











En este caso se determind una humedad objetivo del 12%. Todos los esfuerzos
determinados fueron corregidos y ajustados a este valor.

4.2. Valor estadistico caracteristico

Para la resistencia a la flexion (MOR), traccion paralela, compresion paralela y cizalle
paralelo, el valor estadistico caracteristico corresponde al quinto percentil de la tolerancia
limite (limite inferior con exclusion del 5%), con un nivel de confianza del 75%.

Para el médulo de elasticidad (MOE) en flexion y para la resistencia a la compresion
perpendicular, el valor estadistico caracteristico corresponde al valor promedio entregado
por la curva con un 95% de nivel de confianza.

El procedimiento consiste en determinar el parametro respuesta asociado a cada
propiedad (Tmax para todos los ensayos a excepcion de flexion donde se calcula MOR y
MOE). Con estos datos se debe confeccionar un histograma y elegir una distribucion de
frecuencias adecuada (normal o lognormal) para determinar el valor promedio, desviacién
estandar, coeficiente de variacion y el parametro de tolerancia limite (PTL), que
corresponde al 5° percentil con un 75% del nivel de confianza.

La Figura 12 muestra un ejemplo del histograma obtenido para el MOR en flexion, donde
se observa la distribucién de los 60 datos obtenidos.

Histogram for MOR
40
20
10
0 N 'ﬂ
33 43 53 63 73 83
MOR

Figura 12: Histograma de frecuencia, ensayo flexion canto, muestra combi

Para el caso pamcular de este ensayo, los valores se encuentran distribuidos entre 46,33
y 71,80 N/mm? El histograma se construye entonces a partir de la frecuencia de los
valores encontrados en este rango de valores, y luego se divide en 100 porciones (99
zonas). El valor correspondiente a cada division sera el percentil indicado y el valor
minimo correspondera al percentil 1%, mientras que el percentil 99% corresponde al valor
maximo encontrado. De la misma manera se extrae el valor correspondiente al quinto
percentil, que en este caso corresponde a 49,19 N/mm? en este caso.
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La Tabla 9 muestra el valor caracteristico alcanzado por cada tipo de tablero y para cada
propiedad evaluada a un contenido de humedad del 12%.

En esta tabla se observan tendencias similares a las informadas en el punto 3.1 donde el
andlisis se realizo respecto a los valores promedio de cada tipo de tablero y con
humedades entre 10 y 12%. Esto es, los tableros de eucalyptus alcanzan un mejor
comportamiento mecanico, mientras que aquellos fabricados con pino radiata alcanzan
los menores valores.

Tabla 9: Valores caracteristicos alcanzados por cada tipo de tablero, CH: 12%

Ensayo Parametro | Unidad Tipo producto
Pino Combinado | Eucalyptus
Flexion cara MOR N/mm® 37.92 49,63 66,95
MOE N/mm? 8.909 9.474 10.790
Sog kg/m® 456 502 575
Flexién canto MOR N/mm* 36,67 49,16 44,88
MOE N/mm* 9.810 10.351 11.671
Sog kg/m’ 458 503 582
Traccion T N/mm* 22,25 25,07 33.64
Sog kg/m® 450 500 539
Compresion j o N/mm°* 25,91 29,83 31,05
paralela Sog kg/m* 458 506 565
Comp. perpendicular , - N/mm* 19,09 20,08 18,55
(condicion canto) Sog kg/m’ 456 510 588
Comp. perpendicular Tosss N/mm* 17,29 17,28 20,85
(condicion cara) Sog kg/m’ 465 504 591
Cizalle N/mm* 4,58 4,76 5,00
(plano L-X) Falla madera % 92 94 97
Sog kg/m* 467 523 588
Cizalle (plano L-Y) Tini N/mm* 3,65 3,76 2,57
Sog kg/m* 453 503 577

MOR: médulo de ruptura, MOE: médulo de elasticidad, Tmax: resistencia maxima, CH: contenido de humedad,

Sog: densidad basica

4.3. Definicion de las tensiones de diseino

Las tensiones de diseno para cada una de las propiedades mecanicas evaluadas son
calculadas considerando el valor caracteristico de la propiedad y el factor de ajuste
correspondiente (Tabla 10), de acuerdo a la siguiente ecuacion:
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Donde :

S = tension de diseno.

B = valor caracteristico.

C, = factor de ajuste, ver tabla siguiente.

Tabla 10: Factor de ajuste segun propiedad a evaluar

Propiedad Factor de ajuste

'Médulo de elasticidad aparente B 1,00

'Resistencia a la flexion ) 2,10

' Resistencia a la traccion paralela ) 2,10

'Resistencia a la compresion paralela 1,90
Resistencia al cizalle paralelo 35
Resistencia a la compresion perpendicular 1,67

Este factor incluye el efecto de la duracion de la carga, el cual considera 10 anos como
duracion normal, manteniendo ademas un rango de seguridad. Los valores obtenidos
corresponden a la propiedad de diseno admisible, siempre que el elemento de madera de
chapas laminadas mantenga las mismas condiciones en las que fue ensayado.

La Tabla 11 muestra las tensiones de diseno obtenidas para cada uno de |os tres tipos de
productos evaluados y por cada propiedad testeada.

Tabla 11: Tensiones de diseno calculados por cada tipo de tablero

Ensayo Parametro | Unidad Tipo producto
Pino Combi Euca
. MOR N/mm* 18,06 23,63 31,88
Flesoncarm MOE N/mm? |  8.909 9.474 10.790
, MOR N/mm?* 17,46 23,41 2137
Fleulon catie MOE N/mm? 9.810 10.351 11.671
Traccion Triax N/mm* 10,60 11,94 16,02
Compresion paralela Wi N/mm°* 13,64 15,70 16,34
Comp. perpendicular canto j = N/mm? 11,43 12,02 1111
Comp. perpendicular cara Tenax N/mm?® 10,35 10,35 12,49
Cizalle L-X | N/mm* 1,45 1,51 1,59
Cizalle L-Y . N/mm* 1,16 1,19 0,82

Cuando alguna de las caracteristicas es modificada, la propiedad de disefo admisible
también es alterada, siendo algunas mas influyentes que otras.
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5. ANALISIS COMPARATIVO CON ESTUDIOS EJECUTADOS EN OTROS PAISES

5.1. Nueva Zelanda - Eucalyptus nitens

Una publicacién del New Zeland Forest Research Institute (Reprint N° 2824) senala
algunas propiedades mecanicas de los tableros LVL fabricados con eucalyptus nitens. El
estudio indica que las laminas utlizadas en la fabricacion de los tableros fueron
previamente clasificadas segun su rigidez determinada a través de un test acustico. Con
este material se fabricaron tres tipos de tableros: baja, media y alta rigidez. Los resultados
mostrados en la Tabla 12 corresponden al valor promedio de las propiedades mecanicas
informadas para el eucalyptus nitens crecido en Chile y Nueva Zelanda.

Tabla 12: Resultados comparativos para LVL fabricados con eucalyptus nitens

Ensayo Parametro | Unidad Nu.eva Ze|arlde.l &
Todos Baja Media Alta Chile
MOR N/mm’ 82,2 69,2 84,4 96,3 81,5
Flexion cara MOE N/mm? | 14.300 | 11.900 | 14.700 | 16.600 | 10.996
n s 85 35 35 30 60
S— Tmax N/mm’ 58,2 44,9 58,8 73,5 42,9
n - 85 35 35 30 60
Compresion Teiii N/mm? 52,4 48,8 52,4 56,8 34,9
Paralela n - 85 35 35 30 60

MOR: madulo de ruptura, MOE: médulo de elasticidad, Tmax: resistencia maxima

La Figura 13 muestra los valores alcanzados para todos los tableros evaluados, tanto en
Nueva Zelanda como en Chile, observando que el médulo de ruptura (MOR) de los
tableros fabricados en Chile es bastante cercano al reportado para todos los tableros de
Nueva Zelanda y superior al reportado para aquellos de baja rigidez. Se observa, ademas,
que el médulo de elasticidad (MOE) de los tableros fabricados en Chile es levemente
inferior al reportado para los tableros de baja rigidez.
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& 40 6000 &
s - 4000 2
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Producto
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Figura 13: Resultados comparativos ensayo de flexion
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El estudio de la referencia indica que las probetas mantienen una humedad promedio
entre 8 y 10%, en circunstancias que la humedad promedio de los tableros fabricados y
evaluados en Chile esta entre 10 y 12%; por lo que estos valores podrian eventualmente
ser aun un poco mayores si se corrigen hasta este rango de humedad.

La Figura 14 muestra los valores alcanzados para la resistencia maxima en el caso de
traccion y compresion paralela, observandose en ambos ensayos que los tableros
fabricados en Chile alcanzan valores inferiores a los reportados para todas las
condiciones del estudio de Nueva Zelanda, sin embargo, bastante cercanos al reportado
para aquellos de baja rigidez.
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Figura 14: Resultados comparativos ensayo de traccion y compresion
5.2. Estados Unidos - Pino radiata/Combi

Otra fuente bibliografica (Forest Products Laboratory, FPL-RP-521) senala caracteristicas
mecanicas de tableros fabricados con madera de Southern pine y Douglas fir. Este
estudio indica que se fabricaron tableros de ambas especies con diferentes proporciones
de madera juvenil, donde "ImE" corresponde a un tablero fabricado solo con madera
madura, mientras que "2j" indica que el tablero fue fabricado s6lo con madera juvenil.

La Tabla 12 hace una comparacion de los resultados publicados por esta fuente con los
obtenidos en este estudio (pino y combi). Comparados con Southern pine se observa que
los resultados de la muestra pino son mayores a los obtenidos por la muestra 2j y
menores que aquellos alcanzados por la muestra TmE. Se destaca que las muestras TmE
y 2j presentan una densidad significativamente mayor al de la muestra pino, causa que
explicaria el mejor comportamiento mecanico de las muestras de Southern pine.

Al comparar la muestra pino con Douglas fir, se observa que los valores alcanzados por
este estudio estan bastante mas cercanos a los reportados para la muestra TmE, sin
embargo, la densidad de esta ultima es también bastante mayor.

La muestra combi alcanza valores bastante cercanos a la muestra TmE, tanto de
Southern pine como Douglas fir, salvo en el caso de la resistencia a la traccion y el MOE.
A pesar de lo anterior, se observa que la densidad de esta muestra (combi) es bastante
menor que la de Southern pine o Douglas fir.
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Tabla 12: Resultados comparativos para LVL fabricados en USA y Chile

USA Chile
Ensayo Parametro | Unidad | Sguthern Pine Douglas fir . )
AmE 2 ImE 2 Pino | Combi
4] -
MOR N/mm® | 67,01 | 48,19 | 6201 | 34,03 | 57,96 | 63,05
MOE N/mm® | 13.124 | 8.819 | 13.749 | 9.027 9.179 9.555
Flexion cara CH % 12,00 11,70 12,10 11,90 10,20 11,48
Sog kg/m’ 630 590 520 450 456 502
n -- 64 54 60 60 60 60
MOR N/mm°* 70,76 52,29 68,40 38,19 51,75 58,86
MOE | N/mm’ | 13.749 | 9.305 | 12.916 | 9.027 | 10.070 | 10.520
Flexion canto CH % 12,00 11,70 12,10 11,90 10,39 11,02
Sog kg/m® 630 590 520 450 458 503
n -- 64 54 60 60 60 60
Timig N/mm”* 51,59 36,18 49,30 20,97 27,63 32,30
Traveisn CH % , 11,80 11,60 11,90 12,20 10,18 11,15
Sog kg/m 630 590 520 450 450 500
n - 50 35 60 60 60 60

MOR: modulo de ruptura, MOE: modulo de elasticidad, Ty resistencia maxima, CH: contenido de humedad,
Sog: densidad basica

Las Figuras 14, 15 y 16 muestran el comportamiento mecanico de las diferentes muestras
fabricadas en E.E.U.U. y Chile, observando que los valores alcanzados para pino y combi
estan dentro del rango de los valores reportados para muestras crecidas en Norteamérica.
Particularmente se observa que los tableros chilenos alcanzan valores mayores al
reportado para la muestra DF-2] que corresponde a tableros de madera juvenil de la
especie Douglas fir.
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Figura 14: Analisis comparativo modulo de ruptura, ensayo de flexion cara y canto
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Figura 15: Andlisis comparativo modulo de elasticidad, ensayo de
flexion cara y canto.
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Figura 16: Analisis comparativo, ensayo de traccion

5.3. Nueva Zelanda - Pino radiata

Nelson Pine industries, empresa que fabrica LVL con laminas de pino radiata previamente
clasificadas con técnicas de ultrasonido, en su reporte técnico AUS E 10 (diciembre del
2003) indica que sus productos tienen una humedad que varia entre 8 y 15%, una
densidad de 550 kg/m® y propiedades mecanicas que se indican en la Tabla 13.
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Tabla 13: Resultados comparativos de LVL fabricados con pino radiata

Ensayo Parametro Unidad Nelson Pine Chile

. MOE GPa 10,34 8,91/9,81
Fliaxkin, [Canlizanta) MOR MPa 38,0 37,9/36,7
Traccién Tivs MPa 22,0 22,2
Compresion perpendicular
Condicion cara j P MPa 12,0 16,6
Condicion canto J MPa 12,0 14,6
Compresion paralela Tinas MPa 35,0 25,9
Cizalle j . MPa 48 4,6

Valores informados corresponden a valores caracteristicos

Los valores alcanzados por la muestra pino presentan un mejor comportamiento
mecénico frente a esfuerzos de compresién perpendicular (cara y canto) y traccién. En
flexion, si bien el catalogo técnico no indica si el ensayo reportado corresponde a flexion
cara o canto, los valores del médulo de ruptura son bastante cercanos en ambos casos.
El mddulo de elasticidad y el esfuerzo de cizalle es levemente menor, mientras que en
compresion paralela, los valores de los tableros chilenos son alrededor de un 70%
menores que los informados.

6. CONCLUSIONES

« Entre las muestras ensayadas de pino, combi y eucalyptus, esta ultima especie
presenta un comportamiento mecanico significativamente mayor. Las muestras de
Pino y Combi presentan propiedades mecanicas similares.

¢ El adhesivo fendlico utilizado para la fabricacion de las muestras cumple con las
especificaciones minimas indicadas para el test de delaminacion. En el ensayo de
cizalle los valores de resistencia estan por debajo del minimo indicado como
requerimiento, sin embargo, el alto valor de desgarro alcanzado recomienda repetir el
ensayo al menos para las muestras combi y eucalyptus.

* Los tableros fabricados con pino y mezcla presentan un comportamiento mecanico
bastante cercano al reportado por estudios realizados en USA (Southern pine,
Douglas fir).

» El comportamiento mecanico alcanzado por los tableros de eucalyptus presenta
valores muy préximos a los reportados por estudios en Nueva Zelanda.
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CAPITULO Il

LVL FROM MACHINE GRADED
EUCALYPTUS NITENS AND RADIATA PINE VENEER

Andre Klemarewski'

1. INTRODUCTION

Infor — Instituto Forestal is the leading forest products research institute in Chile. One of Infor
projects is to evaluate feasibility of making Laminated Veneer Lumber (LVL) from plantation
Radiata Pine and Eucalyptus Nitens. Chile is a major producer of forest products and has vast
forest plantations. In recent years there has been large increase in production of Plywood from
Radiata Pine. This product has been successfully exported worldwide. LVL like Plywood is made
from rotary peeled veneers but with all plies aligned parallel to each other. Veneer production
process for LVL is the same as for Plywood, with exception for veneer grading. Since LVL is a
structural product used for beams, headers and flanges in I-joist, it has to meet certain strength
criteria. Therefore just visual grading of veneer is not sufficient and veneer for LVL is machine
stress graded. LVL lay up and pressing is also different than in Plywood production. LVL billets
are made in large dimensions up to 90 mm thick, 1200 mm wide and 23 m long. In the last
process LVL is sawn to market dimensions. LVL production and its use has been growing
worldwide for the last 20 years and is projected continue to grow for a foreseeable future. The
largest production and consumption of LVL is in North America. Any new LVL producer and
exporter would have to meet North American market requirements in order to compete with
domestic products.

Presently, all veneer used for structural LVL is machine graded. The most popular method of
grading is by measuring the Ultrasonic Propagation Time (UPT), which is directly related to
veneer Modulus of Elasticity (MOE) and its density. Metriguard Company located in Pullman,
Washington, USA, commercialized this method. Ultrasonic veneer tester model 2650 has been
industry standard and there are over 150 machines installed worldwide. Another method of
indirect veneer MOE measurement was developed in Finland. This method measures wood
density and its moisture content (MC) by passing veneer through a Radio Frequency (RF) field.
The newest Metriguard veneer grading machines Model 2800 DME combine both UPT and RF
density measurement method for more accurate MOE calculations.

Infor has made and tested LVL from Eucalyptus Nitens and Radiata Pine visually graded
veneer. Visual grading is not accurate and cannot predict veneer strength. Presently there is no
veneer grading machines in Chile. In order to machine grade veneer and optimise LVL
properties Infor has contracted Applied Composites Technologies (ACT) to carry out proper
testing with Eucalyptus and Pine veneer samples shipped from Chile. Veneer grading was
carried out at Metriguard plant in Pullman, Washington and LVL lay up, pressing and bending
strength testing was done at Washington State University, Wood Engineering Laboratory also
located in Pullman.

' Licenced Mechanical Engineer and Senior Associate with Leonard Guss Assaciates. Inc. U.S.A.
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2. MACHINE VENEER GRADING

Veneer grading was carried out on 2800 DME veneer tester at Metriguard plant in Pullman
Washington, USA. 2800 DME machine measures ultrasonic wave velocity along the grain
average wood density and MC, and uses these values to calculate veneer MOE in bending.
The fundamental equation for MOE calculation is:

MOE = qv?

Where:

MOE - Modulus of Elasticity (stiffness), E in short

q - wood specific gravity (we also use term wood density)
v — ultrasonic wave velocity

The sound wave velocity is affected by wood density, MC, wood temperature, slope of grain,
knots and other defects. The measurement is carried out between two wheels. One wheel is a
sound generator and the other one is a receiver. There are about 120 measurements per
second and an average number corresponding to travel time in milliseconds is displayed and
stored in a computer. The UPT number is relative to specific wood species, grain angle and
others veneer qualities, and can not be used for direct LVL strength calculations. There is,
however, good correlation between UPT number and LVL strength for each specific species and
conditions. Until a direct method for measuring wood density was developed an average number
was used for wood density (q). RF method measures a shift in resonant frequency when veneer
passes through an RF field of a resonant cavity and relates it to wood density and MC. The final
result is more accurate MOE (E) indirect measurement and more consistent LVL strength
properties from graded veneer.

2.1. Radiata Pine Machine Veneer Grading Results

In total 913 sheets of Radiata Pine were graded. Average veneer thickness was 2.48 mm and
sheet size was 1300 mm x 2550 mm. An average veneer MC measured by 2800 DME machine
was 4.0%. Average veneer specific gravity (SG) was 0.454. SG distribution bell curve showed
longer than normal tail on the low-density side. There were some veneer sheets with SG as low
as 0.355. Veneer with such a low density has very poor strength values and is normally
eliminated from use in structural LVL. It was decided that veneer with SG below about 0.40 and
corresponding E of 8965 Mpa (1.30 Mpsi — millions of pounds per square inch) be eliminated
from the test.
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Chart 1. Radiata Pine Density Distribution.

Radiata Pine Density (SG) PDF

80 — -
*® ‘
> 60 L e » ®
; o * e
§_ 40 .. * * ..
- L
20 . % {
*®
0 _seste® %0
0,3 0,35 0.4 0.45 0.5 0,55 0,6

Specific Gravity

After passing through a grading machine each sheet number was marked togethere with
corresponding E as determined by machine. All other data (density, MC, dimensions) were
recorded on a computer. After grading, E numbers in a computer file were arranged in an
ascending order and divided into three even groups.

The veneer grade thresholds after eliminating low density veneer are presented in the table
below .

Table 1. E Value Grade Division for Radiata Pine Veneer

Radiata Pine Veneer Grade E Machine Value
Grade 1 (G1) Over 13,240 Mpa (1.92 Mpsi)
Grade 2 (G2) 11,240 to 13,240 Mpa (1.63 to 1.92 Mpsi)
Grade 3 (G3) Below 11,240 Mpa (1.63 Mpsi)

Radiata Pine veneer quality in general was very good. Veneer surface was smooth with very
shallow lathe checks. Veneer sheets were solid with a few splits. Veneer of this quality would be
very suitable for processing on modern high production LVL lines.

2.2. Eucalyptus Nitens Machine Grading Results

Eucalyptus veneer quality in general was very poor. Veneer sheets were wavy with many long
end splits. Some splits indicated peeler block spliting prior to peeling. Fast growing Eucalyptus is
known to develop growth stresses, which result in log end spliting after cross cutting. Some
narrow splits indicated rapid end shrinkage during drying. Drying of Eucalyptus requires different
drying schedules than softwood species. In general a drying temperature should be much lower,
humidity inside a dryer high and drying time longer than for softwood veneer of the same
thickness. Random MC check indicated that Eucalyptus veneer had high MC spot of up to 20%
MC. Veneer with MC over 8% can not be used for hot pressing and veneer with MC over 12%
can not be machine graded. All Eucalyptus veneer had to be re-dried prior to machine grading.
Veneer was re-stacked with lumber stickers separating every four veneer sheets and fans
installed to allow for air flow for accelarated ambient drying. After 48 hours of re-drying all
veneer was below 10% MC and suitable for machine grading.
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In total 393 sheets of Eucalyptus were machine graded. Average veneer thickness measured by
2800 DME machine was 2.34 mm and average MC was 6.5%.

Average veneer specific gravity was 0.534.

Chart 2. Eucalyptus Nitens Density Distribution.
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E values for Eucalyptus veneer were sorted in ascending order and divided into three even
groups. Grade thresholds are presented in Table 2.

Table 2. E Value Grade Division for Eucalyptus Nitens Veneer

Eucalyptus Nitens Veneer Grade

E Machine Value

Grade 1 (G1)
Grade 2 (G2)

Grade 3 (G3)

Over 14,690 Mpa (2.13 Mpsi)
12,897 to 14,690 Mpa (1.87 to 2.13 Mpsi)
Below 12,897 Mpa (1.87 Mpsi)

2.3.

Conclusions from Machine Veneer Grading

The following conclusions can be drawn from machine grading of Radiata Pine and Eucalyptus

Nitens veneer:

e Average density and calculated MOE of Eucalyptus Nitens veneer is higher than that of

Radiata Pine.

+ Machine calculated E value for 33% of Pine veneer indiceted that it might be possible to
produce LVL with desirable 13800 Mpa or 2.0 Mpsi MOE value.

¢ Machine calculated E value for up to 66% of Eucalyptus veneer indiceted that it might be
possible to produce LVL with desirable 13800 Mpa or 2.0 Mpsi MOE value.
Pine veneer quality is suitable for handling by automated high speed LVL equipment.

* Large portion of Eucalyptus veneer was of poor quality and unsuitable for high

production automated LVL equipment.
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3. LVL LAY UP AND PRESSING
3.1 Veneer Preparation

Graded veneer was transported to Washington State University Wood Materials and
Engineering Laboratory. Veneer MC was verified with oven drying method on a few randomly
picked veneer sheets from each species. Average MC for Radiata Pine veneer was 6.5% and
for Eucalyptus Nitens it was 5.9 %. It is required that veneer for LVL pressing be not higher than
8% MC. Our veneer was below that target and suitable for hot pressing.

For each species veneer was segregated into three grades as specified in Table 1 and Table 2.
Due to limited width of a roller spreader glue applicator, veneer sheets were split in half (60 cm
width) along the grain prior to lay up.

2.2  Glue Application and Lay up

Adhesive used for LVL preparation was supplied by Hexion Specialty Chemicals. It was
commercial LVL adhesive based on Phenol Formaldehyde (PF) resin normally used for Douglas
Fir veneer. Product designation was Cascophen WS-822-69, total solids content was 41% and
viscosity was 1720 cPs.

Glue was applied with a roller spreader to the top side of veneer. Glue application rate was
between 147 and 157 g/m’. Initially a higher glue spread rate was applied in control Pine panels
but this resulted in steam blisters.

Each LVL panel consisted of 13 veneers of the same species and veneer grade.

2.3  Hot Pressing

LVL panel were hot pressed one at a time in a single opening 1.3 m x 2.8 m hot press.

Hot press was controled with PressMAN program, which allows for very precise time/pressure
adjustments. Press platen temperature was 146 degrees C and maximum pressure on product
was 1.72 MPa (250 psi). Commercial LVL hot presses normally operate between 145 and 160
C, and the maximum pressure is between 1.50 and 2.10 MPa.

The inner glue line temperature was monitored with a thermocouple. Target PF glue curing
temperature was 100 C. Total press time was between 13 and 14 minutes. A typical pressing
curve for Pine LVL panel is presented in Figure 1.

Ten panels for each veneer grade were pressed. Hot pressed panels were stacked and stored
for several days before sawing.
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Figure 1. A typical pressing curve for Radiata Pine 30 mm LVL panel.
4. LVL BENDING TEST

At least two 90 mm wide samples were cut from each panel. One sample was used for flat
(plank) bending test and one sample was used for edge (joist) bending test. Bending test was
carried out according to ASTM D4761: Standard Test Method For Mechanical Properties of
Lumber and Wood Based Structural Products. Sample depth to span ration was 19:1 for
edgewise bending test and 32:1 for flatwise bending test.

Average Pine LVL MC was around 8.0% and average Eucalyptus LVL MC was 10%. The
standard requires that samples be brought to equilibrium moisture content in a conditioned
environment of 20 C and 65% relative humidity. This procedure takes several weeks to
accomplish and is not done in commercial LVL Quality Control laboratories. It is expected
that LVL equilibrium MC conditioned in 20 C and 65% relative humidity be between 9 and
11%. Since MC of our samples was very close to these values, bending strength values were
left without adjustments.
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5. LVL BENDING TEST RESULTS

5.1 Radiata Pine LVL Bending Test Results

Average bending test results for Radiata Pine LVL are presented in Table 3 and Table 4.
Average veneer MOE values obtained during machine grading are also included for

comparison. Average Pine LVL thickness was 31.5 mm.

Table 3. Radiata Pine LVL Edgewise Bending Test Results
Grade LVLMOE LVLMOE Veneer MOE LVLMOR LVLMOR LVL Density

(psi) (Mpa) (Mpa) (psi) (Mpa) (kg/m’)
G1 1,953,000 13,469 14,276 10,220 70 561
G2 1,669,000 11,510 12,345 8,690 60 534
G3 1,447,000 9,979 10,069 7,560 52 519

Table 4. Radiata Pine LVL Flatwise Bending Test Results
Grade LVLMOE LVLMOE Veneer MOE LVLMOR LVLMOR LVL Density

(psi) (Mpa) (Mpa) (psi) (Mpa) (kg/m’)
G1 2,227,000 15,359 14,276 12,270 85 565
G2 1,952,000 13,462 12,345 10,460 72 543
G3 1,611,000 11,110 10,069 8,320 57 517

5.2 Eucalyptus Nitens LVL Bending Test Results.

Average bending test results for Eucalyptus Nitens LVL are presented in Table 5 and Table
6. Average veneer MOE values obtained during machine grading are also included for
comparison. Averge Eucalyptus panel thickness was 29.5 mm, which is less then Pine panel

thickness. This difference was maindly due to thinner Eucalyptus veneer in comparison to
Pine veneer.

Table 5. Eucalyptus Nitens LVL Edgewise Bending Test Results
Grade LVLMOE LVLMOE Veneer MOE LVLMOR LVLMOR LVL Density

(psi) (Mpa) (Mpa) (psi) (Mpa) (kg/m®)
G1 2,349,000 16,200 15,931 13,050 90 706
G2 2,030,000 14,000 13,586 11,310 78 658
G3 1,725,500 11,900 11,586 9,512 66 626
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Table 6. Eucalyptus Nitens LVL Flatwise Bending Test Results.
LVLMOE LVLMOE Veneer MOE LVLMOR LVLMOR LVL Density

She (psi) (Mpa) (Mpa) (psi) (Mpa) (kg/m3)
G1 2,726,000 18,800 15,931 14,500 100 706
G2 2,407,000 16,600 13,586 13,050 90 658
G3 2102500 14,500 11,586 11,600 80 626

6. DISCUSSION

The results from machine veneer grading and LVL bending test demonstrate that there is a
wide spread in veneer strength properties within each species. It is clear that machine stress
grading of Radiata Pine and Eucalyptus Nitens veneer will be necessary in order to produce
a commercial grade LVL with predictable engineered properties. The new generation of 2800
series veneer grading machine allows for more accurate veneer MOE measurement. Veneer
E measurements correspond fairly well with LVL E in bending but can not be used as an
absolute value. As expected LVL MOE and MOR in flatwise direction was higher than
edgewise values for both species. This can be attributed to densification effect of outside
veneer plies in contact with hot platens. The above values are averages of 10 bending test
results only and can be used only as an indication of expected strength results. In order to
achieve statistically meaningful results, at least 52 samples would have to be tested.

Commercial LVL design values are normally presented as average values for MOE. An
allowable design stress for LVL beams (Fb) is calculated by taking the 5" percentile of MOR
value and reducing it further by a safety factor. Therefore Fb values in LVL producers design
tables are much lower than average values presented in this report. For beam LVL
applications the most important value is its average edgewise stiffness or E. In North America
the desired E value is 2.0 million psi or 13,800 Mpa. The results of this test indicate that at up
to 33% of Radiata Pine veneer can meet this strength requirement. The results for
Eucalyptus Nitens are even better and indicate that up to 66% of veneer could produce 2.0 E
LVL. Majority of Eucalyptus veneer used for this test would not be suitable for use in high
speed automated LVL systems. Veneer was wavy with many wide and long splits, which
made it very prone to breakage. Proper block treatment and veneer processing parameters
would have to be established if Eucalyptus Nitens is considered for commercial LVL
production. Eucalyptus high density and its high strength create an opportunity for mixing it
with lower density Pine veneer in order to obtain high strength LVL. Radiata Pine veneer
quality was very good.

Most LVL producers use 3.2 mm and thicker veneer. The advantages are less veneer
handling and lower glue consumption. It would be very beneficial to performe a similar test in
the future with 3.2 mm Pine and Eucalyptus veneer.

4 CONCLUSIONS

» Tested veneer sheets of Radiata Pine and Eucalyptus Nitens displayed a wide range
of densities and strength.

* Both species can be successfully machine strength graded using a commercial
ultrasonic/RF technology.
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Veneer machine strength grades corresponded well with LVL grades strength.
Eucalyptus Nitens veneer and LVL has higher density and strength than Radiata Pine
veneer and LVL.

Veneer grading and LVL tests demonstrated that up to 33% of Pine veneer can make
desirable 13800 Mpa E LVL and up to 66% of Eucalyptus veneer can make this LVL
grade.

Large portion of Eucalyptus veneer was of poor qulity and would not be suitable for
processing on cammercial LVL lines.

All Radiata Pine veneer was of good quality and suitable for commercial LVL
application.

RECOMMENDATIONS
Carry out a similar test of grading veneer and LVL pressing and strength testing with
3.2 mm thick veneer.

Identify process problems with Eucalyptus Nitens veneer and investigate process
changes for achieving good quality veneer.
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APPENDIX 1 - TEST RESULTS CHARTS

Chart 3 - Radiata Pine LVL MOE in Edgewise Bending
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Chart 5 - Radiata Pine LVL MOR in Edgewise Bending
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Chart 7 - Eucalyptus Nitens LVL MOE in Edgewise Bending
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Chart 9 - Eucalyptus Nitens LVL MOR in Edgwise Bending
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APPENDIX 2 - TEST PHOTOGRAPHS
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Front view of 2800 DME veneer grading machine.



LVL: VIGAS DE CHAPAS LAMINADAS CON MATERIAS PRIMAS CHILENAS

Eucalyptus Nitens after grading.
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LVL preparation laboratory set up with Pine veneer on the left, hot press int
he center and glue applicator to on the right.

Laid up Pine panel ready for hot pressing.
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\@ 1 "#

.9

LVL in a single opening hot press.

Pressed Pine LVL panels.
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Edgewise bending test set up
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Typical Eucalyptus failure in flatwise bending.

Typical Eucalyptus failure in edgewise bending.
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Typical Radiata Pine failure in edgwise bending.





