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RESUMO 

0 presente trabalho teve como objetivo a determinaviio de modelos para predizer 

val ores das forvas de corte ortogonais (paralelas e normais) na madeira de eucalipto 

(citriodora, saligna e grandis) obtidos por NERI (1998), em funviio de tres pariimetros: 

densidade basica, espessura de corte da madeira, e iingulo de saida. Estes modelos foram 

obtidos para duas direv6es de corte (radiale tangencial), para dois tipos de corte (90-0 e 90-

90) e para valores maximos e medios das forvas envolvidas. Toda a analise foi baseada em 

resultados experimentais obtidos em fase anterior da pesquisa. Alem dos modelos, o 

trabalho analisou o comportamento das forvas nas direv6es tangencial e radial concluindo 

que as mesmas nao podem ser consideradas estatisticamente iguais. Finalmente, foram 

tambem calculados os angulos de saida ideais para a produvao de cavaco tipo II, no corte 

90-0, segundo 4 metodos 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 NERl (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 INTRODU<;:AO 

Dentre os recursos naturais utilizados pelo homem, a madeira foi, sem duvida, urn 

dos primeiros. Nos primordios, o homem ja utilizava a madeira para a confec<;ao de 

utensilios, armas para ca<;a, etc. Com a evolu<;iio do homem esta aplica<;:iio tambem evoluiu, 

passando, entao, a madeira a ser utilizada em aplica<;6es mais nobres, tais como fabrica<;ao 

de m6veis, estruturas para edifica<;:6es, pontes, etc. 

Com o advento de outros materiais tais como o a<;:o e o concreto armado, a madeira, 

em alguns paises, perdeu terreno devido a tres fatores principais: rna explora<;iio dos 

recursos, falta de conhecimento tecnologico adeguado as evolu<;6es alcan<;:adas para 

aplica<;iio da madeira, falta de tecnologia apropriada nas serrarias que processam a madeira. 

Estes fatores levaram a uma aplica<;ao err6nea das especies e a urn desperdicio 

muito grande de material em seu processamento, provocando preconceitos com rela<;iio a 

madeira, principalmente para fins mais nobres. 

No Brasil existe urn "modismo" com rela<;:iio a utiliza<;:iio de determinadas especies 

de madeira para fins moveleiros. Isto provoca a explora<;ao intensiva de uma determinada 

especie, agravando ainda mais os problemas de explora<;iio dos recursos fiorestais 

existentes. 

Nosso pais, possuindo extensas reservas florestais, nao procurou promover uma 

explora<;:iio organizada e racional destes recursos. Por Iongo tempo, nao houve preocupa<;ao 

em utilizar a madeira na sua mais vantajosa caracteristica - a de ser urn recurso renovaveL 

Desta maneira, as especies de reflorestamento, principalmente aguelas provenientes 

dos generos Eucalyptus e o Pinus, estao alcan<;ando, atualmente, importancia cada vez 
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maior na produs;ao madeireira brasileira. No entanto, ainda existe urn grande problema de 

aceitas;ao destes generos no mercado nacional, principalmente para fins de construs;ao. 

A determinas;ao das caracteristicas fisico-mecanicas das madeiras ex6ticas e do seu 

comportamento a usinagem sao requisites basicos para qualquer as;ao que vise a introdus;ao 

destes generos florestais no mercado nacionai. 

Grandes avans;os ja se deram no campo do conhecimento das propriedades fisico­

mecanicas destes generos arb6reos, mas, ainda existe uma grande falta de conhecimento no 

que diz respeito ao seu comportamento a usinagem Os procedimentos relatives ao 

desdobramento e beneficiamento sao realizados de maneira empirica, afetando diretamente 

a utilizavao racional e otimizada da madeira. 

E razoavel dizer que as espectes florestais, em funvao de sua densidade (por 

exemplo) irao consumir maior ou menor potencia das maquinas e ferramentas usadas nos 

processes de usinagem e, ainda, apresentar graus de acabamento superficial tambem 

diferentes. 0 conhecimento das forvas desenvolvidas durante o corte da madeira e de 

fundamental importancia para que se projete corretamente as unidades que irao compor 

uma fabrica, serraria ou industria, em fun<;:ao, por exemplo, da especie utilizada, evitando­

se o super ou sub-dimensionamento da potencia necessaria. Em fun<;:ao do grau de 

acabamento exigido, pode-se predizer tambem a necessidade ou nao de urn segundo 

processamento numa linha de beneficiamento ou produ<;:ao. 

As for<;:as de corte dependem de varios parametros do processo de usinagem, tais 

como: o material usinado (no caso, a especie florestal), os angulos da ferramenta e sua 

afia<;:ao, a profundidade do corte, etc. 

A literatura tecnica mencwna, com freqiiencia, perdas na produ<;:ao de madeira 

serrada, em grande parte devido a falta de informa<;:6es sobre o seu comportamento a 
usinagem. A realidade das serrarias brasileiras mostra com clareza a grande necessidade de 

conhecimento tecnico apropriado evitando os grandes desperdicios hoje existentes e a baixa 
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qualidade do material processado A precaria situas;ao das maquinas e a forma artesanal de 

processamento, hoje existentes, contribuem ainda mais para agravar os problemas nas 

operas;oes de corte da madeira. 

· Tens6es de crescimento presentes nas especies de reflorestamento, tais como os 

Eucaliptos, dificultam seu processamento. A aplica<;:ao de tecnicas mais adequadas de corte 

poderia reduzir em muito os efeitos negativos provocados pelas caracteristicas particulares 

destas especies. 

Para se conhecer a aptidao da madeira aos diferentes processos de corte, urn dos 

pariimetros fundamentais a estudar sao as fors:as de corte implicadas durante a usinagem. 

Tal conhecimento e requisito basico para a compreensao e posterior otimiza<;:ao do processo 

de usinagem. 

0 presente trabalho e parte de urn projeto mais amplo na area de usinagem, e visa 

contribuir para o melhor entendimento das for<;:as desenvolvidas durante o corte ortogonal 

da madeira de eucalipto. 0 entendimento do comportamento das for<;:as de corte podera 

contribuir para a otimiza<;:ao dos processos de desdobramento e beneficiamento deste 

genero vegetaL 

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

pesquisa foram 

I - obten<;:ao de modelos que representem a tendencia da varia<;:ao das for<;:as de corte 

obtidas em ensaios experimentais, a partir dos pariimetros: iingulo de saida, espessura de 

corte e densidade basica da madeira; 

2 - compara<;:ao entre as for<;:as de corte obtidas nas dire<;:6es radial e tangencial. 

3 - determina<;:ao do itngulo de saida ideal no corte 90°-0°, utilizando-se as for<;:as de corte 

obtidas em ensaios experimentais; 



2 REVISAO BIBLIOGRAFICA 

2.1 0 Eucalipto 

Embora nao se possa afirmar com precisao a data e o local de introdu<;:i'io do 

eucalipto no Brasil, segundo relatos hist6ricos pode-se inferir que o mesmo foi cultivado 

inicialmente em Sao Paulo e,a seguir, no Rio Grande do Sui (ANDRADE, 1904) 

No inicio deste seculo, o eucalipto foi plantado como arvore decorativa. A 

sistematiza<;:ao da cultura no Estado de Sao Paulo e o inicio de estudos experimentais deveu­

se a Cia Paulista de Estrada de Ferro. 

Ac"<TIRADE (1904) iniciou estudos comparativos do desenvolvimento de essencias 

indigenas e ex6ticas no Horto de Jundiai-SP. Nesse ensaio, os eucaliptos se avantajaram de 

tal forma em compara<;:ao as demais essencias, que a Cia Paulista de Estradas de Ferro 

decidiu intensificar a cultura do eucalipto na regii'io de Rio Claro, em 1909. 
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Alem de Sao Paulo, existem extensas plantas;oes de eucalipto nos seguintes estados: 

Minas Gerais, Rio Grande do Sui, Pernambuco e Rio de Janeiro. Nos demais estados do 

Brasil ha plantas;oes dessa essencia em menor escala. 

RAMOS (I 973), mencionou que a utilizac;:ao da madeira serrada de eucalipto para a 

construc;:ao e mobiliario seria mola propulsora de uma verdadeira revolus;ao nas serrarias 

brasileiras. 

Urn dos paises que detem a tecnologia de ponta em relac;:ao ao beneficiamento da 

madeira de eucalipto e a Africa do Sui, onde essa especie foi introduzida devido a extins;ao 

de madeiras nativas de sua pequena reserva florestaL 0 reflorestamemto, segundo RA.l\10S 

(1978) se deu usando novas tecnicas orientadas pelo Dr. Ian J.Craib. Esta tecnica, 

objetivava a produ<;:ao mais econ6mica de madeira de qualidade. 

Tal como ocorreu na Africa do Sui, no Brasil a madeira serrada de eucalipto tern 

condic;:ao de ser empregada, sem prejuizo algum, em termos de qualidade, para as mesmas 

finalidades que se empregam, no Brasil, as madeiras de lei, o que ja vern ocorrendo em 

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

2.2 Propriedades que interferem na usinagem 

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

a madeira e as ferramentas de corte. 

Com relas;ao a madeira menciona-se: 
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2.2.1 Pianos de corte 

A madeira apresenta caracteristicas diferenciadas, quanto as propriedades fisicas e 

mecanicas, nos tres pianos de corte transversal, tangencial e radial. Estes pianos sao 

definidos 

a) Plano transversal 

0 plano transversal e 0 plano perpendicular a direc;:ao das fibras e ao eixo principal 

do caule da planta 

b) Plano tang en cia! 

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

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

c) Plano Radial 

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

de crescimento, passando pela medula da planta 

Tendo em vista que a usmagem da madeira depende de suas caracteristicas 

mecanicas, a anisotropia observada nos pianos de corte ten\ consequencias sobre as forc;:as 

de corte envolvidas no seu processamento 

KIVIJ'vlAA (1950) observou que durante o corte efetuado na dire<;:ao dos raios, as 

forc;:as paralelas sao aproximadamente 12% maiores que quando o corte e efetuado 

perpendicularmente aos raios. 



As definiv5es dos pianos de corte da madeira podem ser visualizadas na Figura 2.1 

PLANO 
TANGEN 

TRANSVERSAL 

Figura 2.1. -Pianos de corte da madeira 

2.2.2 Propriedades Mecanicas 

7 

Durante a usinagem da madeira e muito importante considerar as propriedades que 

determinam a natureza da ruptura, ou seja, o modulo de elasticidade e o limite de 

resistenca. Os fatores que afetam a resistencia mecanica da madeira e, conseqiientemente, 

os parametros relacionados a usinagem, sao: teor de umidade; temperatura e densidade. 

A madeira, retirada de arvore recentemente abatida possui teor de umidade 

variando de 40 a 140% confonne a especie. Nestas condi.;:oes e designada "madeira verde" 

ou saturada. Logo ap6s o abate e o desdobro, a agua come<;:a a migrar da madeira pois o ar 

quando seco e :l.vido de umidade. A agua evapora-se facilmente ate o ponto de satura.;:ao, 

quando o teor de umidade varia de 25 a 30%, dependendo da especie; e e definido como 

umidade limite, acima da qual existe agua livre e abaixo da qual apenas agua de 

nnpregnayao. A partir do ponto de saturavao o processo de evapora<;:ao da agua continua, 
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mais lentamente, ate atingir a umidade de equilibria com as condi.yoes do ambiente, sendo a 

madeira denominada, entao, de "seca ao ar". 

Umidades abaixo do ponto de satura.yao das fibras afetam a resistencia mecanica da 

madeira, e por conseguinte, tambem as fon;as desenvolvidas no processo de usinagem. 

Alguns processos de usinagem sao realizados com a madeira apresentando umidade acima 

do ponto de satura.yao e outros com a madeira seca sen do, portanto, importante ter-se o 

conhecimento da usinagem em ambas as condi<;oes. 

KOCH (1964) enumerou duas razoes pnnc1pars para se estudar o efeito da 

temperatura no processo de usinagem: 

• durante o processo de usinagem ocorre a gera.yao de certa quantidade de calor; 

• alguns processos utilizam a varia.yao da temperatura da madeira para facilitar o corte. 

Tendo em vista que a temperatura e os tratamentos tennicos dados a urn material 

podem ter urn efeito permanente sobre suas propriedades mecanicas, e importante que se 

quantifique tais efeitos. 

A densidade basica e uma das propriedades mais significativas na caracterizas;ao das 

madeiras e, e urn fator que, conjuntamente com os ja citados (tear umidade e temperatura), 

certamente ira afetar os processos de usinagem. 

Diversos pesquisadores apresentaram consideras;oes a respeito da influencia da 

densidade nas propriedades mecanicas da madeira. Sendo assim, espera-se que exista 

tambem uma relayao entre a densidade e as fors;as que se desenvolvem durante o corte da 

madeira. 
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2.2.3 Geometria da ferramenta de corte 

WOODSON & KOCH (1970) definiram as caracteristicas relacionadas it ferramenta 

de corte. Salienta-se que a terrninologia utilizada por estes autores difere da terrninologia 

utilizada neste trabalho, tendo em vista que optou-se pelas recomendas:oes das Norrnas 

Brasileiras NBR 6162 e NBR 6163. 

Angulo de saida ( y ) ( ou iingulo de ataque a das referencias citadas) 

E o iingulo entre a superficie de saida da ferramenta de corte e urn plano 

perpendicular i superficie usinada. 0 iingulo de saida define, juntamente com outros 

pariimetros, tais como a resistencia da madeira e a espessura de corte, o tipo de cavaco 

forrnado. Normalmente a fon;;a de corte decresce com o aumento de saida (WOODSON & 

KOCH, 1970; NERl, 1998). Tendo em vista que varios sao os fatores que influenciam na 

intensidade da fors:a e na qualidade da superficie usinada, para cada especie haveni uma 

faixa 6tima para o iingulo de saida. 

Angulo de folga ( a ) ( ou iinguio de folga y das referencias citadas) 

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

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

Angulo de cunha da ferramenta (13) 

0 iingulo da ferramenta e o iingulo entre a superficie de saida da ferramenta e 

superficie de folga da cunha de corte Este iingulo relaciona-se com a resistencia da 

ferramenta de corte ao choque e it abrasao. 
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2.2.4 Grandezas de corte 

Os autores WOODSON & KOCH (1970) definiram ainda, parametros re1acionados 

ao processo de corte: 

Espessura de corte (h) 

A espessura de corte h e a espessura calculada do cavaco a ser removido, tendo em 

vista que a espessura real do cavaco varia durante o corte. Esta espessura e medida 

normalmente it superficie de corte e segundo uma perpendicular it direo;:ao de corte. 

Largura de corte 

A largura do corte e a largura da se<;iio transversal do cavaco. No corte ortogonal 

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

Orientacao das fibras em relacao ao corte 

A orientao;:ao das fibras em relao;:ao ao corte pode ser medida pelo iingulo entre as 

fibras e a direo;:ao de corte. Tendo em vista que a orientao;:ao das fibras em relao;:ao ao esforo;:o 

exerce grande influencia na resistencia, as foro;:as implicadas durante a usinagem sao tambem 

afetadas. 

Os materiais is6tropos possuem as mesmas propriedades nas tres direo;:oes principais. 

Este e o caso dos metais, plasticos, etc. A madeira e considerada anisotr6pica, pois suas 

propriedades sao diferenciadas nas tres direo;:6es principais (HA YGREEN. & BOWYER, 

1989). 

Na direo;:ao paralela as fibras as propriedades da madeira diferem muito das 

propriedades na direo;:ao perpendicular its fibras. 
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Afiar;ao da ferramenta de corte 

DINIZ et aL ( 1999) definiram tempo de vida da ferramenta como o tempo efetivo de 

trabalho, dentro de criterios previamente estabelecidos. Ap6s este tempo, a ferramenta deve 

ser novamente afiada. 

Segundo os autores, diversos sao os fatores que permitem a fixas:ao de criterios 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; 

quando nao permita mais a obtens:ao de boa qualidade de acabamentos superficiais da pe<;:a, 

devido ao desgaste da ferramenta na superficie de folga, fator este, critico em opera<;:5es de 

acabamento; quando a temperatura da aresta, durante o corte, ultrapassa a temperatura 

limite, na qual a ferramenta perde o fio de corte (a aresta se decomp5e) e ainda, quando o 

aumento da fors;a de usinagem, proveniente dos desgastes elevados da ferramenta, interfere 

no funcionamento da maquina. 

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

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

ferramenta de corte, durante urn processo de usinagem. A espessura do mesmo e, 

geralmente, pequena. 

A fors:a de atrito e funs;ao do tipo de cavaco, sendo pouco afetada pela rugosidade 

na face da ferramenta. Esta fors:a sofre menor varias:ao em relas;ao ao angulo de saida e 

espessura do cavaco, quando comparado com o tipo de cavaco e com a especie de madeira. 

A estrutura anat6mica da madeira e, entao, fator determinante na magnitude da fors;a de 

atrito (GDN(:ALVES & RUFFINO, 1993). 
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Vibracao lateral 

A vibra<;ao lateral pode ocorrer em conseqiiencia da orienta9ao particular das fibras 

em rela9ao ao corte, quando as mesmas nao se mostram perfeitamente alinhadas (fibras 

retorcidas, desviadas, etc). 

A Figura 2.2 apresenta esquematicamente os angulos, largura e espessura de corte 

definido e tambem o cavaco. 

G:= jngulo c'.e tOlga 

iS = ll.ngulo de cun..'H. 

i) = 'll\:,~v de saida 

l1 = ~spessura de coorte i espess1.tra 

calculada do cavaco 

b = [argura de c:orte 

2.3 Corte 

Figura 2.2 - Angulos de corte e componentes da forca 

(Adaptada de WOODSON & KOCH, 1970) 

0 corte convencional e definido como sendo a a9ao da ferramenta de corte sobre 

uma pe<;a de madeira, produzindo cavacos de dimensao e espessura variaveis. 0 tipo destes 

cavacos depende da geometria da ferramenta, do teor de umidade da madeira e do 

movimento da ferramenta com rela9ao a orienta<;ao das fibras. 



Segundo HERNANDEZ (1998) o corte periferico e produzido de maneira rotativa. 

Os cavacos sao fonnados pela intervenyao intennitente das ferramentas nas pe.;;as de 

madeira; estas ferramentas (facas) sao instaladas em wn suporte rotativo. 

A superffcie final e fonnada pelas marcas da ferramenta, geradas pela interven<;iio 

sucessiva de cada faca 

As maqumas que trabalham sob o sistema de corte periferico sao: plainas, 

desengrosssadeiras, serras circular, confonne Figuras 2.3 e 2.4. 

Figura 2.3 - Plaina ou desengrosso 

Figura 2.4 - Serra circular 
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0 corte periferico apresenta duas classifica.,:oes trabalho em concordancia e corte 

em oposi<;:ao No trabalho em concordancia o deslocamento da pec;a a ser usinada e a 

trajet6ria da ferramenta de corte tern o mesmo sentido, enquanto, no corte em oposi.,:ao, a 

dire.,:ao de alimenta<;:ao da pe<;:a e oposta a trajet6ria da ferramenta de corte, sendo este 0 

tipo de corte mais usual. 

No corte em oposi<;:ao, o movimento do conjunto da pe<;:a a ser usinada e da 

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

Quando 0 fio de corte da ferramenta e perpendicular a dire<;:ao do movimento da 

pe<;:a de madeira tem-se o corte ortogonal. A superficie obtida e urn plano paralelo a 

supert!cie original. 0 corte ortogonal e urn caso particular de usinagem periferica, onde o 

diametro do suporte das facas tende a infinito 

McKENZIE (1960) definiu uma nota.,:ao para o corte ortogonal com a utiliza9ao de 

dois numerais. 0 primeiro e o angulo entre a aresta da ferramenta de corte e a fibra da 

madeira, e o segundo e o angulo entre a direc;ao de corte e a fibra da madeira. Desta 

maneira, ficam definidos tres tipos de corte (90°- 0°), (90°- 90°) e (0°- 90°). A Figura 2.5 

de HOADLEY (1980) mostra, esquematicamente, os tres tipos de corte definidos 



CORTE 90"-90' 

C:OR TE 0' -90' 

Figura 2.5- P1incipais tipos de corte ortogonal 
(Adaptada de Hoadley, 1980) 

15 
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Os tipos de cortes definidos, teoricamente, podem ser associados as ferramentas de 

corte convencionalmente utilizadas na ind{tstria madeireira, conforme esquematizado nas 

Figuras 2.3, 2.4 e 2.6. 

Figura 2.6 - Serra de fita 

2.4 For~as de corte 

A usinagem tradicional e urn processo baseado na tensao de ruptura. A tensao e 

imposta a madeira por ac;ao humana ou mecilnica,manual ou automatica, com ajuda de uma 

ferramenta de corte. A orientavao e a direc;ao da forya sao controladas pelo tipo de 

ferramenta de corte e pela atuac;ao do operador ou da maquina. 

A direvilo do movimento e a fonna da ferramenta determinam o desenvolvimento 

de tensoes impostas a madeira e, conseqiientemente, a maneira como vai ocorrer a ruptura 

ou "corte". 
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Estes modos de ruptura serao, portanto, variados, pois, a ferramenta de corte tern 

sua geometria particular, assim como a madeira tern suas propriedades fisicas e mecanicas 

particulares. 

Dois fat ores principais influenciam a ruptura 

• A superficie de corte (A), que deve ser suficientemente pequena para que a for(:a aplicada 

(F), atraves da ferramenta, possa causar uma tensao (F/A) superior a resistencia da madeira; 

• A condi<;:ao da madeira com rela<;:ao a umidade, temperatura, presen<;:a de defeitos, etc. 

2.5 Terminologia 

Ainda nao existe, no Brasil, uma norrna de usinagem de madeiras. Desta forrna, e 

importante definir a terminologia utilizada no trabalho A Figura 2. 7 iiustra as defini<;:6es 

apresentadas. 

Fa- fon;:a de atrito- for<;:a entre a superficie da ferramenta de corte eo cavaco produzido; 

F p - for<;:a paralela: componente que age paralelamente ao movimento relativo da 

ferramenta; 

Fn - for<;:a normal componente perpendicular a fon;a paralela e perpendicular a superficie 

gerada; 

R - resultante das componentes normal e paralela R representa a soma da fon;:a normal com 

a for(:a paralela; 

p - angulo da for<;:a resultante: angulo no qual a tangente e igual a forya norrnal dividida pela 

for<;:a paralela; 



N- For9a normal de atrito ocorre na interface entre a ferramenta de corte e o cavaco; 

'A- angulo entre aRe a for9a normal de atrito N: angulo no qual a tangente e igual a 

for9a de atrito dividida pela for9a nonnal de atrito; 

Fp = forqa paralela 

Fn = forr,a normal 

R = re sultante 

F = for•; a de atrito 

N = ~orp norrnal de atnto 

Figura 2. 7 - Angulos de corte e componentes da forp 

(Adaptada de WOODSON & KOCH, 1970) 

2.6 Corte ortogonal 90'-o' 
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0 tipo de cavaco, mais do que sua forma, determina a qualidade da superficie 

gerada na usinagem da madeira. FRAl"!Z (1958) realizou um estudo de corte ortogonal 

(90° -0°) e classificou tres tipos de cavacos I, II e III: 

Fn 
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• Cavaco tipo I 

Formado quando as condic;oes de corte sao tais que a madeira rompe por 

fendilhamento, em plano a frente da ferramenta de corte, e o cavaco se separa como uma 

viga engastada (Figura 2. 8) 

Etapas de formac;ao 

a) compressao paralela as fibras; 

b) abertura de fenda a frente da aresta de corte da ferramenta; 

b) ruptura por fendilhamento, seguindo a direc;ao das fibras, 

d) o fendilhamento continua ate que os esforc;os de flexao se tornam o fator limitante, e o 

cavaco se quebra como se fosse uma viga engastada, 

e) urn outro ciclo se inicia. 

No caso deste tipo de cavaco, a relac;ao entre a resistencia ao fendilhamento, a 

rigidez e resistencia it flexao da madeira, condicionam o comprimento do cavaco. Madeiras 

com teor de umidade elevado podem produzir cavacos mais longos. 

Os fatores que favorecem a formac;ao de cavacos do tipo I sao: 

• baixa resistencia ao fendilhamento combinada com elevada resistencia a flexao; 

e espessura de cavaco grande; 

• elevado itngulo de saida (y > 25°); 



20 

• baixo coeficiente de atrito (i-t) entre o cavaco e a face de ataque da ferramenta de corte; 

e baixo teor de umidade. 

Podem tambem ser citadas algumas caracteristicas do cavaco tipo I: 

® fragmenta<;ao da fibra; 

• baixo requerimento de energia, tendo em vista que a madeira tern pouca resistencia a 

trayao perpendicular as fibras, ou ao fendilhamento perpendicular; 

• baixo desgaste da ferramenta de corte, pois 0 fio da ferramenta de corte nao e muito 

solicitado, ja que a ruptura se produz a frente do mesmo (Figura 2. 8 ); 

• for<;a de corte nonnal (Fn) negativa, independentemente da espessura do cavaco e da 

umidade da madeira. 

Figura 2.8- Cavaco !ipo I - Adaptada de WOODSON & KOCH (1970) 
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e Cavaco tipo II 

Fonnado quando a ruptura da madeira se produz ao Iongo de uma linha que se 

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

cisalhamento eo cavaco e continuo (Figura 2,9), 

Este tipo de cavaco se fonna em condic;:oes limitadas, A ferramenta deforrna a 

madeira a sua frente, em compressao paralela, e provoca tensoes de cisalhamento 

diagonais, A medida que o corte avanc;:a, e forrnado urn cavaco continuo e levemente 

espiralado, 0 raio desta espiral aumenta a medida que a espessura do cavaco aumenta, 

Existe uma continuidade na forrna<;:ao deste tipo de cavaco, que e o tipo ideal do ponto de 

vista de qualidade de superficie forrnada na usinagem, 

Fatores que favorecem a fonnac;:ao do cavaco tipo II: 

* pequenas espessuras de corte; 

* teores de mnidade intermediaries; 

® angulos de ataque variando de 5° a 20° 

A demanda de energia e interrnediaria entre aquelas requerida pelos cavacos dos 

tipos I e III. 

Ferramenia de 
Corte 

Figura 2.9- Cavaco tipo ll- Adaptada de WOODSON & KOCH (1970) 
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@Cavaco tipo III 

F on;:as de corte produzem rupturas por compressiio paralela e cisalhamento 

longitudinal na madeira a frente da aresta da ferramenta de corte. 0 cavaco e sem forma 

definida e reduzido a fragmentos (Figura 2.1 0) 

0 cavaco tipo III e formado de maneira ciclica, tern dificuldade de se desprender da 

face de saida da ferramenta e e, entao, compactado contra esta face. Tens5es sao 

transferidas as outras superficies da madeira, que por sua vez, serao tambem compactadas 

iniciando outro ciclo. 

Fatores que favorecem a forma:;:ao do tipo III 

@ pequenos angulos de saida (y); 

~ fio de corte da ferramenta muito desgastado; 

Q coeficiente de atrito elevado entre o cavaco e a face do instrumento cortante; 

s elevado teor de umidade 

Este tipo de corte provoca defeito na superficie, apresentando uma textura que se 

assemelha a pelucia. Este tipo de defeito e produzido porque a ruptura da madeira se da 

abaixo do plano de corte e, igualmente, porque a ferramenta de corte deixa os elementos 

anatornicos da madeira cortados de maneira incompleta na superficie 
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Figura 2.10- Cavaco tipo ill-- Adaptada de WOODSON & KOCH (1970) 

STEWi\RT (1977) propos wn metoda para predizer a forma<;:iio de cavacos do tipo 

II Este metoda estimou o angulo de saida (y) em corte ortogonal, com base no coeficiente 

de atrito (~-t) desenvolvido durante o corte. Este coeficiente (~t) pode ser estimado a partir 

das foryas de corte Fp e Fn atraves da expressiio: 

I"= tang (arc tang (Fn/Fp) + y) ... .. (2.1) 

Esta relaviio foi obtida para y variando entre 15° e 45°. Segundo FRAl'\fZ (1958), 

cavacos do tipo II sao obtidos quando a fon;:a normal de corte Fn e proxima de zero ou 

ligeiramente negativa. STEWART ( 1977) fez, entiio, a hip6tese de Fn igua1 a zero, o que 

transforma a equayiio (2.1) em: 

!-'=tangy .. (2.2) 

Desta maneira, se y tor igual ao arco tangente do coeficiente de atrito (~-t), o iingulo 

de ataque pode ser estimado a partir deste ultimo. 

WOODSON ( 1979) determinou as fon;as de corte ortogonal para 22 especies de 

madeiras dicotlled6neas, e utihzou estes valores como parametros para estimar o iingulo 

ideal de ataque para obten<;iio de cavacos do tipo II. 
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0 autor, por outro !ado, notou que os coeficientes de atrito calculados a partir da 

equa<;:ao (2.2) sao maio res do que aqueles observados por medidas experimentais ( dinfunicas 

e estaticas). Uma das razoes admitidas para esta diferen<;:a e que, durante o processo de 

corte, existe urn rebaixamento da superficie, devido a dois fatores uma deforma<;:ao plastica 

do cavaco formado e devido a pressao da ferramenta de corte sabre a superficie de saida. 

STEWART (1977) demonstrou que a forma<;:ao dos cavacos pode ser relacionada 

com as propriedades mecil.nicas da madeira, obtidas atraves de ensaios estilticos. 

FRA.~Z (1958) desenvolveu uma tecnica para calcular de mane1ra aproximada o 

angulo de saida ideal. Sua tecnica demonstrou que o valor aproximado do angulo otimo no 

corte ortogonal pode ser tambem obtido indiretamente atraves de regressao, envolvendo as 

propriedades mecil.nicas da madeira e o coeficiente de atrito no corte (f.!). A tecnica 

relaciona as propriedades de resistencia (tra<;:ao normal its fibras e modulo de resistencia it 

flexao) diretamente ao angulo de ataque atraves da expressao simp!ificada do coeficiente de 

fric<;:ao (f.!) 

Segundo o autor as propriedades mecanicas que se relacionam mms 

significativamente com a forma<;:ao dos cavacos foram a compressao paralela its fibras, o 

cisalhamento paralelo its fibras e a tra<;:ao paralela its fibras Anillises pn\vias demonstraram 

que a flexao ( ruptura como viga engastada) e a tra<;:ao perpendicular as fibras foram fat ores 

limitantes na forma"ao do cavaco. Alem destes, o modulo de ruptura it flexao (MOR) 

tambem mostram intera<;:ao com as propriedades de resistencia no processo de corte. Sendo 

assim, o aut or optou por relacionar o coeficiente de fric<;:ao (f.!) com a rela<;:ao entre a 

resistencia it tra<;:ao perpendicular as fibras (T) eo modulo de ruptura em flexao estatica (R). 

Atraves de metodos estatisticos, o autor sugeriu o modelo 

(2 3) 



25 

onde "a" e "b" sao constantes. 

A analise de regressao foi realizada a partir das propriedades de resistencia e do 

coeficiente de atrito, para tres especies de madeira (sugar pine, yellow birch e white ash), em 

tres condiv5es de umidade (1,5%, 8% e saturada). 

As regressoes lineares e coeficientes de correlaviio estao apresentados na Tabela 2.1. 

Tabela 2.1: Determina~iio do coeficiente de atrito (J-L) (FRANZ, 1958) 

U(%) MODELOS R 

L5 ;t=0.25+5.72(T/R) 0,97 

8,0 ;t-0,29+2.8J(T/R) 0,99 

SATIJRADO ;t=0,95-6,05(T/R) 0,97 

Investigay5es iniciais de FRANZ (1958) mostraram tambem que valores elevados de 

compressao normal produzem val ores elevados de coeficiente de fricyao (~) A agua e 

talvez os extrativos podem servir tambem para lubrificar a ferramenta de corte e provocar 

variaviio nas fon;:as de atrito. 

0 coeficiente de atrito e, em essencia, independente do iingulo de saida e da 

espessura no corte ortogonal paralelo as fibras. 0 coeficiente de atrito aumenta levemente 

com o aumento do iingulo de saida ate 60° e decresce levemente com o aumento da 

espessura de corte. Muitos estudos demonstraram esta tendencia ate o valor de 45° Todos 

os estudos demonstram tambem que estas modificav5es sao minimas com os iingulos de 

saida variando entre 15° e 45°,e comevam a decrescer lentamente de 15° a 0° A maior parte 

dos processos industriais de corte trabalha com iingulos de saida entre 15° e 4 5° Portanto, 

uma tecnica para predizer o iingulo de saida ideal deve ser aplicavel neste intervalo. 
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2. 7 Corte ortogonal 90" -90" 

0 corte ortogonal (90° - 90°) e de grande interesse pnitico, tendo em vista que este 

tipo de corte e o realizado pela serra de fita de corte longitudinal (KOCH, 1985). 0 corte 

longitudinal da serra fita e urn caso especial de 90°-90° A serra fita in corpora apenas parte 

da largura do elemento de corte, ou seja, a trava do dente, que e mais estreita que a parte de 

madeira a ser cortada. Desta maneira, alem da forma~ao do cavaco, o dente deve separar e 

cortar as faces laterais para poder passar livremente dentro da ranhura de corte. Para evitar a 

fric~ao 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 condi9ao de corte se aproxima ao tipo 90°-90' quando 

a serra e utilizada em sua maxima altura, ou seja, quando a serra corta o mais proximo 

passive! da sua parte central. No entanto, quando a serra e ajustada para fazer uma ranhura 

rasa, os dentes da mesma serra trabalham em uma situa~ao de corte proxima ao tipo 90°-0° 

(HOADLEY, 1980) 

WOODSON (1979) indicou que, para as madeiras folhosas, cavacos uniformes e 

com faces de qualidade sao obtidos com utiliza9ao de angulos de saida elevados (30° a 

40°). Angulos de saida pequenos associados a madeira com baixa urnidade produzem 

superficies de baixa qualidade. 

2.8 For9as de corte na madeira de Eucalipto 

NERl (1998), apresentou os resultados de for~a de corte (paralelas e norrnais) 90'-o' 

e 90'-9o' em fun~ao de diversos parametros. Tendo em vista que, este trabalho foi a 

referencia basica para o trabalho de disserta9ao ora apresentado, a metologia de obten9ao 

das for~as e seus principais resultados serao descritos detalhadamente. 
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0 autor utilizou madeira de eucalipto das especies Eucalyptus citriodora, 

Eucalyptus saligna e Eucalyptus grandis. Estas foram adotadas na tentativa de abranger 

uma gama de densidades basicas que permitissem uma posterior adequa<;:ao as classes de 

densidade de basica da ~'BR 7190/97. 

Utilizou ainda o autor, urn dinamometro de aneis ortogonais; fresadora provida de 

mesa com movimento vertical e horizontal, computador e PC provido com placa de 

aquisi<;:ao de dados (Strawberry mini-16), facas e dentes adaptadas para os diferentes 

imgulos estudados 

A metodologia para a obten<;:ao dos corpos-de-prova foi a de utilizar urn total de 16 

pe<;:as de se<;:ao 120 mm por 120 mm cortadas de tres iuvores das tres especies estudadas. 

Corpos-de-prova, para medida de for9as de corte e densidade, foram preparados de maneira 

a apresentar a obten<;:ao da medida da for<;:a de corte 90°-0° e 90°-90° e, tambem, para a 

medida de densidade. Para o adequado estabelecimento das rela<;:oes entre os diferentes 

pariimetros estudados os corpos-de-prova foram retirados de maneira pareada (Figura 2.11 ). 

Alem disto, dois tipos de orienta<;:oes de corpos-de-prova foram preparados destas pe<;:as: 

tangencial e radial. As dimensoes dos corpos-de-provas foram de 6 mm ( dire96es radial ou 

tangencial) por 75 mm (dire96es radial ou tangencial) por 75 mm (longitudinal). Estes 

corpos-de-prova foram conservados no estado verde durante os ensaios de for9a de corte e 

densidade. Urn total de 20 corpos-de-prova radiais, 20 tangenciais e 20 para a densidade 

foram obtidos para cada especie. 
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Corpo-de-pro'"·'-

Figura 2.11 - Exemplo de prepanu;iio de corpos-de-prova tangencial 

Os ensaios para a medida das fon;:as de corte foram realizados na dire<;:oes 90°-0° e 

90°-90°. Em ambos os casos, quatro espessuras de corte foram utilizadas: 0,38; 0,76; 

1, !4 e 1,53mm (0,015; 0,030; 0,045 e 0,060polegadas). Os angulos de saida utilizados 

foram 20°, 30° e 40° para o corte 90°-90° e 10°, 20° e 30° para 90°-0°. A velocidade de 

corte foi de 30 mm/minuto. Duas passadas sucessivas foram efetuadas para cada 

espessura de corte. Durante o ensaio de corte, as for<;:as foram simultaneamente 

registradas nas tres dire<;:oes principais, chamadas de dire<;:oes paralela, normal e lateral, 

utilizando o dinamometro de aneis ortogonais e a carta de aquisigao de dados. A taxa 

de aquisi<;:iio de dados foi fixada em 25 pontos/segundo. Atraves destes dados, calculos 

foram feitos para obter as forvas de corte maximas, medias e minimas. Para o corte 

90°-0°, os tipos de cavacos e a qualidade da superficie de corte foram registradas para 

cada ensai o. 

Os resultados das fon;as de corte, na condi<;iio verde, apresentam os valores em 

kgf/mm das for<;as maxima, media e minima nas dire<yoes normal, lateral e paralela para 

cada condi<;:iio de corte. Estas condi96es incluem as tres especies de madeira (£. 

citriodora, £. grandis e £. sa/igna), tres :ingu!os de saida (na dire9ii0 90'-0' anguios 10·', 
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20' e 30°; para dire<;ao 90'-9o' angulos de 20', 30' e 40° ), quatro espessuras de corte e os 

dots tipos de corpos-de-prova (radial e tangencial). Os valores das for<;:as de corte 

maxima, mediae minima, foram obtidas do tratamento de graficos provenientes da carta 

de aquisi<;ao de dados, e cujo exemplo e mostrado na Figura 2.12. 

g. 

s 

7 

Gri!lico 1 -Corte 90-D targencial. 
eucal1pto saligna a =300 1a passada 

Des!ocarrento de corte ( rrm) 

-·¢---F. normal ---<>--F.Iateral -.A:------ F. paralela 

Figura 2.12- Exemplo de grafico obtido atraves carta de aquisi~ao de dados 

{Adaptada de NERI (1998)] 

Para o corte na dire<;:ao 90'-o', l\i'ERI(l998) concluiu que as relayiies obtidas entre a 

for<;:a de corte e a espessura, e entre a forya de corte e a densidade, nao tiveram 

comportamento linear para todos os casos. Isto pode ser explicado pelos diferentes tipos de 

cavacos formados, os quais afetaram as for<;:as geradas. 

Concluiu ainda, o autor, que a for9a para!ela aumentou como aumento da espessura 

de corte. Esse efeito aumentou com decrescimo do angulo de saida e, em geral, a for9a de 

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

utilizado. 

0 efeito da espessura de corte na for<;:a nonnal foi dependente do angulo de saida. 
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Para o corte na dires;ao 90°-90°, 1'-.'ERI (1998), concluiu que a fors;a paralela 

aumentou com o aumento da espessura de corte e que este efeito tambem aumentou com o 

decrescimo do il.ngulo de saida. A fon;:a paralela decresceu com o aumento do il.ngulo de 

saida. 

NERI (1998) indicou que o efeito da espessura de corte na fors;a paralela mostrou 

ser mais importante para as especies de eucalipto, do que para outras dicotiled6neas 

provenientes de regioes temperadas. 

A fors;a paralela aumentou com o aumento da densidade. Este efeito foi mms 

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

2.9 Modelos obtidos para for~as em corte ortogonal 

BLAPAIN (1966) determinou a fors;a especifica de corte em Newton (N) necessaria 

para arrancar urn cavaco ou fatia do material cortado de 1 mm2
, mediante a atuas;ao de uma 

ferramenta de corte cuja qualidade e caracteristicas geometricas, implicam na fors;a de corte. 

P=K. Sa (2.4) 

On de 

K = constante que depende das condis;oes de corte (propriedades mecanicas do 

material, il.ngulos de corte, relas;ao entre velocidade e espessura de corte). 

S = ses;ao transversal do cavaco ( mm
2

) 

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

meciinicas. 
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Em geral, as tens5es sao determinadas indiretamente, a partir da medida das 

deforma<;:5es e da rela<;:ao entre tensao e deforma<;:ao. Extensometros sao os instrumentos 

destinados a determina<;:ao dessas deforma<;:5es (PERRY & LISSJ\'ER, 1958). 

· WOODSON & KOCH (1970) desenvolveram equa<;:5es para calcular for<;:as em 

corte ortogonal, nas dire<;:Oes 90°-0°, 0"-90" e 90"-90", para madeira juvenil e adulta de 

Pinus, atraves de regressoes tendo como parametros iingulo de saida da ferramenta de corte, 

espessura de corte, densidade basica e teor de umidade contido na madeira. 

Os autores retrocitados obtiveram os seguintes modelos: 

Quando os cavacos sao delgados, a for<;:a paralela vana segundo uma curva de 

potencia dada por 

para cavacos delgados, onde 

Fp = for<;:a paraJela; 

k = constante; 

t = espessura do cavaco; 

(2.5) 

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

w = largura do cavaco; 

Por outro !ado, para cavacos nao tao deigados, e possivel dividir a curva em trechos 

onde se pode utilizar uma equa<;:ao linear simplicada 

Fp=(A+Bt)w (2 6) 

onde A e B sao constantes adaptadas a cada situa<;:ao particular 
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Para sumarizar os efeitos dos principais fatores de corte 90°-0°, foram executadas 

regressoes multiplas relacionando espessura de corte (h), teor de umidade (U), angulo de 

saida (y) e densidade basica(p), para detenninar-se a for<;a paralela media (Fp) e a for<;a 

normal media (Fn) 

Os modelo obtidos foram: 

a) na dire<;iio 90 °-0' 

r 

J ph 
Fp=- 6,996+2178,19-'i ~ -274,182ph-409,777U' + 147,362U 

' ly L\1, 

com r2 de 71% e erro padrao de 4, 7 Iibras 

' 1 - h 7 ph Fn=-0,659+6,610U-+4,751 c-87,)J8p +336,9 5 c 
vr vr 

com r2 de 69% e erro padrao de 0,36libras. 

a) na dire<;ao 0° -90o 

63,565 747,561h 
Fp=-5,902+ c + 

vr r 
0,0338 3,318 
--,---+--

U' ru 

com r2 de 64% e erro padrao de 0,85 Iibras. 

(2.7) 

(2.8) 

(2.9) 



r;- 694 063 I 296 
Fn=-2,24I-3,572-vn + '

2 
+ ';;: +0,0305Uy 

Y vP 

com r
2 

de 69% e erro padrao de 0,36 Iibras. 

Fp = I,
964 

+ 56I,346 p + 2650,962 ph 

y yU 

com r
2 

de 87% e erro padrao de 6,80 Iibras. 

Fn=0,285 -!80,253yh + 
6
'
699

h 
u 

50,6I5 ph . 894,843 h 
T 

U Uy 

com r2 de 82% e erro padrao de 3, 40 Iibras. 

Onde 

espessura de corte (h) em polegadas; 

angulo de saida ( y) em graus; 

teor de umidade (U) - base seca - em fraviio decimal; 

densidade (p) -volume e peso seco; 
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(2IO) 

(2.II) 

(2.I2) 

forva paralela media (Fp) e forva normal (Fn) em Iibras por 0, I polegada de largura do 

corpo-de-prova 
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2.10 Amilise Estatistica 

2.1 0.1 Testes de igualdade entre medias 

. A verificar;ao da igua1dade entre as medias das forr;as de corte obtidas nos ensaios 

em corpos-de-prova radiais e tangenciais exige a aplica<;ao de testes estatisticos. Neste item 

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

Segundo AQUINO (1981 ), para se testar a hip6tese de nu1idade (Ho) de que a media 

(J..l) de uma popular;ao com varian cia conhecida ( c;
2

) e igual a urn valor J..lo, contra a hip6tese 

altemativa bilateral de que a media nao e igual a J..lo, isto e, testar: 

H, : J.l = J.lo 

H, : J.l o;to J.lo 

Uma estatistica adequada para basear-se a decisao e a variavel aleat6ria x. Sabendo que a 

distribuir;ao amostral de x e aproximadamente normal com J.l;c = f.lx e variancia u~ = uln, 
onde J..l e c;

2 sao a media e a variiincia da popular;ao da qual foram selecionadas as amostras 

aleat6rias de tamanho n. Atraves do nivel de significiincia (a) e possivel encontrar do is 

valores criticos x, e x
2

, tais que o intervalo x, (x(x, defina a regiao de aceitar;ao e os dois 

extremos da distribuir;ao, x<x; e x)x2 definam a regiao critica do teste. 

A regiao critica e dada em termos dos valores de z por meio de transformar;ao, 

X - J.lc 
z = ,, 

CT 

j/ 

n/2 

(2.13) 

Consequentemente, para urn nivel de significancia a, os valores criticos da variavel 

aleat6ria z, correspondentes a x, e x, sao: 
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-z 
_ x, -flo 

e za 
_xz-f.lo 

(2.14) a 2 
CY - CY 

u v 
nn /'"! n-

· Da amostra em estudo se1eciona-se uma amostra aleat6ria de tamanho n e calcula-se 

a media am astral x . Se a media am astral penencer it regiao de aceitayao, -, C C, , en tao 

__ X-Jl.o 

"- (2.15) 

situa-se na regiao -Zan<z<za:2 e conclui-se que fl = flo ; de outra forma rejeita-se Ho e 

aceita-se a hip6tese altemativa H, de que fl * flo . 

0 teste descrito equivale a obter -se urn intervale de confianya de ( 1-a) 1 00% para f!, 

aceitando Ho se !lo pertencer ao intervale. Se !lo nao pertencer ao intervale rejeita-se Ho em 

favor da hip6tese altemativa H 1 Conseqiientemente, quando se fizer inferencia a respeito da 

media (!l) de uma populayao com variancia ( cr
2

) conhecida, quer seja pela constrw;;ao de urn 

X-jl. 
intervale de confianya ou atraves de urn teste de hip6tese, a mesma estatistica z = -- e 

CY 

]/ 

nlz 

utilizada. 

Em geral, utiliza-se uma estatistica para a construyao do intervale de confianva para 

urn pariimetro 8, seja ela z, t, x2 ou F. A mesma estatistica pode ser utilizada para testar a 

hip6tese de que o pariimentro e igual a a! gum valor especifico 80, contra as alternativas de 

que 8(80 , B)B0 ou B * B0 . 

Os passos utilizados para se testar a hip6tese referente a urn pariimetro populacional 

8 contra alguma hip6tese alternativa, podem ser sintetizados da seguinte forma 
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2" - H, : as altemativas sao 8(80 , 8)8
0 

ou 8 * 8,; 

3" - Escolha do nivel de significancia a; 

4" - Seles;ao de uma estatitica apropriada e estabelecimento da regiao critica; 

s' - Ca!culo do valor estatistico baseado numa amostra aleat6ria; 

6'- Conclusao: rejeita-se Ho se o valor estatistico pertence it regiao critica; de outra forma 

aceita-se Ho. 

A seguir apresentam-se as estatisticas utilizadas para testar uma hip6tese especifica 

Ho e, ainda, as regi6es criticas apropriadas para as hip6teses altemativas unilaterais e 

bilaterais. 

a - Igualdade de urn pariimetro com a media de urn conjunto 

Teste estatistico: 

(2 16) 

I H, Regiao Critica 

I~<!'<> Z < -Za 

f!-i>~ z > z.:, 

I~* ·"' 
z<-Zo:,'2 ez>zw2 



b - Igualdade entre duas medias com variancias iguais e conbecidas 

Ho:~-~o=do 

Teste estatistico: 

(2.17) 

H, Regiao Critica 

)1-~ !J.<J <d. z < -z"' 

!.1-.Uo>d z > z. I 
!1-- flu 7=-.::::d Z < ·Za.·~ ez > Za.t"-

c - Igualdade entre duas medias com variancias iguais, porem desconhecidas 

Teste estatistico: 

t = (x; -x,)-(PJ- ,uJ 
s . p + 1 

P V ~ n, 

s = (~ -l)s,' + (n, -l)s; 
P n+n.-2 

' -

(2.18) 

(2.19) 

(2.20) 

1 Regiao Critica 

' t < -t"' 

t < ·ta/2 e t > iai~ 

37 
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d - Igualdade entre duas medias com variancias diferentes e desconhecidas 

Teste estatistico: 

(2.21) 

(2.22) 

H, Regiio Critica 

f.L-.u.o<do t < -ta_ 

1-l-.Uo>do T>tu 

f.l- ).lo ::;t: <do t < -1.:.,': e t > tw: 

e- Para observa~6es emparelhadas 

flo: iJ.D =do 

Teste estatistico: 

(2.23) 

v=n-1 (2.24) 
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H, Regiao Critica 

.uo <do t <~too 

;>o>do T>too 

I ).iD :;t: <do t < -t«.-z e t > !a,cz 

2. I 0. 2 Teste t em variaveis emparelhadas 

Nos casos anteriores exammou-se a diferen<;a entre amostras distintas, onde as 

variaveis nao estavam associadas. Algumas vezes, porem, tem-se que analisar variaveis 

emparelhadas, onde cada valor de x, esta associado a urn valor x
8

. Assim, pode-se 

constituir pares de plantas, animais, trabalhadores, corpos-de-prova, maquinas, etc., de 

forma que cada par seja composto por elementos semelhantes quanta a caracteristica na qual 

se vai medir o efeito dos tratamentos. N estas condi<;6es, deve-se homogeneizar o maximo 

passive! o material em estudo, de tal modo que o unico fator variavel seja o tratamento 

aplicado. Ap6s a constitui<;ao dos pares, procede-se o sorteio para a distribui<;ao dos 

tratamentos dentro do par. Se os individuos de cada par sao perfeitamente iguais, no fim do 

experimento todas as diferen<;as entre os pares seriam iguais e nao haveria erro 

experimental. Contudo, na pratica, sempre ha diferen<;as entre os individuos que formam o 

par e, alem disso, ha diferen<;as de respostas dos individuos aos tratamentos, raz6es pelas 

quais as diferen<;as entre os pares nao sao iguais. 

Para a analise estatistica, consideram-se as diferen<;as de pares, como dados de uma 

amostra extraida de uma popula<;ao de diferen<;as A variabilidade da amostra de diferen<;as 

e tanto menor quanta mais semelhantes forem os individuos de cada par. Quanta mais 

semelhan<;a houver entre os elementos de cada par, maiores serao as possibilidades do 

experimento para detectar pequenas diferen<;as de efeitos entre os tratamentos. 
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A compara<yao entre as medias dos tratamentos se faz pelo teste de t, dado por: 

D 
t=-- (225) 

s(D) 

onde:. 

D representa a diferen<;a entre as medias e s(D )o erro padrao das diferen<;a entre os pares. 

Para se determinar o erro padrao, calcula-se o desvio padrao das diferen<yas e divide-se pela 

raiz quadrada do numero de pares envolvidos na experiencia. Portanto, tem-se: 

Id'- (Id)' 

s> n 
n -I 

(2.26) 

- SD 
s(D)= j;; (227) 

0 numero de graus de liberdade para a consulta it tabela de t e igual ao numero de 

graus de liberdade com que se estima o desvio padrao das diferen<yas entre os pares. 

2.11 Regressao linear 

2. 11.1 Regressao linear simples 

A obten<yao de modelos matemitticos atraves da utiliza<yao de resultados 

experimentais requer uma serie de anaJises estatisticas. Neste item serao resumidamente 

apresentados algumas destas analises. 

Os metodos estatisticos abordados ate agora trataram do estudo de uma variavel 

aleat6ria com sua distribui<yao de frequencia, determina<yao das medidas descritivas da 

distribui<yao, calculo das estimativas e testes de hip6teses sabre os parametres das 

distribui<yoes. Muitos problemas tratados pela Estatistica envolvem apenas uma variavel, 

mas, em numerosos casos, depara-se com situa<yoes que relacionam duas, tres ou mais 
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variaveis. Uma das tecnicas utilizadas para o estudo destas situar;5es e conhecida como 

regressao. 

0 metodo estatistico da regressao e utilizado com o interesse de se estudar a relar;ao 

existente entre duas ou mais variaveis, atraves de urn modelo que descreva esta relas;ao, e 

possa ser utilizado para se fazer estimativas ou predi.;:oes de uma das variitveis. Assim, a 

tecnica de regressao consiste em se ajustar uma curva a urn conjunto de dados, com objetivo 

de que ela expresse matematicamente a relas;ao entre as variaveis. Esta denomina-se de 

curva de regressao, e a equar;ao que a descreve, de equas;ao de regressao. 

Pela equar;ao de regressao pode-se estimar para urn determinado valor de uma 

variavel, o valor esperado da outra com a qual esteja relacionada. 

0 estudo de regressao tern multiplas aplica.;:5es em pesquisas, nos mais variados 

campos da ciencia e nos trabalhos praticos, sejam agricolas, agro-industriais, comercm1s ou 

econ6micos. 

0 metodo dos minimos quadrados 

Conhecida a rela.;:ao entre as duas variaveis, atraves do diagrama de dispersao, se 

procede o ajustamento de uma curva aos dados. Esta curva tern a finalidade de expressar 

matematicamente a rela.;:ao entre as variaveis envolvidas. Se o grafico de dispersao mostrar 

uma rela.;:ao linear, uma reta de regressao sera a forma matematica da curva de ajustamento. 

Caso ele evidencie uma tendencia parab6lica, entao uma parabola do 2°, 3° e 4° graus 

poderit descrever melhor o ajustamento. No primeiro caso tem-se uma regressao linear de 

equar;ao geral 

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

Y =a+ b,X + b,X' + . + b,Xn (2.29) 

onde n indica o grau da curva interpoladora (ajustamento). 

Observando-se o diagrama de dispersao representado pela Figura 2.13, ve-se que 

uma infinidade de retas poderia ser tras;ada para descrever a associas;ao entre as variaveis. 

Como a reta desejada deve ser usada para fins de previsao, e razoavel exigir que ela seja tal 

que tome pequenos os erros dessa previsao. Urn erro de previsao significa a diferens;a entre 

urn valor observado de Y, e o valor correspondente Y, estimado pela reta de ajustamento. 

Assim, para evitar o criteria individual na construs;ao de retas, parabolas, ou outras curvas 

de ajustamento que se adaptem ao conjunto de dados, e necessaria instituir uma definis;ao da 

"melhor curva de ajustamento". 

• • 
• 

• • • 

' 
.. 
• 

• , • ., 
• .. 
• .. • 

• • • • 
• • • 

• 

• 

• 
• .... 

' 
• • 

• 
• 
• • • 

• 

• 
• 

• 
• • 

• • 
• • • 

• •• 
• 

• 

--+-------------------------------------------------7 X 
0 

Figura 2.13: Exemplo de gnifico de dispersiio 
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Os erros sao representados por: 

e =Y -P 
' ' ' 

(2.30) 

sendo positivos para valores observados acima da reta e negativos se estes valores estao 

abaixo da reta. A reta de melhor ajustamento e aquela que tern a soma dos quadrados de 

todos os erros, tanto os que estao abaixo da reta ajustadas, como os que estao acima, menor 

do que a soma de quadrados dos erros correspondentes a qualquer outra reta que se possa 

conceber. Assim, exige-se, pelo metodo 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 e denominada curva de minimos quadrados 

Para obten<;ao dos parametros do metodo dos minimos quadrados tem-se: 

Seja Y, = a + b (X, - X) a equa<;ao da reta a ser ajustada, nao paralela ao eixo das 

ordenadas, onde b e a declividade ou coeficiente angular, tambem denominado coeficiente 

- -

de regressao, X e a media dos valores de X, , e a e para X, = X, a interse<;ao da reta 

ajustada com o eixo das ordenadas ( coeficiente linear). A experiencia tern demonstrado que 

e muito vantajoso o uso da equa<;iio da reta na forma apresentada, e nao na original: 

Y, =a+ bX, 

0 problema consiste em deterrninar os parii.metros a e b de tal modo que a soma dos 

quadrados dos erros seja minima. 
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Nestas condi<;:5es tem-se: 

z =2: e: (2.31) 

(2.32) 

( ? ~~) ...... .) -' 

Z = 2: [r; - a b (X, - X) f (2.34) 

Essa soma e fun<;:ao dos pariimetros a e b. 

A condis:ao para que funs:ao passe por urn minimo e que suas derivadas parciais de 

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

(

: =22:[r;-a-b(x,-x)](-1) 

: =22:[r: -a-b(x, -x)][-{x, -x)] 
(235) 

( dZ [ ( -)j 
/ da =22: -Y, +a+b X, -X 
i 

I~~ =22:[-(x, -x)r; + a(x, -X)+ b(X, -XJ] 
' 

(236) 

22: [-r; +£1+b(X, -x)] =0 

22:[-(x, -x)r; + a(x, -X)+ t;(x,-XJ ]=o 
(237) 



A segunda condi.yao e que as derivadas segundas sejam positivas: 

rd'Z 
1
-, =2n>0 

, dcr 

ld'Z ""' ( -\2 
db' =2L.. X,-X; >0 

As raizes da equa.yao que tornam a fun.yao minima sao 

JZ:: [-Y,+a+b(x,-x)] =O 

lZ::[-(x, -x)r, + a(x, -X)+ b(x,-x)' ~o 

r- 2:Y.+na+b2: (x,-x)=o 

l- z=(x, -x)r, +a2: (x, -x)+h2: (x, -x)' =O 

Como 2: (x, -X)= 0, tem-se 

Logo 

JZ:: Y,=na 
lZ:: (x,-x)Y,=h2: (x,-x)' 

""'y -
a=-L..-'=Y e 

n 

h= z:: (x,- x)r, 
2: (x,-x)' 

(2.38) 

(241) 

(2.42) 

45 

(2 39) 

(2.40) 

As equa<;6es constantes dos sistema (2.41) obtidas segundo o processo dos minimos 

quadrados, denominam-se equa.y6es normais. 



46 

Uma vez estimados os coeficientes a e b, obtem-se a equa<;ao de regressao ajustada 

nas formas: 

ou (2.43) 

Para fins de calculos e conveniente trabalhar com uma formula de b mms 

simplificada o que se consegue com a seguinte transforma<;ao 

b 2: (x,-x)r, 
2: (x,-x} 

. -(! 7 ' ) l- , .... ,J, ... ,n 

Desenvolvendo o quadrado do denominador de b fica: 

z=(x,-x)r, 
b L: (x,'-2x,x +X') 

Resolvendo os somat6rios: 

b :z:x,r,-x:z:r; 
L X,

2
-2XL X,+nX

2 

Sendo X z=x, vern 
' . 

n 

(2.44) 

(2.45) 

(2.46) 

(2.47) 



2:; X, Y, 2:; X, 2:; Y, 
b n 

2:: x,' 2(2:: x} + (L x,) 

b 

n n 

L 
'X'Y XY .:..... ,.:._. ' 

' ' n 

2:: x,' - (L x} 
n 

47 

(2.48) 

(2.49) 

0 numerador da equa<;:ao do coeficiente de regressao se denomina Soma de 

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

SPdeXY= L XY 2:: XY 
n 

SQdeX = 2:; X' 

b SPXY 

SQX 

(Lx) 
n 

Caracteristica da linha de regressiio 

(2 50) 

(2.51) 

(2.52) 

1- Ela e valida dentro dos val ores observados de X. Fora destes limites nao e aconselhavel 

usar a equa<;:ao de regressao para fazer previs5es, pais nao sabe se o fenomeno em 

estudo continuara a apresentar a mesma dependencia linear entre as variaveis. 

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

negativa, ela e descendente . 
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3- A linha de regressao deve passar pelo ponto de coordenadas X e Y. 

4- A soma algebrica dos desvios e, = ~ - Y, deve ser nula. Os desvios sao positivos se os 

valores observados estao acima da reta de regressao e negativos se eles estiverem abaixo 

da reta. 

5- A soma dos quadrados dos desvios e menor que a mesma soma calculada em rela<;:ao a 

qualquer outra reta que se trace. 

6- A linha de regressao corta o eixo das ordenadas a uma distancia da origem deste eixo 

igual a "a" ( coeficiente linear da reta de regressao). 

Correla.,:lio 

A correla<;:ao e uma medida do grau de associa<;:ao entre variaveis que determina 

quanto a equa<;:ao descreve ou explica a verdadeira rela<;:ao entre as variaveis. Esta 

correla<;:ao pode ser medida matematicamente, atraves do coeficiente de correla<;:ao. 0 

coeficiente de correla<;:ao apenas mostra se as variaveis estao relacionadas ou nao, sem 

propiciar meios para expressar esta liga<;:ao por meio de uma equa<;:ao e proceder 

estimativas, como se faz no estudo de regressao. Para validade da correla<;:ao exige-se que as 

variaveis aleat6rias envolvidas tenham distribuis;oes normais. 

Se todos os valores das variaveis satisfazem exatamente uma equas;ao, diz-se que 

elas estao em correla<;:ao perfeita. Quando se estudam duas variaveis, a correlas;ao entre elas 

e dita simples, enquanto que o estudo de mais de duas variaveis e tratado na correla<;:ao 

multipla. Se a dependencia entre duas variaveis X e Y pode ser descrita por uma reta, a 

correlas;ao entre elas e linear. Se Y aumenta quando X aumenta a correla<;:ao e denominada 

positiva ou direta. Se Y diminui quando X aumenta a correlas;ao e negativa ou inversa. Para 

os casos em que a dependencia entre as variaveis pode ser descrita por uma curva, a 
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correlas:ao e chamada nlio linear ou curvilinea. Se nlio existe associas:ao entre as variaveis, 

diz-se que nlio ha correlas:ao entre elas ou que elas sao nlio-correlacionadas. 

Calculo do coeficiente de correla~,:ao 

Ao estudar -se na regressao linear, a precisao com que uma reta se ajusta a urn 

conjunto de pares de variaveis X e Y, ve-se que a varia<;ao total e a soma da varias:ao nao 

explicada (de acaso) com a varia<;ao explicada pela regressao. E demonstrado tambem que 

a varia<;iio total e dada por 2: (t; - Y) 2
' a varia<;ao nao explicada por L cr: - Y, )' e a 

varia<;ao explicada pel a regressao por I (I; - Y )2 
. Expressando-se a varia<;ao explicada em 

porcentagem da varia<;ao total, obtem-se o coeficiente de determina<;ao que vai indicar 

quanto da varia<;ao total pode ser explicada pela dependencia entre as variaveis. Em outras 

palavras, ela indica qual a porcentagem da varia<;ao em Y que foi explicada pela varia<;ao 

explicada for nula, isto e, se a varia<;iio total for toda niio explicada, esse coeficiente sera 

nulo. Se a varia<;iio nao explicada for igual a zero, ou seja, a varia<;iio total e toda explicada 

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

Como a rela<;ao e sempre positiva, representa-se esse coeficiente por r 2
. A raiz quadrada do 

coeficiente de determina<;ao define o coeficiente de correla<;iio que vern expresso por: 

r=± /variar;aoexplicada 

V var iar;ao total 

011 (2.53) 

0 coeficiente de correlas:ao, medindo o grau de associa<;iio entre variaveis, pode ser 

negativo ou positivo. Numericamente, seu campo de varia<;iio se estende de -1 indicando 
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uma perfeita associas:ao negativa ate + 1 que indica uma perfeita associas:ao positiva. Urn 

valor de r nulo mostra que nao existe correlas:ao entre as variaveis. 

Uma maneira de tamar a expressao de r mais facil de ser calculada pode ser obtida 

desenvolvendo os somat6rios da expressao anterior. Com este procedimento obtem-se: 

ou 
(2.54) 

SPXY 

r = -..jc=s'""Qx=. s'='Q""'r~-

As express6es (2.53) para coeficiente de correlas:ao sao gera1s e podem ser 

empregadas tanto para as relac;6es nao lineares como para as lineares, com a (mica diferens:a 

de f, ser calculado por meio de uma equac;ao de regressao nao linear em Iugar de uma linear 

e dos sinais ± serem omitidos Nestas condic;6es, a expressao (2.54) e aplicavel a correlac;ao 

linear, pois Y, foi substituido por uma equas:ao linear. 

E interessante frisar que o valor de r, calculado em qualquer caso, mede o grau de 

associac;ao correspondente ao tipo de equas:ao que e realmente admitida. Se for adotada 

uma equas:ao linear e se as express6es de (2.53) conduzirem a urn r proximo de 0, isso 

apenas significa que nao ha correlas:ao linear entre as variaveis. Entretanto, nao significa que 

nao haja nenhuma correlac;ao, pois pode existir uma forte correlas:ao nao linear entre as 

variaveis. 

As principais caracteristicas deste coeficiente sao 

1) Eles sao numeros adimensionais; 
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2) Seus val ores estao compreendidos entre -I e I; 

3) 0 sinal de r depende so mente do sinal da soma de produtos; 

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

sentido, isto e, 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 contnirio, ou seja, se aumenta o valor de uma, diminui o valor de 

outra e vice-versa; 

5) A rela<;:iio entre as duas variaveis e tanto mais estreita, quanto maJs o coeficiente se 

aproxima de +I ou -I; 

6) Se a rela<;:iio entre as variaveis for perfeita, o valor de r sera I ou -I e se nao houver 

rela<;:ao alguma seu valor sera zero; 

7) 0 valor de r e uma estimativa do pariimetro p ' da mesma forma que a media m e uma 

estimativa de ,u . 

Teste para o coeficiente de correla~ao 

A fim de julgar se o valor de r e estatisticamente igual ao pariimetro de uma 

popula<;iio em que p = 0, pode-se empregar o teste t definido por: 

r - p r::-;;:; 
t , ·vn-2 

~1-r' 
(2.55) 

0 vaior de t da tabela e verificada nos niveis de significiincia adotados com n - 2 

graus de liberdade. 
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Interpreta~ao do coeficiente de correla~ao 

Se o valor de r se encontra proximo de zero, isto indica que os pares de dados 

apresentados no diagrama de dispersao estao bastante disperses, e que a equa~ao de 

regressao e deficiente para descrever a associa~ao entre as variaveis. Nestas condi~5es, para 

urn dado valor de X, nao e possivel predizer o valor de Y correspondente Por outro !ado, se 

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

bern da equa<;oao de regressao, sendo possivel fazer uma boa predi~ao de Y 

0 fato de encontrar-se urn valor r, proximo de zero, nao significa que inexiste 

associa~ao entre as variaveis, pois se for urn coeficiente de correlas;ao linear ele apenas diz 

que esta liga~ao pode ser descrita por uma linha reta. Logo, pode existir uma pronunciada 

rela~ao curvilinea que expresse bern a dependencia entre as variaveis. 

0 coeficiente de correla<;oao nao implica necessariamente numa medida de causa e 

efeito. Assim, e mais seguro interpretar o coeficiente de correla~ao como medida de 

associas;ao, do que como medida de causa e efeito. 

2.11.2 Regressao linear multipla 

A maio ria dos problemas praticos envolve mais de uma varia vel para previsao. 

Os metodos para tratar problemas de previsao de uma variavel por meio de diversas 

outras variaveis, sao semelhantes aqueles realizados para uma variavel. Para se prever y em 

funs;ao de duas variaveis x
1 

e x
2

, e necessaria obter-se o plano que melhor se ajusta, no 

sentido dos minimos quadrados, a urn diagrama de pontos de tres dimens5es. 

A equa~ao de urn plano no espa~o deterrninado pelas variaveis y, x1 e x2 pode ser 

escrita na forma 

(2 56) 
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0 problema e estimar OS tres parametros a
0

, a1 e a
2 

pelo metodo dos minimos 

quadrados. Como ha n val ores disponiveis, segue-se que os valores dos minimos quadrados 

de ao, a1 e a2 sao obtidos resolvendo-se em conjunto de tres equa96es lineares. Sup6e-se 

que as somas sejam efetuadas sobre todos os n valores das variaveis. 

a0+a1L x1 +a2 L x2 = LY 
a0L x1 +a, I; x~ +a22:; x1x2 =I; XiY 

a0L x2 +a, I; x1x2+a2L x; =2:; x2y 

(2.57) 

Este resultado e generalizado para urn numero indefinido de variaveis. Assim, se o 

sistema for de quatro variaveis, x1, x2, X3 e x4, havera cinco equa96es nas cinco incognitas ao, 

a1, a2, a3 e a4 para ser solucionado. 

2.12 Metodo numerico para calculo de zero de fun~iio 

Tendo em vista que a obten9ao do iingulo ideal no corte ortogonal 90'-o' preve 

calculo do valor para o qual se obtem Fn igual a zero, e necessario estudar-se o metodo 

numerico para 0 calculo de zero da funyaO 

2.12.1 Metodos iterativos para resolu9ao de equa96es polinomiais ou transcendentes. 

Segundo SAFADI & MORAIS (1995) qualquer metodo iterativo e obtido 

basicamente por quatro passos: 

a) Estimativa inicial uso de uma ou ma1s aproximay6es para a rruz desejada. Esta 

expressao e obtida na separa9ao das raizes; 

b) Atualiza9ao obten9ao de uma expressao que atualize a solu9ao aproximada. Esta 

expressao depende do metodo utilizado; 
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c) Criteria de parada forma de se estabelecer quando parar o processo iterativo em 

qualquer caso; 

d) Estimador de exatidao Esta associado ao criteria de parada e a obten<;:ao de uma 

estimativa do erro cometido. 

Metodo Grafico 

Seja a equas;ao algebrica ou transcendente f(x)=O. As raizes rems de 

j (x) = 0 pod em ser obtidas atraves de representa<;:ao grafica de j ( x) contra X . As raizes 

x,x,, de f(x)=O sao os pontos em que a curva representativa de j(x) corta o eixo das 

abscissas (Figura 2.14) 

Y"'i'J 

I 

I 
I '1 X1 ~,JJ l ~ X 

'I\ / ~~ / 
1 \~ ~I 
I 

Figura.2.14 - Gr:ifico com raizes reais 
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Uma outra maneira de se determinar as raizes e desdobrar a fuw;:ao j(x) = 0 em 

fun<;iies mais simples g(x) e h(x)na forma j(x)= g(x)-h(x)= 0 e, portanto, g(x)=h(x). 

Por exemplo j(x)=e -x- sen(x) =0 de onde toma-se 

g(x)=e-x e h(x) =sen(x)=>e -x =sen(x)(Figura 2.15). 

\ 

Figura 2.15- Gr:ifico de uma fun~iio desdobrada 

A representa<;iio gnifica das fun<;iies g( x) e h( x) contra X , num mesmo gnifico, 

mostra que as raizes x" x
2

, .. sao as abscissas do ponto de encontro das em-vas 

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

i) A precisao dos resultados do metodo gnifico depende fundamentalmente da 

habilidade do desenhista; 

ii) 0 metodo torna-se inadequado quando se deseja obter as raizes com mais de tres 

algarismos significativos. 
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Metodo de Newton 

0 metodo de Newton, ou metodo das tangentes, e urn dos metodos chissicos para o 

calculo de zeros ou de raizes de fun.;:6es (Figura 2.16). 

Sejaj{x) uma fun<;:ao continua em urn intervalo (a, b), de tal modo que contenha uma 

raiz def(xj~O, e sejay=j{x) a fun.;:ao associada. 

Este metodo pode ser aplicado segundo os seguintes passos 

1 - Constru.;:ao de urn grafico considerando b = x0 ( ou a = x0 ), b como ponto inicial; 

2- Obten<;:ao da tangente a y= f(x)no ponto (x
0
,j(x

0
)); 

3 - Determina<;:ao do ponto (x" 0) onde a reta tangente corta o eixo das abscissas (Figura 

2 17); 

4 - A partir do ponto ( x
1 
J ( x

1
)) o processo e repetido ate a obten.;:ao da precisao 

desejada. 

0 

.. x. -~ ' _,..;- I ,_..­

_.-..-:::----- Xt 

/ . / 

' / I/ 

I 
/ 

Figura 2.16- Exemplifica~iio do Metodo de Newton 
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Resumidamente, o processo consiste em determinar-se o ponto x n _ 1 pertencente it 

interse<;:iio do eixo das abscissas com a reta tangente it curva y = f ( x) no ponto 

(xn,j(xn )). 

Como a reta tern por equayao y- j(x,) = j(xJ (x- x.) eo ponto do eixo dos 

X e (x,+ 1, 0) ,0 valor de X,_ 1 e determinado por: 

j(x.) 

f'(xJ 
(2 57) 

0 Metodo de Newton fomece valores que podem convergir rapidamente para o 

valor exato da raiz, mas esta convergencia e, algumas vezes, ilus6ria. Muitas vezes, em 

Iugar 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 

nao esta se afastando do valor da raiz. 

FOURIER aperfeiyoou o metodo de Newton estabelecendo condis:oes que permitem 

seguranya na avaliayao das aproxima<;:oes sucessivas. Essas condiyoes sao: 

(!) f(a)l j'(b) < 0 e f(b)l f'(b) >0, para que os novos valores estejam dentro do 

intervalo (a, b); 

(2) x
0 
=a quando j(a) e j"(a) forem de mesmo sinal, ou x

0 
= b quando f(b) e j"(b) 

forem de sinais diferentes. 
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3 MATERIAL E ME TO DOS 

y 

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 e composta de valores de fon;a de 

corte ortogonal distribuidas como mostra a Tabela 3. I. 

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

CORTE 90°-0° CORTE 90°-90° 

TANGENCIAL RADIAL I TANGENCIAL RADIAL 
h PARALEL..'\ ]';0R.l\1AL PARALELA / NOR'\L\L h j PARALELA ~ORM...\L PAR...\LELA KORMAL 

from] MED I MA-X I MtD I MAX MED MAX!MED MA.'X y 
fmm] I""" M.A.'\: MED j MAX I Ml:D I MAX 

I 
MED MAX 

' 0.381 - ' - I - I - . 
I - . 

o.381 1 - - . 
! - I 

. 
I - - . 

I 0,762 - . - ' - . . . . 
0,762 I - - . ' • I . 

j_ - - . 
I 

1,143 - - I 
. 

I - - - - . 
I 1.143 I 

. - I - . - . . . 
10° 1,524 - . 

I - I - I - - . I - ii 20° 1,524 1 - - I 
. - . . 

I 
. 

I 
. 

I I ' 
0,381 I 

. - I - I - - - . 
I . I 0.381 I - i - I 

. ' . 
i - I - I 

. . 
I ' 

0,762 ! - . ' - I - ' - - I 0,762 I 
. . 

I 
. - - - - . 

' I 
' 

' 
1,143 - - I ' I ' - I I 1,143 ' 

. 
I - ' - . . ' I . . 

20° 1,524 - - -
I - . ' - . 

30° 1,524 1 
. 

I 
. . - I - I - -

' 
0.381 

. - - I - - - - - 0.381 I 
. . . . 

I 
- . - . 

I I I I 

0,762 ' 
. . . 

I 
. - . . . 

0,762 - - . . . . - I -
' 

30° I 1,143 I - - - I 
. 

I 
. . . 

I 
. 

40° t,t43 I - - I 
. . . - - I . 

1.524 
. I - I 

. 
I 

. 
I 

. - I 
. 

I 
. i 1,524 ! - - I - . I . 

I 
. . 

I -
' .. 

*a celula contem 20 dados expenmenta1s 

Os resultados se referem a ensaios com tres especies de eucalipto E grandis, E saligna 

e E citriodora, cuja densidades basicas medias foram 0,422 (tangencial) e 0,407 

(radial); 0,559 (tangencial) e 0,568 (radial); 0,905 (tangencial) e 0,918 (radial), 

' 

I 
I 
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respectivamente, para as especies, nas direv6es 90'-o' e 90'-9o' 0 teor de umidade media 

dos corpos-de-prova foi de 106, I (tangencial) 92,6 (radial) para o E. grandis; 82,5 

(tangencial) e 78,7 (radial) para o E. saligna e 39,2 (tangencial) e 38,2 (radial) para o E. 

citriodora, tambem nas direy6es 90'-o' e 90'-9o' 

3. 1.2 - Softwares 

3. 1.2.1- Amilise de dados 

Para execuyao 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 

urn metodo flexivel e realiza as seguintes ana!ises 

• Estatistica Descritiva; 

• Regress6es: lineares, polinomiais, logaritmicas, etc .., 

• Modelos lineares gerais; 

• Estatistica multivariavel; 

• Classificayao e regressao metodol6gica; 

• Interpolac;ao; 

• Analise de grupos; 

• Analise de series temporais; 

• Estimac;ao de densidade; 

• Ajuste de curva; 
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• Comparao;;ao Multipla- ANOV A; 

• Otimizao;;ao numerica 

. 0 MATLAB e urn software com linguagem de programao;;ao para computao;;ao 

cientifica desenvolvido pela Math Works, Inc. Atraves dele pode-se obter a resoluo;;ao de 

matrizes, equao;;oes diferenciais, conjunto de dados, gnlficos e diagramas atraves da 

Matemittica Aplicada. 

Este software tern sido uti!izado em larga escala nas areas industrial, governamental 

e academica com amplo espectro de aplicao;;6es cientificas, de engenharia e outras, 

tornando-se o ambiente de computao;;ao gnifica de grande importancia. 

3.2 - Metodos 

3 .2 .1 - Determinao;;ao de modelos matematicos 

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

relacionar as foro;;as de corte com os parametros 

• Espessura de Corte; 

• Densidade Basica; 

• Angulo de Saida da ferramenta. 

Para a determinao;;ao dos modelos matematicos que melhor representassem os 

conjuntos de dados experimentais, foram utilizadas ferramentas da Estatistica. Com 

auxilio do software S-Plus 4.5 os modelos eram testados atraves da dispersiio dos 

residuos, dos testes "t" e "F" e, tambem, dos coeficientes de determinao;;ao (R
2

) e 

coeficientes de varia.;ao da regressao (CV). 
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As etapas da anaJise foram 

1•- Analise grafica da dispersao dos residuos. 

Verificou-se a uniformidade da distribuis;ao dos residuos pois, sabe-se que, quando 

os mesmos apresentam distribuis;ao uniforme em torno da media (valores positivos e 

negativos ), to do o efeito da varia vel foi observado pelo modelo ou sua influencia 

nos valores observados nao foi significativa 

Ocorrendo tendencia de acrescimos ou decrescimos sucess1vos de dispersao ao 

Iongo do eixo, sabe-se que a variiincia nao e uniforrne, implicando, provavelmente, 

na necessidade de se estudar urn outro modelo matemittico. 

Se esta tendencia for linear, verifica-se a necessidade de inclusao de urn terrno 

linear; ocorrendo uma tendencia curva e provitvel a necessidade da inclusao de 

terrnos quadraticos, ou de ordem superior, no modelo. 

2a- Testes "t" e "F": 

a). teste t- indica a significiincia de cada variitvel no modelo adotado. 0 teste consta 

em verificar se a probabilidade ltl e menor ou igual a 5% (nivel de significiincia 

do teste), o que indica que a variitvel adicionada ao modelo foi significativa; 

b). teste F- indica a significiincia do modelo adotado. 0 teste consiste em se 

comparar o valor de Fcakulado com o valor da probabilidade de F. Se Fcakulado for 

maior que probabilidade de F, a regressao e considerada significativa 

estatisticamente; 

3•- Coeficiente de determinas;ao (R2
) Indica se o modelo se ajusta bern aos dados 

experimentais; 
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4a- Coeficiente de varia<;iio da regressiio (CV). Indica a varia<;iio dos dados 

experimentais com rela<;iio ao modelo matematico ajustado; 

Atraves das analises descritas, diversos modelos matematicos foram testados para 

representar os valores obtidos experimentalmente. Dentre os modelos estudados, 

adotou-se aquele que melhor se ajustou, considerando-se os pariimetros estatisticos 

apresentados (testes t e F, analise de residuos, R2 e CV). 

3.2.2 Determina<;iio do angulo de saida ideal no corte ortogonal90'-o' 

Conforme descrito no capitulo de Revisiio Bibliografica, urn importante aspecto a 

ser estudado no corte 90 '-o ', e a determina<;iio do iingulo de saida ideal da ferramenta de 

corte. Este angulo e aquele que propiciaria a existencia de uma fon;:a normal igual ou 

proxima de zero, e que produziria cavacos tipo II. A superficie gerada neste caso sera de 

melhor qualidade, sendo, portanto, urn importante pariimetro pratico da qualidade de 

corte da madeira. 

0 angulo de saida ideal foi obtido atraves de quatro diferentes metodologias: 

1' - Encontrando o zero da fun<;iio, nos modelos adotados para for<;a normal em 

fun.yiio de angulo de saida. Os modelos foram obtidos atraves do metodo estatistico 

de regressao linear, seguindo os criterios anteriormente citados, e o zero da fun.yiio 

foi obtido como auxilio do software MATLAB 

i - Pelo valor do coeficiente de atrito (!-!), obtido atraves da expressiio 

( Fn \ 
Jl = tgl arctg- +a)' 

\ Fp 
(3 I) 
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3 · - Atraves da equa<;ao da expressao 

(3.2) 

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

resistencia das especies estudadas, onde T e R que representam, respectivamente, 

resistencia a tracao normal as fibras e modulo de resistencia a flexao. 

A amilise de regressao foi calculada utilizando-se a resistencia a tras;ao normal 

(ft90), a resistencia a tra<;ao paralela (fto)e os coeficientes de frics;ao (!.!) para as tres 

especies de eucalipto estudadas (E. citriodora, E. saligna e E. grandis). Os valores 

de ft9o e fto foram obtidas da 1'-I'BR7190/97 (Anexo E da Norma). 0 valor da 

resistencia a flexao (ftm) foi simplificadamente tornado como igual fto conforme 

item 5.3.3 da Norma. Os valores de 1.1 foram calculados pela expressao 

(3.3) 

utilizando os valores experimentais de NERI (1998). 

4' - Utilizando a equa<;ao proposta por STEWART ( 1977), para madeira na condis;ao 

saturada: 

f-l = 0,95- 6,05~) (3.4) 

onde: 
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T=ft9o e R=fto 

Os valores de ft9o e ft0 foram obtidos da NBR 7190/97 (Anexo E). 

3 .2.3 Comparayao entre forvas de corte paralela nas direv5es tangenciais e radiais 

Os ensaios realizados por NERl ( 1998) foram feitos levando-se em conta as 

direv5es anat6rnicas radial e tangencial do corpo-de-prova. Visando verificar a 

existencia de diferenvas estatisticamente significativas entre os resultados obtidos 

nas duas direv5es, foram executados testes de comparavao de medias. Estes testes 

foram executados atraves da utilizavao do software S-PLUS 4.5. 0 teste consiste em 

verificar se o intervalo de confianva obtido contem o zero. Ou seja, se o intervalo de 

confianva contem o zero, a hip6tese de que as medias nao apresentam diferenvas 

estatisticamente significativas nao pode ser descartada. Se o intervalo nao contem o 

zero, as medias apresentam diferenvas significativas. 



4- RESULT ADOS 

4.1. Modelos para determina.,:ao das forf,:as de corte normal e paralela 

Utilizando-se a base de dados apresentada e, seguindo a metodologia descrita no 

item 3.2.1, foram obtidos os modelos das forc;:as (paralela e normal) em func;:ao dos 

parametros de corte ( angulo de saida, espessura de corte e densidade basica ), nas duas 

direc;:oes (radial e tangencial), e para os dais tipos de corte (90°-0° e 90°-90). As tabelas 

de 4.1 it 4.16 apresentam estes resultados. 

As analises foram executadas para as forc;:as maximas e medias. A fors:a maxima, 

ainda que sendo apenas urn valor de pico, e importante no dimensionamento das maquinas 

que comp5em uma serraria. A forc;:a media e importante por tratar -se do valor mais 

representativo do processo. A forc;:a minima nao foi estudada, tendo em vista ser urn valor 

de pica que, muitas vezes, e obtido devido a defeitos na pec;:a usinada. Este valor, 

portanto, nao foi considerado. 

Nas tabelas citadas sao apresentados os modelos de regressao simples forc;:a x 

espessura de corte e forc;:a x densidade basica, para cada angulo estudado e, o modelo de 

regressao multipla forc;:a X ( densidade X angulo de ataque X espessura de COrte). As 

tabelas de 4 .I it 4. 8 apresentam os val ores de forc;:a normal e as tabelas de 4. 9 it 4.16 os 

valores referentes it for<;:a paralela. Observa-se que as tabelas referentes a for.;:a normal nao 

apresentam a co luna de CV ( coeficiente de varia.;:ao da regressao ). Este valor nao foi 

apresentado tendo em vista que a for.;:a normal, variando de positivo a negativo faz com 

que valor obtido para o CV nao seja representativo da validade do modelo. No caso da 

for.;:a paralela este valor e muito importante na verificac;:ao da validade do modelo e de seu 

valor preditivo. Em engenbaria espera-se que o valor de CV do modelo esteja abaixo de 

15% para que o mesmo seja aceitavel para fins de predic;:ao, dentro do interval a de 

validade da regressao. 
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Os graticos apresentados na figuras de 4.1 a 4.32 exemplificam o comportamento 

do modelo adotado em relas:ao as valores experimentais. 

Tabela 4.1: For~a normal maxima em corte 90"-0" radial 

I Tioo de forca: FORCA NORMAL MAxiMA 
I Tipo de corte: CORTE 90"-0"RADIAL 
I FORCA x ESPESSURA[mml 

I ESPECIE I y EQUA<;:AO de FOR<;:A [N/mm] I R'(%) 

! Citriodora i 10' I F-0,32-3,99exp(h)+ 1 ,02exlJ(h2
) I 21,12 

Sa1igna 10' F--13,57+3,61/h I 64,ll 

Gran dis , 10' F=-1 ,82-9,36h+2,21h2 
69.35 

I I 
Citriodora I 20' F --2,41 + 2,07exp(h )-0,41 exp(h2

) 34044 I 

Saligna 20' i F--0,82-3,09h+ 1 ,90h2 16,75 

Gran dis I 20' F=-2.36-1 ,49h 56.20 I 

Citriodora l 30' F--0,29+8, 18h-1 ,37h2 91,40 

Saligna I 30° F=-1,02+4,51h 88,07 

Gran dis I 30° 
I 

F--1,65+1,50e 49.82 ' 

FOR<;:A x DENSIDADE BASICA fp/cm
3

] 

ESPESSURA y I EQUA<;:AO de FOR<;:A [N/mmj ! R'(%) 

0,381 mm 10' I F--5,53+1,34d I 7,38 

0,762 nun 10' F=-ll ,42+ 3,07d 6,89 

1,143 mm 10° F--9,34+ 12,89d 87,27 

1,524 mm 10' F-5,03-58,53d+48,84d2 33,48 

i 
0,381 mm 20' F--4,91+5,42d 71,56 

0,762 mm 20'' F--7,93+10,34d 84,60 

1,143 mm 20' I F--9,34+12,89d 8727 

1,524 nun 20' F--9,80+1412d 84,75 

0,381 mm 30° F--3,68+6,93d 88,73 

0,762 nun 30° F --11 ,67+34,89d-17,83d2 93,41 

l.l43 mm 30° F--19,11+61,8d-36,16d2 93,28 

1,524 mm 30° I F--20,64+68,44d-39,24d2 93,93 

FOR( Ax DENSIDADE BASICA fg/cm3
] +ANGULO DE SAIDA [rad] + ESPESSURA [mm] 

EOUACAO de FOR( A [N/mml I R'(%) 

F=-16,66+9 ,44d+ 25 ,35y+0,5 5h 69,72 

I 

i 



67 

Tabela 4.2: For~a normal maxima em corte 90•-o• tangencial 

Tipo de for~a: FORCA NORMAL MAxJ:MA 
Tipo de corte: CORTE 90'-o' TANGENCIAL 

FORCA x ESPESSURA [mml 

ESPECIE y EQUA(:AOdeFOR(:A~/mmf R'(%) 

I Citriodora 10' F~-2,78-3,35h ! 35,44 

I Saligna ]0° I F--13,59h+4, J9h0 T 74.94 I 

I Gran dis 10' l F~-2,83-4,45h 66.02 

I I 

Citriodora 20' F--L68+3.48h 51,09 

Saligna 20· F~-LJ6+0.03h 0.02 

Gran dis 20• F~-U6-0.54h 
I 

18.85 I 
I 

I i 
Citriodora I 30° F~exo( -.45+ 3.54h-l, 15h0

) 80,76 

Saligna I 30° F--0.51+3.64h : 76.50 I 

Gran dis I 30° F~-0_93+L94h 45.68 

FORCA x DENSIDADE BASICA hdcm
3
l 

ESPESSURA y EQUACAO de FOR( A IN/mml R'(%) 

0.381 mm 10' I F--5.24+ 1,46d 7,24 

0.762 mm 10' F~3 .61-36.12d+ 28.79d0 
44,03 

Ll43 mm 10' F-9.21-61,62d+48.62d' 52.24 

L524 mm 10° F-8_06-62.40d+49 .8ld0 I 52,19 

0.381 mm 20' F--2.32+2. 17d 31,39 

0.762 mm 20° F--4,77+6,4Jd 7Ll8 I 

Ll43 mm 
I 20' I F~-6,26+9,60d 79.18 I I 

L524 mm zo• F--7,61+12,38d 83,84 

0.381 mm 30° F~-L69+4.02d 84,79 

I 0.762 mm 30° F~-7 .49+23,45d-!0,39d0 75,15 

I LJ43 mm 30' F--1 U9+34.58d-14.85d2 81,68 

1.524 mm I 30' ! F~-5,32+ 17.88d 80,87 

FORCA x DENSIDADE BASICA l:dcm3
] +ANGULO DE SAIDA [rad] + ESPESSURA [mm] 

EQUA(AO de FORCA IN/mm] R'(%) 

F--16,89+0,30h+7.42d+30,24y 78,38 
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Tabela 4.3: For~a normal maxima em corte 90•-9o• radial 

Tipo de forca: FOR<;:A NORMAL MAxiMA I 
Tipo de corte: CORTE 90'-90' RADIAL I 

FOR(:A x ESPESSURA [mm] 

ESPECIE y EQUACAO de FORCA IN/mml R'(%) 

Citriodora zoo F-3,03+35.00h-14.98h2 I 97.06 

Saligna zo• F --5, 00+4, 94elq>(h)-O, 94ex']J(h2
) 81,03 

Grandis zoo F=-U9-0.20h 1,21 

I i I 

Citriodora 30° F--4,32+42,22h-3, 77h2 
98,70 ! 

Saligna 30° F=-0.63+ 13A3h 95,19 

Gran dis 30° F--5,83+ 16.67h-5,65h2 
78.16 

I 
Citriodora i 40° I F--L84+50,85h-3.62h2 97,97 

Saligna I 40° F--3, 12+28,89h-4.98h2 93,89 

Gran dis I 40° I F--L25+ l0,43h I 61,29 

FORCA x DENSIDADE BASJCA [gicm
3

] 

I 
ESPESSURA y EQUA(AO de FOR(' A IN/mm] R'(%) I 

0,381 nun I zo• i 
F--8,88+17.70d 94.19 J I I 

0,762 nun zo• F=-15,61+34,85d 97,93 -zoo 1,143 nun I F--24,23+55,23d 98,83 I 

L524nun 20° F--2832+64,69d 98,33 I 
I ' 1 

0,381 nun I 30° F--15,87+45,29d-17,31d2 
96,78 

0.762 nun 30° I F=-9,96+28,33d+ 11,57d
2 

97,44 

1,143 nun 30° F=-20,84+64,63d 98,73 

' 1,524 mm 30° F--29,91 +88,16d I 98,57 

I I 

0,381 mm I 40° F=-8,25+26.31d 96,08 

0.762 nun 40° F--25,28+88.96d-26.24d2 97.58 

1,143 nun I 40° F--19.20+75.12d 93,88 i 

L524 nun 40° F--28,40+ 102,96d 97,81 

FOR(A x DENSIDADE BASICA [gicm
3
]+ ANGULO DE SAIDA [rad) + ESPESSURA [mm) 

EQUA<;:AO de FOR<;:A [N/mm] R'(%) 
I F--18,04+ 3, 12ex']J(d+y+h)+ 1,96exp(d2+/+h2)-0, 74ex'])(d3+/+h

3
) 81.39 
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Tabela 4.4: For~a normal maxima em corte 90°-90° tangencial 

I Tipo de forca: FORCA NORMAL MAxiMA I 
Tipo de corte: CORTE 90"-9o" TANGENCIAL 

FOR(:A x ESPESSURA [mm] 

ESPECIE y : EQUACAO de FOR(' A IN/mml R"(%) 
' 

Citriodora 20° I F--0.81+ 18.90h 77.76 

Sali!!Ila 20° F=-L95+5,33h 64,51 

Gran dis 20° I F--2.43+0,84h 12.98 

I 

Citriodora 30° F=-2,68+31,35h 86_04 

Saligna I 30° F=-2,61+l3,24h 84,86 

Gran dis 30° F--2, 11 +4,83h 73_4 I 

' ' 
Citriodora 40° F=-3.58+39.65h 90,98 

Saligna 40° F--2,43+ 17,11h r 85,79 

Grandis i 40° F=-2.33+7_64h I 80_42 

I 
FOR(:A x DENSIDADE BASICA l:dcm

3
] 

I 

ESPESSURA r EQUACAO de FOR( A [N/mml Rz(%) 

0.381 mm 20° F=4.21+ 12.65d2 94,75 

0_762mm 20° I F=-16,61 + 33, 93d 96,60 

U43 mm 20° F--23,00+50.16d 97.15 

L524mm ' 
20° F=-27.18+60.44d 97,04 

' 
0,381 mm 30° F--8,36+ 19,54d ' 96,44 

0,762 mm 30° F=-16,64+42,59d 96,19 

U43mm 30° F--23,29+63_35d 97,48 

1,524 mm i 30° F--29.54+83.44d 97,33 

I 
0.381 mm 40° F--8.56+22,48d 97_25 .,_ 

I 0_762mm 40° i F--16.69+48,16d 96,89 

l U43 mm I 40° F=-25,36+ 75,23d 97,68 

L524mm 40° F=-32.09+99,24d 97,70 

FOR( Ax DENSIDADE BASICA [2fcm3]+ ANGULO DE SAID A lradl+ ESPESSURA fmml 

EQUACAO de FORCA [N/mm] I R"(%) I 
F=-14_66+ L8lexp( d+y+h)+ 2,74e'-'P( d2-+-t2+h

2
)-0,82exp(d

3 
-+-t'+h

3
) I 78_53 
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Tabela 4.5: For.;a normal media em corte 90° -o• radial 

Tipo de forca: FOR(' A NORMAL MEDIA 

Tipo de corte: CORTE 90"-o" RADIAL 

FOR(:A x ESPESSURA [mm] 

ESPECIE y EQUA(:AO de FOR('A IN/mml R'(%) 

Citriodora w• F--3.64-6,85h 55.34 

Saligna 10' F=-2,33-8,85h 84.73 

Gran dis w• F--3,59-8.52h 94.34 

i 

Citriodora 20° I F=-U5-0.35h 2.03 

Saligna I 20' i F--!.96-L43h I 42.73 

i Grandis i 20° I F--3.04-2,49h 79.63 

I 
Citriodora 30' i F--0.4+4.48h-2.l0h2 

21.65 

i Saligna I 30° I F--1.28+ 3, 97h- L82h2 
33.36 i 

I Gran dis 30° F=-2.39+0.69h i 10.62 I 
I 

FOR(:A x DENSIDADE BASICA [g/cm
3

] 

I 

ESPESSURA y i EQUA(:AO de FOR( A [N/mm] R'(%) 

0.381 mm i 
100 F=-11,60+9.19exp( d)-7,45e>:p(d2

) 15.25 

0.762 mm 10' F=-11,11+2.43d i 11.46 

U43mm 10' I F--14.31+2.79d 7,76 

1.524 mm i 10' F--18.87+5,62d 18,83 

0.381 mm 20° I F--9.75+ 18, 73d-10.21d2 77.71 

0,762mm 20' F--10,33+ 15,04d-4,92d2 84,65 

1,143 mm i 20° F=-10,15+10,69d 88,64 

1.524 mm 20° F--10.84+1L08d 87,36 

0,381 mm i 30' I F--11,17+29,45d-17,57d2 84,12 

0.762mm I 30° F--14.36+4 L28d-25,87d2 85,82 

1,143 mm 30° F--12,20+34.48d-20,60d2 8!.60 

I 1,524 mm 30° F=-9 ,39+26.21d-15.56d2 63,49 

FOR(:A x DENSIDADE BAsiCA [g/cm3]+ ANGULO DE SAD>A [rad]+ ESPESSURA [mm] 

EQUAcAO de FOR(:A [N/mml I R'(%) 

F--27 ,84+ 18.90d+81,69y-2,90h-9,62d2 -7 L 9<rf' I 84,51 
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Tabela 4.6: For~a normal media em corte 90°-0° tangencial 

I Tipo de for~a: FORCA NORMAL MEDIA 
I 

Tipo de corte: CORTE 90'..o' TANGENCIAL 

FORCA x ESPESSURA lmml 

ESPECIE y EQUA(..\0 de FOR( A [N/mml R'(%) 

Citriodora i 10' F=-3,34-5,38h I 58,89 

Salio:na 10' F--2,61-8,53h 87.60 

Gran dis 10' F=-3,28-6. 17h 81.77 

Citriodora 2o• F--2,19+L92h I 24.19 

Saligna 20° F=-1,26-L06h I 20.65 

Gran dis ' 20° F=-1,63-1,32h i 47.65 I I 

I 
Citriodora i 30° I F=-0.82+3.33h ' 3436 I 

Saligna I 30' I F=0,03+ Lllh 45,21 

Grandis I 30° F=-0,89+0.55h I 5,09 ' 

FORCA x DENSIDADE BASICA h!lcm3
] 

ESPESSURA I a EQUAc..\o de FORCA [N/mml R'(%) 

0,381 mrn 10' F=-6.15+0.97d 3.07 

0,762 mrn 10' 
' 

F-0,48-30.54d+24.03d0 30,12 

1.143 mrn 10" F=6.88-61.44d+47.82d' 53.58 

1.524 mrn I 10" F-9.60-79.47d+62.24d0 64,21 

0,381 mrn 20° F=-2,29+0,94d 6.41 

0,762 mrn 20' F=-4,80+4,66d 51,03 

LJ43 mrn 20' F--6,40+ 7,24d 67.87 

i 1.524 mrn 20' F=-7,73+9,3ld 72.35 

I 
I 0,381 mm 30° F--7 .66+23.06d-15.83d0 I 29.08 

0,762 mrn 30' F= 
10 

r-1n .s1 ~ zs .::::> t.~-!"7 .39 a:) I 59,21 

l, 143 mrn 30° F= lO {-6.oo + 1s .76 d-8.65 a" 1 67,71 
I 

L524mm 30" F--3.62+8,72d 51.75 

FORCA x DENSIDADE BASICA fl!lcm'l+ ANGULO DE SAiD A fradl+ ESPESSURA fmml 

EQUAC..\0 de FORCA [N/mml R\%) I 
F=-19.00-8.58d+84.36y-1 ,73h+9.71d

0 
-77,85/ I 82,31 I 
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Tabela 4.7: For.,:a normal media em corte 90°-90° radial 

Tipo de for~a: FOR(A NORl\fAL MEDIA 

Tipo de corte: CORTE 90'-9o' RADIAL 

FOR(A x ESPESSURA [mm] ' 

ESPECIE y EQUA(AO de FOR( A [N/mm] ' R\%) 

Citriodora 20° I F-1,89+19.06h2-4.44h4 
96,3 

Saligna 20' F--3,66+8,30h-2,56h- 73,82 

Grandis 20° F--L 92-2,36h 33,75 

Citriodora 30° ' F--4,96+ 34. 73e-4.08h2 
99.17 i I 

Salima 30° I F--L96+9,93h 9638 

Grandis 30' F--4,92+9,68h-3,59h2 
34,44 

Citriodora I 40° I F--3.26+4 L64h-4,37h2 
98,27 

Saligna I 40° F--3,63+ 21,36h-3.28h2 
96.15 

Gran dis I 40' I F--L76+6,65h 42,16 

FOR(A x DENSIDADE BASICA [g/cm
3

] 

ESPESSURA I ' EQUA(AO de FOR( A fN/mml R'(%) y 

0.381 mm 20' F--8,91+14.61d ' 94.98 I 
0,762 mm 20' F=-15,93+29.81d ' 96,70 

U43mm 20° F--23.72+46,67d 98,61 

L524mm 20° I F--27.77+54,33d 98,41 

I 
0,381 mm 30' I F=-13, 10+ 32. 12d-1 0.41d2 

97,31 

0.762 mm 30° I F--15,27+37,45d 98,07 

U43 mm 30° F=-20,86+54.40d 98,78 

L524mm I 30' I F--28.15+72.56d 98,63 I 

0.381 mm 40° F=-8.40+2L94d 
' 

97,39 

0.762 mm 40' I F--14,96+45,27d 98.51 

Ll43 mm 40' I F--18.19+6Ll2d 92.05 

U24mm 40' I F=-25,74+82,75d 98,99 I 

FOR( Ax DENSIDADE BASICA [g/cm
3

] + A.li!GULO DE SAi:DA [rad]+ ESPESSURA [mm] 
' 

EQUA(AO de FOR( A [N/mm] R'(%) 

F--48.81 +44,9ld+36,15y+ 12.42h 84.31 
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Tabela 4.8: For~a normal media em corte 90"-90" tangencial 

I Tipo de forca: FOR(A NORMAL MEDIA 

Tipo de corte: CORTE 90-90 TANGENCIAL 

FOR(:A x ESPESSURA lmm] 

ESPECIE ' EQUACAO de FOR<;:A [N/mm] R'(%) y 

Citriodora 20' F-exl)( -0,68+6,06h-2, 73 h2
) 72,66 

I Saligna 20° F--2,75+4,04h I 64,35 

Gran dis ' 20° F--2, 70-0,46h 3,03 
I 

I 

Citriodora 30' I F-exl'(0.67+ 3,58h-1, 12h2
) 90,07 

Saliona ' 30° F--3,03+ 10,94h 83,96 

' Gran dis 30° F--2.37+3.53h 58.43 

I 
Citriodora i 40° F-exp(l,02+ 3,36h-1 .02h2

) 93,57 
I Saligna i 40' F--2,70+14.11h 86,70 

I Gran dis 40' I F=-2,46+6.llh I 72,29 

I 
FOR(:A x DENSIDADE BAsiCA (g/cm3

] 

ESPESSURA y 
I 

I EQUA(:AO de FOR(: A IN/mm] I R'(%) 

0,381 mm 20' F=-4,59+ 10,35d- 95,57 

0,762mm 20' F--6.69+2L23d2 I 97,20 

U43mm I 20° F=-2L05+41,66d 96,63 

L524mm 20' F--24, !4+49.25d 97.73 I 

0,381 mm 30° F=-7,63+16,00d 96,75 

I 0,762mm 30° l F=-14.54+34,85d 97,04 

L 1,143 mm I 30° F--20,53+52, 79d 98,02 

I U24mm I 30° I F--24A6+66,82d 97,21 

0.381 mm I 40° F=-751+18.13d 97,95 

0.762mm i 40° I F= lO (-6.76-:3.26d-13,65d
1 J I 92,06 

U43mm I 40° I F--20.85+60,28d I 97.42 

L524 mm I 40' I F--26.12+79.49d I 97,92 i 

FORCA x DENSIDADE BASICA fg/cm'l +ANGULO DE SAD>A [rad] + ESPESSURA fmm] 

' EQUACAO de FORCA IN/mml I R'(%) 

F--10,97+2. 17(d+y+h) I 71,4 
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Tabela 4.9: For.,:a paralela maxima em corte 90"-0" radial 

I Tiuo de fon:a: FOR(' A P ARALELA MAxiMA I 
Tipo de corte: CORTE 90-0 RADIAL 

FOR(:A x ESPESSURA [mm] 

ESPECIE I y EQUACAO de FOR(:A [N/mm] R'(%) CVREG(%)-
Citriodora I !0' F-exp(2, 79+ 2,1 Oh-0, 52h2

) 96,42 230 

Saligna I 10" F -exp(2,25+ 2, 48h-O, 70h2
) 95,67 2,60 

Grandis I 10' F-eA1J(L06+2,34h-0,66h2
) 95.23 2,72 

' I 

Citriodora I 
20' F-exp(2,59+ 2, 14h-0.61h2

) 94,07 2,46 

Saligna I 20' F-e:q>(2, 10+ 2.45h-0,68h2
) 96.73 : 2.72 

Gran dis I 20° F-ew( L 78+2,43h-O, 70h2
) 96,76 2.90 

' I I 
Citriodora I 30° I F~ew(2,43+ L67h-0,36h2

) 88.73 3,81 
I Saligna I 30° I F-ex-p(1,99+2,30h-0,64h2

) 96.71 2,87 

Gran dis I 30° I F-1,06+23,06h 95,06 9,62 

FORCA x DENSIDADE BASICA[g/cm3
] 

ESPESSURA I y ! EQUA('AO de FORCA IN/mml R'(%) CVREG(%)-

0,381 mm I 10. F-ex-p(2,34+ 1,27d) 86,8 3,17 
' 

0.762 mm I 10° I F~exp(2,33+ 3,4 7d-l ,67d2
) 88,58 2,65 

Ll43 mm ! 10' F~ew(2,60+ 3,86d-1,97d2
) 87,03 2,40 

L524mm I 100 F--16.65+218. 18d-73.93d2 
91,21 9,14 

I I 

I 0.381 mm I 20' F-ex1J( US+ 3, 70d-l, 73d
2

) 89,23 I 3.39 I 

0.762 mm I 20° ' F-ex-p(1,83+4,53d-2,49d
2

) I 89,65 I 2.79 

Ll43 mm I 20' F~exp(2,01 +5.19d-3,01d2
) 89,69 I 2,54 

L524mm I 20' I F~ew(0,53+ 10,24d-6A9d2
) 94,52 I 2,43 

I I 
0,381 mm I 30° F--16, 68+86,56d-50 ,56d

2 
89,63 9,25 

0,762 mm I 30° F~ew(O, 73+ 7,37d-4,73d2
) 82,75 3,05 

Ll43 mm I 30' I F-ew(I,OO+ 7.84d-5, 17d
2
) 85,65 2,74 

L524 mm I 30° F-exp( 1,46+ 7, !Od-4,57d
2
) 74,80 3.62 I 

FORCA x DENSIDADE BASICA [g!cm
3

] +ANGULO DE SAIDA [rad]+ ESPESSURA [mm] 

I 
EQUACAO de FOR(' A [N/mml R'(%) CVREG(%) I 

F-ew(O, 57 +5 ,20d+ 2,30h-O, 54y-3 _ 02d2 -0,63 h2 -I ,30y') 962 2,75 I 
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Tabela 4.10: For~;a paralela maxima em corte 90•-o• tangencial 

Tipo de forca: FORCA P ARALELA MAxiMA 
, Tipo de corte: CORTE 90'-0' T~"GENCIAL 

FORCA x ESPESSURA [mm] 

ESPECfE I y I EQUACAO de FORSA [N/mm] i R'(%) CVREG(%)-

Citriodora I 100 F- e:qJ(2,56+2,28h-0.62h2
) 96,52 2,20 

Saligna 100 F=e>.'jl(2,32+ 2, 17h-0,54h2
) 92.86 3,63 

Grandis 100 I F-e>.-p(2,07+ 1,94h-0,48h2
) 97,51 L 2,79 

i I 
I 

Citriodora 20° I F=exp(2. 40+ 2.36h-O ,69h2
) 96.27 2.29 

I 
I 

Saligna I 20° F-exp(2,00+2.50h-0.70h2
) I 96,36 2.77 

Grandis 20° F-exp(L80+2.22h-0,60h2
) 94,85 3,05 

I 
Citriodora I 30° F-exp(2,3 7 + 2.07h-0,62h2

) 92,73 
I 

2,73 

Saligna r 30° I F -e>.'jl(l, 87 + 2.34h-0,68h 2) I 96.73 2.49 

Grandis 30° F=eX[l_(L61 +2. 18h-0,61h2
) I 97.97 2,09 

FORCA x DENSIDADE BASICA[g/cm3
] 

ESPESSURA I y I EQUACAO R' I CVREG(%)-

0.381 mm 10° I F--14.35+92.67d-50.33d2 76,32 I 13.47 

0.762mm 100 I F--32.20+ 182,50d-97,40d2 82,71 i 12.47 

U43 mm I 10° I F--67, 72+ 337 .26d-196,41d2 
I 87.21 10,37 

L524mm I 10° F=-96,32+468.95d-277,92d
2 I 86,51 10.65 

I 
0.381 mm 20° I F-3.66d-2JOd2 suo 12.81 

0.762mm 20° 
I 

F=-21,52+ 138.08d-97.40d2 
I 89.37 9,06 

U43 mm 20° F--40.68+ 238.09d-133,62d
2 

86,82 9.61 

U24mm 20° I F--55,55+ 325.30d-19 L38d
2 83,10 10,20 

! 
I I 

I 0,381 mm 30° F=L49+22.17d I 93,82 7,70 

L 0.762mm 30° F--13,93+97.40d-44,92d2 I 89,82 9,43 

1,143 mm 30° I F--17.61 ++ 136.43d-68.35d
2 

8Ll9 11,76 

1,524 mm 30° 1 F--30,42+20L60d-11 L68d2 76.58 I 12,75 

FOR( Ax DENSIDADE BASICA [g!cm
3

] +ANGULO DE SAi:DA [rad] + ESPESSURA lmml 

EQUACAO I R' i CVREG(%)-

F-exp(l,76+ 1,21d+2,22h-1, 16y-0,61h2
) 

I 93.86 I 3.96 
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Tabela 4.11: For~;a paralela maxima em corte 90°-90° radial 

Tipo de fol"\'a: FOR<;:A P ARALELA MAxiMA 
Tipo de corte: CORTE 90'-90' RADIAL 

FOR( Ax ESPESSURA [mm] 

i ESPECIE y EQUA<;:AO de FORcA [N/mm] R'(%) CVREG(%)-
Citriodora 20° F--3,44+210,28h-46_37h2 97,88 I 5,37 

Saligna 20° F-7,48+87,46h 98,19 5,64 

Grandis 20° F-eilo1J(2,31 + 3,08h-1, 71h2+0A2h3
) 97,85 1,79 

! 

Citriodora ! 30° F-4,36+ 122,96h 99,06 I 4,25 

Saligna 30° F-eilo1J(2,19+4,70h-3,73h2+ L 16h3
) 98,58 I 1,30 

Grandis 30° F-eJql(2, 1 0+ 3.26h-1,81 h2+0.40h3
) 98,48 I 1,48 

! 

Citriodora 40° F-6,29+103,75h 98,42 5,39 

Saligna 40° F -ex'Jl( 1, 97+4, 68h-3, 40h 2+0, 94h3
) I 97,51 I 1,76 

! Gran dis 40° F-ex1J(2, 11 +2,20h-0.60h2
) I 96,40 2.82 

FORCA x DENSIDADE BAsiCA [g/cm3
] 

ESPESSURA y EQUACAO de FORCA [N/mm] R'(%) CVREG(%)-

0,381 mm 20° F-exp( L80+4 ,3 3d-! ,82d2
) I 95,60 2,68 

0,762 mm 20° F-ex1J(2,09+5,38d-2,56d
2

) 97,45 1,63 

I Ll43 mm I 20° F=-70.46+ 397Ad-140,45d2 
98,68 

! 
4,47 I 

L524 mm I 20° I F-ew(2,76+5.46d-2,89d2
) 97.72 Lll 

I 
0,381 rnm 30° F=exp(O, 92+6. 4 7 d-3 ,53d2

) 96,87 2,03 

0.762 rnm i 30° F-eX1J(1,59+6,38d-3,37d2
) 97,68 1,54 ! 

Ll43 mm 30° F--15.90+ 172,37d I 98,29 5,32 

L524mm I 30° F=-127,54+579,65d-25 L07d2 
98.98 ' 4,24 

0,381 mm I 40° F=ex1J(l, 11 +5,38d-2,65d
2

) I 96,41 2.33 

0.762 mm 40° F--48.02+233,06d-95,09d
2 96,87 7,28 

Ll43 mm 40° F--15,58+ 153,33d 98,35 6,62 

L524 mm 40° F-exo(2,35+5, 17d-2,38d2
) 97,64 L55 

FORcA x DENSIDADE BASICA [g/cm3
] +ANGULO DE SAIDA [rad] + ESPESSURA [mm] 

EQUA<;:AO de FOR(A [N/mml R'(%) CVREG(%) 

F=e:>.l'( 1 .23+5.82d-2, 18y+ 2.26h-2.95d2+ 1,03-y' -0,63h2
) 98,61 i 1,84 
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Tabela 4.12: For~a paralela maxima em corte 90"-90" tangencial 

Tipo de forca: FOR( A PARALELA MAxiMA 
Tipo de corte: CORTE 90"-90' TANGENCIAL 

FORCA x ESPESSURA [mm] 

ESPECIE I y EQUA(AOdeFORCA~/mml I R2(%) CVJ<EG(%)-
Citriodora I 20' I F--10,84+202,13h-31,28h2 

94,77 9,87 I 

Saligna 20' I F-exp(2,74+2, 13h-0,51h2
) 83,05 5,29 

Grandis 20· F-exp(2, 43+ I, 94h-O, 45h2
) 93,98 2_64 

I I 
i Citriodora 30° F-ew(2, 89+ 2, 69h-0_78h2

) 95,96 I 2_17 

Saligna I 30° F-exp(2, 17+ 3, 15h-0
1
94h2

) 87,72 5,39 

Gran dis I 30° F=e>.-p(2_35+ 1,83h-0,42h2
) I 95,73 I 2,75 I 

I I I 

Citriodora 40° I F-exp(2,66+ 2, 73h-0,81h2
) 96,17 I 2,28 

Saligna 40" F-exp(2,42+ L 77h-0,34h2
) I 95,10 I 2,67 

Gran dis I 40° F-exp(2,28+ I ,68h-0,38h2
) I 95,38 2,88 

FORCA x DENSIDADE BASICA [g/cm
3J 

ESPESSURA I y EQUA(AOdeFOR(A~/mmf R'(%) I CVREG(%)-
I 

0381 mm 
I 

20° ~-e>."P(l, 72+ 3
1
81d- L25d2

) I 96,79 2,81 I I 

0,762mm 20· F-e>.-p(2,04+4,57d-1,64d2
) 85,30 4,77 

Ll43 mm 20' F=e>.-p(L89+6,36d-2, 96d2
) 94,16 3,09 

L524mm 20' F-exp(2,32+6, 09d-2, 93d2
) I 93,46 I 2,06 

' 
0381 mm i 30° F=ex-p(2,26+ 1,71d) 96,70 1,90 

0,762mm 30' 
' 

F-exp(l,99+4,31d-1,66d2
) 97,24 I 2,52 

Ll43 mm 30° I F--31,44+189,34d 97,59 I 7,10 
I L524mm 30° I F=exp(2,92+ 3,34d-0,91d2

) 97,23 I L53 

i 
I 

0381 mm 40° I F-l2,35+29,30d2 I 96,82 I 6,00 

0,762mm 40' I F=-14,93+96,66d 94,34 I 10,73 

1,143 mm 40° F-e>.-p(233+ 3, 78d-1,26d2
) 97,53 i 1,70 

I L524mm 40' I F-exp(2,42+4,39d- L 73d2
) 97,21 I 5,06 I 

FORCA x DENSIDADE BASICA le/cm3
l +ANGULO DE SAIDA Jrad]+ ESPESSURA Imm] 

I EQUAcAO de FORCA fN/mml R'(%) 1 CVnG(%) 

F-e>.-p(2, 15+ 2,23h-1,23y+4,94d2 -0,59h2-323y2
) 97,25 2,45 
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Tabela 4.13: For~,:a paralela media em corte 90•-o• radial 

Tipo de forca: FOR( A PARALELA MEDIA 

Tipo de corte: CORTE 90'-0" RADIAL 

FOR( Ax ESPESSURA [mm] 

ESPECIE r EQUACAO de FOR(:A [N/mm] Rz(%) CVREG(%)-
Citriodora !0" F-exp(2,66+ 2, !9h-0,64h2

) 9l,ll 3,49 
Sa!igna 10' I F -ex1J(0,6 7+9, 03 h-9 ,25h2+ 3, !Sh3

) 94,34 2.7S I 

Gran dis 10' F-exp( I, 93+ 2,24h-O, 62h2
) 95,44 2,96 

' I 
Citriodora 20' F-exp(2,79+ 1, !Oh-0,40h2

) 33,7 6AS 
Saligna 

' 
20' F -e>.'Jl( I. 95+ 2,51 h-0, SOh

2
) 95,6 2.88 

Gran dis 20° F -ex']J( 1, 19+4 ,34h-3, 03 h2+0.83 h3
) 96,96 3.16 

I i i 
Citriodora 30° F-exp(2,27+0,67h-O, !lh2

) 52,41 7,14 

Saligna ' 30° F-exp(0,80+ 7,04h-7, !4h2+ 2, !8h3
) 42,64 6,28 

Gran dis I 30° F-e>.1J(l,35+2,43h-0, 75h2
) 92,22 4,96 

I FOR«;:A x DENSIDADE BASICA [g!cm
3

] 

ESPESSURA r EQUA(AO de FORCA [N/mml Rz(%) CVREG(%)-
0,381 mm i w· F-exp(0,67+ 7,26d-5, 7!d2

) ' 69,!0 5,20 

0,762 mm !0° F-e>-']J(2,03+ 3,85d-!,89d2
) 89,61 2,76 

1,143 mm i !0° F-exp(2,54+ 3 ,35d-1,56d2
) 84,94 I 2,52 

L524mm 10" F-exp(2,55+4,22d-2.28d
2

) 74,01 3,37 
I 

0,381 mm 20' F-exp(0,95+4,69d-2,53d
2

) I 85,27 3,58 

0.762 mm 20" F -exp( 1,24+6,22d-4, !3d2
) 61,99 4,23 

U43 mm ' zo• F=exp(l.l9+ 7 ,89d-5,91d2
) 53,13 3,99 I 

1,524mm I 20° F-exp( 1, 92+6.34d-4, 48d
2

) 56,88 3,79 
I I 

0,381 mm 30° F=exp( -0,21 +8,05d-5,53d
2

) 64,44 I 5.84 

0.762mm 30° F-e>-1'( 1 ,3+5,3 5d-4, 15d
2

) 38,45 I 6,12 

1.143 mm ! 30' F-exp(4.96-6,35d+4,48d2
) 33,97 6,80 

1.524 mm I 30" F-exp(7 ,0 1-12,90d+9 .32d2
) 66,00 6.64 

FOR(:A x DENSIDADE BASICA [g!cm
3

] +ANGULO DE SAIDA [rad] + ESPESSURA [mm] 

EQUA(AO de FOR(A [N/mm] Rz(%) CVREG(%)-

I F=exp( 1.18+ 3,16d+O, 7(}r+2,35h-2,07d
2 
-4,39/-0. 79h

2
) I 77,88 8.68 

' 
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Tabela 4.14: For~a paralela media em corte 90"-0" tangencial 

Tipo de for~a: FOR( A P ARALELA MEDIA I 
Tipo de corte: CORTE 90'-0' TANGENCIAL ' 

FOR<;:A x ESPESSURA [mm] 

ESPECIE i y EQUACAOdeFORCArn/mml R'{%) i CVru:.,(%)-
Citriodora 100 F-e>.1J(Z, 09+ 3 ,68h-Z.2 9h2+o ,57h3

) 95,21 Z,56 

Saligna 10' F=5,33+38.01h 92,13 11,54 

Grandis 10" F-exp(l, 97+ 1,87h-0,45h2
) 95,08 3.08 

I I 
Citriodora I zoe F=e>.lJ( I ,80+4 ,Z3 h-3 ,OOh '+0, 76h3

) 86,10 4,73 

Saligna i zoe F-exp( I, 84+ 2,69h-O, 95h2
) 92,46 ' Z,97 i ' 

Grandis I 20° F=exp( I ,69+2.18h-0,61h2
) I 93,65 3.Z4 

i 
Citriodora 30° F-exp(2.66+0.53h) 41,66 I 8,37 

I Saligna I 30° i F=exp( I, 44+ 3. 95h-3 ,28h2+0, 95h 3) 87,56 3.40 
i Grandis I 30° F-exp(l,55+ 1,98h-O. 75h2

) 85,71 3.8Z 
' 

FORCA x DENSIDADE BAsiCA ll!fcm
3
1 

ESPESSURA ' EQUA<;:AOdeFOR(A~/mm] R\%) 1 CVru;.,(%)-y 

0.381 mrn I 10" F-exp(0,91 +5,38d-3, 15d2
) 80,9 I 3,42 

0,762 mrn I 100 F-e>.1J( 1,28+5 ,87 d-3,3 8d2
) 84,86 I 2.87 

' 
U43 mrn i 100 F=exp(l ,38+6, 77d-4,06d') 89,99 l Z,59 

1.524 mrn I 100 ' F-e"'P( 1,55+ L98d-O, 75d
2

) 89.88 Z,l8 I 

' I ' 
0.381 mrn i zoe F= exp(O, 93+4.61d-Z.53d

2
) 78,02 5,ZO 

0.76Z mrn zo• F-exp( 1 ,Z4+5 ,60d-3 ,Z5d2
) 86,Z3 Z,99 

1.143 mrn I zo• I F-exp(l, 73+5, 16d-3,05d2
) 76,04 3.89 ' 

I 1.524 mrn I 20° F=ex1J(5,66-12. 71d+ 23,92d
2 
-13,02d

3
) 64,Z8 4,55 

0.381 mrn 30° F-exp(0,83+4,Z8d-2,34d2
) 86,2Z 3,81 

0.762 mrn I 30° l F=e,.-p( 1,50+ 3, 63d-1, 96d2
) I 63,02 ' 5,91 

1.143 nun i 30° I F-exp(2, 4 5+0, 98d) 50,54 6,51 

1,5Z4 mrn I 30° F-exp(Z.49+ L04d) 45,37 7,80 

! 
I FORCA x DENSIDADE BAsiCA ll!fcm3J + A."!GULO DE SAIDA [rad] + ESPESSURA [mmJ 

EQUA(AO de FORCA IN/mml I R'(%) CVREG(%) 

I F-exp(O. 46+4, 79d+ 2. 09h+O. 92y-2. 71d2 -0.66h
2
+4. 13y') i 90,43 5,26 i 
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Tabela 4.15: Forc;a paralela media em corte 90°-90° radial 

Tipo de for~a: FOR('A PARALELA MEDIA 

Tipo de corte: CORTE 90'-90" RADIAL 

FORCA x ESPESSURA [mml 

ESPECIE I y i EQUACAO de FOR(' A [N/mm] R'(%) CVREG(%)-

Citriodora I 20° F--4, 76+ I 73,35h-36,56h2 
98,27 5,00 

' 
Saligna 20' F-exp(2,30+3,64h-L02h2+0,46h3

) 99,08 4.I2 I 

Grandis 20° ' F-exp(2, 10+2, 92h-I,47h2+0,33h3
) 98,59 L69 ' 

Citriodora 30° F--49 ,86+85, 17e"'P(h)-33, I 9e"'P(h2)+4,46ex'])(h3
) I 99,41 3,42 i 

I SaJiQila ' 30° F --27, 94+51, 60e,<p(h)-2222ex'])(h2)+ 3 3 9exp(h3
) ' 98,76 I 5.18 i 

i 

Gran dis 30° F=-13, 44+ 26. 42exp(h)-8, 48e>.'jl(h2)+0, 94exp(h3
) 99.08 3.88 

I 
Citriodora 40° I F--40, 11+69,69exp(h)-24,68e"'P(h2)+2,69ew(h3

) 99.29 3,60 

Saligna I 40° I F=ex'P( I ,65+4 ,68h-3 ,27h2+0 .88h3
) I 98,57 L58 

' 
Gran dis I 40' I F-e"'P( 1,89+2, I lh-0,56h

2
) 98,69 I,66 ' 

FORCA x DENSIDADE BASICA f!!icm
3
l 

' 
i 

ESPESSURA y EQUA('AO de FORCA [N/mm] R'(%) I CVREG(%)-
i 

I 0,381 mm I 20' I F-ew(l,63 +4,02d-L54d') 97,70 1,82 

0,762 mm I 20° i 
F-ex']J( I, 76+5 ,69d-2,7 5d2

) 98,47 I 1,33 
' 

U43mm 20° F=exp(2,03+6,20d-325d2
) 99,20 0,70 

L524mm 20° F-ex']J(2,3 5+6,21 d-3, 43d2
) 98,20 0.94 

I ' ' 
0.381 mm I 30° F -exp( I, 06+5 3 8d-2, 70d') I 98,38 1,38 

0.762 mm I 30' F-e"'Jl(L46+6, IOd-3, 12d
2

) 
I 98,18 1,4I 

U43mm I 30° I F-exp( I, 99+5, 3 5d-2,57 d2
) 99,29 0,75 

' ' 
L524 mm 30' F-e"'Jl( 1,34+8, 4 7 d-4 ,82d2

) 99,37 0,73 

' 
0,38I mm 40' F-exp( 1,25+ 3,99d-1,56d2

) 98,57 L78 

0.762 mm 40° F-exp( I, 05+6.65d-3, 44d2
) 98,5I 1.48 I 

Ll43 mm 40° I F=ew( I .69+5, 7 4d-2, 79d2
) 99,13 LIO I ' 

L524mm 40' F-e>.lJ( 1,84+6, 07 d-3, 01 d2
) I 99,13 1,03 

FOR('A x DENSIDADE BASICA f!!icm
3
l +ANGULO DE SAiDA [radl + ESPESSURA [mml 

EQUA('AO de FOR('A [N/mm] I R'(%) CVREd%) 

F=exp(O, 99+5, 82d-2,22y+ 2,2 9h-2, 92d2 +0, 98y2 -0 ,36h
2

) I 99,08 I 1,58 
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Tabela 4.16: For~a para!ela media em corte 90°·90° tangencial 

ESPECIE R'(%) / CV REG(%)- I 

Citriodora .95.79 9.05 

Saho-na 20° 84,5~ 5.47 

Gran dis 20' 94.-+2 2.72 

Citriodora 
,.., (\:) 
ov F=exp(2. 70+ 2,72h·O, 79h0

) 96.85 2.26 

Saligna 30° F=exp(2, 17+ 2.63h-0)9h2
) 9~,80 2.62 

Gran dis 30° F-e.w(2.25+ L 79h-O.-+Oh'; 9~_93 2.85 

Citriodora 40° F=exp(2.-l5+ 2.80h-O, 8~h') 96.42 2.38 

Saligna ~0' F=exp( -+,68· 7,63 h+8,68h' -2.63 h
3

) 95.87 3.11 

Grandis ~0' F-exp(2, 18+ L62h-0.36h2
) noo 3.00 

FOR(:A x DENSIDADE BASICA [glcm3
] 

ESPESSURA y EQUA(:AO de FOR(:A [Nimm] R'(%) I CVREG(%)-/ 

0.381 mm F-ex ( L07+5,25d-2.30d2
) 95,25 2.84 

0.762 mm 83.52 0.31 

... 
i - ' - -

I 
l.524 mm 20° F---96.02+455.90d-150.2 9d' 94.98 ' 9.79 ' i i 

i ! 

1 143 mm 70" 95 86 F=-39 41+715 56d 9 73 

0)81 mm I 30° F=exp(2,19+ 1,59d) i 95,99 I 1.99 I 
I 0.762 mm I 30° F -e:\>J( L 95 +4, 06d- U 6d2

) 96.61 I 2.03 i 
1.1~3 rum i 

I 30° ' F--23.95+ 157.6~d 97,52 I 6.98 

l,52:.J. mm ! 
30° ' F=exp(2, 77+ 3 .44d-1,04d') I 96.77 i 1.73 ' 

I I 
I ' 
i 0.381 mm I 40° F-ll,20+22.83d0 96,34 i 5.98 
I 0.762 mm I 40° j F= l3.17+59,03d' 94.44 I 10.49 i 
I I 

U~3rnm I 
I 

+00 I F-exp(2, 15+ 3,90d-1A0d
2

) 97.08 I L77 

I 1.524 nun I 40° F--20.17+ 154,58d 97,01 I 6.30 

FOR(:A x DENSIDADE .BASICA fg/cm3 l +ANGULO DE SAIDA [radl + ESPESSURA [mml 

I 
CVREc(%) I EQUA(:AO de FOR(:A [Nimm] I R'(%) 

F=exp( 1 ,28+ 3 .79d-l ,27y+ 2,3lh- L3 5d2 -0,62h') 96.98 2,54 
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A seguir, sao apresentados alguns gnificos que exemplificam o comportamento 

dos modelos gerados atraves das regressoes com rela<;ao aos dados experimentais: 

FNMAX x ESPESSURA {a=30°; C!TR!ODORA 90°~ 

0°RO) R
2
=91,40% CV=i2,32% [FN=~0,29+8,18e~ 

1 ,37e2
] 

0,5 1,5 

ESPESSURA [mm] 

+FN(ENSAiO) 

IIFN(REGRESSAO) 

Figura 4.1- FNl\;lAX x ESPESSUR>\- 90"-0" radial 

'1 
'I 

I 

FNMAX x DENS!DADE (e=0,762mm; a=30°- 90°­

D"RD) R
2
=93,41% C\/=25,92"/o [FN=-11 ,67+34,89d-

17,83d
2

] 

+ FN {ENSAIO) 

--FN 
(REGRESSA.O) 

:t~ ,, 0.600 0,800 :noo 

·2 2 

DENS!DADE BASICA 

Figura 4.2- FNMAX x DENSIDADE R~SICA- 90"-0" radial 



FNMAX x ESPESSURA (a=30°; CITRIODORA- 90°-

00TG) R2=80, 76% CV=17, 75% [FN=exp( -0,45+3,54e· 

1,15e2
)] 

+ FN (ENSAIO) 

---FN 

(REGRESSAO) 

Figura 4.3 - Fi'i"MA.X x ESPESSURA - 90" -0" tangencial 

E' 

~ 
...J 

< a 
0:: 
0 
z 
< 
<> 
0:: 
0 
u. 

FNMA,'( x DENSIDADE (e=0,381 mm; a=30°- 90°-

0°TG) R2=84,79%CV=1 02,23% [FN=1 ,69+4,02d] 

4 

'l 
I 

, I 

, I 
' 

+ FN (ENSA 10) 

I 

I 
0 

• 
I 

-1 i 

---FN 

1 ~ (REGRESSAO) 

I 

DENS! DADE sA SICA 

Figura 4.4- FNlVL~ x DENSIDA.DE BASIC A.- 90"-0" tangencial 
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.11 

Fl\IMAX x ESPESSURA (a=30°; CITRIODRA- 90°-

90°RD) R'=98,70% CV=5,50% [Fl\l=-4,32+42,22e-

3,77e2] 

60,--------------------c 

50 ;I 
/ 

~ 40 ,f 
-' • FN (ENSAIO) 
< 

( ::; 

"' 
30 

0 --Fl\1 
z 

(REGRESSAO) 
< 
(> 20 

( "' 0 
"-

10 

0 

0 0,5 1,5 

ESPESSURA [m m J 

Figura 4,5- FNJVLU x ESPESSUR~- 90"-90" radial 

FNMAX x DENSIDADE (e=1,143mm; a=20°- 90°· 

900RD) R'=98,83% CV=12,27% [F1\I=-

24,23+55,23d] 

· + FN (ENSAIO) 

--FN 

• (REGRESS!iO) 

DENS! DADE i3ASICA 

Figura 4.6- FNMAX x DENSIDADE BASICA- 90"-90° radial 
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FNMAX x ESPESSURA (a=40°; CITRIODORA • 90'-

90°TG) R'=90,98%CV=15,76% [FN=-3,58+39,65e] 

60 

Jso ~A 
j: fS 

-' 40 

"' :;; + FN (ENSAIO) 
0:: j# + , ---FN ( REGRESSAO) ' 0 
2 30 j$ 
"' <> 
IX 
0 20 
u. 

( 10 

0 

0 0,5 1,5 2 

ESPESSURA [mmj 

Figura 4.7- FNMAX x ESPESSURA- 90°-90° tangencia! 

60 

R\IMAX x DB\ISIDADE (e=1 ,524mm; a=40°- so•-so•TGj 
R'=97,70%CV=10,43%[R\I=-32,09+99,24c!] 

I 
jm 

I 

--+- R\1 (REGA:SSi\0) 

m R\1 (ENSAIO) 

0~--------------------~ 
0,000 0,5JO 1000 

!E\510!\DE Bi\SICA 

Figura 4.8- FNMAX x DENSIDADE BASICA- 90°-90° tangencial 
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FNMD x ESPESSURA {a=10°; CITRIODORA-

90°-0°RD) R2=55,34% CV=26, 13% [FN=-3,64-

6,85e] 

0,------------------, 
0,5 1,5 

·5 

" "' I Ill 

E' -10 .. .. FN (ENSAIO) 

" .!i .. 
IS II 

,-+-FN 
2 

.. 
"- ·15 

I (REGRESSi\0) ,. .. 
-20 

I 

-25 

ESPESSURA [m m] 

Figura 4.9- FNMD x ESPESSURA- 90°-0° radial 

FNMDx DENSIDADE (e=i,524mm; a=20°- 90°-

00RD) R'=87,36% CV=23,8i% [FN=-10,84+11 ,08d] 

E' 
E ·' 
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..J ·2 

"' :;;; -
"' ·0 
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2 ·4 

~-
"' .5 0 
"-

·6 

. 7 

0,500 

-+--- FN (REGRESS)\ 0) 

" FN (ENSAIO) 

DEI\ISIDADE 6ASJCA 

Figura 4.10- FNMD x DENSIDADE BASICA- 90°-0° radial 
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FNMD x ESPESSURA ( a=1 0'; SALIGNA • 90' -O'TG) 

R2
=87,60% CV=12,90% [FN=-2,61-8,53e] 
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-2 
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'E 

i 
-6 

..J -a 
< :;; 
!X: -10 

0 

"' . =::C -,2 

"" 5 -14 

u.. 

-16 

-iS 

-20 

Ill 

Iii 
1!1 

Ill !Ill 

Ill 

I 

ESPESSURA [mm] 

Ill FN (ENSAIO) 

--FN 
(REGRESSAO) 

Figura 4.11- FNJVID x ESPESSUR4.- 90"-0" tangencial 
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-5 

FNMD x DENS I DADE (e=1 ,143mm; a=20'- 90°· 

O'TG) R':67,87%CV=55,32%[FN=-6,40+7,24d] 

.. 
"'I .. 
"' 

0,5 

"' " I 
'" " .. .. .. 

DENSIDADE !'!A SICA 

15 --FN 

(REGRESSAO) • 

" FN (ENSA 10) 

Figura 4.12 - FNI\'ID x DENSIDADE BASIC A- 90" -0° tangencial 
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0 

FNMD x ESPESSURA (a=40°; CITRIODORA- 90°-

900RO) R
2
=98,27% CV=S,07% [FN=-3,25+41 ,S4e-

4,37e2] 

l 

0_.5 

ESPESSURA [mm] 

WI FN (t:NSAIO) 

---FN 
(REGRESSAO) 

Figura 4.13- FNMD x ESPESSURA- 90"-90" radial 

R\IMD x 08\ISIDADE (e=1 ,524mm; a=40° - 90°-

90°RD) R'=98,99%CV=13, 76% [R\1=-25,7 4+82,75d] 

i 
10i I 

I 
oL-----------------~ 
0.000 0,500 

DEJIJSIDADE 81\SICA 

1,000 

~ FN (8\ISAIO) 

--- FN (REGRESSA 0) 

Figura 4.14- FNJVID x DENSIDADE BASICA- 90°-90° radial 
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FNMD x ESPESSURA (a=40'; CITRIODORA- 90°-

90'TG) R'=93,57% CV=5,57% [FN=exp(1,02+3,36e-

1 ,02e
2
)] 

Figura 4.15- FNMD x ESPESSURA.- 90°-90° tangencial 

FNMD x DENSIDADE(e=1,143mm; a=30'- 90°-

90'TG) R2=98,02%CV=12,21% [FN=-20,53+52,79dJ 

i 
30 j 

I 
E zs1 
~ I 
~ 20-1 

;;;! i I 
~ 151 i 
i :1 t 

: ~~llloi-50-0---,-.o-oo---,-i.ipo 
I 

-sL· ------------~ 

DENSIDADE BASIC A 

1i FN (ENSAIO) 

---+- FN (REGRESSAO) 

Figura 4.16- FNMD x DENSIDADE BASIC~- 90°-90° tangeneia! 
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u. 

FPMAX x ESPESSURA (a=30'; SALIGNA- 90'-

900RD) R'=98,58% CV=1 ,30% [FP=exp(2, 19+4,70e· 

3,73e2-1,16e
3
)] 
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i40 

12.0 

100 

80 

80 

40 

20 

0 

0 

" 
) 

,/ 
0,5 1.5 

ESPESSURA (mm] 

2 

" FP (ENSAIO) 

--+-FP 
(REGRESSi\0) 

Figura 4.17 - FP~LU x ESPESSUR4.- 90" -0" radial 
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FPMAX x DENSIDADE(e=1,143mm; a=20'- 90"-

90'RD) R2=98,68%CV=4,47% [FP=-70,46+397,40d-

140,45d2] 
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DENS! DADE BASICA 

li FN (ENSA 10) 

-+-FN 

(REGRESS!\ OJ 

---~-·--·-

Figura 4J8- FPI\'IAX x DENSIDADE BASICA- 90"-0" radial 
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FPMAX x ESPESSURA (a=30°; GRANDIS- 90°-

0°TG) R2=97,97% CV=2,09% [FP=exp(1,61 +2, 18e-

0,61e2) 
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s 35 

§ 
6 30 

::i 
w 25 
..J 

~ .::t 20 
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"" "' 0 10 
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" FP (ENSAIO) 

--+-FP 
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oL-----------------~ 
0,5 1,5 

ESPESSURA [mm] 

Figura 4.19- FPM.~X x ESPESSLRA- 90"-0" tangencial 
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5, 10 

"' 0 
"-
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0 

FPMAX x DENSIDADE (e=0,381mm; a=30°- 90°-

00TG) R'=93,82% CV=7,70% [FP=1 ,49+22, 17d] 

I , 
iii FP(ENSAIO) 

f --+-FP 
(REGRESSJi.O) 

0 0,5 1,5 

DEN81DADE BASICA 

Figura 4.20- FPM.~X x DENSIDADE BASIC4.- 90°-0" tangencial 
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FPMAX x ESPESSURA {a=30'; SALIGNA • 90°-

90'RD) R'=98,58% CV=1 ,30% [FP=exp{2, 19+4, 70e· 

3,73e
2
-1 ,16e

3
)] 
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Figura 4.21- FPMAX :x ESPESSUA- 90°-90' radial 
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FPMAX x DENSIDADE(e=1,143mm; a=20°- 90'-

900RD) R2=98,68%CV=4,47% [FP=-70,46+397,40d-

140,45d'] 
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30 I (REGRESSAO) 
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20 
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0,000 0,500 1,000 

DENSIDADE 81\SICA 

Figura 4.22- FPlVMX x DENSIDADE BASICA- 90°-90' radial 
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PPM AX x ESPESSURA (a=40'; CITRIODORA- 90°-

90°TG) R'=96, 17% CV=2,28% [FP=exp(2,66+2,73e-

0,81e2)] 
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160 

'E 140 
E 

II ~ 120 

.0: .. FP (ENSAIO) ..J .. UJ 100 

..J Ill .0: 
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< (REGRESSAO) a. 
< 60 
<> 

"' 0 40 
u. 

20 
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0 0,5 1,5 

ESPESSURA [m m] 

Figura 4.23 - FPJVL""X x ESPESSURA- 90° -90" tengenciai 

PPMAX x DENSIDADE(e=1,143mm; a=30'- 90°-

90'TG) R'=97,59% CV=7, 10% [FP=-31 ,44+1 89,34d] 
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E 140 
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oL-----------------~ 
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DENSIDADE sA SICA 

10 FP (ENSA 10) 

-+-FP 
(REGRESSAO) 

Figura 4.24- FPlVL;\X x DENSIDADE R4.SICA- 90"-90" tangenciai 
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FPMD x ESPESSURA {a=20'; CITRIODORA- 90'-

0'RD) R
2
=33,7% CV=6,48% [FP=exp(2,79+1,10e­

Q,40e2)] 

so,,--------------------, 

I 
-50 j 
~ ' z I 
..... 40 -1 
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0.. ! 
< 20 j 
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oL-------------------~ 
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-+-FP 
(REGRESSi\0) 

Figura 4.25- FPJVID x ESPESSUR~- 90"-0° radial 

,~~---~~~~~ ·-----~-------~~-

FPMDx DENSIDADE(e=0,381mm; a=20°- 90°-

00RD) R2=85,27% Cl/=3,58% [FP=exp(0,95+4,69d-

2,53d2)] 
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Figura 4.26- FPMD x DENSIDADE BASICA- 90"-0" radial 
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FPMD x ESPESSURA (a=104
; CITRlODORA- 90°-

00TG) R'=95,21% CV=2,56% [FP=exp(2,09+3,68e-

2,29e2+0,57e3)] 
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Figura 4.27 - FPMD x ESPESSURA- 90" -0" tangencial 

FPMD x DENSIDADE (e=0,762mm; a=20°- 90°-0°TG) 

R
2
=86,23% CV=3,89% [FP=exp(1 ,24+5,60d-3,25d

2
)] 

50,------·----, 

* FP(ENSAlO) 
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OL------------" 
0,000 0,200 0,400 0,600 0,800 1 ,OCO 

DENSIDADE BASICA 

Figura 4.28- FPJVID x DENSIDADE BASIC A- 90"-0" tangencial 
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FPMD x ESPESSURA (a=40'; Cl"ffi!ODDRA. 90°-

90°RD) R'=99,29% CV=3,60% [FP=-

40 ,11 +69 ,S9exp(e )-24,68exp(e
2
)+2,69exp(e

3
)] 
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Figura 4.29- FPMD x ESPESSURA- 90°-90° radial 

FPMD x DENSIDADE(e=1,143mm; a=30°- 90°· 

90°RD) R2=99,29% CV=0,75% [FP=exp(1 ,99+5,35d· 

2,57d2
)] 
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F'igu:ra 4.30: FPl\IID x DENSIDADE BASIC~- 90°-90° radial 
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FPMD x ESPESSURA (a=30'; CITRJODORA- 90'-

90'TG) R'=96,85% CV=2,26% [FP=exp{2, 70+2,72e-

0,79e2) 
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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 Compara~iio entre medias de for~as paralelas tangenciais e radiais em 
corte 90' -0° 

Com valores das fon;:as paralelas obtidas nas dire96es tangencial e radial, segundo 

a metodologia descrita no item 3.2.3, foram obtidos os intervalos de confianya (IC) do 

teste de compara9ao de medias Estes val ores sao apresentados nas tabelas 4 17 (corte 

90'-0°) e 4.18 (corte 90'-90') 

y 

0.381 

0.762 

CITRJODOR.~ L143 

L52.t 

0 38' ' 
I 0,762 ' 

S.-\LIG:\.-\ !0" 
U43 i 

' U24 

' 
Sem ddlni~fiio ! 

0,381 

' 0.762 ! 
GR.--\."\"DIS 1,143 I 

1.524 

Sem ddiniyi'io ' 

I 

I 0.38t I 

' 0.762 ! 
CITRIODOR.-\ ! 1,143 

I I L524 

i Sem definiciio 

I ! 0,381 

I 
: 0.762 i 

SA.IJGNA 20° 
I 1,143 

' i 
-,, 

I • 
I 

' Sem definiciio 
' 

1 J 4 

I 

0.381 I 

i 0,762 I 
GRA..i"\JDIS 1,143 I 

I 
1.524 ' I 

Sem defini9Jio I 

0.381 

r 0,762 : 
C!TRJODORA 1,143 

1,524 

Sem defuticio 

0,381 

0,762 

SALIG:!'-i.-.\ 30' 
i,l43 

L524 

Sem definiyiio 

0.38! 

0,762 

GRAc'<DlS 1,143 

1,524 

Scm defmi ao 

-1.82-0.79 

-2.73-1.70 

-2,20 0.28 

Q'LJ.-02t ·-
-0,39 039 I 

-0.75 0.08 I 

-0.88 -0.37 ' 
-0.96 0.50 i 
-0.29 0.07 ! 

-0.77 0.39 i 

-UJ -0,57 ! 
-LJ4 0,6! ! 
-U2--D.l7 

-0,51 --0.17 I 

-0.26 +0,26 I 
-0,84 +0,007 

-!.08 0.10 

-1,12 +0,31 

-0,28'-0,01 

-0,47 0.10 : 
-0,56 ~0.04 I 
-0 81 0 0 1 - ! 
-0,88 -t-0,33 

-0,19 _,-Q,l2 

-0.37-0,12 

-0,40 0,04 

-0,54 +0,10 , 
-0,60 ~0,24 I 

-o-0,006 +0,22 

0,08 +0,61 I 
-0.09 0,66 

-L05 -0,39 

-0,42 0.63 

-0.25 -0.10 

-0_44--0.13 

-0.78 -0,33 

-1.05 --0.46 

-0,89 0,002 

-0,05 -c-0,09 

-0.17 .,..Q,06 

-0,29 ..-0,0 l 

-0,43 --0,13 

-0,41 ~o.1s 

LC. ~ TESTE "t" 

PAREADO 
-0,72 -0.36 

-1,28 0,50 

-1.86-0.76 

-2.76 -L67 

-1.49 -0,99 

-- ·-0 ?J 0 ?Q 

-0.62-0.01 

-0,68 -0,008 

-0.91 OAO 

-0,.+3 -D.03 

-0,3 1 -(l.05 

-0,8 I -0,34 

-1.18-0.52 

-lAO 0.56 

-0,80 -49 

-0,53-0,15 

-0,71 -0.02 

-0,91 c-0.08 

-U l -:-0,13 

-0,61 -0,19 

-0,28-0,03 

-0,49-0,08 

-0,52 0,005 

- -
~ 0 8.) 0 03 

-0,41 --0,14 

-0.21 :0,14 

.,-2,39 -2,64 

-0,42 0,02 

-0,58 +0,14 

-0,29 .-0,07 

-0,02 0.25 

-:-0,04 -r-0,65 
-

-1,08 '0.41 

-0,12 0,33 

-0,26 0.09 

-0,44-0.12 

-0,81 -0,30 

-1,04 0,47 

-0,55 -0,33 

-0,05 -0,08 

-0,17-0.07 

-0,31 -0,03 

-0,46 -0,11 

-0.18--0,04 

I 

! 

I 

I 
, 
i 

I 

I 
I 

' 
: 

' 
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SITcAC~O GERAL 

ESPECIE 
I 

I. C. TESTE"t" I I. C. TESTE'"'t" 

SIMPLES I PAREADO 

CITRJODORA -0.99 -D,03 ! -0,66 -D,36 
• 

SA.LlG'iA -0.68 +0,05 I -0,40 -D.23 

GRA'IDIS -0.56 0.06 -0,39 -D,24 

EUCALIPTO ~0,62 -0.14 -0.44-0,32 

Tabel 418 R a . : esu ta OS e teste t · para compara~ao erne Jas no corte d d " " - d 9o•-9o• 
ESPECIE I y 

I 
ESPESSU'RA I.C. - TESTE "t" I.C. -TESTE ''t" 

• [mm] SIMPLES PAREADO 

I 
I 0.381 -0,15 "1-0,97 0.10-1,02 
• 

• I 0.762 -0,59 -,.Q,58 -0,56 T0,55 

I 

• 
CITRlODORA I 1.143 I -1.51 --0.22 I -1,63 -CUD 

I 
1.524 -2.51 -Ll7 -2.57 1,10 

I Sem defini'"lo -2.1l -1.03 I -0,90 -D.17 

I I 
0.381 ..,..Q,l2 -,--Q.42 . +0.10 +0.43 

I 

I 

0,762 T0,24 -.,.-1,32 I +0,18 .1.38 
I SALIG'iA 2o' I 1.143 -,.(1_26 ..,.-L52 I +0,22 + 1,56 
I 

i 1.524 -0.01 : 1.60 -0.10 ~1.69 

i I I Semdefind:o -0.40 1.67 ~0.38 '1.00 

I I I 0.381 -0.02 ..,.-Q,l6 -0,04 +0,18 

I 0.762 I -0.04 +0.34 I -0,08 +0.38 

i GRiu'iDIS 1.143 I -.,.-0,14 -:-0,80 ! -,--Q,07 ..,.-0,80 

I 1.524 I ~o.Oh1,00 I -0,08,1.14 • 

L Semde~9ao -0.32 +0.93 -0,12 ~,49 

I 

I 0.381 I ..,..Q,l8 +0.55 I -0.16 0,57 

0.762 -0,02 +0.77 -0,12 +0,87 

I 

CITRJODORA. 1.143 ..0,85 -r-0,19 -0,89 ~0,23 

1,524 -0.29 -LI7 -0.30 +l.l9 

Sem defmicao -1,15 +1.58 -0.05 '"-0.47 

I 
I 0.381 I ..,-Q_29 +0,52 +0.29 0.52 • 

30' I 0.762 +0,38 +0.97 I +0,34 +1.00 

I SALIG!\A ! I 1,143 -'-0.002 '0.69 I -0.04 +0.35 

I I I 1.524 1.71 . 2.64 '1.68 ~2.68 
I 

Sem ddini9ii0 0.12 1.68 +0,66 •1.14 I 

: I 0.381 I -0.20 -0.05 • -0.21 -0.04 
I I 

0.762 I -0.21 +0.12 I -0.22 +0.12 

I 

GRAS DIS 
I 
I 1,143 J -0.26 ~.16 I -0.27 +0,17 

I 
1.524 I -0.62 -D.06 -0.67-0,02 

Sem defmiciio I -0,60 "t-0.32 I -0.25 -0.04 

I 
I 

I 
0.381 +0.52 "'-0.85 ~0.47 ~o.s9 I 

I 
0,762 +0.5 1 I 1.02 +0,52 '1,01 I 

I 
CITRJODORA 

I 
L143 +0.20 + 1.30 ..,..-0,26 ..,..-1.34 

I 1.524 I +0,60 "1.70 0,62 ~1.69 

I 
I 

Sem defmi~tiio I -0,24 L94 I 0.65 ..... 1,05 

I 
0.381 0.13 0.33 i -0,13 +0,33 

I 0.762 +0.99 . 1.38 i +0,97 '1.43 

SALIG?-:A 4D' 
1.143 ~0.5hl.23 +0,52 . 1,22 

I 
I 

• 

! I 1,524 +0,53 +1.23 '0,50 +1,47 
I Sem defmiciio I +0.09 +1.51 '0.64 +0,95 

I I 
I 0.381 -0.25 -0.13 -0.26 -D.12 

I I - - I - -
I I 

GRA.'IDIS -0.17 +0,25 
• I Ll43 -0.14 +0.22 
• 
• I I 1.524 -0.33 --t-0.25 -0.39 ~0.33 ! 

I I I Sem definkiio -0,44 +031 -0.17 +0,04 I 

0 762 0 21 0 04 023 006 
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SITUACAO GERAL 

ESPECIE 

I 
I.C. - TESTE "t" I.e. TESTE"'f'' 

SIMPLES PAREADO 
CITRlODORA T -0,66 +L02 +0.001 +035 

SALIGNA +0.26 71,30 +0,67 -r-0,93 

GRA'iDIS I -0,28 -:-0,34 -0.05 0.11 I 
I 

EUCALIPTO -0.11 0,77 ' 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 val ores de angulo 

idea!, de acordo com a metodologia descrita no item 3.2.2. Todos os valores 

correspond em ao corte 90°-0°, tendo em vista que este angulo esta relacionado a formar;:ao 

do cavaco tipo II e esta relacionado, ainda, com uma melhor superficie de corte, ambos os 

aspectos ligados ao corte 90° -0" 

Nestas tabelas sao apresentados os valores obtidos para o angulo ideal, segundo as 

quatro metodologias descritas em 4.2.2 onde 

Metoda I - se refere aoo calculo do angulo para o qual se obtem Fn = 0 (zero de funr;:ao ), 

utilizando os modelos apresentados na tabelas 4.1 a 4.8. Observa-se que os valores 

tabelados sao medias dos valores obtidos, para todos os angulos de saida em cada 

espessura de corte. 

Metoda 2 - atraves do calculo do coeficiente de atrito (1--l) experimental. Para estes 

calculos foram utilizados os valores reais de Fn, Fp e a obtidos atraves de ensaios 

realizados por NERI (1998). Da mesma maneira que no metodo anterior, os valores tabela 

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

espessura de corte. 

Metoda 3 - atraves de regressao linear, utilizando os val ores de 1--l ( experimentais e os 

valores (T/R)) tabelados para cada especie, obteve-se a expressao sugerida por FRA."'JZ 

(! 958), descrita em 3.2 
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Atraves da regressao, substituindo os val ores de T 1R tabelados obtem-se o valor 

de J..l. Como valor dell, atraves da equayao de STEW ART (1977), obtem-se o valor do 

angulo ideaL Observa-se que, neste caso, nao se distinguem as espessuras de corte. 

Metodo 4- Utilizando diretamente a equayao de regressao obtida por FRA.NZ (1958). 

Tabela 4.19 :Val ores dos iingulos de said a ideais segundo as quatro metodologias. 

Eucalipto grandis- dire~iio tangencial 

Espessura de corte Metodo 1 

I 
Metodo 2 Metodo 3 Metodo 4 

(mm) 

0.381 i 26.90 I 26.86 
I 

0,762 i 25,50 25.52 
I 

I j 

1,143 i 24,43 24.74 
I 

I 
I 

1.524 I 24.11 27.64 
' I I 

todas 24,89 (-4,96%) J 26.19 i 25,10 (-4.16%) 34,86 (33,10%) 

Tabela 4.20: Valores dos iingulos de saida ideais segundo as quatro metodologias. 

Eucalipto saligna- dire~iio tangencial 

Espessura de corte r 
(mm) 

0.381 
1 

0.762 I 

1.143 

1.524 ' I 
I 

todas 

Metodo 1 1 
30.25 I 

33.50 

32.29 

30,91 I 
31.76 (7.55%) I 

I 

Metodo 2 Metodo 3 Metodo 4 

32.80 I 
I 

29.43 l ' I 

28.07 I 
27,64 I 

I 

I 
29.53 1 29.70 (0.58%) ' 35,98 (21.84%) I 

I 

I 

I 

I 
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Tabela 4.21: Valores dos angulos de saida ideais segundo as quatro metodologias. 

Eucalipto citriodora- dire~ao tangencial 

I 
Metoda 1 ' I I Espessura de corte I Metoda 2 Metoda 3 Metodo 4 

(rum) I I I I 

. 0,381 27.82 I 2536 

0,762 
I 

2L46 I 2L92 

1,143 I 19,86 i 20,71 ! ! I ' 

1,524 I 
19.19 l 19.98 J 

todas I 20,68 (-6,09%) I 22.02 
I 

19,60 (-10,99%) 37.2 (68,94%) 
I 

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

Eucalipto grand is - dire-,:ao radial 

f Espessura de corte I Metodo 1 I Metoda 2 Metoda 3 Metodo 4 

/ (mm) 
I 

I 
I 
I 

I 

I 
I 
! 
I 

I I 
0.381 40.04 I 39,ll 

i I 

0,762 I 41,38 33.48 I 
I 

Ll43 40.40 3129 

1,524 37,03 ' 30,24 l 
todas I 39,ll (16,64%) 

I 
3353 30,14 (-10,ll%) 

I 
34.86 (3,97%) 

I 

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

Eucalipto saligna- dire~ao radial 

Espessura de corte Metoda 1 I Metodo 2 Metodo 3 Metodo 4 

(rum) 

0.381 30,34 28.15 

0,762 27.56 26,24 

U43 27.40 25.38 

1.524 27.15 25.91 

todas 27,55 (4,28%) 26.42 26,12 (-Ll4%) 35,98 (36, 18%) 

I 

I 

I 

I 

I 
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TABELA 4.24 Valores dos angulos de saida ideais segundo as quatro metodologias. 

Eucalipto citriodora- dire~ao radial 

I Espessura de corte 1 Metoda 1 Metoda 2 ' Metoda 3 

I 
Metodo4 

(mm) J 

0,381 I 23,76 i 23,11 
I I 

I 0,762 I 21.38 21.60 I I 
I, 143 I 20.6! 21.23 I I 
1,524 I 

' 
2U3 2L45 

todas 
I 

21,38 (-2,15%) I 21.85 I 21,34 (-2,33%) 
I 

37,2 (70,25%) 
I I 

I 

' 
' 
I 



5 DISCUSSAO 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 porNERI (1998) 

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

de for<;:as paralelas e normais maximas e medias, obtidas em diferentes condi<;:5es de corte. 

5.1 For-,:a normal maxima 

0 comportamento intrinseco da for<;:a normal no corte 90-0 toma dificil a obten<;:iio 

de modelos representatives desta for<;:a em fun<;:iio dos parametres de corte. A busca por 

modelos que se adaptassem aos resultados experimentais foi urn trabalho arduo e, em 

alguns casos com resultados pouco significativos. Observa-se que os modelos obtidos para 

a forva normal em fun<;:iio da espessura de corte foram bastante diferenciados nas dire<;:5es 

radial e tangencial, e que os valores obtidos para o coeficiente de determinaviio foram 

muito variaveis e, em sua grande maioria, baixos. As melhores adapta<;:5es de modelo foram 

obtidos para OS angulos extremes (1 0, ou 30 ') A tendencia dos mode los e a linear ou 

quadrati ca. 
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5.1.1 Direviio de corte 90"-o" 

5 .I. 11 Radial (Tabela 4 I) 

a- F or9a x espessura. 

Os modelos apresentados na tabela 4.1 em sua maioria nao foram significativos para 

predizer o valor for9a de corte, tendo em vista que os coeficientes de determina9ao foram 

considerados baixos. Analisando a relayao da forva de corte com a espessura, verificou-se 

que para a especie citriodora, quanto maior for o angulo de saida, melhor sera a sua 

correla9ao com a espessura, ocorrendo o contrario com a especie grandis. Para a especie 

saligna nao houve uma tendencia da correla<;ao em fun<;ao do angulo de corte pois o 

modelo foi razoavel para 0 angulo de 10°' tornou-se insignificante para 0 angulo de 20° e 

voltou a melhorar para o angulo de 30° 

b- F orva X densidade 

Para a relaviio for<;a x densidade os modelos adotados tambem nao foram 

significativos para predizer os valores de forva de corte para o iingulo de saida de 10". No 

entanto, observa-se que, conforme o iingulo de ataque aumenta boas correla<;oes sao obtidas 

para todas as espessuras de corte. 

5.1.1.2 Tangencial (Tabela 4 2) 

a- F or<;a x espessura 

Como na discussao anterior, a maior parte dos modelos nao foi significativa para a 

determina9ao da for9a de corte, em virtude de seus baixos coeficientes de determina9ao 

(inferiores a 65%) Da mesma maneira que para a dire9ao radial, observou-se uma 

tendencia de melhoria da correla9iiO com o aumento do iingulo de ataque no caso do 

eucalipto citriodora. Para a especie saligna a variavel espessura apresentou boa correla9ao 
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com a for<;a para os angulos de 10' e 30' e correla<;ao insignificante para o angulo de 20'. 

Para a especie grandis a correla<;ao entre espessura de corte e for<;a foi significativa 

somente para o angulo de 10'. 

b- F or<;a x densidade 

Como no caso da dire<;ao radial, os modelos adotados para os angulos de ataque de 

20' e 30' foram significativos, exceto para a espessura de 0,38lmm e angulo de 20'. Para o 

angulo de ataque de 10' as correla<;:6es obtidas forarn baixas. Para todas as espessuras a 

variavel densidade sera tanto melhor correlacionada com a for<;a quanto maior for o angulo 

de saida. 

5.1.2 Dire<;:ao de corte 90'- 90' 

5 .12.1 Radial (Tabela 4. 3) 

a- F or<;a x Espessura 

Os modelos apresentados na tabela 4.3 podem ser considerados bons para predizer 

os valores de for<;:a normal maxima na dire<;:ao 90° - 90°, apresentando altas correla<;:6es, 

com exce<;ao feita a especie grandis para os angulo de saida de 20° e 30° 

b- F or<;a x Densidade 

T odos os modelos foram considerados aceitaveis para predizer a for<;a de corte, 

notando-se que ocorreram mudan<;as no comportarnento das for<;:as quando variou-se o 

angulo e tambem a espessura. 

Para espessura de 0,3 81 mm com iingulo de saida de 20° o comportarnento da for<;:a 

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

iingulo de 40° 
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Na espessura de 0, 762 mm com iingulo de 20° o comportamento da fors;a foi linear, 

passando a quadnitico com iingulos de 30° e 40' Nas espessuras de 1,143 mm e 1,524 mm 

o comportamento foi linear para todos os iingulos de saida. 

5.1.2.2 Tangencial (Tabela 4.4) 

a- Fors;a x espessura 

Para o modelo adotado a variavel espessura foi bern correlacionada com fors;a em 

todos os casos, com exce<;ao do modelo obtido para a especie grandis com iingulo de ataque 

de 20° . Observou-se ainda que todos os modelos foram lineares e que a variavel espessura 

foi mais fortemente correlacionada com a for<;a a medida que o iingulo de saida aumentou, 

para todas as especies de eucalipto estudadas. 

b- F ors;a x densidade 

Todos os modelos apresentaram coeficientes de determinas;ao elevados mostrando 

que os modelos podem ser utilizados com fins preditivos da fors;a. Estes modelos se 

apresentaram na forma linear, com exce<;iio do modelo obtido para espessura de 0,381 mm 

com iingulo de ataque 20° que apresentou tendencia quadratica. Notou-se, tambem, que 

para as espessuras de 0,381 e 1,143 e 1,524 mm a densidade apresentou-se levemente 

melhor correlacionada com a for<;a com o aumento do iingulo de saida. 
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5.2 For"a normal media 

Para a fors;a normal media, bons modelos em funs;ao dos parametros de corte forarn 

de dificil obten<eao, principalmente no caso do corte 90'-o' 

5.2.1 Corte na dires;ao 90°-0° 

5.2.1.1 -Radial (Tabela 4.5) 

a- Fors;a x espessura 

Os modelos adotados apresentaram tendencia linear, com exces;ao dos modelos para 

o eucalipto citriodora e saligna, com angulo de saida de 30° cujos modelos adotados 

apresentaram tendencia quadnitica. Dentre estes modelos, poucos foram aqueles que 

poderiam ser utilizados com fins preditivos da for.;:a de corte, mas, observou-se que para as 

especies saligna e grandis, com o aumento do angulo de saida, a variavel espessura se 

mostrou melhor correlacionada com a for.;:a. 

b- F or.;:a x densidade 

Os modelos obtidos para o angulo de 10° nao forarn significativos, nao devendo ser 

aplicados para predizer a varia vel fors;a em nenhuma das espessuras de corte . 

Ja os modelos obtidos para angulos de ataque de 20° e 30° apresentaram boas 

correlas;oes, podendo ser aplicados para predizer valores de fors;a 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 tern a 

tendencia de se correlacionar melhor conforme o iingulo de ataque aumenta. 
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5.2.1.2 Tangencial (Tabela 4.6) 

a- F or<;:a x espessura 

Os unicos modelos com condi96es de predizer os valores de forva de corte foram 

aqueles obtidos para o iingulo de 20°, para as especies saligna e grand is. Todos os modelos 

adotados foram lineares. 

b- F orva x densidade 

Poucos modelos foram significativos para predizer os valores da forva de corte em 

funviio da densidade, pod en do ser observadas apenas as tendencias. Para o iingulo de I 0° 

predominou o modelo quadratico, para o iingulo de 20°, os modelos obtidos para todas as 

espessuras foram lineares, e para o iingulo de 30°, quadnitico nas espessura de 0,381 mm, 

exponencial nas espessuras de 0, 762 e I, 143 mm e linear na espessura I ,524 mm. 

c- F orva x ( densidade x iingulo de ataque x espessura) 

Os modelos obtidos nas dire96es tangencial e radial foram semelhantes e 

apresentaram coeficientes de determinaviio pr6ximos, sendo ambos significativos. 

5.2.2 Corte dire9ao 90°-90° 

5.2.2.1 Radial (Tabela 4. 7) 

a- F orva x espessura 

A tabela 4. 7 apresenta modelos com tendencias diferentes, ou seJa, linear, 

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

saligna, enquanto que para a especie grandis apresentaram baixos coeficientes de 
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determina<;ao. Para todos os casos houve uma melhoria na correla<;ao entre a vari{lVel 

espessura de corte e for<;a, conforme se aumentou o angulo de saida. 

b- F or<;a x densidade 

Todos os modelos foram significativos para predizer os valores da for<;a de corte. 

Todos os modelos obtidos foram lineares, com exce<;ao do modelo para espessura de 

0,38lmm e angulo de 20° que foi quadn'ttico 

5.2.2.2 Tangencial (Tabela 4.8) 

a- F or<;a x espessura 

Os modelos obtidos para a especie citriodora apresentaram tendencia exponencial, os 

demais modelos foram lineares. Com exce<;ao da especie grandis, os modelos obtidos para 

as outras especies foram todos significativos, para todos os angulos de ataque. A correla<;ao 

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

tnls especies estudadas. 

b- F or<;a x densidade 

Todos os modelos foram significativos para predizer os valores da for<;a de corte. 0 

comportamento do modelo para angulo de 20° foi quadn'ttico 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 o 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- F or<;a x ( densidade x iingulo de ataque x espessura de corte) 

Os modelos obtidos para as dire<;5es radial e tangencial foram significativos para 

serem aplicados na previsao de valores de for<;a de corte. 
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5.3 For~a paralela maxima 

5.3. 1 Corte direyao 90°-0° 

5.3 .1.1 Radial (Tabela 4. 9) 

a- F orya x espessura 

Os modelos adotados foram significativos para predizer os valores de forya de corte, 

e apresentaram tendencias exponenciais, com exceyao do obtido para a especie grandis com 

angulo de 30° Os coeficientes de variayao foram todos menores que 15% e mostraram 

tendencia a crescer com o aumento do iingulo de ataque. 

b- F orya x densidade 

Os modelos adotados foram todos significativos e apresentaram tendencia 

exponencial, com exceyao dos modelos adotados para espessura de 1,524 mm com angulo 

de 10° e para espessura de 0,381mm com angulo de 30°, que apresentam tendencia 

quadnitica. Os coeficiente de variayao da regressao foram, em todos os casos, inferiores a 

15%. 

5.3.1.2 Tangencial (Tabela 4.10) 

a- F orya x espessura 

Os modelos obtidos apresentaram tendencia exponencial, altos coeficientes de 

determinayao e coeficientes de variayao da regressao abaixo de 15%, indicando que foram 

significativos para predizer o valor da forya de corte. 
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b- For<; a x densidade 

Os modelos adotados apresentaram tendencia quadratica, com exce.yao daquele 

obtido para espessura 0,38lmm e iingulo de saida de 30°, cuja tendencia foi linear. Em 

todos os casos, os valores do coeficiente de determina<;ao foram altos e os coeficientes de 

variac;:ao da regressao abaixo de 15%, indicando que foram significativos para predizer os 

valores de for.ya de corte. 

c- F or.ya x ( densidade x iingulo de ataque x espessura de corte) 

Os modelos obtidos para a as dire.yoes radial e tangencial foram do tipo exponencial 

e apresentaram valores de coeficientes de determina.yao e de varia.yao que os tomaram 

altamente significativos para a previsao da for<;a de corte. 

5.3.2 Cone dire.yao 90'-90' 

5.3.2.1 Radial (Tabela4.11) 

a- For.ya x Espessura 

Os modelos adotados para predizer os valores de for.ya em fun.yao de espessura de 

corte foram altamente significativos. As especies citriodora e saligna apresentaram modelos 

com diferentes tendencias para cada iingulo de ataque estudado. Para a especie citriodora o 

modelo escolhido foi quadnitico para iingulo de 20° e linear para os iingulos de 30° e 40' A 

especie saligna apresentou modelo linear para iingulo de 20° e exponencial para os iingulos 

de 30° e 40° A especie grandis apresentou modelo com tendencia exponencial nos tres 

iingulos estudados (20°, 30° e 40° ). 
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b- F on;a x densidade 

Os modelos podem predizer satisfatoriamente os valores de for9a de corte pms 

apresentaram bons coeficientes de determinavao e baixos coeficientes de variavao Nas 

diferentes espessuras de corte, os modelos tambem apresentaram diferen9as de 

comportamento em cada angulo. Na espessura de corte 0,762 mm os modelos foram 

exponenciais para os iingulos de 20° e 30°, e quadratico para o iingulo de 40° Para a 

espessura de 1, 143 mm foram quadnitico para o iingulo de 20° e linear para iingulos de 30° 

e 40° . Para a espessura de l ,524 mm o modelo foi exponencial para os angulos de 20° e 

40° e quadratico para o angulo de 30° e para espessura de 0,381mm o modelo foi 

exponencial para todos os iingulos estudados. 

5.3.2.2 Tangencial (Tabela 4 12) 

Os modelos apresentados na tabela 4.12 foram significativos, apresentando altos 

coeficientes de determinavao e baixos coeficientes de variavao, podendo ser aplicados para 

predizer os valores de for'(a de corte. 

a- Fon;a x espessura 

Somente os modelos obtidos para a especie citriodora apresentaram mudanvas no 

comportamento ou tendencia. Para o angulo de 20° o modelo adotado apresentou tendencia 

quadratica e para os iingulos de 30° e 40° o modelo apresentou tendencia exponenciaL Os 

modelos obtidos para as especies saligna e grandis apresentaram tendencia exponencial 

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

b- F orva x densidade 

Os modelos obtidos nas espessuras 0,381, 0, 762 e 1,143 mm apresentaram 

mudanvas no comportamento com a variavao do iingulo de saida. Na espessura 0,381 mm o 

modeJo adotado foi quadratico para angu]o de 40° e exponenciaJ para OS angu]os 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 angulos estudados (20°, 30° e 40") 

c- F or<;a x ( densidade x angulo de ataque x espessura) 

Os modelos adotados apresentaram, tanto para corte tangencial quanta para radial, 

altos coeficientes de determina<;ao e baixos coeficientes de varia<;ao da regressao. Devido a 

estes resultados foram adotados, como modelos, em condi<;ao de predizer os valores da 

for<;a de corte de corte, em fun<;ao das variaveis estudadas. 

5.4 For<;a paralela media 

54.11 Radial (Tabela 4.13) 

Os modelos foram significativos para predizer a for<;a de corte. Alguns modelos 

apresentaram coeficiente de determina<;ao (r2
) inferiores a 65% mas apresentaram 

coeficiente de varia<;ao de regressao inferiores a 15%, fator este que tambem foi condi<;ao 

basica para, juntamente com outros parametres avaliar a possibilidade de aceita<;ao do 

modelo para predizer a for<;a de corte. 

a- F orc;;a x espessura 

Os modelos obtidos foram do tipo exponencial para as tres especies e para os tres 

angulos de saida. 

A variavel espessura, para a especie citriodora, nos angulos de 20° e 30° nao se 

mostrou bern correlacionada com a for<;a, o mesmo ocorrendo para a especie saligna no 
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angulo de 30' E possivel que a adiyao de outras variaveis significativas ao modelo, tal 

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

b- F orya x densidade 

0 modelo adotado para todas as espessuras e angulos de ataque foi o exponencial 

A variavel densidade mostrou correlayao 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 

angulo de 30° Para todos os casos, no entanto, os coeficientes de varia<;:ao da regressao 

situaram-se abaixo de 15%. 

5.4. L2 Tangencial (Tabela 4 14) 

Os modelo adotados foram todos significativos Com exce<;:ao da especie citriodora, 

no angulo de 30° todos os modelos apresentaram excelentes valores de coeficiente de 

determinayao e todos os modelos, sem exce<;:ao, apresentaram coeficientes de varia<;:ao da 

regressao inferiores a 15%. 

a-Forya x espessura 

Os modelos obtidos para as especies citriodora e grandis foram do tipo exponencial 

para todos os angulos estudados (I 0°, 20° e 30°) e para a especie saligna o modelo foi linear 

para angulo de ] 0° e exponencial para OS angulos de 20° e 3 0' 

Para a especie citriodora observou-se que o coeficiente de varia<;:ao da regressao 

aumentou conforme aumentou o angulo de saida para os modelos adotados. 



116 

b- F on;a x densidade 

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

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

apresentaram bons coeficientes de determina<;iio 

c- For<;a X (densidade X angulo de ataque X espessura) 

0 modelo adotado foi exponencial tanto para a dire<;iio radial quanta para a dire<;iio 

tangencial. Ambos os modelos se mostraram significativos, apresentando altos valores de 

coeficiente de determina<;iio e baixos valores de coeficiente de varia<;iio da regressao. 

5.4.2 Corte direo;iio 90°-90° 

5.4.2.1 Radial (Tabela 4.15) 

Os modelos adotados na Tabela 4.15 foram satisfat6rios para predizer os valores de 

for<;a de corte Todos apresentaram tendencia exponencial, com exce<;iio do modelo que 

relacionou for<;a com espessura de corte, obtido para a especie citriodora com iingulo de 

ataque 20°, que foi quadratico. Observou-se que as variaveis espessura e densidade 

apresentaram alta correla<;iio com a for<;a de corte. 

5.4.2.2 Tangencial (Tabela 4.16) 

Na tabela 4. 16 sao apresentados os modelos que predizeram os valores de for<;a de 

corte. Observou-se, atraves da analise dos modelos, que as variaveis densidade e espessura 

estao bern correlacionados com a fon;a de corte. 
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a- F orc;;a x espessura 

Com exce(:ao do modelo obtido para a especie citriodora com angulo de ataque 20°, 

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

significativos, apresentando altos coeficientes de determinac;;ao e baixos coeficientes de 

variac;;ao. 

b- F orc;;a x densidade 

Os modelos adotados apresentaram mudan9a 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 quadrati co 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° 

c- Forc;;a x densidade + angulo de ataque + espessura 

0 modelo obtido foi do tipo exponencial para as direc;;oes radial e tangencial e 

podendo ser considerados altamente significativos para expressar a forc;;a de corte em 

func;;ao da espessura e densidade. 

5.5 Aspectos gerais 

Os graficos apresentados nas Figuras 4.17 a 4.32 exemplificam as observac;;oes 

exaradas. Atraves deles pode ser observada a tendencia dos modelos e dos valores 

experimentais, bern como a dispersao dos valores em tomo da linha de tendencia trac;;ada 

atraves do modelo obtido na regressao. Quando nao houve muita dispersao dos pontos, os 

valores obtidos para o coeficiente de determinac;;ao foram bons (Ex: Figura 4.18 e 4.24). Em 

contrapartida, quando os valores se dispersam, existe grande dificuldade em se encontrar 

urn modelo adequado, como no caso exemplificado na Figura 4.25. 
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De maneira geral concluiu-se que, para as forvas paralelas, e possivel a obtenviio de 

modelos que representem o comportamento das mesmas em funvao dos pariimetros de 

corte, tanto para o corte 90"- o" quanta para o 90"- 90" Estes modelos poderiam ser uteis 

para predizer valores de forvas de corte em funyao da espessura, iingulo de ataque e 

densidade basica, desde que utilizados no intervalo de variavao destes pariimetros nos 

ensaios, ou seja, espessuras de corte variando de 0,381mm a 1,524 mm; densidades basicas 

[g/cm3
] variando de 0,41 a 0,92 e iingulo de saida de 10" a 30°, para o corte 90"-o", e de 20" a 

40° no corte 9o"-9o" 

Os graficos apresentados por NERl (1998) foram realizados utilizando-se os valores 

da media das for'(as de corte nas 20 repeti<;:oes, para cada uma das 4 diferentes espessuras e 

para as 3 densidades. Estes graficos foram travados para apresentar a tendencia dos dados, 

mas nao foi executada nenhuma regressao. 0 autor concluiu que a forva de corte e 

espessura nao tiveram comportamento linear para todos os casos e as diferen9as foram 

atribuidas aos diferentes tipos de cavacos obtidos. No corte 90"-o" graficos mostraram 

tendencia linear, para anguJos de Saida de 10°, e nao linear para OS anguJos de ataque de 20° 

e 30° Os modelos obtidos no presente trabalho mostraram uma tendencia majoritariamente 

exponenciaL Esta diferen9a deve-se ao fato de que os graficos apresentados por NERl 

(1998) foram construidos por meio de de 4 pontos representatives das medias, enquanto os 

modelos obtidos no presente trabalho utilizaram todos os dados experimentais. 

5.6 - Compara~ao entre medias de for~as paralelas tangenciais e radiais. 

Atraves dos resultados apresentados na tabela 4. 17, verificou-se, para a especie 

citriodora, com angulo de saida 10°, que para todas as condi96es estudadas a hip6tese de 

igualdade entre as for'(as de corte tangencial e radial foi rejeitada Para o iingulo de 20° esta 

mesma condi'(ao ocorre para as espessuras 0,381 mm e 0,762 mm. Quando nao se definiu a 

espessura de corte, o mesmo resultado p6de ser observado, ou seja, se rejeitou a hip6tese de 
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igualdade. Para o angulo de saida de 30° a hip6tese foi rejeitada somente para a espessura 

de 0,762mm. 

Para a especie saligna a hip6tese de igualdade foi rejeitada para as fon;:as de corte 

obtidas com angulo de saida de 10°, na espessura de 0,762 mm, bern como quando nao se 

definiu a espessura. A hip6tese de igualdade tambem foi rejeitada para o angulo de 20° para 

as espessuras de 0,381 mm e 0,762 mm, e para o angulo de 30°, a hip6tese foi rejeitada em 

todas as situa<;oes. A hip6tese tambem foi rejeitada na situas;ao 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 especie grandis a hip6tese de igualdade foi rejeitada para todas as situas;oes 

estudadas quando o angulo de saida foi de I 0° Para o iingulo de 20° a hip6tese foi rejeitada 

so mente para espessura de I, 143 mm, e para o angulo de 30°, a hip6tese foi rejeitada na 

espessura de 1,524 mm. A hip6tese tambem foi rejeitada para a situas;ao geral, quando o 

teste foi executado com todos os valores obtidos no ensaio, sem classificas;ao por espessura 

e iingulo de saida. 

Tomando-se a condis;ao em que o teste foi executado, utilizando-se todos os valores 

de ensaio, sem distins;ao de especie, espessura ou iingulo de saida, a hip6tese de igualdade 

tambem foi rejeitada. 

5.6.2- Corte dires;ao 90°-90° 

N a comparas;ao atraves do teste "t" apresentado na tabela 4.18 pode-se observar 

que, para a especie citriodora, com angulo de 20°, a hip6tese de igualdade nao foi rejeitada 

somente na espessura de 0, 762 mm. Para o iingulo de 30° a hip6tese foi rejeitada para todas 

as situas;oes estudadas. 

Para a especie saligna a hip6tese de igualdade entre as medias nao foi rejeitada para 

o angulo de 20° na espessura de 1,524 mm e para o iingulo de 30° na espessura de 

1,143mm 
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Para a especie grandis a hip6tese de igualdade foi rejeitada para o angulo de 20° e 

espessura 1,143 mm, para o angulo de 30° com espessura de 0,381 mm, e para iingulo de 

40° com espessura tambem de 0,381 mm 

Para o teste realizado utilizando-se todos os resultados de ensaio, sem defini.;:ao de 

especie, fmgulo de ataque ou espessura, a hip6tese de igualdade das medias foi rejeitada. 

5. 7 Angulo de said a ideal 

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

metodologias citadas para cada especie e espessura de corte. 

Verificou-se, ao observar as tabelas, que nao existiu diferen<;:a significativa nos 

resultados dos metodos I, 2 e 3. 0 metodo 4, em todas as situa.;:5es, apresentou como 

resultado urn iingulo de saida muito superior aos demais. Esta discrepiincia de valores pode 

ser justificada tendo em vista que a equa<;:iio utilizada no metodo 4 foi desenvolvida para 

madeiras crescidas em regi5es temperadas, fato este que afeta as propriedades fisicas e 

meciinicas da madeira, tornando-as diferentes daquelas crescidas no Brasil, como e o caso 

dos eucaliptos estudados neste trabalho. 

As tabelas apresentaram tambem a diferen.;:a, em porcentagem, entre os iingulos de 

ataque obtidos atraves dos quatro metodos, tendo como testemunha o iingulo de ataque 

obtido pelo metodo 2. Este metodo foi escolhido como testemunha porque foi obtido 

atraves do coeficiente de atrito (~) real, determinado atraves dos resultados obtidos na 

experimenta.;:ao. 
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5.8 Compara.;ao dos resultados obtidos neste trabalho, com os resultados da 

disserta.;ao mestrado de NERI (1998) 

5. 8.1 F on;:a paralela 

NERI (1998) analisando a tendencia da re1ayao da forya de corte com a espessura e 

a forya de corte e densidade, no corte 90'-o', concluiu que estas relay6es nao foram lineares 

para todos os casos. Esta conclusao pode ser visualizada por meio dos gnificos de 

tendencia apresentados pelo autor. Neste trabalho, as equay6es obtidas confirmaram esta 

tendencia, ou seja, existe variayao no tipo de relayao obtida, dependendo de iingulo de saida 

e da especie considerada. 

Os gnificos apresentados por NERI (1998) em seu capitulo de conclus6es 

mostraram uma tendencia linear para o caso da forya x espessura de corte para o iingulo de 

10' e para o caso da forya x densidade para pequenas espessuras de corte. Esta linearidade 

nao se confirmou nas relay6es obtidas para forya paralela no presente trabalho. Para o caso 

da forya normal x densidade, verificou-se, nos modelos obtidos neste trabalho, a linearidade 

para pequenas espessuras de corte. E importante lembrar que, no caso de trabalho de NERI 

(1998), o grafico foi construido com valores medios (4 pontos para graficos em fum;:ao de 

espessura e 3 pontos para graficos em funyao de densidade ), enquanto que, neste trabalho, 

os mode los foram obtidos considerando todos os val ores de ensaio. 

A forya de corte aumentou com o aumento da espessura de corte. Em geral, para urn 

mesmo iingulo de saida esse efeito foi mais acentuado para pequenas espessuras de corte. 

NERI (1998) concluiu que o efeito da espessura na forya de corte aumentou com o 

decrescimo do iingulo de saida. Esta conclusao, em geral, foi confirmada para o corte 90'-o' 

e 90'-90' para OS iingulo de 10' e 20' Para 0 iingulo de 30' observou-se que a conclusao e 

valida somente para pequenas espessuras de corte. 

NERI (1998) concluiu que, em geral, a forya paralela aumentou com aumento da 

densidade e, este efeito dependeu do iingulo de saida. Os resultados obtidos neste trabalho 

para o corte na direyao 90'-9o' radial, mostraram que o efeito da densidade aumentou como 
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acrescimo do angulo de saida. Para o corte 90'-90' na dire<;iio tangencial, e no corte 90'-o' 

(tangencial e radial) o efeito diminuiu com o acrescimo do iingulo de saida. Concluiu-se, 

ainda, que para o mesmo angulo de saida o efeito variou em fun<;ao da espessura. Em corte 

90'-o' tangencial, para angulo de 10' e pequenas espessuras, 0 efeito da densidade diminuiu 

conforme a espessura de corte aumentou, enquanto que, para o radial, ocorreu o inverso. 

Para o iingulo de 20' o efeito da densidade foi maior para pequenas espessuras de corte. 

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

5.8.2 Angulo de saida ideal 

NERI (1998), em suas conclus5es, observou que a for<;a normal passou de positiva a 

negativa para angulo pr6ximos de 20' no caso da especie citriodora, entre 20' e 30' para a 

especie saligna e angulos maiores que 30' para a especie grandis. Isto sugere que, e nesta 

faixa que se situam os iingulos de saida ideais para cada uma das especies estudadas, tendo 

em vista que a for<;a normal passaria pelo valor zero. Os resultados obtidos neste trabalho 

confirmaram esta conclusao para todos os casos, com exce<;ao da especie grandis na 

dire<;iio tangencial, cujo o angulo obtido foi menor que 30' 



6 CONCLUSOES 

• F or<;as de corte 

F ors:a normal 

0 comportamento intrinseco da for<;a normal no corte 90'-o' toma dificil a obten<;ao 

de modelos representatives desta for<;:a em fun<;:iio dos parftmetros de corte. A busca por 

modelos que se adaptassem aos resultados experimentais foi urn trabalho arduo e, em 

alguns casos, com resultados pouco significativos. Para o corte 90'-90' foi passive! 

encontrar modelos significativos principalmente no caso de regress5es envolvendo for<;:a 

normal e densidade basica. Embora sem valor preditivo, os modelos obtidos permitem 

visualizar a tendencia do comportamento da correla<;:iio entre a for<;:a e a espessura, e a 

for<;:a e a densidade basica para os diversos iingulos. 

Forca paralela 

As rela<;5es obtidas, no corte 90'-o' nao foram lineares para todos os casos, o mesmo 

ocorrendo no corte 90'-9o', principalmente nas rela<;5es entre for<;:a de corte e espessura. 

Ainda para o corte na dire<;iio 90'-9o', as rela<;:5es obtidas indicaram que, mesmo que se 

obtenha urn unico tipo de cavaco durante a usinagem da madeira, as rela<;:5es nao sao 

sempre lineares 

• Compara<;:iio entre for<;as de corte tangencial e radial nas dire<;5es 90'-o' e 90'-9o' 

A analise estatistica demostrou que as fon;as paralelas obtidas em corte 90'-o' e 90'-

90' niio podem ser consideradas iguais na dire<;5es tangencial e radial. Esta conclusao foi 

muito importante no caso de confec<;iio de corpos-de-prova para pesquisas cientificas, pois, 

verificou-se a existencia de diferen<;as significativas entre os resultados obtidos nestas duas 

dire<;:5es Estas diferen<;:as niio devem ser desprezadas, pois certamente levariam a 
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conclus6es erroneas. Este resultado confirmou a anisotropia transversal nas propriedades 

mecfmicas da madeira. 

• Angulo de saida ideal 

Com relas;ao ao iingulo de saida ideal conclui-se que os metodos 1, 2 e 3 sao validos 

para o calculo, considerando-se os intervalos de densidades, espessuras e iingulos de saida 

adotados neste trabalho. 0 metodo 4 levou, em todos os casos, a resultados muito diferentes 

daqueles obtidos por intermedio dos outros 3 metodos, indicando que o mesmo nao se 

mostrou adequado para obtens;ao de valores de iingulo de saida ideal das madeiras 

pesquisadas neste trabalho. 
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ANEXO 



FOR(:A NORMAL MAXIMA 

CORTE 90"-0" TANGENCIAL 

• FOR(:A x ESPESSURA 

y=IO" 

CITRIODORA 

~· 

.c 

"'~ 

o-
' 

"-

..,~ 

o< •• 
-8 -7 -a -5 

_, 
F1tted: E 

*** Linear Model *** 

Call: lm(formula = FNM- E, data C90.0TGAA10FNMAX, na.action 

Coefficients: 

Value 

(Intercepti -2.7833 
E -3.3487 

Std. Error 

0.5340 

0. 5118 

t value Pr(>ltl) 

-5.2123 0.0000 
-6.5433 0.0000 

Residual standard error: 1.95 on 78 degrees of freedom 

Multiple R-Squared: 0.3544 
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na.omit) 

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

009 

Analysis of Variar.ce Table 

Response: FNM 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 162.7822 162.7822 
Residuals 78 296.5558 3.8020 

to last) 

F Value Pr (F) 

42.81493 5.745856e-009 



SALIGNA 

_, _, 
-7 -5 

F1rted: E + (P2) 

*** Linear Model *** 

Call: lm(formula = FNM- E + (E'2), data 
na.omit) 

Coefficients: 
Value Std. Error t value 

I Intercept) 0. 0072 0.9042 0.0080 

E -13.5896 2.1650 -6.2768 
I (E"2) 4.1911 1.1187 3.7463 

S90.0TGAA10FNMAX, na.action 

Pr{> 1,ti) 

0.9937 
0.0000 

0.0003 

Residual standard error: 1.453 on 77 degrees of freedom 
Multiple R-Squared: 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 sequentially (first 

Df sum of Sq Mean Sq 
E 1 456.1090 456.1090 

I(E"2) l 29.6111 29.6111 
Residuals 77 162.4582 2.1098 

to last) 

F Value 
216.1812 

14.0347 

Pr (F) 

0.000000000 
0. 000344726 
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GRANDIS 

*** Linear Model *** 
Call: 

90 

' o-- ~ 

' 2 
0 

-9 -8 
_, 

-6 -5 

lm(formula = FNM - E, data G90TGAA10FNMAX, na.action 

Coefficients: 
(Intercept) E 

-2.833594 -4.447411 

Degrees of freedom: SO total; 78 residual 

Residual standard error: 1.376455 

na.omit) 

Call: lm(formula = FNM - E, data = G90TGAA10FN~~, na.action na.omit) 

Coefficients: 

(Intercept) 

E 

Value Std. Error 

-2.8336 

-4.4474 

0.3770 

0.3613 

t value 

-7.5170 

-12.3103 

Pr I> It i J 

0.0000 

0.0000 

Residual standard error: 1.376 on 78 degrees of freedom 

Multiple R-Squared: 0.6602 

F-statistic: 151.5 on 1 and 78 degrees o= freedom, the p-value is 0 

Correlation of Coefficients: 

(Intercept) 

E -0.9129 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first to last) 
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Df 
E l 

Residuals 78 

y=20° 

CITRIODORA 

Sum of Sq 

287.1206 
147.7809 

Nc 

~ 

8 

o" ! 

Mean Sq F Value 
287.1206 151.5446 

1.8946 

~ 

F1rted E 

*** Linear Model *** 
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Pr (F) 

0 

Call: lrn{formula = FNM- E, data C90.0TGAA20FNMAX, na.action na. omit) 

Coefficients: 
Value Std. Error t value 

(Intercept) -1.6797 0.4026 -4.1722 
E 3.4830 0.3858 9.0268 

Pr I> It I I 
0.0001 
0.0000 

Residual standard error: 1.47 on 78 degrees of freedom 

Multiple R-Squared: 0.5109 
F-statistic: 81.48 on 1 and 78 degrees of freedom, the p-value is 9.57e-

014 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr(F) 

E 1 176.0956 176.0956 81.4829 9.570122e-Ol4 
Residuals 78 168.5686 2.1611 
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SALIGNA 

-1.150 ~1.145 -1.140 .j_t35 -1_13(} -1.125 -1.120 

F1tted E 

*** Linear Model *** 

Call: lm(formula = FNM- E, data = S90.0TGAA20FNMAX, na.action 
Residuals: 

na.omit) 

Min lQ Median 3Q Max 
-1.844 -0.7681 0.145 0.5988 1.874 

Coefficients: 
Value 

(Intercept) -1.1593 
E 0.0254 

Std. Error t value Prl>itl I 
0.2319 -4.9986 0.0000 

0.2223 0.1141 0.9095 

Residual standard error: 0.8469 on 78 degrees of freedom 
Multiple R-Squared: 0.0001668 
F-statistic: 0.01302 on 1 and 78 degrees of freedom, the p-value is 

0.9095 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value 

E 1 0.00934 0.0093351 0.01301633 

Residuals 78 55.94057 0.7171868 

Pr (F) 
0.9094603 



GRANDIS 

0 

0 

0 

' ' 

-2.2 -2_1 ·2.0 -1_9 ·1_8 

F1tted: E 

*** Linear Model *** 

0 i 

-1_7 -1.6 

Call: lm(formula = FhTM- E, data G90.0TGAA20FNMAX, na.action 

Coefficients: 

(Intercept) 

E 

Value 

-1.3570 
-0.5448 

Std. Error 

0.1352 

0.1288 

t value Pr(>Jtl) 
-10.0399 

-4.2290 

0.0000 

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 

0.00006402 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

E l 4.21108 4.211076 17.88481 0.00006402167 

Residuals 77 18.13007 0.235455 
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na. omit) 



y=30° 

CITRIODOR-\ 

0 

0 

0 

! 

1_0 

Fitted E ... (E"2J 

*** Linear Model *** 

Call: lm(formula = LN.FNM. ~ E + (EA2), data 

na.action = na.omlt 

Residuals: 
Min lQ Median 3Q Max 

-1.352 0.1406 0.03169 0.1845 0.481 

Coefficients: 
Value Std. Error t value Pr (>It I) 

(Intercept) -0.4480 0.1896 -2.3627 0.0207 

E 3.5419 0.4523 7.8307 0.0000 

I(E'2) -1.1453 0.2333 -4.9098 0.0000 

2.0 

C90.0TGAA30LN.FN~., 

Residual standard error: 0.299 on 75 degrees of freedom 

Multiple R-Squared: 0.8076 

F-statistic: 157.4 on 2 and 75 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FNM. 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 25.99966 25.99966 

I (E"2) 1 

Residuals 75 

2.15552 

6.70627 

2.15552 

0.08942 

to last) 
F Value 

290.7689 

24.1064 

Pr (F) 

O.OOOOOOe+OOO 
5.186049e-006 
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SALIGNA 

*** Linear Model *** 

Call: lm(formula = FNM- E, data 

Coefficients: 

(Intercept) 

E 

Value 

-0.5080 

3.6412 

Std. Error 

0.2385 

0.2285 

S90.0TGAA30FNMAX, na.action 

t value 

-2 .1304 

15.9330 

Pr {>It I) 

0.0363 

0.0000 

Residual standard error: 0.8707 on 78 degrees of freedom 
Multiple R-Squared: 0.765 

140 

na. omit} 

F-statistic: 253.9 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first 

Df SQ~ of Sq Mean Sq 
E 1 192.4544 192.4544 

Residuals 78 59.1329 0.7581 

GRANDIS 

to last} 

F Value Pr (F) 

253.8596 0 



2.0 

F11ted E 

*** Linear Model *** 

Call: lm(formula = FNM- E, data G90.0TGAA30FNMAX, na.action 

Coefficients: 

(Intercept) 

E 

Value 

-0.9313 

1. 9392 

Std. Error 

0.2498 

0.2394 

t value 

-3.7276 
8.0986 

Pr 1>1 t I I 
0.0004 
0.0000 

Residual standard error: 0.9123 on 78 degrees of freedom 

Multiple R-Squared: 0.4568 
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na.omit) 

?-statistic: 65.59 on 1 and 78 degrees of f=eedom, the p-value is 6.063e-

012 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially {first 
Df Sum of Sq Mean Sq 

E 1 54.58671 54.58671 

Residuals 78 64.91827 0.83229 

• FOR(:A x DENSIDADE BASICA 

y= 10° 

to last) 

F Value 

65.58652 

Pr (F) 

6.062706e-Ol2 



ESPESSURA = 0,381mm 

4.6 -4_2 -4.0 

;::,tted ·DB 

*** Linear Model *** 
Call: 
lm(formula = FNM - DB, data 

na. omit) 

FNMAX.x.DENSBASE0381AA10, na.action 

Coefficients: 

(Intercept) DB 

-5.243778 1.457235 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.081775 

Call: lm(formula = FNM- DB, data 

na.om.it) 

FNMAX.x.DENSBASE0381AA10, na.action 

Coefficients: 

(Intercept) 
DB 

Value Std. Error 

-5.2438 0.4507 

l. 4572 0.6847 

t value 

-11.6342 
2.1283 

Pr (>I c!) 

0.0000 
0.0376 

Residual standard error: 1.082 on 58 degrees of freedom 

Multiple R-Squared: 0.07244 
F-statistic: 4.53 on 1 and 58 degrees of freedom, the p-value is 0.03757 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first t:o last) 
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Df 
DB 1 

Residuals 58 

Sum of Sq 

5. 30077 
67.87381 

Mean Sq F Value Pr(F) 

5.300772 4.529653 0.03757238 
1.170238 

ESPESSURA = 0,762mm 

·7 ·5 

*** Linear Model *** 
Call: 
1m(formula = FNM- DB+ (DB'2), data 

na.action = 
FNK~.x.DENSBASE0762AA10, 

na.omit) 

Coefficients: 
(Intercept) DB I(DB'"'2) 

3.610457 -36.11676 28.79252 

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

Call: lm(formula = FNM- DB+ (DBA2), data 

na.action = 
FN~.x.DENSBASE0762AA10, 

na.omit) 

Coefficients: 

Value Std. Error 

(Intercept) 3.6105 2.3051 

DB -36.1168 7.3717 
I(DBA2) 28.7925 5.3955 

t value 

1.5663 

-4.8994 
5.3363 

Pr (>l-::]) 

0.1228 

0.0000 
0.0000 
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Residual standard error: 1.179 on 57 degrees of freedom 
Multiple R-Squared: 0.4403 

144 

F-statistic: 22.42 on 2 and 57 degrees of freedom, the p-value is 6.567e-
008 

Correlation of Coefficients: 

(Intercept) DB 
DB -0.9925 

I(DB'2) 0.9770 -0.9949 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 22.75444 22.75444 

I(DB'2) 1 39.61047 39.61047 

Residuals 57 79.28607 1.39098 

ESPESSURA = 1,143mm 

·9 

*** Linear Model *** 
Call: 

to last) 

F Value 

16.35853 

Pr (F) 

0.0001593326 
28.47659 0.0000017056 

·7 ·6 ·5 

F•tted DB • (08"2) 

lm(formula = FNM- DB+ {DBA2), data 

na.action = 
FN!".AX. x. DENSBASEll43AAl0, 

na. omit} 

Coefficients: 
( In1:ercept) DB 

9.209021 -61.62317 

I(DB"'2) 
48.61629 

Degrees of freedom: 60 total; 57 residual 



Residual standard error: 1.614749 

Call: lm(forrrillla = FNM- DB+ (DB'2), data 
na.action = 

na.omit) 

Coefficients: 

FNMAX.x.DENSBASE1143AA10, 

(Intercept) 

DB 
I(DB'2) 

Value 

9.2090 

-61.6232 

48.6163 

Std. Error 

3.1559 

10.0929 

7. 3872 

t value Pr(>lt!) 
2.9180 0.0050 

-6. 1056 

6.5812 
o.oooo 
0.0000 

Residual standard error: 1.615 on 57 degrees of freedom 

Multiple R-Squared: 0.5224 
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F-statistic: 31.17 on 2 and 57 degrees of freedom, the p-value is 7.148e-

010 

Correlation of Coefficients: 

(Intercept) DB 
DB -0.9925 

0.9770 -0.9949 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr IF) 
DB 1 49.6108 49.6108 19.02681 0.00005469381 

I(DBA2) 1 112. 9313 112. 9313 43.31162 0.00000001582 

Residuals 57 148.6226 2.6074 

ESPESSURA 1,524mm 



' 0 

Fitted, DB+ (08"2) 

*** Linear Model *** 
Call: 

lm(formula = FNM- DB+ (DB'2), data= FNMAX.x.DENSBASE1524AA10, 

na.action = 
na. omit) 

Coefficients: 

(Intercept) DB I(DB'2) 

8.059579 -62.40054 49.8059 

Deg=ees of freedom: 60 total; 57 residual 

Residual standard error: 1.740881 

Call: lm(formula =~~-DB+ {DBA2), data 
na.action = 

na.omit) 

Coefficients: 

FNMAX.x.DENSBASE1524AAl0, 

Value Std. Error t value Pr 1>1 t I I 
(Intercept) 8. 0596 3.4024 2.3688 0.0213 

DB -62.4005 10.8812 -5.7347 0.0000 

I (DBA2) 49.8059 7. 9642 6.2537 0.0000 

Residual standard error: 1.741 on 57 degrees of freedom 

Multiple R-Squared: 0.5219 
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F-statistic: 31.11 on 2 and 57 degrees of freedom, the p-value is 7.345e-

01C 

Correlation of Coefficients: 

(Intercept) DB 

DB -0.9925 

IIDB'21 0.9770 -0.9949 



Analysis of Variance Table 

Response: Fl\.TM: 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB 1 70.0568 70.0568 23.11597 1.15301e-005 
I(DB'2) 1 118.5256 118.5256 39.10876 5.50700e-008 

Residuals 57 172.7481 3.0307 

y= 20° 

ESPESSURA = 0,381mm 

-1_4 -1.2 -1.0 -0.8 -0.6 -0_4 -02 

F1tted: DB 

*** Linear Model *** 
Call: 
lm(formula 

na.omit) 

FNM DB, data ~~-x.DENSBASE0381AA20, na.action 

Coefficients: 
{Intercept) DB 

-2.31604 2.170099 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.6658444 

Call: lm(formula ~ FNM - DB, data = ~~-x.DENSBASE0381AA20, na.action 

na.omit) 

Coefficients: 
Value Std. Error t value Pr(>!tl) 

(Intercept) -2.3160 0.2773 -8.3533 0.0000 
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DB 2.1701 0.4213 5.1514 0.0000 

Residual standard error: 0.6658 on 58 degrees of freedom 

Multiple R-Squared: 0.3139 
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F-statistic: 26.54 on land 58 degrees of freedom, the p-value is 3.239e-

006 

Corr~lation of Coefficients: 

(Intercept) 

DB -0.9507 

Analysis of Variance Table 

Response: FN"*M 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 11.76505 11.76505 

Residuals 58 25.71423 0.44335 

ESPESSURA = 0,762mm 

*** Linear Model *** 
Call: 

to last) 

F Value 

26.53678 

Pr (F) 

3.239029e-006 

lm(formula = FNM - DB, data 

na.omit) 

FNMAX.x.DENSBASE0762AA20, na.action 

Coefficients: 

(Intercept) DB 

-4.767957 6.411127 



Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.84672 

Call: lm{formula = FNM - DB, data 
na. omit) 

FNMAX.x.DENSBASE0762AA20, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-4.7680 

6.4111 

Std. Error 

0.3526 

0.5357 

t value 

-13.5231 

11.9677 

Pr (>it I I 
0.0000 

0.0000 

Residual standard error: 0.8467 on 58 degrees of freedom 

Multiple R-Squared: 0.7118 

F-statistic: 143.2 on l and 58 degrees of freedom, the p-value is 0 

Correlation of Coefficients: 

(Intercept) 

DB -0.9507 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 102.6841 102.6841 

Residuals 58 41.5822 0.7169 

ESPESSURA = 1,143mm 

~2 -1 

**~ Linear Model 

Call: 

to last) 

F Value 

143.2266 

Pr(F) 

0 

lm(formula = FNM - DB, data 

r:a.omit) 

FNMAX.x.DENSBASEll43AA20, na.action 
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Coefficients: 

(Intercept) DB 

-6.258332 9.595574 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 1.021079 

Call:_ lm(formula = FNM- DB, data 

na. omit) 

FNMAX.x.DENSBASE1143AA20, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-6.2583 
9.5956 

Std. Error 
0.4252 
0.6460 

t value Pr(>ltll 
-14.7191 0.0000 

14.8535 0.0000 

Residual standard error: 1.021 on 58 degrees of freedom 
Multiple R-Squared: 0.7918 
?-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 

Response: FNM 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB 1 230.0257 230.0257 

Residuals 58 60.4710 1.0426 

ESPESSURA = 1,524mm 

to last) 

F Value 
220.6263 

Pr (E') 

0 
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0---,-' 

_, 

*** Linear Model *** 
Call: 

lm(formula = FNM ~ DB, data 

na.omit) 

FNMAX.x.DENSBASE1524AA20, na.action 

Coefficients: 

(Intercept) DB 

-7.612001 12.37779 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.12796 

Call: lm(formula = FNM - DB, data FNMAX.x.DENSBASE1524AA20, na.action 

na.omit} 

Coefficients: 

(Intercept) 

DB 

Value 

-7.6120 

12.3778 

Std. Error t value 

0.4697 -16.2065 

0.7136 17.3447 

Pr (>It I) 

0.0000 

0.0000 

Residual standard error: 1.128 on 58 degrees of freedom 

Multiple R-Squared: 0.8384 

F-statistic: 300.8 on 1 and 58 degrees of freedom, the p-value is 0 

Correlation of Coefficients: 

(Intercept) 

DB -0.9507 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 382.7547 382.7547 

to last) 

F Value 
300.8385 

Pr (F) 

0 
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Residuals 58 73.7930 

y=30° 

ESPESSURA = 0,381mm 

*** Linear Model *** 
Call: 

1.2723 

0.0 0.5 '·' 
F1t:ed: DB 

'·' 2.0 

lrn(formula = FNM - DB, data 
na.omit) 

FNMAX.x.DENSBASE0381AA30, na.action 

Coefficients: 

(Intercept I DB 
-1.686249 4.021505 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.8479328 

Call: lm(formula = FNM- DB, data = FNM.Z\X.x.DENSBASE0381AA30, na.action 

na.ornit) 

Coefficients: 

(Intercept) 

DB 

Value 

-1.6862 

4.0215 

Std. Error 

0.3531 

0.5365 

t value Pr(>ltl) 
-4.7758 0.0000 

7.4963 0.0000 

Residual standard error: 0.8479 on 58 degrees of freedom 

Multiple R-Squared: 0.4921 

!52 

F-statistic: 56.19 on 1 and 58 degrees of freedom, the p-value is 4.295e-

010 

Correlation of Coefficients: 



(Intercept) 

DB -0.9507 

A-~alysis of Variance Table 

Response: FNM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 40.40282 40.40282 
Residuals 58 41.70142 0.71899 

ESPESSUR-\ = 0,762mm 

*** Linear Model *** 
Call: 

to last) 

F Value Pr (F) 

56.19386 4.294565e-010 

s 

F1ttect: 08 + (08"21 

lm(formula = FNM- DB+ (DBA2), data 

na.action = 
FNMAX.x.DENSR~SE0762AA30, 

na.omit) 

coefficients: 

(I~tercept) DB I(DB'2) 
-7.486121 23.44791 -10.39414 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 1.135303 

Call: lm(formula = FNM- DB+ (DBA2), data 

na.action = na.omit) 

Coefficients: 

FNMAX.x.DENSBASE0762AA30, 

I Intercept I 
Value Std. Error 

-7.4861 2.2205 
t value Pr(>itl) 

-3.3713 0.0013 
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DB 23.4479 

I (DBA2) -10.3941 
7.1030 

5.1992 
3. 3011 

-1.9992 

0.0017 

0.0504 

Residual standard error: 1.135 on 57 degrees of freedom 
Multiple R-Squared: 0.7515 

F-statistic: 86.19 on 2 and 57 degrees of freedom, the p-value is 0 

Correlation of Coefficients: 
(Intercept) DE 

DB -0.9925 
I(DBA2) 0. 9771 -0.9949 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
1 217.0298 217.0298 DB 

I(DB'2) 1 
Residuals 57 

5.1513 
73.4680 

ESPESSURA = 1,143mm 

5.1513 

1.2889 

*** Linear Model *** 
Call: 

to last) 
F Value 

168.3821 
3. 9967 

Pr (F) 

0.00000000 
0.05036617 

Fitted DB+ (0B"2) 

lm(formula ~ FNM- DB+ (DB'2), data 

!l.a.action = 
FNMAX.x.DENSBASE1143AA30, 

na.omit) 

Coefficients: 
(Intercept} DB I(DB~2) 

-11.18858 34.57704 -14.84792 

!54 



Degrees of freedom: 60 total; 57 residual 

Residual standard error: 1.441895 

Call: lm(formula = FNM- DB+ (DB'2), data 
na.action = 

FNMAX.x.DENSBASE1143AA30, 

na. omit) 

Coefficients: 

Value Std. Error t value Pr (>It J} 

(Intercept) -11.1886 2. 8202 -3.9673 0.0002 

DB 34.5770 9. 0212 3.8329 0.0003 
I(DBA2) -14.8479 6.6033 -2.2486 0.0284 

Residual standard error: 1.442 on 57 degrees of freedom 

Multiple R-Squared: 0.8168 
F-statistic: 127 on 2 and 57 degrees of freedom, the p-value is 0 

Correlation of Coefficients: 
{Intercept) DB 

DB -0.9925 

I(DB'2) 0.9771 -0.9949 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
1 517.7679 517.7679 

1 10.5117 10.5117 
DB 

I(DBA2) 

Residuals 57 118.5064 2. 0791 

ESPESSURA = 1,524mm 

to last) 

F Value 

249.0394 

Pr (F) 

0.00000000 
5.0560 0.02842337 
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c 0 
' 

10 12 

F1tted- 08 

lm(formula 

na.omit) 

FNM - DB, data FNMAX.x.DENSBASEl524AA30, na.accion 

Coefficients: 

(Intercept) DB 

-5.320799 17.88347 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.805327 

Call: lm(formula = FNM- DB, data 
na.omit} 

~~.x.DENSBASE1524AA30, na.action 

Coefficients: 

{Intercept) 

DB 

Value Std. Error 

-5.3208 0. 7517 
17.8835 1.1422 

t value 

-7.0779 

15.6572 

Pr (>It I) 

0.0000 
0.0000 

Residual standard error: 1.805 on 58 degrees of freedom 

Multiple R-Sqtrared·. 0.8087 

F-statistic: 245.1 on 1 and 58 degrees of freedom, the p-value is 0 

Correlation of Coefficients: 

(Intercept) 

DB -0.9507 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
DB 1 798.9842 798.9842 245.147 0 

Residuals 58 189.0339 3.2592 
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FORCA x (DENSIDADADE BASICA +ANGULO DE ATAQUE + ESPESSURA) 

'561 i 

"' 

-5 

F•tted:E+OB+AA 

*** Linear Model *** 
Call: 

lm(formula = FNM - E + DB + AA, data 

na.action = 
FNMAX. x .. DENS BAS ... ESP ... AA., 

na. omit) 

Coefficients: 

(Intercept) E DB lVo. 

-16.88739 0.3044207 7.424642 30.24633 

Degrees of freedom: 720 total; 716 residual 

Residual standard error: 2.40719 

Call: lm{formula = FNM- E + DB + AA, data 

FNMAX.x .. DENSBAS ... ESP ... AA., na.action = 
na.omit) 

Coefficier:ts: 

Value Std. Error t value Pr 1>1 t I I 
(Intercept) -16.8874 0.4151 -40.6806 0.0000 

E 0.3044 0.2106 1. 4455 0.1488 

DB 7.4246 0.4397 16.8855 0.0000 

A.A. 30.2463 0.6295 48.0463 0.0000 

Residual standard error: 2.407 on 716 degrees of freedom 

Multiple R-Squared: 0.7838 

F-statistic: 865.1 on 3 and 716 degrees of freedom, the p-value is 0 

Correlation of Coefficients: 

(Intercept) 
E -0.4832 

E DB 
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0.0000 DB -0.6630 

AA-0.5296 0.0000 0.0003 

Analysis of Variance Table 

Response: FNM 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 12.11 12.11 

DB 1 1649.33 1649.33 

AA 1 13376.47 13376.47 

Residuals 716 4148.91 5.79 

FORC::A NOR.MAL MAxiMA 

CORTE 90"-90° RADIAL 

• FORC::A x ESPESSURA 

y=20° 

CITRIODORA 

15 

*** Linear Model *** 
Call: 

!58 

to last) 

F Value Pr (F) 

2.089 0.1487625 

284.633 0.0000000 

2308.452 0.0000000 

' 

20 25 30 

F1tted {E~2).,. (P3) 

lm(formula = FN¥~- (EA2) + (EA3), data 

na.omit) 

CFNMAX90.90RDAA20xESP, na.action 

Coefficients: 

(Intercept) I{EA2) I(EA3) 
3.031258 35.00175 -14.97999 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.635765 

Call: lm(formula = FNMAX ~ (EA2) + (EA3), data CFNMAX90.90RDAA20xESP, na.action 



na. orn.i t) 

Coefficients: 
Value Std. Error t value Pr(>l tl I 

(Intercept) 3.0313 0.4862 6.2348 0.0000 
I(E'2) 35.0018 1.6161 21.6582 0.0000 
I (EA3) -14.9800 0.9855 -15.2011 0.0000 

Residual standard error: 1.636 on 77 degrees of freedom 
Multiple R-Squared: 0.9706 
F-statistic: 1272 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNI"f.A.X 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
I(E'2) l 6187.058 6187.058 

I(E'3) l 618.286 618.286 

Residuals 77 206.031 2.676 

SALIGNA 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(F) 

2312.290 0 

231.072 0 

F1tted exp(EJ .. exp(PZJ 

lm(formula = FNMAX - exp(E} + exp(EA2), data 
na. orrj_ t) 

SFNMAX90.90RDAA20xESP, na.action 

Coefficients: 

(Intercept) exp(E) 
-4.999251 4.93636 

exp (E'2 I 
-0. 9392 661 

Degrees of freedom: 80 totali 77 residual 

Residual standard error: 1.342441 

Call: lm(formula = FN~- exp(E) + exp(EA2), data 

na.action = 

na.om.it) 

Coefficients: 

SFNMAX90.90RDAA20xESP, 

!59 



Value Std. Error t value Pr (>It I) 
(Intercept) -4.9993 0.7458 -6.7035 0.0000 

exp(E) 4. 93 64 0.4716 10.4678 0.0000 
exp(E"'2) -0.9393 0.1548 -6.0690 0.0000 

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, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

exp(E) 1 526.4140 526.4140 
exp(E'2) 1 66.3773 66.3773 

Residuals 77 138.7654 1.8021 

GRANDIS 

*** Linear Model *** 
Call: 

to last) 

F Value 

292.1037 
36.8323 

Pr(F) 

O.OOOOOOe+OOO 

4.51998le-008 

-1_55 -1.50 

lm(formula = FNMAX - E, data GFNMAX90.90RDAA20xESP, na.action na.omit) 

Coefficients: 

(Intercept) E 
-1.389505 -0.197396 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.7704234 

Call: lm(forrnula = FNYillX - E, data GFNMAX90.90RDAA20xESP, na.action 

Coefficients: 
Value 

(Intercept) -1.3895 
E -0.1974 

Std. Error 

0.2110 
0. 2 022 

t value 

-6.5857 
-0.9762 

Pr (>It i) 

0.0000 
0.3320 

Residual standard error: 0.7704 on 78 degrees of freedom 
Multiple R-Squared: 0.01207 

na.omit) 
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F-statistic: 0.9529 on 1 and 78 degrees of freedom, the p-value is 0.332 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially 
Df Sum of Sq 

(first to last} 

Mean Sq F Value 
0.5656225 0.9529447 
0.5935523 

E 1 0.56562 
Residuals 78 46.29708 

y=30° 

CITRIODORA 

Pr(F) 

0.3319888 

Fitted E + (E~2) 

*** Linear Model *** 
Call: 

• i 

lm(forrnula = FNMAX - E + (EA2), data 
na. orn.i t) 

c~~90.90RDAA30xESP, na.action 

Coefficients: 

(Intercept) E 
-4.321219 42.22055 

I(E'"'2) 

-3.766507 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.748403 

Call: lm(formula = FNY~ ~ E + {E'"'2), data 
na. orni t) 

Coefficients: 

CFNMAX90.90RDAA30xESP, na.action 

Value Std. Error t value Pr(> I tl) 

(Intercept) -4.3212 1.0884 -3. 9704 0.0002 
E 42.2206 2.6060 16.2010 0.0000 

I(E'2) -3.7665 1.3466 -2.7970 0.0065 

Residual standard error: 1.748 on 77 degrees of freedom 

Multiple R-Squared: 0.987 

F-statistic: 2920 on 2 and 77 degrees of :reedom, the p-value is 0 

Analysis of Variance Table 
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Response: FNMA.X 

Terms added sequentially (first to last} 

Df sum of Sq Mean Sq F Value Pr(F) 

E 1 17828.34 17828.34 5832.142 0.000000000 
I(E'2) 1 23.91 23.91 7.823 0.006511624 

Residuals 77 235.38 3.06 

SALIGNA 

Fitted E 

*** Linear Model *** 
Call: 
lm(formula = FNMAX ~ E, data 

Coefficients: 
(Intercept) E 
-0.6291429 13.42752 

SFNMAX90.90RDAA30xESP, na.action 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 1.302245 

na. om.i t) 

Call: lm(formula = FNY~ ~ E, data SFNMAX90.90RDAA30xESP, na.action na.omit) 

Coefficients: 

(Intercept) 

E 

value 
-0.6291 
13.4275 

Std. Error 
0.3566 
0.3418 

t value Pr{>itl) 

-1.7641 0.0816 

39.2851 o.oooc 

Residual standard error: 1.302 on 78 degrees of freedom 
Multiple R-Squared: 0.9519 
F-statistic: 1543 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FN'MA..X 

Terrns added sequentially (first 

Df swu of Sq Mean Sq 
E 1 2617.227 2617.227 

to last) 

F Value 
1543.32 

Pr {F) 

0 
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Residuals 78 132.276 1. 696 

GRANDIS 

f. 
8 

*** Linear Model *** 
Call: 

lm(formula = FNY~- E + (E~2), data 
na.omit) 

GFNMAX90.90RDAA30xESP, na.action 

Coefficients: 

(IP-tercept) E 
-5.828753 16.67421 

IIE'21 
-5.65078 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 1.426349 

Call: lm(formula = FNMAX- E + (EA2), data 
na.omit) 

GFNMAX90.90RDAA30xESP, na.action 

Coefficients: 
Value Std. Error t value Pr (>It I J 

(Intercept) -5.8288 0.8879 -6.5647 0.0000 

E 16.6742 2.1260 7.8430 0.0000 
I(E'2) -5.6508 1. 098 6 -5.1437 0.0000 

Residual standard error: 1.426 on 77 degrees of freedom 

Multiple R-Squared: 0.7816 
F-statistic: 13:.8 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNJvf..AX 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 506.9300 506.9300 
I(EA2) 1 53.8278 53.8278 

Residuals 77 l56.6543 2.0345 

y=40° 

to last) 
F Value 

249.1704 
26.4579 

Pr(F) 

O.OOOOOOe+OOO 
l.995792e-006 
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CITRIODORA 

20 50 60 

F1tted: E + (E"2) 

*** Linear Model *** 
Call: 
lm(formula 

na.omit) 

F~~- E + (E'2), data CFNMAX90.90RDAA40xESP, na.action = 

Coefficients: 

(Intercept) E 
-2.836831 50.84691 

I(E'2) 

-3.620333 

Degrees of freedom: 80 ~ctal; 77 residual 
Residual standard error: 2.748932 

Call: lm(formula = FNMAX- E + {EA2), data 

na.omit) 

Coefficients: 

CFNMAX90.90RDAA40xESP, na.action 

Value Std. Error t value Pr(>ltl I 

(Intercept) -2.8368 1. 7112 -L 6578 0.1014 

E 50.8469 4. 097 4 12.4097 0.0000 

I (E'2) -3.6203 2.1172 -1.7099 0.0913 

Residual standard error: 2.749 on 77 degrees of freedom 
Multiple R-Squared: 0.9797 
F-statistic: 1857 on 2 and 77 degrees of freedom, the p-value is 0 

~~alysis of Variance Table 

Response: FN11AX 

Terms added sequentially (first to last) 
Df s~~ of sq Mean Sq F Value Pr(F) 

E 1 28039.56 28039.56 3710.592 0.000000 

I (E'21 1 

Resid'.lals 77 

SALIGNA 

22.09 
581.86 

22.09 
7.56 

2.924 0.091305 
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*** Linear Model *** 
Call: 
lm(formula = FNMAX- E + (EA2), data 

na.onrit) 
SF~~90.90RDAA40xESP, na.action 

Coefficients: 

(Intercept) E I(E'2) 
-3.116086 28.89277 -4.983725 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 2.157554 

Call: lm(forrnula = FNMAX- E + (E"2), data 

na.omit) 

Coefficients: 

SFNMAX90.90RD~.40xESP, na.action 

Value Std. Error t value Pr(>!tl) 

(Intercept) -3.1161 1.3431 -2.3201 0. 0230 

E 28.8928 3. 215 9 8. 98 44 0.0000 

I (E"2) -4.9837 1. 6618 -2.9991 0.0036 

Residual standard error: 2.158 on 77 degrees of freedom 
Multiple R-Squared: 0.9389 
F-statistic: 591.2 on 2 and 77 degrees of freedom, the p-value is 0 

k~alysis of Variance Table 

Response: FNM..!I.X 

Terms added sequentially (first to last) 

Df Su.'"r. of Sq Mean Sq F Value Pr(F) 

E 1 5462.586 5462.586 1173.478 0.000000000 

I (E'2) 1 41.870 41.870 8.994 0.003646011 

ReSiduals 77 358.438 4. 655 

GRANDIS 
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F1tted E 

*** Linear Model *** 
Call: 

12 " 

' ' 

lm(formula = FNMAX ~ E, data GFh~90.90RDAA40xESP, na.action na. orr.i t) 

Coefficients: 
{Intercept) E 

-1.258598 10.43056 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 3.576027 

Call: lm(formula = F~~ - E, data G~~90.90RDAA40xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value Std. Error 
-1.2586 0.9793 
10.4306 0.9386 

t value 

-1.2852 
11.1130 

Pr (>It I) 

0.2025 
0.0000 

Residual standard error: 3.576 on 78 degrees of freedom 

Multiple R-Squared: 0.6129 
F-statistic: 123.5 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNYlAX 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 1579.303 1579.303 
Residuals 78 997.461 12.788 

to last) 
F Value Pr (F) 

123.4992 0 

• FOR(:A x DENSIDADE BASICA 

na.omit) 
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y= 20° 

ESPESSURA = 0,381mm 

-2 

*** Linear Model *** 
Call: 
lrn(forrnula = FNMAX - DB, data 
na. o:mi t) 

Coefficients: 
(Intercept) DB 

-8.883163 17.69612 

F1t!ed _DB 

FNMAX90.90RDESP038lAA20xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.9549198 

Call: lm(formula = FNMAX - DB, data 

na. omit) 

FNMAX90.90RDESP0381AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-8.8832 

17.6961 

Std. Error 
0.3845 
0.5769 

t value 
-23.1025 

30.6740 

Pr i> It I I 
0.0000 
0.0000 

Residual standard error: 0.9549 on 58 degrees of freedom 

Multiple R-Squared: 0.9419 

F-statistic: 940.9 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first to last) 

Df Surn of Sq Mean Sq F Value Pr(F) 

DB 1 857.9738 857.9738 940.8931 0 

Residuals 58 52.8886 0.9119 

ESPESSURA = 0,762mm 
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*** Linear Model *** 
Call: 

lm(formula = FNMAX - DB, data 

na.omit) 

Coefficients: 

(Intercept) DB 
-15.6111 34.85221 

F1tted DB 

FNMAX90.90RDESP0762AA20xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.10087 

Call: lm(formula = FNMAX - DB, data 
na. orni t) 

FNMAX90.90RDESP0762AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value Std. Error 

-15.6111 0.4433 

34.8522 0. 6651 

t value 
-35.2173 

52.4027 

Pr (>It I I 

0.0000 
0.0000 

Residual standard error: 1.101 on 58 degrees of freedom 

Multiple R-Squared: 0.9793 
F-statistic: 2746 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 Sq Mean Sq F Value Pr (F) 

DB l 3327.965 3327. 965 2746.041 0 

Residuals 58 70.291 1.212 

ESPESSURA = 1,143mm 
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20 25 

Fttted 08 

~** Linear Model *** 
Call: 

lm(formula = FN¥~ - DB, data 

na. omit) 

FNMAX90.90RDESP1143AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 
-24.23221 55.22913 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 1.303981 

Call: lm(formula = FNMAX - DB, data 

na.ornit) 

FNMAX90.90RDESPll43AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-24.2322 
55.2291 

S-ed. Error 
0.5251 
0.7878 

t value Pr(>lt!) 

-46.1509 0.0000 
70.1061 0.0000 

Residual standard error: 1.304 on 58 degrees of freedom 

Multiple R-Squared: 0.9883 
F-statistic: 4915 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 Su..u of Sq Mean Sq F Value Pr(F) 

DB 1 8357.078 8357.078 4914.871 0 

Residuals 58 98. 621 1.700 

ESPESSURA 1,524mm 
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~2 

•-~· ______________ _co~'----·------------------·--c---_c 

*** Linear Model **~ 

Call: 

lm(formula = FNMAX - DB, data 

na.omit) 

Coefficients: 

(Intercept) DB 
-28.31589 64.69331 

20 

F1tted: DB 

FNMAX90.90RDESPl524AA20xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.832913 

Call: lrn(formula = FNMAX - DB, data 

na.omit) 

Fm1AX90.90RDESP1524AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-28.3159 

64.6933 

Std. Error 

0.7380 

1.1073 

'C value 
-38.3660 

58. 4220 

Pr(>l ti) 

0.0000 
0.0000 

Residual standard error: 1.833 on 58 degrees of freedom 

Multiple R-Squared: 0.9833 

F-statistic: 3413 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: F!\.TMAX 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB 1 11466.66 11466.66 3413.131 0 

Residuals 58 194.86 3.36 

y=30° 
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ESPESSURA = 0,381mm 

" N -
c, 

-~ • 
' ' ~"' ', 

~ ' 
' ~a ~ "~ S'c 

~ 

c - •, 
c 

l"itted DB .. (06"21 

*** Linear Model *** 
Call: 
lm(forrnula = FNMAX- DB+ (DBA2), data 

= na.omit) 
FNMAX90.90RDESP0381AA30xDENS, na.action 

Coefficients: 
(Intercept) DB 

-15.87449 45.29208 

I(DB-2) 
-17.31364 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.8783829 

Call: lm(formula = FNMAX - DB + (DBA2), data 

na.action 

FNMAX90.90RDESP0381AA30xDENS, 

= na.omit} 

Coefficients: 
Value Std. Error t value Pr (>It i) 

(Intercept) -15.8745 1.7815 -8.9107 0.0000 

DB 45.2921 5.7869 7. 82 67 0.0000 
I(DB'2) -17.3136 4.2590 -4.0652 0.0001 

Residual standard error: 0.8784 on 57 degrees of freedom 

Multiple R-Squared: 0.9678 
F-statistic: 857.2 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terrns added sequentially (first 
Df Sum of Sq Mean Sq 

DB l 1309.979 1309.979 
I(DBA2) l 

Residuals 57 

12.751 
43.979 

ESPESSURA = 0,762mm 

12.751 
0.772 

to last) 

F Value Pr(F) 
1697.840 0.0000000000 

16.526 0.0001487899 
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Fitted DB+ (08"2) 

*** Linear Model *** 
Call: 

lm(formula = FNMAX- DB+ (DBA2), data 
= na. orni t) 

FNMAX90.90RDESP0762AA30xDENS, na.action 

Coefficient::s: 
(Intercept) DB 

-9.957687 28.32692 
IIDBA2) 

11.57144 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 1.562684 

call: lm(formula = FNY~- DB+ (DBA2), data 

na.action 
F~~90.90RDESP0762AA30xDENS, 

= na. omit) 

Residuals: 
Min lQ Median 3Q Max 

-4.387 -0.795 -0.116 0.8362 4.729 

Coefficients: 

(Intercept) 

DB 
I(DB'2) 

Value 

-9.9577 
28.3269 
11.5714 

Std. Error 

3.1694 
10.2952 

7.5769 

t value 

-3.1418 

2. 7515 

1. 5272 

Pr (>It I I 
0.0027 
0.0079 
0.1322 

Residual standard error: 1.563 on 57 degrees of freedom 

Multiple R-Squared: 0.9744 

F-statistic: 1086 on 2 and 57 degrees of freedom, the p-value is 0 

Correlation of coefficients: 
(Intercept:) DB 

DB -0.9932 
I (DB'2) 0. 9801 -0.9958 

~~alysis of Variance Table 

Response: FNJvf..AX 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB l 5300.252 5300.252 
I(DBA2) l 5.696 5.696 

Residuals 57 139.193 2.442 

to last) 
F Value 

2170.471 

2.332 

Pr(F) 

0.0000000 
0.1322422 



ESPESSURA = 1,143mm 

*** Linear Model *** 
Call: 

lm{formula = FNMAX - DB, data 

na.omit) 

Coefficients: 

(Intercept) DB 
-20.84313 64.63456 

--------
20 

F1tted: DS 

~~90.90RDESP1143AA30xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.594358 

Call: lm(formula = FNMAX - DB, data 

na.omit) 

FN¥JLX90.90RDESP1143AA30xDENS, na.action 

Coefficients: 
Value 

(Intercept) -20.8431 
DB 64.6346 

Std. Error 
0.6420 

0. 9632 

t value 

-32.4665 

67.1024 

Pr (>It I I 
0.0000 

0.0000 

Residual standard error: 1.594 on 58 degrees of freedom 

Multiple R-Squared: 0.9873 

F-statistic: 4503 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 
Df sum of Sq Mean Sq 

DB 1 11445.84 11445.84 
Residuals 58 147.43 2.54 

to last) 

F Value Pr(F) 

4502.729 0 
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ESPESSURA = 1,524mm 

$ c 

*** Linear Model *** 
Call: 

lm(formula = F~~~ ~ DB, data 
na.omit) 

Coefficients: 

(Intercept) DB 
-29.90876 88.16498 

20 30 

F•tted DB 

FNMAX90.90RDESP1524AA30xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 2.311095 

Call: lm(formula = F~~ ~ DB, data 

na.o:r.it) 
FNMAX90.90RDESP1524AA30xDENS, na.action 

Coefficients: 

Value Std. Error 

(Intercept) -29.9088 0.9306 
DB 88.1650 1.3962 

t value Pr(>lti) 

-32.1395 0.0000 
63.1448 0.0000 

Residual standard error: 2.311 on 58 degrees of freedom 

Multiple R-Squared: 0.9857 

F-statistic: 3987 on l and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNYlAX 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
DB l 21296.60 21296.60 3987.26 0 

Residuals 58 309.79 5.34 
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y=40° 

ESPESSURA = 0,381mm 

4 

*** Linear Model *** 
Call: 

lm(formula = F~~ - DB, data 
na.omit) 

Coefficients: 
(Intercept) DB 

-8.246086 26.31134 

" 
F1!ted: DB 

FNMAX90.90RDESP038~40xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.15438 

Call: lm(formula = FNMAX - DB, data 

na.omit) 
FNMAX90.90RDESP0381AA40xDENS, na.action 

Coefficients: 

{Intercept) 

DB 

Value Std. Error 

-8.2461 0.4648 
26.3113 0.6974 

t value 

-17.7401 

37.7271 

Pr(> It I) 

0.0000 

0.0000 

Residual standard error: 1.154 on 58 degrees of freedom 

Multiple R-Squared: 0.9608 
F-statistic: 1423 on 1 and 58 degrees of freedom, the p-value is 0 

~~alysis of Var~a~ce Table 

Response: F}.,'M..li.X 

Terms added sequentially (first 
Df Sllic. of Sq Mean Sq 

DB 1 1896.724 1896.724 
Residuals 58 77.290 1.333 

to last) 

F Value 

1423.333 
Pr(F) 

0 
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ESPESSURA = 0,762mm 
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F1t!ed DB+ (06~2) 

*** Linear Model *~* 

Call: 

lm(formula = FNMAX- DB+ (DBA2), data 
= na.omit) 

FNMAX90.90RDESP0762AA40xDENS, na.action 

Coefficients: 
{Intercept) DB 

-25,28353 88.96204 
I(DB"2) 

-26.24092 

Degrees of freedom: 60 totali 57 residual 

Residual standard error: 1.849227 

Call: lm(formula = F~X- DB+ (DBA2), data 
na.action 

FNMAX90,90RDESP0762AA40xDENS, 

= na.ornit) 

Coefficients: 

(Intercept) 

DB 
I(DB"2) 

Value 
-25.2835 

88,9620 
-26,2409 

Std. Error 
3.7505 

12,1830 
8. 9663 

t value 

-6.7413 
7.3022 

-2.9266 

Pr(>lti) 

0.0000 
0.0000 

0.0049 

Residual standard error: 1.849 on 57 degrees of freedom 

Multiple R-Squared: 0.9758 
F-statistic: 1149 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FI\.o/.AX 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB 1 7829,459 7829.459 
I (DB"2) 1 29.290 29,290 

Residuals 57 194.919 3.420 

to last) 

F Value 
2289.557 

8. 565 

Pr(F) 

0.000000000 
0.004914194 



ESPESSURA = 1,143mm 

*** Linear Model *** 
Call: 

30 

F1t!ed: DB 

50 

lm(forrnula = FNY~ - DB, data 
na.ornit) 

FNMAX90.90RDESPll43AA40xDENS, na.action 

Coefficients: 

(Intercept) DB 
-19.19576 75.11704 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 4.167642 

Call: lm(formula = FNMAX - DB, data 
na.omit) 

FNMAX90.90RDESP1143AA40xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-19.1958 
75.1170 

Std. Error 
1. 6782 
2.5179 

t value 
-11.4386 
29.8337 

Pr 1>1 t I) 

0. 0000 
0.0000 

Residual standard error: 4.168 on 58 degrees of freedom 

Multiple R-Squared: 0.9388 
F-statistic: 890 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 Su...'TI of Sq Mean Sq F Value Pr(F) 

DB 1 15459.48 15459.48 890.0496 0 

Residuals 58 1007.42 17.37 
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ESPESSURA = l,524mm 
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Fitted: DB 

*** Linear Model *** 
Call: 

lm(formula = FNMAX - DB, data 
na.omit) 

FNMAX90.90RDESP1524AA40xDENS, na.action 

Coefficients: 

(Intercept) DB 
-28.40072 102.9553 

Degrees of freedom: 60 total; 58 residual 

Residual standa=d error: 3.350341 

Call: lm(formula = FNMAX ~ DB, data 

na.omit) 
FNMAX90.90RDESP1524AA40xDENS, na.action 

Coefficients: 
Value Std. Error t value 

-21.0522 
50.8650 

Pr(>ltl) 

0.0000 
0.0000 

(Intercept) 

DB 
-28.4007 1.3491 
102.9553 2.0241 

Residual standard error: 3.35 on 58 degrees of freedom 

Multiple R-Squared: 0.9781 
F-statistic: 2537 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNJvfAX 

Terms added seqc1er: ially (first to last) 

Df Sum 0 Sq Mean Sq F Value Pr(F) 

DB 2904 . 27 29041.27 2587.246 0 

Residuals 58 65 . 04 11.22 
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FOR(:A x (DENSIDADADE BASICA +ANGULO DE ATAQUE + ESPESSURA) 
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Fitted exp(DB + AA + E)+ e:xp{(D8~2) + (AA~2J .. (E~21) + exp((08"3) + (AA"3) + (E"3)) 

*** Linear Model *** 
Call: 
lm(formula ~ FNMAX- exp(DB + AA +E) + exp((DBA2) + (AAA2) + (EA2)) + exp((DBA3) 

+ ( 
AAA3) + (E"3)), data= FNMAX90.90RDxDENSAAESP, na.action = na.omit) 

Coefficients: 
(In~ercept) exp(DB + AA +E) exp((DBA2) + (AA~2) + (EA2)) 

-18.04164 3.122224 1.961334 
exp I (DB-3) + (AA-3) + (EA3) I 

-0.7353362 

Degrees of freedom: 720 total; 716 residual 
Residual standard error: 7.078597 

Call: lm(formula ~ FNMAX- exp(DB + AA +E) + exp((DBA2) + (AAA2) + (EA2)) + 

exp((DBA3) +I 

AA"3) + (E"3)), data= FNMAX90.90RDxDENSAAESP, na.action = na.omit) 

Coefficients: 
Value Std. Error t value 

(Intercept) -18.0416 1.4603 -12.3551 
exp (DB + AA + E) 3.1222 0. 55 65 5.6109 

exp( (DB"2) + IAAA2) + (EA2) I 1.9613 0.7008 2.7986 
exp( (DBA3) + (AAA3/ + (EA3) I -0.7353 0. 14 64 -5.0244 

Residual standard error: 7.079 on 716 degrees of freedom 

Multiple R-Squared: 0.8139 

Pri>l tl I 
0.0000 
0.0000 

0.0053 
0.0000 

F-sta~istic: 1044 on 3 and 716 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first to last) 
Df Sum of Sq 

exp(DB + AA + E) 1 141914.8 
exp( (DB"2) + (N"/'2) + (E"2)) 1. 13692.3 

exp( (DB"3) + (AJ4;''3) + (E"3)) 1 1264.9 
Residuals 716 35876.3 

Mean Sq F Value Pr(F) 
141914.8 2832.261 O.OOOOOOe+OOO 

13692.3 273.263 O.OOOOOOe+OOO 

1264.9 25.245 6.384239e~007 
50.1 



FOR(ANORMALMAx~ 

CORTE 90°-90° TANGENCIAL 

• FOR(A x ESPESSURA 

y=20° 

CITRIODORA 

*** Lihea~ Model *** 
Call: 
lm{formula = FNMAX ~ E, data CFNMAX90.90TGAA20xESP, na.action na.omit) 

Coefficients: 
{Intercept) E 
-0.8052597 18.90087 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 4.361224 

Call: lm{formula = FNMAX - E, data CF~X90.90TGAA20xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value Std. Error 
-0.8053 1.1944 
18.9009 1.1447 

t value Pr(>!t:i) 

-0.6742 0.5022 
16.5119 0.0000 

Residual standard error: 4.361 on 78 degrees of freedom 
Multiple R-Squared: 0.7776 

F-statistic: 272.6 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first to last) 

Df sw~ of Sq Mean Sq F value Pr(F) 
E 1 5185.773 5185.773 272.6444 0 

Residuals 78 1483.582 19.020 

na.omit) 
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SALIGNA 

*** Linear Model *** 
Call: 
lm(formula = FN~ - E, data SFNMAX90.90TGAA20xESP, na.action 

Coefficients: 

(Intercept) E 
-1.948992 5.328031 

Degrees of freedom: 79 total; 77 residual 

Residual standard error: 1.696071 

na.omit) 

Call: lrn(formula = FNMAX- E, data SFN~90.90TGAA20xESP, na.action na.om.it) 

Coefficients: 

(Intercept) 

E 

Value 

-1.9490 
5.3280 

Std. Error 

0.4724 
0.4503 

t value 
-4.1254 

11.8316 

Pr (>It I I 

0.0001 
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 

Df sum of Sq Mean Sq 
E 1 402.6926 402.6926 

Residuals 77 221.5025 2.8767 

to last) 

F Value 
139.9864 

Pr(F) 

0 
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GRANDIS 

o/S! 

.1.6 -1.2 

F1tted _ E 

*** Linear Model *** 
call: 
lm(formula = FNMAX - E, data GFNMAX90.90TGAA20xESP, na.action 

Coefficients: 
{Intercept) E 

-2.428337 0.8445345 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 0.94316 

na. o.mi t) 

Call: lm(formula = F~~ - E, data GF~~90.90TGAA20xESP, na.action na. orni t) 

Coefficients: 
Value Std. Error 

(Intercept) -2.4283 0.2583 
E 0.8445 0.2475 

t value 
-9.4014 

3.4116 

Pr(>lt I) 

0.0000 

0.0010 

Residual standard error: 0.9432 on 78 degrees of freedom 
Multiple R-Squared: 0.1298 
F-statistic: 11.64 on 1 and 78 degrees of freedom, the p-value is 0.001026 

Analysis of Variance Table 

Response: Fl\i"'MAX 

Terms added sequentially (first 

Df S~~ of Sq Mean Sq 
E 1 10.35344 10.35344 

Residuals 78 69.38496 0.88955 

to last) 

F Value Pr (F) 

11.63896 0.001026126 
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y= 30° 

CITRIODORA 

"' 
~ 

~--------------~-------------~-

F1tted, E 

*** Linear Model *** 
Call: 

lm(formula = FNMAX - E, data CFNMAX90.90TGAA30xESP, na.action na.omit) 

Coefficients: 

(Intercept) E 
-2.675358 31.3475 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 5.446363 

Call: lm(formula = FNMAX- E, data CFNMAX90.90TGAA30xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value 

-2.6754 
31.3475 

Std. Error 

1.4915 

1. 4295 

t value Pr(>ltl) 

-1. 7937 
21. 9291 

0. 0767 

0.0000 

Residual standard error: 5.446 on 78 degrees of freedom 
Multiple R-Squared: 0.8604 
F-statistic: 480.9 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: Fl'-l'MAX 

Terms added sequentially (first 
Df surr, of Sq Mean Sq 

E 1 14264.48 14264.48 
Residuals 78 2313.70 29.66 

to last) 

F Value Pr(F) 
480.8868 0 

na.omit) 
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SALIGNA 

., 

*** Linear Model *** 
Call: 

w 

F1tted E 

'55 i 

g ! 

lm(formula = FNMAX - E, data s~~90.90TGAAJOxESP, na.action na.omit) 

Coefficients: 
(Intercept) E 

-2.608905 13.24023 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 2.412613 

Call: lm(formula = FNMAX - E, data SFh~90.90TGAA30xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value 
-2.6089 
13.2402 

Std. Error 
0.6607 
0.6332 

t value 

-3.9486 
20.9090 

Pr (>it I I 
0.0002 
0.0000 

Residual standard error: 2.413 on 78 degrees of freedom 

Multiple R-Squared: 0.8486 
F-statistic: 437.2 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMA.X 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 2544.724 2544.724 

Residuals 78 454.015 5. 821 

to last) 

F Value Pr(F) 

437.1853 0 

na.omit) 
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FJ!ted- E 

*** Linear Model *** 
Call' 
lm(formula = FNMAX - E, data GFNMAX90.90TGAA30xESP, na.action na.omit) 

Coefficients: 
(Intercept) E 

-2.105657 4.826188 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 1.253236 

Call: lrn{formula = F~~ - E, data GFNMAX90.90TGAA30xESP, na.action 

Coefficien-ts: 

(Intercept} 

E 

Value 

-2.1057 

4. 82 62 

Std. Error 
0.3432 

0.3289 

t value 
-6.1351 
14. 6722 

Pr (>It!) 

0.0000 

0.0000 

Residual standard error: 1.253 on 78 degrees of freedom 
Multiple R-Squared: 0.734 
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) 

Df Sum of Sq Mean Sq F Value Pr(F) 
E 1 338.1103 338.1103 215.2744 0 

Residuals 78 122.5069 1.5706 

na. orn.i t) 
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y=40" 

CITRIODORA 

"' 

10 20 50 

*** Linear Model *** 
Call: 

lm(formula = FNMAX - E, data CFNMAX90.90TGAA40xESP, na.action na.omit) 

Coefficients: 

(Intercept) E 
-3.578446 39.64604 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 5.384996 

Call: lm{formula = FNMAX - E, data CFNMAX90.90TGAA40xESP, na.action 

Coefficients: 

{Intercept) 
E 

value 
-3.5784 
39.6460 

Std. Error 

1.4747 

1.4134 

t value 

-2.4265 
28.0504 

Pr(>l tl) 

0.0176 
0.0000 

Residual standard error: 5.385 on 78 degrees of freedom 

Multiple R-Squared: 0.9098 

F-statistic: 786.8 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 

Df s~~ of Sq Mean Sq 
E 1 22816.53 22816.53 

Residuals 78 2261.86 29.00 

to last) 

F Value 
786.8261 

Pr(F) 

0 

na. omit) 
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SALIGNA 

' 

~** Linear Model *** 
Call: 

lm{formula = FNMAX - E, data SFNMAX90.90TGAA40xESP, na.action na. om.i t) 

Coefficients: 

(Intercept) E 

-2.433588 17.10559 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 3.003582 

Call: lm(forrnula = FNMAX - E, data SFNMAX90.90TGAA40xESP, na.action 

Coefficients: 

(Intercept) 

Value 
-2.4336 

17.1056 

Std. Error 
0.8226 

0.7883 

t value 

-2.9585 

21.6982 

Pr(>ltl) 

0. 0041 

0.0000 

Residual standard error: 3.004 on 78 degrees of freedom 

Multiple R-Squared: 0.8579 
F-statistic: 470.8 on 1 and 78 degrees of freedom, the p-value is 0 

Jl.nalysis of Variance Table 

Response: Fr-YlAX 

Terms added se~Jentially (first 

Df Sum of Sq Mean Sq 
E l 4247.429 4247.429 

Residuals 78 703. 677 9. 022 

to last) 

F Value Pr (F) 

470.8115 0 

na.omit) 
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ESPESSURA = 0,762mm 

N--j 

-5 

*** Linear Model *** 
Call: 

lm{formula = FNMAX - DB, data 
na.omit) 

Coefficients: 

(Intercept) DB 
-16.60738 33.93456 

F•tted DB 

FNMAX90.90TGESP0762AA20xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.321375 

Call: lm(forrnula = F~~ - DB, data 
na.omit) 

FNMAX90.90TGESP0762AA20xDENS, na.action 

Coefficients: 

Value Std. Error 

(Intercept) 

DB 
-16.6074 

33.9346 
0.5502 
0.8360 

t value Pr(>!tl) 

-30.1827 0.0000 

40.5913 0.0000 

Residual standard error: 1.321 on 58 degrees of freedom 

Multiple R-Squared: 0.966 
F-statistic: 1648 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Varia~ce Table 

Response: FI\TM.<;..X 

Terms added sequen~ially (first to last) 

Df S"\..U.T. o:: Sq Mean Sq F Value Pr(F) 
DB 1 2876.861 2876.861 1647.656 0 

Residuals 58 101.270 1.746 
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ESPESSURA = l,l43mm 

0 ,, 

-5 20 25 

F•tted DS 

*** Linear Model *** 
Call: 

lm(formula = FNMAX - DB, data 
na.omit) 

FNMAX90.90TGESP1143AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 
-23.00048 50.16395 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.783188 

Call: lm(formula = FNMAX - DB, data 

na.omit) 
FNMAX90.90TGESP1143AA20xDENS, na.action 

Coefficients: 

Value 
(Intercept) -23.0005 

DB 50.1639 

Std. Error 

0.7425 
1.1282 

t value Pr(>ltl I 
-30.9758 0.0000 

44.4643 0.0000 

Residual standard error: 1.783 on 58 degrees of freedom 

Multiple R-Squared: 0.9715 

F-statistic: 1977 on l and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FI\o/..AX 

Terms added se~Jentially (first to last} 
Df Sum of Sq Mean Sq F Value Pr(F) 

DB 1 6286.630 6286.63 1977.077 0 
Residuals 58 184.426 3.18 
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ESPESSURA = 1,524mm 

20 30 

F1tted 08 

*** Linear Model *** 
Call: 

lm(formula = FNMAX - DB, data 
na.omit) 

FNMAX90.90TGESP1524AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 
-27.181 60.44118 

Degrees of freedom: 60 totali 58 residual 

Residual standard error: 2.189953 

Call: lm(formula = FNMAX - DB, data 

na.omit) 

FNMAX90.90TGESP1524AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-27.1810 
60.4412 

Std. Error 

0.9119 

1. 3855 

t value 

-29.8067 
43. 6230 

Pr (>it I) 

0.0000 
0.0000 

Residual standard error: 2.19 on 58 degrees of freedom 

Multiple R-Squared: 0.9704 
F-statistic: 1903 on 1 and 58 degrees of freedom, the p-value is 0 

PL~alysis of Variance Table 

Response: FNY.!A.X 

Terms added sequentially (first 

Df s~. of Sq Mean Sq 
DB 1 9126.419 9126.419 

Residuals 58 278.162 4.796 

to last} 
F Value Pr (F) 

1902.965 0 
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'Y = 30° 

ESPESSURA = 0,381mm 

*** Linear Model *** 
Call: 

lm(formula = FNMAX ~ DB, data 
na.omit) 

Coefficients: 

(Intercept) DB 
-8.361108 19.54315 

F1tteC- DB 

FNMAX90.90TGESP038lAA30xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 0.7798315 

Call: lm(forrnula = FNK~ ~ DB, data 
na. orni t) 

FNMAX90.90TGESP0381AA30xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value Std. Error 

-8.3611 0.3247 
19.5431 0.4934 

t value 

-25.7482 
39.6106 

Pr (>it I) 

0. 000 0 

0.0000 

Residual standard error: 0.7798 on 58 degrees of freedom 

Multiple R-S~Jared: 0.9644 
F-statistic: 1569 on 1 and 58 degrees of freedom, the p-value is 0 

k~alysis of Variance Table 

Response: FNMAX 

Terms added seqt1entially (first to last) 

Df sum of Sq Mean Sq F Value Pr(F) 

DB l 954.1649 954.1649 15 68.996 0 

Residuals 58 35.2720 0.6081 
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ESPESSURA = 0,762mm 

25 

Fitted DB 

*~* Linear Model *** 
Call: 
lm(formula = FNMAX - DB, data 
na.omit) 

FNMAX90.90TGESP0762AA30xDENS, na.action 

Coefficients: 

(Intercept) DB 
-16.64283 42.59305 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 1.759684 

Call: lm(formula = FNMAX - D3, data 

na.omit) 

FNMAX90.90TGESP0762AA30xDENS, na.action 

Coefficients: 
Value Std. Error 

(Intercept) -16.6428 0.7327 
DB 42.5931 1.1133 

t value 
-22.7131 

38.2579 

Pr(>ltl) 

0.0000 
0.0000 

Residual standard error: 1.76 on 58 degrees of freedom 
Multiple R-Squared: 0.9619 
F-statistic: 1464 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 Sq Mean Sq F Value Pr(F) 

DB l 4532.231 4532.231 1463.668 0 

Residuals 58 179.596 3. 096 
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ESPESSURA = l,l43mm 

N c 

• 
~ 0 

" " q 

" ' 

' ' 

*** Linear Model *** 
Call: 

lm(formula = F~~ - DB, data 
na.orr.it) 

coefficients: 

(Intercept) DB 
-23.28735 63.35286 

~ 

,, 
' ' 

10 

F1tted DB 

FNMAX90.90TGESP1143AA30xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 2.113753 

Call: lrn(formula = FNMAX - DB, data 
na.omit/ 

F~~90.90TGESPll43AA30xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 
-23.2874 

63.3529 

Std. Error 
0. 8 802 

1. 3373 

t value 
-26.4575 

47.3728 

Pr (>It I) 

0.0000 
0.0000 

Residual standard error: 2.114 on 58 degrees of freedom 

Multiple R-Squared: 0.9748 
F-statistic: 2244 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Vari~~ce Table 

Response: FNMAX 

Terrns added seqJentially (first 
Df SQ~ of Sq Mean Sq 

DB 1 10026.91 10026.91 

Residuals 58 259.:;_4 4.47 

to last) 

F Value Pr (F) 

2244.184 0 
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ESPESSURA = l,524mm 

~ -

~ 
s 

• ·~ co 

" 
0 c ~" 

' • 
~ I 

o" 

' 
0 

• 0 

10 20 40 50 

F•tted DB 

*** Linear Model *** 
Call: 

lm(formula = FNMAX - DB, data 
na. orni t) 

FNMAX90.90TGESP1524AA30xDENS, na.action 

Coefficients: 

{Intercept) DB 
0 29.53772 83.43614 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 2.868482 

Call: lm(formula = F~¥~ - DB, data 

na.omit) 

FNMAX90.90TGESP1524AA30xDENS, na.action 

Coefficients: 

(Intercept) 
DB 

Value 
~29.5377 

83.4361 

Std. Error 

1.1945 
1.8148 

t value Pr(>lt!) 
0 24.7291 0.0000 

45.9748 0.0000 

Residual standard error: 2.868 on 58 degrees of freedom 

Multiple R-Squared: 0.9733 
F-statistic: 2114 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 17391.73 17391.73 

Residuals 58 477.23 8.23 

to last) 

F Value 

2ll3.678 

Pr(F) 

0 
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y = 40° 

ESPESSURA = 0,381mm 

12 

F1tted: DB 

*** Linear Model *** 
Call: 

lm(formula = F~~ - DB, data 
na.omit) 

FNMAX90.90TGESP0381AA40xDENS, na.action 

Coefficients: 

{Intercept} DB 

-8.561376 22.47699 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.7838444 

Call: lm(formula = FNMAX - DB, data 

na.omit) 

FN~90.90TGESP0381A~40xDENS, na.action 

coefficients: 

(Intercept) 
DB 

Value 

-8.5614 

22.4770 

Std. Error 

0.3264 

0. 4 95 9 

t value 

-26.2299 

45.3237 

Pr(>!tl) 

0.0000 
0.0000 

Residual standard error: 0.7838 on 58 degrees of freedom 

Multiple R-Squared: 0.9725 
F-statistic: 2054 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMA.X 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1262.149 1262.149 

Residuals 58 35.636 0.614 

to last) 

F Value 

2054.239 

Pr(F) 

0 
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ESPESSURA = 0,762mm 

*** Linear Model *** 
Call: 

lm{formula = F~~ - DB, data 
na. onti t) 

Coefficients: 

(Intercept) DB 
-16.69125 48.15668 

Fitted 08 

Fh~90.90TGESP0762AA40xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.791255 

Call: lm(forrnula = FNMAX - DB, data 

na.omit) 

FNMAX90.90TGESP0762AA40xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-16.6912 
48.1567 

Std. Error 

0.7459 
1.1333 

t value 
-22.3777 

42.4929 

Pr(>ltl) 

0.0000 
0.0000 

Residual standard error: 1.791 on 58 degrees of freedom 

Multiple R-Squared: 0.9689 
F-statistic: 1806 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 

Df suw. of Sq Mean Sq 
DB 1 5793.588 5793.588 

Residuals 58 186.098 3.209 

to last) 

F Value 

1805.647 

Pr(F} 

0 
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ESPESSURA = 1,143mm 

*** Linear Model *** 
Call: 
lm(formula = FNMAX - DB, data 
na.omit) 

Coefficients: 

(Intercept) DB 
-25.36447 75.22653 

20 30 

Fitter± DB 

FNMAX90.90TGESPll43AA40xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 2.405458 

Call: lm(formula = FNMAX- DB, data 

na.omit) 

FNMAX90.90TGESP1143AA40xDENS, na.action 

Coefficients: 
Value Std. Error 

(Intercept) -25.3645 1.0016 
DB 75.2265 1.5219 

t value 
-25.3228 

49.4300 

Pr(>itl) 

0.0000 
0.0000 

Residual standard error: 2.405 on 58 degrees of freedom 
Multiple R-S~Jared: 0.9768 
F-statistic: 2443 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: fl,Jf~"A:< 

Terms added se~uentially (first 
Df surn of Sq Mean Sq 

14137.63 14137.63 DB 
Residuals 58 335.60 5.79 

to last) 

F Value Pr (F) 

2443.324 0 
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ESPESSURA = 1,524mm 

10 20 30 50 60 

F1tted: DB 

*** Linear Model *** 
Call: 

lm{formula = FNY~ - DB, data 

na.omit) 

FN~90.90TGESP1524AA40xDENS, na.action 

Coefficients: 

{Intercept) DB 
-32.08921 99.24076 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 3.163623 

Call: lm(formula = FNMAX - DB, data 

na. om.i t) 

FNMAX90.90TGESP1524AA40xDENS, na.action 

Coefficients: 

(Intercept) 
DB 

Value 

-32.0892 

99.2408 

Std. Error 

1.3174 

2.0016 

t value 

-24.3589 
49.5818 

Prl>l tl I 
0.0000 
0.0000 

Residual standard error: 3.164 on 58 degrees of freedom 

Multiple R-Squared: 0.977 
F-statistic: 2458 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNYAX 

Terms added sequentially (first 
Df SQ~ of Sq Mean Sq 

DB 1 24604.51 24604.51 

Residuals 58 580.49 10.01 

to last) 
F Value Pr (F) 

2458.359 0 

200 



201 

• FOR<;:A x DENSIDADE +ANGULO DE ANGULO+ ESPESSURA DE CORTE 

o" 

F•t!ed: exp(D6 + AA + E)+ exp((DB"2J + (AA"2l + (E"2JJ + eoq:o((08"3) + (AA!'3) + (E-'3)) 

*** Linear Model *** 
Call: 

lm(formula = F~~- exp(DB +A~+ E) + expi(DBA2) + (AAA2) + (EA2)) + expi(DB'3) 

+ I 
AA"3) + (EA3)), data= F~~90.90TGxDENSAAESP, na.action = na.omit) 

Coefficients: 

(Intercept) exp(DB + AA + Ef exp((DBA2) + (AA"2) + (E~2)) 

-14.6645 1.813805 2.740989 

exp( (DBA3) + (AAA3) + (E'3)) 

-0.8191671 

Degrees of freedom: 719 total; 715 residual 

Residual standard error: 6.737797 

Call: lm{formula = FNMAX- exp(DB + AA +E) + exp{(DBA2) + {AAA2) + (EA2}) + 

exp ( (DB"3) + { 
AAA3) + (E"3)), data= FNMAX90.90TGxDENSAAESP, na.action = na.omit) 

Coefficients: 

Value Std. Error t value Pr l>ltl) 
(Intercept) -14.6645 1. 4041 -10.4440 0.0000 

exp(DB + AA + E) 1.8138 0.5342 3. 3957 0.0007 

exp I (DB'2) + (AA'2) + IEA2) I 2.7410 0.6733 4. 0711 0.0001 

exp ( (DB"3) + (AAA3) + (EA3)) -0.8192 0.1405 -5.8299 0.0000 

Residual sta~da=d error: 6.738 on 715 degrees of freedom 

Multiple R-Squared: 0.7853 

F-statistic: 871.7 on 3 and 715 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sg 

exp(DB + AA +E) l 109740.0 109740.0 

expl (DB'2) + IAAA2) + IE'2)) l 7436.5 7436.5 

exp( (DB/\3) + (~~"3) + (E"3)) 1 1543.0 1543.0 

Residuals 715 32459.5 45.4 

F Value Pr(F) 

2417.292 O.OOOOOe+OOO 

163.806 O.OOOOOe+OOO 

33.988 8.3948le-009 



FORCA NORMAL MEDIA 

CORTE 90"-0" RADIAL 

• FORCA x ESPESSURA DE CORTE 

y= 10° 

CITRIODORA 

o---1 

F1lted E 

*** Linear Model *** 
Call: 

lm(formula = FNMD - E, data CFh~90.0RDA~l0xESP, na.action 

Coefficients: 

(Intercept) E 
-3.636098 -6.851512 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 2.655343 

-6 

na. omit) 

Call: lm(formula = FNMD - E, data CFh~90.0RDAA10xESP, na.action na.ornit) 

Coefficients: 

Value Std. Error t value Pr (>It i) 

(Intercept) -3.€361 0-7272 -5.0002 0.0000 

E ~6.3515 0-6969 -9.8308 0.0000 

Residual standard error: 2.655 on 78 degrees of freedom 

Multiple R-Squared: 0.5534 

F-statistic: 96.65 on 1 and 78 degrees of freedom, the p-value is 2.665e-015 

Analysis of Variance Table 

Response: FN1'1D 

Terms added seq~entially (first 
Df Sum of Sq Mean Sg 

E 1 681.4324 681.4324 
Residuals 78 549.9662 7.0508 

to last) 

F Value 

96.64545 
Pr(F) 

2.664535e-015 
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SALIGNA 

<0 - '70 

F1tted E 

**~ Linear Model *** 
Call: 

lm(formula = FNMD - E, data SFNMD90.0RDAA10xESP, na.action na.omit) 

Coefficients: 

(Intercept) E 
-2.333873 -8.846862 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 1.619884 

Call: lm(forrnula = FNMD - E, data SFNMD90.0RDAA10xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value 
-2.3339 
-8.8469 

Std. Error 
0.4436 

0.4252 

t value 
-5.2609 

-20.8080 

Pr (>It! I 

0.0000 

0.0000 

Residual standard error: 1.62 on 78 degrees of freedom 
Multiple R-Sq'-lared: 0.8473 

F-statistic: 433 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E l 1136.131 1136.131 
Residuals 78 204.674 2.624 

to last) 

F Value 

432.9728 
Pr(F} 

0 

na. omit) 
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GRANDIS 

Fitted E 

*** Linear Model *** 
Call: 
lm(formula = FNMD - E, data GFNMD90.0RDAA10xESP, na.action na.omit) 

Coefficients: 

(Intercept) E 
-3.586346 -8.51556 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.8999328 

Call: lm(formula = FN¥~ - E, data = GFNMD90.0RDAA10xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value 
-3.5863 
-8.5156 

Std. Error 
0. 2 4 65 

0.2362 

t value Pr (>It I) 

-14.5516 0.0000 
-36.0519 0.0000 

Residual standard error: 0.8999 on 78 degrees of freedom 

Multiple R-Squared: 0.9434 

F-statistic: 1300 on l and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 1052.632 1052.632 
Re-siduals 78 63.171 0.810 

to last) 

F Value Pr(F) 

1299.739 0 

na. omit) 
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y= 20° 

CITRIODRA 

~1_0 -G_S -0.0 -0_7 

Fitted; E 

*** Linear Model *** 
Call: 

lm(formula = FNMD - E, data CFNMD90.0RDAA20xESP, na.action 

Coefficients: 
{Intercept) E 

-1.154261 0.3542293 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 1.060676 

0 

' ' 

-0 6 

na. omit) 

Call: L~(formula = FNMD - E, data CFNMD90.0RDAA20xESP, na.action na.omit) 

Coefficients: 

(Intercept) 

E 

Value 

-1.1543 
0.3542 

Std. Error 
0. 2 905 
0.2784 

t value P r {>I t I ) 
-3.9737 0.0002 

1.2724 0.2070 

Residual standard error: 1.061 on 78 degrees of freedom 
Multiple R-Squared: 0.02033 

F-statistic: 1.619 on 1 and 78 degrees of freedom, the p-value is 0.207 

Analysis of variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 1.82146 1.821457 

Residuals 78 87.75259 1.125033 

to last) 

F Value 

1. 619025 

Pr(F) 

0.2070079 
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SALIGNA 

96 

;:---' 

0 

0 

0 
0 

0 

0-

0 

" 
" 

" 93 

-<.0 -3_5 -3_0 

F1tted E 

*** Linear Model *** 
Call: 

lm(formula = FNMD - E, data SFNMD90.0RDAA20xESP, na.action 

Coefficients: 

{Intercept) E 
-1.965227 -1.430435 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 0.7143943 

8 

! 

-2.5 

na. omit) 

Call: lm(formula = FNMD - E, data= SFNMD90.0RDAA20xESP, na.action na. omit) 

Coefficients: 

{Intercept) 

E 

Value 
-1.9652 
-1.4304 

Std. Error 
0 .195 6 

0.1875 

t value 
-10.0449 

-7.6288 

Prl>ltl I 
0.0000 
0.0000 

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, the p-value is 4.91le-Oll 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E l 29.70203 29.70203 
Residuals 78 39.80802 0.51036 

to last) 

F Value Pr(F) 
58.19828 4.910516e-Oll 
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GRANDIS 

75 

"'""' 

" • --'l 
~ 

o-

*** Linear Model *** 
Call: 

-6 5 -6_0 -5_5 

F1tted E 

-5_0 45 •4_0 

lm(formula = FNMD - E, data GFNMD90.0RDAA20xESP, na.action na. orr.i t) 

Coefficients: 

{Intercept) E 
-3-040641 -2-489443 

Degrees of freedom: SO total; 78 residual 
Residual standard error: 0.5432407 

call: lm(formula = FNMD - E, data = GFNMD90.0RDAA20xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value Std. Error 
-3_0406 0_1488 
-2.4894 0.1426 

t value Pr(>itl) 

-20.4382 0.0000 
0.0000 

Residual standard error: 0.5432 on 78 degrees of freedom 

Multiple R-Squared: 0.7963 
F-statistic: 304.8 on 1 and 78 degrees of freedom, the p-value is 0 

k~alysis of Variance Table 

Response: Ftl'"MD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 89.96102 89.96102 
Residuals 78 23.01861 0.29511 

to last) 

F Value 

304.8385 
Pr(F) 

0 

!la.omit) 
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y=30° 

CITRIODORA 

., 
' 

2 

0~ ! 
' 

"' 

NC 

os 

'7~ 

95 

'·' " " " '·' 2.0 

*** Linear Model *** 
Call: 

lm(formula = FNMD- E + {EA2}, da~a CF~~90.0RDAA30xESP, na.action 

Coefficients: 

(Intercept) E I (E'2) 

-0.3954502 4.479239 -2.100356 

Degrees of freedom: 80 total; 77 residual 

Residual standa=d error: 0.7110317 

na.oroit) 

Call: lrn(formula = FNMD- E + (EA2), data 

na.omit) 

c~~~90.0RDAA30xESP, na.action 

Coefficients: 
Value Std. Error t value Pr (>It I) 

(Intercept) -0.3955 0.4426 -0.8934 0.3744 

~ 4.4792 1. 0598 4. 22 64 0.0001 

I(E"2) -2.1004 0.5476 -3.8353 0.0003 

Residual standard error: 0.711 on 77 degrees of freedom 

Multiple R-Squared: 0.2165 
F-statistic: 10.64 on 2 and 77 degrees of freedom, the p-value is 0.00008345 

Analysis of Variance Table 

Response: FN11D 

Terms added sequentially (first to last) 

Df Sum of Sq Mear: Sq F Value Pr(F) 

E l 3.31754 3.317544 6.56204 0. 01237118 

I(E'"'2) l 7.43662 7.436620 14.70949 0. 00025496 

Residuals 77 38.92859 0.505566 
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SALIGNA 

n 

"' 'W i 

" 0 

' 

9 

00 02 0.0 

*** Linear Model *** 
Call: 

lm(formula = FNMD- E + (E~2), data SFNMD90.0RDAA30xESP, na.action 

Coefficients: 
(In~ercept) E 

-1.276367 3.966299 

I(E'2) 

-1.823534 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.4865937 

na.omit) 

Call: lm(formula = FNMD ~ E + (EA2), data 

na.ornit) 

SFh~90.0RDAA30xESP, na.action 

Coefficients: 
Value Std. Error 

(Intercept) 

E 

-1.2764 

3.9663 

I(E"2) -l.8235 

0.3029 

0. 7253 

0.3748 

t value 

-4.2138 

5.4686 
-4.8657 

Pr (>It I) 

0.0001 
0.0000 

0.0000 

Residual standard error: 0.4866 on 77 degrees of freedom 

Multiple R-Squared: 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: Th'MD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 3.52050 3.520503 

I(E~2) 1 5.60554 5.605540 
Residuals 77 18.23155 0.236773 

to last) 
F Value 

24.86866 
23.67470 

Pr(F) 
0.0002375477 

0. 0000059251 
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GRANDIS 

-2.0 -1.6 -1_4 

F•tted E 

*** Linear Model *** 
Call: 
lm(formula = FNMD - E, data GFNMD90.0RDAA30xESP, na.action 

Coefficients: 

(Intercept) E 
-2.391201 0.6900548 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.8635285 

na.omit) 

Call: lm(formula = FNM~ - E, data= GFNMD90.0RDAA30xESP, na.action na.omit) 

Coefficients: 

Value Std. Error t value Prl>ltl I 
(Intercept) -2.3912 0.2365 -10.1113 0.0000 

E 0.6901 0.2266 3.0446 0.0032 

Residual standard error: 0.8635 on 78 degrees of freedom 

Multiple R-Squared: 0.1062 

F-statistic: 9.27 on 1 and 78 degrees of freedom, the p-value is 0.003176 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr(F) 

E l 6.91221 6.912214 9.269661 0.003176005 
ReSiduals 78 58.16315 0.745681 
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• FOR<;:A x DENSIDADE BASICA 

y= 10° 

ESPESSURA = 0,38lmm 

C• 0 

I 
0:: ; 0 

-SA -62 -6.0 

F1tted exp(DBJ + exp(DB~2) 

*** Linear Model *** 
Call: 

lm(formula = FN¥~- exp(DB) + exp(DBA2), data 
na.action = na.o~~t) 

FNMD90.0RDESP0381AA10xDENS, 

Coefficients: 

(Intercept) exp(DB) exp(DBA2) 

-11-59776 9.18666 -7.450874 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.9654136 

Call: lm(formula = FNMAX ~ exp(DB) + exp(DBA2), data 

FNMD90.0RDESP038lAA10xDENS, 

na.action = na.omi~) 

Coefficients: 

(Intercept) 

exp(DB) 

exp(DB'2) 

Value 

-lL 5978 

9.1867 

-7.4509 

Std. Error 

L 7579 

3.1ll7 

2.6401 

t value 

-6.5974 

2.9523 

-2.8222 

Pr(>!tl) 

0.0000 
0.0046 

0.0066 

Residual standard error: 0.9654 on 57 degrees of freedom 

Multiple R-Squared: 0.1525 

F-statistic: 5.13 on 2 and 57 degrees of freedom, the p-value is 0.00894 

Analysis of Variance Table 

Response: FN!-'1.AX 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr( I 

exp{DB) 1 2- 13917 2.139174 2.295193 0.13530 2 

exp(DB"2l l 7.42346 7.423463 7.964888 0.00655 3 

Residuals 57 53.12534 0.932023 
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ESPESSURA = 0,762mm 

-10.2 -10_0 -9.8 

*** Linear Model *** 
Call: 

0 

' 

-9.6 -9_4 

Fitted DB 

-9.2 -8.8 

lm(formula = FNMAX - DB, data FNMD90.0RDESP0762A?.l0xDENS, na.action 

Coefficients: 

(Intercept) DB 
-11.10767 2.431991 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 1.468937 

212 

na.omit} 

Call: lm(formula = FNMAX - DB, data 
na.omit) 

FNMD90.0RDESP0762AA10xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value Std. Error 
-11.1077 0.5915 

2.4320 0.8875 

t value 
-18.7792 

2.7404 

Pr {>It I) 

0.0000 
0.0081 

Residual standard error: 1.469 on 58 degrees of freedom 
Multiple R-Squared: 0.1146 
F-sta~istic: 7.51 on 1 and 58 degrees of freedom, the p-value is 0.008142 

Analysis of Variance Table 

Response: FNM.Z\X 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
DB 16.2047 16.20474 7.50993 0.008141831 

Residuals 58 125.1510 2.15778 



ESPESSURA = 1,143mm 

*** Linear Model *** 
Call: 

-13-0 -12.5 

F1tted: DB 

213 

lm(formula = FNV~ ~ DB, data FNMD90.0RDESP1143AA10xDENST na.action na.omit) 

Coefficients: 

(Intercept) DB 
-14.30636 2.787397 

Degrees of freedom: 60 totali 58 residual 
Residual standard error: 2.088339 

Call: lm(formula = FNMAX - DB, data 

!1a.omit) 

FNMD90.0RDESP1143AA10xDENS, na.action 

Coefficients: 

(Inte!:cept) 

DB 

Value 
-14.3064 

2.7874 

Std. Error 
0.8409 
1.2617 

t value Pr(>ltl) 
-17.0132 0.0000 

2.2093 0. 0311 

Residual standard error: 2.088 on 58 degrees of freedom 

Multiple R-Squared: 0.07762 
F-statistic: 4.881 on 1 and 58 degrees of freedom, the p-value is 0.03112 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 
Df s~~ of Sq Mean Sq 

DB 1 21.2871 21.28706 
Residuals 58 252.9472 4.36116 

to last) 

F Value 
4.881055 

Pr !F) 

0.03111588 
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ESPESSURA = 1,524mm 

-16 5 -16.0 -15.5 -15.0 -14.0 

F1ttec1· DB 

~** Linear Model *** 
Call: 

lm(formula = FNMAX - DB, data FNMD90.0RDESPl524AA10xDENS, na.action na.omit) 

Coefficients: 

(Intercept) DB 
-18.8663 5.622341 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 2.536892 

Call: lm(formula = F~~ - DB, data 

na.omit) 

FNMD90.0RDESP1524AA10xDENS, na.action 

Coefficients: 

(Intercept) 
DB 

Value S~d. Error 
-18.8663 1.0215 

5. 62 23 1.5326 

t value Pr(>)ti) 

-18.4690 0.0000 
3.6684 0.0005 

Residual standard error: 2.537 on 58 degrees of freedom 

Multiple R-Squared: 0.1883 
F-statistic: :3.46 on 1 and 58 degrees of freedom, the p-value is 0.0005321 

Analysis of Variance Table 

Response: ?"':1\Y.AX 

Terms added seque~tially (first 
D.: S"L<m of Sq Mean Sq 

DB 1 86.6069 86.60689 

Residuals 58 373.2776 6.43582 

to last) 
F Value Pr(F) 

13.45701 0.000532059 



'Y = 20° 

ESPESSURA = 0,381mm 

-4_0 -3_5 -3_0 -2.5 -1_5 

F1tted DB+ iDB~2l 

*** Linear Model *** 
Call: 

lm{formula = FNVmx- DB+ (DBA2), data 
na.oroit) 

FNMD90.0RDESP0381AA20xDENS, na.action 

Coefficients: 
(Intercept) DB 

-9.751697 18.73065 

I(DBA2) 
-10.21133 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.5961006 

Call: lm(formula = FNMAX- DB+ (DBA2}, data 
na.action = 

FNMD90.0RDESP0381AA20xDENS, 

na.omit) 

Coefficients: 
Value Std. Error t value Pr I> I tl l 

(Intercept) -9.7517 1.2090 -8.0660 0.0000 

DB 18.7307 3. 9272 4.7695 0.0000 

I (DBA2) -10.2113 2.8903 -3.5330 0.0008 

Residual standard error: 0.5961 on 57 degrees of freedom 

Multiple R-Squared: 0.7771 
F-statistic: 99.35 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMA...X 

Terrt'.s added sequentially (first to last) 

Df SU.TTL of Sq Mean Sq F Value Pr(F) 

DB 1 66.16983 66.16983 186.2177 0.0000000000 

I(DB'2) 1 4.43530 4.43530 12.4820 0.0008223961 

Residuals 57 20.25415 0.35534 
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ESPESSURA = 0,762mm 

F1tted DB-<- (DB~2l 

*** Linear Model *** 
Call: 
lm(formula = FN¥~- DB+ (DBA2), data 

na.ornit) 

Coefficients: 

(Intercept) DB 
-10.33396 15.03591 

I(DB'2) 
-4.924932 

FNMD90.0RDESP0762AA20xDENS, na.action 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.7838435 

Call: lm(forrnula = FNMAX- DB+ (DBA2), data 
na.action = 

FNMD90.0RDESP0762AA20xDENS, 

na.omit) 

Coefficients: 

(Intercept) 

DB 
I (DB'2) 

Value Std. Error 

-10.3340 1.5898 
15.0359 

-4.9249 
5. 1641 

3.8006 

t value 
-6.5003 

2. 9116 
-1.2958 

Pr(>l tl) 

0.0000 
0.0051 
0.2003 

Residual standard error: 0.7838 on 57 degrees of freedom 

Multiple R-Squared: 0.8465 

F-statistic: 157.1 on 2 and 57 degrees of freedom, the p-value is 0 

~~alysis of Variance Table 

Response: FI\TMAX 

Terms added seqt.lentially (first to last) 

Df Sum of Sq Mean Sq ~ Value Pr(F) 

DB 1 192.0482 192.0482 312.5730 0.000000 

I (DB''2) 1 L 0317 1.0317 1. 6792 0.200255 

Residuals 57 35.0214 0.6144 
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ESPESSURA = 1,143mm 

-6 -5 

*** Linear Model *** 
Call: 

' 0 

-3 

f:llted DB 

·2 
_, 

lm(formula = FNMAX - DB, data FNMD90.0RDESP1143AA20xDENS, na.action 

Coefficients; 

(Intercept) DB 
-10.15218 10.69305 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.8319343 
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na.ornit) 

Call: lm(formula = FNMAX - DB, data 

na.omit) 

FNMD90.0RDESP1143AA20xDENS, na.action 

Coefficients: 

Value Std. Error 

(Intercept) -10.1522 0.3350 
DB 10.6931 0.5026 

t value Pr(>ltl) 

-30.3060 0.0000 
21.2751 0.0000 

Residual standard error: 0.8319 on 58 degrees of freedom 

Multiple R-Squared: 0.8864 

F-statistic: 452.6 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 Su.."'n of Sq Mean Sq F Value Pr(F) 

DB l 313.2718 313.2718 452. 6299 0 

Residuals 58 40.1427 0.6921 



ESPESSURA = 1,524mm 

I C., 

' 

Fitted: 08 

*** Linear Model *** 
Call: 

lm{form~la = FNMAX - DB, data FNMD90.0RDESP1524AA20xDENS, na.action 

Coefficients: 
{Intercept) DB 

-10.84062 11.07586 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 0.9155368 
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na.omit) 

Call: lm(forrr~la = FNMAX - DB, data 
na.omit) 

FNMD90.0RDESP1524AA20xDENS, na.action 

Coefficients: 
Value Std. Error 

(Intercept) -10.8406 0.3687 
DB 11.0759 0.5531 

t value 
-29.4060 
20.0244 

Pr(>ltl) 

0.0000 
0.0000 

Residual standard e.::ror: 0.9155 on 58 degrees of freedom 
Multiple R-Squared: 0.8736 
F-statistic: 401 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 Sq Mean Sq F Value Pr(F) 
DB 1 336.1032 336.1032 400.9784 0 

Residuals 58 48.6160 0.8382 



y =30° 

ESPESSURA = 0,381mm 

*** Linear Model *** 
Call: 

lm(formula = FNMAX- DB+ (DB~2), data 
na.oroit) 

Coefficients: 

(Intercept) DB 
-11.1696 29.44566 

I(DBA2) 

-17.56834 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.5793709 

~0 -

FNMD90.0RDESP0381AA30xDENS, na.action 

Call: lm(formula = F~~~ ~DB+ (DBA2), data 
na.action = 

FNMD90.0RDESP0381AA30xDENS, 

na.omit) 

Coefficients: 
Value 

(Intercept) -11.1696 

DB 29.4457 

I(DBA2) -17.5683 

Std. Error 

1. 1751 

3.8170 

2.8092 

t value 

-9.5056 
7.7144 

-6.2539 

Pr(>ltl I 
0.0000 

0.0000 

0.0000 

Residual standard error: 0.5794 on 57 degrees of freedom 

Multiple R-Squared: 0.8412 
F-statistic: 151 on 2 and 57 degrees of freedom, the p-value is 0 

k~alysis of Variance Table 

Response: FNY.AX 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr{F) 
DB 88.24l62 88.24162 262.8816 O.OOOOOOe+OOO 

I{DBA2) 1 13.12864 13.12864 39.1117 5.501633e-008 
Residuals 57 19.13322 0.33567 
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ESPESSURA = 0,762mm 

,, 
" 

~ 

~ 
G 0 

• 
] ~J 

" 
9-

0 

e 

-2 

*** Linear Model *** 
Call: 
lm(formula = F~~- DB+ (DBA2), data 

na.oroit) 
FNMD90.0RDESP0762AA30xDENS, na.action 

Coefficients: 
(Intercept) DB I(DBA2) 

-14.35638 41.27555 -25.87231 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.6281363 

Call: lm(formula = FNMAX- DB+ (DBA2), data 
na.action = 

FNMD90.0RDESP0762AA30xDENS, 

na.om.it) 

Coefficients: 
Value Std. Error t value Pr 1>1 til 

(Intercept) -14.3564 1.2740 -11.2691 0.0000 
DB 41.2756 4.1382 9.9742 0.0000 

I IDBA2 I -25.8723 3.0456 -8.4949 0.0000 

Residual standard error: 0.6281 on 57 degrees of freedom 
Multiple R-Squared: 0.8582 

F-statistic: 172.6 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially {first 
Df Sum of Sq Mean Sq 

1 107.6931 107.6931 DB 
IIDB'2i 1 

Residuals 57 

28.4727 

22.4896 
28.4727 

0. 394 6 

to last) 

F Value 

272.9481 
72.1640 

Pr(F) 

O.OOOOOOe+OOO 

1. 041767e-Oll 
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ESPESSURA = 1,143mm 

~" 

• ' 

., . 
~ 0" e, 

~ 
0 > to 

"' 

-2 -1 

FEtted: DS + (06~2) 

*** Linear Model *** 
Call: 
lm(formula = FNMAX- DB+ (DBA2), data 

na.omi t) 
FNMD90.0RDESP1143AA30xDENS, na.action 

Coefficients: 

{Intercept) DB 
-12.20108 34.48063 

I(DB'2) 

-20.60256 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.7402117 

Call: lm(forrnula = FNMAX - DB + (DBA2), data 

na.action = 
FNMD90.0RDESP1143AA30xDENS, 

na. ami t) 

Coefficients: 
Value Std. Error t value Pr(>ltl) 

(Intercept) -12.2011 1.5013 -8.1272 0.0000 

DB 34.4806 4.8766 7.0706 0.0000 

I(DB"2) -20.6026 3.5890 -5.7404 0.0000 

Residual standard error: 0.7402 on 57 degrees of freedom 

Multiple R-Squared: 0.815 

F-statistic: 125.5 on 2 ~Dd 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 

Df S1...1.IT:. of Sq Mean Sq 

DB l 119.5167 119.5167 
I{DBA2) 1 18.0551 18.0551 

Residuals 57 31.2311 0.5479 

to last) 

F Value 
218.1307 

32.9525 

Pr(F) 

O.OOOOOOe+OOO 

3.813077e-007 
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ESPESSURA 1,524mm 

-1_5 -1 0 -0.5 0.5 1.0 1.5 

*** Linear Model *** 
Call: 

lm(formula = FNMAX- DB+ (DBA2}, data 
na. orni t) 

FNMD90.0RDESP1524AA30xDENS, na.action 

Coefficients: 
(Intercept) DB 

-9.387378 26.21134 

I(DB'2) 

-15.55628 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.9169658 

Call: lm(formula = FNMAX- DB+ (DBA2), data 
na.action = 

FNMD90.0RDESP1524AA30xDENS, 

na.omit) 

Coefficients: 
Value Std. Error t value Pc(>ltl I 

(Intercept) -9.3874 1. 8598 -5. 0476 0.0000 

DB 26.2113 6. 0411 4.3388 0.0001 

I (DB'2 I -15.5563 4.4460 -3.4989 0.0009 

Residual standard error: 0.917 on 57 degrees of freedom 
Multiple R-Squared: 0.6349 
F-statistic: 49.55 on 2 a~d 57 degrees of freedom, the p-value is 3.386e-013 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (ficst to last) 
Df Su.rn of Sq Mean Sq F Value Pr(F) 

DB 1 73.03963 73.03963 86.86649 0.0000000000 
I(DBA2) 1 10.29365 10.29365 12.24231 0.0009137326 

Residuals 57 47.92710 0.84083 
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• FORCA x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

N -

0 -
• • Cfi 

' " - c<% 

" 
" • -

~ 
~ 

" 
~ 

Fitted DB+ AA + E + (DBA2) + (AA"2) 

*** Linear Model *** 
Call: 

lm(formula = FNMAX - DB + AA + E + (DB"2} + (AA~2), data 
na.action na.ornit) 

Coefficients: 

FNMD90.0RDxDENSAAESP, 

(Intercept) DB AA E I (DB"2) I (AA."2) 

-27.83652 18.90312 81.69344 -2.902111 -9.622461 -71.89677 

Degrees of freedom: 720 total; 714 residual 
Residual standard error; 2.123079 

Call: lrn(forrnula = FNMAX - DB + AA + E + {DBA2) + (AA"2), data 
FNMD90.0RDxDENSAAESP, 

na.action = na.omit) 

Coefficients: 
Value Std. Error t value Prl>ltl I 

(Intercept) -27.8365 l. 3882 -20.0529 0.0000 

DB 18.9031 4.0377 4. 6816 0.0000 

AA 81. 6934 3.8866 21.0194 0.0000 

E -2.9021 0.1857 -15.6241 0.0000 

I (DBA2 I -9.6225 2.9716 -3.2381 0. 00l3 

I (AA"'2) -71.8968 5.5100 -13.0484 0.0000 

Residual standard error: 2.123 on 714 degrees of freedom 
Multiple R-Squared: 0.8451 
F-statistic: 779.2 on 5 and 714 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially 
Df Sum of Sq 

DB 1 1138.13 
AA 1 14508.35 

E 1100.32 
I (D3A21 1 47.26 

I(AAA21 1 7 67.45 

Residuals 714 3218.33 

(first to last) 
Mean Sq F Value Pr{F) 

1138.13 252.499 0.000000000 
14508.35 3218.739 0.000000000 

1100.32 244.112 0.000000000 

47.26 
767.45 

4.51 

10.485 0.001258962 

170.261 0.000000000 



FORCA NORMAL MAxiMA 

CORTE 90°-0° RADIAL 

• FORCA x ESPESSURA 

y= 10° 

CITRIODORA 

---··--

*** Linear Model *** 
Call: 

$7 
7 

lm(formula = FNMAX- exp(Ei + exp(E'2i, data 

na.action = 
na.omit) 

Coefficients: 

(I~tercept) exp(E) exp(E"2) 
0.3163973 -3.990642 1.018685 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 3.030377 

CFNMAX90.0RDAA10xESP, 

Call: lm(formula = FNMAX- exp{E) + exp(EA2), data 

CFNY~90.0RDAA10xESP, na.ac~ion = 
na.omit) 

Coefficients: 

Value Std. Error t value Pr (>it I) 
(Intercept) 0.3164 1.6835 0.1879 0.8514 

exp(Ei -3.9906 1. 0645 -3.7488 0.0003 

exp(E"2) 1. 0187 0.3494 2. 9158 0.0046 

Residual standard error: 3.03 on 77 degrees of freedom 

Multiple R-Squared: 0.2112 
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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: Fl\fl'Jf..AX 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

exp (E) 

exp(E'2) 

Residuals 

l 111.2012 111.2012 12.10922 0.000829286 
1 78.0768 78.0768 8.50214 0.004644444 

77 707.1054 9.1832 

SALIGNA 

·10 ·8 

*** Linear Model *** 
Call: 
lm(formula = FNMAX- (E~(-1) lr data 

na.omit) 

SFNMAX90.0RDAA10xESP, na.action 

Coefficients: 
(Intercept) I(E"(-1)) 

-13.57481 3.606461 

Degrees of f~eedom: 80 total; 78 residual 

Residua2 standard error: 2.086792 

Call: lm(formu.la ::::: .FNY.:J\X - (E" (-~)), data 

na.action == n3..onit) 

Coefficients: 

Value Std. Error 1: value 

(Intercept) -13.5748 0.4784 -28.3733 

I(E"(-1)) 3.6065 0.3056 11.8032 

SFNMAX90.0RDAA10xESP, 

Pr (>It i) 

0.0000 

0.0000 

Residual standard error: 2.087 on 78 degrees of freedom 

M~ltiple R-Squared: 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 

Df Sum of Sq Mean Sq 

I(EA(-1)) l 606.6729 606.6729 

Residuals 78 339.6665 4.3547 

GRANDIS 

o---i 

-11 

*** Linear Model *** 
Call: 

-9 

to last) 

F Value 

139.3145 

-8 

Fitted; E + (E"2) 

Pr(F) 

0 

-7 -5 

lm(formula = FNMAX- E + (EA2), data 

na.omit) 

GFNMAX90.0RDAA10xESP, na.action 

Coefficients: 
(Intercept) E I(EA2) 

-1.822133 -9.363755 2.214641 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.500891 

Call: lm(forrnula = FNMAX- E T (EA2), data 

na.action = na.omit) 

GFNIVJ\X90. 0RDAA10xESP, 

Coefficients: 

Value Std. Error t value Pr I> It i) 
(Intercept) -1.8221 0.9343 -1.9503 0.0548 

E -9.3638 2. 2371 -4.1856 0.0001 

I(EA2) 2.2146 1.1560 1.9158 0.0591 

Residual standard error: 1.501 on 77 degrees of freedom 

Multiple R-Squared: 0.6935 

F-statistic: 87.12 on 2 and 77 degrees of freedom, the p-value is 0 

226 



Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially \first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
E 1 384.2358 384.2358 170.5687 0.00000000 

I(EA2) 1 8.2679 8.2679 3.6703 0.05910346 
Residuals 77 173.4559 2.2527 

y=2o• 

CITRIODORA 

0.5 'O '·' 2.0 2.5 30 

F•tted exp{E) .. exp(E"2) 

*** Linear Model *** 
Call: 
lm(formula = FNMAX - exp (E) + exp (E'2), data 

na.action = 
CFNMAX90.0RDAA20xESP, 

na. omit) 

Coefficients: 
(Intercept) exp(E) exp(EA2) 

-2.411202 2.065431 -0.4053719 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.551345 

Call: lm(formula = FNMAX- exp(E) + exp(EA2), da~a 

CFNMAX90.0RDAA20xESP, na.action = 
na.omit) 

Coefficients: 
Value Std. Error t value Pr I> it i) 

(Intercept) -2.4112 0.8618 -2.7978 0.0065 

exp (E) 2.0654 0.5450 3.7900 0.0003 

exp(E"2) -0.4054 0.1788 -2.2666 0. 0262 
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Residual standard error: 1.551 on 77 degrees of freedom 
Multiple R-Squared: 0.3444 

228 

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 sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
exp(E) 1 84.9747 84.97471 35.30798 0.00000008 

exp(EA2) 1 12.3637 12.36373 5.13728 0.02622462 

Residuals 77 185.3137 2.40667 

SALIGNA 

-2.0 -1_8 -1.6 -1.2 

F•tted: E + (E~2) 

*** Linear Model *** 
Call: 
lm(formula = FNV~- E + (E~2), data 

na.omit) 

S~~90.0RDAA20xESP, na.action 

Coefficienc:s: 
(Intercept) E I(EA2) 
-0.8172374 -3.09047 1.90373 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 0.8147883 

Call: lm(formula = FNMAX- E + (EA2), data 

na.action = na.omit) 

SFNVAX90.0RDAA20xESP, 

Coefficients: 
Value Std. Error t value Pr {>It I) 

{Intercept) -0.8172 0. 5072 -1.6113 0.1112 

E -3.0905 l. 214 5 -2.5447 0.0129 

I IE'2 I 1.9037 0.6276 3.0336 0.0033 



Residual standard error: 0.8148 o~ 77 degrees of freedom 

Multiple R-Squared: 0.1675 

F-statistic: 7.744 on 2 and 77 degrees of freedom, the p-value is 

0.0008623 

Analysis of Variance Table 

Response: FN:tvf.AX 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

E 1 4.17254 4.172542 

I(EA2) 1 6.10943 6.109430 

Residuals 77 51.11876 0.663880 

GRAND IS 

0 

0 

0 

0 

*** Linear Model *** 
Call: 

' ' 

to last) 

F Value Pr(F) 

6.285085 0.01428250 

9.202613 0.00329369 

-3.5 

Fitted. E 

-3.0 
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lm(formula = FNMAX - E, data GFNMAX90.0RDAA20xESP, na.action na.omit) 

Coefficients: 

(Intercept) E 

-2.355932 -1.487754 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.5666424 

Call: lm(formula = FNMAX - E, data 

na.omit) 

GFNMAX90.0RDAA20xESP, na.action 

Coefficients: 

(Intercept) 

Value Std. Error 

-2.3559 0.1552 

E -1.4878 0.1487 

t value Pr(>itl) 
-15.1818 0.0000 

-10.0034 0.0000 



Residual standard error: 0.5666 on 78 degrees of freedom 

Multiple R-Squared: 0.562 
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F-statistic: 100.1 on 1 and 78 degrees of freedom, the p-value is 1.221e-
015 

Analysis of Variance Table 

RespOnse: FN'"MJ..X 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 32.13013 32.13013 

Residuals 78 25.04452 0.32108 

y= 30° 

CITRIODORA 

" - " 0 

0 

0 
s 

9 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(F) 

100.0678 l.221245e-015 

' ' 
F1ttec: E + (E~2) 

lm(formula = FNMAX- E + (EA2), data 

na. omit) 

CFNMAX90.0RDAA30xESP, na.action 

Coefficients: 
(Intercept) E I(EA2) 
-0.2855617 8.181933 -1.369867 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.7445176 

Call: lm(for.mula = FNMAX- E + {EA2), data 

na.action = na.omit) 

CFN~AX90.0RDAA30xESP, 

Coe:'ficients: 

Value Std. Error t value Pr I> It I) 

(Intercept) -0.2856 0.4635 -0. 6162 0. 5396 

E 8.1819 1.1097 7.3729 0.0000 

I (E'"'2) -1.3699 0.5734 -2.3889 0.0193 



Residual standard error: 0.7445 on 77 degrees of freedom 

Multiple R-Squared: 0.914 

F-statistic: 409.4 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 450.7383 450.7383 

I(E'2i l 

Residuals 77 

SALIGNA 

3.1633 

42.6816 

8 
s 

3.1633 

0.5543 

*** Linear Model *** 
Call: 

to last I 

F Value Pr(FI 

813.1573 0.00000000 

5.7069 0.01934722 

5 6 

F1tted E 

231 

lm(formula = FNMA..X - E, data SFNMAX90.0RDAA30xESP, na.action na. omit) 

Coefficients: 

(Intercept I E 

-1.023519 4.513638 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.7168067 

Call: lm(formula = FNMAX - E, data 

na.omit) 

SFNMAX90.0RDAA30xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value 

-1.0235 

4. 5136 

Std. Error 

0.1963 

0.1881 

t value 

-5.2139 

23.9911 

Pr (>It I I 
0.0000 

0.0000 

Residual standard error: 0.7168 on 78 degrees of freedom 



Multiple R-Sguared: 0.8807 

F-statistic: 575.6 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMJ:\X 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 295.7354 295.7354 

Residuals 78 40.0773 0.5138 

GRANDIS 

0 

to last) 

F Value Pr(F) 

575.5715 0 

'59 

-0_5 0.0 

F•tted: E 

*** Linear Model *** 
Call: 

*** 

0.5 

232 

lm(formula ~ FNMAX - E, data GFNMAX90.0RDAA30xESP, na.action na. omit) 

Coefficients: 

(Intercept) E 

-1.645141 1.500694 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.6497235 

Call: lm(forrnula = FNMAX - E, data 

na. omit) 

GFNMAX90.0RDAA30xESP, na.action 

Coefficients: 

Value Std. Error t value Pr(>itl) 
(Intercept) 

E 

-1.6451 0.1779 -9.2458 0.0000 
1.5007 0.1705 8.8001 0.0000 

Residual standard error: 0.6497 on 78 degrees of freedom 

Multiple R-Squared: 0.4982 

F-statistic: 77.44 on 1 and 78 degrees of freedom, the p-value is 2.637e-

013 



Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

E l 32.69146 32.69146 77.44212 2.63678e-013 

Residuals 78 32.92697 0.42214 

• FOR(:A x DENSIDADE BA..SICA 

y= 10° 

ESPESSURA = 0,381mm 

F•tted OS 

*** Linear Model *** 
Call: 
lrn(formula = FNV~ - DB, data 

na.omit) 

FNMAX90.0RDESP0381AA10xDENS, na.action 

Coefficients: 

(Intercept) DB 
-5.528033 1.339841 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.031744 

Call: lm(formula = FN~AX - DB, data 

na.action = na.omit) 

FNMAX90.0RDESP0381AA10xDENS, 

Coefficients: 

{Intercept) 

DB 

Value 

-5.5280 

1.3398 

Std. Error 

0.4154 

C.6233 

t value 
-13.3063 

2.1495 

Pr (>1 t I) 
0.0000 

0.0358 

Residual standard error: 1.032 on 58 degrees of freedom 
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Multiple R-Squared: 0.07378 

F-statistic: 4.62 on 1 and 58 degrees of freedon, the p-value is 0.03578 

~~alysis of Va~iance Table 

Response: FNMA.X 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 4. 91841 4. 918411 4.620418 0. 03577719 

Residuals 58 61.74070 l. 064495 

ESPESSURA = 0,762mm 

0 '6 
~ 0 ! 

-10.0 -9_5 -9.0 

F•tted: DB 

*** Linear Model *** 
Call: 

lrn(formula = FNMAX - DB, data FNMAX90.0RDESP0762AA10xDENS, na.action 

Coefficients: 
(Intercept) DB 

-11.41794 3.066558 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 2.449451 

na. omit) 

Call: lm(formula = FNMAX - DB, data 

na.ornit) 

FNMAX90.0RDESP0762AA10xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

value 
-11.4179 

3.0666 

Std. Error 
0.9863 
l. 4 798 

t value Pr(>ltl) 

-11.5765 0.0000 
2. 0722 0.0427 

Residual standard error: 2.449 on 58 degrees of freedom 
Multiple R~SqJared: 0.06893 
F-statistic: 4.294 on land 58 degrees of freedom, ~he p-value is 0.0427 

Analysis of Variance Table 

Response: FN!"f.AX 



Terms added sequentially (first 

Df sum of Sq Mean Sq 
DB 1 25.7644 25.76442 

Residuals 58 347.9891 5.99981 

ESPESSURA = 1,143mm 

_, 

*** Linear Model *** 
Call: 
lm(formula = FNY~ - DB, data 

Coefficients: 

{Intercept) DB 
-9.33963 12.88873 

to last) 

F Value Pr{F) 
4.294204 0.04269779 

F1ttec!: OS 

FNMAX90.0RDESP1143AA10xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 1.070006 
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na. omit) 

Call: lm(formula = FNMAX - DB, data 

na.omit) 

FNMAX90.0RDESP1143AA10xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-9.3396 
12.8887 

Std. Error 

0.4309 
0. 64 64 

t value 

-21.6771 
19.9381 

Pr(>!tl) 

0.0000 
0.0000 

Residual standard error: 1.07 on 58 degrees of freedom 

Multiple R-Squared: 0.8727 

F-statistic: 397.5 on 1 and 58 degrees of freedom, the p-value is 0 

~~alysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 

Df sum of sq Mean Sq 

DB 1 455.1329 455.1329 
Residuals 58 66.4050 1.144 9 

to last) 

F Value 

397.5259 
Pr(F/ 

0 



ESPESSURA = 1,524mm 

"' 
• il 

0 

~ g 
~ 

o...; ~ 

,f 

i€ 

"-

_, 
-9 

F1tteti; DB+ (08"2) 

*** Linear Model *** 
Call: 
lm(formula = FNMAX - DB + (DBA2), data 

na.omit) 

Coefficients: 
(Intercept) DB I(DBA2) 

5.033075 -58.53227 48.83973 

FNMAX90.0RDESP1524AA10xDENS, na.action 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 2.996647 

Call: lm(formula = FNMAX- DB+ (DBA2), data 

na.action = 
FNMAX90.0RDESP1524AA10xDENS, 

na.omit) 

Coefficients: 
value Std. Error t value Pr 1>1 t I I 

(Intercept} 5.0331 6.0777 0.8281 0.4111 

DB -58.5323 ~9.7423 -2.9648 0.0044 

I (DB'2 I 48.8397 14.5297 3.3614 0.0014 

Residual standard error: 2.997 on 57 degrees of freedom 

Multiple R-Squared: 0.3348 
F-statistic: 14.34 on 2 and 57 degrees of freedom, the p-value is 9.001e-006 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB l 156.1493 156.1493 17.38876 0.000104874 

I(DB'21 l 101.4623 101.4623 11.29883 0. 001389789 

Residuals 57 Sll.8540 8.9799 
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a=20" 

ESPESSURA = 0,38lmm 

-2.5 

*** Linear Model *** 
Call: 

-1.0 -0.5 

Fitlee: DB 

' 0 

00 

s 

lm(forrnula = FN~~ - DB, data 

na. omit) 

~AX90.0RDESP0381AA20xDENS, na.action 

Coefficients: 

I Intercept) DB 
-4.911954 5.423799 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.7432293 

Call: lrn(formula = FNMAX - DB, data 
na.action = na.omit) 

FNMAX90.0RDESP038lAA20xDENS, 

Coefficients: 

(Intercept) 

DB 

Value 

-4.9120 

5.4238 

Std. Error 

0.2993 

0.4490 

t value 
-16.4131 

12.0792 

Pr i>i t I I 
0.0000 

0.0000 

Residual standard error: 0.7432 on 58 degrees of freedom 

Multiple R-Squared: 0.7156 

F-statistic: l45.9 on 1 and 58 degrees of freedom, the p-value is 0 

Pu~alysis of Variance Table 

Response: FN!".L;;)( 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value 
DB 1 80.59817 80.59817 145.9081 

Residuals 58 32.03861 0.55239 

Pr (F) 

0 
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ESPESSURA = 0,762mm 

F•tted- 08 

*** Linear Model *** 
Call: 

lm(formula = FNMAX - DB, data FNMAX90.0RDESP0762AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 
-7.932052 10.34422 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 0.9594027 

238 

na.omiti 

Call: lrn(formula = FNMAX - DB, data 
na.omit) 

FNMAX90.0RDESP0762AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 
-7.9321 

10.3442 

Std. Error 

0.3863 
0.5796 

t value 
-20.5325 
17.8466 

Pr(>ltl i 
0.0000 
0.0000 

Residual standard error: 0.9594 on 58 degrees of freedom 

Multiple R-Squared: 0.846 
F-statistic: 318.5 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMJ:l.X 

Terms added sequentially {first to last) 

Df Sum of Sq Mean Sq F Value Pr(Fi 

DB 1 293.1662 293.1662 318.5019 0 

Residuals 58 53.3863 0.9205 



ESPESSURA = 1,143mm 

' ' 

~ c 

~ % 

' -
" o, 

0 
' 

c c 

C(, 

~ ' 

~ 0 

F•t:ed: DB 

*** Linear Model *** 
Call: 

lro(formula = FNMAX - DB, data FNM~90.0RDESP1143AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 
-9.33963 12.88873 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.070006 
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na. omit) 

Call: lm(formula = FNMAX - DB, data 

na.omit} 
FNY~90.0RDESP1143AA20xDENS, na.action 

Coefficients: 

( Inte~cept) 

DB 

Value 

-9.3396 
12.8887 

Std. Error 

0.4309 

0.6464 

t value 
-21.6771 

19.9381 

Pr (>It I) 

0.0000 

0.0000 

Residual standard error: 1.07 on 58 degrees of freedom 

Multiple R-Squared: 0.8727 

F-statistic: 397.5 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first 

Df sum of Sq Mean Sq 
DB 1 455.1329 455.1329 

Residuals 58 66.4050 1.1449 

to last) 

F Value 

397.5259 

Pr (F) 

0 



ESPESSURA = 1,524mm 

*** Linear Model *** 
Call: 

-2 

Frtted: 06 

" 96 

lm(formula = FNMAX - DB, data FNMAX90.0RDESP1524AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 
-9-789883 14-11746 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.301749 
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na. omit) 

Call: lm(formula = FNMAX - DB, data 

na.omit) 

Fh~90.0RDESP1524AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

value 
-9_7899 

14.1175 

Std. Error 

0_5242 

0_7864 

t value 

-18.6770 
17_9510 

Pr(>ltl I 
0-0000 
0.0000 

Residual standard error: 1.302 on 58 degrees of freedom 

Multiple R-Squared: 0.8475 

?-statistic: 322-2 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNYJAX 

Terms added se~uentially (first 
Df Sw~ of Sq Mean Sq 

DB 1 546.0486 546.0486 

Residuals 58 98.2840 1.6946 

to last) 

F Value Pr(F) 
322.2378 0 



y= 30° 

ESPESSURA = 0,381mm 

S-" "' ~ ~1 

:gJ 
' 

0 

' 

0 
go 0 ' 
' 5 

0 

0' 
'o 

~ 
;; 

9-

_, 

F<tted: D9 

*** Linear Model *** 
Call: 

lrn(formula = FN~~ ~ DB, data 
na.omit) 

FNMAX90.0RDESP0381AA30Xdens, na.action 

Coefficients: 

(Intercept) DB 

-3.683196 6.934068 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.5371706 

Call: lrn(formula = FNMAX - DB, data 
na.action = na.ornit) 

FNMAX90.0RDESP0381AA30Xdens, 

Coefficients: 

(Intercept) 

D5 

Value 

-3.6832 

6.9341 

Std. Error 

0.2163 

0.3245 

t value 
-17.0283 

21.3666 

Pr I> It I) 
0.0000 

0.0000 

Residual standard error: 0.5372 en 58 degrees of freedom 

Multiple R-Squared: 0.8873 

F-statistic: 456.5 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNM.AX 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 131.7329 131.7329 

Residuals 58 16.7360 0.2886 

to last) 
F Value 

456.5304 

Pr (F) 

0 
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ESPESSURA = 0, 762mm 

*** Linear Model *** 
Call: 

lm(formula = FNMAX- DB+ (DBA2), data 
na. orni t:) 

Coefficients: 

(Intercept) DB I(DBA2) 
-11.66982 34.89228 -17.82642 

Degrees of f=eedom: 60 total; 57 residual 

Residual standard error: 0.6403332 

FNMAX90.0RDESP0762AA30xDENS, na.action 

Call: lm(formula = FNMAX- DB+ {DB~2), data 
na.action = 

F~~90.0RDESP0762AA30xDENS, 

na.omit) 

Coefficients: 

(Intercept) 

DB 

I (DB'2 I 

Value 
-ll. 6698 

34.8923 
-17.8264 

Std. Error 

1. 2 987 
4.2186 
3.1048 

t value 
-8.9858 

8.2711 

-5.7417 

Pr(>itl) 

0.0000 
0.0000 
0.0000 

Residual standard error: 0.6403 o~ 57 degrees of freedom 

Multiple R-Squared: 0.9341 

F-st:atistic: 404.2 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: F'Nl'1..AX 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

1 317.9495 317.9495 DB 

I(DBA2) l 

Residuals 57 

13.5172 

23.3715 
13.5172 

0.4100 

to last) 
F Value Pr (F) 

775.4361 O.OOOOOOe+OOO 
32.9666 3.795623e-007 

242 



ESPESSURA = 1,143mm 

0 ! 

*** Linear Model *** 
Call: 

lm(formula = FNMAX- DB+ (DB~2), data 
na.omit) 

FNMAX90.0RDESP1143AA30xDENS, na.action 

Coefficients: 
(Intercept) DB I(DBA2) 

-19.11482 61.79612 -36.16378 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.8023329 

Call: lm(forrnula = FN¥~- DB+ (DB~2), data 
na.action = 

FN~90.0RDESP1143AA30xDENS, 

na.ornit) 

Coefficients: 

(Intercept) 

DB 

I(DB'2) 

Value 

-19.1148 

6l. 7961 

-36.1638 

Std. Error 

l. 6273 
5.2859 

3. 8 902 

t value 

-11.7466 

11. 6908 

-9.2960 

Pr(>ltl) 

0.0000 
0.0000 
0.0000 

Residual standard error: 0.8023 on 57 degrees of freedom 

Multiple R-Squared: 0.9328 
F-stacistic: 395.4 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMA.X 

Terms added sequentially (first to last) 

Df Su:rn of Sq Mean Sq F Value Pr(F) 

DB 1 453.4888 453.4888 704.4616 O.OOOOOOe+OOO 
I(DB'2) 1 55.6296 55. 6296 86.4165 5.090373e-Ol3 

Residuals 57 36.6931 0.6437 
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ESPESSURA = 1,524mm 

0 ~ 

~ %<; 

·~ 

" 
c -

*** Linear Model *** 
Call: 

lm(formula = FNMAX- DB+ (DB~2), data 
na.omit) 

Coefficients: 

(Intercept) DB 
-20.64374 68.443 

I (DB'2 I 
-39.23854 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.8982565 

?~~X90.0RDESP1524AA30xDENS, na.action 

Call: lm(formula = FNY~- DB+ (DBA2), data 
na.action = 

FNMAX90.0RDESP1524AA30xDENS, 

na.omit) 

Coefficients: 
value Std. Error t value Pr(> I tl I 

(Intercept) -20.6437 1.8218 -11.3315 0.0000 

DB 68.4430 5. 9178 11.5656 0.0000 

I(DBA2) -39.2385 4.3553 -9.0093 0.0000 

Residual standard error: 0.8983 on 57 degrees of freedom 

Multiple R-Squared: 0.9393 

F-statistic: 440.7 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FJ\TI"1t\X 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 645.7297 645.7297 

to last) 

F Value Pr(F) 
800.2949 O.OOOOOOe+OOO 

I (DB'2) 1 

Residuals 57 

65.4913 

45.9913 

65.4913 81.1677 1.490807e-012 

0.8069 
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• FOR(:A x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

"'""i' 
~ ~"" 

0 • c 

~ "' ~ ~ 

~0 I, ~F !# f!c 

~o't tJ~ 
0 

"' ' lJ ~c 
'l? 

0~ 

""' "' ' 

'Pi 
c~ • ;;c 

dJ c ' • ' 0· v\; 

' §~ • if ~ " '' 

' ' ·~ ' t 
' " 

c 

" 0 

~ 
~- ;:~ 

~- -,, 
F:l!ed DB+AA+E 

~** Linear Model *~* 

Call: 

lm(formula = FNMAX - DB + AA + E, data 
na.omit) 

F~~90.0RDxDENSAAESP, na.action 

Coefficients: 

(Intercept) DB AA E 

-16.66231 9.440164 25.34719 0.5336542 

Degrees of freedom: 720 total; 716 residual 

Residual standard error: 2.738528 

Call: lm(formula = F!'W.A.i< - DB + AA + E, data 

na.omit) 

F~~90.0RDxDENSAAESP, na.action 

Coefficients: 
Value Std. Error t value Prl>ltl) 

(Intercept) -16.6623 0.4647 -35.8594 0.0000 

DB 9.4402 0. 4 77 6 19.7657 0.0000 

AA 25.3472 0. 7162 35.3924 0.0000 

E 0.5337 0.2396 2.2274 0. 02 62 

Residual standard error: 2.739 on 716 degrees of freedom 

Multiple R-Squared: 0.6972 
?-statistic: 549.4 on 3 and 716 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMAX 

Terms added sequentially (first to last) 

Df Su..rn of Sq Mean Sq F Value Pr(F) 

DB l 2929.938 2929.938 390. 682 0.00000000 

AA l 9394.111 9394.111 1252.625 0.00000000 

E l 37.206 37.206 4.961 0.02623385 

Residuals 716 5369.669 7.500 



FOR<;:A NORMAL MEDIA 

CORTE 90"-0" TANGENCIAL 

• FOR(:A x ESPESSURA 

y= 10" 

CITRlODORA 

..,.J 

*** Linear Model *** 
Call: 

-9 

Fitted: E 

; 

' 

-7 

lm(formula = FNMD ~ E, data CF~~90.0TGAA10xESP, na.action 

Coefficients: 

(Intercept) E 
-3.338023 -5.381029 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.939652 

na.omit) 

Call: lm{formula = FNMD - E, data CFNMD90.0TGAA10xESP, na.action na.omit) 

Coefficients: 

(Intercept} 

E 

Value 
-3-3380 

-5.3810 

Std. Error 

0.5312 

0-5091 

t value 

-6.2840 

-10.5698 

Pr (>It!) 

0.0000 

0.0000 

Residual standard error: 1.94 on 78 degrees of freedom 

Multiple R-Squared: 0.5889 
F-statistic: 111.7 on 1 and 78 degrees of freedom, the p-value is l.lle-016 

Analysis of Variance Table 

Response: Fl\TMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
E 1 420.3205 420.3205 111.7205 1.110223e-016 

Residuals 78 293.4555 3.7622 
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SALIGNA 

i 
g 

-W -a 

Fitted: E 

*** Linear Model *** 
Call: 

lm(forrnula = FNMD ~ E, data SFNMD90.0TGAA10xESP, na.action 

Coefficients: 

(Intercept I E 
-2.611419 -8.529473 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.384202 

na. omit) 

Call: lm(formula = FNMD ~ E, data 

na.orn.it) 

SFNMD90.0TGAA10xESP, na.action 

Coefficients: 

(Intercept) 

Value Std. Error 
-2.6114 0. 3791 

E -8.5295 0.3633 

t value Pr(>lt! I 
-6.8888 0.0000 

-23.4773 0.0000 

Residual standard error: 1.384 on 78 degrees of freedom 

Multiple R-Squared: 0.876 
F-statistic: 551.2 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 1056.074 1056.074 

Residuals 78 149.449 1. 916 

to last) 

F Value Pr (F) 

551.1827 0 
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GRANDIS 

s 

-12 -6 

Fitted_ E 

*** Linear Model *** 
Call: 

lm{formula = FNMD - E, data GFNMDSO.OTGAAlOxESP, na.action 

Coefficients: 
(Intercept) E 

-3.283441 -6.165259 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.255996 

na.omit) 

Call: lm{forrnula = FNMD - E, data 

na.omit) 
GFNMD90.0TGAA10xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value Std. Error 
-3.2834 0.3440 
-6.1653 0.3297 

t value 

-9.5458 
-18.7020 

Pr I> It I I 
0.0000 
0.0000 

Residual standard error: 1.256 on 78 degrees of freedom 

Multiple R-Squared: 0.8177 
F-statistic: 349.8 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

E 1 551.7631 551.7631 
Residuals 78 123.0470 1.5775 

to last) 
F Value Pr (F) 

349.7649 0 
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y=20° 

CITRIODORA 

-1.5 

*** Linear Model *** 
Call: 

-1.0 

' ; 

-0.5 00 0.5 

lrn(formula = FW~D - E, data CFNMD90.0TGAA20xESP, na.action 

Coefficient:s: 
(Intercept) E 

-2.190784 1.924024 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.469431 

na. omit) 

Call: lm(formula = FNMD - E, data CFNMD90.0TGAA20xESP, na.action na.omit) 

Coefficients: 
Value 

(Intercept) -2.1908 

E 1.9240 

Std. Error 

0.4024 
0.3857 

t value 

-5.4440 

4.9887 

Pr(>l tl) 

0.0000 

0.0000 

Residual standard error: 1.469 on 78 degrees of freedom 

Multiple R-Squared: 0.2419 

F-statistic: 24.89 on 1 and 78 degrees of freedom, the p-value is 3.603e-006 

Analysis of Variance Table 

Response: Fl\TJ1:: 

Terms added seq~er.tially (first 

Df sum of Sq Mean Sq 
E 1 53.7367 53.73667 

Residuals 78 168.4198 2.15923 

to last/ 

F Value 

24.88698 

Pr(F) 

3.60324le-006 
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SALIGNA 

! p ' ' § ' 

-2.8 -2.6 -2.2 -1_B 

F;tted E 

*** Linear Model *** 
Call: 

lm(formula = FNMD - E, data SFNMD90.0TGAA20xESP, na.action 

Coefficients: 

(Intercept) E 
-1.259967 -1.064758 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.9004756 

na.omit) 

Call: lm(formula = FNMD - E, data= SFNMD90.0TGAA20xESP, na.action 
na. omit) 

Coefficients: 

Value Std. Error t value Pr(>ltl) 

(Intercept) -1.2600 0.2466 -5.1092 0.0000 
E -1.0648 0.2363 -4.5051 0.0000 

Residual standard error: 0.9005 on 78 degrees of freedom 

Multiple R-Squared: 0.2065 
F-statistic: 20.3 on 1 and 78 degrees of freedom, the p-value is 

0.00002296 

Analysis of Variance Table 

Res-ponse: FNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
E l 16.45703 16.45703 20.29586 0.00002296299 

Residuals 78 63.24679 0.81086 
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GRANDIS 

-3_5 -3.0 

F1tted £ 

*** Linear Model *** 
Call: 
lm(formula = FNMD ~ E, data GFNMD90.0TGAA20xESP, na.action 

Coefficients: 

{Intercept) E 
-1.632111 -1.323165 

Degrees of freedom: 80 total; 78 residual 

Residual standard error; 0.5982613 

na.omit) 

Call: lm(formula = Fl\'MD- E, data= GFNMD90.0TGAA20xESP, na.action na.omit) 

Coefficients: 

(Intercept) 

E 

Value 

-1.6321 

-1.3232 

Std. Error 
0.1638 

0.1570 

t value 
-9.9616 

-8.4265 

Pr(>ltl) 

0.0000 

0.0000 

Residual standard error: 0.5983 on 78 degrees of freedom 

Multiple R-Squared: 0.4765 

F-statistic: 71.01 on 1 and 78 degrees of freedom, the p-value is 1.40le-012 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 
Df sum of Sq Mean Sq 

E 1 25.41427 25.41427 

Residuals 78 27.91749 0.35792 

to last) 
F Value Pr(F) 

71.00613 1.400879e-012 
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y= 30° 

CITRIODORA 

' • ' 

*** Linear Model *** 
Call: 
lro(formula = FNMD ~ E, data 

Coefficients: 

(Intercept) E 
-0.8217819 3.335545 

F1tted: E 

CFNMD90.0TGAA30xESP, na.action 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.988823 

na.omit) 

Call: lm(formula = FNMD - E, data CFNMD90.0TGAA30xESP, na.action na. omit) 

Coefficients: 

(Intercept) 

E 

Value Std. Error 
-0.8218 0.5447 

3.3355 0.5220 

t value 

-1.5088 

6.3899 

Pr(> It I i 
0.1354 

0.0000 

Residual standard error: 1.989 on 78 degrees of freedom 
Multiple R-S~uared: 0.3436 
F-statistic: 40.83 on 1 and 78 degrees of freedom, the p-value is 1.112e-008 

.A...."1alysis of Varlance Table 

Response: FN1'1D 

Terms added sequentially 
Df Sum of Sq: 

(first 

Mean Sq 
161.5041 E 1 161.5041 

Residuals 78 308.5224 3.9554 

to last) 
F Value Pr(F) 

40.83114 1.111865e-008 
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SALIGNA 

., ., 

0 

0 

0 - 0 

0 ' 6 

' 0 
9-, 

06 '·' 1.0 1.4 1.6 

*** Linear Model *** 
Call: 

lm(formula = FNMD - E, data SFNMD90.0TGAA30xESP, na.action 

Coefficients: 

I Intercept I E 
0.02602038 1.114973 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 0.5294837 

na.omit) 

Call: lm(formula = FNMD- E, data= SFNMD90.0TGAA30xESP, na.action 
na.omit} 

Coefficients: 

Value Std. Error t value Pr(>ltl) 

(Intercept) 0.0260 0.1450 0.1794 0.8581 
E 1.1150 0.1390 8.0230 0.0000 

Residual standard error: 0.5295 on 78 degrees of freedom 

Multiple R-Squared: 0.4521 
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F-statistic: 64.37 on 1 and 78 degrees of freedom, the p-value is 8.493e­

Ol2 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 18.04590 18.04590 

Residuals 78 21.86753 0.28035 

to last) 
F Value Pr(F) 

64.36849 8.493095e-Ol2 



GRANDIS 

";"l 
! 

N.J 
' ! 

-0_7 -0_6 

*** Linear Model *** 
Call: 

-~ 

-0_3 

lm(formula = FNMD - E, data GFNMD90.0TGAA30xESP, na.action 

Coefficients: 

(Intercept) E 

-0.8900035 0.5509171 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.026031 

na.omit) 

Call: lm(formula = FhTMD- E, data 

na.omit) 

GFNMD90.0TGAA30xESP, na.action 

Coef::!:icients: 
Value Std. Error t value Pr(>!tl) 

(Intercept) -0.8900 0.2810 -3.1674 0.0022 
E 0.5509 0.2693 2.0457 0.0442 

Residual standard error: 1.026 on 78 degrees of freedom 

Multiple R-Squared: 0.05092 
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F-statistic: 4.185 on 1 and 78 degrees of freedom, the p-value is 0.04415 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E _ 4.40578 4.405777 

Residuals 78 82.11371 1.052740 

to last} 

F Value Pr (F) 

4.185057 0.04415277 



• FOR(:A x DENSIDADE BASICA 

y= 10° 

ESPESSURA = 0,381mm 

'25 

-5.8 -5.6 -5.5 -5.4 -5.3 

F1tted: oe 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 

na. omit) 

FNMD90.0TGE0381AA10xDENS, na.action 

Coefficients: 

(Intercept) DB 

-6.154532 0.970294 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.131203 
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Call: lm(formula = FNMD - DB, data 

= na.omit) 

FNMD90.0TGE0381AA10xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 

-6.1545 

0.9703 

Std. Error 

0. 4 713 

0. 7160 

t value 

-13.0582 

1.3552 

Pr (>It I l 
0.0000 

0.1806 

Residual standard error: 1.131 on 58 degrees of freedom 

Multiple R-Squared: 0.03069 

F-statistic: 1.837 on 1 and 58 degrees of freedore, the p-value is 0.1806 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to las~) 

Df Sum of Sq Mean Sq F Value Pr(F) 
DB 1 2.35010 2.350100 1.836562 0.180609 

Residuals 58 74.21792 1.279619 



ESPESSURA = 0, 762mm 

~ - " 
I 

N J 
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" - ci 

~ -

-9_0 -7.5 -7.0 -6.5 

FEtted 08 + (08~2; 

*** Linear Model *** 
Call: 

lm(formula = FNMD- DB+ (DB~2}, data 
na.action = 

FNMD90.0TGE0762AA10xDENS, 

na.omit) 

Coefficients: 

(Intercept) DB I (DBA2) 

0.4750773 -30.54495 24.02917 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 1.25631 

Call: lm(formula = FNMD- DB+ (DB'2), data 

na.action = 
F~TMD90.0TGE0762AA10xDENS, 

na.omit) 

Coefficients: 

(Intercept) 

DB 
I(DBA2) 

Value 

0.4751 

-30.5449 

24. 0292 

Std. Error 

2.4554 

7.8525 

5.7474 

t value 

0.1935 

-3.8899 

4.1809 

Pr (>it I) 

0.8473 

0.0003 

0.0001 

Residual standard error: 1.256 on 57 degrees of freedom 

Multiple R-Squared: 0.3012 

F-statistic: 12.28 on 2 and 57 degrees of freedom, the p-value is 

0.0000367 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

DB l 11.18177 11.18177 7.08463 0.01008405 

I(DBA2) l 27.58852 27.58852 17.47973 0. 00010111 

Residuals 57 89.96394 1.57831 
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ESPESSURA = 1,143mm 
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Fitted: DB+ (08~2) 

~** Linear Model *** 
Call: 

lm(formula = FNMD- DB+ (DB'2i, data 

na.action ::::: 
FNMD90.0TGE1143AA10xDENS, 

na.omit) 

Coefficients: 

(Intercept) DB 

6.875589 -61.44294 

I (DB'2i 

47.81534 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 1.462417 

Call: lm(formula = FNMD- DB+ (DB"2), data 
na.action = 

na. omit) 

Coefficients: 

FNMD90.0TGE1143AA10xDENS, 

Value Std. Error t value Pr (>It I i 

(Intercept i 6.8756 2.8582 2.4056 0.0194 

DB -61.4429 9.1407 -6.7219 0.0000 

I{DB"2) 47.8153 6.6903 7.1470 0.0000 

Residual standard error: 1.462 on 57 degrees of freedom 

Multiple R-Squared: 0.5358 
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F-statistic: 32.89 on 2 and 57 degrees of freedom, the p-value is 3.17Se-

010 

Analysis of Variance Table 

Response: FNM:D 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value 
DB 1 31.4517 31.4517 14.70622 

I(DBA2i 1 109.2409 109.2409 51.07903 

Residuals 57 121.9038 2.1387 

Pr (F) 

0. 0003163646 

0.0000000018 



ESPESSURA = 1,524mm 
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• 
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-H .,o 

F•tted DS + (08"2) 

*** Linear Model *** 
Call: 
lrn(forrnula = FNMD ~DB+ (DB~2), data 

na.omit) 
FNMD90.0TGE1524AA10xDENS, na.action 

Coefficients: 

(Intercept) DB I(DBA2) 
9.596851 -79.46735 62.24159 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 1.566417 
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Call: lm(formula = FNMD ~DB+ (DBA2), data FNMD90.0TGE1524AA10xDENS, na.action 

na.omit) 

Coefficients: 

(Intercept) 

DB 
I(DBA2) 

Value 

9.5969 

-79.4673 

62.2416 

Std. Error 

3. 0614 
9.7908 

7.1661 

t value 
3.1347 

-8.1166 

8. 6856 

Pr(>itl I 
0.0027 

0.0000 

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 is 1.918e-013 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB 65.7940 65.7940 26.81460 3.040315e-006 

I(DB'2) l 185.1024 185.1024 75.43922 S.OOOOOOe-012 

Residuals 57 139.8588 2.4537 



y= 20° 

ESPESSURA = 0,381mm 

Call: 

c 

' c~cc o V"o 

*** Linear Model *** 

-1.7 -1.6 -1.4 

Fitted DB 

lrn(formula ~ FNMD - DB, data 

na.omit) 
FNMD90.0TGE0381AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 

-2.293456 0.93876 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.7446651 
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Call: lm(formula = FNMD - DB, data 

= na.omit) 

FNMD90.0TGE0381AA20xDENS, na.action 

Coefficients: 

Value Std. Error t value Pr i>l t I I 
0.0000 

0.0510 

(Intercept) 

DB 

-2.2935 0.3101 -7.3963 

0.9388 0.4711 1. 9926 

Residual standard error: 0.7447 on 58 degrees of freedom 

Multiple R-Squared: 0.06407 

F-statistic: 3.97 on 1 and 58 degrees of freedom, the p-value is 0.05102 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB l 2.20163 2.201626 

Residuals 58 32.16251 0.554526 

to last) 

F Value .?r {F) 

3.970285 0.05102308 



ESPESSURA = 0,762mm 

-2.5 

*** Linear Model *** 
Call: 

-1.5 

F:tted DB 

·1.0 -0.5 

lm(formula = FNMD - DB, data 

na.omit) 

FNMD90.0TGE0762AA20xDENS, na.action 

Coefficients: 

I Intercept I DB 
-4.801975 4.660504 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.9475757 

260 

Call: lm(formula = FNMD - DB, data 

= na.omit) 

FNMD90.0TGE0762AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 
-4.8020 

4.6605 

Std. Error 

0.3946 

0.5995 

t value Pr(>lt[) 
-12.1700 0.0000 

7.7739 0.0000 

Residual standard error: 0.9476 on 58 degrees of freedom 

Multiple R-Squared: 0.5103 
F-statistic: 60.43 on 1 and 58 degrees of freedom, the p-value is 1.467e-

010 

~~alysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB l 54.26256 54.26256 

Residuals 58 52.07819 0.89790 

to last) 

F Value 
60.43276 

Pr (F) 

1.467184e-010 



ESPESSURA = 1,143mm 

' 
' ' 

*** Linear Model *** 
Call: 

FEtted_ DB 

' 
' 

lm(formula = FNMD - DB, data 

na. orn.i t) 

FNMD90.0TGEll43AA20xDENS, na.action 

Coefficients: 

(Intercep"C) DB 

-6.396844 7.24203 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.034139 
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Call: lm(formula = FNMD - DB, data 

= na.omit) 

FNMD90.0TGE1143.~20xDENS, na.action 

Coefficients: 

(Intercept I 
DB 

Value 

-6.3968 

7.2420 

Std. Error t value 

0.4306 -14.8549 

0.6543 11.0687 

Pr I> It I I 
0.0000 

0.0000 

Residual standard error: 1.034 on 58 degrees of freedom 

Multiple R-Squared: 0.6787 
F-statistic: 122.5 on land 58 degrees of freedom, the p-value is 6.66le-

016 

Analysis of Variance Table 

Respor..se: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 131.0253 131.0253 

Residuals 58 62.0278 1.0694 

to last) 

FValue Pr(F) 

122.5172 6.661338e-016 
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*** Linear Model *** 
Call: 
lrn(formula = FNMD ~ DB, data 
na.omit) 

Coefficients: 
(Intercept) DB 

~7.734339 9.309217 

·3 -2 -1 

F1tted: DB 

FNMD90.0TGE1524AA20xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.194535 

262 

Call: lm(forrnula = FNMD - DB, data 
= na.omit) 

FNMD90.0TGE1524AA20xDENS, na.action 

Coefficients: 

(Intercept) 

DB 

Value 
~7.7343 

9.3092 

Std. Error 
0.4974 

0.7558 

t value 
~15.5492 

12.3178 

Pr 1>1 t I I 
0.0000 

0.0000 

Residual standard error: 1.195 on 58 degrees of freedom 

Multiple R-Squared: 0.7235 
F-statistic: 151.7 on 1 and 58 degrees of freedom, the p-value is 0 

~~alysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB l 216.5014 216.5014 

Residuals 58 82.7610 1.4269 

to last) 

F Value 

151.7271 
Pr(F) 

0 



y= 30° 

ESPESSURA = 0,381mm 

-1.0 -0 5 OS 

F1tted DB+ (08"2) 

*** Linear Model *** 
Call: 

lm(formula = FNMD- DB+ (DB'2), data FNMD90.0TGE0381AA30xDENS, 
na.action = na. orni.t) 

Coefficients: 

I Intercept) DB 
-7.66127 23.05926 

I (DB""2) 

-15.82699 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.8758644 

Call: lm(forw~la = FNMD- DB+ (DB'2), data 

na. ace ion = 

na. ornit} 

Coefficients: 

FNMD90.0TGE038lAA30xDENS, 

Value Std. Error t value Pr 1>1 t!) 
(Intercept) -7.6613 1. 7131 -4.4722 0.0000 

DB 23.0593 5.4799 4.2080 0.0001 
I(DBA2) -15.8270 4. 0111 -3.9458 0.0002 

Residual standard error: 0.8759 on 57 degrees of freedom 

Multiple R-Squared: 0.2908 

F-statistic: 11.69 on 2 and 57 degrees of freedom, the p-value is 

0.00005586 

A-~alysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value ?r(F) 
DB 1 5.98486 5.98486 7.80154 0.007095321 

I(DBA2) 1 11.94375 11.94375 15.56922 0.000220579 

Residuals 57 43.72689 0.76714 
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ESPESSURA = 0,762mm 
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F'tte<.l DS + (08"2) 

*** Linear Model *** 
Call: 
lm(formula = log(FN11D) ~DB+ (DB'2), data= FNMD90.0TGE0762AA30xDENS, 

na.action 
= na. omit) 

Coefficients: 
(Intercept) DB I(DB"'2) 

-10.51179 28.23444 -17.3903 

Degrees of freedom: 47 total; 44 residual 

Residual standard error: 0.6903597 

Call: lm(formula = log{FNMD) -DB+ (DB"'2), data 

FNMD90.0TGE0762AA30xDENS, na.action 

= na. omit) 

Coefficients: 
Value Std. Error t value Pr 1>1 t I I 

(Intercept) -10.5118 2.0771 -5.0607 0.0000 

DB 28.2344 6.2836 4.4934 0.0001 

:(DBA2) -17.3903 4.4273 -3.9280 0.0003 

Residual standard error: 0.6904 on 44 degrees of freedom 

Multiple R-Squared: 0.5921 
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F-statistic: 31.9~ on 2 and 44 degrees of freedom, the p-value is 2.699e-

009 

Analysis of Variance Table 

Response: log(FNMDI 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

DB l 23.09191 23.09191 48.45169 0.0000000131 

I(DBA2) 1 7.35350 7.35350 15.42918 0.0002983797 

Residuals 44 20.97025 0.47660 
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Fitted. DB+ (08"2) 

*** Linear Model *** 
Call: 

lm(formula = log{FNMD) -DB+ (DBA2), data 

na.action 

FNMD90.0TGEl143AA30xDENS, 

= na.omit) 

Coefficients: 

(Intercept) DB I(DB'2) 

-6.000449 15.7648 -8.654669 

Degrees of freedom: 50 total; 47 residual 

Residual standard error: 0.5309497 

Call: lm(formula = log(FNMD) -DB+ (DB'2), data 

FNMD90.0TGE1143AA30xDENS, na.action 

= na.omit) 

Coefficients: 
Value Std. Error t value Pr (>It I) 

(Intercept l -6.0004 1. 3773 -4.3568 0.0001 

DB 15.7648 4.2226 3.7334 0.0005 

I(DBA2) -8.6547 3.0062 -2.8790 0.0060 

Residual standard error: 0.5309 on 47 degrees of freedom 

Multiple R-Squared: 0.6771 
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F-statistic: 49.27 on 2 and 47 degrees of freedom, the p-value is 2.909e-

012 

Analysis of Variance Table 

Response: log(FNMD) 

Terms added sequentially (first 

D£ Sum of Sq Mean Sq 

l 25.44422 25.44422 DB 
I (DBA2) 1 2.33660 2.33660 

Residuals 47 13.24966 0.28191 

to last) 

FValue Pr(F) 

90.25730 0.000000000 

8.28854 0.005987794 



ESPESSURA = 1,524mm 

0 5 

F<tted DB 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 

na. omit) 
FNMD90.0TGE1524AA30xDENS, na.action 

Coefficients: 

I Intercept I DB 
-3.616962 8.71915 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 1.747205 
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Call: lm(formula = FNMD - DB, data 

= na.omit) 

FNMD90.0TGEl524AA30xDENS, na.action 

Coefficients: 

Value Std. Error 

(Intercept) -3.6170 0.7275 
DB 8.7191 1.1054 

t value 
-4. 9715 

7.8876 

Pr I> it i I 
0.0000 

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 9.45le-

011 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
DB 1 189.9253 189.9253 62.215 9.45115le-Oll 

Residuals 58 177.0580 3.0527 



267 

• FOR(:A x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

1,43 

.; 

F1tted DS + AA + E + 1(08"2) + I(AA"2) 

*** Linear Model *** 
Call: 

lm(formula = FNMD- DB+ AA + E + I!DB'2) + I(AA'2), data 

FNMD90.0TGxDENSk~ESP, 

na.action = na.omit) 

Coefficients: 

I Intercept) DB AA E I(DBA2) I(AAA2) 

-18.99649 -8.581943 84.36441 -1.726469 9.709742 -77.84688 

Degrees of freedom: 720 total; 714 residual 

Residual standard error: 2.135742 

Call: lm(formula = FNMD- DB+ AA + E + I(DBA2) + I(AA'2), data 

FNMD90.0TGxDENSAAESP, 

na.action = na.omit) 

Coefficients: 

Value Std. Error t value Pr !>it I) 

(Intercept) -18.9965 1. 3568 -14.0013 0.0000 

DB -8.5819 3.8561 -2.2255 0.0264 

AA 84.3644 3.9097 21.5780 0.0000 

E -l. 7265 0.1869 -9.2397 0.0000 

IIDBA2) 9.7097 2.8225 3.4401 0.0006 

I (AAA2) -77.8469 5.5429 -14.0445 0.0000 

Residual standard error: 2.136 on 714 degrees of freedom 

Multiple R-Squared: 0. 8231 

F-statistic: 664.5 on 5 and 714 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 
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Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr (F) 

DB l 636.44 636.44 139.528 0.000000000 
AA l 13175.64 13175.64 2888.513 0.000000000 

E 1 389.41 389.41 85.371 0.000000000 
I(DB'2) 1 54.17 54.17 11. 87 5 0.000602253 
I (AA'2 I 1 899.73 899.73 197.249 0.000000000 

Residuals 714 3256.83 4.56 

FORCA NORMAL MEDIA 

CORTE 90"-90" RADIAL 

• FOR(:A x ESPESSURA DE CORTE 

y= 20° 

CITRIODORA 

'50 

F1tted (P2) + (2'4) 

*** Linear Model *** 
Call: 
lm(form~la = FNMD- (E~2) + (EA4) 1 data CFNMD90.90RDAA20xESP, na.action 

na.omit) 

Coefficients: 

(ILtercept) I(EA2) 

1. 886295 19.064 

I (E'4) 

-4.443116 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.374608 

Call: lm(formula = FNMD- (EA2) + (EA4), data 

na.act:ion = 
na.omit) 

CFNMD90.90RDAA20xESP, 



Coefficients: 

Value Std. Error t value Pr I> It I I 
(Intercept) 1. 8863 0. 3678 5.1283 0.0000 

I (EA2) 19.0640 0.7870 24.2245 0.0000 
I(E"4) -4.4431 0.3040 -14.6153 0.0000 

Residual standard error: 1.375 on 77 degrees of freedom 

Multiple R-Squared: 0.963 

?-statistic: 1002 on 2 and 77 degrees of freedom, the p-value is 0 

A...'1alysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

I(EA2) 

I (EA4) 

Df Sum of Sq Mean Sq 
l 3383.963 3383.963 

1 

Residuals 77 

403.619 

145.495 

403.619 

1. 890 

SALIGNA 

·' 

*** Linear Model *** 
Call: 

to last} 
F Value 

1790.886 

213.606 

Pr (F) 

0 

0 

lm(formula = FNMD- E + (E"2), data 

na.omitl 

SFNMD90.90RDAA20xESP, na.action 

Coefficients: 
(Intercept) E 

-3.661467 8.300371 

I (E-"2) 

-2.58532 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.9020201 

Call: lm(formula ~ FNMD- E + (E"2), data 

na.action = na.omit) 

Coefficients: 

SFNMD90.90RDAA20xESP, 
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Value Std. Error t value Pr (>It I} 

(Intercept) -3.6615 0.5615 -6.5208 0.0000 

E 8.3004 1. 3445 6.1736 0.0000 
I (E"2) -2.5853 0.6947 -3.7213 0.0004 

Residual standard error: 0.902 on 77 degrees of freedom 

Multiple R-Squared: 0.7382 

F-statistic: 108.6 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 165.3804 165.3804 

I (E'2) 1 11.2673 11.2673 

Residuals 77 62.6503 0.8136 

GRANDIS 

·5.5 -5.0 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(F) 

203.2598 0.0000000000 

13.8480 0.0003749362 

-3_5 

F•tted E 

lm(formula = FNMD - E, data GFNMD90.90RDAA20xESP, na.action 

Coefficients: 

(Intercept) E 

-1.924424 -2.358162 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.425369 

na.omit) 

Call: lm(formula = FNMD - E, data 

na.omit) 

GFNMD90.90RDAA20xESP, na.action 

Coefficients: 
Value Std. Error t value Pr(>ltl) 
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(Intercept) -1.9244 0.3904 
E -2.3582 0.3741 

-4.9300 0.0000 
-6.3033 0.0000 

Residual standard error: 1.425 on 78 degrees of freedom 
Multiple R-Squared: 0.3375 
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F-statistic: 39.73 on 1 and 78 degrees of freedom, the p-value is 1.61le-
008 

Analysis of Variance Table 

Response: f':!:\JMD 

Terms added sequentially (first 

Df Sum of Sg Mean Sq 
E 1 80.7230 80.72301 

Residuals 78 158.4709 2.03168 

y= 30° 

CITRIODORA 

*** Linear Model *** 
Call: 

to last) 
FValue Pr(F) 

39.73218 l.610899e-008 

5 

' 

35 

lm(formula ~ FNMD- E + (E~2), data 
na. omit) 

CF~TMD90.90RDAA30xESP, na.action 

Coefficients: 

(Intercept) E I(EA2) 
-4.961534 34.72579 -4.077758 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.069657 

Call: lm(formula = FNMD - E + (EA2}, data 

na.action = na.omit) 

CFNMD90.90RDAA30xESP, 



Coefficients: 

Value Std. Error t value Pr I> It I i 
(Intercept) -4.9615 0.6659 -7.4514 0.0000 

E 34.7258 1.5944 21.7805 0.0000 
I(E'2) -4.0778 0.8239 -4.9496 0.0000 

Residual standard error: 1.07 on 77 degrees of freedom 

Multiple R-Squared: 0.9917 

F-statistic: 4622 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sun of Sq Mean Sq 

E l 10549.08 10549.08 

I(EA2) 1 28.03 28.03 

Residuals 77 88.10 1.14 

SALIGNA 

o-

*** Linear Model *** 
Call: 

to last) 

F Value 

9219.888 

24.499 

f01tted E 

Pr (F) 

O.OOOOOe+OOO 
4.2780le-006 

10 12 

lm(forrnula = FNMD E, data SFNMD90.90RDAA30xESP, na.action 

Coefficients: 

(Intercept) E 

-1.968308 9.932799 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.830982 

na.ornit) 

Call: lm(forrnula = FNMD - E, data 
na.omit) 

SFNMD90.90RDAA30xESP, na.action 

Coefficients: 
Value Std. Error t value Pr(>lti) 
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(Intercept) 

E 

-1.9683 

9.9328 

0.2276 

0.2181 
-8.6491 

45.5413 
0.0000 

0.0000 

Residual standard error: 0.831 on 78 degrees of freedom 
Multiple R-Squared: 0.9638 

F-statistic: 2074 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

D£ Sum of Sq Mean Sq 

E 1432.166 1432.166 
Residuals 78 53.861 0.691 

GRANDIS 

-1_5 -1.0 

*** Linear Model *** 
Call: 

to last) 

F Value 

2074.006 

-0_5 0.0 

Rttect · S + (E"-2) 

Pr (F) 

0 

05 ,.0 

:/ 

cc 

~ 

., 

" 
' '62' 

'·' 

lm(fo~mula = FNMD- E + (EA2), data 
na. omit) 

GFNMD90.90RDAA30xESP, na.action 

Coefficients: 

(Intercept} E 

-4.921214 9.677832 

I IE'2) 

-3.592134 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.849643 

Call: lm(formula = FNMD- 2 + (EA2), data 

na.action = na.omit) 

Coefficients: 

GFNMD90.90RDAA30xESP, 

Value Std. Error t value Pr(>itj} 
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(Intercept) 

E 

I(E'2) 

-4.9212 

9.6778 

-3.5921 

1.1514 
2.7569 

1. 4246 

-4.2741 

3.5103 

-2.5215 

0.0001 

0.0008 

0.0138 

Residual standard error: 1.85 on 77 degrees of freedom 

M~1tiple R-Squared: 0.3444 
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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 

Df 
E l 

I(E'"'2) 1 

Residuals 77 

y=40° 

CITRIODORA 

Sum of Sq 

116.6541 

21.7518 

263.4307 

' 

' ! 
8 

97 

Mean Sq 

116.6541 

21.7518 

3.4212 

*** Linear Model *** 
Call: 

to last) 

F Value Pr (F) 

34.09764 0.00000012 

6.35798 0.01375110 

30 50 

F;t.ted : E + (P2) 

lm{formula = FNMD- E + (E'"'2), data 

na.omit) 

CFNMD90.90RDAA40xESP, na.action 

Coefficients: 

(Intercept) E 
-3.255647 41.64381 

I(E'"'2) 

-4.372793 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.920674 

Call: lm(forrnula = FNMD - E + (E"'2), data 

na.action = na.omit) 

CFNMD90.90RDAA40xESP, 



Coefficients: 

Value Std. Error t value Pr (>It I) 

(Intercept) -3.2556 1.1956 -2.7230 0.0080 

E 41.6438 2. 8628 14.5464 0.0000 

I(E'2) -4.3728 1.4793 -2.9560 0.0041 

Residual standard error: 1.921 on 77 degrees of freedom 

Multiple R-Squared: 0.9827 

F-statistic: 2188 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms to last) added sequentially (first 

Df Sum of Sq Mean Sq 

E l 16109.95 16109.95 

F Value Pr{F) 

I (E'"'2) 1 32.23 

284.05 

32.23 

3.69 

4367.037 0.000000000 

8.738 0.004135166 

Residuals 77 

SALIGNA 

20 

*** Linear Model *** 
Call: 
lm(formula = FNMD - E + (E"2), data 

:r;.a.omit) 

SFNMD90.90RDAA40xESP, na.action 

Coefficier..t:.s: 
(Intercept; E I(E'2) 

-3.62958 21.36251 -3.279379 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 1.31626 

Call: lm(formula = FNMD- E + (E"2), data 

na.action = na.omit) 

Coefficients: 

SFNMD90.90RDAA40xESP, 
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Value Std. Error t value Pr (>It I I 
{Intercept) -3.6296 0.8194 -4.4297 0.0000 

E 21.3625 1.9619 10.8886 0.0000 
I(E"2) -3.2794 l. 0138 -3.2348 0.0018 

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 Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

E 1 3316.521 3316.521 
I(EA2) l 18.129 18.129 

Residuals 77 133.406 1.733 

GRANDS I 

~...; 

~-

" 
e-

"-

I 

~-

*** Linear Model *** 
Call: 

! 
' 

to last) 
F Value Pr (F) 

1914.254 0.000000000 

10.464 0.001794694 

" 

I 

6 

Fitt"d: E 

~! 

lm(forrnula = FNMD ~ E, data GFNMD90.90RDAA40xESP, na.action 

Coefficients: 
(Intercept) E 

-1.665328 6.654496 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 3.362305 

na. omit) 

Call: lm(formula = FNMD - E, data 

na.omit) 

GFNMD90.90RD.~40xESP, na.action 

Coefficients: 
Value Std. Error t value Pr{>)ti) 
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(Intercept) -1.6653 0.9208 
E 6.6545 0.8825 

-1.8086 0.0744 
7.5405 0.0000 

Residual standard error: 3.362 on 78 degrees of freedom 

Multiple R-Squared: 0.4216 
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F-statistic: 56.86 on 1 and 78 degrees of freedom, the p-value is 7.263e­

Oll 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df S~~ of Sq Mean Sq 
E 1 642.8066 642.8066 

Residuals 78 881.7975 11.3051 

to last) 

F Value 

56.85989 

• FOR<;:A x DENSIDADE BASICA 

y=20° 

ESPESSURA = 0,381mm 

0,' 

• 
·2 0 

Fttted DB 

*** Linear Model *** 
Call: 

Pr (F) 

7.26339e-011 

2 

q 

lmlformula = FNMD - DB, data 
na.omit) 

F~~D90.90RDESP0381AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 

-8.908496 14.61416 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.7302788 



Call: lm(formula = FNMD ~ DB, data 

na.action = na.ornit) 

FNMD90.90RDESP0381AA20xDENS, 

Coefficients: 

(Intercept) 

DB 

Value Std. Error 

-8.9085 0.2941 

14.6142 0.4412 

t value 

-30.2952 

33.1241 

Pr (>It I J 

0.0000 

0.0000 

Residual standard error: 0.7303 on 58 degrees of freedom 

Multiple R-Squared: 0.9498 

F-statistic: 1097 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 585.1480 585.1480 

Residuals 58 30.9318 0.5333 

ESPESSURA = 0,762mm 

*** Linear Model *** 
Call: 

to last) 

F Value Pr I F) 
1097.207 0 

lm(formula = FNMD - DB, data 

na.omit) 

FNMD90.90RDESP0762AA20xDENS, na.action 

Coefficients: 

I Intercept I DB 
-15.92779 29.80557 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.197278 

Call: lm(formula = FNMD - DB, da~a 

na.action = na.omit) 

FNMD90.90RDESP0762AA20xDENS, 
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Coefficients: 
Value 

(Interceptj -15.9278 
DB 29.8056 

Std. Error 
0.4821 
0. 7233 

t value 
-33.0384 

41.2061 

Pr (>It I) 

0.0000 
0.0000 

Residual standard error: 1.197 on 58 degrees of freedom 
Multiple R-Squared: 0.967 
F-statistic: 1698 on 1 and 58 degrees of freedomr the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB 1 2433.958 2433.958 
Residuals 58 83.141 1.433 

ESPESSURA = 1,143mm 

-5 

*** Linear Model *** 
Call: 

to last) 
F Value Pr{F) 

1697.943 0 

5 " 15 

Fitted DB 

lm(formula = FNMD - DB, data 

na.omit} 

FNMD90.90RDESP1143AA20xDENS, na.action 

Coefficients: 
(Intercept) DB 

-23.71968 46.67241 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.202959 

Call: lm(formula = FNMD - DB, data 

na.action = na.omit) 

Coefficients: 

FNMD90.90RDESP1l43AA20xDENS, 

Value Std. Error t value Pr(>ltl) 
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I Intercept I 
DB 

-23.7197 

46.6724 

0.4844 

0. 7268 

-48.9684 

64.2197 

0.0000 

0.0000 

Residual standard error: 1.203 on 58 degrees of freedom 

Multiple R-Squared: 0.9861 

F-statistic: 4124 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially I first 

Df Sum of Sq 

DB 1 5968.134 

Residuals 58 83.932 

ESPESSURA = 1,524mm 

0 

' 

·5 

Mean Sq 

5968.134 

1. 44 7 

0 

*** Linear Model *** 
Call: 

to last) 

F Value 

4124.174 

" 
F1tted: DB 

Pr (F) 

0 

15 

lm(formula = FNMD - DB, data 

na.omit) 

FNMD90.90RDESP1524AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 
-27.76572 54.33164 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.502856 

Call: lrn(formula = FNMD - DB, data 

na.ac~ion = na.ornit) 

FNMD90.90RDESP1524AA20xDENS, 

Coefficients: 

{Intercept) 

DB 

Value 

-27.7657 

54.3316 

Std. Error 
0.6051 

0.9079 

t value 

-45.8828 

59.8404 

Pr I> It I I 
0.0000 

0.0000 
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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, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 8087.675 8087.675 

Residuals 58 130.997 2.259 

y=30° 

ESPESSURA = 0,381mm 

~ 

~ 

o:? . 0 . 
'! 

• 0 "? 

~ 
0 

" ~ 

0 

0 

., 

·2 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(Fi 

3580.873 0 

"'i:Pc 

£ 
B 

B . 

Fitted: DB .. (08"2) 

lm(formula = FNMD- DB+ (DBA2), data 

na.action = 
FNMD90.90RDESP0381AA30xDENS, 

na.omit) 

Coefficients: 

I Intercept l DB 

-13.10242 32.11593 

IIDB'2) 

-10.41112 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.6587721 

Call: lm(formula = FNMD - DB+ (DBA2), data 

FNMD90.90RDESP0381.~30xDENS, na.action 

na. omit) 

Coefficients: 

Value Std. Error 

(Intercept) -13.1024 1. 3361 
DB 32.1159 4.3401 

t value 

-9.8065 

7.3999 

Pr (>It 1) 
0.0000 

0.0000 
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3.1942 -3.2594 0.0019 

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 0 

~~alysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB l 890.5929 890.5929 

I(DBA2) 1 

Residuals 57 

4.6105 
24.7369 

ESPESSURA = 0,762mm 

0 
~n 

. 

• .. 

4.6105 
0.4340 

to last) 

F Value Pr(F) 

2052.149 0.000000000 

10.624 0.001885301 

• ;v ' 0 .. 
·~ 

0 -
" .. 

~co 
0 

" - ~ 
. . 
" < 

" -

~ 

0 

Fitted DB 

*** Linear Model *** 
Call: 

20 

lm(formula = FNMD - DB, data 

na.omit) 

FNMD90.90RDESP0762AA30xDENS, na.action 

Coefficients: 

I Intercept) DB 
-15.2663 37.44963 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.14248 

Call: lm(formula = FNMD - DB, data 

na.action = na.omit) 

FNMD90.90RDESP0762AA30xDENS, 

Coefficients: 

(Intercept) 

DB 

Value 

-15.2663 

37.4496 

Std. Error 

0.4600 

0.6902 

t value Prl>lt!) 
-33.1851 0.0000 

54.2573 0.0000 
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Residual standard error: 1.142 on 58 degrees of freedom 

Multiple R-Squared: 0.9807 

F-statistic: 2944 on l 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 Sq Mean Sq F Value Pr(F) 
DB 1 3842.494 3842.494 2943.851 0 

Residuals 58 75.705 

ESPESSURA = 1,143mm 

*** Linear Model *** 
Call: 

1. 305 

·~ 

" 15 

F1tted: DB 

C G 

25 30 

lm(formula = FNMD - DB, data 

na.omit) 

FNMD90.90RDESP1143AA30xDENS, na.action 

Coefficients: 
(In-tercept) DB 

-20.85529 54.39637 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 1.312019 

Call: lm(formula = FNMD - DB, data 

na.action = na.omit) 

FNMD90.90RDESPll43AA30xDENS, 

Coefficients: 

Value Std. Error 

(Intercept) -20.8553 0.5283 
DB 54.3964 0.7926 

t value 

-39.4761 

68.6260 

Pr (>It i I 
0.0000 

0.0000 

Residual standard error: 1.312 on 58 degrees of freedom 

Multiple R-Squared: 0.9878 

F-statistic: 4710 on l and 58 degrees of freedoro 1 the p-value is 0 
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Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB 1 8106.959 8106.959 4709.533 0 
ResidUals 58 99.841 1.721 

ESPESSURA = 1,524mm 

20 30 

Fitted: 08 

*** Linear Model *** 
Call: 

lrn(formula = FNMD - DB, data 

na. orri t) 

FNMD90.90RDESP1524AA30xDENS, na.action 

Coefficients: 

(Intercept) DB 

-28.14615 72.5594 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.857777 

Call: lm(formula = FNMD - DB, data 

na.action = na.omit) 

FNMD90.90RDESP1524AA30xDENS, 

Coefficients: 

Value 

{Intercept) -28.1461 

DB 72.5594 

Std. Error 

0.7481 
1.1224 

t value 

-37.6256 
64.6486 

Pr (>It I l 
0.0000 

0.0000 

Residual standard error: 1.858 on 58 degrees of freedom 

Multiple R-Squared: 0.9863 

F-statistic: 4179 on 1 and 58 degrees of freedom, the p-value is 0 
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Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 14424.65 14424.65 4179.44 0 

Residuals 58 200.18 3. 45 

y= 40° 

ESPESSURA = 0,381mm 

10 12 

F1tted: DB 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 
na.omit) 

FNMD90.90RDESP0381AA40xDENS, na.action 

Coefficients: 
(Intercept) DB 

-8.403313 21.93579 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 0.781221 

Call: lm(formula = FNMD - DB, data 
na.action = na.o~~t) 

FNMD90.90RDESP038lAA40xDENS, 

Coefficients: 

(Intercept l 
DB 

Value Std. Error 

-8.4033 0.3146 
21.9358 0.4720 

t value 

-26.7137 

46.4770 

Pr (>It I) 

0.0000 
0.0000 

Residual standard error: 0.7812 on 58 degrees of freedom 
Multiple R-Squared: 0.9739 

F-statistic: 2160 on 1 and 58 degrees of freedom, the p-value is 0 
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A~alysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 
DB 1 1318.331 1318.331 2160.114 0 

Residuals 58 35.398 0.610 

ESPESSURA = 0,762mm 

., 

20 25 

Fitted 06 

*** Linear Model *** 
Call: 
lm(forrnula = FNMD - DB, data 

na.omit) 

FNMD90.90RDESP0762AA40xDENS, na.action 

Coefficients: 

I Intercept) DB 
-14.96413 45.26928 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.208865 

Call: lrn(formula = FNMD - DB, data 

na.action = na.omit) 

FNMD90.90RDESP0762AA40xDENS, 

Coefficients: 

(Intercept) 

DB 

Value 
-14.9641 

45.2693 

Std. Error 

0.4868 
0.7303 

t value Pr(>itll 
-30.7420 0.0000 

61.9847 0.0000 

Residual standard error: 1.209 on 58 degrees of freedom 

Multiple R-Squared: 0.9851 
:-statistic: 3842 on l ar.d 58 degrees of freedom, the p-value is 0 
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Analysis of Variance Table 

Response: Fl\TMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
DB 1 5614.683 5614.683 3842.106 0 

ResidUals 58 84.759 1.461 

ESPESSURA = 1,143mm 

'51 

30 40 

Fitted: DB 

*** Linear Model *** 
Call: 
lm(forrnula = FNMD- DB, data 

na.omit) 
FNMD90.90RDESP1143AA40xDENS, na.action 

Coefficients: 

(Intercept) DB 
-18.1858 61.11517 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 3.904796 

Call: lm(formula = FNMD - DB, data 
na.action = na.ornit) 

FNMD90.90RDESP1143AA40xDENS, 

Coefficients: 
Value Std. Error 

(Intercept) 

DB 

-18.1258 

6l.1152 

1.5723 

2.3591 

t value Pr(>ltl) 
-11.5662 0.0000 

25.9066 0.0000 

Residual standard error: 3.905 on 58 degrees of freedom 

Multiple R-Squared: 0.9205 
F-statistic: 671.1 on 1 and 58 degrees of freedom, the p-value is 0 
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Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 10233.31 10233.31 

Residuals 58 884.35 15.25 

ESPESSURA = 1,524mm 

*** Linear Model *** 
Call: 

to last) 

F Value Pr (F) 

671.1499 0 

" 
Fitted OB 

40 

~ 0--£. 

50 

lm(formula = FNMD - DB, data 

na.omit} 

F~'MD90.90RDESP1524AA40xDENS, na.action 

Coefficients: 

(Int:ercept) DB 

-25.73539 82.74524 

Degrees of freedom: 60 total; 58 residual 

Residual standard er~or: 1.817864 

Call: lm(formula = FNMD - DB, data 
na.action = na.omit) 

FNMD90. 90RDESP1524AA40xDENS, 

Coefficients: 

(Intercept) 

DB 

Value Std. Error 

-25.7354 0.7320 

82.7452 1.0983 

t value 

-35.1583 
75.3426 

Pr (>It!) 

0.0000 

0.0000 

Residual standard error: 1.818 on 58 degrees of freedom 

Multiple R-Squared: 0.9899 
F-statistic: 5677 on 1 and 58 degrees of freedom 1 the p-value is 0 
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Analysis of Variance Table 

Response: FNMD 

Terms added sequentially 

Df Sum of Sq 

DB 1 18758.76 

(first 

Residuals 58 191.67 

Mean Sq 

18758.76 

3.30 

to last) 

F Value Pr(FI 

5676.51 0 

289 

• FOR(A x (DENSIDADE +ANGULO DE ATAQUE + ESPESSUR4. DE CORTE) 

30 

FitteC DS+AA+E 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB + AA + E, data 

na.omit 

FNMD90.90RDxDENSAAESP, na.action 

Coefficients: 

(Intercept) DB AA E 

-48.81324 44.91034 36.14916 12.41599 

Degrees of freedom: 720 total; 716 residual 

Residual standard error: 5.237024 

Call: lm(formula = FhfMD - DB + AA T L 1 data 
na.action = na.omit 

Coefficients: 

FNMD90.90RDxDENSAAESP, 

Value Std. Error t value Pr I> it I I 

(Intercept) -48.8132 1. 0370 -47.0736 0.0000 

DB 44.9103 0. 9133 49.1713 0.0000 

AA 36.1492 1. 3696 26.3944 0.0000 

E 12.4160 0.4582 27.0984 0.0000 

Residual standard error: 5.237 on 716 degrees of freedom 

Multiple R-Squared: 0.8431 



F-statistic: 1283 on 3 and 716 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value 

DB 1 66311.97 66311.97 2417.814 

AA 1 19106.99 19106.99 696. 664 

E 1 20139.79 20139.79 734.321 

Residuals 716 19637.32 27.43 

FOR(A NORMAL MEDIA 

CORTE 90"-90" TANGENCIAL 

• FOR(A x ESPESSURA DE CORTE 

y=20° 

CITRIODOR<\. 

Call: 

0 
0 

*** Linear Model *** 

1_il 20 

Pr (F) 
0 

0 

0 

2.2 ,, 2.6 

lrn(formula = LNFNMD - E + (£"''2), data 

na.act:ion = 
CFNMD90.90TGAA20xESP.LN, 

na.omi::i 

Coefficients: 

(Intercept! E I(EA2) 

-0.6798136 6.062681 -2.731956 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.3372618 
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Call: lrn(formula 

na.action = 
LNFNMD- E + (E"'2), data CFNMD90.90TGAA20xESP.LN, 

na. omit) 

Coefficients: 

Value Std. Error t value Pr (>It i l 
I Intercept) -0.6798 0.2099 -3.2381 0.0018 

E 6. 0627 0.5027 12.0603 0.0000 
I(E'2) -2.7320 0.2598 -10.5172 0.0000 

Residual standard error: 0.3373 on 77 degrees of freedom 

Multiple R-Squared: 0.7266 

F-statistic: 102.3 on 2 and 77 degrees of freedom, the p-value is 0 

A-~alysis of Va=iance Table 

Response: LNFNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

E 1 10.69382 10.69382 94.0152 5.551115e-015 
I(E"'2) 2. 

Residuals 77 

SALIGNA 

12.58164 12.58164 110.6122 l.110220e-016 
8.75841 0.11375 

' 
C~----------~-------------~---------,--~q~6 

_, 

F1tted E 

*** Linear Model *** 
call: 

lm(formula = FNMD ~ E, data SFNMD90.90TGA~20xESP, na.action 

coefficients: 

(Intercept) E 
-2.746338 4.04202 

Degrees of freedom: 79 total; 77 residual 

Residual standard error: 1.291214 

na.omit) 

Call: lm(formula = FNMD - E, data SFNMD90.90TGAA20xESP, na.action na. om.i t) 
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Coefficients: 

(Intercept) 

E 

Value 

-2.7463 
4.0420 

Std. Error 
0.3597 
0.3428 

t value 

-7.6357 
11. 7902 

Pr(>ltl) 

0.0000 
0.0000 

Residual standard error: 1.291 on 77 degrees of freedom 
Multiple R-Squared: 0.6435 
F-statistic: 139 on 1 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially {first 
Df SUIT. of Sq Mean Sq 

E 1 231.7593 231.7593 
Residuals 77 128.3771 1.6672 

GRANDIS 

' 

":'~ 

qs 

• 
"3_4 -3.3 

*** Linear Model *** 
Call: 

to last) 

F Value 

139.0082 

-3.2 

Pr(F) 

0 

·3.1 -2.9 

lm(formula = FNMD - E, data GFNMD90.90TGAA20xESP, na.action 

Coefficients: 
(Intercept) E 

-2.695976 -0.4682309 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.142994 

na.ornit) 

Call: lm(formula = FNMD - E, data 

na.omit) 

GFNMD90.90TGAA20xESP, na.action 

Coefficients: 
Value Std. Error t value Pr(>lti) 

(Intercept) -2.6960 0.3130 -8.6127 0.0000 
E -0.4682 0.3000 -1.5608 0.1226 

292 



Residual standard error: 1.143 on 78 degrees of freedom 
Multiple R-Sguared: 0.03029 

293 

F-statistic: 2.436 on 1 and 78 degrees of freedom, the p-value is 0.1226 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 
Df SQ~ of Sg Mean Sq 

E 1 3.1825 3.182513 

Residuals 78 101.9020 1.306436 

y= 30° 

CITRIODORA 

0 

0 

2.0 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(F) 
2.436027 0.1226246 

~ 
8 

8 

0 

' 0 

2.5 3.0 0.5 

Fitted: E" (E'2) 

lm(formula = LNFNMD- E + (EA21, data 
na.action = 

CFNMD90.90TGAA30xESP.LN, 

na. orni t) 

Coefficients: 

(Intercept) E 

0.6738391 3.58202 

I (EA2 I 
-1.120533 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.215836 

Call: lm(formula = LNFNMD- E + (EA2), data 

na.action = 
na.omit) 

Coefficients: 

CFNMD90.90TGAA30xESP.LN, 

(Intercept) 

Value Std. Error 
0.6738 0.1344 

t value Pr(>iti I 
5.0153 0.0000 



E 3.5820 

I (E'2) -1.1205 
0.3217 

0.1662 
11.1343 

-6.7406 
0.0000 

0.0000 

Residual standard error: 0.2158 on 77 degrees of freedom 
Multiple R-Squared: 0.9007 

F-statistic: 349.1 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response : LNFJ\TMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 30.41094 30.41094 

to last) 

F Value Pr(F) 
652.8031 O.OOOOOOe+OOO 

I (E'2) 1 

Residuals 77 
2.11660 
3.58706 

2.11660 45.4351 2.565569e-009 
0.04659 

SALIGNA 

F11ted: E 

*** Linear Model *** 
Call: 
lm(formula = FNMD - E, data SF~~D90.90TGAA30xESP, na.action 

Coefficients: 

{Intercept) E 
-3.025073 10.94321 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 2.063342 

14 

na.omit) 

Call: lm(formula = FNMD - E, data SFNMD90.90TGAA30xESP, na.action na.omit) 

Coefficients: 

(Intercept) 

E 

Value Std. Error 
-3.0251 0.5651 

10.9432 0.5416 

t value Pr(>lti) 

-5.3535 0.0000 

20.2069 0.0000 
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Residual standard error: 2.063 on 78 degrees of freedom 
Multiple R-Squared: 0.8396 

F-statistic: 408.3 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

'I'erms added sequentially (first 

Df SUin of Sq Mean Sq 

E l 1738.360 l738. 360 

Residuals 78 332.076 4.257 

GRANDIS 

N ' 

~ 
" ~ 2 
' 

c -
" -

·' 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(FI 
408.3169 0 

6 

F1tted E 

' 2 

3 

lm(formula = FNMD - E, data GFNMD90.90TGAA30xESP, na.action na. oroi t) 

coefficients: 
(Intercept) ~ 

-2.366804 3.528641 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.284042 

Call: lm(formula = FN~ - E, data GFNMD90.90TGAA30xESP, na.action 

coefficients: 

(Intercept) 

E 

Value 
-2.3668 

3.5286 

Std. Error 

0.3516 

0.3370 

t value 

-6.7306 

10. 4702 

Pr {>It I) 

0.0000 
0.0000 

Residual standard error: 1.284 on 78 degrees of freedom 

Multiple R-S~uared: 0.5843 

na.omit) 

F-statistic: 109.6 on 1 and 78 degrees of freedom, the p-value is l.lle-016 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 
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Df 
E 1 

Residuals 78 

Sum of Sq 
180.7444 

128. 6037 

Mea~ Sq F Value Pr(F) 
180.7444 109.6242 1.110223e-016 

1.6488 

y= 40° 

CITRIODORA 

0 

0 

*** Linear Model *** 
Call: 

2.5 3.0 

F1tted E + (E"2) 

3.5 

lm(formula = LNFNMD- E + IE'2), data 

na.action = 
CFNMD90.90TGAA40xESP.LN, 

na. omit) 

Coefficients: 

(Intercept) E IIE'2J 

1.020732 3.360909 -1.018458 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1664014 

Call: lm(formu1a = LNFNMD- E + IE'2), data 

na.action = 
na. omit) 

Coefficients: 

CFNMD90.90TGAA40xESP.LN, 

Value Std. Error t value Pr 1>1 tIl 
(Intercept) l. 02 07 0.1036 9.8541 0.0000 

E 3.3609 0.2480 13.5506 0.0000 

IIE'2) -1.0185 0.1282 -7.9466 0.0000 

Residual standard error: 0.1664 on 77 degrees of freedom 

Multiple R-Squared: 0.9357 

F-statistic: 560.7 on 2 and 77 degrees of freedom, the p-value is 0 

~~alysis of Variance Table 

Response: LNFNMD 
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Terms added sequentially {first 

Df Sum of Sq Mean Sq 
E 1 29.30107 29.30107 

I (E'"'2) 1 1.74854 1.74854 
2.13209 0.02769 Residuals 77 

SALIGNA 

•" 

.-.J 

0 

o- i 

• 

*** Linear Model *** 
Call: 

to last) 

F Value 
1058.204 

Pr (F) 

O.OOOOOe+OOO 
63.148 1.28878e-011 

" 
F1tted: E 

s ' 

lm(for.mula = F~~ - E, data SF~~D90.90TGAA40xESP, na.action na. o:m.i t} 

Coefficients: 
(Intercept) E 

-2.698531 14.11175 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 2.384333 

Call: lm(formula = FNMD - E, data SFNMD90.90TGAA40xESP, na.action 

Coefficients: 

{Intercept) 

E 

Value 
-2.6985 

14.1118 

Std. Error 

0.6530 
0. 625 8 

t value 

-4.1327 
22.5496 

Pr(>ltl I 

0.0001 
0.0000 

Residual standard error: 2.384 on 78 degrees of freedom 

Multiple R-Squared: 0.867 
F-statistic: 508.5 on l and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

Df SlL'Tl of Sq Mean Sq F Value Pr (F) 

E 1 2890.758 2890.758 508.4849 0 

Residuals 78 443.433 5.685 

na.o:mit) 
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GRANDIS 

*** Linear Model *** 
Call: 
lm(forrnula = FNMD - E, data GFNMD90.90TGAA40xESP, na.action na.omit) 

Coefficients: 

(Intercept) E 
-2.462198 6.110929 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 1.631967 

Call: lm(formula = F~~ - E, data GFNMD90.90TGAA40xESP, na.action 

Coefficients: 

(Intercept) 

E 

Value 

-2.4622 

6.1109 

Std. Error 
0.4469 

0.4283 

t value 
-5.5091 

14.2666 

Pr I> It I) 

0.0000 

0.0000 

Residual standard error: 1.632 on 78 degrees of freedom 
Multiple R-Squared: 0.7229 

F-statistic: 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 Swn of Sq Mean Sq F Value Pr(F) 

E 1 542.0812 542.0812 203.5362 0 

Residuals 78 207.7387 2.6633 

na.omit) 
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299 

• FOR(:A x DENSIDADE BASICA 

y=20° 

ESPESSURA = 0,381mm 

-2 

Fitte<:I:(DB"2) 

*** Linear Model *** 
Call: 

lm(formula ~ FNMD- (DBA2), data FNMD90-90TGESP038lAA20xDENS, na.action 

na.omit) 

Coefficients: 

(Intercept) I{DB'"'2) 

-4.593884 10.34763 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.631859 

Call: lm(formula = FNMD- (DBA2), data 

na.action = 
na.omit) 

Coefficients: 

(Intercept) 

I (DB'2) 

Value 

-4.5939 

l0.3476 

Std. Error 

0.1507 

0.2926 

t value 

-30.4765 

35.3624 

FNMD90.90TGESP038lAA20xDENS, 

Pr 1>1 t I) 

0.0000 

0.0000 

Residual standard error: 0.6319 on 58 degrees of freedom 

Multiple R-Squared: 0.9557 

F-statistic: 125l on 1 and 58 degrees of freedom, the p-value is 0 

A.Dalysis of Variance Table 

Response: FNMD 



Terms added sequentially (first 

Df Sum of Sq Mean Sq 
I(DB'2) 1 499.2571 499.2571 

Residuals 58 23.1563 0.3992 

ESPESSURA = 0,762mm 

*** Linear Model *** 
Call: 

to last) 
F Value 

1250.501 

F!l:ted: (08"2) 

Pr (F) 

0 

lm(formula = FNMD - (DBA2), data 

na.omit) 

FNMD90.90TGESP0762AA20xDENS, na.action 

Coefficients: 

(Intercept) I (DB'21 
-6.698618 21.22603 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 1.022105 

Call: lm(formula = F~~- (DBA2), data 
na.omit) 

FNMD90.90TGESP0762AA20xDENS, na.action 

Coefficients: 

(Intercept) 

I (DB'2 I 

Value 

-6.6986 
21.2260 

Std. Error 
0.2438 
0. 4 733 

t value Pr(>ltl) 

-27.4723 0.0000 
44.8430 0. 0000 

Residual standard error: 1.022 on 58 degrees of freedom 

Multiple R-Squared: 0.972 
F-statistic: 2011 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially {first 
Df Sum of Sq Mean Sq 

I(DB'2) l 2100.777 2100.777 
Residuals 58 60.593 1.045 

to last) 
F Value Pr {F) 

2010.892 0 
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ESPESSURA = 1,143mm 

15 20 

F•tted: DB 

*** Linear Model *** 

Call: lm(forrnula = FNMD - DB, data FNMD90.90TGESP1143AA20xDENS, 
na.action = na.ornit) 

Residuals: 

Min lQ Median 3Q Max 
-6.933 -0.4245 0.1214 0.8525 2.972 

Coefficients: 
Value 

(Intercept) -21.0496 

DB 41.6572 

Std. Error 

0. 6718 

1. 0207 

t value Prl>ltl I 
-31.3323 0.0000 

40.8105 0.0000 

Residual standard error: 1.613 on 58 degrees of freedom 
Multiple R-Squared: 0.9663 

F-statistic: 1666 on 1 and 58 degrees of freedom, the p-value is 0 

ESPESSURA = 1,524mm 
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c & 

c '<:· 

-5 

" 15 20 

F1ttec!: DB 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 

na. omit) 

FNMD90.90TGESPl524AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 

-24.13509 49.25258 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.558782 

Call: lm(formula = FNMD - DB, data 

na.action = na.omit) 
FNMD90.90TGESPl524AA20xDENS, 

Coefficients: 

(Intercept) 

DB 

Value Std. Error 

-24.1351 0.6491 

49.2526 0. 98 62 

t value Pr(>lt!) 

-37.1832 0.0000 

49.9414 0.0000 

Residual standard error: 1.559 on 58 degrees of freedom 

Multiple R-Squared: 0.9773 

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 

Df Sum of Sq Mean Sq 

DB " 6060.277 6060.277 

Residuals 58 140.928 2.430 

to last) 

F Value Pr(F) 

2494.146 0 
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a.=30° 

ESPESSURA = 0,381mm 

o-' " 
! 

-2 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 
na. omit) 

Coefficients: 

(Intercept) DB 

-7.627125 16.00204 

Fitted OS 

FNMD90.90TGESP0381AA30xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.6084954 

Call: lm(formula = FNMD - DB, data 
na.action = na.ornit) 

FNMD90.90TGESP0381AA30xDENS, 

Coefficients: 

(Intercept) 

DB 

Value 

-7.6271 
16.0020 

Std. Error 

0.2534 
0.3850 

t value Pr(>itl) 
-30.1014 0.0000 

41.5657 0.0000 

Residual standard error: 0.6085 on 58 degrees of freedom 

Multiple R-Squared: 0.9675 

F-statistic: 1728 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNM'D 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 639.7128 639.7128 

Residuals 58 21.4755 0.3703 

to last) 

F Value Pr(F) 

1727.709 0 
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ESPESSURA = 0,762mm 

• 
~ 

£ o--' <S'~ c; 

Fitted- DB 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 

na.omit) 

FNMD90.90TGESP0762A~30xDENS, na.action 

Coefficients: 

(Intercept I DB 

-14.53609 34.85452 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.262824 

Call: lm(formula = F~r1D - DB, data 

na.action = na.ornit) 

FNMD90.90TGESP0762AA30xDENS, 

Coefficients: 

(Intercept) 

DB 

Value 

-14.5361 

34.8545 

Std. Error 

0.5258 

0.7990 

t value 

-27.6432 

43.6248 

Pr (>It i) 
0.0000 

0.0000 

Residual standard error: 1.263 on 58 degrees of freedom 

Multiple R-Squared: 0.9704 

F-statistic: 1903 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to la t) 

Df Sum of Sq Mean Sq F Va ue Pr (F) 

DB 1 3034.958 3034.958 1903. 23 0 

Residuals 58 92. 4 94 1. 595 
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ESPESSURA = 1,143mm 

·-'' --------------------------------.---, 

'" ' I 
0 

0 

" 
oO 

·~ '" • 
" " E 

r 

N-

F1tted · DS 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 
na.omit) 

FNMD90.90TGESP1143AA30xDENS, na.action 

Coefficients: 

I Intercept) DB 
-20.5349 52.78763 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.527802 

Call: lm(formula = FNMD - DB, data 

na.action = na.omit) 
FNMD90. 90TGESP1143AA30xDENS, 

Coefficients: 

I Intercept) 

DB 

Value 
-20.5349 

52.7876 

Std. Error t value 

0.6362 -32.2782 
0.9666 54.6113 

Pr 1>1 t I I 
0.0000 

0.0000 

Residual standard error: 1.528 on 58 degrees of freedom 

Multiple R-Squared: 0.9809 

F-statistic: 2982 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 Sq Mean Sq F Value Pr(F) 

DB ~ 6961.435 6961.435 2982.39 0 

Residuals 58 135.382 2.334 
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ESPESSURA = 1,524mm 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 
na. omit) 

Coefficients: 

(Intercept) DB 

-24.45633 66.8174 

20 30 

Fitted OS 

FNMD90.90TGESPl524AA30xDENS, na.action 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 2.349168 

Call: lm(formula = FNMD - DB, data 

na.action = na.omit) 
FNMD90.90TGESP1524AA30xDENS, 

Coefficients: 

Value Std. Error 

(Intercept) -24.4563 0.9782 

DB 66.8174 1.4863 

t value 

-25.0012 

44.9565 

Pr I> It I I 
0.0000 

0.0000 

Residual standard error: 2.349 on 58 degrees of freedom 

Multiple R-Squared: 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 sequentially {first 

Df Sum of Sq Mean Sq 

DB l 11153.56 11153.56 

Residuals 58 32 0. 08 5. 52 

to last) 

F Value 

2021.09 

Pr (F) 

0 
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y=40° 

ESPESSURA = 0,381mm 

oi 

'1 

~0 

10 

Fitted DB 

*** Linear Model *** 
Call: 

lm(formula = FNMD - DB, data 

na.ornit) 
FNMD90.90TGESP0381AA40xDENS, na.action 

Coefficients: 

(Intercept) DB 

-7.514642 18.12788 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.5447005 

Call: lm(formula = FNMD - DB, data 

na.action = na.omit) 

FNMD90.90TGESP0381AA40xDENS, 

Coefficients: 

(Intercept i 
DB 

Value Std. Error 

-7.5146 0.2268 

18.1279 0. 344 6 

t value 

-33.1309 

52.6025 

Pr (>It I i 
0.0000 

0.0000 

Residual standard error: 0.5447 on 58 degrees of freedom 

Multiple R-Squared: 0.9795 

F-statistic: 2767 on 1 and 58 degrees of freedom, the p-value is 0 

A..."l.alysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 820.9721 820.9721 2767.024 0 

Residuals 58 17.2085 0. 2967 
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ESPESSURA = 0,762mm 

Call: 

0 

0 

0.0 

*** Linear Model *** 

0.5 

308 

'·' 2.0 2.5 3.0 

Fitted- DB+ (08"2) 

lm(formula = log(FNMD) -DB+ (DB'2), data 
na.action = na.ornit) 

FNMD90.90TGESP0762AA40xDENS, 

Coefficients: 

(Intercept) DB I ( DB"'2) 

-6.757216 23.26357 -13.64576 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.3124065 

Call: lm(formula = log(FNMD) -DB+ (DBA2), data 
FNMD90.90TGESP0762AA40xDENS, 

na.action = na.ornit) 

Coefficients: 

I Intercept I 
DB 

I(DB'2) 

Value 

-6.7572 
23.2636 

-13.6458 

Std. Error 

0. 6110 
1.9546 
1.4307 

t value 
-11.0587 

11.9021 
-9.5378 

Pr (>It I) 

o.oooo 
0.0000 
0.0000 

Residual standard error: 0.3124 on 57 degrees of freedom 

Multiple R-Squared: 0.9206 
F-statistic: 330.2 on 2 and 57 degrees of freedom, the p-value is 0 

A-~alysis of Variance Table 

Response: log(FNMD) 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 55.58009 55.58009 569.4808 O.OOOOOOe+OOO 
I(DBA2) ' 8.87849 8.87849 90.9702 2.068345e-013 

" 
Residuals 57 5.56308 0.09760 



ESPESSURA = 1,143mm 

' 
·~~. ----~------~----~----~ 

30 

Fitted DB 

*** Linear Model *** 
Call: 
lm(formula = FNMD - DB, data 

na.ornit) 

FNMD90.90TGESP1143AA40xDENS, na.action 

Coefficients: 

(Intercept) DB 

-20.85295 60.28132 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 2.037918 

Call: lm{formula = FNMD - DB, data 
na.action = na.ornit) 

FNMD90.90TGESPll43AA40xDENS, 

Coefficients: 

(Intercept) 

DB 

Value 

-20.8529 

60.2813 

Std. Error 

0.8486 

1.2893 

t value 
-24.5733 

46.7534 

Pr 1>1 t I) 
0.0000 

0.0000 

Residual standard error: 2.038 on 58 degrees of freedom 

Multiple R-Squared: 0.9742 

F-statistic: 2186 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 Sq Mean Sq F Value Pr (F) 

DB 1 9078.206 9078.206 2185.881 0 

Residuals 58 240.880 4.153 
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ESPESSURA = 1,524mm 

G b 

20 30 40 50 

F1tted _DB 

*** Linear Model *** 
Call: 

lm(forrnula = FNMD - DB, data 
na.omit) 

FNMD90.90TGESP1524AA40xDENS, na.action 

Coefficients: 

(Intercept) DB 
-26.12135 79.49371 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 2.390187 

Call: lrn(forrnula = FNMD - DB, data 
na.action = na.omit) 

FNMD90.90TGESP1524AA40xDENS, 

Coefficients: 

Value Std. Error 

(Intercept) -26.1214 0.9953 

DB 79.4937 1.5122 

t value 

-26.2450 

52.5676 

Pr I> It I I 
0.0000 

0.0000 

Residual standard error: 2.39 on 58 degrees of freedom 

Multiple R-Squared: 0.9794 

F-statistic: 2763 on 1 and 58 degrees of freedom, the p-value is 0 

A-~alysis of Variance Table 

Response: FNMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB 1 15787.01 15787.01 

Residuals 58 331.35 5.71 

to last) 

F Value 

2763.352 

Pr (F) 

0 
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3ll 

• FOR<;:A x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

10 

Fitted: exp(06 + AA + E) 

*** Linear Model *** 
Call: 
lm(formula = FNMD- exp(DB + AA +E), data 

na.action = 
na.omit) 

Coefficients: 

(Intercept) exp(DB 

-10.97002 

+ AA + E) 

2.16555 

Degrees of freedom: 719 total; 717 residual 

Residual standard error: 6.336418 

FNMD90.90TGxDENSAAESP, 

Call: lm(formula = FNMD- exp{DB + AA +E), data 

na.action = 
FNMD90.90TGxDENSAAESP, 

na.omit) 

Coefficients: 

( Intex:-cept) 

exp (DB + AA + E) 

Value 

-10.9700 

2.1655 

Std. Error 
0.5285 

0.0512 

t value 

-20.7555 

42.3100 

Pr (>It I I 
0.0000 

0.0000 

Residual standard error: 6.336 on 717 degrees of freedom 

Multiple R-Squared: 0.714 

F-statistic: 1790 on 1 and 717 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FNMD 

Terms added sequentially (first to last) 

exp(DB + AA +E) 

Residuals 

Df Sum of Sq Mean Sq 

71874.44 71874.44 

717 28787.69 40.15 

F Value Pr (F) 

1790.139 0 



FOR<;:A PARALELA MAxiMA 

CORTE 90°-0° RADIAL 

• FOR<;:A x ESPESSURA DE CORTE 

y= 10° 

CITRlODORA 

3.6 3.8 4_0 4.2 4.4 4_6 4.8 

Fitted E + (E~2) 

*** Linear Model *** 
Call: 

lm(formula = LN.FPM ~ E + (EA2), data 

na. orni t) 

C90.0RDAA10FPMAX.LN, na.action 

Coefficients: 

(Intercept) E 

2.792065 2.098149 

I (E'2) 

-0.5160946 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.09437815 

Call: lm(formula = LN.FPM- E + (EA2), data 

na.action = na.omit) 

C90.0RDAAlOFPMAX.LN, 

Coefficients: 

I Intercept) 

E 

I(E'2) 

Value 

2.7921 

2.0981 

-0.5161 

Std. Error 

0.0587 

0.1407 

0.0727 

t value 

47.5246 

14.9151 

-7.0999 

Pr l>i t I) 

0.0000 

0.0000 

0.0000 
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Residual standard error: 0.09438 on 77 degrees of freedom 

Multiple R-Squared: 0.9642 

F-statistic: 1038 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 

Df Sum of Sq 

E 1 18.04641 

I IE'2 I 1 0.44900 

Residuals 77 0.68586 

SALIGNA 

Mean Sq 
18.04641 

0.44900 
0.00891 

0 ' 

" 0 

3.2 

to last) 
F Value Pr (F) 

2026.039 O.OOOOOOe+OOO 

50.409 5.374333e-Ol0 

•. o ,, 
'' 
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*** Linear Model *** 
Call: 

lm(formula = LN.FPM- E + (E"2), data 
na.omit) 

S90.0RDAA10FPMAX.LN, na.action 

Coefficients: 

(Intercept) E I(E"21 
2.252464 2.476036 -0.7006156 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1077511 

Call: lm(formula = LN.FPM- E + (E"2), data 
na.action = na.o~it) 

S90.0RD~~l0FPMAX.LN, 

Residuals: 

Min 1Q Median 3Q Max 

-0.4319 -0.06428 -0.008357 0.07671 0.1927 

Coefficients: 

(Intercept) 

E 

I(E"2) 

Value 

2.2525 

2. 4 760 
-0.7006 

Std. Error 

0.0671 

0.1606 

0.0830 

t value 

33.5815 

15.4168 
-8.4422 

Pr I> It I I 
0.0000 
0.0000 

0.0000 

Residual standard error: 0.1078 on 77 degrees of freedom 

Multiple R-Squared: 0.9567 

F-statistic: 850 on 2 and 77 degrees of freedom, the p-value is 0 

Correlation of Coefficients: 

(Intercept) E 

E -0.9547 

I(E"2) 0.8980 -0.9844 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

E 1 18.91027 18. 91027 1628.749 O.OOOOOOe+OOO 

I(E"'2) 1 0.82746 0.82746 71.270 1.428746e-012 

Residuals 77 0.89399 0. 01161 
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GRANDIS 

9 

M 

0 

*** Linear Model *** 
Call: 

3.0 

0 ' 

e . 

T2 

3.2 3.6 3.6 

F11ted: E + (E"2) 

lm(formula = LN.FPM- E + (EA2), data 

na.omit) 
G90.0RDAA10FPMAX.LN, na.action 

Coefficients: 

(Intercept) E I(EA2) 
2.057546 2.338573 -0.6600927 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1073463 

Call: lm(formula = LN.FPM- E + {E~2), data 
na.action = na.omit) 

Coefficients: 

G90.0RDAA10FPMAX.LN, 

Value Std. Error t value Pr (>It I) 

{Intercept) 2.0575 0.0668 30.7912 0.0000 
E 2.3386 0.1600 14.6158 0.0000 

I(EA2) -0.6601 0.0827 -7.9839 0.0000 

Residual standard error: 0.1073 on 77 degrees of freedom 

Multiple R-Squared: 0.9523 

F-statistic: 768 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 
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Terms added sequentially {first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
E l 16.96598 16.96598 1472.328 O.OOOOOOe+OOO 

I(E'2) 1 0.73451 0.73451 63.742 1.092593e-011 
Residuals 77 0.88729 0.01152 

y= 20° 

CITRIODORA 

; 

c 
0 

N 

0 

' . 

*** Linear Model *** 
Call: 

3A 3.6 <.2 '' 

lm(formula = LN.FPM- E + (E'2), data 
na. omit) 

C90.0RDAA20FPMAX.LN, na.action 

Coefficients: 

(Intercept) E I(EA2) 
2.59504 2.144923 -0.6069361 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 0.1101343 

Call: lm(formula = LN.FPM- E + (E"'2), data 
na.action = na.omit) 

Coefficients: 

C90.0RDAA20FPMAX.LN, 

Value Std. Error t value Pr (>It i) 

(Intercept) 2.5950 0.0686 37.8517 0.0000 

E 2.1449 0.1642 13.0662 0.0000 
I(E"'2) -0.6069 0.0848 -7.1551 0.0000 

Residual standard error: 0.1101 on 77 degrees of freedom 
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Multiple R-Squared: 0.9407 

F-statistic: 610.5 o~ 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

to last) Terms- added sequentially (first 

Df Sum of Sq Mean Sq 

E 1 14.19017 14.19017 
F Value Pr (F) 

I (EA2) 1 0.62098 0.62098 

0.93398 0.01213 

1169.883 O.OOOOOOe+OOO 
51.195 4.22178le-010 

Residuals 77 

SALIGNA 

0 

0 

' 0 

' c 

*** Linear Model *** 
Call: 

3.0 3.2 '' 3.6 ,,, 
Fitted E + (E"2) 

lm(formula = LN.FPM- E + {EA2), data 

na.omit} 

S90.0RDAA20FPMAX.LN, na.action 

Coefficients: 

(Intercept) E 

2.095468 2.448626 

I(EA2) 

-0.6840517 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.09772017 

Call: lrn(formula = LN.FPM- E + (E~2), data 

na.action = na.omit) 

S90.0RDAA20FPMAX.LN, 
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Coefficients: 

Value Std. Error t value Pr (>It I) 

(Intercept I 2.0955 0.0608 34.4478 0.0000 
E 2.4486 0.1457 16.8112 0.0000 

I(E'2) -0.6841 0.0753 -9.0887 0.0000 

Residual standard error: 0.09772 on 77 degrees of freedom 
Multiple R-Squared: 0.9643 
F-statistic: 1039 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 19.04784 19.04784 

I(E'2) l 0.78880 0.78880 
Residuals 77 0.73529 0.00955 

GRANDIS 

n 
0 

' 0 

~ 

0 
0 

~ . 

26 2.0 

*** Linear Model *** 
Call: 

to last) 

F Value 

1994.699 

82.604 

3.0 3.2 

F1tted E + (E"2) 

Pr (F) 

O.OOOOOOe+OOO 

8.093526e-Ol4 

0 • 

b i 
8 I 
0 ' 

lrn(formula = LN.FPM- E + (EA2), data 

na.omit) 

G90.0RDAA20FPMAX.LN, na.action 

Coefficients: 
(Intercept) E I(EA2) 

1.783633 2.434951 -0.6963695 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.09004254 
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Call: lm(formula = LN.FPM- E + (E'2), data 
na.action = na.omit) 

Coefficients: 

G90.0RDAA20FPMAX.LN, 

Value Std. Error t value Pr {>It l) 

I Intercept) 1. 7836 0.0561 31.8216 0.0000 

E 2.4350 0.1342 18.1427 0.0000 
I (EA2) -0.6964 0.0694 -10.0412 0.0000 

Residual standard error: 0.09004 on 77 degrees of freedom 

Multiple R-Squared: 0.9676 

F-statistic: 1150 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 Sq Mean Sq F Value Pr (F) 

E 1 17.83271 17.83271 2199.489 O.OOOOOOe+OOO 

I(E'2) 1 0.81747 0.81747 100.826 1.221245e-015 

Residuals 77 0.62429 0.00811 

y= 30° 

CITRIODORA 

o_ i 
0 •• 2 

3.0 3.2 3.6 3.8 '·' 
F•tted E + (E"2) 

*** Linear Model *** 
Call: 
lm(forrnula = LN.FPM- E + (EA2), data 

na.onit) 

C90.0RDAA30FPMAX.LN, na.action 
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Coefficients: 

(Intercept) E I (EA2) 

2.429445 1.665412 -0.3636658 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1517474 

Call: lm(formula = LN.FPM- E + (EA2) 1 data 

na.action = na.omit) 
C90.0RDAA30FPMAX.LN, 

Coefficients: 

Value Std. Error t value Pr (>it I) 
(Intercept) 2.4294 0.0945 25.7188 0.0000 

E 1.6654 0. 2262 7.3631 0.0000 
I {EA2) -0.3637 0.1169 -3.1115 0. 0026 

Residual standard error: 0.1517 on 77 degrees of freedom 

Multiple R-Squared: 0.8873 

F-statistic: 303 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 Sq Mean Sq F Value Pr (F) 

E 1 13.73232 13.73232 596.3504 0.000000000 

I(EA2) 1 0.22294 0.22294 9.6817 0.002610835 

Residuals 77 1.77310 0.02303 

SALIGNA 

: 2 
' . 

28 3.0 3.2 3.8 •. o 

*** Linear Model *** 
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Call: 

lm(formula 

na.ornit) 
LN.FPM- E + (E"2), data 

Coefficients: 

(Intercept I E 
1.992146 2.298199 

I (EA21 

-0.6386269 

S90.0RDAA30FPMAX.LN, na.action 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.08831853 

Call: lrn(formula = LN.FPM- E + (E'2), data= S90.0RDAA30FPMAX.LN, 

na.action = na.omit) 

Coefficients: 

Value Std. Error t value Pr (>It I) 

(Intercept) 1.9921 0.0550 36.2354 0.0000 

E 2.2982 0.1316 17.4581 0.0000 

I (E"2) -0.6386 0.0680 -9.3884 0.0000 

Residual standard error: 0.08832 on 77 degrees of freedom 

Multiple R-Squared: 0.9671 

F-statistic: 1133 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first t:o last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

E 1 16.98224 16.98224 2177.164 O.OOOOOe+OOO 

I (E'21 1 0.68752 0.68752 88.142 2.1427 3e-014 

Residuals 77 0.60061 0.00780 
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GRAND IS 

~ -------------------------------

Call: 

0 

0 

0 

*** Linear Model *** 

,, 26 3.0 32 :;_4 3.6 

Fitted E + (E.-.2) 

lm(forrnula = LN.FPM- E + (E"2), data 

na. omit) 
G90.0RDAA30FPMAX.LN, na.action 

Coefficients: 

(Intercept) E IIEA2) 

1.53321 2.321237 -0.6374317 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1076159 

Call: lrn(formula = LN.FPM- E + (E"2), data 

na.action = na.omit) 

Coefficients: 

G90.0RDAA30FPMAX.LN, 

Value Std. Error t value Pr (>It I) 

(Intercept) l. 5332 0.0670 22.8870 0.0000 

E 2. 3212 0.1604 14.4712 0.0000 

I(E"2) -0.6374 0.0829 -7.6905 0.0000 

Residual standard error: 0.1076 on 77 degrees of freedom 

Multiple R-Squared: 0.9539 

F-statistic: 797.5 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 
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Terms added sequentially {first 

Df Swm of Sq Mean Sq 

E 1 17.78647 17.78647 

I (E"'2) 1 0.68495 0.68495 

0.89175 0.01158 Residuals 77 

• FOR(:A x DENSIDADE BA..SICA 

y= 10° 

ESPESSURA = 0,38lmm 

0 
0 

*** Linear Model *** 
Call: 

3.0 

to last) 

F Value Pr(FI 

1535.808 O.OOOOOOe+OOO 

59.143 4.004008e-Oll 

3.2. 

F1tte<:t- DB 

323 

lm(formula = LN.FPM - DB, data FPMAXRD.x.DENSBASE0381AA10.LN, na.action 

na.orni.t) 

Coefficients: 

(Intercept) DB 

2.342988 1.272583 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.1078692 

Call: lm(formula = LN.FPM- DB, data 

na. action = 

na.ornit) 

FPMAXRD.x.DENSBASE0381AAlO.LN, 



Coefficients: 

(Intercept) 

DB 

Value Std. Error t value 
2.3430 0.0434 53.9424 
1.2726 0.0652 19.5275 

Pr 1>1 t I) 
0.0000 
0.0000 

Residual standard error: 0.1079 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 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr{F) 

DB 1 4.437010 4.437010 381.325 0 
Residuals 58 0.674875 0.011636 

ESPESSURA = 0,762mm 

c 
0 

~ 

0 
0 

&' 

0 

0 " 

~c 

~ " 

3.6 

*** Linear Model *** 
Call: 

36 

Fitted: DB • (08~2) 

. . 

'" 

lm(formula = LN.FPM- DB+ (DB'2), data 
na.action 

FPV~RD.x.DENBASE0762AA10.LN, 

= na.omit) 

Coefficients: 
(Intercept) DB I (DBA2) 

2.331926 3.472702 -1.666113 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.09731125 
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Call: lm(formula = LN.FPM- DB+ (DBA2), data 

FPMAXRD.x.DENBASE0762AA10.LN, na.action 
= na. omit) 

Coefficients: 
Value Std. Error t value Pr (>It I l 

{Intercept) 2.3319 0.1974 11.8154 0.0000 
DB 3.4727 0. 6411 5.4168 0.0000 

I(DBA2) -1.6661 0. 4 718 -3.5312 0.0008 

Residual standard error: 0.09731 on 57 degrees of freedom 

Multiple R-Squared: 0.8858 

F-statistic: 221 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 4. 067218 4. 067218 

I(DBA2) 1 0.118077 0.118077 
Residuals 57 0.539760 0.009469 

ESPESSURA = 1,143mm 

' 0 ~5 

00 

; 

"· 
'b 

0 

0 - •, . 

3.5 

*** Linear Model *** 
Call: 

to last) 

F Value Pr (F) 

429.5081 0.0000000000 

12.4693 0.0008269962 

0 . . 
8 

~ . . 
' 

oc 

' 0 

' 

i? 

" '• 
' 

• i 

<.2 

Fitted: 08 + (DB~Z) 
" 

lm(formula = LN.FPM- DB+ (DB'2), data 

na.action 

FPMAXRD.x.DENSBASE1143AA10.LN, 

= na.omit) 
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Coefficients: 

(Intercept) DB I(DB'2) 

2.597554 3.859659 -1.968923 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1032925 

Call:. lm(formula = LN.FPM- DB+ (DBA2), data 

FPMAXRD.x.DENSBASE1143AA10.LN, na.action 
= na.omit) 

Coefficients: 

Value Std. Error t value Pr I> It I i 
(Intercept) 2.5976 0.2095 12.3992 0.0000 

DB 3.8597 0.6805 5. 6718 0.0000 
I(DB'2) -1.9689 0.5008 -3.9313 0.0002 

Residual standard error: 0.1033 on 57 degrees of freedom 
Multiple R-Squared: 0.8703 

F-statistic: 191.3 on 2 and 57 degrees of freedom, the p-value is 0 

P4~alysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 

Df Surr, of Sq Mean Sq F Value 

DB 1 3.916728 3.916728 367.1015 

IIDB'2i 1 0.164898 0.164898 15.4553 

Residuals 57 0.608152 0.010669 

ESPESSURA = 1,524mm 

" - -' -. . 
d' -
< .-

c[ 

• . 
0 

"' 
g -

60 80 

Pr (F) 

0.0000000000 

0.0002312604 

" 

~ . . 

0~ ,. 

,20 

F•nect ·DB+ (06"2) 
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*** Linear Model *** 
Call: 

lm(formula = FPM- DB+ (DBA2), data 

na.action = 

na.omit) 

Coefficients: 
(Intercept) DB I (DBA2) 

-16.65102 218.1776 -73.92563 

FPV~RD.x.DENSBASE1524AA10, 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 8.064973 
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Call: lm(formula = FPM- DB+ (DBA2), data 

na.action = 
FPMAXRD.x.DENSBASE1524AA10, 

na. orn.i t) 

Coefficients: 
Value Std. Error t value Pr (>It I) 

I Intercept) -16.6510 16.3571 -1.0180 0.3130 

DB 218.1776 53.1331 4.1062 0.0001 

I(DBA2) -73.9256 39.1042 -1.8905 0.0638 

Residual standard error: 8.065 on 57 degrees of freedom 

Multiple R-Squared: 0.9121 
F-statistic: 295.8 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 38248.55 38248.55 588.0430 0.00000000 

I(DB'2) 1 2 32. 46 232.46 3.5739 0.06378173 

Residuals 57 3707.50 65.04 



y=20° 

ESPESSURA = 0,381mm 

Call: 

' 0 

*** Linear Model *** 

328 

2.6 2.6 '·' '.2 
F1tted: DB + (08"2) 

lm(formula = LN.FPM ~DB+ (DB"'2), data 
na.action 

FPMAXRD.x.DENSBASE0381AA20.LN, 

= na.ornit) 

Coefficients: 

(Intercept} DB I (DB"'2) 

1.377429 3.701139 -1.730392 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.1048515 

Call: lm(formula = LN.FPM ~DB+ (DB"'2), data 
FPMAXRD.x.DENSBASE0381AA20.LN, na.action 

= na.ornit) 

Coefficients: 
Value Std. Error t value Pr (>It I) 

(Intercept) 1.3774 0.2127 6.4773 0.0000 

DB 3. 7011 0.6908 5.3579 0.0000 
I(DBA2) -1.7304 0.5084 -3.4037 0.0012 

Residual standard error: 0.1049 on 57 degrees of freedom 
Multiple R-Squared: 0.8923 
F-statistic: 236.2 on 2 and 57 degrees of freedom, the p-value is 0 



Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 5.066524 5.066524 

to last) 

F Value 

460.8517 

Pr (F) 

0.000000000 
1 0.127364 0.127364 11.5851 0.001222743 

Residuals 57 0.626648 0.010994 

ESPESSURA = 0,762mm 

0 

0 

32 

*** Linear Model *** 
Call: 

34 3.6 

Fitted DB + (09~2) 

lm(formula = LN.FPM- DB+ (DBA2), data 

na.action 

= na.omit) 

Coefficients: 
(Intercept) DB IiDB'2) 

1.832224 4.53073 -2.490666 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.08949702 

FPMAXRD.x.DENSBASE0762AA20.LN, 

Call: lrn(fo=mula = LN.FPM- DB+ (DBA2), data 

FPMAXRD.x.DENSBASE0762A..A20.LN, na.action 

= na.omit) 
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Coefficients: 

Value Std. Error t value Pr I> It I I 
(Intercept) 1.8322 0.1815 10.0941 0.0000 

DB 4.5307 0.5896 7.6842 0.0000 
I(DB'2) -2.4907 0.4339 -5.7397 0.0000 

Residual standard error: 0.0895 on 57 degrees of freedom 
Multiple R-Squared: 0.8965 

F-statistic: 246.9 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN. FPM 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB 1 3.691641 3.691641 
I(DB'2) 1 0.263870 0.263870 

Residuals 57 0.456554 0.008010 

ESPESSURA = 1,143mm 

0---1 

0 
0 

0 ·. 0 

s 
0 

0 

3.6 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(F) 

460.8954 O.OOOOOOe+OOO 
32.9437 3.824069e-007 

8 

0 
0 

Q~ 

' 
; . .. I 

B 

s 

3.8 '·' 
Fitted: DB+ (08"2) 

lm(formu1a = LN.FPM- DB+ (DB'2), data 

na.action 

FPMAXRD.x.DENSBASE1143AA20.LN, 

= na.omit) 

Coefficients: 

(Intercept) DB I(DB~2) 

2.00582 5.185183 -3.008315 

Degrees of freedom: 60 total; 57 residual 
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Residual standard error: 0.08616713 

Call: lm(for.mula = LN.FPM- DB + {DB~2), data 

FPMAXRD.x.DENSBASE1143AA20.LN, na.action 
= na. omit) 

Coefficients: 
Value Std. Error t value Pr (>It I i 

(Intercept) 2.0058 0.1748 11.4775 0.0000 
DB 5.1852 0.5677 9.1340 0.0000 

I(DB'2) -3.0083 0.4178 -7.2005 0.0000 

Residual standard error: 0.08617 on 57 degrees of freedom 
Multiple R-Squared: 0.8996 

F-statistic: 255.2 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

1 3.405210 3.405210 

1 0.384950 0.384950 

Residuals 57 0.423212 0.007425 

DB 

I(DB'2) 

ESPESSURA = 1,524mm 

~ 

0 . 
0 

" 0 

' ' • . . 
" ·~ 

" 
9 -

0 -

'' 

to last} 

F Value 

458.6281 

51.8468 

4.0 

?r (F) 

O.OOOOOOe+OOO 
1.474275e-009 

4.2 4.4 

• i 

Frtte<:i: DB+ (08 .. 2) 

*** Linear Model *** 
Call: 

lm(forrnula = LN.FPM- DB+ (DBA2), data 

na.action 

= na.omi-.:) 

Coefficients: 

(Intercept i DB 

0.5260823 10.24328 

I(DB-"2) 

-6.488662 

FPMAXRD.x.DENSBASE1524AA20.LN, 
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Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.08826649 

Call: lm(formula = LN.FPM- DB+ (DBA2), data 

FPMAXRD.x.DENSBASE1524AA20.LN, na.action 

= na.omit) 

Coefficients: 

Value Std. Error t value Prl>l t I I 
(Intercept) 0. 5261 0.1790 2.9387 0.0048 

DB 10.2433 0.5815 17.6149 0.0000 

I(DB"'2) -6.4887 0.4280 -15.1614 0.0000 

Residual standard error: 0.08827 on 57 degrees of freedom 

Multiple R-Squared: 0.9452 

F-statistic: 491.7 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
1 5.871533 5.871533 DB 

I(DB'2) 1 1.790888 1.790888 

0.444085 0.007791 Residuals 57 

y= 30° 

ESPESSURA = 0,381mm 

*** Linear Model *** 

to last) 

F Value 

753.6328 

229.8670 

Pr(F) 

0 

0 

20 
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Call: 
lm(formula = FPM- DB+ (DBA2), data 
na.action = 

na. omit) 

Coefficients: 

(Intercept) DB I (DB'2) 
-16.68154 86.56364 -50.55718 

FPMAXRD.x.DENSBASE0381AA30, 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 1.433529 

333 

Call: lm(forrnula = FPM- DB+ (DBA2), data 
na. action = 

FPMAXRD.x.DENSBASE0381AA30, 

na. omit) 

Coefficients: 
Value Std. Error t value Pr I> It I) 

(Intercept) -16.6815 2.9074 -5.7376 0.0000 
DB 86.5636 9.4443 9.1657 0.0000 

I(DBA2) -50.5572 6.9507 -7.2737 0.0000 

Residual standard error: 1.434 on 57 degrees of freedom 
Multiple R-Squared: 0.8963 
F-statistic: 246.3 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 903.3693 903.3693 

I(DB'2) 1 108.7236 108.7236 
Residuals 57 117.1353 2.0550 

to last) 
F Value 

439.5947 
52.9067 

Pr (F) 
O.OOOOOOe+OOO 
1.ll2979e-009 



ESPESSURA = 0,762mm 

0 
0 

N 

0 

*** Linear Model *** 
Call: 

30 3.2 

Fitted: DB.,. (OBA2) 

' ' 

334 

lm(formula = LN.FPM- DB+ (DBA21, data 

na.action 

FPMAXRD.x.DENSBASE0762AA30.LN, 

= na.omit) 

Coefficients: 

I Intercept I DB 
0.7308077 7.365205 

I(DBA21 

-4.726228 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1136196 

Call: lm(formula = LN.FPM- DB+ (DB'21, data 
FPMAXRD.x.DENSBASE0762AA30.LN, na.action 

= na. omit) 

Coefficients: 

(Intercept) 

DB 
I(DBA21 

Value Std. Error t value 
0.7308 0.2304 3.1714 
7.3652 0.7485 

-4.7262 0.5509 

9.8394 

-8.5791 

Pr l>i t I I 
0.0024 

0.0000 

0.0000 

Residual standard error: 0.1136 on 57 degrees of freedom 
Multiple R-Squared: 0.8275 
F-statistic: 136.7 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 



to last) Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB 1 2.580394 2.580394 
I(DBA2) 1 0.950140 0.950140 

Residuals 57 0.735837 0.012909 

F Value Pr(F) 
199.8846 O.OOOOOOe+OOO 

73.6005 7.570167e-012 

ESPESSURA = 1,143mm 

0 c o_ 0 

" 
0 

~ 
~ 

9 -

,, 

*** Linear Model *** 
Call: 

3.< 3.5 3.6 

F1tted: DB+ (08~2) 

' ' 

3.8 

lm(formula = LN.FPM- DB+ (DB'2), data= 
FPMAXRD.x.DENSBASE1143AA30LN, na.action na.omit) 

Coefficients: 
(Intercept) DB 

0.9967653 7.840908 
I(DB'2) 

-5.174493 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.09499096 

Call: lm(formula = LN.FPM ~DB+ (DBA2) 1 data 

FPMAXRD.x.DENSBASEll43AA30LN, na.action na.omit) 

Coefficients: 
Value Std. Error t value Pr (>It I I 

(Intercept) 0.9968 0.1927 5.1738 0.0000 

DB 7.8409 0. 6258 12.5292 0.0000 
I(DB'2) -5.1745 0.4606 -11.2348 0.0000 

3.9 

Residual standard error: 0.09499 on 57 degrees of freedom 
Multiple R-Squared: 0.8565 
F-statistic: 170.1 on 2 and 57 degrees of freedom 1 the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 
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Terms added sequentially {first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 
DB l 1.931636 1.931636 214.0725 O.OOOOOOe+OOO 

IIDB'2) 1 1.138921 1.138921 126.2203 4.440892e-Ol6 
Residuals 57 0.514327 0.009023 

ESPESSURA = 1,524mm 

36 •o 

*** Linear Model *** 
Call: 
lm(formula = LN.FPM- DB+ (DBA2), data 
na.action 

FPMAXRD.x.DENSBASE1524AA30.LN, 

= na.omit) 

Coefficients: 
(Inte,cept) DB I(DBA2) 

1.459037 7.103381 -4.568923 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1378338 

Call: lm(formula = LN.FPM- DB+ (DB'2), data 
FPMAXRD.x.DENSBASE1524AA30.LN, na.action 

= na. omit) 

Coefficients: 

(Intercept) 

DB 
I (DB'2) 

Value Std. Error 

1.4590 0.2795 
7.1034 0.9081 

-4.5689 0.6683 

t value 
5.2193 
7.8225 

-6.8366 

Pr I> It I i 
0.0000 
0.0000 
0.0000 

Residual standard error: 0.1378 on 57 degrees of freedom 

Multiple R-Squared: 0.748 
F-statistic: 84.6 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 



Terms added sequentially (first 

Df Sum of Sq Mean Sq 
1 2.326474 2.326474 

l 0.887944 0.887944 
DB 

I(DBA2) 

Residuals 57 1.082895 0.018998 

to last) 

FValue Pr(F) 

122.4579 1.000000e-015 
46.7385 5.954024e-009 
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• FOR(:A x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

Call: 

N 

0 

2.5 3.0 3 5 

e 

<55 

.,, 
40 

Fitted: 08 • E + AA + (DB"2) + (E'<2) + (AA"2) 

*** Linear Model *** 

., 
45 

lrn(formula = LN.FPM- DB+ E + AA + (DBA2) + (E'2) + (AA'2), data 

FP~AXRD.x .. DENSBAS ... ESP ... AA .. LN, na.action na.ornit) 

Coefficients: 

(Intercept) DB E AA I(DBA2) I(E'2) I(AA'2) 

0.5722896 5.203225 2.295309 -0.5377018 -3.018826 -0.6318474 -1.300398 

Degrees of freedom: 720 total; 713 residual 

Residual standard error: 0.1149408 

Call: lm(formula = LN.FPM- DB+ E + AA + (DBA2) + {EA2) + (AAA2), data 

FPMAXRD.x .. DENSBAS ... ESP ... AA .. LN, na.action = na.ornit) 

Coefficients: 
Value Std. Error t value Pr 1>1 t I) 

(Intercept) 0. 5723 0.0781 7.3234 0.0000 

DB 5.2032 0.2186 23.8027 0.0000 

E 2.2953 0. 0571 40.1928 0.0000 

A.A. -0.5377 0. 2104 -2.5554 0.0108 

I(DBA2) -3.0188 0.1609 -18.7644 0.0000 

I (E'2) -0.6318 0.0295 -21.4119 0.0000 

I(AAA2) -1.3004 0.2983 -4.3593 0.0000 

Residual standard error: 0.1149 on 713 degrees of freedom 

Multiple R-Squared: 0.962 
F-statistic: 3007 on 6 and 713 degrees of freedom, the p-value is 0 



Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially {first to last) 
Df Sum of Sq Mean Sq F Value 

DB 1 41.1430 41.1430 3114.21 
E l 155.6865 155.6865 11784.27 

AA 1 30.5536 30.5536 2312.68 
I(DB 0 2) l 4.6517 4.6517 352.10 
I(E'2) 1 6.0570 6.0570 458.47 

I(AA'2) 1 0.2511 0.2511 19.00 
Residuals 713 9.4197 0.0132 

FOR(:A PARALELA MAxiMA 

CORTE 90"-90" RADIAL 

• FOR(:A x ESPESSURA DE CORTE 

y= 20° 

CITRIODORA 

$':- 8 

80 

*** Linear Model *** 
Call: 

,00 ,20 
'" 

F1tted: E + (E~2) 

Pr (F) 

0.00000000000 

0.00000000000 

0.00000000000 

0.00000000000 

0.00000000000 

0.00001496837 

'" ,80 200 

lm(-forroula = FPY.:.AX ~ E + (E"2), data CFPMAX90.90RDAA20xESP, na.action 

na.ornit) 

Coefficients: 
(Intercept) E I(EA2) 

-3.444156 210.2786 -46.37347 

Degrees of freedom: 80 total; 77 residua: 
Residual standard error: 7.854351 
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Call: lm(formula 
na.omit) 

FPMAX- E + (EA2), data CFP~~90.90RDAA20xESP, na.action 

Coefficients: 

(Intercept) 

E 

I(EA2) 

Value 
-3.4442 

210.2786 
-46.3735 

Std. Error 
4.8893 

11.7071 
6.0494 

t value 
-0.7044 

17.9616 
-7.6657 

Pr (>it I) 

0.4833 
0.0000 
0.0000 

Residual standard error: 7.854 on 77 degrees of freedom 
Multiple R-Squared: 0.9788 

F-statistic: 1779 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPMAX 

Tenns added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr(F) 

E 1 215835.2 215835.2 3498.659 O.OOOOOOe+OOO 
I IEA2) 1 3625.2 3625.2 58.764 4. 466039e-Oll 

Residuals 77 4750.2 61.7 

SALIGNA 

' " "-
"'--i 

' o-
g 

I g 
~~ 

" 
~_, ~8 

~ 

":-' 

., 
40 60 so 100 120 140 

Fitted E 

*** Linear Model 
Call: 

lm(formula = FPV~ - E, data SFPMAX90.90RDA~OxESP, na.action na.omit) 

Coefficients: 
(Intercept) E 

7.478081 87.45958 

Degrees of freedom: 80 total; 78 residual 
Residual standard error: 5.115977 

Call: lm(formula = FPMAX - E, data SFPMAX90.90RDAA20xESP, na.action 

Coefficients: 
Value s 

(Intercept) 7.4781 
E 87.4596 

d. Error 

.4011 

.3428 

t value 

5.3374 
65.1334 

Pr (>I ti) 

0.0000 
0.0000 

na.omit) 
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Residual standard error: 5.116 on 78 degrees of freedom 

Multiple R-Squared: 0.9819 

F-statistic: 4242 on 1 and 78 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 111036.2 111036.2 4242.36 0 

Residuals 78 2041.5 26.2 

GRANDIS 

,, 3.6 

*** Linear Model *** 
Call: 

,, 

3 
8 
8 

lrn(formula = LNFPK~- E + (EA2) + (EA3), data 

na.action = na.omit) 

GFPMAX90.90RDAA20xESP.LN, 

Coefficients: 
(Intercept) E I(EA2) I(EA3) 

2.314963 3.075196 -1.707905 0.416711 

Degrees of freedom: 80 total; 76 residual 

Residual standard error: 0.07087068 

Call: lm(formula = LNFPMAX- E + (EA2) + (EA3), data 

na.actlon = na.omit) 

Coefficients: 
Value Std. Error t value Pr(>ltl) 

(Intercept) 2.3150 0.1316 17.5860 0.0000 

E J_0752 0. 5284 5.8198 0.0000 
I(EA2) -1.7079 0.6127 -2.7874 0.0067 

I (E'3) 0- 4167 0. 2136 1. 9512 0.0547 

GFPMAX90.90RDAA20xESP.LN, 

Residual standard error: 0.07087 on 76 degrees of freedom 

Multiple R-Squared: 0.9785 

F-statistic: 1155 on 3 and 76 degrees of freedom, the p-value is 0 
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Analysis of Variance Table 

Response: LNFPMAX 

Terms added sequ_entially (first to last) 
Df Sum of Sq Mean Sq F Value Pr(F) 

E 1 16.92635 16.92635 3370.000 0.00000000 
I(E-"2) 1 0.45085 0.45085 89.7 63 0.00000000 
I (E'3) 1 0.01912 0.01912 3.807 0. 05472281 

Residuals 76 0.38172 0.00502 

y=30° 

CITRIODORA 

'68 : 

! 
' 

60 ao "" "' 160 180 

*** Linear Model *** 
Call: 

lm(formula = FPMAX - E, data CFPMAX90.90RDAA30xESP, na.action 

Coefficients: 

(Intercept) E 
4.364315 122.9591 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 5.159833 

na.omit) 

Call: lm(formula = FPMAX - E, data CFPMAX90.90RDAA30xESP, na.action na.omit) 

Coefficients: 

(Intercept) 

E 

Value 

4.3643 

122.9591 

Std. Error 

1. 4131 
1.3543 

t value 

3.0885 

90.7925 

Pr (>It I) 

0. 0028 

0.0000 

Residual standard error: 5.16 on 78 degrees of freedom 

Multiple R-Squared: 0.9906 

F-statistic: 8243 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPY.:AX 
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Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 219468.2 219468.2 
Residuals 78 2076.7 26.6 

SALIGNA 

0 

0 

~ 
0 

" • 1l 
"'_j 
0 

" 
~ 

~~ 

0 

0 

'' 3.3 

*** Linear Model *** 
Call: 

to last) 

F Value 
8243.285 

o.o 

Pr(F) 

0 

., 

"' 
0.2 

F•tted: E + (E"2) + (E"3) 

" 

' ! 

1 

' ' ' 

<.4 ,, 
'" 

lm(formula = LNFPMAX ~ E + (EA2) + (EA3), data 

na.action = na.omit) 
SFPMAX90.90RU~30xESP.LN, 

Coefficients: 
(Intercept) E I (EA2) I (EA3) 

2.189258 4.702615 -3.729928 1.158174 

Degrees of freedom: 80 total; 76 residual 

Residual standard error: 0.05817462 

Call: lrn(formula = LNFPMAX- E + (EA2) + (EA3), data 

na.action = na.omit) 

Coefficients: 

Value Std. Error t value Prl>ltl I 

(Intercept) 2.1893 0.1081 20.2607 0.0000 
E 4.7026 0.4337 10.8420 0.0000 

I (EA2) -3.7299 0.5029 -7.4161 0.0000 
I(EA3) 1.1582 0.1753 6. 60 64 0.0000 

SFPMAX90.90RDAA30xESP.LN, 

Residual standard error: 0.05817 on 76 degrees of freedom 

Multiple R-Squared: 0.9858 
F-Statistic: 1755 on 3 and 76 degrees of freedom, the p-value is 0 

JL~alysis of Variance Table 

Response: LNFPMAX 
Terms added sequentially (first 

E 

I (E"2) 

I (E'3) 

Df Sum of Sq Mean Sq 

17.37447 17.37447 
0.29800 0.29800 1 

1 0.14771 0.14771 

Residuals 76 0.25721 0.00338 

to last) 

F Value Pr(F) 
5133.864 O.OOOOOOe+OOO 

88.053 2.500000e-014 
43.645 4.795272e-009 
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*** Linear Model *~* 

Call: 

lm{formula = LNFPMAX - E + (EA2) + (EA3), data 
na.actlon = na.omit) 

GFPMAX90.90RDAA30xESP.LN, 

Coefficients: 
{Intercept) E I {E"2) I (EA3) 

2.009566 3.267094 -1.81482 0.4030578 

Degrees of freedom; 80 total; 76 residual 
Residual standard error: 0.05771457 

Call: lm(forrnula = LNFPMAX- E + (E"2) + (EA3), data 
na.action = na.omit) 

Coefficients: 
Value Std. Error t value Pri>ltl) 

(Intercept) 2. 0096 0.1072 18.7459 0.0000 

E 3.2671 0.4303 7.5924 0.0000 
I{E'2) -1.8148 0.4990 -3.6371 0.0005 

I {E'3) 0.4031 0.1739 2. 3174 0.0232 

GFPMAX90.90RDAA30xESP.LN, 

Residual standard error: 0.05771 on 76 degrees of freedom 
Multiple R-Squared: 0.9845 
F-statistic: 1608 on 3 and 76 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFP~~ 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

1 15.30559 15.30559 
l 0.74118 0.74118 

E 

I {E'2) 

I IE'3) 1 

Residuals 76 

0.01789 

0.25315 

0.01789 

0.00333 

to last) 

F Value 
4594.932 
222.512 

5.371 

Pr(F) 

0.00000000 
0.00000000 
0. 02317391 
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*** Linear Model *** 
Call: 

lm(forrnula = FPMAX - E, data CFPMAX90.90RDAA40xESP, na.action 

Coefficients: 

(Intercept) E 
6.287731 103.7477 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 5.662609 

na.omit) 

Call: lm(formula = FPMAX - E, data CFPMAX90.90RDAA40xESP, na.action na.omit) 

Coefficients: 

(Intercept) 

E 

Value 

6. 2877 
103.7477 

Std. Error 
l. 5508 
1. 4862 

t value Pr(>ltl) 

4.0546 0.0001 
69.8051 0.0000 

Residual standard error: 5.663 on 78 degrees of freedom 

Multiple R-Squared: 0.9842 

F-statistic: 4873 on 1 and 78 degrees of freedom, the p-value is 0 

A-~alysis of Variance Table 

Response: FPY1AX 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

E 1 156245.4 156245.4 4872.75 0 
Residuals 78 2501.1 32.1 
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F1tted E + (P2) + (E~3) 

*** Linear Model *** 
Call: 

lm(formula = LNFPMAX- E + {E"2) + (E"3), data 
na.action = na.owit) 

SFPVAX90.90RDAA40xESP.LN, 

Coefficients: 

(Intercept) E I(E'2) I(E'3) 

1.969103 4.681628 -3.401714 0.9363646 

Degrees of freedom: 80 total; 76 residual 

Residual standard error: 0.0740497 

Call: lm(formula = LNFPMAX- E + (EA2) + (E"3), data 
na.action = na.ornit) 

Coefficients: 
Value Std. Error t value Pr I> It I) 

{Intercept) 1.9691 0.1375 14.3165 0.0000 

"' 
4. 6816 0.5521 8.4796 0.0000 

I (E"2) -3. 4017 0.6402 -5.3135 0.0000 
I (EA3) 0. 93 64 0.2232 4.1961 0.0001 

SFPMAX90.90RDAA40xESP.LN, 

Residual standard error: 0.07405 on 76 degrees of freedom 
Multiple R-S~~ared: 0.9751 
F-statistic: 993.5 on 3 and 76 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMAX 

Terrr.s added sequentially (first to last) 

Df Su.."'Tt of Sq Mean Sq F Value Pr( 

E l 15.35753 15.35753 2800.752 0.000000000 0 
(E"2) 1 0.88864 0.88864 162.061 0.000000000 0 

(E'"'3) 0.09655 0.09655 17.607 0. 000072880 4 

Res duals 76 0.41674 0.00548 
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*** Linear Model *** 
Call: 

3.0 3.2 3.8 <.0 

lm(formula = LNFP¥~ ~ E + {EA2), data 

na. orni t) 
GFPMAX90.90RDAA40xESP.LN, na.action 

Coefficients: 

{Intercept) E 
2.105917 2.201527 

I(EA2) 

-0.5997894 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.0904615 

Call: lm(formula = LNFPMAX- E + (EA2}, da~a 

na.action = 
GFPMAX90.90RDAA40xESP.LN, 

na. omit) 

Coefficients: 

Value Std. Error t value Pr(>ltll 
(Intercept) 2.1059 0.0563 37.3974 0.0000 

E 2.2015 0.1348 16.3275 0.0000 
I(EA2) -0.5998 0.0697 -8. 6085 0.0000 

Residual standard error: 0.09046 on 77 degrees of freedom 

MulLiple R-Squared: 0.964 

F-s~atistic: 1032 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMAX 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
b 1 16.27732 16.27732 

I(EA2) l 0.60644 0.60644 

Residuals 77 0. 63011 0. 00818 

to last) 

F Value 
1989.094 

74.107 

Pr(F) 

O.OOOOOe+OOO 

6.82121e-Ol3 
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Fitted: DB+ (06":2) 

*** Linear Model *** 
Call: 
lm(formula = LNFPMAX- DB+ {DBA2), data 

na.action = na.omit) 

Coefficients: 

(Intercept) DB 
1.800413 4.331324 

I(DB'2) 

-1.821732 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.0884187 

FPMAX90.90RDESP0381AA20xDENS.LN, 
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Call: lm(formula = LNFPMAX- DB+ {DBA2), data 
na.action = na.omit) 

FPYJ\X90.90RDESP0381AA20xDENS.LN, 

Coefficients: 
Value Std. E.:Tor t value Pr (>It I) 

(Intercept) 1. 8004 0.1793 10.0398 0.0000 

DB 4.3313 0.5825 7.4356 0.0000 

I(DB'2) -1.8217 0.4287 -4.2493 0.0001 

Residual standard error: 0.08842 on 57 degrees of freedom 
Multiple R-Squared: 0.956 
F-statistic: 619.5 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Vari~~ce Table 

Response: LNFPMAX 

Terrns added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB l 9.544602 9.544602 1220.870 0.00000000000 

= (DB'2 I l 0.141165 0.141165 18.057 0.00008026029 

Residuals 57 0.445618 0.007818 
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f'1tled- DB+ (08"2) 

*** Linear Model *** 
Call: 
lm(formula = LNFPMAX- DB+ {DBA2), data 

na.action = na.omit) 

Coefficients: 

(Intercept) DB 
2.08662 5.379761 

I(DB"2) 

-2.564098 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.06865231 

FPMAX90.90RDESP0762AA20xDENS.LN, 
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Call: lm(formula = LNFPMAX- DB+ (DBA2), data 
na.action = na.oroit) 

FPMAX90.90RDESP0762AA20xDENS.LN, 

Coefficients: 

Value Std. Error t value Pr(>Jtl) 

(Intercept) 2.0866 0.1392 14.9860 0.0000 

DB 5. 3798 0.4523 11.8945 0.0000 
I (DB'2) -2.5641 0.3329 -7.7030 0.0000 

Residual standard error: 0.06865 on 57 degrees of freedom 

Multiple R-Squared: 0.9745 

F-statistic: 1091 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPK~ 

Terrns added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB 1 9.999834 9.999834 2121.693 O.OOOOOOe+OOO 

I(DB'2) 1 0.279658 0.279658 59.336 2.143281e-010 

Residuals 57 0.268649 0.004713 
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*** Linear Model *** 
Call: 
lm(formula = FPMAX- DB+ (DBA2), data 

= na.omit) 
FPMAX90.90RDESP1143AA20xDENS, na.action 

Coefficients: 

(Intercept) DB 
-70.46397 397.3966 

I(DBA2) 
-140.451 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 5.273392 

Call: lm(formula = FP~~- DB+ (DBA2), data 
na.action 

= na.ornit) 

Coefficients: 

(Intercept) 

DB 

Value 
-70.4640 
397.3966 

I(DBA2) -140.4510 

Std. Error 

10.6953 
34.7418 
25.5688 

t value 

-6.5883 
11.4386 
-5.4931 

FPMAX90.90RDESP1143AA20xDENS, 

Pr (>It I) 

0.0000 
0.0000 
0.0000 

Residual star.dard error: 5.273 on 57 degrees of freedom 
Multiple R-Squared: 0.9868 

F-statistic: 2133 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variar.ce Table 

Response: FP¥AX 

Terms added sequentially (first 

Df Swu of Sq Mean Sq 
1 117808.6 117808.6 
1 839.1 839.1 

Residuals 57 1585.1 27.8 

to last) 

F Value 
4236.399 

30.174 

Pr(F) 

O.OOOOOOe+OOO 
9.57l221e-007 
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F1tted DB + (08"2) 

*** Linear Model *** 
Call: 

1m(formu1a ~ LNFPMAX- DB+ (DB'2), data 

na.action = na.ornit) 

Coefficients: 
(Intercept) DB I(DBA2) 

2.763715 5.462922 -2.889831 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.05334212 

FPMAX90.90RDESP1524AA20xDENS.LN, 
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Call: lm(formula = LNFPMAX- DB+ (DBA2), data 
na.action = na.oroit) 

FP~~90.90RDESP1524AA20xDENS.LN, 

Coefficients: 
Value Std. Error t value Pr(>lti) 

(Intercept) 2.7637 0.1082 25.5459 0.0000 
DB 5. 4 62 9 0.3514 15.5451 0.0000 

I (DB'2) -2.8898 0.2586 -11.1733 0.0000 

Residual standard error: 0.05334 on 57 degrees of freedom 
Multiple R-Squared: 0.9772 

F-statistic: 1223 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Vari~rce Table 

Response: LNFPMAX 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 6.606950 6.606950 

I (DBA2) 1 

Residuals 57 

0.355224 0.355224 
0.162187 0.002845 

to last) 

F Value Pr(F) 

2321.991 O.OOOOOOe+OOO 
124.842 5.551115e-016 
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F1tted DB+ (DB~2l 

*** Linear Model *** 
Call: 
lm(formula = LNFPMAX- DB+ {DBA2), data 

na.action = na.orr~t) 

Coefficients: 

{Intercept) DB I(DBA2) 
0.9627579 6.474577 -3.526286 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.06937411 

FPMAX90.90RDESP0381AA30xDENS.LN, 
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Call: lm(formula = LNFPMAX- DB+ (DBA2), data 

na.action = na.omit) 
FPMAX90.90RDESP0381AA30xDENS.LN, 

Coefficients: 

Value Std. Error t value Prl>ltl I 
(Intercept) 0. 9628 0.1407 6.8425 0.0000 

DB 6.4746 0.4570 14.1661 0.0000 

I(DB'2) -3.5263 0. 33 64 -10.4833 0.0000 

Residual standard error: 0.06937 on 57 degrees of freedom 

Multiple R-Squared: 0.9687 

F-statistic: 880.9 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMAX 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 7.949755 7.949755 
I(DB'2) 1 0.528924 0.528924 

Residuals 57 0.274328 0.0048l3 

to last) 

F Value 

1651.806 

109.900 

Pr(FI 
O.OOOOOOe+OOO 
6. 439294e-Ol5 
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*** Linear Model *** 
Call: 

lm(formula = LNFPMAX- DB+ (DBA2), data 
na.ac~ion = na.omit) 

Coefficients: 
(Intercept) DB I(DBA2) 

1.586583 6.375907 -3.373008 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.0628826 

FPMAX90.90RDESP0762AA30xDENS.LN, 
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Call: lrn(formula = LNFPMAX- DB+ (DBA2), data 
na.action = na.oroit) 

FPV~90.90RDESP0762AA30xDENS.LN, 

Coefficients: 
Value Std. Error t value Pr(>ltl l 

{Intercept) 1.5866 0.1275 12.4403 0.0000 

DB 6.3759 0.4143 15.3904 0.0000 

I{DB'"'2) -3.3730 0.3049 -11.0628 0.0000 

Residual standard error: 0.06288 on 57 degrees of freedom 

Multiple R-Squared: 0.9768 
F-statistic: 1199 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Vari~~ce Table 

Response: LNFPV~ 

Terms added se~~entially (first 
Df Sum of Sq Mean Sq 

DB l 8.996925 8.996925 

I(DBA2) 1 0.483941 0.483941 
Residuals 57 0.225391 0.003954 

to last) 
F Value Pr (F) 

2275.271 O.OOOOOOe+OOO 

122.386 7.77156le-016 
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*** Linear Model *** 
Call: 

80 '" 
F•tted: DB 

120 

'" 

lm(formula = FPMAX - DB, data 
na.omit) 

FPMAX90.90RDESP1143AA30xDENS, na.action 

Coefficients: 

(Intercept) DB 
-15.90309 172.3656 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 4.946427 

Call: lm(forrnula = FPMkX - DB, data 
na.omi t) 

FPMAX90.90RDESP1143AA30xDENS, na.action 

Coefficients: 
Value Std. Error t value 

-7.9845 
57.6790 

Pr (>It I) 

0.0000 
0.0000 

(Intercept) 

DB 

-15.9031 1.9917 

172.3656 2.9884 

Residual standard error: 4.946 on 58 degrees of freedom 

Multiple R-Squared: 0.9829 
F-statistic: 3327 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPYJAX 

Terrns added sequentially (first 
Df Sum of Sq Mean Sq 

DB l 81399.05 81399.05 

Residuals 58 1419.09 24.47 

to last) 

F Value Pr(F) 
3326.872 0 
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Fitted DB+ (08~2) 

*** Linear Model *** 
Call: 
lm(formula = FPMAX- DB+ (DBA2), data 

= na.ornit) 
FPMAX90.90RDESP1524AA30xDENS, na.action 

Coefficients: 
(Intercept) DB I(DBA2) 

-127.5358 579.6522 -251.0656 

Degrees of freedom: 60 totali 57 residual 

Residual standard error: 5.378444 

Call: lm(formula = FPMAX- DB+ {DBA2), data 
na.action 

= na.ornit) 

Coefficients: 
Value 

{Intercept) -127.5358 

DB 579.6522 

I(DB'2) -251.0656 

Std. Error 

10.9083 

35.4339 
26.0782 

t value 

-11.6916 

16.3587 
-9.6274 

FPMAX90.90RDESP1524AA30xDENS, 

Pr (>It I I 
0.0000 

0.0000 
0.0000 

Residual standard error: 5.378 on 57 degrees of freedom 

Multiple R-Squared: 0.9898 
F-statistic: 2773 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPMAX 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr{F) 

DB L 157750.0 157750.0 5453.258 O.OOOOOOe+OOO 

I(DB"'2) 1 2681.2 2 681.2 92.687 L 484368e-Ol3 

Residuals 57 1648.9 28.9 
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*** Linear Model *** 
Call: 
lrn{formula = LNFPMAX- DB+ (DBA2), data 

na.action = na.oroit) 

Coefficients: 
(Intercept) DB I(DBA2) 

1.105824 5.381059 ~2.648455 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.07735745 

FPMAX90.90RDESP0381AA40xDENS.LN, 
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Call: lm(formula = LNFPMAX- DB+ (DBA2), data 
na.action = na.omit) 

FPMAX90.90RDESP0381AA40xDENS.LN, 

Coefficients: 
Value Std. Error t value Pr (>I tl I 

{Intercept) 1.1058 0.1569 7.0483 0.0000 

DB 5.3811 0.5096 10.5585 0.0000 

I(DBA2) -2.6485 0.3751 -7.0611 0.0000 

Residual standard error: 0.07736 on 57 degrees of freedom 

Multiple R-Sq~ared: 0.9641 
F-statistic: 764.7 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMAX 

Terms added sequentially (first to last) 

Df Su.'Tl of Sq Mean Sq F Value Pr(F) 

DB 1 8.853454 8.853454 1479.478 O.OOOOOOe+OOO 

I(DB'"'2) 1 0.298362 0.298362 49.859 2.517403e-009 

Residuals 57 0.341098 0.005984 
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Fitted:OS+(DB"l) 

*** Linear Model *** 
Call: 

lm(formula ~ FPMAX- DB+ (DB'2), data 
= na.omit) 

FPMAX90.90RDESP0762AA40xDENS, na.action 

Coefficients: 

(Intercept) DB I(DBA2) 
-48,02052 233.0562 -95.08903 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 4.14009 

Call: lm{formula = FPMAX- DB+ {DB'"'2), data 

na.ac1:ion 
= na.omit) 

Coefficients: 

(Intercept) 

DB 

I (DB'"'2) 

Value 

-48.0205 

233.0562 

-95.0890 

Std. Error 
8.3968 

27.2755 

20.0739 

t value 
-5.7189 

8.5445 

-4.7370 

FPMAX90.90RDESP0762AA40xDENS, 

Pr {>! t I) 

0. 00 00 

0.0000 

0.0000 

Residual standard error: 4.14 on 57 degrees of freedom 

Multiple R-Squared: 0.9687 

F-statistic: 882.3 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPMAX 

Terms added sequentially (first to last} 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB 1 29860.78 29860.78 1742.134 0.00000000000 

I(DB'2) 1 384.61 384.61 22.439 0.00001482695 

Residuals 57 977.00 l7 .14 



ESPESSURA = 1,143mm 

80 ""' 
FEtted 08 

*** Linear Model *** 
Call: 

lm(formula = FPMAX - DB, data 
na.omit) 

FPMAX90.90RDESP1143AA40xDENS, na.action 

Coefficients: 

{Intercept) DB 
-15.57768 153.3346 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 5.374685 

Call: lrn(formula = FPMAX - DB, data 
na. orni t) 

FPMAX90.90RDESP1143AA40xDENS, na.action 

Coefficients: 
Value Std. Error t value 

-7.1979 

47.2222 

Pr I> It I) 
0.0000 
0.0000 

(Intercept) 

DB 
-15.5777 2.1642 
153.3346 3.2471 

Residual standard error: 5.375 on 58 degrees of freedom 

Multiple R-Squared: 0.9746 
F-statistic: 2230 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Vari~~ce Table 

Response: FPMAX 

Terms added sequ_entially (first to last) 

Df Sum of Sq Mean Sq F Value Pr{F) 

DB 1 64416.67 64416.67 2229.935 0 

Residuals 58 1675.46 28.89 
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*** Linear Model *** 
Call: 

lm(formula = LNFPMAX- DB+ (DBA2), data 
na.acLion = na.omit) 

Coefficients: 

(Intercept) DB 
2.352771 5.172985 

I(DBA2) 
-2.378963 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.06735351 

FPMAX90.90RDESP1524AA40xDENS.LN, 
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Call: lm(formula = LNFPMAX- DB+ (DBA2), data 

na.action = na.omit) 
FP~AX90.90RDESP1524AA40xDENS.LN, 

Coefficients: 
Value Std. Error t value Pr(>ltl) 

(Intercept) 2.3528 0.1366 17.2233 0.0000 
DB 5.1730 0.4437 ll. 6579 0.0000 

I (DBA2 I -2.3790 0.3266 -7.2846 0.0000 

Residual standard error: 0.06735 on 57 degrees of freedom 
Multiple R-Squared: 0.9764 

F-statistic: 1180 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMAX 

Terms added sequentially (first 
Df s~~ of Sq Mean Sq 

DB 1 10.46273 10.46273 
I(DBA2) 1 0.24073 0.24073 

Residuals 57 0.25858 0.00454 

to last) 

F Value 
2306.345 

Pr(F) 

O.OOOOOOe+OOO 
53.066 1.067313e-009 
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• FORCA x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

"523 

N 

9-----~--------------,---------------------~ 
3.0 3.5 4.0 4.5 5.0 5.5 

F;tted _ DB+ AA + E + (09h2J + (AA"2) + (E"2) 

*** Linear Model *** 
Call: 

lm(formula = LNFPMAX- DB+ AA + E + (DBA2) + (AA~2) + (EA2), data 
FPMAX90.90RDxDENSAAESP.LN, na.action = na.omit) 

Coefficients: 

(Intercept) DB M E I(DB'2) I(M'2) I(E'2) 

1.225303 5.821322 -2.1796 2.260395 -2.951185 1.029287 -0.6277487 

Degrees of freedom: 720 total; 713 residual 

Residual standard error: 0.07529144 

Call: lm{formula = LNFPMAX ~ DB+ AA + E + {DBA2) + (AAA2) + (EA2), data 

FPMAX90.90RDxDENSAAESP.LN, na.action = na.orrdt) 

Coefficients: 

Value Std. Error t value Pr (>It I) 

(Intercept) 1.2253 0. 0 68 9 17.7859 0.0000 

DB 5. 8213 0.1432 40.6541 0.0000 

M -2.1796 0. 2 OS 6 -10.6027 0.0000 

E 2.2604 0.0374 60.4255 0.0000 

I(DBA2) -2.9512 0.1054 -28.0040 0.0000 

I(MA2) l. 0293 0.1954 5.2675 0.0000 

I (E'"'2) -0.6277 0.0193 -32.4755 0.0000 

Residual standard error: 0.07529 on 713 degrees of freedom 

Multiple R-Squared: 0.9861 
F-statistic: 8417 on 6 and 713 degrees of freedom, ~he p-value is 0 

Analysis of Variance Table 

Response: LNFPMAX 



Terms added sequentially (first to last) 

Df Su..l'U of Sq Mean Sq F Value Pr (F) 

DB 1 109.8966 109.8966 19386.22 O.OOOOOOe+OOO 
AA 1 17.7480 17.7480 3130.82 O.OOOOOOe+OOO 

E l 148.0511 148.0511 26116.82 O.OOOOOOe+OOO 
I(DB'2) 1 4.4456 4.4456 784.23 O.OOOOOOe+OOO 
I(AA'2) 1 0.1573 0.1573 27.75 1.83327le-007 
I(E'2) 1 5.9787 5.9787 1054.66 O.OOOOOOe+OOO 

Residuals 713 4.0419 0.0057 

FORCA PARALELA MAxiMA 

CORTE 90"-90" TANGENCIAL 

• FORCA x ESPESSURA DE CORTE 

y= 20° 

CITRIODORA 

*** Linear Model *** 
Call: 

100 150 

F1tte<j E + (E~2) 

200 

9'3 ' 

lm(formula = FPM- E + (EA2), data 
na.omit) 

C90.90TGAA20FPMAX, na.action 

Coefficients: 
(Intercept) E I(EA2) 

-10.84441 202.1292 -31.28262 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 14.5745 

Call: lm(formula = FPM- E + (EA2), data 
na.omit) 

C90.90TGAA20FPMAX, na.action 
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Coefficients: 

Value Std. Error t value Pr (>It I) 

(Intercept) -10.8444 9. 0726 -1.1953 0.2356 

E 202.1292 21.7237 9.3046 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-Squared: 0.9477 

F-statistic: 698.1 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

E 1 294915.9 294915.9 1388.388 0.000000000 

I(E'2) 1 1649.7 1649.7 7.766 0.006700522 

Residuals 77 16356.0 212.4 

SALIGNA 

: 

0 ' 
0~ 

90! 

Fitted ;;: + (E"2) 

*** Linear Model *** 
Call: 
1m( formula = LN.FPM ~ E + (E"2), data 

na.omit) 

S90.90TGAA20FPMAX.LN, na.action 

Coefficients: 

(Intercept] E 
2.735533 2.13214 

IIE'21 
-0.5050463 

Degrees of freedom: 79 total; 76 residual 

Residual standard error: 0.2302873 

Call: lm(formula = LN.FPM- E + (E"2), data 

na.action = na.omit) 

Coefficients: 

S90.90TGAA20FPMAX.LN, 
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(Intercept) 

E 

I (E'2) 

Value 
2.7355 

2.1321 

-0.5050 

Std. Error 

0.1458 

0.3466 

0.1785 

t value Prl>ltl) 

18.7635 0.0000 

6.1518 

-2.8289 

0.0000 

0.0060 

Residual standard error: 0.2303 on 76 degrees of freedom 

Multiple R-Squared: 0.8305 

F-sta-tistic: 186.2 on 2 and 76 degrees of freedom, the p-value is 0 

~~alysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

E 1 19.32005 19.32005 364.3076 0.000000000 

I(E"'2) 1 0.42441 0.42441 8.0029 0.005969348 

Residuals 76 4.03045 0.05303 

GRANDIS 

' ,----------------------------------------c 
0 

3.2 38 3.8 '·' 
F1tted E + (E~2) 

*** Linear Model *** 
Call: 

362 

1m(formula = LN.FPM- E + (E'2), data 

na.omit) 

G90.90TGAA20FPMAX.LN, na.action = 

Coefficients: 

I Intercept I E 

2.432042 1.944573 

I (E'2) 

-0.4539058 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1198608 

Call: lm(forrnula = LN.FPM- E + (EA2), data 

na.action = na.omit) 

Coefficients: 

G90.90TGAA20FPMAX.LN, 

Value Std. Error t value Pr(>ltli 



I Intercept) 

E 

I(E'2) 

2.4320 

1. 9446 

-0.4539 

0.0746 

0.1787 

0. 0923 

32.5955 

10.8845 

-4.9168 

0.0000 

0.0000 

0.0000 

Residual standard error: 0.1199 on 77 degrees of freedom 
Multiple R-Squared: 0.9398 

F-statistic: 601.2 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 

Df 
E 1 

I(E"'2) 1 

Residuals 77 

y= 30° 

CITRIODORA 

Sum of Sq 
16.92790 

0.34731 

1.10623 

N 

0 

N 

Mean Sq 

16.92790 

0.34731 

0. 01437 

to last) 

F Value Pr {F) 

1178.282 O.OOOOOOe+OOO 

24.175 4.860154e-006 

0 L-----------------~~·-·-------------,----,C 
J_8 4.0 4.2 '' 4.6 48 5.0 5.2 

Fitted: E .. (E"2J 

*** Linear Model *** 
Call: 
lm(formula ~ LN.FPM- E + (E"'2), data 

na.omit) 

C90.90TGAA30FPMAX.LN, na.action 

Coefficients: 
(Intercept) E I (EA2) 

2.892238 2.691264 -0.7804137 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1098308 

Call: lm(formula = LN.FPM- E + (E'2), data= C90.90TGAA30FPMAX.LN, 

na.action = na.omit) 

Coefficients: 
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(Intercept) 

E 

I(E'2) 

Value 

2. 8 922 

2. 6913 
-0.7804 

Std. Error 

0.0684 

0.1637 
0.0846 

t value Prl>ltl I 
42.3033 0.0000 

16.4396 
-9.2256 

0.0000 

0.0000 

Residual standard error: 0.1098 on 77 degrees of freedom 

Multiple R-Squared: 0.9596 

F-statistic: 915.6 on 2 and 77 degrees of freedom, the p-value is 0 

&~alysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 21.06291 21.06291 

I(E"2) 1 1.02669 1.02669 
0.92884 0.01206 Residuals 77 

SALIGNA 

0 

0 

9'""' 

35 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(F) 
1746.103 O.OOOOOOe+OOO 

85.112 4.407585e-Ol4 

a 

' 8 
j e 
s 8 

" 

" 

<.0 •. 5 

Fttted _ E + (E"2) 

~ 
-·~ 
8 
' 

0' 

lm(formula = LK.FPM- E + (E"2), data 

na. omit) 

S90.90TGAA30FPMAX.LN, na.action 

Coefficients: 

I Intercept) E 
2.171114 3.152671 

I (EA2) 

-0.9370722 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 0.2281051 

Call: lm(forrnula = LN.FPM- E + (E"2), data 
na.action = na.omit) 

Coefficients: 

S90.90TGAA30FPMAX.LN, 

Value Std. Error t value Pr(>itl) 
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(Intercept) 2.1711 
E 3.1527 

I (E'2) -0.9371 

0.1420 
0.3400 
0.1757 

15.2901 
9.2726 

-5.3338 

0.0000 
0.0000 
0.0000 

Residual standard error: 0.2281 on 77 degrees of freedom 
Multiple R-Squared: 0.8772 

F-statistic: 275.1 on 2 and 77 degrees of freedom, the p-va1ue is 0 

.~alysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value 

E 1 27.14786 27.14786 521.7537 
I(E'2) 1 1.48025 1.48025 28.4489 

Residuals 77 4.00646 0.05203 

GRAND IS 

; 

0 

0 

*** Linear Model *** 
Call: 

Pr (F) 
O.OOOOOOe+OOO 
9.348383e-007 

0 

' ' ' 
' : 

lm(formula = LN.FPM- E + (EA2), data 
na.omit) 

G90.90TGAA30FPMAX.LN, na.action 

Coefficients: 
(Intercept) E I (EA2) 

2.347042 1.828865 -0.4155704 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 0.09601247 

Call: lm(formula = LN.FPM- E + (EA2), data 
na.action = na.omit) 

Coefficients: 

G90.90TGAA30FPMAX.LN, 

Value Std. Error 
(Intercept) 2.3470 0.0598 

t value Pr(>ltl) 
39.2697 0.0000 
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E l. 8289 

I(E'2) -0.4156 

0.1431 

0.0739 

12.7795 

-5.6197 

0.0000 

0.0000 

Residual standard error: 0.09601 on 77 degrees of freedom 

Multiple R-Squared: 0.9573 

F-statistic: 862.8 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

E 1 15.61629 15.61629 

I(E'2) 1 0.29112 0.29112 

Residuals 77 0.70982 0.00922 

y=40° 

CITRIODORA 

; - 0 

@ 

q__; g, 
0 

9~ 

9~ 

q4 

~ 

" 
,, 40 

*** Linear Model *** 
Call: 

to last) 

F Value 
1694.036 

31.581 

?r(F) 

O.OOOOOOe+OOO 
2.926316e-007 

42 ... 
'' 4' 

Firted: E + (E"2J 

50 

lm(formula = LN.FPM- E + (EA2), data C90.90TGAA40FPMAX.LN, na.action 

na.omit) 

Coefficients: 

(Intercept) E 

2.662894 2.725789 

I(EA2) 

-0.8051255 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1060073 

Call: lm(formula = LN.FPM- E + (E"'2), data 

na.action = na.omit) 

Coefficients: 

C90.90TGAA40FPMAX.LN, 
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Value Std. Error t value Pr (>it I I 
(Intercept) 

E 

I (E"2) 

2.6629 

2.7258 

-0.8051 

0.0660 

0.1580 

0.0816 

40.3536 0.0000 

17.2511 0.0000 

-9.8610 0.0000 

Residual standard error: 0.106 on 77 degrees of freedom 

Multiple R-Squared: 0.9617 

F-statistic: 966.4 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms to last) added sequentially (first 

Df Sum of Sq Mean Sq 

l 20.62625 20.62625 

F Value Pr{F) 

E 

I (E'2) 1 1.09274 

0.86529 

1.09274 

0.01124 

1835.477 O.OOOOOOe+OOO 

97.240 2.664535e-015 

Residuals 77 

SALIGNA 

~ 

8 

~ 

0 

0 

9~ 

N 

0 
~ 

3.0 3.2 ,, 3.6 :!.8 •. 0 ,, 

*** Linear Model *** 
Call: 
lm(formula = LN.FPM- E + (E"2), data 

na. omit) 

S90.90TGAA40FPMAX.LN, na.action 

Coefficients: 

(Intercept) E I(E"2) 

2.423669 1.773828 -0.3357927 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1123314 

Call: lm(formula = LN.FPM- E + (E"2), data 

na.action = na.omit) 

Coefficients: 

S90.90TGAA40FPMAX.LN, 
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(Intercept I 
E 

I(E'21 

Value Std. Error 
2.4237 0.0699 
1. 7738 

-0.3358 
0.1674 
0.0865 

t value 

34.6606 
10.5943 
-3.8812 

Pr (>It I I 
0.0000 
0.0000 
0.0002 

Residual standard error: 0.1123 on 77 degrees of freedom 

Multiple R-Squared: 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 
Df Sum of Sq Mean Sq 

E 1 18.67177 18.67177 
I(EA21 1 0.19008 0.19008 

Residuals 77 

GRAND IS 

0.97161 0.01262 

N 

0 

0 8 o ~ a 

' 

3.0 32 

*** Linear Model *** 
Call: 

to last) 
F Value Pr(F) 

1479.732 0.0000000000 

15.064 0.0002178808 

3A 3.8 

Fitted: E + (EA2) 

' 
~ I 

'1'6 ' 

4.0 

lm(formula = LN.FPM- E + (EA2), data 

na.omit) 

G90.90TGAA40FPMAX.LN, na.action 

Coefficients: 

(Intercept I E 
2.281287 1.68515 

I(EA21 

-0.3838374 

Degrees of freedo~: 80 total; 77 residual 
Residual standard error: 0.09269652 

Call: lm(formula = LN.FPM- E + (E'21, data 

na.action = na.omit) 

Coefficients: 

G90.90TGAA40FPMAX.LN, 

Value Std. Error t value Pr(>lt!) 
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(Intercept) 2.2813 

E 1. 6851 
IiE'2) -0.3838 

0.0577 

0.1382 
0.0714 

39.5349 

12.1965 
-5.3762 

0.0000 

0.0000 

0.0000 

Residual standard error: 0.0927 on 77 degrees of freedom 
Multiple R-Squared: 0.9531 

F-statistic: 783.1 on 2 and 77 degrees of freedom, the p-value is 0 

A-~alysis of Variance Table 

Response: LN.FPM 

Terms to last) added sequentially (first 
Df Sum of Sq Mean Sq 

13.20966 13.20966 
FValue Pr(F) 

E 

I(E'2) 1 0.24836 
0.66163 

0.24836 
0.00859 

1537.322 O.OOOOOOe+OOO 
28.904 7.878259e-007 

Residuals 77 

• FORCA x DENSIDADE BASICA 

y=20° 

ESPESSUR<\ = 0,381mm 

Call: 

0 

• 0 

• 
~ 

3.0 

*** Linear Model *** 

3.2 3.4 3.6 

F1tted _OS+ (08~2) 

lm(formula = LN.FPM- DB+ IDB'2i, data 
FPMAX.x.DENBAS90.90TGAA20E038l.LN, 

na.action = na.ornit) 

Coefficients: 

i Intercept i DB 
1.721225 3.811209 

I(DB'2) 

-1.254927 

Degrees of freedom: 59 total; 56 residual 
Res~dual standard error: 0.08122732 

3.8 4.0 42 
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Call: lm(formula = LN.FPM- DB+ (DB'2), data 

FPMAX.x.DENBAS90.90TGAA20E0381.LN, 
na.action = na.omit) 

Coefficients: 

Value Std. Error t value Pr (>I ti) 
(Intercept) 1. 7212 0.1598 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: 0.08123 on 56 degrees of freedom 
Multiple R-Squared: 0.9679 

F-statistic: 843.9 on 2 and 56 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 11.06170 11.06170 1676.555 0.000000000 
I (DBA2) 1 0.07383 0.07383 11.190 0. 001472696 

Residuals 56 0.36948 0.00660 

*** SQ~ary Statistics for data in: 

FPMAX.x.DENBAS90.90TGAA20E038l.LN *** 

ESPESSURA = 0,762mm 

0 
0 

3.6 

*** Linear Model *** 
Call: 

3.6 " '·' " 
F1tted: DB+ {08"2) 

lm(formula = LN.FPM- DB+ (DB'2), data 

FPMAX.x.DENSBAS90.90TGAA20E0762.LN, 
na.action = na.omit) 

Coefficients: 
(Intercept) DB I(DB'2) 

46 
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2.03632 4.566812 -1.636807 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.2045186 

Call: lm(formula = LN.FPM- DB+ (DBA2), data 

FPMAX.x.DENSBAS90.90TGAA20E0762.LN, 

na.action = na.o~it) 

Coefficients: 
Value Std. Error t value Pr 1>1 tIl 

{Intercept) 2.0363 0.4000 5.0906 0.0000 
DB 4.5668 1.2796 3.5690 0.0007 

I (DB"2) -1.6368 0.9366 -1.7476 0.0859 

Residual standard error; 0.2045 on 57 degrees of freedom 

Multiple R-Squared: 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 I first to last) 

D£ Sum of Sq Mean Sq F Value Pr (F) 

DB 1 13.70420 13.70420 327.6334 0.00000000 
I (DBA2) 1 0.12774 0.12774 3.0540 0. 08592238 

Residuals 57 2.38419 0.04183 

ESPESSURA = 1,143mm 

~ 

0 

~ .. . 
0 

0 

' ' s 

i ' -

' 
0 

~ " ~3 

" 
0 -

,, 40 4_2 

" 4.8 4.8 

F1ttec! DB+ (09"2) 

*** Linear Model *** 
Call: 
lm(formula = LNFPM- DB+ (DB"2), data 
FPMAX.x.DENSBAS90.90TGAA20E1l43.LN, 

na.action = na.omit) 

Coefficien1:-s: 

~ 

.,® • . .. 
' ' 

5.2 
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I Intercept I DB I I DBA2) 

1.886478 6.356028 -2.962301 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1230728 

Call:_ 1m{ formula = LNFPM- DB + (DB"'2), data 

FPMAX.x.DENSBAS90.90TGAA20E1143.LN, 

na.action = na.ornit} 

Coefficients: 

Value Std. Error t value Pr I> It I) 
(Intercept) 1.8865 0.2407 7.8369 0.0000 

DB 6.3560 0.7700 8.2545 0.0000 

I(DB"'2) -2.9623 0.5636 -5.2558 0.0000 

Residual standard error: 0.1231 on 57 degrees of freedom 

Multiple R-Squared: 0.9418 

F-statistic: 461.4 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPM 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

1 13.56009 13.56009 DB 

IIDBA2) 1 0.41841 0.41841 

Residuals 57 0.86337 0.01515 

ESPESSURA = 1,524mm 

Call: 

N 

0 

0 

0 

'·' 

*** Linear Model *** 

" 

to last) 

F Value 

895.2380 

Pr(F) 

O.OOOOOOe+OOO 
27.6235 2.291233e-006 

'' 4.8 50 52 5., 

F1tted _ BD,. (60"2) 

lm(formula = LN.FPM- BD + (BD"'2), data 

FPMAX.x.DENSBAS90.90TGAA20E1524.LN, 

na.action = na.omit) 
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Coefficients: 

I Intercept) BD 
2.316304 6.091235 

I(BD'2) 

-2.933754 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.1186858 

Call: lm(formula = LN.FPM- BD + (BD'2), data 
FPMAX.x.DENSBAS90.90TGAA20El524.LN, 

na.action = na.omit) 

Coefficients: 
Value Std. Error t value Pr (>It I) 

(Intercept) 2.3163 0.2321 9.9782 0.0000 
BD 6.0912 0.7426 8.2030 0.0000 

I(BD'2) -2.9338 0.5435 -5.3976 0.0000 

Residual standard error: 0.1187 on 57 degrees of freedom 

Multiple R-Squared: 0.9346 
F-statist-ic: 407 on 2 and 57 degrees of freedom, the p-value is 0 

A.'1alysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first 

Df Sum of Sq 

BD l 11.05696 

I(BD'21 1 0.41038 

Residuals 57 0.80292 

y=30° 

ESPESSURA = 0,381mm 

0 

0 

0 

0 

0 

0 

0 

0 

Mean Sq 

11.05696 
0.41038 
0. 01409 

3.0 3.2 

*** Linear Model *** 
Call: 

to last/ 

F Value Pr (F) 
784.9435 O.OOOOOOe+OOO 

29.1336 1.361777e-006 

'·' 3.6 3.6 

Fined DB 
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lm(forrnula = LN.FPM- DB, data 

na.action = 
FPMAX.x.DENSBAS90.90TGAA30E0381.LN, 

na.omit) 

Coefficients: 
{Intercept) DB 

2.263069 1.71153 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.06559503 

Call: lm(formula = LN.FPM- DB, data 

FPMAX.x.DENSBAS90.90TGAA30E0381.LN, na.action 

na.omit) 

Coefficients: 

Value 

2. 2631 

1. 7115 

Std. Error t value Pr(>Jtl) 

(Intercept) 

DB 

0.0273 82.8533 0.0000 
0.0415 41.2412 0.0000 

Residual standard error: 0.0656 on 58 degrees of freedom 

Multiple R-Squared: 0.967 

F-statistic: 1701 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value 

DB 1 7.318190 7.318190 1700.833 

Residuals 58 0.249557 0.004303 

ESPESSURA = 0,762mm 

0 

0 

' ' 

? 

Pr(F) 

0 

F•tled DB+ (08"2) 

*** Linear Model *** 
Call: 
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lm(formula = LN.FPM- DB+ (DBA2), data 

FPMAX.x.DENSBAS90.90TGAA30E0762.LN, 

na.action = na.omit) 

Coefficients: 

(Intercept) DB 

1.987543 4.312159 

I(DBA2) 

-l. 660795 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.0729519 

Call: lm(formula = LN.FPM- DB+ (DBA2), data= 

FPMAX.x.DENSBAS90.90TGAA30E0762.LN, 

na.action = na.o~t) 

Coefficients: 
Value Std. -Error t value Pr I> It I) 

I Intercept) 1.9875 0. l427 13.9295 0.0000 

DB 4.3122 0.4564 9.4477 0.0000 
I (DBA2) -1.6608 0.3341 -4.9711 0.0000 

Residual standard error: 0.07295 on 57 degrees of freedom 

Multiple R-Squared: 0.9724 

F-statistic: 1003 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value 

1 10.54875 10.54875 1982.111 

l 0.13152 0.13152 24.712 
DB 

I(DBA2) 

Residuals 57 0.30335 0.00532 

ESPESSURA = 1,143mm 

F1tted _DB 

*** Linear Model *** 

Pr (F) 

O.OOOOOOe+OOO 

6.434351e-006 
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Call: 

lm{formula 
na.omit 

FPM ~ DB, data FPMAX.x.DENSBAS90.90TGAA30Ell43, na.action 

Coefficients: 

(Intercept) DB 

-31.44499 189.3374 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 6.179736 

Call: lm(formula ; FPM- DB, data ; FPMAX.x.DENSBAS90.90TGAA30E1143, 
na.action = na.omit 

Coefficients: 
Value Std. Error t value 

-12.2198 
48.4266 

Pr (>It I) 

0.0000 
0.0000 

(Intercept) 

DB 

-31.4450 2.5733 
189.3374 3.9098 

Residual standard error: 6.18 on 58 degrees of freedom 

Multiple R-Squared: 0.9759 
F-statistic: 2345 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPM 

Terms added sequentially {first 
Df Sum of Sq Mean Sq 

DB 1 89558.60 89558.60 

Residuals 58 2214.97 38.19 

ESPESSURA = 1,524mm 

0 

0 

40 4.2 

*** Linear Model *** 
Call: 

4.4 

to last) 
F Value Pr(F) 

2345.133 0 

4.5 4.8 50 5.2 

F1tted DB+ (DB~2l 



lm(formula = LN.FPM- DB+ (DB'2), data= 

FPMAX.x.DENSBAS90.90TGAA30E1524.LN, 

na.action = na.o~~t) 

Coefficients: 

(Intercept I DB 

2.918516 3.34054 

I(DB"2) 

-0.9062679 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.07459965 

Call: lm(formula = LN.FPM- DB+ (DB'2), data 

FPMAX.x.DENSBAS90.90TGAA30E1524.LN, 
na.action = na.ornit) 

Coefficients: 

Value Std. Error t value Pr (>It I I 
(Intercept) 2.9185 0.1459 20.0024 0.0000 

DB 3.3405 0.4667 7.1573 0.0000 

I (DB"2) -0.9063 0.3416 -2.6527 0.0103 

Residual standard error: 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 sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 11.10950 11.10950 1996.277 0.00000000 

I(DB'2) 1 0.03916 0.03916 7.037 0.01032519 

Residuals 57 0.31721 0.00557 
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y= 40° 

ESPESSURA = 0,381mm 

' 
' 

*** Linear Model *** 
Call: 

25 " 
Fitted : (08~2) 

378 

35 

lm(formula = FPM- (DBA2), data 
na.action = 

FPMAX.x.DENSBAS90.90TGAA40E0381, 

na.omit) 

Coefficients: 

(Intercept) I(DB'2) 
12.34759 29.29753 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 1.504451 

Call: lm(formula = FPM- (DBA2), data 
na. action = 

na.omit) 

Coefficients: 
Value Std. Error t value 

(Intercept) 12.3476 0.3589 34.4041 
I(DB'2) 29.2975 0.6967 42.0508 

FPMAX.x.DENSBAS90.90TGAA40E038l, 

Pr (>it I) 

0.0000 
0.0000 

Residual standard error: 1.504 on 58 degrees of freedom 

Multiple R-Squared: 0.9682 
F--statistic: 1768 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPM 

Terms added sequentially (first 

Df Sum of Sq Mean sq 

I(DBA2) l 4002.249 4002.249 
Residuals 58 131.276 2.263 

to last) 

F Value 

1768.267 
Pr(F) 

0 
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ESPESSURA = 0,762mm 

30 40 50 60 70 

Fitted DB 

*** Linear Model *** 
Call: 
lm(forrnula = FPM - DB, data 

na.omit 

FPMAX.x.DESNBAS90.90TGAA40E0762, na.action 

Coefficients: 
I Intercept) DB 

-14.93048 96.66397 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 4.889857 

Call: lm(formula ~ FPM - DB, data 
na.action = na.omit 

FPMAX.x.DESNBAS90.90TGAA40E0762, 

Coefficients: 
Value Std. Error 

(Intercept) -14.9305 2.0362 
DB 96.6640 3.0937 

t value 

-7.3326 
31.2454 

Pr 1>1 t I) 
0.0000 
0.0000 

Residual standard error: 4.89 on 58 degrees of freedom 

Multiple R-Squared: 0.9439 
F-statistic: 976.3 on 1 and 58 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPM 



to last) Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB 1 23343.38 23343.38 
F Value PriF) 

976.2732 0 
Residuals 58 1386.82 23.91 

ESPESSURA = 1,143mm 

*** Linear Model *** 
Call: 
lm(formula = LN.FPM- DB+ (DBA2), data 
FPMAX.x.DENSBAS90.90TGAA40E1143.LN, 

na.action = na.omit) 

Coefficients: 
I Intercept) DB I I DB'2) 

2.332536 3.780854 -1.260142 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.06914356 

Call: lm(formula = LN.FPM- DB+ (DBA2), data 
FPMAX.x.DENSBAS90.90TGAA40El143.LN, 

na.action = na.omlt) 

Coefficients: 
Value Std. Error t value Pr 1>1 t I I 

(Intercept) 2.3325 0.1352 17.2478 0.0000 

DB 3.7809 0.4326 8.7399 0.0000 
IIDBA2) -1.2601 0.3167 -3.9796 0.0002 

Residual standard error: 0.06914 on 57 degrees of freedom 
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Multiple R-Squared: 0.9753 

F-statistic: 1125 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

TermS added sequentially {first 

Df Sum of Sq Mean Sq 
DB 1 10.68522 10.68522 

IIDB'2) 1 0.07572 0.07572 

to last) 

F Value 

2235.013 
Pr (F) 

0.0000000000 

15.837 0.0001974189 

Residuals 57 0.27251 0.00478 

ESPESSURA = 1,524mm 

" 
" 0 

0 

0 

" 0-
0 

• 
~ 

0 
0 

" 
o-
0 

£ 
0 

" 
0 

,, <.0 '·' <.6 '·' 
f•tted: DB+ (DB"2) 

*** Linear Model *** 
Call: 

lm(formula = LN.FPM- DB+ (DBA2), data 

FPMAX.x.DENSBAS90.90TGAA40E1524.LN, 

na.action = na.omit) 

Coefficients: 

I Intercept I DB 

2.416149 4.393499 

I(DBA2) 

-1.729831 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.07292094 

Call: lm(formula = LN.FPM- DB+ (DB'21, data 

FPMAX.x.DENSBAS90.90TGAA40E1524.LN, 

na.action = na.omit} 

Coefficients: 
Value Std. Error t value Pr I> It I I 

(Intercept/ 2.4161 0.1426 16.9406 0.0000 

DB 4.3935 0.4562 9.6300 0.0000 

I(DB-21 -l. 7298 0.3339 -5.1799 0.0000 

5.0 
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Residual standard error: 0.07292 on 57 degrees of freedom 
Multiple R-Squared: 0.9721 

F-statistic: 993.3 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 10.42089 10.42089 1959.749 O.OOOOOOe+OOO 
I (DB'2) 1 0.14268 0.14268 26. 832 3.022184e-006 

Residuals 57 0.30310 0.00532 

382 

• FOR(:A x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

Call: 

0 
0 

2.5 

*** Linear Model *** 

"150 ~10 

o.5 '·' '5 5.0 5.5 

Fitted E + AA + 1(06"2) + I{E"2) + (06"3) 

lm(formula = LN.FPM- E + AA + I(DBA2) + I(EA2) + (DBA3), data= 

FPMAX.x .. DENSBAS ... ESP ... AA.90.90TG.LN, na.action = na.omit) 

Coefficients: 
(Intercept) E AA I (DBA2) I (E'2) I (DBA3) 

2.15406 2.230521 -1.231694 4.947125 -0.5879934 -3.231348 

Degrees of freedom: 719 total; 713 residual 

Residual standard error: 0.111739 

Ca~l: lm(formula = LN.FPM- E + AA + I(DEA2) + I(EA2) + (DBA3), data 

FPMAX.x .. DENSBAS ... ESP ... AA.90.90TG.LN, na.action ~ na.omit) 

Coefficients: 
Value Std. Error t value Pr {>It! i 

{Intercept) 2.1541 0.0364 59.1724 0.0000 

E 2.2305 0.0556 40.1356 0.0000 

AA -1.2317 0.0293 -42.1057 0.0000 

I(DB 0 2) 4. 94 71 0.1764 28.0521 0.0000 
I (EA2) -0.5880 0.0287 -20.4824 0.0000 



I (DBA3) -3.2313 0.1634 -19.7736 o.oooo 

Residual standard error: 0.1117 on 713 degrees of freedom 

Multiple R-Squared: 0.9725 

F-statistic: 5034 on 5 and 713 degrees of freedom, the p-value is 0 

k~alysis of Variance Table 

Response: LN.FPM 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

E 1 160.6871 160.6871 12869.80 0 
AA 1 22.2256 22.2256 1780.10 0 

I(DB'2) 1 121.2490 121.2490 9711.11 0 
I (EA2) 1 5.2497 5.2497 420.46 0 

I (DB'3) 1 4.8818 4.8818 391.00 0 
Residuals 713 8.9022 0.0125 

FOR<;:A PARALELA MEDIA 

CORTE 90•-o• RADIAL 

• FOR<;:A x ESPESSURA DE CORTE 

y= 1o• 

CITRIODORA 

•' 
9~ 

3.6 3.6 4.0 '2 

Fitted : E .. (P2) 

*** Linear Model *~* 

Call: 
lm(formula = LNFPMD- E + (EA2), data CFPMD90.0RDAA10xESP.LN, na.action 

na.omit) 

coefficients: 
(Int:ercept) E I IE'2) 
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2.663467 2.191007 -0.6445864 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 0.1339912 

Call: lm(formula = LNFPMD- E + (E"2), data 

na. omi. t) 
CFPMD90.0RDAA10xESP.LN, na.action 

Coefficients: 
Value Std. Error t value Pr(>ltl I 

(Intercept) 2.6635 0.0834 31.9327 0.0000 

E 2.1910 0.1997 10.9705 0.0000 
I(EA2) -0.6446 0.1032 -6.2460 0.0000 

Residual standard error: 0.134 on 77 degrees of freedom 
Multiple R-Squared: 0.9111 
F-statistic: 394.5 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
E 1 13.46373 13.46373 

to last) 

F Value Pr (F) 

749.9162 O.OOOOOOe+OOO 

I (E"2) 1 

Residuals 77 

0.70041 0.70041 39.0121 2.138914e-008 
1.38243 0.01795 

SALIGNA 

N 

0 

0 
. 

0 
0 

0 

N 

9 
" 

9-

"' 

~~~~~~~~-----~~-= 

30 3.2 3.6 •. o 

F1tted: E + (E"2) + (E"3) 

*** Linear Model *** 
Call: 

384 

lm(formula = LNFPMD- E + (E"2) + (E"3), data 
= na.omit) 

SFPMD90.0RDAA10xESP.LN, na.action 

Coefficients: 
(Intercept) E I (EA2) I (E'3) 

0.6733326 9.027394 -9.249155 3.179031 

Degrees of freedom: 80 total; 76 residual 

Residual standard error: 0.1118887 



Call: L~{formula = LNFPMD- E + (EA2) + {EA3), data 

na.action 
SFPMD90.0RDAA10xESP.LN, 

= na.omit) 

Coefficients: 

Value Std. Error t value Pr(>ltl) 
(Intercept) 0.6733 0.2078 3.2399 0.0018 

E 9.0274 0.8342 10.8213 0.0000 
I (E'2) -9.2492 0.9673 -9.5615 0.0000 
I (E'3) 3. 1790 0.3372 9.4283 0.0000 

Residual standard error: 0.1119 on 76 degrees of freedom 

Multiple R-Squared: 0.9434 

F-statistic: 422.3 on 3 and 76 degrees of freedom, the p-value is 0 

~~alysis of Variance Table 

Response: LNFPMD 

Terms added sequentially 

Df sum of sq 
(first 

Mean Sq 
14.70126 

0.04594 
E 

I (E'2) 

I(E'3) 

l 14.70126 

1 0.04594 

1 
Residuals 76 

1.11286 

0.95145 

GRANDIS 

0 

0 

1.11286 

0.01252 

2.8 

*** Linear Model *** 
Call: 

to last) 

F Value 
1174.307 

3.669 

88.893 

3.0 3.2 

Pr(F) 

0.00000000 

0.05918824 

0.00000000 

'·' 
F11ted E + (E"2) 

3.0 

lm(formula = LNFPMD- E + (EA2), data 

na.omit) 

GFPMD90.0RDAA10xESP.LN, na.action 

Coefficients: 
(Intercept) E I(EA2} 

1.928846 2.235088 -0.6202692 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.101998 
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Call: lm(formula 
na.omit) 

LNFPMD- E + (EA2), data GFPMD90.0RDAA10xESP.LN, na.action 

Coefficients: 
Value Std. Error t value Pr(>l tl I 

(Intercept} 1. 9288 0.0635 30.3788 0.0000 
E 2.2351 0.1520 14.7016 0.0000 

I(E'21 -0. 6203 0.0786 -7.8956 0.0000 

Residual standard error: 0.102 on 77 degrees of freedom 

Multiple R-S~~ared: 0.9544 
F-statistic: 805.4 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value 
1 16.11012 16.11012 1548.517 
1 0.64856 0.64856 62.340 

E 
I (EA2 I 

Residuals 77 

a=20° 

0.80108 0.01040 

N 

0 

0 

0 

Pr{F) 

O.OOOOOOe+OOO 
1.615674e-01l 

Fitted: E + (E"2) 

*** Linear Model *** 
Call: 

93 

.. 

g G 

lm(formula = LNFPMD- E + (EA2), data 
na.ornit) 

CFPMD90.0RDAA20xESP.LN, na.action 

Coefficients: 
(Intercept) E I{EA2) 

2.793131 1.102306 -0.4021915 

Degrees of freedom: 80 totali 77 residual 

Residual standard error: 0.221047 

Call: lm(formula = LNFPMD ~ E + (EA2), data 

na.omit) 

Coefficients: 

CFPMD90.0RDAA20xESP.LN, na.action 
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(Intercept) 

E 
I (EA2 I 

Value 

2.7931 

L 1023 
-0.4022 

Std. Error 
0. 137 6 

0.3295 

0.1703 

t value 

20.2988 
3.3456 

-2.3623 

Pr(>(tl I 
0.0000 

0.0013 
0. 0207 

Residual standard error: 0.221 on 77 degrees of freedom 

Multiple R-Sq~ared: 0.337 
F-statistic: 19.57 on 2 and 77 degrees of freedom, the p-value is 1.34e-007 

Analysis of Variance Table 

Response: LNFNMD 

Terms added sequentially (first 
Df s~~ of sq Mean sq 

E 1 1.640088 1.640088 
I(EA21 1 0.272682 0.272682 

Res>dua1s 77 3.762358 0.048862 

SALIGNA 

; 
8 

:;...; 

.-
" .-

"' 
28 " 

*** Linear Model *** 
Call: 

to last) 

F Value 
33.56586 
5.58067 

32 

Pr(FI 
0.00000014 
0.02068619 

,, 
Fitted: E + (E"2) 

,, 

lm(formula = LNFPMD ~ E + (EA2), data 

na.o:rr..it) 

SFPMD90.0RDAA20xESP.LN, na.action 

Coefficients: 
(Intercept) E I (E"2) 

1.95357 2.5l2312 -0.8011562 

Degrees of f=eedom: 80 total; 77 residual 

Residual standard error: 0.09526465 

Call: lm(forrnula = LNFPMD- E + (EA2), data 

na.o:mit) 

Coefficients: 

SFPMD90.0RDAA20xESP.LN, na.action 

Value Std. Error t value Pr I> It I I 

(Intercept) 1. 9536 0.0593 32. 9429 0.0000 

E 2.5123 0 .l420 17. 6930 0.0000 

I(EA21 -0.8012 0.0734 -10.9189 0.0000 
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Residual standard error: 0.09526 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 

Response: LNFPMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E 1 14.11561 14.11561 

I(E 0 2) 1 1.08199 1.08199 

Residuals 77 0.69880 0.00908 

GRAND IS 

0 
0 

*** Linear Model *** 
Call: 

2.6 

to last) 
F Value 

1555.379 

119.223 

2.8 

Pr(F) 
0 

0 

32 

F1tted: E ... (E"2) + (E"3J 

36 

388 

lm(formula = LNFPY~- E + (E~2) + (EA3) 1 data 
= na. omit) 

GFPMD90.0RDAA20xESP.LN, na.action 

Coefficients: 

{Intercept) E 
1.185134 4.33763 

I (E"2) I (E"3) 

-3.02686 0.82567 

Degrees of freedom: 80 total; 76 residual 

Residual standard error: 0.08442471 

Call: lm(forrnula = LNFNMD- E + (EA2) + {EA3), data 

na.action 
= na.ornit) 

Coefficients: 
Value Std. Error t value Pr (>It! I 

(Intercept) 1.1851 0.1568 7. 5577 0.0000 

E 4.3376 0. 6295 6.8911 0.0000 

I (E'2) -3.0269 0.7299 -4.1470 0.0001 

I(E'3) 0.8257 0.2544 3.2454 0. 0017 

GFPMD90.0RDAA20xESP.LN, 

Residual standard error: 0.08442 on 76 degrees of freedom 



Multiple R-Squared: 0.9696 
F-statistic: 807.8 on 3 and 76 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Tenns added 

Df 
E 1 

I(EA2) l 

I IEA3) 1 

Residuals 76 

y= 30° 

sequentially (first 

Stun of Sq 
16.44743 

0.75111 

0.07507 

0.54169 

0 
0 

25 

Mean Sq 
16.44743 

0.75111 

0.07507 

0.00713 

26 

*** Linear Model *** 
Call: 

to last) 

F Value Pr(F) 

2307.591 0.000000000 

105.381 0.000000000 

10.5 32 0.001745401 

2.7 2.8 2.9 3.0 

F1tted: E + (E~<2) 

lm(formula = LNFPMD- E + (EA2), data 
na. orni t) 

CFPMD90.0RDAA30xESP.LN, na.action 

Coefficients: 

(Intercept) E 
2.274877 0.6789749 

IIEA2) 

-0.1132077 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 0.1923721 

Call: lm(formula = LNFPMD- E + (EA2), data 
na.ornit) 

Coefficients: 

CFPMD90.0RDAA30xESP.LN, na.action 

Value Std. Error t value Prl>ltl) 

(Intercept) 2.2749 0.1198 18. 9968 0.0000 

E 0.6790 0.2867 2.3679 0. 0204 

I IEA2) -0. 1132 0.1482 -0.7641 0.4472 

Residual standard error: 0.1924 on 77 degrees of freedom 

Multiple R-Squared: 0.5241 
F-statistic: 42.39 on 2 and 77 degrees of freedom, the p-value is 3.852e-013 
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Analysis of Variance Table 

Response: LNFPMD 

Terms added 

Df 
E 1 

l(EA2) 1 

ResidUals 77 

SALIGNA 

sequentially (first 

Sum of Sq 

3.116027 

0.021604 

2.849542 

' 0 

0 

0 

Mean Sq 

3.116027 

0.021604 

0.037007 

2.6 

*** Linear Model *** 
Call: 

390 

to last) 

F Value Pr!F) 

84.20092 0.0000000 

0.58379 0.4471653 

27 2.8 2.9 3.0 

Fitted E + (E"2) + (E"-3) 

lm(formula = LNFPMD- E + (E'"'2) + (EA3), data 
= na. omit) 

SFPMD90.0RDAA30xESP.LN, na.action 

Coefficients: 

(Intercept) E I (E"2) I (E"3) 

0.8032239 7.040176 -7.136284 2.180522 

Degrees of freedom: 80 total; 76 residual 

Residual standard error: 0.1842463 

Call: lm(formula = LNFPMD- E + (E"2) + (E"3), data 

na.action 

= na.omit) 

Coefficients: 

Value Std. Error t value Pr(>l tl) 

(Intercept) 0.8032 0.3422 2. 3471 0.0215 

E 7.0402 1. 3737 5.1249 0.0000 

I(EA2) -7.1363 l. 5929 -4.4801 0.0000 

I(E"'3) 2.1805 0.5552 3. 9272 0.0002 

SFPMD90.0RDAA30xESP.LN, 

Residual standard error: 0.1842 on 76 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-009 

Analysis of Variance Table 



Response: LNFPMD 

Terms added sequentially (first to last} 
Df Sum of Sq Mean Sq F Value Pr(F) 

E 1 0.012471 0.012471 0.36738 0.5462412 
I (EA2) 1 1.382011 1. 382011 40.71121 0.0000000 
I (E'"'3) 1 0.523568 0.523568 15.42325 0.0001876 

Residuals 76 2.579948 0.033947 

GRAND IS 

" 
;; 

; 
0 2 0 

Fltted _ E + (E~2) 

*** Linear Model *** 
Call: 

lm(formula = LNFPMD- E + (E'"'2), data 
na. orni. t) 

GFPMD90.0RDAA30xESP.LN, na.action 

Coefficients: 

{Intercept) E 
1.350928 2.434631 

I(EA2) 

-0.7526513 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1303145 

Call: lm(formula = LNFPMD- E + (EA2), data 

na.omit) 

Coefficients: 

GFPMD90.0RDAA30xESP.LN, na.action 

Value Std. Error t value Pr(>itl) 

(Intercept) 1.3509 0.08ll 16.6534 0.0000 

E 2.4346 0.1942 12.5343 0.0000 

I(EA2) -0.7527 0.1004 -7.4989 0.0000 

Residual standard error: 0.~303 on 77 degrees of freedom 

Multiple R-Squared: 0.9222 

F-statistic: 456.2 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (fi=st to last) 
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E 

I(E'2) 

Df Sum of Sq Mean Sq 
1 14.54023 14.54023 

1 
Residuals 77 

0.95494 
1. 30760 

0.95494 

0.01698 

• FOR(:A x DENSIDADE 

y = 10° 

ESPESSURA = 0,381mm 

0 - " 

~ 

; 
• ;; 
~ 0 

0 

9 -

N 

9 -

2.5 

*** Linear Model *** 

F Value 
856.2210 
56.2331 

2.6 

Pr(F) 
O.OOOOOe+OOO 

9.32574e-Oll 

27 2.8 

F1tted DB+ (08~2) 

2.9 

Call: 
lm(formula 

na.action 
LNFPMD- DB+ (DB'2), data 

= na. orni t) 
FPMD90.0RDESP0381AA10xDENS.LN, 

Coefficients: 
(Intercept) DB I(DBA2) 

0.6698671 7.261339 -5.711017 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.1247047 
Call: lm(formula = LNFPMD- DB+ (DB~2), data 

na.action 
= na.omit) 

Coefficients: 

(Intercept) 

DB 
I (DB'2) 

Value 
0.6699 

7.2613 
-5.7110 

Std. Error 
0.2529 
0.8216 

0.6046 

t value 
2. 64 85 

8.8384 
-9.4452 

Pr(>l t I) 

0.0104 
0.0000 
0.0000 

FPMD90.0RDESP0381AA10xDENS.LN, 

Residual standard error: 0.1247 on 57 degrees of freedom 
Multiple R-Squared: 0.691 
F-statistic: 63.72 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 sequentially {first 

Df Sum of Sq Me~~ Sq 
DB 1 0.594558 0.594558 

I(DB'2) 1 1.387347 1.387347 

Residuals 57 0.886422 0.015551 

ESPESSURA= 0,762mm 

3.4 

*** Linear Model *** 
Call: 

to last) 

F Value 

38.23211 

Pr (F) 

7 .194604e-008 

89.21118 2.900000e-013 

'!'' 

3.6 3.6 

Fitted D6 + (08"2) 
'·' 

lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

FPMD90.0RDESP0762AA10xDENS.LN, 

= na.omit) 

Coefficients: 

(Intercept) DB I(DB"2) 

2.027298 3.848911 -1.891107 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.09788881 

Call: lm(formula = LNFPMD- DB+ (DB~2), data 
na.action 

FPMD90.0RDESP0762AA10xDENS.LN, 

= na. omit) 

Coefficients: 

Value Std. Error t value Pr(>l tl) 

(Intercept) 2.0273 0. 1985 10.2113 0.0000 

DB 3.8489 0.6449 5.9682 0.0000 

I(DB'2) -1.8911 0.4746 -3.9844 0.0002 

Residual standard error: 0.09789 on 57 degrees of freedom 

Multiple R-Squared: 0.8961 

F-statistic: 245.9 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 
Df S~~ of Sq Mean Sq F Value Pr(F) 
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DB l 4.560605 4.560605 475.9445 0.0000000000 
I (DB'2) 1 

Residuals 57 

0.152121 0.152121 

0.546187 0.009582 

ESPESSURA = 1,143mm 

36 

*** Linear Model *** 
Call: 

15.8754 0.0001943346 

4_0 

F1tte<! DB+ (D6~2J 
'·' 

lm(formula = LNFPMD ~DB+ (DBA2), data 
na.action 

FPMD90.0RDESP1143AA10xDENS.LN, 

= na. omit:) 

Coefficients: 

(Intercept) DB 
2.544021 3.353205 

I(DB'2) 

-1.561448 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1159323 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 

na.action 

FPMD90.0RDESP1143AA10xDENS.LN, 

= na.omit) 

Coefficients: 

Value Std. Error t value Pr {>It!) 

(Intercept) 2. 54 40 0.2351 10.8197 0.0000 

DB 3.3532 0. 7 638 4.3903 0.0000 

IIDBA2) -1.5614 0. 5 621 -2.7778 0.0074 

Residual standard error: 0.1159 on 57 degrees of freedom 

Multiple R-Squared: 0.8494 

F-statistic: 160.7 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added se~~entially (first to last) 

DB 
I(DBA2) 

Df Sum of Sq Mean Sq F Value Pr(F) 
1 4.216223 4.216223 313.7001 0.000000000 

1 0.103708 0.103708 7.7162 0.007395842 
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Residuals 57 0.766097 0.013440 

ESPESSURA = 1,524mm 

0 

c 

' } % ' 8 
' ' ' y 

0 ,, 
0 

' • • ~ 

" 
' 0 

F1tted DB+ (06~2) 

*** Linear Model *** 
Call: 
lm{formula = LNFPMD- DB+ (DB"2), data FPMD90.0RDESP1524AA10xDENS.LN, 
na.action 

= na. omit) 

Coefficients: 

(Intercept) DB 
2.553963 4.219758 

I(DB"2) 

-2.282178 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1516461 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 

na.action 

= na.ornit) 

Coefficients: 

Value 
2.5540 
4.2198 

(Intercept) 

DB 
I(DB'2) -2.2822 

Std. Error 

0.3076 
0. 9991 
0.7353 

t value 
8.3039 
4.2237 

-3.1038 

Pr(>i t I) 

0.0000 

0.0001 
0.0030 

FPMD90.0RDESP1524AA10xDENS.LN, 

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: L~FPMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 
DB 1 3.510233 3.510233 

I(DB'2) 1 0.221542 0.221542 
Residuals 57 1.310802 0.022997 

to last) 
F Value Pr(F) 

152.6418 0.000000000 
9.6337 0.002972316 
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y=20° 

ESPESSURA = 0,38Imm 

' 0 

,, 
~ 

' ' 

0 

• 0 ,, 

~ 
" 

0 

0 -

" .-
2.4 

*** Linear Model *** 
Call: 

2.6 2.6 

F•tted: DB+ (08~2) 

3.0 

lm(formula = LNFPMD- DB+ (DBA2), data 

na.action 
FPMD90.0RDESP0381AA20xDENS.LN, 

= na. omit) 

Coefficients: 
(Intercept) DB I(DB'2! 

0.9466765 4.693257 -2.52884 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1193747 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

= na. omit) 

Coefficiem:s: 
Value Std. Error t value Pr (>It I) 

(Intercept) 0.9467 0. 2 421 3.9101 0.0002 
DB 4. 6933 0.7865 5.9676 0.0000 

I(DB'2) -2.5288 0.5788 -4.3691 0.0001 

FPMD90.0RDESP0381AA20xDENS.LN, 

Residual standard error: 0.1194 on 57 degrees of freedom 

Multiple R-S~~ared: 0.8527 
F-statistic: 165 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr(F) 

DB l 4.430570 4.43057 310.9100 0.00000000000 
I(DB'2! 1 0.272020 0.27202 19.0887 0.00005338261 

Residuals 57 0.812269 0.01425 
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ESPESSURA = 0,762mm 

*** Linear Model *** 
Call: 

3., 3.2 3.3 

F1tte<l: DB+ (08~2) 

3.5 

lm(formula = LNFPMD- DB+ (DBA2), da~a 

na.action 

FPMD90.0RDESP0762AA20xDENS.LN, 

= na. omit) 

Coefficients: 

(Intercept) DB 
1.241457 6.218272 

I (DB'2) 
-4.125051 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.1405106 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 

na.action 
= na.omit) 

Coefficients: 

Value 
1.2415 

6.2183 
(Intercept) 

DB 
I IDB'2) -4.1251 

Std. Error 
0.2850 

0.9257 
0.6813 

t value 
4. 35 63 

6. 7174 
-6.0548 

Pr (>It I l 
0.0001 
0.0000 

0.0000 

FPMD90.0RDESP0762AA20xDENS.LN, 

Residual standard error: 0.1405 on 57 degrees of freedom 

Multiple R-sguared: 0.6199 
F-statistic: 46.48 on 2 and 57 degrees of freedom, the p-value is 1.064e-012 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB 1 1.111556 1.111556 56.30061 4.609000e-Ol0 

I {DB'2) 1 0. 723797 0.723797 36.66052 l.l69642e-007 

Residuals 57 1. 125364 0.019743 
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ESPESSURA = 1,143mm 

'20 I 
N I 
0 

I 
0 c c ' 0 

0 
"'"!10 

~ 

0 

~ 
0 0 

oc 

" N 

9' 

. 
0 

'2 

" 
3A '' 0.6 37 

Fitted 06 + (DS.~2) 

*** Linear Model *** 
Call: 

lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

FPMD90.0RDESP1143AA20xDENS.LN, 

= na.omit) 

Coefficients: 

(Intercept) DB 
1.188171 7.886605 

I (DB'2 I 
-5.910909 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1533608 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

= na. omit) 

Coefficients: 

Value Std. Error t value Pr(>l tl) 

{Intercept) 1.1882 0.3110 3.8200 0.0003 

DB 7.8866 1.0104 7.8057 0.0000 
I(DBA21 -5.9109 0.7436 -7.9491 0.0000 

FPMD90.0RDESP1143AA20xDENS.LN, 

Residual standard error: 0.1534 on 57 degrees of freedom 

Multiple R-Squared: 0.5313 

F-statistic: 32.31 on 2 and 57 degrees of freedom, the p-value is 4.162e-010 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sllitl of Sq Mean Sq F Value Pr IF) 

DB 1 0. 033779 0.033779 1. 4362 0.2357145 

I (DB'2 I 1 1. 486164 1. 486164 63.1885 0.0000000 

Residuals 57 1.340613 0.023520 
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ESPESSURA = 1,524mm 

. 
0 

" 
N 

0 

~ 

~ 
0 

0 

~ 

9-, 

o-

,.s 3.6 3_7 ,, 

*** Linear Model *** 
Call: 
lm(formula = k~FPMD ~DB+ (DBA2), data 
na.action 

FPMD90.0RDESP1524AA20xDENS.LN, 

= na.omit) 

Coefficients: 

(Intercept) DB I(DBA2) 
l.928366 6.337031 -4.955426 

Degrees of freedom: 60 total; 57 =esidual 
Residual standard error: 0.1371971 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

= na. omit} 

Coefficients: 
Value Std. Error 

1.9284 0.2783 

6.3370 0.9039 
(Intercept) 

DB 
I (DB'2) -4.9554 0.6652 

t value 

6. 9302 
7.ono 

-7.4493 

Pr 1>1 t I) 
0.0000 
0.0000 
0.0000 

FPMD90.0RDESP1524AA20xDENS.LN, 

Residual standard error: 0.1372 on 57 degrees of freedom 

Multiple R-Squared: 0.5688 
F-statistic: 37.59 on 2 and 57 degrees of freedom, the p-value is 3.88e-011 

Analysis of Variance Table 

Response: LNFPMD 

Terms added seqtJ.entially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB 1 0.370654 0.370654 19.69152 0. 000042l9244 

I (DB'2 I 1 1. 044528 1.044528 55.4920l 0.00000000057 

Residuals 57 1. 072913 0.018823 
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y=3o• 

ESPESSURA = 0,381mm 

Call: 

N 

9' 

2' 

*** Linear Model *** 

22 2.3 2A 2.5 2.6 

F1lted DB+ (08"2) 

lm(formula = LNFPMD- DB+ (DBA2), data 
na.accion 

FPMD90.0RDESP0381AA30xDENS.LN, 

= na.omit) 

Coefficients: 
(Intercept) DB I(DBA2) 
-0.2052366 8.047141 -5.531971 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1448577 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

= na.omit) 

Coefficients: 

(Intercept) 
DB 

I(DB'2) 

Value 

-0.2052 

8.0471 
-5.5320 

Std. Error 

0.2938 

0.9543 

0.7024 

t value 

-0. 6986 
8.4321 

-7.8762 

Pr (>It I) 

0.4877 

0.0000 

0.0000 

FPMD90.0RDESP0381AA30xDENS.LN, 

Residual standard error: 0.1449 on 57 degrees of freedom 

Multiple R-Squared: 0.6444 
F-statistic: 51.65 on 2 and 57 degrees of freedom, the p-value is 1.59e-013 

.A.n_alysis of Variance Table 

Response: LNFPMD 

Terms added seqLlentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(FI 
DB 1 0.866011 . 866011 41.27053 2.87879e-008 

I(DBA2) 1 1.301721 .301721 62.034 7l 1.10360e-010 

Residuals 57 L 196074 .020984 
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ESPESSURA = 0,762mm 

Call: 

. 
0 " 

' 0 

0 

• 0 

• ·~ 

" 

*** Linear Model *** 

2 0 

2.7 2.8 2.9 3.0 

F1t!ed: DB+ (08"2) 

lm(formula = LNFPMD- DB+ (DB'21, data 

na.action 

FPMD90.0RDESP0762AA30xDENS.LN, 

= na.omit) 

Coefficients: 

(Intercept) DB 
1.296114 5.351897 

I(DB'21 

-4.148614 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.1606546 

Call: lm(forrnula = LNFPMD- DB+ (DBA2), data 

na.action 
= na.omit) 

Coefficients: 
Value 

I Intercept 1 1. 2 961 

DB 5.3519 

I(DB'21 -4.1486 

Std. Error 

0.3258 

1.0584 

0.7790 

t value 
3.9778 

5. 05 65 

-5.3259 

Prl>l tl I 
0. 0002 

0.0000 

0.0000 

FPMD90.0RDESP0762AA30xDENS.LN, 

Residual standard error: 0.1607 on 57 degrees of freedom 

Multiple R-Squared: 0.3845 
F-statistic: 17.81 on 2 and 57 degrees of freedom, the p-value is 9.825e-007 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value 
DB 1 0.187072 0.1870722 7.24808 

I(DBA2) 1 0.732089 0.7320894 28.36469 

Residuals 57 1.471163 0.0258099 

Pr (F) 

0. 009301783 

0.000001773 
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ESPESSURA = 1,143mm 

~' . 
0 

~H 

" 
~, 

• 0 
·~ 0 

" 0 ' 

N ' 
0~ 

• ! 

e 
" 
28 2.9 3.0 

F1tted: 08 + (08A2) 

*** Linea~ Model *** 
Call: 

lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

= na. omit) 

Coefficients: 
(Intercept) DB I(DBA2) 

4.963118 -6.353937 4.479697 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.1926399 

FPMD90.0RDESP1143AA30xDENS.LN, 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 

na.action 

FPM090.0RDESP1143AA30xDENS.LN, 

= na.o:rr.it} 

Coefficients: 

Value Std. Error t value Pr(>ltl I 
(Intercept) 4.9631 0.3907 12.7030 0.0000 

DB -6.3539 1.2691 -5.0065 0.0000 

I (DB'2 I 4.4797 0.9340 4.7960 0.0000 

Residual standard error: 0.1926 on 57 degrees of freedom 

Multiple R-Squared: 0.3397 
F-statistic: 1~.67 on 2 and 57 degrees of freedom, the p-value is 7.275e-006 

Analysis of Varlance Table 

Response: LNFPMD 

Tenus added sequentially 

Df Sum of Sq 

(first to last) 

Mean Sq F Value 

0.2348402 6.328l9 

0.8536018 23.00184 
DB 

I(DB'21 
1 0.234840 
1 0.853602 

Pr(F) 

0.01472582 
0.00001203 

402 



ESPESSURA = 1,524mm 

~ 
~8 

N 

0 8 

~ 0 

~ 0 

~ 8 

N c 
c 

0-

. 
0 

2.8 30 32 

F1tted: DB+ (D6A2) 

*** Linear Model *** 
Call: 

lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

= na.omit) 

Coefficients: 

(Intercept) DB 
7.013388 -12.89737 

I IDB'2) 

9.324536 

FPMD90.0RDESP1524AA30xDENS.LN, 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1880873 

Call: L~(formula = LNFPMD- DB+ (DBA2), data 
na.action 

FPMD90.0RDESP1524AA30xDENS.LN, 

= na. omit) 

Coefficients: 
Value Std. Error t value Prl>ltl) 

{Intercept) 7.0134 0.3815 18.3851 0.0000 

DB -12.8974 l. 2391 -10.4083 0.0000 

I (DB'"'2) 9.3245 0.9120 10.2246 0.0000 

Residual standard error: 0.1881 on 57 degrees of freedom 

Multiple R-Squared: 0.66 

F-statistic: 55.33 on 2 and 57 degrees of freedom, the p-value is 4.43e-014 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 

Df sum of sq Mean Sq 

DB l 0.216314 0.216314 

I(DB'2) 1 3.698389 3.698389 

Residuals 57 2.016480 0.035377 

to last) 

F Value 

6.1146 

104.5427 

Pr(F) 

0.01641349 
0.00000000 
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404 

• FOR(:A x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

§? 

" {c 0 

J ~ 
0. -,, <fi " ' ., 
"' ~c :; 
oO 

"' ' 

20 2.5 <.0 

Fitted: 08 + AA + ;: + (08"2) + (AA"2l + (E"2) 

*** Linear Model ~** 

Call: 
lm(formula = LNFPMD- DB+ AA + E + (DBA2) + (AAA2) + (EA2), data 

FPMD90.0RDxDENSAAESP.LN, na.action = na.omit) 

Coefficients: 
(Intercept) DB AA E I (DBA2) I (AAA2) I (EA2) 

1.178511 3.163843 0.7003771 2.348235 -2.070194 -4.389762 -0.7853864 

Degrees of freedom: 720 total; 713 residual 

Residual standard error: 0.2789185 

Call: lm(formula ~ LNFPMD- DB+ AA + E + (DB'2) + (AA'2) + (EA2), data 
FPMD90.0RDxDENSAAESP.LN, na.action = na.omit) 

Coefficients: 
Value Std. Error t value Pr(>ltl) 

(Intercept) 1.1785 0.1896 6.2148 0.0000 

DB 3.1638 0.5305 5. 9644 0.0000 

AA 0.7004 0.5106 1. 3717 0.1706 

E 2.3482 0.1386 16.9452 0.0000 

IIDB'2) -2.0702 0.3904 -5.3028 0.0000 

I(AA'2) -4.3898 0. 7239 -6.0643 0.0000 

IIE"2) -0.7854 0.0716 -10.9679 0.0000 

Residual standard error: 0.2789 on 713 degrees of freedom 
Multiple R-Squared: 0.7788 
F-statistic: 418.4 on 6 and 713 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 



Terms added sequentially (first to last) 

DB 

AA 

E 

Df Suw, of Sq Mean Sq F Value 
1 4.32763 4.32763 55.628 

1 81.73057 81.73057 1050.582 
1 94.85206 94.85206 1219.248 

I (DBA2) 1 28.119 
36.775 I(AA'2) 1 

Pr(F) 

J.OOOOOOe-013 

O.OOOOOOe+OOO 
O.OOOOOOe+OOO 

1.523075e-007 
2 .149400e-009 

I(E'2) 1 

2.18757 

2.86096 
9.35835 

2.18757 
2.86096 
9.35835 
0.07780 

120.294 O.OOOOOOe+OOO 
Residuals 713 55.46820 

FORCA PARALELA MEDIA 

CORTE 90°-0° TANGENCIAL 

• FORCA x ESPESSURA DE CORTE 

y= 10° 

CITRIODORA 

~' 
' ~ 
0 

; 

0 

o--: 

0-

' 9-; 

,, 
" 0.6 '' '·' 

*** Linear Model *** 
Call: 

lm(formula = LNFPMD- E + I(EA2) + (EA3), data 

na.action = 
na. omit) 

Coefficients: 

(Intercept I E I (E"'2) I (E"'3) 

2.094452 3.676359 -2.288234 0.5741073 

Degrees of freedom: 80 total; 76 residual 

Residual standard error; 0.1053088 

'·' 

CFPMD90.0TGAAl0.LN, 

Call: lm(formula = LNFPMD - E + I (EA2) + (EA3), data 

CFPMD90.0TGAA10.LNr na.action 

na.omit) 
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Coefficients: 
Value Std. Error t value Pr (>! t I I 

(Intercept) 2.0945 0.1956 10.7077 0.0000 

E 3. 67 64 0.7852 4.6823 0.0000 
I(E"2) -2.2882 0.9104 -2.5133 0.0141 
I (E"3) 0.5741 0.3173 1.8091 0.0744 

Residual standard error: 0.1053 on 76 degrees of freedom 
Multiple R-Squared: 0.9521 

F-statistic: 504 on 3 and 76 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

E 1 16.02547 16.02547 1445.045 0.00000000 

I(E"2) 1 
I (EA3) 1 

Residuals 76 

SALIGNA 

0. 70724 

0.03629 

0.84284 

~ -

" -
0 ~ 

~ 

s ., 
a 

" -

0 -
20 

0. 70724 

0. 03629 

0. 01109 

30 

*** Linear Model *** 
Call: 

~ 

63.773 0.00000000 

3.273 0.07439518 

" 
Fitted: E 

! 
' 

50 

2 

' 

lm{forrnula = FPMD - E, data SFPMD90.0TGAA10, na.action 

Coe-fficients: 

(Intercept) E 

5.331321 38.01234 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 4.792819 

! 

na.omit) 

406 

Call: lm(formula = FPMD - E, data SFPMD90.0TGAA10, na.action na.omit) 



Coefficients: 

Value Std. Error t value Pr 1>1 t I) 

(Intercept) 5.3313 1. 3126 4.0618 0.0001 

E 38.0123 1.2580 30.2175 0.0000 

Residual standard error: 4.793 on 78 degrees of freedom 

Multiple R-Squared: 0.9213 

F-statistic: 913.1 on 1 and 78 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: FPMD 

to last) 

F Value Pr(F) 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

E l 20974.86 20974.86 913.0973 0 

Residuals 78 1791.75 22.97 

GRANDIS 

0 

0 

*** Linear Model *** 
Call: 
lm(formula = LNFPMD- E + (E'2), data 

na.ornit) 

GFPMD90.0TGAA10.LN, na.action 

Coefficients: 

(Intercept) E 

1.969014 1.867677 

I (EA2) 

-0.4591857 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.09925984 

Call: lm{formula = LNFPMD- E + (EA2), data 

na.action = na.omit) 

Coefficients: 

GFPMD90.0TGAA10.LN, 

(Intercept) 

Value Std. Error 

1.9690 0.0618 

t value Pr(>itll 
31.8669 0.0000 
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E 1. 8677 
I (E'2) -0.4592 

0.1479 
0.0765 

12.6237 
-6.0063 

0.0000 
0.0000 

Residual standard error: 0.09926 on 77 degrees of freedom 

Multiple R-Squared: 0.9508 
F-statistic: 744.3 on 2 and 77 degrees of freedom, the p-value is 0 

Analy-sis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value 
E 1 14.31152 14.31152 1452.575 

I(E'2) l 0.35544 0.35544 36.076 

Pr IFI 
O.OOOOOOe+OOO 
5.880738e-008 

Residuals 77 

y= 20° 

CITRIODORA 

0.75864 0.00985 

N 

0 

3.0 3.2 

*** Linear Model *** 
Call: 

3_8 '·' 
Fitted E + I(E"2) .- (E~3) 

lm(formula = LNFPMD- E + IIE'2) + (E'3), data 

na. action = 

CFPMD90. OTGAA2 0. LN, 

na.omit) 

Coefficients: 
(Intercept) E I IE'21 I (E'3) 

1.79632 4.232158 -2.959665 0.7629135 

Degrees of freedom: 80 total; 76 residual 

Residual standard error: 0.1647859 

Call: lm(formula = LNFPMD- E + I (E"2) + (E"3), data 

CFPMD90.0TGAA20.LN, na.action 

na.omit) 
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Coefficients: 

Value Std. Error t value Pr I> It I I 
(Intercept) l. 7963 0.3061 5.8689 0.0000 

E 4.2322 1. 22 86 3.4446 0.0009 
I(EA2) -2.9597 1.4247 -2.0775 0. 0411 
I(EA3) 0. 7 62 9 0.4966 1.5363 0.1286 

Residual standard error: 0.1648 on 76 degrees of freedom 

Multiple R-Squared: 0.861 

F-statistic: 156.9 on 3 and 76 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr (F) 

E 1 11.69277 1 . 69277 430.6029 0.0000000 
I(E/\2) 1 1.02465 .02465 37.7344 0.0000000 
I (E'"'3) 1 0.06409 .06409 2.3603 0.1286132 

Residuals 76 2.06373 . 02715 

SALIGNA 

N 
~ 

0 

: 
0 • 0 

' g 

N 

9~ 

9 

q 

2.8 o.o 32 3.6 

*** Linear Model *** 
Call: 

lm(formula ~ LNFPMD ~ E + (E"2), data 

na.omit) 

SFPMD90.0TGAA20.LN, na.action 

Coefficients: 

(Intercept) E 

1.843158 2.689723 

I(E"2) 

-0.9481438 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1166742 

Call: lrn(formula = LNFPMD - E + \E/\2), data 
na.action = na.omit) 

SFPMD90. OTGAA20. LN, 
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Coefficients: 

Value Std. Error t value Pr I>! t I I 
I Intercept I 1.8432 0. 0726 25.3777 0.0000 

E 2.6897 0.1739 15.4665 0.0000 
I(E'21 -0.9481 0.0899 -10.5510 0.0000 

Residual standard error: 0.1167 on 77 degrees of freedom 

Multiple R-Squared: 0.9246 
F-statistic: 471.9 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value 
1 11.33109 11.33109 832.3815 
1 1.51544 1.51544 111.3240 

E 

IIE'21 
Residuals 77 1.04819 0.01361 

GRANDIS 

• 
• 
0 

0 

N 

0 

0 

0 

N 

0 

" 
" 26 2.8 20 

F1tted : E + (P2) 

*** Linear Model *** 
Call: 

Pr (F) 

O.OOOOOOe+OOO 
1.ll0223e-016 

3.2 

6 

! 

3.6 

lm(formula = LNFPMD- E + (E"2), data 

na. omit) 

GFPMD90.0TGAA20.LN, na.action 

Coefficients: 

(Intercept) E 

1.687602 2.175047 

I(E"2) 

-0.6124911 

Degrees of freedom: 80 total; 77 residual 
Residual standard error: 0.1163691 

Call: lm(forrnula = LNFPMD- E + (EA2), data 

na.action = na.omit) 

GFPMD9 0. 0TGAA2 0. LN, 
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Coefficients: 

Value Std. Error t value Pr 1>1 t I I 
(Intercept) 1.6876 0.0724 23.2968 0.0000 

E 2.1750 0.1735 12.5398 0.0000 
I(E'2) -0.6125 0.0896 -6.8337 0.0000 

Residual standard error: 0.1164 on 77 degrees of freedom 
Multiple R-Squared: 0.9365 

F-statistic: 568.2 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

E 1 14.75665 14.75665 

I(E'2) 1 0.63240 0.63240 

Residuals 77 1.04272 0.01354 

y= 30° 

CITRIODORA 

0 

0 

., 
9i 

*** Linear Model *** 
Call: 

3.0 

lm{formula = LNFPMD - E, data 

Coefficients: 

(Intercept) E 

2.657827 0.5255178 

to last) 

FValue Pr(F) 

1089.714 O.OOOOOOe+OOO 

46.700 l.713426e-009 

3.2 

F'tted: E 

CFPMD90.0TGAA30.LN, na.action 

Degrees of freedom: 80 total; 78 residual 

Residual standard error: 0.2682997 

na. omit) 

Call: lm(forrnula = LNFPMD - E, data 

na. omit) 

CFPMD90.0TGAA30.LN, na.action 
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Coefficients: 

(Intercept) 

E 

Value 

2.6578 

0.5255 

Std. Error 
0.0735 

0.0704 

t value 

36.1723 

7. 4626 

Pr (>i tj) 
0.0000 

0.0000 

Residual standard error: 0.2683 on 78 degrees of freedom 

Multiple R-Squared: 0.4166 

412 

F-statistic: 55.69 on 1 and 78 degrees of freedomr the p-value is l.026e-

010 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

E 1 4.008897 4.008897 

Residuals 78 5.614808 0.071985 

SALIGNA 

to last) 
F Value 

55.69094 

Pr (F) 

1. 025812e-010 

06 .. 

2.6 2.6 3.0 3.2 

F•tted: E + I(EA2) + (E"3) 

*** Linear Model *** 
Call: 
lm(formula = LNFPMD- E + I(EA2i + (E'3), data 

na.action = 
SFPMD90.0TGAA30.LN, 

na.omit) 

Coefficients: 
(Intercept) E I(EA2) I(EA3) 

1.438132 3.951995 -3.28459 0.9523245 

Degrees of freedom: 80 total; 76 residual 

Residual standard error: 0.1000578 

Call: lm(formula = LNFPMD - E + I {E"'2) + (E"3), data 

SFPMD90.0TGAA30.LN, na.action 

na.omit) 



Coefficients: 

Value Std. Error t value Pr(>ltl) 
I Intercept I 1.4381 0.1858 7.7382 0.0000 

E 3.9520 0.7460 5.2975 0.0000 
I(E'"'2) -3.2846 0.8650 -3.7970 0.0003 
I(E'3) 0.9523 0.3015 3.1584 0.0023 

Residual standard error: 0.1001 on 76 degrees of freedom 

Multiple R-Squared: 0.8756 

F-statistic: 178.3 on 3 and 76 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 
E 1 4.720436 4.720436 471.4986 0.000000000 

I(E"2) 1 0.534939 0.534939 53.4321 0.000000000 

I(E"3) l 0.099867 0.099867 9.9752 0.002276709 
Residuals 76 0.760879 0.010012 

GRAND IS 

N 

0 

22 2.3 

*** Linear Model *** 
Call: 

" 2.5 2.6 27 

Fitted E + {E"2) 

2.8 

lm(formula = LNFPMD- E + (E'"'2), data 
na. omit) 

GFPMD90.0TGAA30.LN, na.action 

Coefficients: 

(Intercept) E I(E"2) 
1.55056 1.983131 -0.752566 

Degrees of freedom: 80 total; 77 residual 

Residual standard error: 0.1075046 

Call: lm(formula = LNFPMD- E + (E'"'2), data 

na.action = na.omit) 

GFPMD90.0TGAA30.LN, 
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Coefficients: 
Value Std. Error t value Pr (>It I l 

(Intercept) 1. 5506 0.0669 23.1700 0.0000 
E 1. 9831 0.1602 12.3761 0.0000 

I(E'2) -0.7526 0. 082 8 -9.0889 0.0000 

Residual standard error: 0.1075 on 77 degrees of freedom 

Multiple R-Squared: 0.8571 
F-statistic: 230.9 on 2 and 77 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

E 1 4.383029 4.383029 
I(EA2) 1 0.954727 0.954727 

Residuals 77 0.889907 0.011557 

• FOR(::A x DENSIDADE 

y= 10" 

ESPESSURA = 0,381mm 

' 0 

0 

0 

to last) 

F Value Pr (F) 
379.2454 O.OOOOOOe+OOO 

82.6086 8.082424e-014 

' 
,-~--~---------------------'~'------------~ 

2.6 2.6 

Fttted: DB+ (D8A2J 

*** Linear Hodel *** 
Call: 
lm(formula = LNFPMD- DB+ (DBA2), data 

na.ac"Cion = 
na.omit) 

Coefficients: 

{Intercept) DB I (DB"2) 

0.914527 5.384401 -3.149932 

3.0 32 

FPMDAA10E0381xDENS.LN, 
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Degrees of freedom: 60 totali 57 residual 

Residual standard error: 0.1205618 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 

na. action = 
na.omit) 

Coefficients: 

(Intercept) 

DB 

IIDB'2) 

Value 
0. 9145 

5.3844 

-3.1499 

Std. Error 

0.2356 

0.7536 

0.5515 

t value 

3.8812 

7.1453 

-5.7111 

Pr 1>1 ti) 
0.0003 

0.0000 

0.0000 

FPMDAA10E038lxDENS.LN, 

Residual standard error: 0.1206 on 57 degrees of freedom 

Multiple R-Squared: 0.809 

F-statistic: 120.8 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 

Df Sum of Sq Mean Sq F Value Pr(F) 

DB l 3.036268 3.036268 208.8913 O.OOOOOOe+OOO 

I (DBA2) 1 

Residuals 57 

0.474082 0.474082 32.6162 4.255387e-007 

0.828504 0.014535 

ESPESSURA = 0,762mm 

' 0 

~ 
0 

0 

~ 

' 9'""": 

e -
3.0 3.2 3A 

Fitted: DB+ {DB"2) 

*** Linear Model *** 
Call: 
lm(formula = LNFPMD- DB+ IDB'2), data 

na.ac-cion = 
na.omit) 

Coefficients: 
(Intercept) DB I(DBA2) 

1.285064 5.866912 -3.37633 

TS 

FPMDAP.10E0762xDENS.LN, 
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Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1202405 

Call: lm(foriT~la = LNFPMD- DB+ {DBA2), data 

na.action = 

FPMDAA10E0762xDENS.LN, 

na.omit) 

Coefficients: 

Value Std. Error t value Pr (>It i I 
(Intercept I 1. 2851 0.2350 5.4683 0.0000 

DB 5.8669 0.7516 7.8064 0.0000 
I(DBA2) -3.3763 0.5501 -6.1379 0.0000 

Residual standard error: 0.1202 on 57 degrees of freedom 

Multiple R-Squared: 0.8486 

F-statistic: 159.8 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

1 4.074882 4.074882 

l 0.544679 0.544679 

Residuals 57 0.824093 0.014458 

ESPESSURA = 1,143mm 

N 

0 

~ 

.. 
~ 0 

~ 0 

0 

~ 
0 

*** Linear Model *** 
Call: 

' 

to last) 

F Value 

281.8472 

37.6738 

Pr (F) 

O.OOOOOOe+OOO 
8.541979e-008 

3.6 " 
F•tled: BD + (BD"2} 

'·' '·' 

lm(formula = LNFPMD- BD + (BDA2), data 

na.action 

FPMDAA10Ell4390.0TGxDENS.LN, 

= na.omit) 

Coefficients: 

(Intercept) BD I (BD'2 I 
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1.376741 6.772234 -4.062907 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.0956531 

Call: lm(formula = LNFPMD- BD + (BD'2), data 

FPMDAA10El14390.0TGxDENS.LN, na.action 

= na. omit) 

Coefficients: 

Value Std. Error t value Pr (>It I I 
(Intercept) 1.3767 0.1869 7. 3643 0.0000 

BD 6.7722 0.5979 11.3272 0.0000 
I(BD'2) -4.0629 0.4376 -9.2846 0.0000 

Residual standard error: 0.09565 on 57 degrees of freedom 

Multiple R-Squared: 0.8999 

F-statistic: 256.2 on 2 and 57 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 

Df Suw. of Sq Mean Sq 
1 3.898849 3.898849 

1 0.788723 0.788723 

BD 

I(BD'2) 

Residuals 57 0.521522 0.009150 

ESPESSURA = 1,524mm 

N 

0 

~ 

• 0 

~ 
0 ,.,c 

" 
0 -

' N ~ 0 

3.6 3.8 

to last) 

F Value 

426.1263 

86.2038 

4.0 

Pr (F) 

O.OOOOOOe+OOO 

5. 312417e-013 

4.2 

Fitted OS+ (06A2) 

*** Linear Model *** 
Call: 
lm(formula = LNFPMD- DB+ (DBA2), data 
na.action 

= na.omit) 

Coefficients: 

FPMDAAlOE152490.0TGxDENS.LN, 
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(Intercept) DB IIDB'2) 
1.821807 6.118183 -3.580859 

Degrees of freedom: 60 total; 57 residual 
Residual standard error: 0.09448673 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 
FPMDAA10E152490.0TGxDENS.LN, na.action 

= na. omit) 

Coefficients: 

Value Std. Error t value Pr 1>1 t I I 
(Intercept I 1. 8218 0.1847 9.8653 0.0000 

DB 6.1182 0.5906 10.3596 0.0000 
I(DB'2) -3.5809 0.4323 -8.2840 0.0000 

Residual standard error: 0.09449 on 57 degrees of freedom 
Multiple R-Squared: 0.8988 
F-statistic: 253.1 on 2 and 57 degrees of freedom, the p-value is 0 

&~alysis of Variance Table 

Response: LNFPMD 

Terms added sequentially {first to last) 
Df Sum of Sq Mean Sq F Value 

DB 1 3.906134 3.906134 437.5277 
I(DBA2) 1 0.612668 0.612668 68.6252 

Residuals 57 0.508881 0.008928 

y= 20° 

ESPESSURA = 0,381mm 

N 

0 

" 

~ 

0 

0 
0 

0 § 

9-

'• 
N 

0-

0 

9-

2.2 ,, 

*** Linear Model *** 
Call: 

Pr (F) 

O.OOOOOOe+OOO 
2. 323919e-011 

2o 

8 

,, 

lm(formula = V3- DB+ (DBA2), data 

na.action = 
FPMD.~30E038190.0TGxDENS.LN, 
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na.omit) 

Coefficients: 

I Intercept) DB 

0.8296202 4.280746 

I(DB'2) 

-2.344965 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.09543773 

419 

Call: lm(formula = V3- DB+ (DBA2), data= FPMDAA30E038190.0TGxDENS.h~, 

na.action = 
na.omit) 

Coefficients: 
Value Std. Error t value Pr I> I ti I 

(Intercept) 0.8296 0.1867 4.4444 0.0000 

DB 4.2807 0. 5971 7.1691 0.0000 
I(DBA2) -2.3450 0. 4371 -5.3652 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 

Df Sum of Sq Mean Sq 

DB 1 2.987549 2.987549 

I(DB'2) 1 0. 262190 0. 262190 

Residuals 57 0.519177 0. 009108 

ESPESSURA = 0,762mm 

Call: 

0 

0 

26 

**• Linear Model *** 

2.7 

to las c) 
F Value Pr (F) 

328.0007 O.OOOOOOe+OOO 

28.7857 1.533844e-006 

c c 

'·' 2.3 2.1 3.2 



lm(forrnula = LNFPMD- DB+ (DB'2), data 

na.action 

FPMDAA30E076290.0TGxDENS.LN, 

= na.omit) 

Coefficients: 

I Intercept I DB I(DBA2) 

-1.96087 1.503326 3.630661 

Degrees of freedom: 60 total; 57 residual 

Residual standard error: 0.1606076 

Call: lm(formula = LNFPMD- DB+ (DBA2), data 

FPMDAA30E076290.0TGxDENS.LN, na.action 

= na. omit) 

Coefficients: 

(Intercept) 

DB 
I(DBA2) 

Value 
1.5033 

3.6307 

-1.9609 

Std. Error t value Pr(>lti) 
0.3141 4.7857 0.0000 

l. 0048 
0.7355 

3.6132 0.0006 

-2.6660 0.0100 

Residual standard error: 0.1606 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 

Df Sum of Sq Mean Sq 

1 2.328920 2.328920 

1 0.183333 0.183333 
DB 

I(DBA2) 

Residuals 57 1.470304 0.025795 

ESPESSURA = 1,143mm 

~ 

' 
00 

0 
C<; 

0 . 
0 

' ' 0 
0 

' 91 
~ 

., 
0-

0 
9..., 

0 

0-

. 

2.8 29 3.0 

to last) 
F Value 

90.28639 

7.10737 

3 .• 

F•t!eci_ OS 

Pr (F) 

0.000000000 

0.009971158 

., 

B 

09 

3.2 3.3 

(',o 

,o 

" 

" 
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*** Linear Model *** 
Call: 

lm(formula = LNFPMD - DB, data 

na.omit) 
FPMDAA30El14390.0TGxDENS.LN, na.action 

Coefficients: 

(Intercept) DB 

2.454049 0.9842789 

Degrees of freedom: 60 total; 58 residual 

Residual standard error: 0.2020958 

Call: lrn(forrnula = LNFPMD - DB, data 
na.action = na.omit) 

Coefficients: 

(Intercept) 

DB 

Value Std. Error t value 

2.4540 0.0842 29.1615 

0.9843 0.1279 7.6980 

FPMDAA30E114390.0TGxDENS.LN, 

Pr (>It I) 

0.0000 

0.0000 

Residual standard error: 0.2021 on 58 degrees of freedom 

Multiple R-Squared: 0.5054 

421 

F-statistic: 59.26 on 1 and 58 degrees of freedom, the p-value is 1.967e-

010 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 

Df Sum of Sq Mean Sq 

DB 1 2.420309 2.420309 

Residuals 58 2.368877 0.040843 

ESPESSlJRA 1,524mm 

0 0 c 
o QO 

to last) 

F' Value 

59.25928 

/o "c 

Call: 

0 

c 

29 

*** Linear Model **~ 

30 3.2 

Fitted: 08 

Pr (F) 

1. 9 672 8 3e- 010 

3A 3.5 



lm(formula 
na.omit) 

LNFPMD - DB, data FPMDAA30El52490.0TGxDENS.LN, na.action 

Coefficients: 

(Intercept) DB 

2.489791 1.040493 

Degrees of freedom: 60 total; 58 residual 
Residual standard error: 0.2369607 

Call: lm(formula = LNFPMD - DB, data 

na.action = na.omit) 

Coefficients: 

Value Std. Error t value 

(Intercept) 2.4898 0.0987 25.2330 

DB l. 04 05 0.1499 6.9403 

FPMDAA30El52490.0TGxDENS.LN, 

Pr (>It II 
0.0000 

0.0000 

Residual standard error: 0.237 on 58 degrees of freedom 
Multiple R-Squared: 0.4537 

422 

F-statistic: 48.17 or. 1 and 58 degrees of freedom, the p-value is 3.692e-

009 

~~alysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first 
Df Sum of Sq Mean Sq 

DB 1 2.704662 2.704662 

Residuals 58 3.256723 0.056150 

to last) 
F Value Pr (F) 

48.16817 3.69163e-009 

FOR(::A x (DENSIDADE +ANGULO DE ATAQUE + ESPESSURA DE CORTE) 

Call: 

0 

0 

2.0 

*** Linear Model *** 

2.5 

'629 '689 

3.0 35 •. 0 

lm(formula = LNFPMD- DB+ E + AA + (DBA2) + (E'2) + (AA'2), data 

FPMD90.0TGxDENSESPAA.LN, na.action = na.omit) 



Coefficients: 
(Intercept) DB E AA I (DB'2) I (E'2) I (AA'2) 

0.4616014 4.788795 2.087821 0.9245664 -2.709507 -0.6584463 -4.134523 

Degrees of freedom: 719 total; 712 residual 

Residual standard error: 0.1711144 

Call: lm(formula = LNFPMD- DB+ E + AA + (DB'2) + (E'2) + (AA'2), data 
FPMD90.0TGxDENSESPAA.LN, na.action = na.omit) 

Coefficients: 
Value Std. Error t value Prl>ltl) 

(Intercept) 0.4616 0.1134 4. 0710 0.0001 

DB 4.7888 0. 3091 15.4909 0.0000 
E 2.0878 0.0851 24.5481 0.0000 

AA 0.9246 0.3133 2.9510 0.0033 

I(DB'2) -2.7095 0.2262 -ll.9759 0.0000 
I (E'2) -0.6584 0.0440 -14.9777 0.0000 

I (AA'2) -4.1345 0.4442 -9.3068 0.0000 

Residual standard error: 0.1711 on 712 degrees of freedom 
Multiple R-Squared: 0.9043 

F-statistic: 1121 on 6 and 712 degrees of freedom, the p-value is 0 

Analysis of Variance Table 

Response: LNFPMD 

Terms added sequentially (first to last) 
Df Sum of Sq Mean Sq F Value Pr (F) 

DB 1 36.60617 36.60617 1250.205 0 

E 1 91.04994 91.04994 3109.615 0 

AA 1 56.04428 56.04428 1914.072 0 

I(DB'2) 1 4.17918 4.17918 142.731 0 
I(E'2) 1 6.56038 6.56038 224.056 0 

I (AA"2) 2.53615 2.53615 86.617 0 

Residuals 712 20.84745 0.02928 
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