3.5103 0.0008
I(g~2) -3.5%21 1.4Z4¢ -2.5215 0.0138

Residual standard errcr: 1.83 on 77 degress of fresdom
Multiple R-Squared: 0.3444

274

F-statistic: 20.23 on 2 and 77 degrees of freedom, the p-value is 8.705e~

008

Analysis of Variance Table
Response: FNMD

Terms added sequentially (first to last)

Df Sum of 8g Mean Sg F Value Pr{F)
E 1 116.6541 116.6541 34.08764 0.000000212
I{E~2) 1 21.7518 21.7518 ©.35798 (0.0137:511¢
Residuals 77 263.4307 3.4212
v = 40°
CITRIODORA
aF
o_ng. g ;5 :
 F ’ .
g ar ’ v
77 %2
' itel
s £ P 50

Fitted : E + (E°3)

**+ Tinear Model ***

Call:
lm{formula = FNMD ~ E + (E*2), data = CEFNMDSG . 90RDAALOXESP,

na.omit)

Coefficients:
{Intercept) E I(E~Z}
-3.255647 41.64381 -4.372793

Degrees of freedom: 80 total; 77 residual
Residual standard errcr: 1.520674

na.action =

tall: im{formula = FNMD ~ E + {E"2), data = CENMDS0.90RDAA4LOxESPE,

na.action = na.omit})



Coefficients:

{Intercept!
B
I(E"2)

Residual standard error: 1

Value Std. Error

-3.255%¢ 1.1958
41.6438 2.8628
-4.3728 1.4793

.921

Multiple R-Sguared: 0.5827

F-statistic: 2188 on 2 and 77 dégrees "¢t freedom; the p-value-is 0

Analysis of Variance Table

t walue Pri{>itl]

-2.7230 C¢.0080
14.54064 $.0000
-2.9560 0.0041

on 77 degrees of freedom

na.action =

Response: FNMD
Terms added sequentially (first to last)
DEf Sum of Sg Mean 3g F Value Pr({F}
E 1 16109.%5 1610%.95 4367.037 0.000080000
I(g~z2y 1 32.23 32.23 8.738 0.0041351¢€6
Residuals 77 284.065 3.689
SALIGNA
23 !
f
-’Mi’
H 8 g .
° {EZ
é 10 1’5 20
Fited | E+ (82}
**% Tinear Model ***
Call:
imi{forrmula = FNMD ~ E + (E~2}, data = SFNMD%0.9CRDAA4OxESP,
na.omit)
Cecefficients
(Intercept) E I(E"Z2)
-3.62958 21.36251 -3.279379
Degrees of freedom: 80 total; 77 residual
Residual standard errcr: 1.31626
Call: lm{formula = FNMD ~ £ + (E~2), data = SFNMD20.Z20RDAR4ORESE,
na.action = na.omit}

Ceoefficients:
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Value Std. Error t walue Pr{>|til)

{Intercept) -3.6296 0.8194 —4.4287 0.0000
B Z21.3825 1.9619 10.8886 0.0000
I{g~2) =-3.2794 1.0138 ~3.2348 0.001s8

Residual standard error: 1.316 on 77 degrees of freedom
Multiple R-Squared: 0.9615
F-statistic: 962.4 on 2 and 77 degrees of freedom, the p-value is 0

Analysis of Varlance Table

Response: FNMD

Terms added sequentially (first te last)
Df Sum ¢f 3¢ Mean Sg F Value Pr{¥)
E 1 3316.321 3316.521 1914.254 0.000000000
I(E™2) 1 1g8.129 lg.12¢2 10.464 G.001794694

Residuals 77 132.406 1.733
GRANDSI
w %51
= § g % §
= é &
o &

Fitted : £

4+ Tinear Model **~*

Call:
im{formula = FNMD ~ E, data = GEFNMD90.S0RDAA40xESP, na.action = na.omit]

Coefficients:
{(Intercept] E
—1.665328 6.65449¢

Degrees of freedom: 80 total; 78 residual
Residual standard error: 3.362305

Call: lm{formula = FNMD ~ E, data = GFNMDS(C.S0ORDAR40OxESF, na.action =
na.omit;

Coefficients:
Value Std. EBrror t value Pr{>[ti};
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{Intercept & (0.0744

} . -1.808

5  6.6545 0.8825 T.5495  0.0000C

Residual standard error: 3.362 on 78 degrees of freedom

Multiple R-3dgquared: 0.4216

F-statistic: 56.86 on 1 and 78 degrees of freedom, the p-value is 7.263e-

011

Analvsis of Variance Table
Response: FNMD
Terms added sequentially {£first to last)
Df Sum of Sq Mean 3g F Value Pr{F)

E 1 642.8066 642.8066 56.85989 7.2633%e-011
Regiduals 78 881.7875 11.3051

e FORCA x DENSIDADE BASICA
v =20°

ESPESSURA = 0,381mm

o e -
- -3 - i
P °
2 0 2 4
Fitted : DB
*** Tinear Model ***

Call:
lm{formula = FNMD ~ DB, data = FNMDS0.30RDESPO381AAZOxDENS, na.action =
na.omit)

Coefficients:
{Intercept) LB
~-8.90845%6 14.61416

Degrees of freedom: 60 total; 58 residual
Residual standard error: 0.730278%



Call: lm{formula = FNMD ~ DB, data = FNMDS0.S%0RDESPO381lAAZ0xDENS,
na.action = na.omit)

Coefficients:
Value Std. Error t value Pri>itl)
{Intercept) -8.20853 0.2941 ~30.2852 G.00060
DB 14.6142 G.4412 33.1241 0.0000C

Residual standard errcr: 0.7303 on 58 degrees of freedom

SMUTETpTe RUSGUAredt 0L o4eE
F-statistic: 1087 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMD
Terms added sequentially (first te last)
Df Sum of 5S¢ Mean Sg F Value PriF)

DB 1 585.1480 585.1480 1087.207 0
Residuals 58 30,9318 G.5332

ESPESSURA = 0,762mm

@.9"0 PR
<

o
!
g
£ q

Y
o
S
.
a
o

Residuals
o

s

w3

Q f; 1
Fitted - DB
*#+* Tinear Model **+*
Call:
Im{formula = FNMD ~ DB, data = FNMDS0.90RDESPO762AAZ0xDENS, na.action =
na.omit)

Coefficients:
{Iintercept) DB
-15.82779 29.80557

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.187278

Call: lmi{formula = FNMD ~ DB, data = FNMDS0.90RDESPOTE2AMZ OxDENS,
na.action = na.omiit)
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Coefficients:
Value Std. Error t wvalue Pri{>iti)
(Intercept) -15.5278 0.48231 -33.0384 0.0600
DB 29.8056 0.7233 41.2061 0.0000

Residual standard error: 1.197 on 58 degrees of freedom
Multiple R-Sguared: 0.367
F-statistic: 1698 on 1 and 58 degrees of freedom, the p-valus is C
Analysis of Variance Table
Regponse: FNMD
Terms added sequentially {first to last)
Df Sum of Sg Mean 3g F Valus Pr{F}

DB 1 Z2433.958 2433.958 1697.%943 0
Residuals 58 83.141 1.433

ESPESSURA = 1,143mm
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Residuals

Fitted - B

*x% Tinear Model ***

Call:
im{formula = FNMD ~ DB, data = FNMDS0.SORDESP1I42AAZ0xDENS, na.action =

na.omit!

Coefficients:
{Intercept) DB
-23.71%468 4¢6.67241

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.20295%

Call: lm(formula = FNMD ~ DB, data = FNMDSC.20RDESP1143AAZCXDENS,
na.action = na.omit)
Coefficients:

PRI

Value 3td. Error t value Prixitl)



{Intercept) -23.71%7 0.4844 ~48.9684

DB 46.6724 0.7268

Residuzl standard error:
Multiple R-Scuared: {.95861

F-statistic: 4124 on 1 and 58 degrees of freedom,

Analysis of Variance Table

[l

TREEpEnser FRM

64.2197

Terms added segquentially (first to last)

0.0000
0.0000

1.203 on 58 degrees of freedom

Df Sum of Sg Mean Sg F Value Pr(¥)
DB 1 5S968.134 5968.134 4124.174 0
Residuals 58 83.832 1.447
ESPESSURA = 1,524mm
o(:? 80? -
< 4 ’
".22
bl o5
@5 _
-é ) 5 1‘0 15 2‘0
Fitted : DB

**%* Tinear Model **~*

Call:
lm{formula = FNMD ~ DB, data =

na.omit}
Coefficients:
(Intercept) DB
-27.76572 54.331¢64

Degrees of £

Residual standard error: 1.502856

Cali: Ilm{formula =
na.action = na.omit)

Coefficients:
Value 8td. Error

{Intercept) -27.785%7 0.6051
DB 54.3316 0.907%

t value
-45,8828
59.8404

freedom: 60 total:; 58 residual

Pri>it|)
0.0000
0.00800

= FNMDS0.S0RDESPL524ARZ0xDENS,
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the p-value is 0

na.action =

FNMD ~ DB, data = FNMD90.S%O0RDESP1524AAZ0xDENS,



Residual standard error: 1.503 on 58 degrees of freedom

Multiple R-Squared: 0.9841
F~statistic: 3581 on 1 and 58 degrees of freedom,

Analysis of Variance Table
Response: FNMD
Terms added segquentially {first to last)

8087.675 8087.675 3580.873 c
130.897 2.25%

DB 1
Residuals 58

y=30°

ESPESSURA =0,381mm

the p-value is O
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Fitted | DB « (DBAY)

**% Linear Model ***
Call:

lr{formula = FNMD ~ DB + (DB"2}, data = FNMDS0.S0RDESPO381AA30XDENS,

na.action =
na.omit)

Coefficients:
(Intercept} DB I(DB™2}
~13.10242 32.11533 -10.41112

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.86587721

Call: lm(formula = ¥NMD ~ DR + (DB"2), data =
FNMDS(.90RDESPO2BIAAZ0XDENS, na.acticon =

na.omit)
Coefficients:
Value Std. Error © wvalue Pri{>ltl]]
{(Intercept) -13.1024 1.33¢€1 -9 _8065 ¢.0000
DB 32.115%9 4.3401 7.359% 0.0000

281
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I{pp~2) -10.4111 3.1942 ~3.2594 0.04183

Residual standard error: 0.6588 on 57 degrees of freedom
Multiple R-Squared: 0.9731
F-statistic: 1031 on 2 and 57 degrees of freedom, the p-value is ¢

Analysis of Variance Table
Response: FNMD

Terms added sequentially (first to last)

Df Sum of S5g Mean S5g F Value Pr{F}
DB 1 880.5929% 8%0.5929 2052.14% 0.0050000000
I(pe~z) 1 4.6105 4.86105 10.624 0.001885301

Residuals 37 24.7389 0.4340

ESPESSURA =0,762mm
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Fitted : DB

4k Linear Model **¥
Call:
Iim{formula = TNMD ~ DB, data = FNMDS0.S0RDESPO76Z2AAZ0XDENS, na.action =
na.omit)

Coefficients:
(Intercept) DB
~-15.2663 37.44%63

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.14248

Call: Im{formula = FNMD ~ DB, data = FNMDSO.SORDESPO76ZAA30xDENS,
na.action = na.omit}

Coefficients:
Value Std. Error t value Pri{>|tl:}
{Intercept} =-15.2643 0.4800 -33.1851 0.0000
DB 37.44%% 0.6%02 54.2573 0.0000



Residual standard error: 1.142 on 58 degrees of freedom
Multiple R-Squared: 0.%807

F-statistic: 2944 on 1 and 58 degrees of freedom, the p-value ig 0

Analysis of Variance Table

Response: FNMD

Df Sum of Sq Mean Sg F Value BriFy
DB 1 3B842.494 3842.4%4 2943.851 G

Residuals 58 75.705 1.305
ESPESSURA = 1,143mm
]
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Fitted : DB

*** Tinear Model ***

Call:
1m{formula = FNMD ~ DB, data = FNMD90.90RDESP1L143AA30xDENS, na.acticon
na.ocmit}
Coefficients:
{(Intercept) DB

-20.85529% 54.39637

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.31201%

Call:
na.action = na.omit)

Coefiicients:

Value Std. Error £ wvalue Pri{>lti)

(Intercept) -20,8553 G.5283 ~-39.4761 ¢.0000

DB 54,3964 0.79z26 68.6260 0.0000

Residual standard error: 1.312 on 58 degrees of freedom
Multiple R-3guared: 0.9878

F-statistic:

Im{formula = FNMD ~ DB, data = FNMDS0.SO0RDESP1143AA30xDENS,

4710 on 1 and 58 degrees of freedom, the p-value is 0



Znalysis of Variance Table
Response: FNMD
Terms added seguentially (first te last)
Df Sum of Sq Mean Sg F Value Pr(F)

DB 1 8106.95% 8106.85% 4709.533 0
Residuals 58 39.841 1.721
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ritted 1 D2

*** Tinear Model ***
Call:

lm{formula = FNMD ~ DB, data = FNMDO90.20RDESP1524AR30xDENS,

na.omit)

Ceefficients:
{Intercept} DB
-28.14615 T72.5554

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.8537777

na.action =

Call: 1lm{formula = FNMD ~ DB, data = FNMD3Z{.S0RDESP1524AA30xDENS,

na.action = na.omit)
Coefficients:
Value Std. Error t wvalue Px(>it}]}
{(Intercept) —-28.1461 0.7481 ~-37.625¢6 0.4000
DB 72.5584 1.1224 64.2486 0.0000

Residual standard error: 1.858 on 38 degrees of freedom
Multiple R~-Squared: 0.9863

F-statistic: 417% on 1 and 58 degrees of freedom, the p-value is C
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Analysis of Variance Tabkle

Response: FNMD
Terms added sequentially {first to last)

Df Sum of 3¢ Mean S5q F Value Pri{m
DB 1 14424.65 14424.65 4179.44 0

Residuals 58 200.18 3.45

y:gkba

ESPESSURA = 0,381mm

%7
G 2 4 B 8 10 12
Fitted - 08
*%+ T inear Model ***
Call:
lm{formula = FNMD ~ DB, data = FNMDSC.S0RDESPO381AA40xXDENS, na.action
na.omit)
Coefficients:
{Intercept) DB

-8.403313 21.9357%

Degrees of freedom: 60 total; 58 residual
Residual standard error: 0.781221

Call: Im{formula = FNMD ~ DB, data = FNMDS0.90RDESPU381AA40xDENS,

na.action = na.omit}

Coefficients:

Value 8td. Error t wvalue Pr(>itl)

{Intercept) =B8.4033 0.3146 -26.7137 0.0000
DB 231.9358 C.4720 46.4770 0.0000

Residual standard error: 0.7812 on 58 degrees of freedom

Multiple R-Squaresd: (.973%

F-statistic: 2160 on 1

1 and 58 degrees of freedom, the p-value is 0
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Analysis of Variance Table
Respense: FNMD

Terms added seguentially ({(first to last)
Df Sum of 3g Mean Sg F Value Pr(F)
DB 1 1318.331 1318.331 2160.114 0
Residuals 58 35.3¢@8 0.610
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Fitted : D&

**% Tinear Model ***
Call:

286

im{formula = FNMD ~ DB, data = FNMDS(0.S0RDESPUTE2AA40XDENS, na.action =

na.omit)

ficients:
tercept} DB
14.96413 45.265928

Co
{

f
n

Degrees cf freedom: 60 total; 58 residual
Residual standard error: 1.208865

Call: lmiformula = FNMD -~ DR, data = FNMDOC.SORDESPO762ZAM40xDENS,
na.action = na.omit)

Coefficients:
Value Std. Error t wvalue Pri>|tl)
{Intercept) ~14.9641 0.4868 -30.7420 0.0000
DB 45.26%3 0.7303 £1.9847 0.0000

Residual standard error: 1.20%8 on 538 degrees cof freedom
Multiple R-Sguared: (.8831
F-statistic: 3842 on 1 and 58 degrees cof freedom, the p-value is

8

L



Analysis of Variance Table
Response: FNMD

Terms added sequentially (first te last)
Df Sum of 3g Mean Sq F Value Pr(F)
DB 1 5614.683 5614.683 3842.106 0

Residuals 58 B4.75¢% 1.461

ESPESSURA = 1,143mm
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**%* Tinear Model ***
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Call:
Im(formula = FNMD ~ DB, data = FNMDO0.S0RDESPLI1I43AA40xDENS, na.action =
na.omit)
Coefficients:
{(Intercept) DB

-18.1858 61.11517

Degrees of freedom: &0 total; 58 residual
Residual standard error: 3.%2047%6

Call: lm{formula = FNMD ~ DB, data = FNMDY0.90RDESP1143AA40xDENS,

na.action = na.omit)
Coefficients:
Value Std. Error t value Pri{>lt}}
{Intercept) -18.1E58 1.5723 ~11.5662 0.0000
DB ©il.1152 Z2.3591 25,8068 0.Q0000

Residual standard errcr: 3.205 on 58 degrees of freedom
Multiple R-Sguared: 0.%205

F-statistic: €71.1 on 1 and 58 degrees of freedom, the p-value is 0
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Analysis of Variance Table

Response: FNMD

(first to last)
F Value Pr(r)
G

Terms added sequentially
Df Sum of Sg Mean Sg
DB 1 10233.31 10233.31 671.14%9%

Residuals 58 584,35 15.25

mﬁéfﬁégtﬁ§4¥;L524ﬁﬁﬂ""”'mmmm'

“8
-
|
' . .
o S
N a .
w L = =
K o = s @
2 i o
& oo T L R
& hét Ee ge
s PO
= O“
o B
s
-
< B
B A4
2
40 50

30
Fited : D&

**% Tinear Model *%*

Call:
Im{formula = FNMD ~ DB, data = na.action =

na.omit)

FNMDS0.90RDESP1524AR40xDENS,

Coefficients:
{Intercept) DB
-25.73539 82.74524

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.817864

FNMDSO. SORDESPLS524AR40xDENS,

Call: Im{formula = FNMD ~ DB, data
na.action = na.omit)

Coefficients:
Value Std. Errcr t© wvalue Pri{>|ti)
{(Intercept) -25.7354 0.7320 ~35.1583 0.0000
DB §2.7452 1.4%83 75.342¢ 0.0000

Residual standard error: 1.818 on 58 degrees cf freedom
Multiple R-Squared: 0.5888
F-statistic: 5677 on 1 and 38 degrees of freedom, the p-value is 0
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Analysis of Variance Table
Response: FNMD

Terms added seguentially (first to last)
Df Sum of Sq Mean Sg F Value Pr{F)
DB 1 18758.76 187538.76 5676.51 0

Residuals 58  191.67  3.30
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Fited ! DB~ AA+ E

*%+ Tinear Model **~*
Call:
Imi{formula = FNMD ~ DB + AA + E, data
= na.omil

)

i

FNMDS0O.SORDXDENSABESP, na.action

Coefficients:
{Intercept) DB AR g
~-48.81324 £4.91034 36.14%16 12.£41553

16 residual

Degrees of freedom: 720 total; 71
24

Residual standard error: 5.2370

Call: Im(formula = FNMD ~ DB + AA + E, data = FNMDS0.S0RDxDENIRAESP,

na.action = na.omit

)

Coefficients:
Value 5td. Error t wvalue Pr(>itl)

{Intercept} -48.813Z 1.0370 -47.0736 0.0000
DB 44.8103 0.8133 48,1713 0.0000

AR 36.149Z2 1.36%6 26,3944 G.0000

E 12.4160 0.4582 27.0984 G.0000

Residual standard error: 5.237 on 716 degrees of freedom
Multiple R-Sguared: 0.8431
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F-statistic: 1283 on 3 and 716 degrees of freedom, the p-value is ©
Analysis of Variance Table

Response: FNMD

Terms added seguentially {first to last)
Df Sum of Sg Mean Sg F Value Pr(F)
DB 1 66311.97 ©£6311.97 2417.814 0
AR 19106.5%9 19106.9% 6%6.664 0
’ 0

1
E ITZCIIe U7 20139 0TS 734032
Residuals 716 19637.32 27.43

FORCA NORMAL MEDIA
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Fitted: E + ("2}

*k% Tinear Model *FF
3 -

Call:
lm(formula = LNFNMD ~ B + (E"Z), data = CFNMDS0.907TGAAZ0xESP.LN,
na.action =
na.omit]
Coefficients:
{Intercept] B JT{ENZ])

-0.67$8136 6.062681 ~-2.731856

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.32372618



Call: Im(formula = LNFNMD ~ E + (E*2), data = CEFNMD20. S0TGARZORESP. LN,
na.action =

na.omit)
Coefficients:
Value 3td. Error t wvalue Pri>|ti])
(Intercept) -0.8798 0.2099 -3.2381 ¢.001s8
) E 6.0627 G.5027 12.0603 0.0600
I{E~2)y =2.7320 G.25398 -1G.5172 2.Q000

. Residual standard error: 0.3373 on 77 degrees of freedom

Multiple R-Squared: ©.7266

F-statistic: 102.3 on 2 and 77 degrees of freedom, the p-value is 0
Analysis of Variance Table

Response: LNFNMD

Terms added sequentially (first te last)
- DEf Sum of 3g Mean 3q F Value Pr{F)

E 1 10.62382 10.69382 84,0152 5.55111%e-01%
I{(E~2) 1 12.58164 12.58164 110.6122 1.110220=e-0168
Regiduals 77 8.75841 L 11375
SALIGNA
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Fitted | E

**%% Tinear Model ***
Call:
Im{formula = FNMD ~ E, data = SFNMDS(0.S30TGARZCxESP, na.actlon = na.omit}
coefficients:
{(Intercept} B
~2.746338 4.04202

Degrees of f{reedom: 79 total; 77 residual
Residual standard error: 1.291214

Call: Im{formula = FNMD ~ E, data = SFNMDSO.CS0TGAAZOXESP, na.action = na.omit)
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Coefficients:
Value Std. Errcr t wvalue Pri{>iti)}

{(Intercept) -2.7463 0.3587 -7.6357 0.0C00
E 4.0420 G.3428 11.7902 0.0000

Residual standard error: 1.291 on 77 degrees of freedom
‘Multiplie R-Squared: 0.6435 c :
F-statistic: 138 on 1 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: FNMD

Terms added seguentially (first to last)
Df sum of Sg Mean Sg F vValue Pr{F;
E 1 231.7583 231.75%3 139.0082 0
Residuals 77 128.3771 1.6672
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*** Linear Model ***

Call:
lm{formula = FTNMD ~ E, data = GFNMDS(0.S0TGAAZOXESP, na.action = na.omit)

Ceoefficients:
{Intercept} E
-2.695%59786 -0.4682309

Degrees of freedom: 80 tetal; 78 residual
Residual standard error: 1.142854

Call: lm{formula = FNMD ~ E, data = GFNMD®C.S0TGARZOXESP, na.action =
na.omit)

Coefficients:
Value Std. Error t value Pri{>itj}

{Intercept) -2.6960 0.3130 -§.6127 0.04800
E ~C.4682 0.3000 -1.5808 0.1226
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Residual standard error: 1.143 on 78 degrees of freedom
Multiple R-Sguared: 0.03029
F-statistic: 2.436 on 1 and 78 degrees of freedom, the p-value is 0.1226

Analysis of Variance Takle

Response: FNMD

Df Sum of 3g Mean Sg F Value Pr{F)
E 1 3.1825 3.182513 2.436027 0.1226246
Residuals 78 101.9G20 1.306436
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**+* Linear Model ***
Calil:
Im{formula = LNFNMD ~ E + (£72), data = CFNMDS0,S50TGAR3IOXESE.LN,
na.acticn =

na.omit)

Coefficlents:
{Intercept) E T(E"2)
0.6738391L 3.58202 ~1.120533

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.21583¢

Call: lm(formula = LNFNMD ~ E + (E~2), data = CFNMDI(.S0TGAA3OxESP.LN,

na.action =
na.omit}

Ceoefficients:
Value 3Std. Error t wvalue Pri{>iti]
{Intercept) C.6738 0.1344 5,0153 0.0000
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E 3.5820 0.3217 11.1343 0.0000
I{E~Z2) -1.1205 0.1é62 ~6.7406 0.0000

Residual standard error: 0.2158 on 77 degrees of freedom
Multiple R-Squared: 0.9007
F-statistic: 34%.1 on 2 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: LNFNMD

Terms added segquentially (first to last)
Df Sum cf Sg Mean Sg F Value Pri(F)
E 1 30.41084 30.41094 652.8031 0.00000Ce+000
I{E~2) 1 2.11e60 2.11660 45.4351 2.565569e-00¢9
Residuals 77 3.58706 0.04659
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Fitted : £

*x% Tinear Model ***

Call:
Im{formula = FNMD ~ E, data = SFNMDS0.S0TGAA30OXESP, na.action = na.omit}

Coefficients:
{Intercept) E
-3.025073 10.84321

Degrees of freedom: 80 total; 78 residusl
Residual standard error: 2.06334Z

Call: Im(formula = FNMD ~ E, data = SFNMDS0.S0TGAAIOxESP, na.action = na.omit)

Coefficients:
Value Std. Error t wvalue Pr{>{ti)
{Intercept) ~-3.0251 0.He5% -5.3535 0.0000
E 10.943Z2 0.541¢ 20.2068 0.0000



Residual standard errcor: Z.063 on 78 degrees of freedom

Multiple R-Squared: 0.83%6

F-statistic: 408.3 on 1 and 78 degrees of freedom, the p-value is O
Analvsis of Variance Table

Response: FNMD

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Values Pr(F)

......... CTRETTTTT TR U RED T T8 I60 A8 3L E G
Resjiduals 78 332.07¢ 4,257
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*** Tinear Model ***

Call:
Im(formula = FNMD ~ E, data = GFNMD90.S0TGAR30XESP, na.action = na.omit)

Ceefficients:
{(Intercept} E
-2.366804 3.528641

Degrees of freedom: 80 total; 78 residual
Residual standard error: 1.28404Z2

Call: Im{formula = FNMD ~ E, data = GFNMD90.90TGAAI0XESP, na.action = na.omit)

Coefficients:
Value Std. Error t value Pri{>|t}}
{Intercept) -2.3668 0.3518 -6.7306 0.0000
E 3.528¢ 0.337¢ 10,4702 0.Go0Co

Residual standard error: 1.284 on 78 degrees of fresdom
Multiple R-Sguared: (0.5843

F-statistic: 109.6 on 1 and 78 degrses of freedom, the p-value is 1l.l1lle-01l6

Analysis of Variance Table
Response: FNMD

Terms added seguentially {first to last)
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Df Sum of Sg Mean Sg F Value Px(F)
E 1 180.7444 180.7444 109.6242 1.110223e-016

Residuals 78 128.6037  1.6488
v = 40°

CITRIODORA

=)

Q.2

0®

Q0O GO 0o

00
P w0 @ o
L0

Residusis
0w {0 oonn [ TR

)
o

4 T3

Do i

25 3.0 35
Fitted : £ + {E*2}

*x% Tinear Model **+*

Call:
Ilm{formula = LNFNMD ~ E + (E"2}, data = CFNMDS0.S50TGAA4UXESP. LN,

na.action =
na.omit}

Coefficients:
{Intercept) E I(E™Z)
1.020732 3.360909 -1.018458

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.1664014

Call: Im{formula = LNFNMD ~ E + (E"2), data = CFNMDS%0.S%0TGAR40XESP.LN,

na.action =

na.omit}
Coefficlents:
Value Std. Error t value Pr(>lt])
(Intercept) 1.06207 0.103¢ G.8541 0.0000
E 3.3608 0.2480 132.5506 0.0000
I(E~2y ~1.0185 0.1282 ~7.9466 G.0000

Residual standard errcr: 0.1664 on 77 degrees of freedom
Multiple R-Sqguared: 0.9357
F-statistic: 260.7 on 2 and 77 degrees of freedom, the p-value 1s 0O

Analysis of Variance Table

Response: LNEFNMD
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Terms added sequentially (first to last)
Df Sum of 3g Mean Sg F Value Pr(F)
E 1 29.30107 29.30107 1¢58.204 0.00000e+000
{2y 1 1.74854 1.74854 63.148 1.,28878e~011
Residuals 77 2.13209 0.0276%

SALIGNA

B

Residuals
g
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T oahe o oo
ol 0 Bt s a Lo VT 1) £
LS TS s Sl .q‘ E
O DoT 4 mo o2 o o

)

& 19 15
Fited : £

x*% Tinear Model =**%

Call:
Im{formula = FNMD ~ E, data = SFNMDSO.90TGAA4QxESP, na.action = na.omit)

Coefficients:
{Intercept) E
-2.698532 14.11175

Degrees of freedom: 80 total, 78 residual
Residual standard error: 2.384333

Call: lm{formula = FNMD ~ E, data = SFNMD20.90TGAR40xESP, na.action = na.cmit)

Coefficients:
Value Std. Errcr <t wvalue Pr{>|t]}
{Intercept) ~2.6885 0.6530 -4.1327 0.0001
E 14.1118 0.6258 22.54%6 0.0000

Residual standard error: 2Z.384 on 78 degrees of freedom

Multiple R-Squared: 0.867
F~statilstic: 508.5 on 1 and 78 degrees of freedom, the p-value 13 0

Analysis of Variance Table
Response: FNMD
Terms added segquentially (£irst to last)
Df Sum of Sg Mean Sg F Value Pr(F)

E 1 28580.7%82 2890.758 508.484¢9 8]
Residuals 78 443.433 5.685
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**% Tinear Model **%*

Call:
lm{formula = FNMD ~ E, data = GFNMDS0.S0TGAA4OxESP, na.action = na.omit)

Coefficients:
{Intercept) E
~-2.462198 6.110828

Degrees of freedom: 80 total; 78 residual
Residual standard error: 1.63186&7

Call: Im{formula = FNMD ~ E, data = GFNMDS0.90TGARA40xESP, na.action = na.omit)

Coefficients:
Value Std. Error t value Pr{>|tl}
{(Intercept) -2.4622 0.4469 -5.5091 0.0060
E €.1109 0.4283 14.2¢66¢€ 0.00006

Residual standard error: 1.632 on 78 degrees of freedom

Multiple R-Sguared: 0.722%
Fwstatistic: 203.5 on 1 and 78 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: FNMD

Terms added sequentially {(first to last)
Df Sum of Sg Mean Sg F Value Pr(F)
E 1 542.0812 542.0812 203.5382 0
Residuals 78 207.7387 2.6633
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oo

Residuals

Fitted : (DBA2)

=x% Tinear Model ***

Call:
Im{formula

data

FNMD ~ (DB™2),

na.omit)
Coefficients:

{Intercept)
~4£.593884

I{DB"2}
10.34763

Degrees of freedem: €0 total; 58 residual

Residual standard errcr: 0.631858
Call: lm{formulia = FNMD ~ {DBR"Z},
na.action =
na.omit)
Coefficients:
Value Std. Error t value Pr(>jti}
{Intercept) -4.3%3% C.1507 ~30.4765 0.Q000
I(DB"2] 10.347¢ 0.2%92¢ 35.3624 0.0000

Residual standard error:
Multiple R~-Sguared: 0.9357
F-statistic: 1231 on 1 and 38 degrees of freedom,

Analysis of Variance Table

?“j;}

Response: FNMD

FNMDE20.S0TGESPU3BIAAZOXDENS,

na.action

data = FNMDYU.SO0TGESPO381lAAZOxDENS,

0.6319 on 58 degrees of freedom

the p-value is 0O



Terms added sequentially {(first to last)
Df Sum of 5g Mean Sg F Value Pr(F)
I{DB"2) 1 499.2571 48%.2571 1250.501 0
Residuals 58 23.1563 0.39%82

ESPESSURA = 0,762mm

Residuals

o3 ®
" ag
0 5 50
Filted : (DB2)

*++ Tinear Model ***
Call:
Iim(formula = FNMD ~ {(DB"2), data = FNMDS0.30TGESPUO762ARA20xXDENS,

na.omit)
Coefficients:

{(Intercept) I(DB"2)
~-6£.688618 21.22603

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.022105

=14
na.omit)

Coefficients:
YValue Std. Error £ value Pr({>itl}
{Intercept) -6.6986 0.2438 -27.4723 0.0009
I(pe~2y 21.2260 G.4733 448430 0.0000

Residual standard error: 1.022 on 58 degrees of f{reedom
Multiple R-Squared: 0.872

Call: Im{formula = FMMD ~ (DB*2), data = FNMD9C.S0TGESPO76ZAAZ0XxDENS,

na.action

P-statistic: 2011 on 1 and 58 degrees of freedom, the p-wvalue is O

Analysis of Variance Table

Response: FNMD

Terms added sequentizally (first to last)
DEf 3um of Sg Mean Sg F Value Pr{F)
I{DB~2Y 1 2100.777 2100.77%7 2010.8%92 0
Residuals 38 60.593 1.045

na.action =



ESPESSURA = 1,143mm

Residuals
2
L

43

@1

]

Fitted : DB

%% Tinear Model ***

Call: Im(formula = FNMD ~ DB, data = FNMD30.90TGESP1143AAZ0xDENS,

na.action = na.cmit)
Residuals:
Min 10 Median 30 Max

-6.933 -0.4245 0.1214 0.8325 2.872

Coefficients:
Value Std. Error t value Pri{>[tl)
{Intercept) —-21.0486 0.6718 ~31.3323 G.0000
DB 41.6572 1.0207 40.8105 0.0000

Residual standard error: 1.613 on 58 degrees of fresdom

Multiple R-Squared: 0.5663
F-statistic: 1666 on 1 and 58 degrees of freedom,

ESPESSURA = 1,524mm

the p-value is @&

20



Restduals
)
o

Fitted : DB

*%% Tinear Model ***

Call:
Im{formula = FNMD ~ DB, data = FNMD%0.90TGESPL1524A220xDENS, na.action =

na.omit}

Coefficients:
{Intercept!} DB
-24.1350% 49.25258

Degreses of freedom: 60 total; 58 residual
Residual standard error: 1.558782

Call: lm{formula = FNMD ~ DB, data = FNMDS0.90TGESP1524AR20xDENS,
na.action = na.,omit)

Coefficients:
Value Std. Error t wvalue Pri{>it}}
{Intercept) -24.1351 0.6491 -37.1832 0.0000
DB  49.2526 0.8862 49,9414 Q.c000

Residual standard error: 1.358 on 58 degress of freedom
Multiple R-Squared: 0.8773
F-statistic: 2494 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMD

Terms added sequentially {(first to last)
Df Sum of Sg Mean Sg F Value Pr(F)
DB 1 6€060.277 B060.277 2494.146 0

Residuals 58 140.928 2.430
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ESPESSURA = 0,381mim
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Residuats

A oy

*%* Tinear Model ***

Call:
lm{formula = FNMD ~ DB, data =
na.omit}
Coefficients:
{(Intercept) DR

=7.627125 16.006204

Degrees of freedom: 60 total;
Rezidual standard error:

Fitted : DB

58 residual
0.80845954

FNMD90. 90TGESPU381AA30xDENS,

t value Pri{>iti:?

Call: iIm{formula = FNMD ~ DB, data =
na.action = na.omit)
Coefficients:
Value 3td. Error
{Intercept) -7.6271 0.2534 -30.1014
DB 16.0020 0.385%0 41. %657

Residual standard error:
Multiple R-Squared: 0.93675
F-statistic:

Analysis cof Variance Table

Response: EFNMD

Terms added sedquentially (first

to last)

0.0000
0.0G000

1728 on 1 and 58 degrees of freedom,

Df 3um of Sg Mean Sg F Value FPr(f)

DB 1 ©39.7128 639.7128 1727.70%

Residuals 58 21.4755 0.3703

0

na.action =

FNMD90.20TGESPO381AA30xDENS,

0.6085 on 58 degrees of freedom

the p-value is O



ESPESSURA = 0,762mm

34

Resldusls
o

¢
!
2

a4

o2

*** Tinear Model ***
Call:
Im{formula = FNMD ~ DB, data =
na.omit}

Coefficients:
{Intercept) DB
~14,.53608 34.85452

§ 10

Fitted : DB

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.262824

Call: Im{formula = FNMD ~ DB, data = FNMDS0.90TGESP076ZAA30xDENS,

na.action = na.omit}

Coefficients:
Value S3td. Errcr
{Intercept) -14.5361 C.5258
DB 34.8545 0.79%0

t wvalue Pr{
~27.6432 0
43.06248 O

>

It
Qa0
oaQ

0
00
0c

FNMDS0.90TGESPCT62AA30XDENS,

Residual standard error: 1.263 on 58 degrees of freedom

Multiple R-Sguared: 0.9704

F-statistic: 1903 on 1 and 58 degrees of freedom,

Analysis of Varlance Table
Response: FNMD

Terms added sequentially (first
DEf Sum of Sg Mean Sg

DB 1 3034.958 3034.858
Residuals 58 92.4%4 1.585

to Jlast)
F Value Pri
1803.123

£
B

j
0

the p-value is 0O

na.action =

304



ESPESSURA = 1,143mm

na.action

= Q i . € < s ©
- . 244
G B ¢ 1‘5 o] 25 3‘9
Fitted : 8
**% Tinear Model ***
Call
Im(formula = FNMD ~ DR, data = FNMDO(.S0TGESPL143RAA30xDENS,
na.omit)
Coefficients:
{Intercept) Dg

~20.5349 52.78763

Degrees of freedom: 60 total; 58 residual
Residual standard error: 1.527802

Call:
na.action

lm(formula
na.omit)

Coefficients:

Value Std. Error +« wvalue Pr(>iti)
(Intercept) -20.35349 0.6362 -32.2782 0.C000
DB 52.7876 0.5666 54,8113 0.0600

Residual standard error:
Multiple R-Sgquared: 0.9809
F-statistic: 2982 on 1 and 58 degrees of freedom,

Analysis of Variance Table
Response: FNMD
Terms added seguentially {(first to last;
Df Sum of Sq Mean Sg F Value Pr(F)

DB 1 6£961.435 ©£961.435 2%82.3% G
Residuals 58 135.382 2.334

FNMD ~ DB, data = FNMD33.SOTGESP1143AA30xDENS,

1.528 on 58 degrees of freedom

the p-value is 0



ESPESSURA = 1,524mm

Residualy

8

Fitted . DB

**+ TLinear Model] ***

Call:
im(formula = FNMD ~ DB, data = FNMD90.90TGESPI524AA30xDENS, na.actiocn
na.omit)
Coefficients:
(Intercept} DB

-24.45633 66.8174

Degrees of freedom: 60 total; 58 residual
Residual standard error: 2.349168

Call: lm(formula = FNMD ~ DB, data = FNMD90.90TGESP15Z4AA30xDENS,
na.action = na.omit}

Ceefficients:
Value 5td. Error t value Pr{>|ti)

{(Intercept) -24.4363 0.9782 -25.0012 0.0000
DB 66.8174 1.48¢63 44.9565 0.06008

Residual standard error: 2.34% on 58 degrees of freedom
Multiple R-Sguared: 0.9721

F-statistic: 2021 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: FNMD

Terms added segquentially {(first to last)
Df Sum of 3g Mean Sg F Value Pr{r}
DB 1 11153.56 11153.56 2021.0% O
Residuals 58 320.08 5.52
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**+ Tinear Model ***
Call:
Im{formula = FNMD ~ DB, data =
na.cmit)

Coefficients:
(Intercept} DB
-7.514642 18.12788

Degrees of freedom: €0 total; 58 residual
Residual standard error: 0.5447005

Call: Im(formula = FNMD ~ DB, data = FNMD90.SO0TGESP0381AA40xDENS,

na.action = na.omit)

Coefficients:

Value Std. Error

(Intercept) -7.3146 0.2268
DB 18.1279 0.344¢6

Residual standard error: 0.5447 on 58 degrees of freedom

Multiple R-Sguared: (§.8795

F-statistic: 2767 on 1 and 58 degrees of freedom,

Analysis of Variance Takle
Response: FNMD

Terms added sequentially {first

Df Sum c¢f 3g Mean 3g

DB 1 820.9721 820.972%
Residuals 58 17.2085 0.2367

Fitted : DB

FNMD&0. S0TGESPO381AA40xDENS,

t value Pri{>itci}
~-33.13065
52,8025

te last)
F Value Pr!(F)
2767.024

na.action

the p~value is 0

307
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ESPESSURA = 0,762mm
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Fifted | DB + (DB 2)

*** Tinear Model ***
Call:
lm({formula = log{FNMD) ~ DB + (DB"2}, data = FNMDS%0.9C0TGESPO762ARAL0xDENS,

na.action = na.omit)

Coefficients:
{Intercept) DB I{DB"~2)
~-6.757216 23.26357 -13.6457¢

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.3124065

Call: lmi{formula = log(FNMD) ~ DR + (DB"2), data =
FNMDSC. S0TGESPOT62RR40xDENS,
na.action = na.omit)

Coefficients:
Value Std. Errocr t wvalue Pri{>it|:

{Intercept) -6.7572 0.8611¢0 ~-11.0587 0.0000
DB 23.2636 1.9546 11.8021 0.0000
I(DB~2) -13.6458 1.4307 -%,5378 0.0000

Residual standard error: (.3124 on 57 degrees of freadom
Multiple R-Squared: (.3%206
F-statistic: 330.2 on 2 and 57 degrees of freedom, the p-value is 0

Anzalysis of Variance Table
Response: log{FNMD)

Terms added segquentially (first to last)
Df Sum of 3g Mean 5g F Value Pr{F)
DR 1 55.5800% 55.58006% 56%.4808 0.000000e+000
Imoetz2y 1 8.87849 8.87849 G0.8702 2.0868345e-013
Residuals 57 5,.56308 0.4087e0
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*** Tinear Model
Call:
Im(formula =
na.omit}

Coefficients:
{Intercept} DB
-20.85295 60.28132

Degrees of freedom: &0

Residual standard error:

Call:

na.action = na.omit)

Coefflcients:

FNMD ~ DB, data =

im{formula = FNMD ~ DB, data =

@ ° o

= oo
£ “oe
S e o
o 9% 6 T2

13 o
1 20
Fitted : DB
de e

total; 58 residual
2.037%18

Value 3td. Error t value
{Intercept) -20.8529 0.848¢% ~24.5733
DB 60.2813 1.28%3 46,7534

Residual standard error:

Multiple R-Sguared: 0.3742

F-statistic:

Analysis of Variance Table

Response: FNMD

Terms added sequentially (first to last)

Df Sum of Sg
DB 1 8078.206
Residuals 58 240.880

Mean Sg F Value
8078.206 2185.881
4.153

30

FNMDSC.90TGESP1143AA40xDENS,

Prixitl)
0.0c00
0.0000

2186 on 1 and 58 degrees of freedom,

Pri{r)

na.action =

FNMDO0.90TGESP1143AA40xDENS,

2.038 on 58 degrees cof freedom

the p-value is 0



ESPESSURA = 1,524mm

Residusis

w

"3

10 20 30 40
Fitteg . DB

*%% Tinear Model **~*

Cal
1m{
na.omit)

3.
-
=

Cosfficients:
{Intercept}

Degrees of fre
Call: Im{formu
na.action = na

Coefflcients:

{Intercept) -2
DB 7

Residual standard error:

Multiple R-3Squ

DB
-26.12135 79.49371

edom:

formula = FNMD ~ DB,

a0

data = FNMDS0.S0TGESP1524ARn40xDENS, na.action

60 total; 58 residual
Residual standard error: 2.390187

la = FNMD ~ DB, data = FNMD9C.3CTGESP1324AR40xDENS,

comit)

Value
6.1214
9.4937

ared:

3td. Error « wvalue Pr(>|ti)

0.9853 ~26,2450 G.0000
1.5122 52.567¢6 0.0000

0.8794
F-statistic: 2763 on 1 and 58 degrees of freedom,

Analysis of Variance Table

Response: FNMD

Terms added sequentially {(first te last;

DEf Sum of

DB 1
Residuals 58

15787.
331.

Sg Mean Sg F Value Pri{F)

01
35

15787.01 2763.352 G
5.71

2.39 on 58 degrees of freedom

the p-value is 0
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Fitted : explDB + AR+ E)

*hx Tinear Model ***

Call:

Im{formula = FNMD ~ exp(DB + AA + E),

na.action =
na.omit;]

Coefficients:

{Intercept) exp(DB + AR + E}

-10.97002 2.

Degrees of freedom: 719
Residual standard errox:

Call: Im{formula = FNMD
na.action =

na.omit;

Coefficients:

Value 5td. Error
{Intercept) -10.%700

exp (DB + AR + E} 2.163

Residual standard error:

16553

total; 717 residual
6.336418

~ exp{DB + AA + E}, data =

0.5285
5 0.0512

-20.7555
£2.31C0

6.336 on 717 degrees of freedom

Multiple R-~Sguared: 0.714

F-statistic:

1720 on 1 and 717 degrees of freedon,

Analysis of Variance Takble

Response: FNMD

Terms added seguentially

P Sum of S5q Mean Sq F Value Pr(F
71874.44 71874.44 1730.139
28787.6%

exp (DB + AA + Ej 1
Residuals 717

(first to last)

40.15
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data = FNMDS0.S0TGxDENSAAESE,

FNMDS0.90TGxDENSAAESDP,

the p-value is 0

t wvalue Pr{>iti)
3.0000
0.000C

)
0



FORCA PARALELA MAXIMA
CORTE 90°-0° RADIAL
e FORCA x ESPESSURA DE CORTE
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Fitted : E + {(E72)
**+ Linear Model ***
Call:
Imi{formula = LN.FPM ~ & + (E~2), data = C90.0RDAAIOFPMAX.LN, na.action =
na.omit}

Coefficients:
{(Intercept) E I{E~2)
2.792065 2.09814% -0.316094¢

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.08437815

Call: lm{formula = LN.FPM ~ E + (E"2), data = C%0.0RDAAIQFPMA.LN,

na.action = na.omii)

Coefficients:
Value Std. Errer £ wvalus Pri{>iti)
{Intercept] 2.7921 0.0587 47.5246 0.00G60
E 2.0881 0.1407 14.9151 0.0000
I{E~27 -0.516l 0.0727 -7.0%9¢% 0.0030



Residual standard error: 0.09438 on 77 degrees of fresdom

Multiple R-Sguared: 0.9642
F-statistic: 1038 on 2 and 77 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: LN.EPM
Terms added seguentially (first to last)
DEf Sumof Sg "Mean Sy T viElue r{F)
E 1 18.04641 18.04641 2026.03% 0.000000e+000

T{E"2} 1 0.44900 0.445300 50.409 5.374332e-010
Residuals 77 G.68586 0.00891
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Fitted : E + (E"2)
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**% T inear Model ***
Call:
lm{formula = LN.FPM ~ E + (E"2}, data = 390.0RDAAIOFPMAY.IN, na.action =
na.omit)

Coefficients:
(Intercept) E I{E~2)
2.252464 2.476036 -0.7006156

Degreess of freedom: 80 total;y 77 residual
Residual standard error: 0.1077511

Call: lm(formula = LN.FPM ~ E + (E~2), data = $%0.0RDAAIQFPMAX.LN,
na.action = na.omit}
Residuals:
Min 1Q Median 30 Max
-0.431% -0.06428 -0.008357 0.07¢71 00,1927

Coefficients:
. Value Std. Error ¢ value Pri{>lti)
{(Intercept) 2.2525 0.0871 33.5815 £.0000
E 2.47¢0 0.1806 15.4168 0.0000
I{E~2) ~-0.700¢ 0.0830 -8.4422 0.0608
Residual standard error: 0.1078 on 77 degrees of freedom
Multiple R-Sguared: 0.8587
F-statistic: 830 on 2 and 77 degrees cf freedom, the p-value is 0

Correlation of Coefficients:

{Intercept) E
E -0.8547
I(E~2y 90.89880 -0.9844

hnalysis of Variance Table
Response: LN.FPM

Terms added seguentially (first to last)
of Sum of 3g Mean Sg F Value Pri{F}
E 1 18.91027 18.91027 1628.74% C.000000e+000
I{E~2} 1 0.82746 0.82746 T1.270 1.428746e~-012
Residuals 77 $.893%5 0.01161
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Fitted : £ + (E72)

*** Jinear Mode]l ***

Call: .
Im{formula = LN.FPM ~ E + (E"2}, data = G90.0RDAAIOFPMAX.LN, na.actlion =
na.omit)
Coefficients:

(Intercept} B I{E"2}

2.057546 2.338573 ~0.6600827

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.1073463

Call: 1lm{formula = IN.FPM ~ E + (E"2), data = G%0.0RDAAIOFPMAX.LN,
na.action = na.omit}

Coefficients:
value Std. Error t value Pri{>iti}

{Intercept) 2.0875 0.0668 3c0.79%12 3.0000
E 2.338¢ C.180¢C 14.6158 0.0600
I(E~2) -6.88601 0.0827 -7.983%9 0.0000

Residual standard errcr: (0.1073 on 77 degrees of freedom
Multiple R-Squared: 0.98523
F-statistic: 768 on 2 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: LN.FFM

L)

h



Terms added sequentially {(first to last}
Df Sum of 5g Mean Sg F Value Pri(F)
E 1 16.%6598 16.96598 1472.228 (0.000000e+000
I(E~Z) 1 0.73451 0.73451 ©3.742 1.082593e-011
Residuals 77 0.8872% 0.011i52
7 =20°
CEFRIODEIR A s
g
2 s u 2 s
e
e s :
ag
3.4 38 3:3 4‘0 42 4,‘4
Fitted : E + (E"2)
*+* Linear Model ***
Call:
Im{fermula = LN.FPM ~ E + (E"2), data = C90.0RDAARZOFPMAX.LN,
na.omit)
Coefficients:
(Intercept; E I{E"2}

2.59504 2.1443823 ~0.6068361

Degrees of freedom: 80 total;

Residual standard error:

Call: Im(formula = LN.FPM ~ E +
na.action = na.omit)

Coefficients:

Value 3Std. Error
(Intercept) 2.5950 0.0686
E 2.1445% 0.1l642
I(E~2) ~0.c068 0.0848

Residual standard error: 0.1101

77
0.1101343

residual

(E*2), data =

£ wvalue Pr(>iti)

37.8517 0.0000
13.0662 0.000C
~7.1551 £.0000

on 77 degrees of freedom

316

na.action =

CS0.0RDAAZOFPMAX . LN,



Multiple R~Sguared: 0.9%407

317

F-statistic: ©10.5 con 2 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: LN.FPM

Terms added sequentially (first to last)
Df Sum of 3qg Mean Sg F Value Pr(F;

e GO T TS0 TT T TR 88T 0 00005 L 000
I{E~2) 1 0.62088 0.62098 51.1985 4.221781le~010
Residuals 77 0.83398 0.01213
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Fittedd | E + (EA2)

*%% Tinear Model *+%%*

Call:
Im{formulia = LN.FPM ~ E + (E"Z), data = $S90.0RDAARZOFPMAX. LN,

na.omit)

Coefficients:
(Intercept) E I(E"2}
2.085468 2.448626¢ -0.6840517

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0¢.08772017

na.action =

Call: Im(formulz = LN.FPM ~ E + (E~2), data = 5%0.0RDAAZ{JFPMAX.LN,

na.action = na.omit;



Coefficients:
Value Std. Error t wvalue Pri(>[t})

{Intercept) 2.0855 0.0608 34.4478 0.0000
E 2.4486 0.1457 16.8112 0.0000C
I{E~2) ~-0.6841 0.07353 ~-%.0887 0.0000

Residual standard error: 0.08772 on 77 degrees of freedom
Multiple R-Sguared: 0.9643

Analysis of Variance Table
Response: LN.FPM

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pz (F)}
E 1 18.04784 19.04784 1994.6%% 0.000000e+000C
I{g~2)y 1 0.78880 0.78880 82.604 8.093526e~014
Residuals 77 0.7352% (.00855
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*x% Tinear Model ***

Call:
Im{formula = LN.FPM ~ E + (E"2}, data = G90.0RDARZUOFPMAX.LN,

na.cmit)

Coefficients:
{Intercept) E I(E"2)
1.783633 2.434951 ~0.68636%85

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.085004254

na.action

318



Call: Im(formula = LN.FPM ~ E + {E~2}, data = (%0.0RDAAZ0FPMAX.LN,
na.action = na.omit)

Coefficients:
Value Std. Brror t value Pr(>i%i}
{(Intercept} 1.783¢ 0.0581 31.8216 0.0606
- E 2.4350 0.1342 18.1427 0.0000
I(E"Z) -0.05%64 0.06%4 -20,04172 0.0000

Residual standard error: 0.08004 on 77 degrees of freedom
Multiple R-Sqguared: 0.8676

F-statistic: 1150 on 2 and 77 degrees cf freedom, the p-value is 0
Analysis of Variance Table
Response: LN.FPM
Terms added seguentially (first to last)
Df Sum of Sg Mean 3g F Value Pr(F}
E 1 17.83271 17.83271 2189.48% 0.C00C000e+000

I{E~Z2Y 1 0.81747 (0.81747 100.8286 1.221245e~-015
Residuals 77 0.6242% 0.00811

v = 30°
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*** Tinear Model ***

Call:
lm{formula = LN.FPM ~ E + (E"2), data = CS0.0RDAA3ICFPMAX.LHN, na.action =

na.omit]
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Coefficients:
{(Intercept) E T(E~"Z2)
2.429445 1.665412 ~0.3636658

Degrees of freedom: 80 total; 77 residual
Residual standard error: $.1517474

]

Call: Im{formula = LN.FPM ~ E + (E™2}, data C30.0RDAASOFPMAX . LN,
......................... nasaction =.na.-oemit) R

Coefficients:
Value Std. Error € wvalue Pri>it!)
{Intercept! 2.4294 0.08245 25.7188 0.0000
E 1.6654 0.2262 7.3631 0.0000
I{E"2) -(3.3637 C.11i69 ~-3.1115 0.002¢6

Residual standard error: 0.1517 on 77 degrees of freedom
Multiple R-Sgquared: 0.8873
F~statistic: 302 on 2 and 77 degrees of freedom, the p-value is 0O

Analysis of Variance Table
Response: IN.FPM
Terms added sequentially (first to last)

Df Sum of Sg Mean 3Sg F Value Pr(F}
E 1 13.73232 13.73232 58€.35%04 0.000000000C
)

I(E"Z 1 0.22284 0.22294 9.6817 0.002610835
Residuals 77 1.77310 0.02303
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*4+x Linear Model ***



Call:
Im{formula = LN.FPM ~ & + (E~2}, data = S5%0.0RDAA30OFPMAX.LN, na.action =

na.,omit!

Coefficients:
{(Intercept) E I{E"2)
1.582146 2.2%8818% ~0.63862689

Degrees of freedom: 80 tetal; 77 residual
Residual standard-error: 0.0883185%

Call: Im{formula = LN.FPM ~ E + (E™2), data = 35%0.0RDAA30OFPMAX.LN,
na.acticn = na.omit)

Coefficients:
Value 3Std. Error t value Pri>|tl}
{Intercept) 1.89821 G.0550 36.2354 0.0000
E 2.2882 0.1316 17.4581 0.0000
I{E"2) -0.6386 C.0E80 -9.3884 G.C000

Residual standard error: 0.08§832 con 77 degrees of freedom

Multiple R-Sguared: 0.%671
F-statistic: 1133 on 2 and 77 degrees of freedom, the p-value is 0O

Analysis of Variance Table

Response: LN.FPM

Terms added sequentielly (flrst to last)
Df Sum of Sg Mean S3g F Value Pri{F)
E 1 16.98224 16.98224 2177.164 C.00000e+000
I(E~2) 1 0.68752 0.6875Z BB.142 2.14273e-014
Residuals 77 0.60061 0.00780
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*** Tinear Model ***

Call:
Im{formula = IN.FFM ~ E + (E"2}, data = GSC.0RDARAZOFPMAX.LN, na.action
na.omit)
Coefficients:
{(Intercept) E I(E"Z}

1.53321 2.3231237 -0.,6374317

Degrees of freedom: 80 total:; 77 residual
Residual standard error: 0.107&6159

Call: lmi{formula = LN.FPM ~ E + (E"2), data = GS0.0RDAA3UFPMAX.LN,

i

na.action = na.omit)

Coefficients:
Valuse Std. Error t wvalus Pri(>it];)
{(Intercept} 1.5332 0.0&70 22.8870 0.0000
E 2.3212 0.1604 14.4712 0.0000
I({E~2) =~0.86374 ¢.0829 -7.6905 0.0000

Residual standard error: 0.1076 on 77 degrees of freedom
Multiple R-3quared: 0.9%338

F-statistic: 797.5 on 2 and 77 degrees of freedom, the p-value is 0O

Analysis of Variance Table

Response: LN.EPM

22
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Terms added seguentially {first te last)
Df Sum of 5g Mean Sg F Value Pr(F}
E 1 17.78647 17.78647 1535.808 0.000000e+000
I{E~2) 1 0.684585 0.68495 59.143 4.004008e-011
Residuals 77 0.89175 0.01158

e FORCA x DENSIDADE BASICA
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Fitted : DB

*** Linear Model ***
Call:
Im(formula = LN.FPM ~ DB, data = FPMAXRD.x.DENSBASEO381AAl0.LN, na.action

na.omit)

Coefficients:
(Intercept} DB
2.342988 1.272583

Degrees of freedom: 80 total; 58 residual
Residual standard error: 0.1078682

Call: Im{formula = LN.FPM ~ DB, dataz = FPMAXRD.x.DENSBASE(0381AA10.LN,

na.action =
na.omit)
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Coefficients:
Value Std. EBrror t value Pr(>it])}
{(Intercept) 2.3430 0.0434 53.9424 0.0000
DB 1.2726 0.0632 1¢.5275 0.000C

Residual standard error: 0.107% on 58 degrees of freedom
Multiple R-Squared: 0.868
F-statistic: 381.3 on 1 and 58 degrees of freedom, the p-value is {

Analysis of Variance Table
Response: LN.FPM
Terms added seguentially {first to last)

Df Sum of S5q Mean Sg F Value Pr(F)

DB 1 4.437610 4.437010 381.325 0
Residuals 58 0.674875% 0.011636

ESPESSURA = 0,762mm

Residuals

o
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a2

3.8 38 4.0
Fitted - DB + (DBAZ)

**% Tinear Model ***
Call:
lm{fermula = LN.FPM ~ DB + (DB"2), data = FPMA¥RD.x.DENBASE(Q762A210,LN,
na.action

= na.omit)

Coefficients:
(Intercept) DB I(DB"Z)
2.331%20 3.472702 ~1.0666113

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.09731125



Call: Im{formula = LN.FPM ~ DB + (DB"2), data =
FPMAXRD.x.DENRBASEQ762AA10.1LN, na.acticen
= na.omit)

Coefficients:
Value Std. Errcr t wvalue Pr(>it])

{Intercept) 2.3319 ¢.1974 11.8154 {.0000
: DB 3.4727 G.6411 5.41868 0.0000
I(EB~2; —~1.6661 0.4718 -3.5312

0.09731 on 7 degrees of freedom
Multiple R-Squared: (.8858
F-statistic: 221 on 2 and 57 degrees of fresdom, the p-value is 0

Analysis of Variance Table
Response: LN.FPM
Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F value Pri{F)
DB 1 4.067218 4.067218 42%.5081 0.00000C0000

IiDB~2) 1 C.118077 0.118077 12.46%93 0.0008265962
Residuals 537 0.538760 $.0038469
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Fitteg : DB + (DB"Z)

*** Tinear Model >+
Call:

Im(formula = LN.FPM ~ DB + (DB"2), data = FPMAXRD.x.DENSBASEl143AA10.LN,

na.action
= na.omit)



326

Coefficients:
{Intercept) DB I{DB"2)
2.597554 3.85865% ~1.968922

Degrees cof freedom: 60 total; 57 residual
Residual standard error: 0.1032925

Call: Im{formula = LN.FPM ~ DB + (DB"Z}, data =
FPMAXRD.x.DENSBASEI143AA10.LN, na.action

= na.emit)
Coefficients:
Value Std. Error t wvalue Pr{>|t])
(Intercept) 2.5976 0.2085 12.39%82 0.06000
DR 3.8597 G.6805 5.6718 G.0000
I{DB"~2) ~1.8689%9 0.5008 ~-3.9312 0.00062

Residual standard errcr: 0.1033 on 57 degrees of freedom

Multiple R-Squared: 0.8703
F-statistic: 151.3 on Z and 57 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: LN.FPM
Terms added sequentially (first to last)
Df Sum of Sg Mean Sqg F Value Pr(F)
DB 1 3.916728 3.916728 367.1015 0.0000000000

IT(DR™2) 1 0.164898 (£.1648%8 15.4553 0.0002312604
Residuals 57 0.608152 0.0106¢65

ESPESSURA = 1,524mm
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*+* Tinear Model] ***

Call:
lm{formula = FPM ~ DB + (DB™2}, data = FPMRXRD.x.DENSBASE1524AR1Q,

na.action =
na.omit)

Coefficients:
(Intercept) DB I(DB*2)
...718:65102 218.1776 -73.92563

Degrees of freedom: 60 total; 57 residual
Residual standard error: 8.064373

Call: lm{formula = FFPM ~ DB + (DB"2), data = FPMAXRD.x.DENSBASEL524AR10,

na.action =

na.ocmit)
Coefficients:
Value 3td. Error t value Prizxitl])
(Intercepkt) -16.6510 16.3571 -2.0180 5.3130
DB  218.1776 53,1331 4.1062 0.0001
I{DB"2) -73.9256 39,1042 ~1.8905 0.0638

Residual standard error: 8.065 on 57 degreses of freedom

Multiple R-Sguared: 0.85121

F-statistic: 285.8 on 2 and 57 degrees of freedom, the p-value is 0
Analysis of Variance Table

Respeonse: FPM

Terms added seguentially {(first to last)

Df Sum of Sg Mean Sg F Value Pr(EF)
DR 1 38248.55 38248.55 588.0430 0.060000000
I(p~2y 1 232.46 232.46 3.5739 0.06378173

Residuals 57 3707.50 65.04
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*++ Linear Model ***

Call:
Im(formula =
na.action

LN.FPM ~ DB +

= na.omit}

Coefficients:
{Intercept)

Degrees of freedom:
Residual standard error:

Call: lm{formula = ILN.FPM ~ DB +
FPMAXRD.®x.DENSBASEQ381ARZCG . LN,

DB I(DB"2)
1.377429 3.70113% -1.730392

= na.omit}

Coefficients:

(Intercept)
B

I(DB"Z}) -1.7304

Residual standard error:

(DB"2) .

60 total:;
$.1048515

57

28

30 3z

Fitted - DB + (DBA2)

Value Std. Error t wvalue

1.3774 0.2127
3.7011 0.69%08
0.5084

Multiple R-3quared: 0.8%923
23%.2 on 2 and 57 degrees of freedom,

F-statistic:

6.4773
5.357%8
-3.4037

residual

(pDR~2), data =
na.action

Pri>it])
5.0000
G.0000
0.0012

0.1049 on 57 degrees of freedom

the p-value is 0

328

data = FPMAXRD.x.DENSBASE(Q381AAZ0.LN,



Analysis of Variance Table
Response: LN.FPM

Terms added segquentially (first
Df Sum of S¢ Mean Sg

DB 1 5.066524 5.066524
I(DB~2) 1 G.127364 0.127364
Residuals 57 0.626648 0.01059%94

ESPESSURA = 0,762mm
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to last)

F Value Pr(F}

460.8517 0.000000000

11.5851 0.001222743
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#** Tinear Model ***
Call:

Fitted | DB + (DBA2)

Im(formula = LN.FPM ~ DB + (DBR"2), data = FPMAXRD.x.DENSBASEQT762ARZ20.LN,

na.action
= na.omit}

Coefficients:
{Intercept) DB I(DBR™2)
1.832224 4£.53073 -2.4806¢66

Degrees of freedom: 60 total; 57
Residual standard error: 0.088%848702

Call: Im{formula = LN.FPM ~ DB +
FPMAXRD.x.DENSBASEQTG2ARZ20.LN, na.action

= mg.omit)

residual

(DB~2), data =



Coefficients:
Value Std, Error
{Intercept) 1.8322 0.1815
DB 4.,5307 0.588%8¢
I(DB~2) -2.4%07 0.4339

Residual standard error: 0.0895 on 57 degrees of freedom

Multiple R-Squared: 0.8565

T value Pr{>ltl}

10.0541
7.6842
~-5.7397

Analysis of Varlance Table

Response: 1LN.EFPM

Terms added seguentially (first to last)

Df Sum of 3g Mean Sg

I{per2y 1 0.263870 0.263870
Residuals 57 0.456554 0.00801¢C

ESPESSURA = 1,143mm

F Value

.0000
0.0000
0.0000

Pr{F)
DB 1 3.6%1641 3.691641 460.8954 0.000000e+000
32.5437 3.82408%e-00C7

Resfduals
01
o @
s

0.2
i

o7

36

*+% Tinear Model ***
Call:
Im{formula = LN.FPM ~ DE + (DB"2)
na.action

= na.omit)
Coefficients:
(Intercept) DB I{DB"2)
2.00582 5.185183 -3.0083215

Degress of freedom: 60 total; 37

3.8 4.0
Fitted * DB + (DBA2)

, data =

residual

4.2

330

FPMA¥RD.x.DENSBASEL143AR20.1LN,
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Residual standard error: 0.08616713

Call: Im{formula = LN.FPM ~ DB + (DB"2), data =
FPMAXRD.x.DENSBASE11432AA20.1LN, na.action
= ng.omit)

Coefficients:
Value Std. Error t value Pr{>|t]}

(Intercept) 2.0058 0.1748 11.4775 0.0000C
e E- 5‘ 1852 9-56?7 R 9-134G . @.GOOO B P PP
I{bB~2) -~3.0083 0.4178 -7.2005 0.0000

Residual standard error: 0.08617 on 57 degrees of freedom
Multiple R-Sguared: 0.8996
F-statistic: 255.2 on 2 and 57 degrees of freedom, the p-value is 0O

Analysis of Variance Table
Response: LN.FPM
Terms addéd sequentially (first to last!
Df Sum of Sg Mean Sg F Value Pr{F)
DB 1 3.405210 3.405210 458.6281 0.000000e+000

I{DB~2) 1 0.384950 0.384950 51.8468 1.474275e~-009
Residuals 57 0.423212 0.007425

ESPESSURA = 1,524mm
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Fitted : BB + (DB ")
**% Tinear Model ***
Call:
Im{formula = LN.FPM ~ DB + (DB"2), data = FPMAXRD.x.DENSBASE1S524AA20.1LN,
na.action

= na.omitc)

Coefficients:
{Intercept) DB I{DB"Z)
0.5260823 10.24328 -6.4886¢62



Degrees of freedom: 60 total; 57 residual
Residual standard errcr: 0.0882664¢

Call: lm{formula = LN.FPM ~ DB + (DB"2}, data =

FPMAXRD.x . DENSBASELIS24AAZ0.LN, na.action
= na.omit)

Coefficlents:

Value Std. Error t wvalue Pri{>it])

[ThEeTeesE) T 0.5261 0 TTG0 G R T (04§
DB 10.2433 0.3815 17.6149 0.0000

I{DB~2} =-&.4887 0.4280 ~15.1614 0.0000

Residual standard error: 0.08827 on 57 degrees of freedom

Multiple R-3Squared: 0.9452
F-statistic: 481.7 on 2 and 57 degrees of freedom, the p-value is O

Analysis of Variance Table

Response: LN.FPM

Terms added sequentially {first to last)
Df Sum of 3g Mean Sg F Value Pr(F)
DB 1 5.871532 5.871533 753.6&328 0
I(DBE~2) 1 1.7%0888 1.790888 229.8¢70 0
Residuals 57 0.444085 0.0077%1
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** T inear Model ***



Call:

iIm{formula = FPM ~ DB + (DB"2), data = FPMAXRD.x.DENSBASEO3IS1AA30,

na.action =
na.omit)

Coefficients:
{Intercept) DB I1{DB"2)
-16.68154 86.56364 -50.55718

CDETESE T Of Fresdemi 60 totali 5T FestduaT

Residual standard error: 1.433529

(¥}

Call: Im(formula = FPM ~ DB + (DB"2}, data = FPMAXRD.x.DENSBASEO381AA30,

na.action =
na.omit)

Coefficients:
Value Std. Errcr t values
{Intercept) -16.6815 2.9074 -5.7376
DB B86.5638 9.4443 9.1657
I(DB™2) ~50.5572 G.8507 ~-7.2737

Pr

i)
L0000
L0000
L0000

QO O~

Residual standard error: 1.434 on 57 degrees of freedom

Multiple R-Sguared: 0.8863
F-statistic: 246€.3 on 2 and 57 degress of

Pnalysis of Variance Table
Respense: FEM

Terms added sequentially {(first to last;

DEf Sum cof Sg Mean Sg F Value

DE 1 902.3693 503.3693 432.5%947

I({DB~2) 1 10B.7236 108.7236 52.%9087
Residuals 57 117.1353 2.0550

freedom, the p-value is 0

Pr(F)
0.6000G0e+000
1.11297%e~008
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%5
;;“ o) K of. :c,
& ° N = -
‘ 237
Bg
3:0 3..2 34
Fitted - DB + {DBA2}
**+% Tinear Model *++
Call:
Im{formula = LN.FPM ~ DB + {DB"2}, data = FPMAXRD.x.DENSBASEQ762AR3C.LN,
na.action
= na.omit)
Coefficients:
{(Intercept) DB I(DB"2)

0.7308077 7.365205 -4.726228

60 total; 537 residual
0.1136196

Degrees of freedom:
Residual standard error:

Call: lmi(fermula = LN.FPM ~ DB + {DB"2), data =
FPMAXRD.x.DENSBASEQT7G62AA3Z0.LN, na.actlon

= na.omit)

Coefficients:

] Value Std. Error t wvalue Pri(>it])
(Intercept] 0.7308 0.2304 3.1714 0.00624
DB T7.3652 (.7T7485 9.83%4 0.0000

I{DR™2) ~4.7262 0.5509 -§.5791 0.000¢

Residual standard errocr: 0.1136 on 57 degrees of freedom

Multiple R-Sguared: 0.8275

F-statistic: 136.7 on 2 and 57 degrees of freedom, the p-valus is O

Analysis of Variance Table

Response: LN.FPM

34



Terms added sequentially (first to last)
Df Sum of 5g Mean Sg F Value Pr{F)
DB 1 2.5803%4 2.5803%4 189.8846 0.0060000e+000
I{DB~2)y 1 0.5950140 0.950140 73.6005 7.570167e-012
Residuals 57 0.735837 0.012%0%

ES?E_SSURA = 1,143mm

0.1

448

Residuals
.
A

o
R

-1

33 34 35 38 37 38 23
Fitted : DB + (DB~2)

*4* Tinear Model ***

Call:

Im{formulia = LN.FPM ~ DB + (DB"2), data =
FPMAXRD.®.DENSBASEL143AA30LN, na.action = na.omit)

Coefficients:
{Intercept) DB I(DB"2)
0.8967653 7.840%808 ~5.1744593

Degrees cof freedom: €0 total; 57 residual
Residual standard error: 0.09493086

Call: Im{formula = ILN.FPM ~ DB + (DR"2!, data
FPMAXRD.=.DENSBASELLI43AA30LN, na.action = na.omit!

Coefficients:
Value Std. Error ¢ wvalue Pri>|tl)
{Intercept) 0.9968 0.1927 5.1738 0.000GC
DB 7.840% 0.6258 12.52%2 0.0000
I(DB~2) -5.1745 0.4606 -11.2348 0.0000

Residual standard error: £.0945% con 57 degrees of freedom
Multiple R-Sguared: 0.85365
F-statistic: 170.1 on 2 and 57 degrees of freedom, the p-value 1s

Analysis of Variance Table

Response: LN.FPM

14}

W



Terms added seguentially (first

DB
I (DB"2)

Df 3um of Sg Mean Sg

to last)
F Value

Pr{¥)

1 1.932163¢ 1.8318636 214.0725 0.000000e+000

1

Residuals 57

1.138821 1.1385%21
0.5143227 0.0089023

ESPESSURA = 1,524mm

126.2203 4.440882e-016

Reslduals
©

a5

E3

3.8

3.7 3B 3g 490
Fittect : DB + (DE42)

¥4+ Tinear Model ***

Calil:

4.1

336

Im{formula = LN.FPM ~ DB + (DB"2}, data = FPMAXRD.x.DENSBASE1S524AA30.LN,

na.action
= na.omit)

Coefficients:
{Intercept) DR

I{DB"Z}

1.455037 7.103381 -4.568823

Degrees of freedom: 60 total; 57 residual

Residual standard error:

Call: lm({formula = LN.FPM ~ DB + (DB"2}, data =

0.1378338

FPMAXRD.x.DENSBASE1524AA30.1LN, na.action

= na.omit}

Coefficients:

Value Std. Error t value Pr{>it!}

{(Intercept) 1.4380C 0.2735
DB 7.1034 9.9081
CI(DR"Z2) ~4.5€89 (.6683

Residual standard error:
Multiple R-Sguared: 0.748

F-statistic: 84.6 on 2 and 57 degrees of freedom, the p-value is 0

5.2183 0.0000C
7.8225  0.0000
~6.8366 0.0000

Analysis of Variance Table

Respeonse: LN.FPM

0.1378 on 57 degrees of freedom
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Terms added sequentially (first to last)}

Df Sum of Sg Me:an Sq F Value Pri{F}
PB 1 2.326474 2.326474 122.,4579 1.000000e-015
I{(DB"2) 1 0.887%44 0.887%44 46,7385 5.854024e-005

Residuals 57 1.0828%5 0.018%%8
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& a oGt e Fo
g ee P . % &
o :
. s
€7
25 30 35 4.0 4.5
Fitted : D8 » £ + AA + (DB2) + (E*2) + (AA'D)
*x* Tinear Model ***
Call:
Im{formula = LN.FPM ~ DB + I + AAa + {(DB"2} + (E"2} + (AA"2), data =
FPMAXRD.x..DENSBAS...ESP...AA..LN, na.action = na.omit}
Coefficients:
{Intercept) DB E AR I(DB"2) I(E™2) I(AANZ)

0.57228%6 5.203225 2.295309 -0.5377018 ~3.01882¢ ~0.6318474 ~1.300398

Degrees of freedom: 720 total; 713 residual

Residual standard error: 0.1145%5408
Call: Ilm{formula = LN.FPM ~ DB + E + AA + {(DB"2) + (E"2) 4 (BA"2), data =
FPMAXRD.x, .DENSBAS...ESP...AA..LN, na.action = na.omit)

Coefficients:
Value Std. Error t wvalue Pri{>|t]}
{(Intercept) 0.53723 0.0781 7.3234 0.0000
DB 5.2032 0.218¢ 23.8027 0.0000
E 2.2953 0.0571 40.1528 0.0000
ar  ~0.5377 0.2104 ~2.5554 0.0108
I(pr~2; -3.0188 0.160% -18.7644 0.0000
I(E~2) -0D.6318 0.0285 -21.4119 0.0000
I{aA~Z)  -1.3004 C.2983 —-4.3593 0.0000

Residual standard error: 0.114% on 713 degrees of freedom
Multiple R~Squared: 0.962

F-statistic: 3007 on 6 and 713 degrees of freedom, the p-value is O
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Analysis of Variance Table
Response: LN.FPM

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr{F)

DB 1 41.1430 41,1430 3114.21 0.00000000000
E 1 155.6865 155.6865 11784.27 0.0000000000C
BAA 1 30.3536 30.553¢ 2312.68 0.0000000000C0
I({DB™2} 1 4.6517 4.6517 352.106 0.06050000000
I(E~Z2} L 6.0570 6.0570 458.47 0.00000000000
I(AA™Z) 1 G.2511 0.2511 18.00 0.00001486837
Residuals 713 9.4187 0.0132
FORCA PARALELA MAXIMA
CORTE 90°-90° RADIAL
o FORCA x ESPESSURA DE CORTE
v =20°
CITRIODORA
- o5 74
2 o 8 =] )
! 5
8 ° g e
% [ .;g, . ; . g .§
E] = g
ks [+ o
e - ’ ° ;
so0® 2 8
o | =5
&80 100 1#0 140 150 180 200

Fitted : § + {E"3}

¥*% Tinear Model *+%¥
Call:
Im{formula = FPMAX ~ E + ({E~2), data = CFPMAXSC.S0RDAAZ0XESP, na.action =

na.oemit)

Coefficients:
(Intercept) E I{E"2)
-3.4443156 210.2786 ~-46.37347

Degrees of freedom: 80 total; 77 residual
Residual standard error: 7.854351
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Call: lm(formula = FPMAY ~ E + (E*2), data = CFPMAXS0.S0RDAA20XESP, na.action =
na.omit}

Coefficients:
value Std. Error t value Pri{>iti)
{Intercept} -3.4442 4.8883 ~0.7044 0.4833
E 210.278¢ 11.7071 17.861¢ 0.0000

I{E~2) -46.3735 £.0494 ~7.6657 0.0000
Residual standard error: 7.854 on 77 degrees of freedom
MULtiple ReSQUATEQT QugTgE S
F-statistic: 177% on 2 and 77 degrees of freedom, the p-value is 0
Analysis of Variance Table
Response: FPMAX
Terms added sequentially (first to last)

Df Sum of Sg Mean Sg F Value Pr{F}
E 1 215835.2 215835.2 3498.659 $.000000e+000

I(E~2) 1 3625.2 3625.2 58.764 4.466039e-011
Residuals 77 4750.2 61.7
SALIGNA
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40 60 &0 100 120 140
Fited . E

* sk x Llnea,}f Model L 2

Call:
Im{formula = FPMAX ~ E, data = SFPMAXS(0.S0RDAR20xESP, na.action = na.omit)

Cogfficients:
{(Intercept) E
7.478081 B7.45958

Degrees of freedom: 80 total; 78 residual
Residual standard errcr: 5.115%77

Call: Im(formula = FPMAX ~ E, data = SFPMAXSO.S0RDAAZOXESP, na.action = na.omit)

Coefficients:
Value Std. Error t wvalue Pr{>iti;
(Intercept) 7.4781 1.4011 5.3374 05.0000
E 87.458& 1.34Z8 £€5.1334 0.0000



Residual standard error: 5.116 on 78 degrees of freedom
Multiple R—-3Squared: 0.981%

F-statistic: 4242 on 1 and 78 degrees of freedom, the p-value is 0

Analvsis of Variance Tabie
Response: FPMAY

Terms - added sequentially {first to last)
Df Sum of Sg Mean Sg F Value Pr(F)

e E . }_111036.2 ll1036-24242.55 0
Residuals 78 2041.5 26.2
GRANDIS
wooag
57 ° : i
£ . 5
: : : :
;:— B
v B4
B2
34 33 38 .0 42 4.4

Fitted | £ + (E"2} + (E*3)

**x Tinear Model ***
Call:

im{formula = LNFPMAX ~ E + (E~2) + (E~3), data = GFPMAXS0.S0RDAAZOXESP.LN,

na.action = na.omit)

Coefficients:
{Intercept) E I{E™Z) I{(E~3)
2.314863 3.075196 -1.707905 0.416711

Degrees of freedom: 80 total; 76 residual
Residual standard error: §.07087068

340

Call: Im{formula = LNFPMAX ~ E + (E~2) + (E~3], data = GFPMAXSC.S0RDAAZOXESP.LN,

na.action = na.cmit)

Coefficients:
Value Std. Brror t value Pr{>it]|)
{Intercept) 2.315¢0 0.1316 17.5860 G.0000
E 3.0752 0.5284 5.8198 0.0000
I{(E"~2) =1.7G79 0.e327 -2.7874 G.0087
I(E™3) 8.4167 0.2136 1.8512 0.0547

Residual standard errcr: 0.07087 on 76 degrees of freedom

Multiple R~Sguared: 0.8785

F-statistic: 1155 on 3 and 76 degrees of freesdom, the p-value is 0
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Analysis of Variance Table
Response: LNFPMAX

Terms added sequentially (first to last)

Df Sum of Sgq Mean 3g F Value Pr(F}

E 1 16.82635 16.82635 3370.000 0.00000000

I{E~2) 1 0.45085 0.4598%5 82.763 0.0000000C

I(E~3) 1 0.01812 G.01912 3.807 $.05472281
Residuals 76 0.38172 0.00502

y=30°
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*** TLinear Model ***

Call:
lm{formula = FPMAX ~ E, data = CFPMAX20.90RDAAIUXESP, na.action = na.omit)

Coefficients:
{Intercept} E
4.364315 122.85%81

Degrees of freedom: 80 total; 78 residual
Resjidual standard error: 5.159833

Call: Im{formula = FPMAX ~ E, data = CFPMAX90.90RDAA3UXESP, na.action = na.omik)

Coefficients:
Value 5td. Error t wvalue Priz|t]|}

(Intercept) 4.3643 1.4131 3.0885 0.0028
E 122.9591 1.3542 50.7925 0.0800

Residual standard errcr: 5.16 on 78 degrees of freedom
Multiple R~-Squared: 0.3%06
F-statistic: 8243 on 1 and 78 degrees of fresdom, the p-value is 0

Analysis of Variance Table

Response: FPMAX
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Terms added seguentially (first to last)
Df Sum of S¢g Mean Sq F Value Pr(F)

E 1 219468.2 219468.2 8243.285 o
Residuals 78 2076.7 26.6
SALIGNA
....... ‘f 55 |
o e ;
8 g
S : . .
s 2 -
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%248 . °. 5
= Z 2 . <
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3:6 3j6 40 4‘.2 4:4 46 4:8

Fitted : £ + (E"2} + (E"3)

*** TLinear Model =***

Call:
lm{formula = LNFFMAX ~ E + (E"2} + (E"3), data = SFPMAXS(.S0RDAA30XESP.LN,

na.actlion = na.omit)

Coefficients:
{Intercept] E I(E"2} I{E"~3}
2.18%9258 4.702615 ~-3.729%28 1.158174

Degrees of freedom: 80 total; 76 residual
Residual standard errcor: 0.058174¢2

Call: Im{formula = LNFPMAX ~ E + {(E~2) + (E"3), data = SFPMAYS0O.SURDAAZOXESP.LN,
na.action = na.omi:)

Coefficients:
Value Std. Error € wvalue Pri{>|t]}
{Intercept} 2.1893 0.1081 202607 C.0000
E 4.702¢ 0.4337 10.8420 0.0000
I(g~2) -3.729%8 0.5029 ~-7.4161 0.0000
I(E"3) 1.1582 0.1753 &, 6064 0.0800

Residual standard error: 0.05817 on 76 degrees of freedom

Multiple R-Squared: 0.98L8
F-statistic: 1755 on 3 and 76 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: LNFPMAX
Terms added sequentially {(first to last;
Df Sum of 8g Mean Sg F Value Pri{F)
E 1 17.37447 17.37447 5133.864 0.000000e+000
I{E™~2) 1 0.29800 (.29800 88.053 2.500000e~-014
I(E~3)y 1 0.14771 0.14771 43.645 4.785272e-00%
Residuals 76 0.25721 0.00338
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*x% Lineal Model ***

Call:

Imi{formula = LNFPMAX ~ E + (E"2}) + (E"3),
na.acticon = na.omit)

Coefficients:
{Intercept) E I(E~2) T{E~3)
2.00%9566 3.267084 -1.81482 0.4030578

Degrees of freedom: 80 total; 76 residual
Residual standard error: (.05771457

Call: Im{formala = LNFPMAX ~ E + (E~2) +
na.action = na.omit)

Ceoefficients:
Value Std. Error t valus
{Intercept) 2.00%8 g.1072 18.745%9
B 3.2671 0.4303 7.5924
I{(E~2y -1.8148 0.4990 -3.6371
I(E"3) 0.4031 0.1738 2.3174

Residual standard error: 0.05771 on 7€ de
Multiple R-Squared: 0.9845
P-statistic: 1608 on 3 and 7¢ degrees of

Analysis of Variance Table
Response: LNFPMAX

Terms added seguentially {(first to last)
Df Sum of 3g Mean Sg F Value

E 1 15.30559% 15.30559 4594.332

I(E~2) % 3.74118 0.74118 222.512

I(E~3) 1 0.0178% 0.0178% 5.371
Residuals 76 0.25315 0.00333

38 38 40 4.2
H{ENZ (BN

data = GFPMAX90.90RDAAICORESP, LN,

(S

{(£72), data = GFPMAXS(O.S9CRDAAZOxESP.LN,

Pri{zitl}
G.00C0
0.0060
0.0005
¢.0232

grees of freedom

freedom, the p-value is 0

Pri{F}
0.000000Q0
.00000000
G.02317381

=
w
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v = 40°
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**+ Tinear Model ***
Calil:
Im({formala = FPMAX ~ E, data = CFPMAXS(0.S0RDAA4OxESPE, na.action = na.omit)

Coefficients:
{Intercept: E
€.287731 103.7477

Degrees of freedom: 80 total; 78 residual
Residual standard error: 5.662609

Call: Im{formula = FPMAX ~ E, data = CFPMAXS0.S0RDAA40XESP, na.action = na.omit)

Coefficients:
Value Std. Error t value Pri{>|tl])
{Intercept) £.2877 1.5508 4.054¢ 0.0001
E 103.7477 1.4862 69.8051 0.0000

Residual standard errcr: 5.€63 on 78 degrees of freedom

Multiple R-Squared: 0.9842
F-statistic: 4873 on 1 and 78 degrees of freedom, the p-value 1s 0

Analysis of Variance Table
Response: FPMAX
Terms added seguentially (first teo last)
Df Sum of S¢g Mean Sg F Value Pr{F;

E 1 156245.4 156245.4 4872.75 0
Residuals 78 Z2501.1 32.1
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*** Linear Model

Call:
Im{formla =

LNF

na.action

Coefficients:
(Intercept)
1.968103

Degrees of freedom: 80 total; 76 residual

4.6

R
@ 23
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=
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% 5 g ° : e
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PMAX ~ E + (E~2} + (E"3),
= na.omwit)

E T(E~2) I{E~3)
81628 -3.401714 (.9363646

Fitted | E + {E*2) + (E*3}

* F ok

Residual standard error: 0.0740497

Call: Ilm(formulaz = LNFPMAX ~ E + (E~2) +
na.action

Coefficients:
{(Intercept)

~Z

~

{
E(

1

e

-
=[x}

V

1

4.
-3

Q.

= na.omit)

alue Std. Error t© wvalue
L8651 0.1375 14.3165
£8l¢ 0.5521 B.479¢
4017 0.6402 -5 3135
9364 C.2232 4.1561

data = SFPMAXS0.S0RDAA4OXESP.LN,

(E~3), data =

Pr{>itl}
G.0000
0.0000
0.0600
0.o001

Residual standard error: 0.07405 on 76 degrees of freedom
Multiple R-Sguared: 0.8751

Festatistic:

$93.5 on 3 and 76 degrees of freedom,

Analysis of Variance Table

Response: LNFPMAX

Terms added segquentially (first to last)
Df Sum of Sg

E 1
Iim~2)
I(E~3)

Residuals 76

=

[

15

Ial

L
C
s
u

.35753
.88864
. 08655
.41674

Mean Sq F Value
15.35753 2800.752
0.88864 162.061
G.09655 17.6G67
0.060548

Pr(¥)
4.00000000000
C.00000000000
0.00007288014

the p-value is 0

SFPMAXS0. 90RDAALOXESP.LN,
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***% Tinear Model *>**
Call:
Im{foermula = LNFEMBX ~ E + (E~2), data = GFPMAX90.90RDAA4OXESP.LN, na.acticn =
na.omit)
Coefficients:
{Intercept} E I{(E~2)

2.105917 2.201527 ~0.58878%94

Degrees of freedom: 80 total; 77 residual
Residual standard errcr: 0.0804615

Call: Im{formula = LNFPMAX ~ E + (E"2}, data = GFPMAXS0.90RDAA40XESP.LN,

na.action =
na.omit)

Coefficients:
Value Std. Error t wvalue Pri{>it|}
{(Intercept) 2.105% 0.05e3 37.3874 C.00G0
E 2.2015 0.1348 16.3275 0.0000
I{E~2) -0.5998 0.0887 -58.6085 0.0000

Residual standard error: 0.08046 on 77 degrees of freedom

Multiple R-Squared: 0.964
F-statistic: 1032 on 2 and 77 degrees of fresdom, the p-value is 0

Analysis of Variance Table
Response: LNFPMAX

Terms added sequentially {(first te last)
Df Sum of Sg Mean S¢ F Value Pr{F)
B 1 16.27732 16.27732 1885.0%4 0.000C0e+000

I(E~2) 1% G.&e0644 0.60644 74.107 €.82121e-013
Residuals 77 0.63CG11 ¢.00818

346
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Fitted : DB + (DB"2)

**% Tinear Model ***
Call:
Im{formula =

na.actlon =

LNFPMAX ~ DB + (DB™2Z), data

na.omit}

Coefficients:
{(Intercept) DB I{DB"2}
1.800413 4.331324 -1.821732

Degrees of freedom: &0 total; 57 residual
Residual standard errox: 0.0884187

Call: Imi{formula = LNFPMAX ~ DB + (DB"2).
na.action = na.omit)
Coefficients:
Value Std. Error
{Intercept} 1.8004 0.1793 10.0328
DB 4.3313 0.5825 7.435¢
I{DB"~2) -1.8217 0.4287 -4.2493

Residual standard error: $.08842
Multiple R-Sguared: (0.956

F-statistic:

Analysis of Variance Table

Response: LNFPMAX
Terms added sequentially (first tec last)
Df Sum cf Sg Mean Sq F Value

DE 1 9.544602 9.544502
I(DB~2) 1 0.141165 0.141165
Residuals 57 (0.443%618 0.007818

4.0 42

FPMAX S0 . 90RDESPOZ81IAA20xDENS . LN,

data =

t wvalue Pr{>it])

0.0aco
0.0000
0.0001

£15.5 on 2 and 57 degreses of freedom,

FPMAX 90 .9CRDESPO381ARZ0XDENS. LN,

on 57 degrees of freedom

the p-value is O

Pr{F)
1220.870 0.0000000C0000
18.057 0.00008026029



ESPESSURA = 0,762mm

348

Resldusls
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*** Tinear Model ***

Call:

Im{formula = LNFPMAX ~ DB + (DR™2
na.action = na.omit}

Coefficients:
(Intercept! DB I(DBR"2}
2.08662 5.379761 ~-2.564088

!

42 4.4
Fitted 1 DB + (DB}

46

4.8

data = FPMAXGU.90RDESPOTE2AM20XDENS.LN,

Degrees of freedom: 60 tetal; 57 residual

Residual standard error: 0.068652

Call: Im(formula = LNFPMAX ~ DB +
na.action = na.omit)

Ceefficients:
Value Std. Error
{Intercept) Z2.086¢6 0.1392
DB 5.3728 0.4523
I(DB"2) =-2.5641 0.332¢

Residual standard error: C.U68BE5S
Multiple R-Sguared: 0.8745

31

(bB~2), data =

t value Px{>Itl|)

14.
1i.
-7

cn

9860 0.0000
8945 0.38000
7030 0.0000

57 degrees of

F-statistic: 1081 on 2 and 57 degrees of freedom,

Analysis of Variance Table

Response: LNFPMAX

Terms added segquentially (first to last)
¥ Value

Df sum of Sg Mean Sg

DB 1 ©9.999834 9.999834 2121.683
59.323¢

I{pB~2) 1 0.27%9658 0.279658
Residuals 537 0.268648 0.004713

freedom

FPMAXS0.20RDESPO762ARZ20XDENS. LN,

the p-value is 0O

Pr(F)
0.000000e+03C0
2.143281e-0106
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Fitted : D + (DBA2}
*** Tinear Model *+**
Call:
Im({formula = FPMAYX ~ DB + (DB"2), data = FPMAX90.9CRDESP1143AAZ0xDENS,
= na.omit)
Ceoefficients:
(Intercept) DB I{DB"Z}

ESPESSURA = 1,143mm

A6

-70.46397 397.3966 ~140.451

Degrees of freedom:

Residual standard errcr: 5.273392
Call: Im{formula = FPMBX ~ DB + (DB~2), data = FPMAXY{).S0RDESP1I143BAZ0OXDENS,
na.action
= na.omit)
Coefficients:
Value 8td. Error £ value Pr{>|t]}
{(Intercept) -70.4640 10.6953 -6£.5883 0.6000
DB 287.3966 34,7418 11.4386 0.0000
I{DB~2) -140.451C 25.5688 -5.4931 0.000C0
Residual standard error: 5.273 on §7 degrees of freedom
Multiple R-Squared: 0.9868
F-statistic: 2133 on 2 and 57 degrees of freedom, the p-value is 0

60 total:

Analysis of Variance Table

Response: FPMARX

Terms added sequentially

Df Sum of Sg Mean Sg
117808.6 117808.6 £4236.39%9
839.1

DB 1
I(be~2) 1 £39.
Residuals 57 1585.

"
i

1

{(first to last)

F value

30.174
27.8

57 residual

Pr{F}

0.000000e+000
8.571221e-007

.action
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Fitted: DB + (DB~}

*** Linear Model *=*

Call:

Im{formula = LNFPMAX ~ DR + (DB"2), data = FPMAXS0.S90RDESP1524AAZ20XDENS.LN,
na.action = na.omit)

Coefficients:
{Intercept} DB I(DB"2)
2.763715 5.462922 -7.889831

Degrees of freedom: €0 total; 57 residual
Residual standard error: 0.05334212

Call: Im{formuia = LNFPMAX ~ DB + {DB"~2}, data = FPMAX90.S0RDESPL524AAZ0XDENS.LN,
na.actjon = na.omit)

Coefficients:
Value Std. Error ¢ value Pr{>|ti)
{Intercept) 2.7837 0.1082 25.5459 0.0000
DB 5.4629 0.3514 15.5451 G.0000
I(DB™2; -—2.8898 0.258¢ ~11.1733 .0000

Resjdual standard error: 0.05334 on 57 degrees of freedom
Multiple R-Sguared: (0.8772

F-statistic: 1223 on 2 and 57 degrees of freedom, the p-value is G
Analiysis of Variance Table

Response: LNFPMAX

Terms added sequentially (first to last)

DI Sum of Sg Mean Sg F Value Pri{f¥)

DR 1 ©.606950 ©.606950 2321.9%91 0.000000e+0C0

I{DB"2) 1 0.355224 0.355224 124.842 5.551115e-0]6
Residuals 57 0.162187 0.002845
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*** Tinear Model ***
Call:

Fitted : DB + (DB"2)

In{form:la = LNFPMAX ~ DB + (DB"2), data = FPMAXS0.S0RDESPO38]1AAZ0XDENS. LN,

na.action = na.omit)

Coefficients:
{Intercept) DR I{DB"2)}
0.962757% 6.474577 ~-3.526286

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.08%937411

Call: Im{formula = LNFPMAX ~ DB
na.action = na.omit)

Coefficients:
Value Std. Error
{Intercept) 0.9628 0.14067
DB 6.4746 0.4570
T{DB"2) -3.5263 0.3364

+ (DB"2), data = FPMAX90.S0RDESPU3I81AAZ0XDENS. LN,

t value Pri{>itl!)

6.8425 0.00460
14.166] G.0000
~10.4823 0.0000

Residual standard error: 0.06937 on 57 degrees of freedom

Multiple R-Sguared: 0.9687

F~statistic: 880.5 on 2 and 57 degrees of freedom, the p-value is C

Analysis of Variance Table
Response: LNFPMAX

Terms added sequentially (first
Df Sum of Sg Mean 39

DB 1 7.%948755 7.95498755
I{hr~2y 1 (.528924 (§.528924
Residuals 57 0.274328 (.004813

te last)

F Value Pr{F)
1651.806 0.000000e+0600
108.900 6.438294e~015
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**% Linear Model ***

Call:

Im{formiia = LNFPMAXY ~ DB +

na.action = na.omit}

Coefficients:
{Intercept) DB

Degrees of freedom: &0

Residual standard error:

I{(pB"2)
1.586583 £.375907 -3.373008

total;

(DB~2}, data

Call: Im{formuia = LNFPMAX ~ DB + (DB"Z),
na.action = na.omit)

Coefficients:

Value Std. Error

{Intercept} 1.586%
DB €.3759
I{DR~2} -3.3730

Residual standard error:

0.1275
0.4343
0.3045

Multiple R-Squared: 0.9768

F-statistic: 119% on 2 and 57 degrees of freedom,

Analysis of Variance Table

Response: LNFPMAX

Terms added sequentially

Df Sum of 3Sg

DB 1 8.896%925
I{(DB"2) 1 0.483941
Residuals 57 (0.2233%91

t value
12.4403
15.3804
-11.0628

0.06288 on 57 degrees of

{first to last)
Mean Sg
8.986925
0.483941
0.003954

F Value
2275.271
122.38¢

= FPMAXS{(.S0RDESPO76ZAA30XDENS.LN,

57 residual
0.062882¢

332

data = FPMAXS0.90RDESPO7S2AAZ0xDENS. LN,

Pr{>itl])
0.0000
0.0000
0.0000

Pri(F)
0.00000Ce+000
T.771561e~016

freedom

the p-value is O
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Fitted : DB

*x* Tinear Model *=*+*
Call:

Im{formuia = FPMAX ~ DB, data = FPMAXS0.90RDESP1143AA30xDENS, na.action

na.omit)
Coefficients:
{Intercept} DB
-15.80308 172.365%

Degrees of freedom: &0 total; 58 residual
Residual standard error: 4.946427

Call: Im{formula =
na.omit)

Coefficients:

106

Value Std. Brror t wvaliue
{Intercept) -15.9031 1.8817 ~7.9845
DB 172.365¢ 2.9884 57.€790

Residual standard error: 4.%946 on 58 degrees of freedom

Multiple R-Squared: 00,9829

F-statistic: 3327 on 1 and 58 degrees of freedom,

Analysis of Variance Table

Response: FPMAX

Terms added seguentially {(first to last)

Df Sum of Sg Mean Sq F Value Pr(F)

8138%.05 81399.05 3326.872
i418.09 24.47

DB 1
Residuals 58

a

120

Prx{>itl)
0.0cco
0.Co00

the p-value is 0

40

FPMAX ~ DB, data = FPMAXSO.90RDESP1143AR3I0xDENS, na.action

333
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*** Tinear Model ***
Call:
Im(formaila = FPMAX ~ DB + (DR"2}, data = FPMAXS0.S90RDESP1524AA3Z0XDENS,

= na.omit)

Coefficients:
{Intercept) DR IT{DBR"2)
-127.5358 579.6522 -251.065¢

Degrees of freedom: 60 total; 57 residual
Residual standard error: 5.378444

354

na.action

Call: Im{formula = FEMAX ~ DB + (DB"Z}, data = FPMAXS0.30RDESPISZ24AA30xDENS,

na.action

= na.omit)
Coefficients:
Value Std. Error t value Prix|ti)
{Intercept) ~127.5358 16.9082 -11.&e%1¢ 0.00060
DB 57%.6522 35.4339 16.3587 0.0000
I{DR~2) =-251.0656 26.0782 ~9.6274 0.0000

Residual standard error: 5.378 on 57 degrees of freedom
Multiple R-Sguared: 0.898398
F-statistic: 2773 on 2 and 57 degrees of freedom, the p-value is 0

Aralysis of Variance Table
Response: FPMAX

Terms added seguentially {(first to last)
Df Sum cf Sg Mean Sg F Value r{F}
DR 1 157750.0 157750.0 5453.258 (.000000e+500
I{DB~2) 1 2681.2 2681.2 82.687 1.484368e~-013

Residuals 57 1648.9 28.9
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Fitted : DB + {DB~2)

*** Tinear Model **%

Call:
Im{fermula = LNFPMAX ~ DB + (DB"2), data
na.action = na.omit)
Coefficients:
{(Intercept) DB I(DB"2)

1.105824 5.381059 ~2.648455%

Degrees of freedom: 60 total; 57 residual

Residual standard ervor: 0.07735745
Call: Im{formula = LNFPMAX ~ DB + (DB"2),
na.action = na.omit}
Ceoefficients:
Value Std. Error t
{Intercept) 1.1058 0.15683 7.0483
DB 5.3811 0.50%¢ 10.58585
I{DB*2) =-2.6485 0.3751 -7.0611

Residual standard error:
Multiple R~Squared: 0.3641

F-statistic: 764.7 on 2 and 57 degrees of freedom,

Analysis of Variance Table

Response: LNFPMAX
Terms added seguentially {(first to last)
pf Sum of Sqg Mean 3gq F Value
DB 1 8.853454 §.853454 147%.478
I{pB~2) 1 0.298362 0.2%83e2 45,859
Residuals 57 0.3410%88 0.005984

~
U
-
@

data

FPMAXY0.90RDESPO381AA40xDENS, LN,

FPMAX 90 .20RDESPO381AA40xDENS . LN,

value Pri>it])

C.0000
0.0Q00
0.0000

0.07736 on 57 degrees of freedom

the p-value is 0

Pr(F)
.00000Ce+000
.517403e~-008
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*%* Tinear Model ***

Call-
Im(formuia = FEMAX ~ DB + (DB"2},
= na.omit)
Coefficients:
{Intercept) DB I{DB"2)

40

-48 02052 233.0582 -85.08903

50 60 70
Fitted: DB + (DB*2)

80

336

data = FPMAXS0.S0RDESPO762ZAA40XDENS, na.action

Degrees of freedom: 60 totai; 57 residual

Residual standard error: 4.14008

Call: Im{fcrmula = FPMAX ~ DB +

na.action

= ona.omit)
Coefficients:
Value Std. Error
{Intercept) -48.0205 8.396¢8
DB 233.05&z 27.2755
I(DR~2) ~-95.0890 20.0738

Residual standard error: 4.14 on 57 degrees of freedom

Multiple R-Squared: 0.3%687

F-statistic: 882.3 on 2 and 57 degrees of freedom,

Analysis of Variance Table

Response: FPMAX

(DB~2),
t wvalue Pr{>|ti}
-5.7189 0.00060
8.5445 0.0C00
-4 .7370 0.0060

Terms added segquentially {(first to last)

Df Sum of 3Sg

DB 1 28860.78 298¢0
I{pr~2) 1 384.61 384
Residuals 57 G77.00 17

Mean 3g

F value Pr{F;

.78 1742.134 0.00000000000

.61
.14

22.43%9 (0.00001482685

the p-value is O

data = FPMAXS0.90RDESPO762ZAR40xDENS,
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*%+% Jinear Model ***

Cali:
lm{formula =
na.omit)

Coefficients:
{Intercept)
~15.57768

FPMAX ~ DB, data = FPMAXS0.20RDESP1143ARA0xDENS, na.action =

DB
153.2334¢

Degrees of freedom: €0 total; 58 residual
Residual standard error: 5.374685

Call: im({formula = FPMAX ~ DB, data = FPMAXSU.90RDESP1143AR40xDENS,

na.omis)
Coefficients:

{Intercept}
B

Value Std. Error t value Pr(>itl)
~15.8777 2.1842 -7.197¢% 0.0000C
153.334¢ 3.2471 47.2222 0.0000

Residual standard error: 5.37% on 58 degrees of freedom
Multiple R-Squared: 0,8746

F-statistic:

2230 o 1 and 58 degrees of freedom, the p-value is C

Analysis of Variance Table

Response: FPMAX

Terms added s
DE

oR1
Residuals 58

equentially {(first to last)

Sum of 5g Mean 3g F Value Pr(F)
64416.67 £4416,67 2229.935 0
1675.4¢6 28.89

na.action =

357
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Fitted : DB + (DB"2}

**+ Linear Model ***

Call:
Im{formula = LNFPMAX ~ DB + (DB"Z}, data = FPMAXS0.90RDESP1524AR40xDENS. LN,

na.action = na.omit)

Coefficients:
{Intercept) DB I(DBR"2)
2.352771 5.172985 -2.378963

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.06735351

Call:; Im(formula = LNFPMAX ~ DB + (DB"2), data = FPMAXS0.9CRDESP1524AA40xDENS.LN,
na.action = na.omit)

Ceoefficients:
Value Std. Error + wvalue °Pri{>|t{)
{Intercept) 2.3528 0.1368 17.2233 C.0000
DB 5.1730 0.4437 13.6573 0.0000
I(DR~2; -2.3780 0.3266 ~7.284¢€ 0.0000

Residual standard errcor: 0.06735 on 57 degrees of freedom
Multiple R-Scquared: 0.9764
F-statistic: 1180 on 2 and 57 degrees of freedom, the p-value is ©

Analysis of Variance Table
Response: LNFPMAX

Terms added sequentially (first to last)
DEf Sum of Sg Mean Sg F Value Pr{F;
DB 1 106.46273 10.46273 2306.345 0.000000=+000
I{DB~2} 1 0.24073 (0.24073 53.066 1.067313e-00%
Residuals 57 0.25858 0.00454
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Fitted: DB + AR+ £ + [DBAZ) + (AARD) + (ERZ)
*%*% Tinear Model ***
Call:
im{formula = LNFPMAX ~ DB + AR + E + (DBR"2) + (AAR"2) + {(E~2), data =
FPMAXS0. 90RDXDENSAAESP.LN, na.action = na.omit)
Coefficients:
{Intercept} DB AR E I({DB"Z} I(AR"2) I(E2"2}Y

1.225303 5.821322 ~2.1796 2.260395 -2.5851185 1.0208287 -0.6277487

Degrees of freedom: 720 total; 713 residual
Residual standard error: 0.07529144

Call: Im(formula = LNFPMAX ~ DB + AR + E + (DB"Z2} + [AA"2) + (B"2),
FPMAXS0. Q0RDXDENSAAESP.IN, na.action = na.omit)
Coefficients:
Value Std. Bxrer t wvalue Pr{>|ti)
{(Intercept) 1.22583 0.0689 17.7858% 0.0000C
DB 5.8213 0.1432 40.6541 0.0000
AR  -2.17%9¢ 0.2056 -10.6027 G.0000
E 2.2604 0.0374 60.4255 G.00G0C
I{pR~2; =-2.9512 0.1054 -28.0040 0.00C0
I{AA™Z) 1.0293 G.1954 5.2675 G. 0000
I{E~2) =-0.6277 (.0193 -32.4755 0.0000
Residual standard errcr: 0.0752% on 713 degrees of freedom
Multiple R-Squared: 0.886&1
F-statistic: 8417 on & and 713 degrees of freedom, the p-value is 0

Bnalysis of Variance Table

Response: LNFPMAX

data =
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Terms added seguentially (first to last)
Df Sum of Sg Mean S3g F Value Pr (¥}
DB 1 108.896¢ 109.8366 19386.22 0.000000e+000

AR 1 17.7480 17.7480 3130.82 0.000000e+000

E I 148.0511 148.0511 28116.82 0.000000e+000

I{bs"2) 1 4.4458 4.445¢ 784.23 0.000000e+000

I(AA"Z) i 0.1573 0.1573 27.75 1.833271e-007

I(E~2) 1 5.9787 5.9787 1054.66 C.000000e+000
REETHUETS TT3 0TS oS et et et e et
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Fitted | E + (E°2)

*** Linear Model]l ***

Call:
Imi{formula = FFM ~ E + (E"2), data = C9C.90TGRAAZOFPMAX, na.action =

na.omit)
Coefficients:

(Intercept) E T(E~Z)
~-10.84441 202.1282 -31.28262

Degrees of freedom: 80 total; 77 residual
Residual standard errcr: 14.5745

m{formuia = FPM ~ E + (E~2), data = C90.S0TGRAZOFPMAX, na.actlion =
)
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Coefficients:
Value Std., Error t value Pri{>itl}
{(Intercept) -10.8444 9.072¢6 -1.1853 0.235¢6
E 202.1292 21.7237 2.3046 0.0000
I{E~2) -=31.2826 11.2253 ~2. 7868 0.0067

Residual standard error: 14.57 on 77 degrees of freedom
Multiple R-Sguared: 0.3%477

Analysis of Variance Table

Response: FFPM

Terms added sequentially (first to last)

Df Sum of Sq Mean Sg F Value Pr{F}
E 1 284¢815.% 2%94915.9 1388.388 0.000000600
I(E~2} 1 164%5.7 1648.7 T.766 0.006700522
Residuals 77 16356.0 212.4
SALIGNA
g o .
M g ] Ao
§ ;' 50
'z Fa
w 20
' 36 3:8 4.0 4.2 4.4 46 48
Fitted : £ + (E~2)

*+* Tinear Model *¥*

Call:
lm!{formula = LN.FPM ~ E + (E”2), data = S%0.50TGAAZOFPMAX.LN, na.action =

na.omit]
Coefficients:

{Intercept) E I{(E"Z)
2.735533 2.13214 ~0.5050463

Degrees of freedom: 78 total; 76 residual
Residual standard errcr: 0.2302873

Call: 1lm(formula = LN.FPM ~ & + [(£°2), data = 3450.90TGAAZ20FPMAX.LN,
na.action = na.omit}

Coefficients:



362

Value Std. Error ¢ wvalue Pri(>it}])

{Intercept) 2.7355 0.1458 18.7635 G.0000
E 2.1321 0.346¢6 £.1518 0.0000
I(E~2) -0.5050 0.1785 -2.8289 0.c0e0

Residual standard error: 0.2303 on 76 degrees of freedom

Multiple R-Sguared: $.8305
F-statistic: 186.2 on 2 and 76 degrees cof freedom, the p-value is 0

Analysis of Variance Table
Response: LN.EFPM

Tarms added seguentialliy {(first to last)
Df Sum ¢f 3gq Mean Sg F Value Prim
E 1 18.32005 18.32005 364.3076 0.000000000
I(E"2) 1 0.42441 G.42441 8.002% 0.005965348
Residuals 76 4.03045 G.05303
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Fitted | £ + (E"2)

*** Tinear Model ***

Call:
Im(formula = LN.FPM ~ E + (E"2}, data = G%(0.80TGAARZOFPMAX.LN, na.action =

na.omit)

Coefficients:
(Intercept) E I{E"2)
2.432042 1.944573 -0.4533058

Degrees of freedom: 80 total; 77 residual
Residual standard errcr: 0.11388608

Call: lmiformula = LN.FPM ~ E + {(E"2), data = G90.90TGAAR20FPMAX.LN,
na.action = na.omit)

Coefficients:
Vaiue Std. Error t wvalue Pri{>|t])



(Intercept) 2.4320 0.0746 32.5855 0.00090
E 1.844¢ G.1787 10.8845 0.0000
I{E~2) ~0.4539 0.0523 ~4,9168 G.0000

Residual standard error: (.119% on 77 degrees of freedom
Multiple R-Sqguared: 0.%398
F-gtatistic: 601.2 on Z and 77 degrees of freedom, the p-value is 0

Analysis.of Variance Table

Response: LN.FPM

Terms added sequentially {(first to last)
DEf Sum of Sg Mean Sq F Value Pr{F)
E 1 16.82790 16.92790 1178.282 0.000000e+000
I{E"Z} 1 0.34731 0.34731 24.175 4.860154e~-0046
Residuals 77 2.10823 0.07437

v = 30°
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Fitted: £ + (E*2)

*%% Tinear Model ***

Call:
Im(formuia = LN.FPM ~ E + {E~2), data = CS0.90TGAA3ZQFPMAX.LN, na,action =

na.omit)
Coefficients:

{Intercept; E I{E"2}
2.882238 2.681264 -0.7804137

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.10898308

Call: lm{formula = LN.FPM ~ E + {(E~2}, data = CS0.90TGARICFPMAX.LN,

4oy

na.action = na.omit]

Coefficients:



Value Std. Error <t wvalue Pr(>]t])

{Intercept] 2.8%922 0.0684 42.3033 ¢.0000
E 2.6913 0.1637 16,4386 0.0000
ITi{E~2) -0.7804 0.0846 -9.2256 0.0000

Residual standard error: 0.1098 on 77 degrees of freedom

Multiple R-Sguared: 0.958¢
FP-statistic: 215.6 on 2 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: LN.IPM

Terms added sequentially {(first to last)
DEf Sum of 3g Mean Sg F Value Pri{F}
E 1 21.062%1 21.062¢] 1746.103 0.0860000e+000
I(E~z2y 1 1.0266% 1.(62669 85.112 4.407585e~014
Residuals 77 0.%2884 0.0120¢

SALIGNA
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Fitted : E + (E"2}

**% Tinear Model **~*

Call:
im{formula = LN.FPM ~ & + {(E~2), data = SS0.90TGAAROFPMAX.LN, na.acticn =
na.omit)
Coefficients:
(Intercept) E I(E~NZ)

2.171114 3.152871 ~0.8370722

Degrees of freedom: 80 total; 77 residual
Besidual standard errer: 0.2Z81051

imiformula = LN.FPM ~ E + (E~2), data = 390.%0TGAA30FPMAX.LN,

Call:
na.action = na.omit)

Coefficients:
Value Std. Erreor t© value Pri{>|tl}



{(Intercept) 2.1711 0.142¢C 15,2901 0.0000
E 3.1527 0.3400 8.2726 0.00C0
I(g~2) -0.8371 0.1757 -5.3338 0.0000

Residual standard error: 0.2281 on 77 degrees of freedom
Multiple R-Sguared: 0.8772
F-statistic: 275.1 on 2 and 77 degrees of freedom, the p-value is 0

—Anglysie - -of Mariance Table .

Response: LN.FPM

Terms added sequentially (first to last)
Df Sum of 3¢ Mean 3g F Value PriF)
1 27.14786 27.14786 521.7537 0.0006000e+000
I{E~Z) 1 1.48025 1.48025 28.448% 5.348383e-007
Residuals 77 4.00646 (0.05202
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%% Tinear Model **~*

Call:
Im{formula = LN.FPM ~ E + (E"2), data = G30.%0TGAA3OFPMAX.IN, na.action

na.omit)

Coefficients:
{Intercept} E I{E~2)
2.347042 1.828865 -0.4155704

Degrees of freedom: 80 total; 77 residual
Regidual standard error: 0.08601247

Call: im{fermula = LN.FPM ~ B + (E"2), data = G90.50TGAA3I(FPMAX.LN,
na.action = na.omit)

Coefficients:
Value Std. Error t value Pri>|ti)
(Intercept) 2.3470 0.0598 39.2897 0.0000

L)

W
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E 1.8289 0.1431 12,7795 ¢.0000
I{E~2) -0.415¢6 0.073% ~5.6197 C.0000

Residual standard error: 0.09601 on 77 degrees of freedom
Multiple R-Squared: 0.9573

F-statistic: 86Z.8 on 2 and 77 degrees of freedom, the p-value is 0

hnalysis of Variance Table

Response: LN.FPM

Terms added sequentially (first to last)
Df Sum of S5g Mean Sg F Value Pr{F)
E 1 15.6162¢% 15.61629 16%4.036 0.000000e+000
I(g~2y 1 ¢.2%112z <0.2911z2 31.581 Z.926316e-007
Residuals 77 ¢.7098z 0.00922

v = 40°
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*** Tinear Model ***

Call:
im{(formula = LN.FPM ~ E + {E"2), data = C8%0.90T7GAA40FPMAX.LN, na.acticn =

na.omit}
Coefficients:

{Intercept) E T(E~2)
2.6628%4 2.72578% -0.8051255

Degrees of freedom: 80 total; 77 residual
Residual standard error: (.1060073

Call: lm(formula = LN.FPM ~ E + (E"2), data = C90.90TGAA40FPMAX.LN,
na.action = na.omit)

Coefficients:



{(Intercept)
E

I{E~2)
Residual st
Multiple R~

F-statistic

Analysis of

Value Std. Error t wvalue Pri{>it])

2.6629 0.0660 40.353¢ 0.0000
2.7258 0.1580 17.2511 0.0000
-0.8051 0.0gle -9.861¢ 0.000C0

andard errcr: 0.106 on 77 degrees of freedom
Sgquared: 0.9%8617

: 866.4 on 2 and 77 degrees of freesdom, the p-value is 0

Variance Table

Response: LN.FPM

Terms added
D

E

I{E™2)
Residuals 7

SALIGNA

seqgquentially (first to last)

f Sum of Sg Mean Sg F Value Pri{F)
I 20.62825 20.62625 1835.477 0.000000e+000
1 1.08274 1.09274 87.240 2.664535e-015

7 0.8652% 0.01124
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Fitted - & + (E°2)

*x* Tinear Model *+*%

Call:
Im{formula
na.omit)

Coefficient
(Intercept

2.42366

Degrees of
Residual st

Call: lmifo
na.action =

Coefficient

= LN.FPM ~ E + (E"2;, data = S$50.390TGARLOFPMAX.LN,

st
: E I(g~2)
g 1.773828 -0.3357827

freedom: 80 total; 77 residual
andard error: 0.1123314

na.action

rmula = IN.FPM ~ E + {(E*Z), data = 3%0.50TGARL0FPMAX.LN,

na.omit}

5.

367



Value Std. Errer t value Pri>{t})

{Intercept) 2.4237 0.08683 34.86606 0.0000C
E 1.7738 0.1874 10.5843 0.0000
I{E~2) -0.3358 0.0865 ~3.8812 0.0002

Residual standard error: 0.1123 on 77 degrees of freedom
Multiple R-3guared: 0.951

F-statistic: 747.4 on 2 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: LN.FPM

Terms added sequentially {first to last)
Df Sum of 3g Mean Sq F Value Pri{F)
E 1 18.67177 18.87177 147%.732 0.0000000000
I{E~2) 1 0.13008 ©.19008 15.064 0.0002178808
Residuals 77 0.97161 0.01262
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*** Tinear Model *+*%*
Call:
lm{formula = LN.FPM ~ B + (E"2}, data = G90.90TGAR40FPMAY . LN,
na. omLt)

Coefficients:
{(Intercept) E I{E~2)
2.281287 1.68515 -0£.3838374

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.08268652

na.action

Call: ilm{formula = IN.FPM ~ E + (E72), data = G90.90TGAR40FPMAX. LN,

na.action = na.omit)

Coefficients:
Value Std. Error t wvalus Pri>|ti)

368



{Intercept) 2.2813 0.0877 39.5345%
E 1.6851 0.1382 12.186%
I(E~2) -0.3838 0.0714 -5.3762

Residual standard error:

0.0%27 on 77 degrees of freedom

Multiple R-Sguared: 0.95%31

F-statistic: 783.1 on 2 and 77 degrees of fresdom, the p-valus is 0

Analysis. of Variance Table

Response: LN.FPM

Terms added sequentially (first to last)

Df Sum of Sg

0.24836

I(E"2 1
77 0.661l63

E
)
Residuals
s FORCA x DENSIDADE
y=20"

ESPESSURA = 0,381mm

Mean Sg F Value

0.0000
0.0000
0.0000

Pr(F)

13.20866 13.20966 1537.322 0.0000002+000

0.24836 28.904 7.87825%e-007

0.00859

BASICA

a1
a

Residusis
¢

R
1

0.2
H

14

a8

20

+** Tinear Model *
Call:
lm(formula = LN.FPM ~ DB
FPMAY , x.DENBASSQO. S0TGARZ

32 24 18
Fitted : DB + (DB"2}
o
+ {DB"Z data =
1

).
CECIZ81.LN,

tw-l

na.action = na.omit)

Coefficilents:
(Intercept) DB
1.721225 3.81120% -1

I{pgrz)
. 254927

Degrees of freedom: 59 total; 56 residual

Residuzal standard error:

0.08122732

38

40

42
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Call: lm{formula = LN.FPM ~ DB + (DB"2), data =
FPMAX . x.DENBASS0. S0TGARZ0EQ3281 . LY,

na.action = na.omit)

Coefficients:
Value 3Std. Error £ wvalue Pri{>|tl)
(Intercept} 1.7212 0.15%8 10.7701 0.0000
' DB 3.8112 0.5122 7.4415 0.0000
I(DB°2)  -1.2549  0.3751  -3.3452  0.0015

Residual standard error:
Multiple R-Squared: 0.3%678
F-statistic:

Analysis of Variance Table

Response: LN.¥PM
Terms added sequentially {first to last)
Df Sum of 3g Mean Sg F Value

0.08123 on 56 degrees cf freedom

Px{F)}

DB 1 11.06170C 11.06170 1676.555 0.0C0000000
I(pprz)y 1 0.07382 0.07383 12.1380 0.001472696
Residuals 56 0.36948 0.00680

*Hx Summary Statistics for data in:
FPMAX . %.DENBASS0.20TGAAZ0EQ381 . LN ***
ESPESSURA = 0,762mm
5e ?6&5% © |
4
kial
3:5 38 4.0 4:2 4.4 48 4.‘5

Fitted : DB + {DBEZ}

*+* Tinear Model ***

Call:

Im{formula = LN.FPM ~ DB + (DBR"2},

FPPMAX . x . DENSBASS0.90TGARZ0OREDT 62 . LN,
na.action = na.omit)

data =

Coefficients:

{Intercept) DB I{DB"2)

843.9 on 2 and 56 degrees of freedom, the p-value is 0
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2.03632 4.566812 ~1.636807

Degrees of freedom: &0 total; 57 residual
Residual standard error: 0.2043186

Call: Im{formula = LN.FPM ~ DB 4+ [DB"2), data =
FPMAX.X.DENSEAS90.9OTGAAZGEO762.LN,
na.action = na.omit)

Coefficients:
Value 3td. Error t wvalue Pri>itl)
{(Intercept) 2.0363 0.4000 5.0806 0.0000
DB 4.5668 1,27%6 3.5690 0.0007
I(DB"2} -1.6368 0.936¢6 -1.,7476 0.085%

Residual standard errcr: 0.2045 on 57 degrees of freedom

Multiple R~Sguared: 0.853
F-statistic: 165.3 on 2 and 57 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: LN.FPM
Terms added sequentially (first te last)
Df Sum of 3¢ Mean Sg F Value Pr(F}
DB 1 13.70420 13.70420 327.6334 (.00006000C0

Iips~z) 1 0.12774 0.12774 3.0540 0.085%2238
Residuals 57 2.3841% ©.04183

ESPESSURA = 1.143mm
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Fitted : DB + (DBE"2}

*** Tinear Model ***

Call:

Im(formula = LNFPM ~ DB + {(DB"Z), data =

FPMAY .= .DENSBASS0.S0TGRAARZORLII43 . 1N,
na.action = na.omit)

Coefficients:



{(Intercept) DB I1{(DB"~2)
1.886478 6.356028 ~-2.962301

Degrees of freedom: €0 tectal; 57 residual
Residual standard error: 0.1230728

Call: Im{formula = LNFPM ~ DB + (DB"2Z), data =
FPMAX .x.DENSBASSC.20TGARZ0EL143. LN,

ey action = ng e omd g oo S e

Coefficients:
Value Std. Error t value Pr{>|t]}
{(Intercept} 1.8865 0.2407 T.8368 0.0000
DR 6.35&60 0.7700 8.2545 0.04600
I{DB"~2)y -~2.9623 0.5636 -5.2558 0.0000

Residual standard error: (0.1231 on 57 degrees of freedom
Multiple R-Sguared: 0.9418
F-statistic: 461.4 on 2 and 57 degrees of freedom, the p-value is

Analysis of Variance Table
Response: LNFPM
Terms added sequentially (first to last)
DT Sum of S5¢g Mean Sg F Value Pr({¥)
DB 1 13.56009% 13.56009 895.2380 0.000000e+000

I{ohz) 1 0.41841 0.41841 27.623% 2.291233e-006
Residuals 57 0.88337 0.01515

ESPESSURA = 1,524mm
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Fited : BD + (B0}

*+% Tinear Model ***
Call:
lm{formula = ILN.FPM ~ BD + (BD"2), data =
FPMAX . .DENSBASYL. 90TGARZOEL1S524 . LN,
na.action = na.omiit)

0
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Coefficients:
(Intercept) BD I(BD 2}
2.316304 ©.081235 -2.833754

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.1186858

Call: lm{formula = LN.FPM ~ BD + {BD"2}, data =
--------- FPMAMX 3. DENSBASS0. 90TGAAZOE1524 . LN, .. - o
na.action = na.omit)

Coefficients:
Value Std. Error t wvalue Pri{>it]}

{Intercept) 2.3163 0.23Z1% 2.9782 0.0000
BD 6.0812 0.7426 8.2030 0.0000
I{BDp~2) -2.9338 0.5435 -5.397¢ 0.0000

Residual standard error: 0.1i87 on &7 degrees of freedom

Multiple R-Squared: 0.9346
F-statistic: 407 on Z and 37 degrees cf freedom, the p-value is 0

Analysis of Variance Table
Response: LN.EFPM
Terms added sequentially {(first toc last)
Df Sum of 35g Mean 3g F Value Pr(F}
BD 1 11.05696 11.05686 784.9435 0.000000e+000

I¢(gD"2y 1 0.41038 0.41038 259.1336 1.361777e~0086
Residuals 57 0.80282 0.01409

y=30°

ESPESSURA = 0,381mm
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#x% Tineapr Model ***
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Im{formula = LN.FPM ~ DB, data = FPMAX.x.DENSBASS0.90TGAA30EQ381.LN,

na.action =
na.omit)

Coefficients:
Intercept] BB
2.263069 1.71153

------------------- Degrees.of.freedom: 60 total; 58 residual .. B e
Residual standard error: 0.0635%503

Call: Im(formula = LN.FPM ~ DB, data =
FPMAX . x.DENSBASS0.S0TGARR0E0381.LN, na.action =
na.omit)

Coefficients:
Value Std. Error t value Pri{>|t})
(Intercept) 2.2631 0.0273 82.8533 0.0000
DB 1.7115 0.0415 41.2412 0.0000

Residual standard error: 0.0656 con 58 degrees of freedom

Multiple R-Squared: 0.967
F-statistic: 1701 on 1 and 58 degrees cof freedom, the p-value is 0

Analysis of Variance Table \
Response: LN.IFPM
Terms added sequentially (first to last)

Df Sum of 3¢ Mean Sg F Value Pr{F)

DB 1 7.318180 7.318180 1700.833 ¢
Residuals 58 0.248537 0.004303

ESPESSURA = (,762mm
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Fitted : DB + (DB}

**% Tinear Model ***
Call:



Im{formula = LN.FPM ~ DB + {(DB"2), data =
FPMAX .x.DENSBASS0. 90TGAAZCEQTE2. LN,
na.action = na.omit)

Coefficients:
(Intercept) DB I(DBR"2)
;.987543 4.31215% -1.66079%5

Degrees. of freedom: 60 total; 7. residual .
Residual standard errcor: 0.072951%

Call: Im(formula = LN.FPM ~ DB + (DB"2)}, data =
FPMAX .xX.DENSBASS0.S0TGAASZ0EQT7G2 . LN,

na.action = na.omit)
Coefficients:
Value 3td. "Errer t wvalue Pr(>it])
(Intercept) 1.9875 0.1427 13.58295 0.0000
DB 4,3122 0.4564 5.4477 0.02000
I (DB"2) -1.6608 0.3341 -4,8711 0.0000

Residual standard error: 0.07295 on 537 degrees of freedon

Multiple R-Squared: (,9724
F-statistic: 1003 on 2 and 57 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: LN.FPM
Terms added seguentially (first to last)
Df Sum of 3g Mean 5g F Value Pr(F}
DB 1 10.54875 10.54875 1882.111 0.000000e+000

I(op~2) 1 0.13152 0.13152 24.712 6.434351e~006
Residuals 57 G.30335 0.003532

ESPESSURA = 1,143mm
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*** Y inear Model **~*



Call:

Im{formula = FPM ~ DB, data = FPMAX.x.DENSBASI9C.SO0TGAA3QE1143,

= na.omit

)

Coefficients:
{Intercept) DB
-31.4449% 18%.3374

Residual standard error: ©.179736

Call: Im(formula = FPM ~ DB, data = FPMAX.x.DENSBASS90.90TGAA30ELL43,

na.action = na.omit
J
Coefficients:
Value Std. Error t value Pri(>it
{Intercept) ~31.4450 2.95733 -12.21%58 0.0
DR 1885.3374 3.%90¢%s8 48.4266 0.0

Residual standard error: .18 on 58 degrees of freedom

Multiple R-Squared: 0.9758
FP-statistic: 2345 on 1 and 58 degrees of freedom,

Analysis of Variance Table
Response: EPM
Terms added segquentially {first to last)
Df Sum of 3g Mean Sg F Value Pr{F)

DB 1 89558.60 88058,60 2345.133 0
Residuals 58 2214.97 38.19

ESPESSURA = 1,524mm

the p-value is O

P
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Fitted DB + (DBA2)

%% Tinear Model ***
Call:

na.action
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im{formula = LN.FPM ~ DB + (DB"2), data =
FPMAX .x.DENSBASS(. SO0TGARAS0ELS24 . 1N,
na.action = na.omit}

Coefficients:
(Intercept) DB I{DB"2)
2.918516 3.34054 ~0.9062675

. Residual standard error: 0.07459965

Call: lm{formula = LN.FPM ~ DB + {(DB"2}, data =
FPMAX . x . DENSBASS(Q. 90TGAAZORELSZ24 . LN,

na.action = na.omit)
Ceoefficients:
Value Std. Error t wvalue Pr(>|t})
{Intercept) 2.9185 0.145%9 20.0024 0.0000C
DB 3.34058 0.4667 7.1573 0.0000
I(DB"2) ~-0.9063 0.3418 -2 .8527 0.0103

Residual standard errcr: 0.0746 on 57 degrees of freedom
Multiple R-Squared: 0.9723
F-statistic: 1002 on 2 and 57 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: LN.FPM

Terms added seguentially {(first te last)
Df Sum of Sg Mean Sg F Value Pr(F)
DB 1 11.10850 11.310Q0950 1%%6.277 0£.0C00000C
I(DB 2} 1 0.03216 0.03%1s 7.037 0.01032519
Residuals 57 0.31721 ©£.00557



v = 40°

ESPESSURA = 0,381mm

Residuals
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Fitted : {DE"2;

*#% Tinear Model **+*

Call:
lm{formula = FPM ~ (DB"Z2,, data = FPMAX.x.DENSBASYS(.80TGAA4CED38L,

na.action =
na.omit;)

Ceefficients:
(Intercept) I(DB"2)
12.34759 25.25753

Degrees of freedom: 60 total; 58 residual
Kesidual standard error: 1.504451

Call: lm(formula = FPM ~ (DB"2), data = FPMAX.x=.DENSBASS90.90TGAR4L0EQ381,

na.action =
na.omit)

Coefficients:
Value 5td. Error t© value Pr{>it])

(Intercept) 12.3476 (0.3389 34.4041 0.00Q00
I{DB"~2) 2%9.2%75 0.6%967 42.0508 G.0000
Residual standard errcr: 1.504 on 58 degrees of freedom

Multiple R-Sgquared: 0.9682
F-statistic: 1768 on 1 and 58 degrees of freedom, the p-value is O

Analysis of Varlance Table

Response: FPM

Terms added seguentially {first to last;
Df Sum of 3¢ Mean Sg F Value Pr(r;
I(DB™2y 1 4002.249 4002.249 1768.267 0

Residuals 58 131.276 2.263



ESPESSURA = 0,762mm
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Fitted : DB

=*% T inear Model ***

Call:
Imi{formaula = FPM ~ DB, data = FPMAX.x.DESNBASS0.90TGAA40E0762Z,
= na.omit
)
Coefficients:
(Intercept) DE

~14.93048 96.66397

Degrees of freedom: 60 total; 58 residual
Residual standard error: 4,88%857

Call: Ilm{formula = FPM ~ DB, data = FPMAX.x.DE3NBASS0.20TGARALQELTEZ,

na.action = na.cmit

]

Coefficients:
Value Std. Error t value Pr(>{ti}
{(Intercept) -14.8305 2.0362 ~7.3326 0.0000
: DB S6.6640 3.40837 31.2454 0.0000

Residual standard error: 4.89 on 58 degrees of freedom
Multiple R-Squared: 0.9438

F~statistic: 376.3 on 1 and 58 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: FPM

na.action
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Terms added sequentially {(first to last)
Df Sum of Sg Mean Sgq ¥ Valus Pr{F;
DB 1 23343.38 23343.38 $76.2732
Residuals 58 1386.82 23.91

ESPESSURA = 1,143mm

010

o
2

005
i

0.0

Residuals
@

-G0S
I
<

-6.40

%7
54
- 21

-0.15

38 28 4.0 42 4.4 [X 4.8
Fitted © DB + (DB"2)

**% Tinear Model ***
Call:
Im{fermula = LN.FPM ~ DB + (DB"2}, data =
FPMAX.x.DENSBASSO ., SOTCGARL0EL143 LN,

na.action = na.omit)
Coefficients:
(Intercept) DB I{DB"~2)

2.332536 3.7808534 -1.260142

Degrees of freedom: &0 total; 57 residual
Residual standard error: C.06891435¢

Call: Im{formula = LN.FPM ~ DB + (DB"2), data =
FPMAY . x. DENSBASS0. 90TGAR40ELL43 LN,
na.actlion = na.omit)

Coefficients:
Value S8td. Error t wvalue Pri{>{t}]

(Intercept) 2.3325 0.1352 17.2478 0.0000
DB 3.7802 0.4326 8.739¢ 0.00060
I(DB~2) -1.2801 0.3187 -3.9786 0.0002

Residual standard error: (0.06%14 on 57 degrees of freedom



Multiple R-Squared: 0.9753
F-statistic: 1125 on 2 and 37 degrees of freedom,

Analysis of Variance Table
Response: LN.FPM

Terms added sequentially [(first te last)

the p-value is 0

- DEf Sum of Sg. Mean. Sq  F Value LLEBriE

DB 1 10.68522 10.88522 2235.0132 0.0000000000

I~z 1 0.07572 0.07572 15.837 0.0001874189
G

Residuals 57 0.27251 .00478

ESPESSURA = 1,524mm

w
- 57
<
@ ) =
=] - =
8. a ®E 2
=} o
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o
g L=} - & : C‘- 2 k=3
@
= S
bl & @
b c
e c oz
= ¢ G .
= o El
Iy .
- o
27
2
@ k)
3.8 20 42 4.4 4.6 48

Fitted : DB + (DB~2)

*#*x* T jnear Model **¥
Call:
Im{formula = IN.FPM ~ DB + (DB"2), data =
FPMAX .x.DENSBASSO.S90TGAR40E15324 . LN,
na.action = na.omit}

Coefficlents:
(Intercept) DB Iippn2
2.41614% 4.3%34%98 ~-1.725831

—

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.0729%92094

Call: lmi{formula = LN.FEM ~ DB + {(DB"2), data =
FPMAX .x . DENSBASS0.90TGARLOE]1S524 . LN,
na.action = na.omit}

Coefficients:
Value Std. EBrror t wvalue Pr{>itil)

{Intercept) 2.41¢61 0.1426 16.9406 0.0G00
DB 4.3935 0.4562 $.6300 0.0000
I(DB™2}y -1.7298 0.3339 -5.179¢ 0.0G00

50

381
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Residual standard error: 0.07292 on 57 degrees of freedom
Multiple R-Sguared: ¢.8721
F-statistic: 983.32 on 2 and 57 degrees of freedom, the p-value is O

Analysis of Variance Table
Response: LN.FPM

Terms added seguentially. (first to last) et
Df Sum of Sg Mean Sg F Value Pr{r)
DB 1 10.42089 10.42089 1958.74% 0.000000e+000
I(DR"2) 1 0.14268 0.14268 26.832 3.022184e-00%
Residuals 57 C.30310 0.00532

¢ FORCA x (DENSIDADE + ANGULO DE ATAQUE + ESPESSURA DE CORTE)

o0

-0.5
1

Residunis

-1.0

BE

25 v 35 40 45 50 55
Fifted : £ + AA + I[DEA2} » KEMZ) « (DBA3)

**% Tinear Model ***
all:
Jm(formula = LN.FPM ~ £ + AA + I{DB"2) + I{(E"~2) + {DB"3), data =
FPMAX.X..DENSBAS...ESP. . .AA.90.907TG. LN, na.action = na.omit)

0

Coefficients:
{(Intercept) B AA I (DB"Z) I{E"2) I({DB™3;
2.15406 2.230521 -1.231694 4.947125 ~-0.5879%934 ~-3.231348

Degrees of freedom: 71% total; 713 residual

Residual standard error: 0.311173%

Call: lmi{formula = ILN.¥PM ~ E + AR + I(DR"Z} + I(E™2} + (DB"3), data =
FPMAX.x..DENSBAS...ESP...BA. 90.80TG.LN, na.actiocn = na.omit)

Coefficients:
Value Std. Error t value Prix|ti)
{Intercept! 2.1541 0.03c4 59 .1724 0.0000
E 2.2305 0.0556 43,1356 0.0000
AR ~-1.2317 0.0293 -42.1057 C.0G0G
4.5471 0.1764 28.0521 C.0000

G 0

}
1 ~0.5880 L0287 -20.4824 .Gooo
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I({DB"3} -—-3.2313 0.1634 -19.773¢ 0.0000
Residual standard erreor: 0.1117 on 713 degrees of freedom

Multiple R-Squared: 0.8725
F-statistic: 35034 on 5 and 713 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response:. LN.EPM

Terms added seguentially {(first to last)

Df Sum of 3¢ Mean Sg F Value Pr(F)
B 1 160.8871 160.8871 12668%.80 0
LA 1 22,2256 22.22%6 1780.10 0
I{DBR"2) 1 121.249G 121.2480 $71i1.11 0
I(E"2) 1 5.2497 5.2497 420.4¢6 W
I(DB"3} 1 4.8818 4.88138 391.00 0
Residuals 713 §.8022 0.012%
FORCA PARALELA MEDIA
CORTE 90°-0° RADIAL
s FORCA x ESPESSURA DE CORTE
y =10°
CITRIODORA
Lk g
g 4 g, ; . - et
i - £ g e
x i s N
- 1)
3- 5
3.4 3.‘5 38 4:0 42 44
Fitted : E + (Er2}
***% T inear Mode] ***
Ccall:
im{formula = LNFPMD ~ E + {E~2), data = CFPMD90.0RDAAIOXESP.IN, na.actlion =
na.omit)
Coefficients:

{Intercept} E T{E~2}
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2.663467 2.181007 -0.64458¢64

Degrees of freedom: 80 total; 77 residual
Residual standard error: .1333912

Call: Im{formula = LNFPMD ~ E + (E~2), data = CFPMD90.0RDAAIOxESP.IN, na.action =

na.omit)
Coefficients:
............... o ¥alue S8td. Errox ot wvalue Pri=ltii. oo -
{Intercept} 2.6835 0.0834 31.5327 0.0000
E 2.1910 0.1897 10.970% 0.0000
I(E~2Z} -0.644¢6 0.1032 ~6.2460 0.0000

Residual standard error: 0.134 on 77 degrees of freedom

Multiple R-Squared: 0.2111
F-statistic: 394.5 on 2 and 77 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: LNTPMD

Terms added sequentially (first to last)
Df Sum of 5§ Mean Sg F Value PriF)
E 1 13.46373 13.46373 749.%162 0.000000e+000

I1{E"~2) 1 0.70041 0.70041 39.0121 2.138%14e-008
Residuals 77 1.38243 0.01795

SALIGNA

i a7
o E)
= o o
B ° 2
3
i e 2 2
B G =l
: < & s
= 372 -5
2z ‘2 é a
s 2 g g g
& s e g 2
2
o |
® @42
- 1
< 7o
30 32 34 38 58 &8 42
Fitteg : £ + {(£72) + (E"3}
: *** Tineayr Model ***
Call:
lmi{formula = LNFPMD ~ E + (E™2) + (E~3}, data = SFPMD90.0RDAAIQXESP.LN, na.action

= na.omit}

Coefficients:
{Intercept) E I(E"2) I{(E~3)
G.6733326 9.027394 -9.249155 3.17%031

Degrees of freedem: 80 total:; 76 residual
Residual standard error: 0.1118887



Call: Im{formula = LNFPMD ~ E + (E"2) + (E~3), data = SFPMDI9C.ORDARIOXESP.IN,

na.action

= na.omit}
Coefficients:
Value Std. Error t wvalue Pr(>|ti)
{(Intercept) 0.6733 0.2078 3.2388 0.0018
' E  9.0274 0.8342 10.8213  ©.0000
wEABN2) = 8.2482.  0,96753...... =8 5615 0.0000 ..
I{E"3} 3.17%90 0.3372 9.4283 .0060

Residual standard error:

0.1119 on 7¢ degrees of freedom

Muitiple R-Squared: 0.9434
F-statistic: 422.3 on 3 and 76 degrees of freedom, the p-value is ©

Enalysis of Variance Table

Response: LNFPMD

Terms added seguentially

"Df Sum of 3gq

(first to last)

Mean Sgq F Value Pr(F)

14.70126 14.70126 1174.307 9.00000000

E L
I{E"2) 1 0.04584 0.04554 3.669 0.05918824
I(E~3)y 1 1.1i28€ 1.11286 88.8%3 0.0000000C
Residuals 76 0.9514%  0.01252
GRANDIS
s~ 8 % 2 5
# g . :
: : :
% g_ & 2 - Cege
$ 7 ‘ :
- ® ] g s
A .
a2
28 3.0 32 34 SjG 38
Fitted : E + (E*2)
%% Linear Model ***
Call:
imi{formula = LNFPMD ~ B + (E~2), data = GFPMDS0.0RDARIOXESP.LN, na.action =

na.omit)

Coefflcients:
(Intercept) E

T{(E"~2}

1.928846 2.235088 ~-0.8202882

Degrees of freedom: 80 total; 77 residual

Residual standard error:

0.1019%8



Call: Im{formula = LNFPMD ~ E + (E~2), data = GFPMDSC.ORDAAICXESP.LN, na.action

na.omit}
Cogfficlents:
Value Std. Error t wvalue Pri(>|tl])
{Intercept 1.%288 0.06325 3C.3788 0.0000

)
E 2.2351 0.1520 14.7016 0.0000
I(E~Z) -0.6203 0.078¢ -7.8956 0.0000

Residual -standard error: 0.102 on.77. degrees. of freedom . ..
Multiple R-Sguared: 0.8544
F-statistic: 805.4 on 2 and 77 degrees of freedom, the p-value is ©

Analysis of Variance Table
Response: LNFPMD

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr{f)
E 1 16.11012 16.310C12 1548.517 0.000000e+000
I{g~2; 1 $.64856 0.6485¢ £2.240 1.615674e~-011
Residuals 77 C.80108 0.01040

o = 20°
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3.2 33 34 35

Fitted - £ + (E"2}

**x Tinear Model **¥

Call:
Im{formula = LNFPMD ~ & + (E~2), data = CFPMDS0.0RDARZOXESP.LN, na.action =
na.omit}
Coefficients:
{Intercept) E I{E"2}

2.793131 1.102306 ~0.4021915

Degrees cf freedom: 80 total; 77 residual
Residual standard error: 0.221047

386

Call: 1lmi{formula = LNFEMD ~ B + (E~2), data = CFPMD90.0RDARZCxESP.LN, na.action =

na.omit}

Coefficients:



{Intercept)
E
I{E"2)

Residual standard error: 0.221 on 77 degrees of freedom

Value
2.7931
1.1023

~-0.4022

0.0000
G.0013

Std. Error t wvalue Pri{>itl)
0.1376 20.2988
(.3285 3.345¢
G.1703 -2.3623

Multiple R-Squared: 0.337

F-statistic: 12.37 on 2 and 77 degrees of freedom, the p-value is 1.34e-007

Analysis.of Variance Table SO

Response: LNENMD

Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value

E 1
I{E~2) 1
Residuals 77

SALIGNA

1.64C0
0.2726
3.7623

9.1

Residunls

23]

88 1.640088 33.56586 0.00000014
82 0.272682 5.58067 0.0206861%

58 0.048862

G.0207

Pr{F)

o an o o
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ERR
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o000 an

z2 g -1
B - 2 H
g8 < 2 3
_ 2 ° =
5 s & H
- b .
€ a
‘ i
|8 :
e _G
ioas ¥2
28 390 32 3.4 36 38
Fitted : £ - (E~2}

*** Tinear Model **%

Call:
im{formala =

na.omit

Coefficients:
{Intercept;

LNFPMD

-
B

~ E + {(E~2}, data = SFPMD90.0RDAAZCxESPF.LN, na.action =

=

E I(E"2)

1.95357 2.512312 ~0.8011562

Degrees of freedom:
Residual standard error: 0.09528465

Call: Im{formula = L

rna. omi
Coefficients:
{(Intercept)

=
=

I{E~Z)

t)

Value
1.953¢
2.5123

~G.8012

80 total; 77 residuaal

387

NFPMD ~ E + (E~2}, data = SFPMD90.0RDAAZOXESP.LN, na.action =

S5td. Error T wvalue Pri{xitl}

0.0583 32.9429
0.1420 17.6830
0.0734 -10.9189

£.00G0
0.0000
0.0000



Residual standard error: 0.08526 on 77 degrees of freedom

Multiple R-Squared: 0.956

F-statistic: 837.3 on 2 and 77 degrees of freedom, the p-value is 0
Analysis of Variance Table

Respense: LNFPMD

~Terms added sequentially (first te last)
DEf Sum of Sg Mean Sg F Value Pr{F

o

E 1 14.11561 14.311561 1555.379
I{E"2} 1 1.08199 1.0818% 119.223
Residuals 77 0.69880 (0.00%08
GRANDIS
71
2 ) : :
§ : :
% 8 B z
& ‘ . :
s ° ?
5 E :
5 2
ioag
2:4 2:5 2:8 36 32 34 36
Fitted © E + {F°2) + (A3}
**xx Tinear Model ***
Call:
lm(formila = LNFPMD ~ E + (E"2} + {(E~3), data = GFPMDS0.(RDARZ0OXESP.LN, na
= na.omit)
Coefficients: .
(Intercept) E O OI(E"2Y I(E~3)

1.185134 4.33763 ~3.0268¢ (.8Z567

Degrees of freedom: 80 total; 76 residual
Residual standard error: 0.08442471

388

.action

Call: Im(formula = LNFNMD ~ E + (E“2) + (E~3), data = GFPMD90.0RDAARZUxESP.LN,

na.action

= na.omit)
Coefficients:
Value Std. Error t wvalue Pri{>|tl)
{Intercept) 1.185%1 0.lbé8 7.5577  0.00C0
F 4.3376 0.6293% 6.8811 0.G0CO
I{E~2) -3.026% 0.728%9 -4.1470 0.CG001
I{E~3) 0.8287 (.2544 3.2454 0.0017

Residual standard errcr: G.08442 on 76 degrees of freedom



Multiple R-Squared: 0.9%69%¢

F-statistic:
Analysis of Variance Table
Response: LNFPMD

Terms added sequentially (first
Df Sum of Sg Mean Sg

807.8 on 3 and 76 degrees of freedom,

to last)

¥ vValue Bri{r)}

the p-value is 0

E 1 16€.44743 16.44743 2307.591 0.000000000
I{(E"Z; 1 QU78TI1 0UT7511I I0S U381 0000000000
I{(E"3) 1 0.07507 0.07507 10.532 0.001745401
Residuals 76 0.54169 0.00713
v =30°
=7 . 75
Ea ’ E o
2. : g o
& e g & g
5 g“ ; @ @ a
; X6
§~ 26
25 25 27 26 23 20
Fited : £ + (EA2)
*x% Tinear Model ***
Call:
Im(formula = LNFPMD ~ E + [(E~2), data = CFPMD90.0RDAAR30XESP.LN, na.action
na.omit)
Coefficients:
{(Intercept) E I{E~2)

2.274877 0.678974% -0.1132077

Degrees of freedom: 80 total; 77 residual
Residual standard error: 0.1823721
Call: Im{formuia = LNFPMD ~ E + ({872},

na.omit]

Coefficients:
Value s5td. Error

(Intercept) 2.2749 0.1128
B 0.6790 0.2867
I(g~2)y -0.1132 0.1482

Residual standard error:
Multiplie R-Sguared: 0.5241
F-sztatistic:

42.239 on 2 and 77 degrees of freedom,

t value Prixitl)

18.9968 0.00C0
2.3678 0.0204
-0.7641 0.4472

£.1524 on 77 degrees of freedom

data = CFPMD90.CRDAA3OxESP.LN, na.action =

the p-value is 3.85Ze-013




Analysis of Variance Table
Response: LNFPMD

Terms added sequentially (first
Df Sum of Sq Mean Sg

E 1 3.116027 3.116027

T{E~2) 1 0.021604 0.021604
Residuals 77 2.849542 0.037007

SALICNA

to last)

84.20092 G.0000000
0.58379 0.4471653

F Value

Pr{f)

A8

B8
E
< : :
2 P ) 8
$ .l :
69: 3 . ':5‘ ...... =] :;
5 £ 8
- N N °
- = 2 & b
57 ° :
$ B4 =
2:5 2‘? Z8 29 3:0
Eitted : E + (E22) + (E*3)
*** Tinear Model ***
Call:
im{formula = LNFPMD ~ E + (E"2) + (E"3), data = SFPMDS90.0RDAA3CxES?.LN,
= mna.omit)
Coefficients:
{(Intercept} E I(E"Z) I(E™3)

0.803223% 7.040176 ~7.136284 2.180522

Degrees of freedom: 80 total; 76 residual
Residual standard error: 0.18424632

Call: lm{formula = LNFEMD ~ F +
na.action

(E~2) +

(E~3), data

Value Std. Errcr t value Pri>|t])

= na.omit)
Coefficients:
(Intercepz) 0.8032 0.3422
‘ £ 7.0402 1.3737
I{E~2) =7.1363 1.5529 -4
I{E~2) 2.1805 0.5552

Residual standard error: 0.1842 on 7¢ degrees of freedom

Multiple R-Squared: 0.4264

F-statistic: 18.83 on 3 and 76 degrees of freedom, the p-value is 3.128e-00%

Analysis of Variance Table

zZ.
5.

3.

3471
1249
4861
9272

0.0215
0.0C00
0.0000
0.00602

350

na.action

SFPMD20.ORDAA3OXESP. 1IN,
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Response: LNFPMD

Terms added sedquentially (first to last)
DEf sSum of Sg Mean Sg F Value Pr{¥)
E 1 0.012471 0.012471 ©.36738 0.5462412
I(E~2) 1 1.38B2011 1.382011 40.71121 0.0000000C
I(E~3) 1 0.523568 0.523568 15.42325 0.0001876
Residuals 76 2.579948 0.033947

- GRANDIS et e .

o

H : .
E Pe 2 3 §
! ] 2 @
: §
k=
12
22 2.4 26 248 30 32
Fitted : £ + {E~2)
*+* Tinear Model ***
Call:
Im{formula = LNFPMD ~ E + (E"2}, data = GEFPMDS0).0ORDAAIOxESP.LN, na.actlicn =
na.omit)
Coefficients:
(Intercept) E I{E"2)

1.350928 2.434631 -0.7526513

Degrees of freedom: 80 total; 77 residual
residual standard error: 0.130314%

Call: Im{formula = LNFPMD ~ E + (E™2)}, data = GFPMDS0.0ORDAA3ZDXESP.LN, na.action =

na.omit;)
Coefficients:
Value Std. Error t wvalue Pri{>itil)
{Intercept) 1.350¢ 0.0811 16.6534 0.0000
E 2.43486 0.1942 12.5343 0.0000
I{E~2) ~0.7527 0.1004 ~7.4989 G.0000

Residual standard error: 0.1303 on 77 degrees of freedom

Multiple R-Squared: 0.%222

F-statistic: 456.2 on 2 and 77 degrees of freedom, the p-value is 0
hnalysis of Variance Table

Response: LNFPMD

Terms added sequentially (first to last)
qu Y
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Df Sum of Sg Mean Sg P Value Pr{F)

E 1 14.54023 14.54023 856.2210 0.00000e+G00

I(E~z2) 1 0.95494 0.355484 56.2331 9.32574e-011
Residuals 77 1.30760 0$.01698

¢ FORCA x DENSIDADE

a3
“
P %2
o
<7
a
5 @ o
P o
w 570 . o, g
p:: © i N g
& o o G
-4 = - g c;' o
@ © @
= o &
i o ¢
< N -
o,
o ERE L0
~ 2 Bl
-
‘ a
A0
235 28 27 2.8 29

Fitted | DB + (DB"2)

***% Tinear Model ***
Call:
Im{formuls = LNFPMD ~ DB + (DB"2), data = FPMDI0.(ORDESPO381AA1I0XDENS.LN,

na.action = N&a.omit)

Coefficients:
{Intercept) DB I{DB"2)
0.6698671 7.28133% -5.711017

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.1247047
Call: Im{formula = LNFPMD ~ DB + (DB"2), data = FPMD20.0RDESPO381AATI0OXDENS.LN,
na.action
= na.omit)

Coefficients:
Value Std. Error t walue Pr{>iti)

{Intercept) 0.669% 0.252% 2.6485 0.0104
DB 7.2613 0.82l¢ 8.8384 0.0C0C
I(DB~2) -5.7110 ©C.c046 -9.4452 0.0000

Residual standard error: 0.1247 on 57 degrees of freedom

Multiple R~3Sguared: 0.691
F-statistic: €3.72 on 2 and 57 degrees of freedom, the p-value is 2.887e~015

Analysis of Variance Table

Response: LNFPMD
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Terms added seguentially (first to last)
Df Sum of Sg Mean Sgqg F Value Pr{r
DE 1 0.594558 0.594585B8 35.23211 7.1%4604e-008
I{DB~2} 1 1.387347 1.387347 89.21118 2.800000e-013
Residuals 57 0.886422 0.015551

ESPESSURA= 0,762mm
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Fitted : DB + {DB~2)

*** Tinear Model **%*
Call:
lmi{formula = LNFPMD ~ DB + (DB"2}, data = FPMDSO.0RDESPO76ZAAL1I0xXxDENS.LN,
na.action

= na.omit)

Coefficients:
{Intercept) DB I(De~2)
2.027298 3.848%11 -1.881107

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.08788881

Call: Im{formula = LNFPMD ~ DB + (DB"2), data = FPMD20.CRDESPOT762AA10xXxDENS.LN,

na.action
= na.omit)

Coeffjcients:
Value 35td. Error t value Pr(>|t]}
{(Intercept) 2.0273 0.1985 10.2113 0.0000
DB 3.8489 0.6448 5.9682 . 0000
I(pB~2) -1.8911 0.474% ~3.8844 G.0002

Residual standard error: 0.0978% on 57 degrees of freedom

Muiltiple R~Squared: 0.8861

Fegtatistic: 245.9 on 2 and 537 degrees of freedom, the p-value is O
Analysis of Variance Table

Response: LNFPMD

Terms added sequentially (first toc last)
Df Sum of 3g Mean 5g F Value Pr(F)



DB 1 4.560605
I(DBR"~2} I 06.152121
Residuals 57

s

0.548187 0.009582

ESPESSURA = 1,143mm

.560605 475.9445 (.0000000000
.1523121 15.8754 (.0001943246

Residuals
a0 81
1
o
¢
o

-01
o

=l

o
&
o

o0 AR

36 38

45 42

Fitted | DB + (D82}

**% Tinear Model ***
Calli:
Im{formula = LNFPMD ~ DB + (DB"2), data
na.action

= na.omit)

Coefficients:
{Intercept) DB I({DB"2)
2.544021 3.353205 -1.561448

= FPMDS0.CRDESP1143AA10xDENS. LN,

Degrees of freedom: 60 total: 57 residual

Residual standard error: (.13158323
Call: Im{formula = LNFPMD ~ DB + (DB"2)},
na.action

= na.omit)

Coefficients:

data = FPMDS0.0RDESP1143AAIOXDENS . LN,

Value Std. Error f wvalue Pri>|ti}

{Intercept) 2.5440 0.2351 10.8187
LB 3.3532 0.7638 4.3903
I(DB~2) -1.56l14 G.5621 -2.7778

Residual standard errcr: 0.1159 on 57 degrees of freedom

Multiple R-Squared: (.84%94

FP-statistic: 160.7 on 2 and 57 degrees of freedom, the p-value iz 0

Analysis of Variance Table
Response: LNFPMD

Terms added seguentially (first tc last)
DEf Sum of Sg Mean Sg F Value

DB 1 4.216222 4.21€223 313.7001
I(DB~2) 1 C£.3103708 0.103708 7.7162

0.0000
0.0000
0.0074

Pr{F}
0.060000000
0.00739584z2

394
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Regiduals 57 0.766097 0.013440

ESPESSURA = 1,524mm
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Fitted : DB + (DBD

¥x* Tinear Model #*#*
Call:
Im{formula
na.action

= na.omit)

LNFPMD ~ DB + (DB~Z), data = FPMDY90.URDESP15Z24AR10%DENS . LN,

Coefficients:
{Intercept) Da I1{(DB"2)
2.553963 4.219758 ~2.282178

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.1516461

Call: Im(formula = LNFPMD ~ DB + (DB~2), data = FPMDSO.ORDESPISZ24ARIOXDENS. LN,
na.action

= na.omit)
Coefficients:
Value Std. Error ¢ wvalus Pri{>it|}
(Intercept) 2.5540 0.307¢ 8.3035 {.000¢C
DB 4.2198 0.8%9l 4.2237 $.0600C1
I(DB"Z2) -2.2822 0.7353 -3.1038 §.G03C

Residual standard error: 0.1516 on 57 degrees of freedom
Multiple R-Squared: 0.7401
F-statistic: 81.14 on 2 and 57 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: LNFPMD

Terms added sequentially (first teo last)
DEf Sum of 3¢g Mean 35g F Value Pr{F)}
DE 1 2.510233 3.510233 152.6418 0.00000C000
I{DB~2) 1 0.221542 $.221542 9.6337 0.00287231¢6
Residuals 57 1.310802 $.0229%7
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Fitted : DB + (DB"2)

**x Tinear Model #*=**
Call:
lm{formula = LNFPMD ~ DB + {DB"2), data = FPMDI0.JRDESPO381AA20xDENS.LN,
na.action

= na.cmit)

Coefficients:
{Intercept) DB I(DR™Z)
0.9466765 4.6%3257 -2.52884

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.1193747

Call: Ilm{formula = LNFPMD ~ DB + (bR~2), data = FPMD30.0RDESPO3B1AAZ(OXDENS.LN,

na.action
= ra.omit)

Coefficients:

Value Std. EBrror t value Pri{>itil)

{intercept) 0.8467 0.2421 3.8101 ©.0002
DB 4.6933 0.7865 5.2676 0.0000
I(bB~2) -2.5288 0.5788 -4.3691 0.0001

Residual standard error: 0.1194 on 57 degreses of freedom
Multiple R-Sqguared: 0.8527
Festatistic: 165 on 2 and 57 degrees of freedom, the p-value is 0

Analysis of Variance Tabkle
Response: LNFPMD

Terms added seguentially (first to last)
Df Sum of Sg Mean Sg F Value Pri{F)
DR 1 4.430570 4.43057 310.9100 0.00000000C00
I{(Dr~2) 1 0.272020 0.27202 19.0887 0.00005338261

Residuals 37 0.812269 (.01425

96



ESPESSURA = 0,762mm

Residuals

3 3.2

Fited : BB + (DB"2)

*x* Tinear Model **+*
Call:
im{formila = LNFPMD ~ DB + (DB~2}, data =
na.action

= na.oml.t}

Coefficients:
{(Intercept) bB T{DR™2)
1.241457 £.218272 -4.125051

Degrees of freedom: &0 total; 57 residual
Residual standard error: 0.1405106

Call: Im{formula = LNFPMD ~ DB + (DB"2},
na.action

= na.omit)

Coefficients:

Value Std. Error t wvalue Pri{>iti)
4.3563 0.0001
6.7174 0.0000

-6.0548 (.0000

{Intercept) 1.2415% 0.2850
DB ©6.2183 0.9257
I{pBR~2y -4.1251 0.6813

33

data

34

Residual standard errcr: ($.1405 on 57 degrees of freedom

Multiple R-Squared: (£.€199%

F-statistic: 46.48 on 2 and 57 degrees of freedom,

Analysis of Variance Table
Response: LNFPMD
Terms added segquentially (first to last)

Df Sum of Sg Mean Sg F value

Resjiduals 57 1.125364 0.019743

the p-value is 1.064e~012

Pri{F)
oa 1 1.11155¢ 1.111556 56.30061 4.609000e-010
I{DB"2) 1 0.723787 0.723797 36.66052 1.169642=-007

35

FPMDY0 . CRDESPC7E622220xDENS . LN,

FPMDSO . QRDESPOTEZAAZ OXDENS . LN,
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ESPESSURA = 1,143mm

0.0
1

Residuals

-0.2
1
3
3

-0.4

A3

34 35

3.6

Fitted ; DB + {DB"2}

*+% Tinear Model *+**
Call:
Im{formula = LNFPMD ~ DB + {(DB"2), data
na.action

= na.omit)

Coefficients:
{(Intercept) DB I(DB"2)
1.188171 7.886605 -5.910908%

Degrees of freedom: 60 total; 57 residual

Residual standard error: 0.1533608

Cali: Imiformula = LNFPMD ~ DB + (DB"Z;,

na.action

data = FPMD90.0RDESP1143AA20xDENS . LN,

= na.omit)
Coefficients:
Value Std. Brror t walue Pri{>|tl:
{Intercept) 1.1882 0.3110 3.8200 0.0003
DB T.8B66 1.0104 7.8057 0.0000
I{Dp~2) -5.8108 0.7436 -7.8491  0.0000

Residual standard error: 0.1534 on 57 degrees of freedom

Multiple R-Squared: 0.5313

F-~statistic: 32.31 on 2 and 37 degrees of

Analysis of Variance Table

Response: LNFPMD

Terms added sequentially {first to last)

Df Sum of Sg Mean Sg F Value

DB 1 0.03377% 0.03377% 1.4362

I{(DB~2) 1 1.486164 1.486i64 63.1885
Residuals 57 1.340613 (.023520

Pr(F)
0.2357145
G.4000000

FPMD20 . ORDESP1143A220xDENS . LN,

Zreedom, the p-valus is 4.162e-010
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Fittect | DB + (DBZ)

*+* Tinear Model **=*
Cali:
Im{formuia = LNFPMD ~ DB + (DB"2}, data = FPMDY90.CRDESP1524AZ20XDENS.LN,
na.action

= na.omit)

Coefficients:
{Intercept) DR I{(DR"2)
1.928366 6.337031 ~4.95542¢

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.1371¢71
Call: =
na.action

= na.omit}

Coefficients:
Value Std., EBrror t wvalue Pri>itl)

{Intercept; 1.%284 0.2783 §.9302 0.0C00
DB 6.3370 0.82039 7.0110 ©.000¢
I(DB~Z) ~4.8554 0.6652 ~-7.4493 0.0008

Residual standard error: 0.137Z2 on 57 degrees of freedom
Multiple R-Squared: $.5688

F-statistic: 37.5% on 2 and 57 degrees of freedom, the p-value is 3.88e-Cl1

Analysis of Variance Table
Response: LNFPMD

Terms added seguentially (first to last)
Df 3um of 3g Mean Sg F Value PrifF)
DB 1 0.3706b4 0.370654 1%.69152 0.00004219244
I{DB~2) 1 1.044528 1.044528 55.4%201 0.00000000057

Residuals 57 1.072913 0.018823

Im{formuia = LNFPMD ~ DB + (DB"2), data = FPMD90.0RDESP15324AAZ0xDENS.LN,
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**%* linear Model ***
Call:

Im(formula = LNFPMD ~ DB + (DB"™

na.action
= Na.omit)

Coefficients:
{Intercept) DB I1(DB~2)
~0.2052366 8.047141 ~5.531971

Fitted : OB « (DBZ)

2}, data = FPMDS90.CORDESPUZEIAAI0XDENS . LN,

Degrees of freedom: 60 total; 57 residual

Residual standard error: 0.1448
Call: Im{formula = LNFPMD ~ DB
na.action

= na.omit)

Coefficients:

577

+ (DB"~2

400

}, data = FPMD90.CORDESPO381IAAIOxXDENS.LN,

Value Std. Error t wvalue Pri{>iti)
~0,6988 0.4877

{Intercept) -0.2052 0.Z938
DB 8.0471 0.9543
I(pB~2) ~5.5320 0.7024

8.4322
-7.8762

¢.0000
0.0000

Residual standard error: 0.144% on 57 degrees of freedom

Multiple R-Squared: 0.6444

F-statistic: 51.65 on 2 and 57 degrees of freedom, the p-value 1s 1.5%9e-013

Analysis of Variance Table
Response: LNEPMD

Terms added sequentially {first
Df Sum of Sg Mean Sg

DB 1 0.866C11 0.86£011
I(DB~2) 1 1.301721 1.301721
Residuals 57 1.186074 0.020984

to las
B Val
41,270
62.034

)
ue Pr(F}
£3 2.87879e-008

71 1.10360e-010
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Fitted : DB + (DB"2}

***+ Tinear Model ***
Call:
lm(formala = LNFPMD ~ DB + (DB"2), data = FPMDS0.0RDESPO7T62ZAR30XDENS.LN,
na.action

= na.omit)

Coefficients:
{Intercept} DR I{DR"2)
1.286114 5.351887 -4.148614

Degrees of freedom: 60 total; 57 residual
Residual standard error: 0.1608546

Call: lm{formula = LNFPFMD ~ DB + (DB"2}, data = FPMDSO.0ORDESPO762ZAA3Z0XDENS.LN,
na.action

= pa.omit)}
Coefficients:
Value Std. Error t wvalue Pri{>iti)
(Intercept) 1.2%61 0.3258 3.8778 0.0002
DE 5.3519 1.0584 5.0565 0.0000
I{DB"Z) -4.1486 G.77%0 ~5.3259  0.0000

Residual standard error: 0.1607 on 57 degrees of freedom
Multiple R-Sqguared: (.3845
F-statistic: 17.81 on 2 and 57 degrees of freedom, the p-value is 92.825e-007

Analysis of Variance Table
Response: LNFPMD

Terms added seguentially {(first to last}
pf Sum of Sg Mean Sg F Value Dr (F)
DR 1 0.187072 Q.1870722 T7.24808 0.0083017823
I{DB~2) 1 0.732089 0.73208%4 28.26469 0.000001773
Residuals 57 1.4711€3 0.0258089
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Fitted - DB + (DBA2)

**% Linear Model ***
Call:
Im{formula = LNFPMD ~ DB + (DB"2), data = FPMD30.0RDESP1143AA30xDENS.LN,

na.acticn
= na.omit)

Coefficients:
{Intercept} DB I{(DB"Z)
4.963118 -6.353937 4.479687

Degrees of freedom: 60 teotal; 57 residual
Residual standard error: 0.1826399

Call: Im(formula = LNFBEMD ~ DB + (DB"2), data = FPMDS0.ORDESPL143AA30xDENS.LN,
na.action

= na.omit}
Coefficients:
Value Std. Error t wvalue Pr{>|t]:
{(Intercept} 4.9631 0.3907 12.7030 0.G000
DB -6£.3539 1.2691 -5.0065 (.0000
I(bB~2) 4.4797 0.9340 4.79806 0.0000

Residual standard error: 0.1926 on 57 degrees of freedom
Multiple R-Sguared: 0.3397
F-statistic: 14.67 on 2 and 57 degrees of freedom, the p-value is 7.275e-006

Analysis of Variance Table
Response: LNFEMD
Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr{Fj

DE 1 0.234840 0.2348402 ©.3281% (.01472582
I(DB~Z2) 1 0.833602 0.8536018 23.00184 0.000C1203



ESPESSURA = 1,524mm
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*%* Tinear Model *7*%
Call:

28

30
Fitted - DB + (DR}

32

34

lm(formila = LNFPMD ~ DB + (DB"2), data = FPMD9).0RDESP15Z24AA30xDENS.LN,

na.action
= na.omit)

Coefficients:
{(Intercept} DB

Degrees of freedom: 60 total;

Call: Im{formula = LNEPMD ~ DB +

na.action

= na.omit}
Coefficients:
Value Std. Error
{Intercept) 7.0134 0.3815
DR -12.8%74 1.2381
I1{DB"2) G.3245 0.8120

I{DBE"2}
7.013388 -12.89737 $.32453¢

57 residual
Residual standard error: §.1880873

{DB"2),

t value Pr{>it])}

18.3851 0.0000
~10.4083 0.00G0
i0.224¢ 0.0G600

Residual standard error: 0.188]1 on 57 degrees of freedom

Multiple R-Squared: (.66

F-statistic: 55.33 on 2 and &7 degrees of freedom,

Analysis of Variance Table
Response: LNEFPMD

Terms added seguentially

Df Sum of Sg Mean Sg
0.216314 0.216314
3.698389 3.69838%
2.016480 0.,035377

DE 1
I(DR~2) 1
Residuals 57

(first to last)

F Value

Pr (¥}

6.1146 $.01641349
104.5427 0.00000C00

data = FPMDO0.0ORDESPLS24AA30XDENS.LN,

the p-value ils 4.43e~014
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Fitted : DB + Ad + E + (DBZ2} + (AAN2) + (EX2)

**% Tinear Model ***

Call:
lm{formula = LNFPMD ~ DB + AR + E + (DB"2) + (AA™Z) + {(E"2)}, data =
FPMDOO . ORDxDENSABAESP.LLN, na.actlion = na.omit)

Coefficients:
{Intercept) DR BA E T {(DB~2) I{An~2) I(E~2)
1.178511 3.163843 0.7003771 2.348235 -2.070194 ~-4.388762 ~0.78538¢64

Degrees of freedom: 720 total; 713 residual
Residual standard error: 0.2789185

Call: lm(formula = ILNFPMD ~ DB + AR + E + (DB™2) + (AA"2) + (E"2), data =
FPMDOC . ORDXDENSAAFRSP.ILN, na.action = na.omit)

Coefficients:

Value 3td. Error t wvalue Pr(>itl}

(Intercept) 1.1785 0.185¢ 6.2148 0.0000
DB 3.1638 G.5305 5.9644 0.3¢o0o0

AR 0.7004 0.510¢ 1.3717% 0.176G6

E 2.3482 0.1388¢ 16,8452 0.06000

I{DB"2) -2.0702 0.3904 ~-5.3028 G.0000
I(aR"~2) —4.38%58 0.7238 -6.0643 G.Q000
(E~2) -0.7854 G.0716 ~-10.967% 0.0000

Residual standard error: 0.278% on 713 degrees of freedom

Multiple R-Sguared: 0.7788

F-statistic: 418.4 on & and 713 degrees of freedom, the p-value is O
Analysis of Variance Table

Response: LNFPMD



Terms added sequentially {first to last)
Df Sum of Sg Mean Sg F Valus Pr(F)
4.32763 4.32763 55.628 3.000000e-013
1 81.73057 81.73057 1050.582 0.0000002+000
B 1 ©94.85206 94.85206 1215.248 0.000000e+000
I{DB"2} 1 2.18757 2.18757 28.139 1.523075e-007
I{ARn~2) 1 2.860%36 2.86096 36.775 2.149400e-008
1
3

o}

DB
AR

IE"~2) S.35835 9.35835 120.294 0.000C00e+000
Residuals 713 55.46820 0.07780

FORCA PARALELA MEDIA

CORTE 90°-0° TANGENCIAL
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Filted © E + {E*2) + (23}

**% Tinear Model **¥*
Call:
imiformula = LNFPMD ~ E + I(E"2) 4+ (E~3), data = CFPMDS0.0TGAAIO.LN,
na.action =

na.omit)

Coefficients:
(Intercept) B I{E~2) I{E™3)
2.084452 2.67635% -2.288234 0.5741073

Degrees of freedom: 80 total;
Residual standard errcr: (.1053088

Call: Imiformula = LNFPMD ~ E + I{E"2) + (E"3), data =
CFPMDS(.O0TGAALD, LN, na.actlion =
na.omit)



Coefficients:
Value 3td. Error t value Pr{>lt])

{(Intercept} 2.0845 ¢.1956 10.7077 0.0000
E 3.6764 0.7852 4.6823 0.0000

I{E~2) -2.2882 0.2104 -2.5133 G.0141
I(E"~3} G.5741 0.3173 1.8091 0.0744

Residual standard error: 0.1052 on 76 degrees of freedom
Multiple ReSguared: §.8521
F-statistic: 504 on 2 and 76 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: LNFPMD

Terms added sequentially (first te last)
Df Sum of Sg Mean Sq F Value Pri{F)}
E 1 16.025347 16.02547 1445.04% (0.00000000
I{E~2) 1 0.70724 0.70724 63.773 0.00000000
I{E"3) 1 0.03628 0.03629%9 3.273 0.07439518
Residuals 76 0.84284 0.0110%

<O

SALIGNA

L

3 &t

10
-1

o

ol L 2
e = s
© i
i o g ° i
Y 5 H o
= £ 3 4
i O—""‘é R § ....... g
4 £ g
3 g 5 8
g o 2 -3
& o
“ ;
? R 8 |
R
e
N o
20 30 50 50 =]
Fitted : E

*** Tinear Model ***
Call:

lm{formula = FPMD ~ E, data = SFPMDS0.07GAA10, na.action = na.omit)

Coefificients:
(Intercept) E
5.331321 38.01234

Degrees of freedom: 80 total; 78 residual
Residual standard error: 4.752819

406

Cail: lm(formula = FPFMD ~ E, data = SFPMDS(0.O0TGAAlCD, na.action = na.omit)



407

Coefficients:
Value Std. Errcr t value Pri>|t];
{Intercept) 5.3313 1.312¢6 4.0618 0.0001
£ 38.0123 1.2380 30.217% 0.0000

Residual standard error: 4.793 on 78 degrees of freedom
Multiple R-Sguared: 0.5213
F-statistic: 213.1 on 1 and 78 degrees of freeadom, the p-values is 0

Analysis of Variance Table o
Response: FPMD

Terms added seguentially (first te last}
Df Sum of Sg Mean 3g F Value Pr{r)

E L 20874.86 20874.86 513.0973 0
Residuals 78 1781.75 22.57
GRANDIS
. 46
8 E g ‘
o | o “ B
-4 - ° : E
Né A5 =1
e 28 30 a2 34 18
Eitted | £ + (EAD)

% Tinear Model #*¥

Call:
Im{formula = LNFPMD ~ E + (E"2), data = GFPMDS0.07GAALl0.LN, na.action =

na.omit]

Coefficients:
{(Intercept) E I(E"2}
1.96%014 1.867677 -(.4581857

Degrees of freedom: B0 total; 77 residual
Residual standard errcr: 0.05%25%84

Call: Ilmi{feormula = LNFPMD ~ E + (E~2), data = GFPMDS0.0TGAALC.LN,
na.action = na.omit)

Coefficilients:
Value Std. Error t wvalue Prix{ti)
{Intercept) 1.863%0 0.0618 31.866% 0.00060



E 1.8877 0.1479 12.6237 G.0000
I{E~2) -0.45892 0.0765 -6.0063 G.0000

Residual standard error: 0.09326 con 77 degrees o

Multiple R-Squared: 0.9508

F-statistic: 744.3 on 2 and 77 degrees of freedom,

Analysis of Variance Table

Response: LNFPMD

Terms added sequentially (first to last)
DEf Sum of Sg Mean Sg F Value

Residuals 77 0.758¢64 0.0083885

¥ freedom

Pri{F)
E 1 14.31152 14.31152 1452.575 0.000000e+000
I{E"~2) 3 0.35544 (.35544 36.076 5.880738e-008

the p-value is 0§
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Fitted : E + KEMZ} + {(EN3)
*%% Tinear Model ***
Call:

im{formula = LNFPMD ~ E + I(E"Z) + (E™~3), data
na.actlion =
na.omit)

Coefficients:
{Intercept) E I(E~Z) I{E"3)
1.79632 4.232158 —2.959665 0.7628135

Degrees of freedom: 80 total; 76 residual
Residual standard error: 0.164785%

Call: 1lm{formula = LNFPMD ~ E + I(E"2} + {E"3)
CEPMDSC. OTGAAZ0. LN, na.action =
na.omit)

r

CFPMDS0. 0TGAAZC. LN,

data

408



Coefficients:
Value 3td. Error £ wvalue Pri>(tl}
(Intercept) 1.7963 0.30cl 5.8689 0.0000
E  4.2322 1.2286 3.4446 0.0009
I{(E™2) =~2.85387 1.4247 -2.0775 0.0411
I(E™3} 0.7629 0.4%66 1.5383 Q.1286

Rezidual standard error:

Analysis of Variance Table

Response: LNEPMD

Terms added sequentially (first to last)

0.1648 on 76 degrees of freedom

Pf Sum of S5g Mean Sg F Value Pr(F}
E 1 11.6%9277 11.6%277 430.6029 0.0000000
I{E"Z} 1 1.02465 1.02463 37.7344 0.0000000
I(E~3: 1 0.06409 0.0640% 2.3603 0.1286132
Residuals 76 2.06373 0.02715
SALIGNA
~ % - o
: : E oL
g -8 B g =
g 5 8
3 o e s 8
oo .
x 2 %
2:8 3:(3 3z 3?4 3.8
Fitted - E + (E~2)
**%+ Tinear Model ***
Call:
Im{formula = LNFPMD ~ E + {(E"2), data = SFPMDSO.0TGAA20
na.omit)

Coefficients:
{Intercept} T{E~Z}
1..843158 2.689723 —-0.9481438

-
kX

80 total; 77 residual
0.1168742

Degrees of freedom:
Residual standard error:

Im{formula = LNFPMD ~ E + {(E"~2), data

na.omnit)

Call:
na.-action

LN,

na.action =

SFPMDS0. 0TGARZO. LN,

409
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Coefficients:
Value 3td. Error t wvalue Pri{>it|)
{Intercept) 1.8432 0.0726 25.3777 0.0000
E 2.6897 0.1738 15.4665 0.0000
I(E~Z) -0.9481 0.0838% -1G.5510 G.0000

Residual standard errozr: 0.1167 on 77 degrees of freedom
Multiple Rolquared: 0.8240

Festatistic: 471.2 on 2 and 77 degrees of freedem, the p-value is 0O
Analysis of Variance Table
Respconse: LNFPMD
Terms added segquentially (first to last)
DE Sum of Sg Mean Sg F Value Pr(F;
E 1 11.3310% 11.33109 832.3815 0.0060000e+000

I(E2) 1 1.51544 1.51544 111.3240 1.110223e~016
Residuals 77 1.90481¢ 0.01361
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24 25 28 38 32 34 36
Fitted : E + (E*2}

k% Tinear Model **¥

Call:
Im{formula = LNFPMD ~ E + (E"2}, data = GFPMDS0.0TGAAZ(.LN, na.action =

na.omit}
Coefficients:

{Intercept) E I{E~2)
1.687602 2.175047 -0.6124511

Degrees of freedom: 80 total; 77 residual
Residual standard erzor: 0.1163691

Call: lm{formula = LNFPMD ~ E + (E"2), data = GFPMD%0.0TGAAZQ.LN,
na.action = na.omit]
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Ceoefficients:
Value Std. Errer t value Pri{>|{t])
{(Intercept) 1.687¢ 2.0724 23.2568 0.00C0
E 2.1750 0.1735 12.5398 0.0000
I{(E~2) -0.86125 G.08%6 -6.8337 0.0000

Residual standard error: 0.1164 on 77 degrees of freedom
Multiple R-Sguared: 0.%365
F-statistic: 568.2 on 2 and 77 degrees cof freedom, the p-value is 0

Analysis of Variance Table
Response: LNFPMD
Terms added sequentially {first to last)
Df Sum of Sg Mean Sg F Value Pr (F)
E 1 14.75665 14.75665 10892.714 0.000000e+000

I(g~2) 1 0.63240 0.63240 46.700 1.713426e-00¢
Residuals 77 1.04272 0.013534

v = 30°
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Fitted : E

**+ Tinear Model ***
Cail:
Im{formula = LNFFMD ~ E, data = CFPMDS0.0TGAA30.LN, na.action = na.omit)

Ceefficients:
{(Intercept} E
2.657827 0.5255178

Iy

Degrees of freedom: 80 total; 78 residual
Residual standard error: 0.26823%9%7

Call: Im{formula = LNFPMD ~ E, data = CFPMD90.0TGAAZU.LN, na.action =

na.omit;)
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Coefficients:
Value Std. Error t wvalue Pri{>it])
(Intercept) 2.6578 0.0735 36.1722 0.0000
E 0.5255 06.0704 7.4626 0.0000

Residual standard error: 0.2683 on 78 degrees of freedom

Multiple R-Squared: 0.41686

F-statistic: 55.6% on 1 and 78 degrees of freedom, the p-value is 1.026e-
01¢

Analysis of Variance Table
Response: LNFPMD
Terms added sequentially {(first to last)
Df Sum of 3g Mean Sgq F Value Pr(F)

E 1 4.008897 4.008887 55.68094 1.025812e-010
Residuals 78 5.614808 0.071985

SALIGNA
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Fitted : £ + HE*2) + (E"3)

*xk Tinear Model ***
Call:
lmi{formula = LNFPMD ~ E + I(E™Z2} + {(E"3), data = SFPMDSC.COTGAA3C.LHN,
na.acticn =

na.omit)

Coefficients:
(Intercept) E I{E"~Z) I({E"3;
1.438132 3.851895 -3.28459 0.9523245

Degrees of freedom: 80 teotal; 76 residual
Residual standard error: 0.1000578

Call: Im{formula = LNFPMD ~ E + I(E"2}) + {E"3}, data =
SFPMDSO, 0TGAASO.LN, na.action =
na.omit)



Coefficients:

Residual standard error:
Multiple R-Squared: 0.8736

Value Std. Error ¢ value Pri(>|t]}
(Intercept) 1.4381 0.1858

-3.2846 0.8850

E 3.8520 0.7460
)
y 0.8523 0.3015

L7382 0.000C0
L2975 0.0000
L7870 0.06003
L1584 0.0023

|
W W U -3

0.1001 on 76 degrees of freedom

F-statistic: 178.3 on 3 and 76 degrees of freedom, the p-valué 386"

Analysis of Variance Table

Response: LNFPMD

Terms added segquentially

GRANDIS

{(first te last)

Pf Sum of Sg Mean Sg ¥ Value Pri{E}

E 1 4.720436 4.720436 471.4%86 0.000000006
I(E~2y 1 0.534839 (0.534933 53.4321 0.00000000C
IT(E~3y 1 0.0%9867 £.083%887 $.8732 0.00227670¢%

Residuals 76 0.760875 (.01001L2
dg |0
5 :
2 eTE ) -;u--
& g b o°
" -
24 1
= 2,‘2 2:3 Zjd 2:5 28 27 2:8

Call:

Im{formula = LNFPMD ~ E +

**+* Tinear Model ***

ha.omit)

coefficients:
{Intercept) E I{E~2}

begrees of freedom: 80 total;

Residual standard error:

Call:

Fitted : E + (Er2)

(E~2), data = GFPMDSO.0TGAR3D.LN, na.action

1.55056 1.883131 -0.75256¢6

77 residual

0.107504%6

lm(formula = LNFPMD ~ E + {E™2), data = GFPMDS0.0TGAA30.LN,
na.action = na.omit)
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Coefficients:
Value 5td. Error

{Intercept} 1.5506 0.0665%
E 1.8831 0.1602
I{E~2} ~0.752¢6 0.0828

Residual standard error: (0.1075
Multiple R-Sguared: 0.8571

F-statistic: 230.9 on 2 aﬁdmﬁﬁugéérees of freedom; tﬁé'p—value is o

Analysis of Variance Table
Response: LNFPMD

Terms added sequentially (first

Df Sum of S5g Mean 3qg

E 01 4.383029 4.383029

I{E~2) 1 G.954727 0.954727

Residuals -77 0.88%907 0.011557

¢ FORCA x DENSIDADE
v=10°

ESPESSURA = 0,381mm

t value Pr(>itl)

23.1700 0.0000
12.3761 0.0000
-39.088%9 0.0000

on 77 degrees of freedom

to last}
F Value Pri{¥)
375.2454 0.000000e+000
82.6086 8.082424e-014

0.4

0.2
1

Restcals

0.0
£

28

28

) *wx Tinmear Model ***
Call:

z8 3.6 32
Fitted : DB + {DB"2)

lm{formula = LNFPMD ~ DB + {(DB"2), data = FPMDAAIOE(G381xDENS

na.action =
na.omit]

Coefficients:
{Intercept) DB I{DB™Z;
0.914527 5.384401 -3.149832

. LN,

414



Degrees of freedom: €0 total; 57 residual
Residual standard error: 0.1205618

Call: Im({formula = LNFPMD ~ DB + (DB"2)}, data = FPMDAALOEO381xDENS.LN,

na.acticon =
na.omlt)

Coefficients:
Value 5td. Error t wvalue Pr{(>{tl)

..... (Thtercept] 0.9145° 0.2356" T —
DB 5.3844 0.7536 7.1453 0.0000
I{DB"2) =3.1498 0.5515 ~=5.7111 0.0000

Residual standard error: 0.1206 on 57 degrees of freedom

Multiple R-Sguared: 0.80%
F-statistic: 120.8 on 2 and 37 degrees of freedom, the p-value is 0

Analysis of Varlance Table
Response: LNFPMD

Terms added sequentially (first teo last)
Df Sum of Sg Mean Sg F Value Pr(¥)
DB 1 3.C36268 3.036268 208.8913 0.000000e+000

i

I(pR~Z) 1 0.474082 0.474082 32.6162 4.255387e-007
Residuals 57 0.828504 0.014535

ESPESSURA = ¢,762mm

02

Residuals
00
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31

30 32 5.4 38 EX:

Fittec : OB + (DB 2}

*** Tinear Model ***

Call:
Im{formula = LNFPMD ~ DB + (DB"2), data = FPMDAARIOECT762xDENS.LN,

na.action =

na.omit}
Coefficients:
(Intercept} DE  I{DB"Z}
1.285064 5.866512 ~3.37633
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Degrees of freedom: 60 totazl; 57 residual
Residual standard error: (,1202405

Call: Ilm{formula = LNFPMD ~ DB + (DB"2), data = FPMDARIOEQO762xDENS.LN,

na.action =
na.omit)

Coefficients:
Value StdU BErrsy bt ovalue P (il

(Intercept) 1.2851 0.2350 5.4683 0.0000
DB 5.866% 0.7316 7.8064 0.00¢C0
I{DBR"2} —-3.3763 0.5501 -£.137% 0.0000

Residual standard error: 0.1202 on 57 degrees of freedom

Multiple R-Sqguared: 0.8486
F-statistic: 159.8 on 2 and 37 degrees of freedom, the p-value is 0

Analysis of Variance Table
Response: LNYTPMD
Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr{F}
DR 1 4.074882 4.074882 281.8472 C.000000=+000

T(DB~2) 1 0.54467¢ 0.544679 37.6738 8.541979e-008
Residuals 57 0.824093 0.014458

ESPESSURA = 1,143mm
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Fitted : BD + (BD"2}

=%+ Tinear Model ***

Call:
Im!{formula = LNFPMD ~ BD + {(BD"2), data = FPMDAATCEL14380. 0TGxDENS. LN,

na.action
= na.omit)

Coefficients:
{(Intercept) BD I{BD"2)



1.376741 €.772234 -4.082907

Degrees of freedom: &0 total; 57 residual
Residual standard errcr: 0.0956531

Call: Im{formula = ILNFPMD ~ BD + {BD"2), data =
FPMDAALQOEL14390.CTGXDENS. LN, na.action
= na.omit}

Value 3td. Error t wvalue Pri{>iti)

(Intercept) 1.3767 0.18689 7.3643 0.0000C
BD ©.7722 0.5979 11.3272 0.0000
I{BD"2) —4.0828 0.437¢ ~-8,2846 G.0000

Residual standard error: 0.0%565 on 57 degrees of freedom

Multiple R-Squared: $.8999
F-statistic: 256.2 on 2 and 37 degrees of freedom, the p-value is 0

Analvysis of Variance Table
Response: LNEPMD
Terms added sequentially (first to last)
Df Sum of Sg Mean Sg F Value Pr{F}
BD 1 3.898849 3.898849 426.1263 0.000000e+000

I(Bp~2) 1 0.788723 0.788723 86.2038 5.312417e-013
Regiduals 57 0.521522 0.009150

ESPESSURA = 1,524mm
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Residuals
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38 18 4.0 4.2 4.4
Fitted . DB + {D8"2)

*** Linear Model ***
Call:
Im({formuia = LNFPMD ~ DB + (DB"2),
na.action

= na.omit)

data = FPMDARAIDE]ILSZ490.0TGxDENS

Coefficients:

. LN,

417



(Intercept)

1.821807 ©£.118183 -3.58085¢%

Degrees of freedom:
Residual standard error:

Call:

Im{formula
FEMDAALIOEL152450. 0TGxDENS. LN,

DB

60 total;

LNFPMD ~ DB +

I(DB~2)

= na.omit}

Ceefficients:

Value $td. Error
0.1847
0.5806
G.4323

{Intercept) 1.8218
DB 6.1182
I(pp~z2} -3.58098

Residual standard error:
Multiple R-Squared: (.8988
F-statistic:

Analysis of Variance Table

Response: LNFPMD

223.1 on 2 and 57 degrees of freedom,

(DB~21Y,
na.action

57 residual
0.0%448673

data =

t wvalue Pri{>it])

9.8653 0.0000
10.3556 0.0000
~8.,28440 0.0000

0.09448 on 57 degrees of freedom

Terms added seqgquentially {first to last}

Df Sum of Sg Mean Sg F Value
3.906134 2.806134 437.5277 C.Q00000e+Q00
68.6252 2.323919%e-011

D 1
I{DB"2} 1
Residuals 57

v =20°

ESPESSURA = 0,381mm

0.612668 0.612668
g.508881 0.008928
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Fitted : DB + (0BA2}
*+* Tinear Model ***
Call:
Im({formuia = V3 ~ DB + (DB"Z), data = FPMDAA30E(O3I8190.0TGxDENS.

na.action =

the p-value is O

LN,

418
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na.omit)

Coefficients:
(Intercept) DB I(DB"2)
0.82%86202 4.280746 -2.344965

Degrees of freedom: &0 total; 57 residual
Residual standard error: 0.09%543773

Call: Im(formula = V3 <~ DB + (DB"2), data = FPMDAA3OE038190: OTGKDENS. LN, -

na.action =
na.omit)

Coefficients:
Value Std. Brror t wvalue Pri{>|fl])

(Intercept) 0.82%96 0.18867 4.4444 0.0000
DB 4.2807 0.5%71 7.16%1 0.0000
I{DB~2) -2.3450 0.4371 ~53.365%2 0.0000

Residual standard error: 0.09544 on 57 degrees of freedom
Multiple R-Squared: 0.8622
F-statistic: 178.4 on 2 and 57 degrees of freedom, the p-value is 0

Analysis of Variance Table

Response: V3

Terms added sequentially {first teoc last)
Df 3sum of 3g Mean Sg F Value Pr{F}
DB 1 2.987549 2.98754% 328.0007 0.000C00e+000
1(DB"2) 1 0.2621%0 0.262190 28.7857 1.533844e~006
Residuals 57 0.518177 0.00%108

ESPESSURA = 0,762mm
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Fited : DE » (DB 2}

**= Tinear Model ***
Calli:



Im{formula = LNFPMD ~ DB + (DB"2), data = FPMDAA30EDT76290.0TGxDENS.LN,

na.actlion
= na.omit)

Coefficients:
{Intercept) DB I(DB"Z)
1.503326 3.630661 -1.96087

Degrees of freedom: &0 tetal; 57 residual
Rezidugl standard error:s0.1606076

Call: lm{formula = LNFPMD ~ DB + {DB"2), data =
FPMDAAIQEGTE290.0TGXDENS.ILN, na.action
= na.omit)

Coefficients:
Value Std. Error t wvalue Pr(>lt])
{(Intercept) 1.5033 G.3141 4.7857 0.00600
DB  3.6307 1.004s8 3.6132 0.0008
I{op~2)y ~1.9608 0.7355 -2.6660 0.0100

Residual standard errcr: G.1606 on 57 degrees of freedom

Multiple R-Squared: 0.6308
F-statistic: 48.7 on 2 and 57 degrees of freedom, the p-value is 4.64e-

013
Analysis of Variance Table
Response: LNFPMD
Terms added sequentially {first to last}
Df Sum of S5g Mean Sg F Value Pr{F)
DB 1 2.328920 2.328%20 $80.2863% 0.000000C060

T(DB"2) 1 0£.183333 0.183333 7.10737 0.008%71158
Residuals 57 1.470304 0.025785

ESPESSURA = 1,143mm
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Fitted - DB
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*=x Linear Model **+*
Call:
lm{formula = LNFPMD ~ DB, data = FPMDAA30E114390.0TGxDENS.LN, na.action =
na.omit)

Coefficients:
{Intercept) DB
2.45404% (.984278%

UDegrees 8T frEeedom: 60 totaly 58 residual
Residual standard errocr: 0.2020858

Call: lm{formula = LNFPMD ~ DB, data = FPMDAA3IOFRI143%90.0TGxDENS.LHN,
na.action = na.omit)

Coefficients:
Value 3Std. Error t value Pri{>iti}
{Intercept) 2.4540 0.08B42 25.1€15% 0.00Q00
DB 0.8843 0.1279 7.6980 0.0000

Residual standard error: 0.2021 on 58 degrees of freedom

Multiple R-Squared: 00,5054

F-statistic: 59.26 on 1 and 58 degrees of freedom, the p~value is 1.9&7e-
D10

Analysis of Variance Table
Response: LNFPMD
Terms added sequentially (first te last)
Df Sum of Sg Mean 3q F Value Pr(F}

DR L 2.42030% 2.420309 52.25928 1.967283e~010
Residuals 58 2.368877 0.040843

ESPESSURA 1,524mm

Residuals

28

29 i 31 3.2 33 34 35
Fitted : DB

**+ Tinear Mode] **+
Call:



Im(formula = LNFPMD ~ DB, data = FPMDAAR0E1S24%0.0TGxDENS.LN,

na.omit)

Coefficients:
{(Intercept} DB
2.489791 1.0404332

Degrees of freedom: 60 total; 58 residual
Residual standard error: 0.2368607

Call: lm(formula = LNFPMD
na.action = na.omit)

Coefficients:

~ DB, data = FPMDAAZOELIS2450.0TGxDENS.LN,

Value 3td. Errcor t value Pr{>|tl|}

(Intercept 2.4898 0.058

Residual standard errcr: 0.237 on 58 degrees of freedom

Multiple R-Sqguared: 0.4537

7 25,2330 05.060C

3
DB 1.0405 0.14838 6.94C3 0.00600

F-statistic: 48.17 on 1 and 58 degrees cf freedom,

009
Analysis of Variance Table
Response: LNFPMD

Terms added segquentially |

DEf Sum of Sg Mean Sgq F Value
DB 1 2.704662 2.704662 48.16817 32.69163=e-009

Residuals 58 3.256723 0.0

FORCA x (DENSIDADE + ANGULO DE ATAQUE + ESPESSURA DE CORTE)

first to last)

58150

422

na.action =

the p-value is 3.68%2e~
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*** Tinear Model ***
Call:
Im{formula = LNFFMD ~ DB +

28 3.0 35
Fitted : DB + E + AR+ (DBAZ) + (E°2) + (AAD)

E + AA + (DB"Z) + (E"Z)

FPMDO0. OTGxDENSESPAA. LN, na.action = na.omit)

4.0

+
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Coefficients:
{Intercept) DB E AL I(DB"2} IT({E"2} I{AA~2}
0.4616014 4.78879% 2.087821 0.9245664 —-2.709507 -0.6584463 ~4,134523

Degrees of freedom: 71% teotal; 712 residual
Residual standard error; 0.1711144

Call: Im(formula = LNFPMD ~ DB + E + AA + (DB"2) + (E"2) + (AA"2), data =

Coefficients:

Value 3td. Error & value Pr{>|t]}

{Intercept} 0.4616 0.1134 4.0710 0.0801
DB 4.7888 0.3031 15,4909 0.0000

E 2.0878 0.0851 24.5481 0.0000

B 0.824¢ 0.3133 2.9810 0.0033

I{DB"~2) -Z.7085 0.2262 -11.975¢9 0.0000
I{(E~2} ~0.6584 0.0440 ~14.6777 0.0000
I(AA~ZY  —4.1345 C.4442 ~-9.,32068 0.000¢

Residual standard errer: 0.1711 on 712 degrees of freedom

Multiple R-Squared: §.2043

F-statistic: 1121 on & and 712 degrees of freedom, the p-value is 0
Analysis of Variance Table

Response: LNFEMD

Terms added sequentially (first to last)
Df Sum of 3g Mean 3q F Value Pr(F

}

DB 1 36.60617 36.60617 1250.205 0

E 1 91.04994 91.049%4 3105.615 v

AR 1 56.04428 56.04428 1914.072 0

I{(DB"2) 1 4.17918 4.17918 142.731 o

T{E"Z) 1 6.536038 6.56038 224.056 0

I(AANZ) 1 2.53615 2.53615 86.617 o
Residuals 712 20.84745 0.02928




