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ABSTRACT

Based on comparative studies on standards and grading procedures of machine graded lumber in Korea and other
countries, this study proposed a procedure of determining the grade classification and design strengths of domestic
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machine graded lumber. Differences between machine stress rated lumber and E-rated laminations were detailed in or-
der to clarify the need for the procedure improvement. To this improvement the use of average MOE requirement for

grading was introduced instead of the fixed minimum MOE requirement which is currently used in the Korean
standards. It was found that the fixed minimum MOE requirement method was easier for an inspector to grade but,

less efficient as a strength predictor than the average MOE requirement method. The advantage of average MOE re-
quirement method is statistically MOR-MOE regression-based MOR prediction and highly efficient in quality control

though it requires a computer-aided operation system in an initial setup. A major weakness of the current Korean grad-

ing system was found that different strength characteristics depending on wood species were not reflected on the grade

classification and the tabulated allowable design stress. The proposed procedures were developed taking advantages of

respective merits of both methods and based on MOR-MOE regression analysis. Through this procedure, the grades of

machine stress rated lumber should be revised to become interchangeable with E-rated lamination, which would be

beneficial to the cost competitiveness of domestic machine graded lumber and glued laminated timber industry.

Keywords : machine grading, machine stress rated, allowable design stress, modulus of rupture, modulus of elas-

ticity, structural lumber
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Table 1. Essential documents regulating machine graded lumber in Korea and foreign countries
Korea Foreign countries
» Korea forest research institute Notification 2009-1; <« [USA] Western Lumber Grading Rules
Standard for sizes of Korean softwood structural lumber [Canada] Standard Grading Rules for Canadian Lumber
* KS F 3020. Softwood structural lumber [Europe] EN 14081-2. Timber structures-Strength graded
* KS F 3021. Structural glued laminated timber structural timber with rectangular cross section
» Korean Building Code and Commentary [Japan] Wood Frame Building Code and Commentary
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Table 2. Grades and visual quality standard of machine stress rated lumber and E-rated laminations

Machine stress rated lumber
(KS F 3020)

E-rated lamination
(KS F 3021)

Grades* 9 Grades: From E6 to E14 11 Grades: From E5 to E12 and E14, E16, E18
wane: not more than 30% rot: not allowed
check and split: not more than 2 times the width  split: very light
Visual shake: not more than 1/2 the thickness stain: light
restrictions decay: light grain: light

warp: not severe
twist: suitable for use

other defects: very light
knot: limited when used for outer lamination

* In grade marks, “E” represents modulus of elasticity and the following number means the minimum requirement for the modulus of elasticity

of the grade.
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Table 3. Allowable stress design values” of machine stress rated lumber in KS F 3020:2013 and KBC 2009

F, F, F. F., F, MOE
Grade (MPa) (MPa) (MPa) (MPa) (MPa) (GPa)
KS™ KBC KS KBC KS KBC KS KBC KS KBC KS KBC
E6 6.2 - 2.4 - 7.2 - 2.0 - 0.9 - 6000 -
E7 7.2 6.0 3.1 2.5 8.5 7.0 2.0 - 0.9 - 7000 7000
E8 8.2 - 4.1 - 9.6 - 2.5 - 1.0 - 8000 -
E9 9.0 8.5 5.5 5.0 10.1 10.0 2.5 - 1.0 - 9000 8000
E10 10.0 - 6.0 - 11.2 - 3.0 - 1.1 - 10000 -
Ell 11.3 11.0 7.4 7.0 11.7 12.0 3.0 - 1.1 - 11000 10000
E12 12.4 - 8.2 - 12.0 - 3.5 - 1.2 - 12000 -
E13 14.0 15.0 10.7 10.0 12.8 13.0 3.5 - 1.2 - 13000 13000
El14 16.0 - 13.0 - 13.5 - 3.5 - 1.2 - 14000 -
El5 - 17.0 - 12.0 - 15.0 - - - - - 15000

" Fp: allowable bending strength, F,: allowable tensile strength parallel to grain, F:

allowable compression strength parallel to grain,

Fc, @ allowable compression strength perpendicular to grain, MOE : modulus of elasticity

" KS: KS F 3020:2013, KBC : Korean Building Code
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Fig. 1. Relationship between MOR and MOE of
machine stress rated lumber (Oh. 2009).
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Table 4. Example of determining the near-minimum modulus of elasticity for Grade E12 in the average

modulus of elasticity method

Rank MOE MOR Ave. MOE 5% MOR
(GPa) (MPa) (GPa) (MPa)
102 10.9 40 12.20 25.00
103 10.8 39 12.15 25.00
104* 10.5 47 12.03 25.50
105 10.1 39 11.88 25.00
106 9.8 46 11.72 25.50
107 9.8 51 11.62 26.00

"10.5 GPa (rank 104) is determined as the min. MOE of Grade E12 satisfying the requirement of MOR for Grade E12 (i.e. 21 MPa)
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