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Abstract

This paper presents a proposal for visual gradirighdolly and slash pine lumber from
Uruguayan plantations. A previous database withdimgnand density data was used to
characterize the material according to Europeamdarals (EN). The database, with
material being representative of currently produkedber, became from a 25-year-old
west and 15-year- old southern-west plantationd, @msisted of test results from two
samples of 261 total specimens (50x150x3300 mngtidg methods differed from EN
guidelines, so a partial objective was to compheedata parameters with those of EN,
and when necessary, to propose adjustment coeifscie comply with EN requirements.
Density and mechanical properties of each testesnbeere calculated following the
requirements of EN 408 and characteristic valuese wemputed according to EN 384.
Typical visual parameters of each specimen (ixotk fissures, deformations, etc) were
evaluated and the relationship between their poesand the characteristic value of the
corresponding sample was statistically analyzedguMATLAB software. As a result,
all specimens were grouped in one visual gradeedd8C7” for Uruguayan pine
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lumber, with engineered properties similar to thoséhe C14 strength class established
in EN 338. Longitudinal MOE and characteristic biegdstrength were the defining
properties for class assignation. Knot diametervaarp were the visual parameters with
more influence on bending properties.
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I ntroduction

In the last thirty years, Uruguay, a country with tradition in timber construction
significantly increased the availability of locatopuced wood due to a governmental
policy to promote forest plantations. A quarter aoftotal of 1 million planted areas
corresponds t®inussp. intended for sawn lumber and engineered woodugts. Lack
of strength graded timber in the market along whih fact that no design specification or
building code for wood construction is availablee @he main reasons that prevent
contractors, architects and engineers from usimdpei in structural applications. With
the aim of promoting the use of timber for struatuapplications, the government
commissioned to the timber research group (Fonege& Department LATU, School of
Engineering Universidad de la Republica and Scleddrchitecture Universidad ORT
Uruguay) to set up a comprehensive project (DNI43ab determine, and when was
possible, to propose the technical documents netulggnerate or to adopt a design
specification for timber construction in Uruguayfteék reviewing the state of the art and
the amount of work needed to write a local speaiifon, it was decided to adopt the
European standards package, including from testiethods, to design specifications
(EN 1995-1-1, 2004/AC:2006 and EN 1995-1-2 2004/X09). This decision implied
to make a series of adjustments and consideratonrevious research works, to
determine and to propose specific basic documemetsgfading rules, design properties
for locally produce timber, national annexes, et to identify research needs.

One of the most important issues to boost the stractural timber, is availability of
strength graded material. Visual grading is stithathod commonly used by producers,
and does not required complicated equipment orrla¥sual grading of structural
lumber imposes limits on the singularities or viguarameters shown on the piece to be
graded. The visual parameters frequently considarestrength grading of timber are:
knots, slope of grain, pith, fissures and warp, agn@thers. Most visual grading
standards establish these parameters and thewadlle limits, which are generally based
on the associated strength reduction of a pie¢entfer. A logical initial step to generate
new grading rules involved makes use of an avalatdndard (e.g., foreign standard) to
grade home-grown material, and to evaluate itsiegipdn. Since timber is very variable
in strength and appearance depending on speciepramnenance, a literal adoption of a
grading rule would be unrealistic, and a local grgdrule must be written for each
species, provenance and cross section. TherefoeeEtiropean standard prEN 1912
(2015) establishes the relationships between viguatling for different species and
origins and the strength class assigned.
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The aim of this study was to propose a visual gigdule for Uruguayan loblolly/slash
pine lumber and the correspondent limits for thsual parameters, and to assign a
strength class in accordance to prEN 338 (2012).

Materials & Methods
M aterial

A previous database from a timber strength gragirgect (FMV, 2012) comprised of

bending properties and density data was used t@acteaize pine lumber in accordance
to European standards (EN). The database with mkb&ing representative of currently
produced loblolly and slash pine lumber became ftarm commercial plantations in

Uruguay, a 25-year-old west and 15-year- old sewgkt plantations, and consisted of
test results from two samples totaling 261 strattgize specimens of 3300 mme-long.
Table 1 shows number of specimens and dimensiawsding to origin and age.

Table 1. Number of specimens according to origith age

Sample| Provenange  Age Nominal section| Number of pieces
(yr-old) (mm)
1 West 25 49 x 147 115
2 Southwest 15 49 x 147 146
Total 261

The database comprised of results from stiffness strength determined in 4-point

bending test, density and moisture content val8esecimens were conditioned at 65%
relative humidity and 20°C temperature. In additithe database included a description
of typical visual parameters for each speciment¥nslope of grain, wane, fissures, pith
and warp.

Due to the fact that testing and initial analyseserperformed following typical ASTM
procedures (ASTM D 198, ASTM D 2395, ASTM D2915¢nding and density data
were reviewed in accordance with European guidgliRelevant property values, mostly
related to modulus of elasticity were adjusted wmmply with EN 408 (2011)
requirements. Coefficients of 0.9950 and 0.9882vipusly determined as reported
elsewhere, were applied on specimen modulus ofi@tgsvalues in order to correct the
MOE values below the 10% and 20% below the ruptoesl, respectively. Global
modulus of elasticity was adjusted in accordanc&Nb408 (2011). Mean modulus of
elasticity, characteristic bending strength and rattaristic density values were
determined in accordance to EN 384 (2014).
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Methodology for analysis of visual parameters and strength class assignment

A method to statistically analyze the visual partere using MATLAB (Mathworks,
2012) was proposed in accordance with the proceakifellows, and presented in Figure
1

1) A preliminary analysis involved selection of thest influential parameters on mean
stiffness, characteristic strength and characterdénsity, with the aim to establish
allowable limits for each parameter;

2) A first script (a function in Matlab environmégnivas written to compute mean
stiffness, characteristic strength and characterdgnsity, with test data and allowable
limits defined in 1);

3) A second script (order-processing file) was tgved in order to evaluate different
allowable limit combinations and to return, for Bacombination, values of mean
stiffness, characteristic strength, and charad¢tergensity, plus the number of rejected
specimens;

4) Selection of the limit combination that returrtbd less amount of rejected specimens,
on a minimum basis of C14 strength class.

The limits were then compared with those estabtisbe the Spanish standard UNE
56544 (2011) and Argentinean IRAM 9662-1 (2005) dRAM 9662-3 (2005) for
coniferous lumber.
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Figure 1. Flowchart of the analysis process
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Results and Discussion

Table 2 shows the proposed specifications for Viggrading of nominal 2 by 6
Uruguayan pineKinus taed#P. elliottii) boards, based on data from two representative
samples. Actual cross section dimensions of tespedimens were 49 mm x 147 mm.
Visual grading was performed under dry conditidmsafds moisture content ranged 14-
18%) .

Table 2. Specifications for visual gradtraf Uruguayan loblolly/slash pine 2 by 6 boérds

Parameter Visual EC7
Face knot diameter (d) d<2/5h
Edge knot diameter (d) d<2/5b
Pith Allowed
Slope of grain <16
Maximum width of annual ring -
Fissures

- Seasoning checks <1l.O0mdé<al
- Seasoning splits <1.5mos |
Wane <1/5h
Resin pockets <2h

Reaction: compression wood -

Biological damage

- Blue stain Allowed

- Fungi decay Not allowed

- Insect’s galleries Holes diameter <2 mm
Warp

- Bow <12 mm

- Crook <9mm

- Twist <1.5 mm per 25 mm of h
- Cup -

1 Dry condition (MC= 14-18%)
2 Referred to mean cross section of 49 x 147 mm

Specimens complying with Table 2 specificationsemgrouped in a single visual grade
named as “EC7” (coniferous structural lumber).

Table 3 presents results of the visual gradingrcdtdages of pieces rejected in both
samples are high, being knot size and warp the measons. To explain this poor
outcome it is necessary to point out that the mtespecification resulted from analysis
of two samples comprised of mature wood, and jugewood with low physical and
mechanical properties. It is widely accepted thatpadue to the drying process is more
severe in juvenile wood, whereas annual ring uguallwider than in mature wood.
Measurement of annual ring width is not frequemlgluded in visual grading rules for
coniferous timber; few grading standards (UNE 5652@111) include measurement of

6
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annual ring width but only for grading in wet cotoin, to account for warping due to the
drying process. Annual ring width is also an inthcaof growth rate and age, which in
turn is associated with density, stiffness and ngfife Therefore, inclusion of
measurement of annual ring and its allowable marirtimit may improve this rule.

Table 3. Visual strength grading results. Pergmtd specimens complying with EC7
visual grade and rejections

Sample Provenance Age  Mean section EC7 Rejected
(yr-old) (mm) (%) (%)
1 West 25 49 x 146 50 50
2 South-west 15 49 x 148 29 71
All 38 62

Values of mechanical and physical properties otispens graded as ECEo(mer7.04
KN/mn?, fmi= 14.63 N/mm and a=348 kg/ni) correspond to the strength class C14
established in prEN 338 (2012). Longitudinal MOE arharacteristic bending strength
were the defining properties for class assignment.

Summary and Conclusions

With the aim of establishing the basis for a futgrading rule for Uruguayan pines, a
previous database was analyzed and used to déf@nallowable limits for the visual

parameters. A method to obtain the better corogldietween the limit values of visual
parameters and the strength class was developedlimhlis were then compared with
those established on the Spanish standard UNE 5&8bd4Argentinean IRAM 9662-1

and IRAM 9662-3 for coniferous timber.

Specimens were grouped in one visual grade, naBEd ™ for Uruguayan pine lumber,
with engineered properties similar to those of @& strength class established in prEN
338. Knot size and warp were the main visual patareghat defined the strength class.
Modulus of elasticity and characteristic bendimgmsgth were the defining properties for
class assignment.
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