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Standard Specification for

Evaluation of Structural Composite Lumber Products 1

This standard is issued under the fixed designation D 5456; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone} indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Structural composite lumber is intended for use as an engineering material for a variety of end-use
applications. The composition of the lumber varies by wood species, adhesive composition, wood
element size, shape, and arrangement. To provide the intended performance, composite lumber
products require:1) an evaluation of the mechanical and physical properties and their response to
end-use environments, an?) establishment of and conformance to standard performance specifica-
tions for quality.

Procedures contained in this specification are also to be used for establishing the design properties
and for checking the effectiveness of property assignment and quality assurance procedures.

The quality assurance sections in this specification are intended to serve as a basis for designing
quality-control programs specific to each product. The objective is to ensure that design values
established in the qualification process are maintained.

This specification is arranged as follows:

Section

Qualification Testing 5
Determination of Allowable Values 6
Independent Inspection 7
Quality Assurance 9

1. Scope ronment of 5.3 is considered representative of such uses.

1.1 This specification recognizes the complexity of struc- 1.5 The performance of structural composite lumber is
tural glued products. Consequently, this specification includegffected by wood species, wood element size and shape,
both specific procedures and statements of intent that samplir@flhesive and production parameters. Therefore, products pro-
and analysis must relate to the specific product. uced _by eac_h individual manL_Jfacturer shall be evaIL_Jat_ed_to

1.2 This specification was developed in the light of cur-determine their product properties, regardless of the similarity
rently manufactured products as defined in 3.2. Materials thdf characteristics to products produced by other manufacturers.
do not conform to the definitions are beyond the scope of thi¥Vhere a manufacturer produces product in more than one
specification. A brief discussion is found in Appendix X1. facility, each production facility shall be evaluated indepen-

1.3 Details of manufacturing procedures are beyond th&ently. For additional production facilities, any revisions to the
scope of this specification. full qualification program in accordance with this specification

shall be be approved by the independent qualifying agency.

Note l—_There is some potential for manufacturing variabI(_es to affgct 1.6 This specification is intended to provide manufacturers,
the properties of members that are loaded for sustained periods of img,, ;1210 agencies, and end users with a means to evaluate a
Users of this specification are advised to consider the commentary on this . ' .
topic, in Appendix X1. composite lumber product intended for use as a structural

. o . . . . material.

1.4 This specification primarily considers end use in dry y 7 hig gpecification covers initial qualification sampling,
service conditions such as with most protegted framing MeMyechanical and physical tests, analysis, and design value
B aanere e Sverage Sauilbm, mofstu Content Ggssignments Redtrements for » Qualty-contol program anc

' cumulative evaluations are included to ensure maintenance of
[ allowable design values for the product.

1 This specification is under the jurisdiction of ASTM Committee D07 on Wood 1.8 This specification, or parts thereof, shall be applicable to

and is the direct responsibility of Subcommittee D07.02 on Lumber and Engineeregtructural composite lumber portions of manufactured struc-

Wood Products.
Current edition approved April 10, 2001. Published June 2001. Originallytural Corr?pon?nts' dininch d . b ded
published as D 5456 — 93. Last previous edition D 5456 — 99a. 1.9 The values stated in inc -pound units are to be regarde

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.



@y D 5456

as the standard. The S| units given in parentheses are for Under Direct-Voltage Stre8s

information only. D 4442 Test Methods for Direct Moisture Content Measure-
1.10 This standard does not purport to address all of the  ment of Wood and Wood-Base Materials

safety concerns, if any, associated with its use. It is the D 4761 Test Methods for Mechanical Properties of Lumber

responsibility of the user of this standard to establish appro- and Wood-Base Structural Matefial

priate safety and health practices and determine the applica- D 4933 Guide for Moisture Conditioning of Wood and

bility of regulatory limitations prior to use. Wood-Base Materiafs

D 5055 Specification for Establishing and Monitoring
Structural Capacities of Prefabricated Wood I-J8ists

2.1 ASTM Standards: D 5457 Specification for Computing the Reference Resis-
C 177 Test Method for Steady-State Heat Flux Measure-  (ance of Wood-Based Materials and Structural Connec-

ments and Thermal Transmission Properties by Means of o for Load and Resistance Factor DeSign

the Guarded-Hot-Plate Apparafus o D 5764 Test Method for Evaluating Dowel Bearing
C 355 Methods of Test for Water Vapor Transmission of  girength of Wood and Wood-Based Prod8cts

Thick Materials Constructich . E 84 Test Method for Surface Burning Characteristics of
C 384 Test Method for Impedance and Absorption of  pyiiding Material§

Acoustical Materials by the Impedance Tube Method E 119 Test Methods for Fire Tests of Building Construction
C 423 Test Method for Sound Absorption and Sound Ab- 3,4 Material®

sorption Coefficients by the Reverberation Room Method 5 o canadian Standards:
D 7 Test Method for Sieve Analysis of Fine Aggregétes CAN3-086-M84 Engineering Design in Wood (Working
D 9 Terminology Relating to Wodd Stress Desigif
D 143 Method of Testing Small Clear Specimens of Tim- =ga Standards for Wood Adhesives. 0112 Séfies

ber '
D 150 Test Methods for AC Loss Characteristics and Per3. Terminology

mittivity (Dielectric Constant) of Solid Electrical Insulat- 3.1 Definitions—Standard definitions of wood terms are

2. Referenced Documents

ing Material$ . . . given in Terminology D 9.
D 198 Test Methods for Static Tests of Timbers in Structural” 3 2 pefinitions of Terms Specific to This Standard:
Size$ 3.2.1 laminated veneer lumbera composite of wood ve-

D 245 Practice for Establishing Structural Grades and Reneer sheet elements with wood fibers primarily oriented along

lated Allowable Properties for Visually Graded Lumber  the |ength of the member. Veneer thickness shall not exceed
D 669 Test Method for Dissipation Factor and Permittivity g 25 in. (6.4 mm).

Parallel With Laminations of Laminated Sheet and Plate 3.2.2 para”el strand lumbera Composite of wood strand

Material® . o elements with wood fibers primarily oriented along the length
D 1666 Methods for Conducting Machining Tests of Wood of the member. The least dimension of the strands shall not
and Wood-Base Materidls exceed 0.25 in. (6.4 mm) and the average length shall be a

D 1761 Method of Testing Mechanical Fasteners in Wood minimum of 150 times the least dimension.
D 2132 Test Method for Dust-and-Fog Tracking and Ero- 32 3 structural composite lumberin this specification,
sion Resistance of Electrical Insulating Materfals structural composite lumber (SCL) is either laminated veneer
D 2394 Method for Simulated Service Testing of Wood andiymper (LVL) or parallel strand lumber (PSL). These materials
Wood-Base Finish Flooritg _ are intended for structural use and they shall be bonded with an
D 2395 Test Methods for Specific Gravity of Wood and exterior adhesive, qualified in accordance with Specification
Wood-Base Materiafs D 2559 or, in Canada, conforming to the appropriate section of
D 2559 Specification for Adhesives for Structural Lami- csA standards for wood adhesives.
nated Wood Products for Use Under Exterior (Wet Use) 3 2 3.1 Discussior—Structural composite lumber has three
Exposure Conditior's mutually perpendicular directions of orientation (see Fig. 1):
D 2718 Test Method for Structural Panels in Planar Shear,

L Direction—Parallel to the longitudinal direction of the member.

(RoIIing Shearﬁ X Direction—Parallel to a surface of the member and normal to the L direction.
D 2915 Practice for Evaluating Allowable Properties for Y Direction—Normal to both L and X direction.
Grades of Structural Lumber In this specification, longitudinal shear means shear stress in

D 3201 Test Method for Hygroscopic Properties of Fire-the|-X andL-Y planes. Planar shear is stress in Xa¥ plane.
Retardant Wood and Wood-Base Prodgicts
D 3755 Test Method for Dielectric Breakdown Voltage and4. Mechanical Properties
Dielectric Strength of Solid Electrical Insulating Materials 4.1 The characteristic value for structural composite lumber
is a statistic derived from test data as specified in 6.1. For
2 Annual Book of ASTM Standardéol 04.06.

3 Discontinued; se@982 Annual Book of ASTM Standardart 18. —_—
4 Discontinued; se@937 Annual Book of ASTM Standayd®art 1. 8 Annual Book of ASTM Standardgol 10.02.

5 Annual Book of ASTM Standardgol 04.10. ° Annual Book of ASTM Standardgol 04.07.
8 Annual Book of ASTM Standardgol 10.01. 19 Available from Canadian Standards Association, 178 Rexdale Blvd., Rexdale,
7 Annual Book of ASTM Standardgol 15.06. Ontario, Canada M9W 1R3.
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the PTL, when evaluated in accordance with 3.4.3.2 of Practice
D 2915. When necessary the sample shall be increased beyond
the minimum of 53, to meet this requirement.

5.2.4 Minimum unit sample sizes for compression perpen-
dicular to grain (see 5.5.4) shall provide estimation of mean
values within 5 % in accordance with 3.4.2 of Practice D 2915.
Minimum sample size shall not be less than 30.

5.3 Composite lumber used in qualification testing shall be
brought to moisture equilibrium in a conditioned environment

PSL LVL of 20 + 6°C (68 =+ 11°F) and 65 % £5 %) relative humidity.
FIG. 1 Orientations for Structural Composite Lumber Methods for determination of completion of conditioning are
given in Guide D 4933.
bending and tension parallel to grain, the characteristic value is 5.4 Moisture content and specific gravity shall be measured
obtained at the unit volume as specified in 5.5.1 and 5.5.2. and reported for each specimen tested in the qualification

4.2 The design stress related to structural composite lumbgrogram. Measurement for moisture content shall be in accor-
is derived from the characteristic value through application ofdance with Test Methods D 4442 and measurement of specific
the adjustments listed in Table 1 of this specification. gravity shall be in accordance with Test Methods D 2395.

4.3 The allowable design stress published for engineering 5.5 Mechanical Properties-The properties that shall be
use shall be derived from the design stress modified by facto®valuated by qualification testing shall include, but are not

given in 6.3. limited to: bending strength and stiffness, tensile strength
o parallel to the grain, compressive strength parallel to the grain,
5. Qualification compressive strength perpendicular to the grain, and longitu-

5.1 Samples for qualification testing shall be representativdinal shear strength.
of the population being evaluated. When an intentional modi- 5.5.1 Bending—Modulus of rupture and apparent modulus
fication to the process results in a reduction in mechanicadf elasticity shall be determined for both flatwise and edgewise
properties as indicated by the quality-control program, therending in accordance with principles of Test Methods D 198
new qualification is required. or Test Methods D 4761. Specimen cross section shall not be
5.1.1 Qualification tests shall be conducted or witnessed biess than the minimum anticipated structural size. Selection of
a qualified agency in accordance with 7.1. All test results are tépecimen dimensions establishes the unit volume for the
be certified by the qualified agency. analysis of 6.4.1. Loading at third points and a span to depth
5.2 Sampling of the test material shall be done in accorfatio in the range from 17 to 21 shall be used for flatwise and
dance with applicable portions of Section 3, “Statistical Meth-edgewise bending.
odology,” of .Pracnce D 2915. . . Note 2—A span to depth ratio of 18 is a frequent international
5.2.1 Design stress, except for compression perpendicular t94ndard.

grain and apparent modulus of elasticity, shall be based on the . . .
fifth percentile tolerance limit. 5.5.1.1 When either or both the size and moisture content of

5.2.2 The confidence level for calculating tolerance limitsth€ qualification specimens will differ from specimens to be
and confidence intervals shall be 75 %. tested in quality control, the bending tests of 5.5.1 shall also be
5.2.3 Minimum sample size for calculating tolerance limits €onducted on specimens of the size and the moisture content

on fifth percentiles shall be 53. When volume effect tests ardhat will prevail at the time of routine quality—control testing.

made at multiple sizes for bending and tension, the minimurd "€ SPecimens representing the quality—control conditions

sample shall be 78 specimens at the unit volume specimen siza 2/l bé matched with those to be conditioned (see 5.3). The
5.2.3.1 The calculated fifth percentile parametric tolerancatio of the means of both strength and stiffness shall be used

limits (PTL) shall have a standard error no greater than 5 % of0 adjust quality—control test results to the qualification level,
for use in the confirmation required in 9.6.1.

5.5.1.2 Moisture content is recognized as different when the
discrepancy between the average of the two test sets is one

Note 1—Apparent modulus of elasticity is computed from a deforma- percentage point of moisture content or more. Sample size
tion, and compression strength perpendicular to grain is established atghg|| be the same for both test sets and not less than 78.
deformation limit. Neither is subject to load duration adjustments. All 5.5.1.3 If testing is required in accordance with 5.5.1.1, the
other factors are the product of 1.62, that adjusts data to normal duratio([sloe'fﬁ(':iént of variation of the bendina strenath from those t’ests
as defined in 7.3.1 of Practice D245, and an additional factor for . . 9 . g .
uncertainty. shall be the basis for comparison required in 9.6.3. Otherwise,

the coefficient of variation of the bending strength from the

TABLE 1 Adjustment Factors

Property Adjustment Factor K .
A P —— o0 tests in 5.5.1 shall be the basis.
Bonding swongth Y 210 5.5.2 Tension Parallel to Grair-Tension strength parallel
Tensile strength parallel to grain 2.10 to grain shall be tested in accordance with principles of Test
EomPt'ZS,S'Vle i‘fengtth Paftﬁ"e' to grain g-fl’g Methods D 198 or Test Methods D 4761. Specimen cross
ongitudinal shear streng . . . ..
Compressive strength perpendicular to grain 167 section shall not be less than the minimum anticipated struc-

tural size. Specimen length shall provide for a minimum length
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of 36 in. (915 mm) between grips. Selection of specimenconsistent with engineering practice in building construction.
dimensions establishes the unit volume for the analysis ofheir applicability in other types of structures has not been
6.4.1. evaluated and such applications require independent evalua-
5.5.2.1 When either or both the size and moisture content aion.
the qualification specimens will differ from specimens to be 6.2 Characteristic Value-In the derivation of the charac-
tested in quality control, the tension tests of 5.5.2 shall also beeristic value, the procedures of Sections 3 and 4 of Practice
conducted on specimens of the size and the moisture conteBt2915 shall be followed, except that provisions of this
which will prevail at the time of routine quality—control testing. specification govern where differences occur.
The specimens representing the quality—control conditions 6.2.1 The fifth percentile tolerance limit (TL) with 75 %
shall be matched with those to be conditioned (see 5.3). Theonfidence from test results of 5.5 shall be the characteristic
ratio of the means of strength shall be used to adjust qualityvalue for strengths in flexure, tension parallel to grain, com-
control test results to the qualification level, for use in thepression parallel to grain, and longitudinal shear.
confirmation required in 9.6.1. Moisture content is recognized 6.2.1.1 Parametric or nonparametric analysis shall be per-
as different when the discrepancy between the average of thfermed to obtain a fifth percentile tolerance limit.
two test sets is one percentage point of moisture content or 6.2.1.2 For parametric analysis either the normal or lognor-
more. Sample size shall be the same for both test sets and netl distribution shall be used to establish a fifth percentile
less than 78. tolerance limit with 75 % confidence. The distribution selec-
5.5.2.2 If testing is required in accordance with 5.5.2.1, theion shall be based on standard statistical goodness of fit tests.
coefficient of variation of the tensile strength from those testsAs a minimum the fit selection shall include visual inspection
shall be the basis for comparison required in 9.6.3. Otherwisesf cumulative frequency plots of the fitted distributions with
the coefficient of variation of the tensile strength from the testghe data and the lesser of standard errors of the estimate from
in 5.5.2 shall be the basis. the two distributions fitted by the method of least squares.
5.5.3 Compression Parallel to Gra Short-column com- Note 3—Experience has shown that data from SCL typically has

pression strength parallel to grain shall be determined N vefficients of variation (COV) less than 20 % and is symmetrical to

accordance with principles of Test Methods D 198 or Tesjignty right skewed and, therefore, are reasonably described by the
Methods D 4761. Minimum cross section shall be 1.5 by 1.5 innormal and lognormal distributions. Goodness of fit references are given

(38 by 38 mm). Length of the specimen shall be such tthat in Note 5 of Practice D 2915. The minimum procedures of 6.2.1.2 are
is less than 17 and greater than 15, wheris the effective  detailed in X4.7 of Specification D 5055.

unsupported length andis the least radius of gyration. 6.2.2 The average value for apparent modulus of elasticity
5.5.4 Compression Perpendicular to Graia Compressive  fom test results of 5.5.1 shall be the characteristic value for

strength perpendicular to grain shall be determined in accolzpnarent modulus of elasticity.

dance with principles of Methods D 143 except that references g 5 3 Tpe average value at 0.04-in. (1.0-mm) deformation

to placement of growth rings are not applicable and minimumy; compression perpendicular to grain from test results of
cross-section dimension is 1.5 in. (38 mm). Stress at both 0.0 5 4 shall be the characteristic value for compression perpen-
and 0.04-in. (0.5 and 1.0-mm) deformation shall be reportedyicylar to grain.

Testing shall be done with stresses applied normal td_ixe 6.3 Design StressesDesign stresses shall be calculated

plane in one test series and to thef plane in another series. om the characteristic value defined in 6.2 in accordance with
5.5.5 Longitudinal Shear-Longitudinal shear strength {4 following formula:

shall be determined in accordance with principles of Methods

D 143 except that a minimum dimension of 1.5 in. (38 mm) at S= CE (1)
the shear area is acceptable provided that the total shear area is a

4 in2 Testing shall be done to produce shear failure inlthé where:

plane in one test series and in ther plane in another series. S = design stress,
5.5.5.1 If anticipated end use involves shear perpendiculaiB = characteristic value, and
to grain on a face of the material (planar shear), testing shallC, = adjustment factor from Table 1.
establish allowable shear stress in accordance with the prin- 6.4 Allowable Design StressDesign stresses shall be
ciples of Test Method D 2718. modified by factors that consider the end-use applications as
5.6 Connections-Determination of allowable design val- follows:
ues for withdrawal capacities of nails, and dowel bearing F,=CS @

capacities of bolts, lag screws, wood screws and nails is
specified in Annex A2. Determination of allowable design where:
values for other connectors is beyond the scope of thisFa allowable design stress,
specification. Ce product of end use (K) factors, and

5.7 Physical Properties-Physical properties must be as- S design stress. o .
sessed when they affect end use. Information on physical Factors common to all members are detailed in this section.

properties and related standards is given in Appendix X1. 6.4.1 Volume Factors .
o ] 6.4.1.1 Strength properties are affected by the relative vol-
6. Determination of Allowable Design Stresses ume at a given stress. For purposes of this section, the members

6.1 Allowable design values developed in this section ardested in edge bending or axial tension in Section 5 shall be
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taken as a unit volume. Sections other than solid rectangles, same factors applied to sawn lumber and other wood and
solid rectangular sections not loaded axially or normal to onevood-based structural members, as defined in @for
of its surfaces, require special investigation. CAN3-086-M84.

6.4.1.2 Volume factors shall either be determined from the 6.4.3 Allowable design stresses developed in this specifica-
prescribed theoretical relationships or by testing on a range dfon are for use in dry conditions as defined in 1.4. If use at
sizes, as detailed in Annex Al. other moisture conditions is intended, a documented test—based

6.4.1.3 Bending—Bending design stress shall be adjustedinvestigation leading to appropriate properties adjustment must
for volume effect by multiplication with the factor as follows: be carried out.

d\2m  /dy)\ v 6.4.4 Other End-Use Adjustmentdn some cases, end use
Ky = (-) =( ) (3 requires other adjustments. A brief discussion of such use

d d
conditions is given in Appendix X1.
where: 6.5 To convert allowable design stresses to load and resis-
Kq = factor applied to design stress of the member of unittance factor design (LRFD) format use the procedures of
volume, Specification D 5457.

d, = depth of unit volume members,

d = depth of an application member, 7. Independent Inspection

m = a parameter determined in accordance with Annex 71 a qualified agency shall be employed by the manufac-
I 'r?qllz and turer for the purpose of monitoring the quality assurance and

production process on a random unannounced basis. The
Note 4—A derivation of Eq 3 is given in Refl) 1* along with example ~ qualified independent agency shall establish or approve and

data. In this case, volume considered is only two-dimensional since, anonitor procedures for quality assurance.

least within the limits given in Annex Al, increasing width of SCL 7.2 Quality Agency—A qualified agency is defined to be one

bending members does not result in strength reduction. In some cases tegtgt:

show a strength increase with increasing width, possibly because of 721 Has access to the faciliies and trained technical
greater stability along the compression edge. Therefore the two- '

dimensional form of the equation is of the forky = (dy/d)“™(L,/L)™ personne_l to verify that the gra_ding, measuring, spe_cie_zs,
whereL, andL is the length of the unit volume and application member, CONStruction, bonding, workmanship, and other characteristics

respectively. When a constant span/depth ratio is assumed, Eq 3 beconfék the products as determined by inspection, sampling, and
Kq = (dy/d)*™, which can be further simplified t§4 = (d,/d)*", wheren  testing comply with all applicable requirements specified
=m2. herein;

6.4.1.4 Axial Tensior—Tensile design stress shall be ad- 7.2.2 Has procedures to be followed by its personnel in

justed for volume by multiplication with factor as follows: ~ performance of the inspection and testing;
7.2.3 Has no financial interest in, or is not financially

1/m
K = <LT1> (4)  dependent upon, any single company manufacturing the prod-
uct being inspected or tested, and

where: 7.2.4 1s not owned, operated, or controlled by any such
K_ = adjustment factor, company.
L, = base length between grips tested in 5.5.2, )
L = end-use length, and 8. Manufacturing Standard
m = parameter determined in accordance with Annex Al. 8.1 A manufacturing standard, subject to the approval of the

qualified agency, shall be written and maintained by the

Note 5—Tension tests of SCL do not show strength reductions forma_nufaCtL_Jrer _for each_ product a”?' _each prod_uctlon facility.
increasing cross section so that volume is represented by length alon&Nis specification shall include provision for quality assurance.

Annex Al states criteria for accepting this approach without limitations

Ref (1) gives example data. 9. Quality Assurance

6.4.1.5 When volume effect factors are based on single-size 9'.1 Qu?”tﬁ’ Assura;nce i_n Manu;actéjrinhg ”Sfcanldz&&hisb_
testing in accordance with A1.2.3, increased design stresses fgprtion of the manufacturing standard shall include subject
members smaller than that tested are not permitted. matter necessary to the quality-assurance program including
6.4.1.6 Other related conditions which influence the bendIhe following: _ L . . . :
ing strength of a member include the loading diagram and 9.1.1_ Material specifications, _mcludmg incoming material
support condition. Adjustments for common load cases ardhspection an_d acceptance requirements, a_nd
given in Annex A1 and other information is found in RE). 9.1.2 Quality assurance, inspection, testing, and acceptance
6.4.2 Allowable design stresses developed in this specificaprgclegulreg' i qi ion f . hall be d
tion correspond to the condition of normal loading as defined . ="~ ampling and inspection frequencies shall be de-
in 7.2 of Practice D 245 and 4.4.1 of CAN3-086-M84. These‘”sed to encompass all variables that affect the quality of the

stresses shall be adjusted for other loading durations using tﬁ@'shed product. Increasgd frequ_e_n_mes shall be used In con-
nection with new or revised facilities. A random sampling

scheme shall generally be used for specimen selection.

11 The boldface numbers in parentheses refer to a list of references at the end of NoTe 6—Increased sampling and test frequency is a useful procedure
the text. when investigating apparent data trends or adjustments in the process. It
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is desirable at times to deviate from a random sampling scheme while 9.4.2.5 Test frequency for all tests shall be chosen to yield
investigating effects of specific variables. quality-assurance performance that is consistent with design

9.1.3 Procedures to be followed upon failure to meet specistresses assigned to the product and its intended use.
fications or upon out-of-control conditions shall be specified. 9.5 pProcess Control

Included shall be reexamination criteria for suspect material 9.5.1 Data from the tests of 9.4 shall be evaluated prior to

and material rejection criteria. o ; ;
. . . . hipping material represented by the sample. Analytic proce-
9'124 F|n|shed product marking, handling, protection, an.d3ures shall determine if material properties are in statistical
shipping requirements as they relate to the performance qualit

. dontrol. The control level selected shall be consistent with
of the product shall be defined. . . )

9.2 Inspection PersonnekAll manufacturing personnel re- current design values and intended use of the material.
sponsible for quality control shall demonstrate to the qualified Nore 7—References(4), (5), and (6) provide useful background
agency that they have knowledge of the inspection and testaterial on quality control.
procedures used to control the process of the operation and

calibration of the recording and test equipment used and of the 9‘5'2_ When the analysis of 9.5.1 indicates thgt the mqterial
maintenance and interpretation of quality-control records. properties are below the control level, the associated portion of

9.2.1 Use of quality-control records beyond quality Contro|’pr.oduction shall be subject to reexamination in accordance
for monitoring and adjusting allowable design values, require¥Vith acceptance procedures of 9.1.3.
special recognition. The independent inspection agency and 9.6 Cumulative Evaluation
manufacturing quality-control personnel must maintain con- 9.6.1 Design StressesPeriodically, characteristic values
tinuing awareness of this additional responsibility. and associated allowable stress values shall be formally
9.3 Record Keeping-All pertinent records shall be main- checked using data accumulated in 9.4. At least one such check
tained on a current basis and be available for review by thgha|| be made in the first six months of operation involving new
qualified agency personnel. As a minimum, such records shafyoduction or from any new product line. Thereafter analysis
include: shall be conducted at intervals not to exceed one year.

casl)i.bsr.alti :;1” Iig?:i)ue(jﬁtr:onidr:r?':i)frifasgg é?coerrd:o:;etfi;rerqﬂ prr;(zrst 9.6.2 Analysis—The periodic analysis shall be conducted in
' 9 P ying accordance with 6.1, 6.2, and 6.3. All data from the period

the tests; ssociated with statistical process control shall be included in
9.3.2 Alltest data, including retests and data associated wit e analysis P

rejected production, and ) _
9.3.3 Details of any corrective actions taken and the dispo- 9.6.2.1 Design values must be affirmed by the analysis of

sition of any rejected production resulting from tests or9.6.2 or be reduced accordingly.

inspections. 9.6.2.2 When design values have been reduced in accor-
9.4 Quality Assurance Testing dance with 9.6.2.1 or at the option of the producer because of
9.4.1 Testing Equipmenrt-Testing equipment is to be prop- excessive reject rates, a new statistical process control level in

erly maintained, calibrated, and evaluated for accuracy anKeeping with the new design value shall be established. The

adequacy at a frequency satisfactory to the qualified agencyevaluation then includes all data from the period in statistical
9.4.2 Required Tests-The following shall be considered to control based upon the new control level.

be the scope of a minimum testing program: 9.6.3 Volume Effect-If the coefficient of variation of bend-
9.4.2.1 The bending test described in 5.5.1 shall be used fqﬁg strength, as computed directly from data analysis in 9.6.2,

quality assur:ance of bending strength and stiffr;]eﬁs. ;Jas increased by one and one-half percentage points or more
9'4'2'2 The tension test described in 5.5.2 sha F’e used Yver corresponding values determined in 5.5.1 or 5.5.2, the
quality assurance of tensile strength parallel to grain.

9.4.2.3 Moisture content data shall be determined by th arametert() in Eq 3 and Eq 4 shall be recomputed using Eq

same process as in 5.4, at a frequency that provides a
representative sample of production. 10. Kevwords

9.4.2.4 When required, quality assurance data shall be™ yw
adjusted by the factors of 5.5.1.1 and 5.5.2.1 prior to further 10.1 allowable design stresses; mechanical properties; qual-
analysis. ity assurance; structural composite lumber
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ANNEXES

(Mandatory Information)

Al. VOLUME EFFECT PARAMETER DETERMINATION

Al.1 Scope

Al.1.1 This annex covers procedures that shall be used to
determine the exponent in Eq 3 and Eq 4. Sections A1.2 an@yhere:
A1.3 define, for bending and tension respectively, the value ofd ;
the exponent for single-size test data and the sampling proced
dures for multiple size testing. Section Al1.4 gives a uniform . S .
procedure for processing multiple-size test data to determing T AL-2—The sample size equation is simple and judgmental,

. . . Experience on structural composite lumber has shown that test results
the exponent for both bending and tension, experimentally. fom larger members are less variable. The expectation of lower variabil-

A1.1.2 Limits on extrapolation beyond test data are given irity for larger specimens in a weak link analysis can also be supported
Al1.2.2 and apply to either single or multiple size specimertheoretically using a three parameter Weibull distribution. The end result
tests. Extrapolation beyond testing is not limited in tensionjsareduction of COV for larger sizes and an approximate maintenance of
provided the requirements of A1.3.2 are met. statistical precision with fewer samples.

Al1.3 Tension

Al1.3.1 If test data have been obtained for only one speci-
en size, as a minimum requirement in 5.5.2, the valuenf (

N = 50 (%1) (AL3)

base depth tested in 5.5.1, and
any depth larger than base.

Al.2 Flexure

Al1.2.1 If test data for only one specimen size are availablg,ﬁ[I
as specified in 5.5.1 as a minimum requirement, the value q 4, 6.4.1.4, is given by specific formulation.

(m). Eq 3, 6'_4‘1'3’ is given in A1.2.3 by Sp?dﬁc formulati_on. Al1.3.2 Eq 4 is used for any tension member provided the
Al.2.2 Thicknesses greater than three times the maximumy,onent developed agrees with theory when compared to the

tested in 5.5.1 or A1.2.4 shall not be used in design withouhenging exponent. Members of cross-sectional area greater

further tests incorporating greater thicknesses. Calculation gf,an three times the maximum tested in 5.5.2 or A1.3.4 shall

design stresses using the factor of Eq 3 shall be restricted gy he ysed in design without additional tests involving greater
members not exceeding four times the volume (computed 3855 sections.

length times depth) of the largest member tested.

A1.2.3 For Single-size testing the value 0fn) is deter- Note Al1l.3—If the coefficient of variation is identical in tension and
mined as follows: ' bending, the Weibull shape parametem),( will be the same. With

differing coefficients of variation, the expected difference in exponents can

m=C % (Al.1)  be predicted from Eq AL.1.
where: Al1.3.3 For single-length testing, the value of)(is deter-
m = shape parameter of a two parameter Weibull distripu- Mined with Eq A1.1 using the COV of the tensile test data, if
tion, and greater than 0.15, otherwise,= 8.
C = coefficient of variation (COV) of the data with the ~ Al.3.4 For multiple-length testing, minimum sampling re-
restriction thatfiC < 0.15 thenm = 8. quires four lengths, including the base length, with sample

o sizes as specified in A1.3.5. Minimum gage length (distance
Nore ALL—At C=0.15,m ~ 8 so that 2h= .. Specification of @ — petween grips) shall be 2 ft (610 mm) with the maximum gage
minimum threshold of 0.15 orC is a default level to encourage length equal to or exceeding five times the minimum
multiple-size testing. Eq Al.1 is an approximation that simplifies and . )
avoids the use of the gamma function. It gives estimatesnpf¢curate Al.3.5 Sample sizes below the bas_e,length shall be 30 for
to 2 % for COV's in the range from 0.05 to 0.30. each length. Above the base length minimum sample shtes,

- : . . . shall be determined by the following formula with the con-
Al.2.4 Minimum sampling for multiple-size testing re- straint thatN shall not be less than 20.

quires a minimum of four depths, including the base depth

specified in 5.5.1, with sample sizes as specified in A1.2.5. The N = 50 \/E (AL.4)
test range of volume (computed as length times depth) shall L

have a ratio of not less than 20 from the smallest depth to thgypere-

largest piece. Span to depth ratios in all test series shall be the N base gage length tested in 5.5.2, and

same and as selected in 5.5.1. From Eq 3: L any length longer than the base.
dl 2/im
Ke= (H) Al.4 Exponents from Multiple-Size Tests:
(A1.2)

Al1.4.1 Exponents for bending and tension are each calcu-

Al.2.5 Sample sizes below the base depth shall be 30 fdated by two procedures. In each of the two cases an “empiri-
each depth. Above the base depth the sample Bizghall be  cal’ exponent and a “theoretical’'m) are calculated. The
determined by the following formula but not less thidi= 5. relationships between empirical and theoretical values dictate a
Sample size for the base depth is given in 5.2: final choice for each case.
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Al.4.2 The empirical procedure for a case requires logarith- and
mic transformation of normalized average strengths and sizes Z,\0
Fa= F°<7>

and fitting a least squares line to these transformed data. The (AL1.11)
desired exponent for Eq A1.2 and Eq 4 is obtained by linear
regression of transformed Variablesndy with a forced zero ~ Where: ) )
intercept of the fitted line in the, yspace. EqAl.2 and Eq4 ¢ = is determined in A1.4.2, and
are written as follows: Q = is determined in A1.4.3.
o Al.4.5 The curve fitted by the empirical procedure in
K= <27°> (A1.5) Al.4.2 is acceptable for strength adjustment if (see Fig. Al1.1
and Fig. A1.2):
where: Al1.4.5.1 The theoretical curve of Eq Al.11 lies above the
q = 2/mor 1/m, curve of Eq A1.10, or
Z, = base depth or length, and A1.4.5.2 The Eq A1.10 curve value at the greater of four
Z = testdepth or length. timesZ, or 20 in. (508 mm) for bending and at 20 ft (6.1 m) for
The ratio K) in Eq ALS5 is the strength modification factor tension is not more than 5 % above the Eq A1.11 curve value
and in the data: using the latter as the basis for percentage calculation.
K = (FIF,) A1.4.5.3 If conditions A1.4.5.1 or A1.4.5.2 are not met, a

(Ale) hew @) exponent shall be determined such that condition
A1.4.5.2 is satisfied.

where: _ Al1.4.6 The final exponent determined in Al1.4.5 shall be
F = average experimental strength for test sizend rounded to two decimal places and used to adjust bending and
Fo = average experimental strength for base Zize tension design stresses for volume effect.

Then use common logarithms and set as follows: Note Al.4—The empirical exponent) developed for bending statis-

ZO> (AL7) tically estimates (2h or 1/).

Log (;) =q Log (7 _ : .
0 Al1.5 Adjustment for Loading-Adjustments of flexure
that is in the following form: stress for types of loading are given in Table Al.1. These
values vary according to the coefficient of variation (COV) of
(a1.8)  the base size data. The COV in Table Al.1 is an actual value
. _ ) unrelated to the special constraint on COV in A1.2.3 and
The empirical exponentg(= 1/m or 2/m) is obtained from A1 3.3 (the latter is an adjustment to cause size factors to be

y=0ax

the least squares computation as follows: conservative when size effect has not been experimentally
Xy investigated).
9=32 (AL1.9)
= 5.5 in. base depth
Lo . . 10000 - _
where summation is from the minimum through the maxi-
mum size tested. 9500 N

Al1.4.3 The theoretical procedure requires determination of
the shape parametem), of a two—parameter Weibull distri- @ 9000 -
bution fitted to the unit volume strength data. Tail fitting - gs509
techniques, (an example is shown in Appendix X4 of Specifi-O
cation D 5055), are also acceptable provided 75 or more dat® 8000

points are used and these points include at least the tenth-

discrepancy at depth 22 = 1.9%

percentile experimental value. The theoretical expone®) ( 7500 - —
for Eq A1.2 or Eq 4 is 2h or 1/im as determined in this 7000 - ‘ ‘ ‘ ‘ B
procedure, for bending and tension respectively. 0 5 10 15 20 25
Al.4.4 The processes of A1.4.2 and Al1.4.3 produce two Depth, inches
curves of strength versus size for both bending and axial _
tenSion as fO”OWS: =- Data LegstSquares Fit === Theory
q Note 1—1 in. =25.4 mm.
Fi= F°<270> (A1.10) FIG. A1.1 Bending Volume Effect
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Note 1—1 in. =25.4 mm.
FIG. Al1.2 Tensile Length Effect

TABLE Al.1 Flexure Stress Adjustment Factors for Loading
Conditions

Note 1—Table Al.1 is developed from weak-link theory and accounts
for variations in stress distribution along the length of the member (that is,
differences in moment diagram) for common cases. For example, if
allowable bending stress is developed from third-point loading tests, for
uniform load the allowable increases by 1/0.96 and the adjustment to
center-point load would be 1.13/0.96, for COV = 15 %. The table factors
are independent of volume adjustments.

Loading Conditions for Simply Adjustment Factor
Supported Beams COVv =0.10 COV=0.15 COV =0.20
Center-Point Load 1.10 1.13 1.16
Third-Point Loads 0.96 0.96 0.96
Uniform Load 1.00 1.00 1.00

A2. ESTABLISHING EQUIVALENT SAWN LUMBER SPECIES CONNECTION PROPERTIES FOR SCL

A2.1 Scope orientations (see Fig. 1) for both nail withdrawal and dowel

A2.1.1 This annex presents one method for establishingea”ng'
equivalency for connection properties between a species 2.2 Sample Size
SCL and a species combination of sawn lumber. The equiva- a5 5 1 Minimum sample size for each test group shall
lency is limited to withdrawal capacities of nails and bearing, o :qa 594 orecision of estimation of the mean value, with
capacities of o!owel type fasteners (bolts, lag screws, woogy o confidence, in accordance with 3.4.2 of Practice D,2915.
serews and nafls). Minimum sample size shall not be less than ten.

Note A2.1—The method presented in this annex does not preclude thg2_3 Test Specimen

use of alternate methods of establishing equivalency of design values, . .
such as direct comparative testing of joints. A2.3.1 Specimens shall be selected per 5.1 and conditioned

. . , o in accordance with 5.3. Moisture content and specific gravity
A2.1.2 Equivalency is established by determining angp,| he measured and reported in accordance with 5.4.
equivalent specific gravity for a SCL product. The SCL = a5 35 The average specific gravity of the test specimens
equivalent specific gravity value is established by determiningp,ii not exceed the average specific gravity of the bending
the specific gravity value of a solid sawn species or SpeCie§pecimens from 5.5.1 by more than 0.03.
combination in Ref(3) that shows equivalent nail withdrawal
or dowel bearing performance. This SCL equivalent specificA2.4 Withdrawal Tests
gravity permits the design of connections in SCL using A2.4.1 Withdrawal testing shall be performed for tive
established design procedures and specific gravity values f@jtientation. When design values for thé orientation are
species combinations of sawn lumber found in E&f desired, testing shall also be performed with the fastener in the
A2.1.3 A different species combination equivalent specificX orientation. Testing for single nails in withdrawal shall be
gravity is permitted for fasteners installed in both theandY  conducted in accordance with Method D 1761.
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A2.4.2 The withdrawal resistance in Ib/in. (N/mm) of pen- A2.6 Withdrawal Equivalence
etration of 0.131-in. (3.33-mm) diameter, 2.5-in. (64-mm) long A2 6.1 The equivalent specific gravity is determined from
(8d) steel common wire nails shall be determined. The nailraple 12.2A of Ref3) such that the table value for the tested
penetration shall be based on the total penetration of the naihj| does not exceed the average ultimate withdrawal resistance
mclqd_mg the point of the nail. The depth of penetration shall bg |pyin. (N/mm) from A2.4 divided by 5.0. Straight line
a minimum of 1.25 in. (32-mm). interpolation between the nearest withdrawal design values in
Table 12.2A of Ref(3) is permitted to obtain a closer
i ) approximation of SCL equivalent specific gravity.

A2.5.1 Testing for dowel bearing strength shall be con- “a2 g2 The specified testing establishes the equivalent spe-
ducted in accordance with Test Method D 5764. Testing fokfic gravity for the full range of nail types and sizes in Table
bolts and nails installed in thé orientation and loaded in both 15 oA of Ref(3). A different species combination equivalent
the X and L directions is required. Testing for nails or bolts gpecific gravity is permitted for nails installed in theand Y
installed in theX orientation and loaded in both theand the  grientations. If one equivalent specific gravity is to be specified
L directions is required for applications utilizing nails or bolts 5, hoth Y and X orientations then it shall be the lower of the

A2.5 Dowel Bearing Tests

installed in theX orientation. two individual values.
A2.5.2 Rate of testing is in accordance with Test Method
D 5764. Note A2.3—An example calculation is provided in Appendix X2.

A2.5.3 Test configuration shall be in accordance with Testy> 7 powel Bearing Equivalence
Method D 5764. A2.7.1 Nails:

Note A2.2—Test Method D 5764 permits the use of either a half-hole  The nail dowel bearing strength is determined by dividing
or full-hole test configuration. The' fL_JII .hole test.configurgti_on as shown in|:>5%Off from A2.5 by the nail diameter and specimen dimension
Fig. A2.1 has been found to minimize specimen splitting that causes,, e 1o the nail length. The dowel bearing strength for nails
failure to oceur prior to the point where the 5 % offset intersects theinstalled in a specific orientation (eith¥ror Y) shall combine
load-deformation Curve%_%"")' _ the average of the test results from both loaded directions

A2.5.4 Dowel bearing strength for one size of steel commory, . iged that they do not differ from the average of the test
wire nail shall be determined. Minimum size is 0.148-in. oqit5 from either of the loaded directions by more than 20 %.
(3.76-mm) diameter, 3-in. (76-mm) long (10d common wire¢ the individual dowel bearing results for each orientation
nai). differ by more than 20 % from the combined average, then the

A2.5.5 The dowel bearing strength éf-in. (12.7-mm)  qqe| hearing strength shall be equal to the lower test value of
bolts and¥z-in. (19-mm) diameter bolts shall be determined. i, 10aded directions divided by 0.8.

Bolt length shall be sufficient to prevent bearing on the threads

in the specimen. Note A2.4—Pg, is the load at which a line parallel to the initial
slope of the load-deformation curve and offset by an amount equal to 5 %
of the dowel diameter, intersects the load-deformation curve or the

L maximum load, whichever occurs first.

A2.7.2 The equivalent specific gravity value for laterally
loaded nails shall be determined from Table 12A of R&f
such that the table value of dowel bearing strength does not
exceed the average dowel bearing strength from A2.7.1. The
SN equations contained in the footnotes of Table 12A can be used
& to obtain a closer approximation of SCL equivalent specific

\\ gravity. If dowel bearing tests are conducted in bothXrend

Y orientations, then an equivalent specific gravity value shall
be determined for each orientation. If one equivalent specific
gravity is to be specified for both and X orientations then it
shall be the lower of the two individual values.

A2.7.3 The results from the nail tests can also be applied to
wood screws.

A2.7.4 Bolts—The equivalent specific gravity value for
laterally loaded bolts shall be determined from Table 8A of Ref
(3) such that the table value of dowel bearing strength does not

X exceedPg,, .« from A2.5 divided by the bolt diameter and by
the specimen dimension parallel to the bolt length. The
equations contained in the footnotes of Table 8A can be used to

-]
<o

’4//;7,/7

Unioaded Length

Loaded Length

A obtain a closer approximation of SCL equivalent specific
gravity.
A2.7.5 Equivalent specific gravity values for design use
FIG. A2.1 Full Hole Test Configuration (Dowel in Y orientation, with bolts shall be the average of individual equivalent specific
loaded in the L direction) gravity values for all bolt diameters and load directions for a

10
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given orientation X or Y) provided that they do not differ from  Note A2.5—An example calculation is provided in Appendix X2.

the average of the test results by more than 0.03. If the A2.7.6 The results from bolt tests can also be applied to lag
individual equivalent specific gravity values for each orienta-gcrews.

tion differ by more than 0.03 from the combined average, then A2.7.7 The specified testing establishes the equivalent spe-
the average equivalent specific gravity shall be equal to thejfic gravity values for the full range of dowel-type (bolts, lag

IOWeSt test Value of a" b0|t diam.etersl a.nd |0ad directiqn%creWS, WOOd SCrews, and na”s) fasteners within the scope Of
evaluated plus 0.03 for a given orientation. If dowel bearingref (3).

tests are conducted in both tikeand Y orientations then an . . .

equivalent specific gravity value shall be determined for eac#f\2-8 Presentation of Connection Properties

orientation. If one equivalent specific gravity is to be specified A2.8.1 Presentation of connection properties shall state the
for both Y and X orientations then it shall be the lower of the specific gravity of the equivalent sawn lumber species combi-
two individual values. nation for each fastener type and product orientation evaluated.

APPENDIXES
(Nonmandatory Information)

X1. COMMENTARY ON LIMITATIONS OF APPLICABILITY AND POSSIBLE END-USE CONSIDERATIONS

X1.1 Scope tional hot-platen press. The suspected reason for the difference

X1.1.1 This appendix discusses the need for limiting thevas degree of plastici;ation during' densific_:ation, with the
applicability of this specification to materials corresponding toS€cond process producing fractures in the micro-structure.
the descriptions of 3.2 and the need for carefully devised and X1.2.2.3 There may be numerous manufacturing parameters
controlled manufacturing procedures. that adversely affect sustained-load performance. Two others

X1.1.2 This appendix provides a partial list of consider-Suspected are: too low adhesive spread or erratic bond quality,
ations that may be important in end use. Included are desigdnd damage due to improperly controlled time/temperature
considerations and conditions that may affect both mechanic&ycles.

and physical properties. Standards that are helpful in evaluat- X1.2.2.4 The traditional wood member adjustment from test
ing these concerns are given. to basic (normal duration) design values is included in the

factors of Table 1. For design, other adjustments are made as
X1.2 Limitations to the Applicability of This Specification: defined in 6.4.2. These factors were judged appropriate for use
X1.2.1 The potential variety of wood-based structural com-With properly manufactured materials covered by this specifi-
posites is very great. The committee felt that the applicabilityaion- There is no standard procedure for establishing how
of this specification should be limited to general compositeV€!l @ny wood members correspond to the time-under-load
types for which there is a reasonable body of technica[sffect|r_npl|ed in the above refer_enc_ed section of_thls standard.
knowledge. It is intended that the descriptions of 3.2 pel he _adjl_Jstment_to norr_nal duration in setting design values and
modified as the knowledge base expands. appllcatlon_ design adjustrl‘nents. are Judgmenta_l, based upon
X1.2.2 Manufacturing variables will, of course, be reflected!©nd experience and consideration of research in the area. At
in the data generated by the investigations detailed in thi€"€Sent, Committee D-7 is working on a standard for testing
specification, but there may be subtle effects not apparent. Jequirements and data evaluation relative to long-term perfor-
particular concern brought before the committee was th&ance. , o _
importance of considering performance when load is applied X1.2.2.5 The users of this specification are advised to
for sustained time periods. carefully evaluate the entire manufacturing process of any

X1.2.2.1 Generally, it is expected that composites as definedtructural composite lumber product, for conformance with
in this specification will perform similarly to other wood well-established procedures. When doubts exist, sustained-load
structural members when subjected to load for sustainelfSts should be conducted.

periods. It is possible, however, that manufacturing procedures X1.2.2.6 Certain proprietary materials, that conform to the
will adversely affect this performance. descriptions of 3.2, have been subjected to time-under-load

X1.2.2.2 Referenceg(7), for example, shows a marked testing. Outlines of prqcedqres which have been followed and
sustained-load performance difference between two producf@ta summaries are given in R¢g10).
of identical composition (aspen strands averaging 8.6 in. in , i
length and 0.054 in. thick; MDI adhesive) when pressed in X1.3 Design and Mechanical Property Concerns:
different equipment, even though results from standard tests X1.3.1 Creep and Relaxatiea-Creep and relaxation are a
(see Methods D 198) were nearly identical for the two prod<function of stress and environment, particularly moisture
ucts. The aspen was densified approximately 50 %, “Produatontent and cyclic changes of moisture and should be consid-
A” in a steam injection press; “Product B,” which had a largeered in applications sensitive to long-term deformation or
number of failures in the sixmonth test period, in a conven-stress relaxation.

11
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X1.3.2 Moisture Service Environmentlf the material is to X1.3.9 Row Nailing— Size, spacing, and penetration of
be used in other than a dry service environment, the perfomails aligned in a row can induce splitting of all lumber
mance of members used in other service conditions should hgroducts at critical combinations of these variables. When row
evaluated, including development of appropriate strength renailing of this critical nature is anticipated, tests should be
duction factors. conducted to determine limits for each orientation of the

X1.3.3 Treating—The performance of the material should material involved.
be evaluated for the effect of preservative or fire-retardant x1 3 10 Component Use- The influence of the interaction
chemicals and treating processes. _ between several members and the quality of fabrication should

X1.3.4 Temperature-The performance of the material he considered in the adjustment of allowable design stresses for
_should be evaluated for the effect of temperature if the materigl,5terial intended for use in components. Components may
Is to be exposed to temperatures outside the range from —30 [3.|de such structural forms as trusses or built-up sections.

150°F (34 to 65°C), for sustained periods. Built-up sections require consideration of volume effects in the
X1.3.5 Fire Resistance-The performance of structural . oo saction.

composite lumber material under fire conditions should be . . .
evaluated. Full-scale assembly tests may be required in accor-X(]j'.'S"11 ?theT]f;ha mategal ,:N'” bfe subjecte_d to l:)ther
dance with Method E 119. Alternatively, material propertytestsCcm tons for whic € product performance IS unknown,

may sometimes be substituted for full-scale tests. appropriate product testing should be conducted.
X1.3.6 Flame Spread- When necessary, the flame spread . . .
of the composite material should be determined in accordance X1-4 Physical Properties and Standards:
with Test Method E 84. X1.4.1 Electrical Conductivity/Dielectric PropertiesSee
X1.3.7 Char Rate—The char rate of the composite material Test Methods D 150, D 669, D 2132, and D 3755.
can be determined in accordance with the method described in x1 4.2 Thermal/Environmental PropertiesSee Test Meth-
Ref (11). ods C 177 and C 355.
X1.3.8 Flexure at Elevated .Temperath:eThe flexural X1.4.3 Acoustical Properties-See Test Methods C 384 and
strength of the composite material at elevated temperature cah 4oa

be evaluated by subjecting structural-sized specimens to tem- ) .
peratures of 500°F (260°C) under full design load. Measure- <1-4-4 Hygroscopic Properties-See Test Method D 3201.

ments of deflection and time to failure should be made during X1.4.5 Coefficient of Frictior—See Method D 2394.
the test, as well as a record of the temperature during the test. X1.4.6 Machining—See Methods D 1666.

X2. EXAMPLE PROCEDURE TO DETERMINE SCL NAIL WITHDRAWAL AND DOWEL BEARING EQUIVALENT SPECIFIC

GRAVITY VALUES

X2.1 Scope TABLE X2.2 Dowel Bearing Test Results

X2.1.1 This appendix provides example calculations for — \E’g"rvz'nf‘;z'r']“g Streg%thérixoremamn

.. . P . wel | [ | wel | | I

determining the equivalent specific gravity values for _the range  poyel Type (perpendicular to glueline) (parallel to glueline)
of dowel connectors and product orientations specified in this Loaded in: Loaded in:
standard. The rules for combining results for different product : L Direction X Direction L Direction Y Direction

. . . . . . elyéd Common Nail 7680 5750 6680 4000
orientations ar_1d I(_)ad directions are consistent with th(_)_se usedin diameter Bolt 6840 3820 6400 2850
to develop nail withdrawal and dowel bearing capacities for-in. diameter Bolt 7050 3270 6600 2500

solid sawn lumber Ref€3, 12) The data provided was chosen

to illustrate the rules for combining results or equivalent.l.able 12.2A of Re{3) the equivalent SG values in Table X2.3

specific gravity values. were detérmine d '
X2.1.2 The results of withdrawal and dowel bearing tests v, 5 5 jca the withdrawal design load in the NDS for,8G

conducted on a SCL pr_oduc_t In accordance with procedures (H.54 ;‘o.r theY-orientation and SG= 0.50 for theX-orientation

Annex A2 are summarized in Tables X2.1 and X2.2. or use lower value (SG = 0.50) if one value is specified for both

X2.2 Determination of Withdrawal Equivalent Specific orientations.

Gravity Values for Nails TABLE X2.3 Equivalent SG Values
X2.2.1 From Table X2.1 and SG values interpolated from Nail Withdrawal Strength, Ib
. Nail in Y Orientation Nail in X Orientation
Nail ) . .
Diameter (perphendul:lular :)(lj gluellne)I (pharalle”I to gtI’:Jellne) :
Y ) | Strength Allowable Equivalent| Strength Allowable Equivalent
TABLE X2.1 Nail Withdrawal Test Results in. Per Inch of Strength SG, |Per inch of Strength SG,
Nail Type Dowel Penetration  Average Withdrawal Load, Ib Penetration Per Inch Penetration Per Inch
yp Diameter, in. Depth, in. Y Orientation X Orientation 0.131 (8d 200 40 0.54 160 32 0.50
8d Common 0.131 1.25 250 200 Common)

12



X2.3 Determination of Dowel Bearing Equivalent Specific

Gravity Values for Nail Connections

strength results do not differ by more than 20 % of the average,

@y D 5456

X2.4.3 For theX orientation, the individual equivalent SGs

for each bolt diameter and load direction differ by more than
X2.3.1 From Table X2.2 and SG values interpolated from0-03 from the average equivalent Gherefore the equivalent

Table 12A of Ref 8), the equivalent SG values in Table X2.4 SG is determined as the lowest equivalent SG (0.47) plus 0.03

were determined.
X2.3.2 For theY orientation, the individual dowel bearing X2.5 Determination of Equivalent Species Combination

to give an equivalent SEGequaling 0.50.

for Dowel-Type Fasteners

therefore the equivalent SG is based on 6715 psi and SG x251 The equivalent SG values determined in X2.2-X2.4

_ . o _ are summarized in Table X2.6 along with the lower, nearest
X2.3.3 For theXlorlentatlon, the individual dowel bea”ng wood Species combination group found in Table 8A or 12A of

strength results differ by more than 20 % of the averageref (3).

therefore the equivalent SG is not based on the average x2.5.2 The equivalent species combination group for nail

strength but is based on the lower strength value of 400@nd screw fasteners is determined to be as follows:

divided by 0.8 which yields 5000 psi and therefore the x2.5.2.1 withdrawal—Y orientation only: Mixed Southern

equals 0.61.

equivalent SG equals 0.52.

X2.4 Determination of Dowel Bearing Equivalent Specific

Gravity Values for Bolted Connections

were determined.

X2.4.2 For theY orientation, the individual equivalent SGs

Pine (SG = 0.51); X orientation only: Douglas Fir - Larch (SG
= 0.50); and Y and X orientation combined: Douglas Fir -

Larch (SG = 0.50).

X2.5.2.2 Dowel Bearing Strength-Y orientation only: Red
X2.4.1 From Table X2.2 and SG values interpolated fromMaple (SG = 0.58); X orientation only: Mixed Southern Pine

Table 8A of Ref(3), the equivalent SG values in Table X2.5 (SG = 0.51); and Y and X orientation combined: Mixed

Southern Pine (SG = 0.51).

X2.5.3 The equivalent species combination group for dowel

for each bolt diameter and load direction do not differ by morebearing strength for bolt and lag screw fasteners is determined

than 0.03 from the average equivalent SGherefore the

equivalent SG equals 0.60.

to be: Y orientation only: Red Maple (SG = 0.58); X orienta-

tion only: Douglas Fir - Larch (SG = 0.50); and Y and X
orientation combined: Douglas Fir - Larch (SG = 0.50).

TABLE X2.4 Dowel Bearing Strength for Nail Connections

Dowel Bearing Stren

th, psi

Nail in Y Orientation (perpendicular to glueline)

Nail in X Orientation (parallel to glueline)

Equivalent SG,

Equivalent SG per

Dowel Type Strength in: per Table 12A Strength in: Table 12A
L Direction X Direction Average Based on Specified L Direction Y Direction Average | Based on Specified
Average Average
Strength Strength
10d nail 7680 5750 6715 0.61 0.614 6680 4000 5340 0.54 0.52%
A See X2.3.2.
B See X2.3.3.
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TABLE X2.5 Dowel Bearing Strength for Bolted Connections

Dowel Dowel Bearing Strength, psi
Diameter Bolt in Y Orientation (perpendicular to glueline) Bolt in X Orientation (parallel to glueline)
in | Strength in L Direction | Strength in X Direction Equivalent SG, Strength in L Direction Strength in Y Direction Equivalent SG
) Fey SG,, Fe, SG, Average Specified Fey SG,, Fe, SG, Average  Specified
Y2 6840 0.61 3820 0.57 A 6400 0.57 2850 0.47 B
Ya 7050 0.63 3270 0.59 0.60 0.60 6600 0.59 2500 0.49 0.53 050
ASee X2.4.2.
5 See X2.4.3.
TABLE X2.6 Summary Equivalent SG Results
Fastener Test Y Orientation X Orientation
Equivalent SG, Nearest Species Combination (SG)| Equivalent SG Nearest Species Combination (SG)
Nail Withdrawal 0.54 Mixed Southern Pine (0.51) 0.50 Douglas Fir — Larch (0.50)
Dowel Bearing 0.61 Red Maple (0.58) 0.52 Mixed Southern Pine (0.51)
Bolt Dowel Bearing 0.60 Red Maple (0.58) 0.50 Douglas Fir — Larch (0.50)
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