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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 epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Load and resistance factor design (LRFD) is a structural design method that uses concepts from
reliability theory and incorporates them into a procedure usable by the design community. The basic
design equation requires establishing a reference resistance based on several material property
parameters. A standard method for calculating the required material property input data is critical so
that all wood-based structural materials can be treated equitably. This specification provides the
procedures that are required for the generation of reference resistance for LRFD.

1. Scope

1.1 This specification covers procedures for computing the

D 2719 Test Methods for Structural Panels in Shear
Through-the-Thickness

reference resistance of wood-based materials and structuralD 2915 Practice for Evaluating Allowable Properties for

connections for use in load and resistance factor design

Grades of Structural Lumber

(LRFD). The reference resistance derived from this specifica- D 3043 Test Methods for Testing Structural Panels in Flex-
tion applies to the design of structures addressed by the load Uré

combinations in ASCE 7-02.
1.2 A commentary to this specification is provided in
Appendix X1.

2. Referenced Documents

2.1 ASTM Standards?

D 9 Terminology Relating to Wood

D 143 Test Methods for Small Clear Specimens of Timber

D 198 Test Methods of Static Tests of Lumber in Structural
Sizes

D 1037 Test Methods for Evaluating Properties of Wood-
Base Fiber and Particle Panel Materials

D 1761 Test Methods for Mechanical Fasteners in Wood

D 1990 Practice for Establishing Allowable Properties for
Visually-Graded Dimension Lumber From In-Grade Tests
of Full-Size Specimens

(Rolling Shear)

D 2718 Test Methods for Structural Panels in Planar Shea?F'

D 3500 Test Methods for Structural Panels in Tension

D 3501 Test Methods for Wood-Based Structural Panels in
Compression

D 3737 Practice for Establishing Allowable Properties for
Structural Glued Laminated Timber (Glulam)

D 4761 Test Methods for Mechanical Properties of Lumber
and Wood-Base Structural Material

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

D 5456 Specification for Evaluation of Structural Compos-
ite Lumber Products

E 105 Practice for Probability Sampling of Materials

2.2 ASCE Standard:

ASCE 7-02 Minimum Design Loads for Buildings and
Other Structures

Terminology
3.1 Definitions—For general definitions of terms related to

wood, refer to Terminology D 9.

3.1.1 coefficient of variation, Cy/—a relative measure of

* This specification is under the jurisdiction of ASTM Committee D07 on Wood Variability. For this specification, the calculation @iV, is
and is the direct responsibility of Subcommittee D07.02 on Lumber and Engineerebased on the shape parameter of the 2-parameter Weibull

Wood Products.

Current edition approved Nov. 1, 2004. Published November 2004. Originally
approved in 1993. Last previous edition approved in 2004 as D 5457 - 04.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM

Standardssolume information, refer to the standard’s Document Summary page on
Alexander Bell Dr., Reston, VA 20191.

the ASTM website.

distribution. It is not the traditional sample standard deviation
of the data divided by the sample mean.

3 Available from The American Society of Civil Engineers (ASCE), 1801
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3.1.2 data confidence factof)—a factor that is used to 5.2 Periodic Property AssessmenPeriodic testing is rec-
adjust member reference resistance for sample variability andmmended to verify that the properties of production material
sample size. remain representative of published properties.

3.1.3 distribution percentile, R—the value of the distribu-
tion associated with proportiop, of the cumulative distribu- 6. Reference Resistance for LRFD

tion function. _ . 6.1 The derivation of LRFD reference resistance is ad-
3.1.4 format conversion factor, k—a factor applied t0 gressed in this section. Parameters required for the derivation

convert resistance from the allowable stress design (ASDy¢ reference resistance are also presented. These parameters

format to the LRFD format. _ . include the distribution percentile, coefficient of variation, data
3.1.5 lower tail—a portion of an ordered data set consistingconfidence factor, and reliability normalization factor. An

of all test specimens with the lowest property values (forexample derivation of reference resistance is provided in X1.7.

example, lowest strengths). . 6.2 Reference Resistance,-RThe following equation es-
3.1.6 reference resistance, R-the value used in LRFD igplishes reference resistance for LRED:

equations to represent member resistance (that is, strength or

capacity). R = Ry X 2 X Kg @
3.1.7 reliability normalization factor, kK—a factor used to  where:

establish the reference resistance to achieve a target reliabilityqp

index for a reference set of conditions. Q data confidence factor, and
3.1.8 resistance factera factor applied to the resistance Kg reliability normalization factor.

side of the LRFD equation. 6.3 Distribution Percentile Estimate, R

4. sampling 6.3.1 Eq2is mtended_to be l_Jse_d to calculate any pe_rcentlle
' of a two-parameter Weibull distribution. The percentile of

4.1 Samples selected for analysis and implementation witihterest depends on the property being estimated.
this specification shall be representative of the population

distribution percentile estimate,

about which inferences are to be made. Both manufacturing Ry = m[~In(1 - p)I"* @
and material source variability shall be considered. The prin-here:

ciples of Practice E 105 shall be maintained. Practice D 2915, = \weibull scale parameter,

provides methods for establishing a sampling plan. Specialy = percentile of interest expressed as a decimal (for
attention is directed to sampling procedures in which the example, 0.05), and

variability is low and results can be influenced significantly by « = Weibull shape parameter.

manufacturing variables. It is essential that the sampling plan 6.3.2 The shapeo and scale«) parameters of the two-
address the relative magnitude of the sources of variability. parameter Weibull distribution shall be established to define
4.1.1 Data generated from a quality control program shall béhe distribution of the material resistarfteilgorithms for
acceptable if the criteria of 4.1 are maintained. common estimation procedures are provided in Appendix X2.
4.1.2 When data from multiple data sets are compiled or 6.4 Coefficient of Variation, Cy)—The coefficient of varia-
grouped, the criteria used to group such data shall be ifion of the material is necessary when determining the data
keeping with the provisions of 4.1. When such procedures argonfidence factor(), and the reliability normalization factor,
available in applicable product standards, they shall be usedk,. TheCV,, can be estimated from the shape parameter of the

4.2 Sample Size Weibull distribution as follows:
4.2.1 For data sets in which all specimens are tested to oo
failure, the minimum sample size shall be 30. CWy=a ®

Note 2—The above approximation is within 1 % of the exact solution
for CV,, values between 0.09 and 0.50. An exact relationship\gf and
gasl‘% shown in Appendix X3.

Note 1—The confidence with which population properties can be
estimated decreases with decreasing sample size. For sample sizes |
than 60, extreme care must be taken during sampling to ensure
representative sample. 6.5 Data Confidence Factoi)—The data confidence fac-

4.2.2 For lower tail data sets. a minimum of 60 failed tor. £, accounts for uncertainty associated with data $&tsis
observations is required for sample sizesnof 600 or less,  factor, which is a function of coefficient of variation, sample
(This represents at least the lower 10 % of the distribution.) FopiZ€; and reference percentile, is applied as a multiplier on the
sample sizes greater than 600, a minimum of the lowest 10 gistribution estimate. Table 1 provides data confidence factors
of the distribution is required (for example, sample sige, appropriate for lower fifth-percentile estimates.
=720, 0.10 (720) = 72 failed test specimens in the lower tail). Nore 3—When a distribution tolerance limit is developed on a basis
Only parameter estimation procedures designed specifically fatonsistent with(), the data confidence factor is taken as unity.
lower tail data sets shall be used (see Appendix X2).

5. Testing

5.1 Testing shall be conducted in accordance with appropri- *Weibull, W., “A Statistical Theory of the Strength of Material®foceedings of
ate standard testing procedures The intent of the testing Shﬂfg Royal Swedish Institute of Engineering ReseaBthckholm, Sweden, Report
’ . 0. 151, 1939, pp. 1-45.
be to devel()p data that represent the capacity of the prOdUCt IN's| oad and Resistance Factor Design for Engineered Wood Construction—A

service. Pre-Standard ReporAmerican Society of Civil Engineers, 1988.
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TABLE 1 Data Confidence Factor, € on Rg os, for Two-Parameter ity normalization factors for target reliability indices greater
Weibull Distribution with 75 % Confidence “ than B=2.4are contained in Zalrh.
v Sample Size, n 6.7 Format Conversion

30 40 50 60 100 200 500 1000 2000 5000 6.7.1 As an alternative to the use &, in which one

010 095 095 096 096 097 098 099 099 099 10 Cchooses to adjust the design values to achieve a stated
015 092 093 094 095 096 097 098 099 099 099 reliability index under the reference load conditions, it is
052 087 088 090 091 093 095 o067 o065 oos oo Permissible to generate LRFD reference resistance values
030 084 086 08 089 092 094 096 097 098 099 based on format conversion from code-recognized allowable
035 081 084 08 087 090 093 096 097 098 09 gtress design (ASD). It shall not be claimed that reference

040 079 081 084 085 089 092 095 096 097 0.98 . : f :
045 076 079 082 085 087 091 094 096 097 o09g 'esistance values generated in this manner achieve a stated

050 073 077 080 08l 086 090 094 095 097 o098 reliability index.

A Interpolation is permitted. For CV,, values below 0.10, the values for 0.10 shall Note 4—Examples of standards that are used to generate code-
be used. recognized ASD values include Test Methods D 143, D 198, D 1037,
D 1761, D 2718, D 2719, D 3043, D 3500, D 3501, and D 4761; Practices
TABLE 2 Specified LRFD Resistance Factors, ¢, D 1990 and D 3737; and Specifications D 5055 and D 5456.
Application Property s 6.7.2 For standardization purposes, format conversion ref-
Member compression” _ - 0.90 erence resistance values shall be based on the arithmetic
:’eenns?(';gb;:{;' uckding (stabily) - 0.59 conversion at a specified reference condition that results from
shear, radial tension 0.75 the calibration (defined as providing an identical required
Connection all 0.65 section modulus, cross-sectional area, allowable load capacity,
Shear Wall, diaphragm shear 0.80

and so forth) of basic ASD and LRFD equations. The specified

) A Compression parallel-to-grain, compression perpendicular-to-grain, and bear- reference condition shall be chosen such that changes in design

ne- capacity over the range of expected load cases and load ratios
is minimized.

6.6 Reliability Normalization Factor, K—The reliability 6.7.3 Based on the same load factors and load ratio as those
normalization factor,Kg, is used to adjust the distribution given in 6.6, with an ASD load duration adjustment factor of
estimate (for exampleR, .o to achieve a target reliability 1.15 and a LRFD time effect factor of 0.80, the format
index. The reliability normalization factor is the ratio of the conversion factorK, is as follows:
computed resistance factap,(X1.7), to the specified resis- 216
tance factor,p4Table 2), adjusted by a scaling factor. This Ke = 5. 4
adjustment factor is a function a&@V,, and is generated for
specific target reliability indices. Thkg values presented in
Table 3 represent resistance factofg)(computed at a live-
to-dead load ratio of 3. Computations for determining reliabil-

6.7.4 Since ASD deformation-based compression perpen-
dicular to grain values are not subject to the duration of load
adjustment, the constant in the numerator of Eq 4 is 1.875 for
this property.

6.7.5 Since neither ASD nor LRFD modulus of elasticity

TABLE 3 Fifth-Percentile Based Reliability Normalization values are subject to duration of load or time effect adjust-
Factors, Kg ments, the constant in the numerator of Eq 4 is 1.5 when
Kr modulus of elasticity is used in a strength (rather than stiffness)
Shear  Shear calculation (such as stability).
CV%  Compression Tension Shear (SCL,  (I-Joist, i i it i
press Bending 1 : : 6.7.6 Since design capacities for shear walls or diaphragms
and Bearing Parallel : 3.15 2.37 . L.
basis)  ocis)  basis) are based on a set of different reference conditions than those
0 1303 1248 1326 1414 0943 1253 given in 6.6, the constant in the numerator of Eq 4 is 1.6 for
11 1.307 1.252 1.330 1.419 0.946 1.257 these assembilies.
12 1.308 1253 1331 1420 0947  1.258 _ _ _ _ _
13 1.306 1.251 1.329 1418 0945 1.256 Note 5—This revised constant is only intended to be applied to the
14 1.299 1.244 1.322 1410 0.940  1.249 design capacity of shear wall or diaphragm assemblies—not to the design
15 1.289 1.235 1312 1400  0.933  1.240 of individual members or subcomponents of these assemblies. The
ig i%g igig i-ggg 133481 g-gig igig constant in 6.7.3 is to be used for design of individual members or
18 1259 1199 1274 1359 00906 1204 subcomponents of shear walls or diaphragms.
;g 5% i-igg igii iggi gggg ﬂgg 6.7.7 The format conversion reference resistance is com-
”n 1204 1153 1225 1307 0871 1158 puted by mul'tlplylng the ASD resistance (based on normal
22 1.186 1136  1.207 1287 0858  1.141 10-year duration for members and connectionsKhy
Si ﬁgg ﬁgg 1132 i;gi 8-2‘3‘2 ﬂgg 6.7.7.1 Exception—The format conversion reference resis-
95 1135 1087 1155 1232 0821 1092 tancg for shear walls and diaphragms is based on a short-term
26 1.118 1.071 1.138 1.214 0.809 1.076 duration.
27 1.105 1.059 1.125 1.200 0.800 1.063
28 1.084 1038 1103 1176 0784  1.042
29 1.066 1.021 1.085 1.157 0.771 1.025
30 1.049 1.005 1.068 1.139 0.759 1.009 6 Zahn, J.FORTRAN Programs for Reliability AnalysigdSDA Forest Service,

FPL GTR-72, Forest Products Laboratory, Madison, WI, 1992.
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6.7.8 Format Conversion ExampteAn ASD bolt design 7. Presentation of Results

value for a single shear connection is 800 Ibf. From Table 2, the 71 R tth i | d testing i d ith
specified LRFD resistance factor is 0.65. Using Eq 4, the ° eport the sampling p'an and testing in accordance wi

corresponding LRFD bolt design value is as follows: applicable sta_ndards. When Iowe_r tail data sets_are used, report
the sample size and data used in the calculations. Report the

- <2-16) % 800 (5) estimated shape and scale parameters along with the calculated
coefficient of variation. When appropriate, also report the mean
R, = 2658 Ibf and standard deviation (derived from the calculated coefficient

6.7.9 Format Conversion Example for Shear Walls or of variation). Include a plot showing the data points and fitted
Diaphragms—An ASD shear wall design value is 395 Ib/ft. Weibull distribution. In addition to these basic parameters, also
From Table 2, the specified LRFD resistance factor is 0.80report the data confidence factor, calculated percentile esti-
Using Eq 4, the corresponding LRFD shear wall design valugnate, reliability normalization factor, and reference resistance.
is as follows:

16 8. Keywords
R = <m) X 39 ©) 8.1 load and resistance factor design (LRFD); reference
R, = 790 Ib/ft resistance; wood-based
APPENDIXES

(Nonmandatory Information)

X1. COMMENTARY TO THE TEXT

X1.1 Commentary to the Introduction: what more information than current procedures (for example,

X1.1.1 Load and resistance factor design (LRFD) is a subsdgference values and variability) but substarjtially less than
of a broader design methodology known as reliability-based?BD- In the most advanced LRFD procedures in use today, one
design (RBD). The distinction between the two design procel€eds only a distribution type and the parameters that describe
dures is significant. RBD implies, and often calculates, quanthat distribution. Refinements of these procedures suggest that
tities related to the reliability of a member under a given set ofStimates of the distribution and its parameters give the most
conditions for a given reference period. A higher reliability 2Ccurate reliability estimates when they represent a tail portion
corresponds to a lower probability of failure. One practicalOf the distribution rather than the full distribution. This reflects
concern that arises when one attempts to apply RBD to redl’€ fact that, for common building applications, only the lower
structural applications is that the calculations must idealizd@il of the resistance and upper tail of the load distribution
both the loads and the structural system response to reduce it@ntribute to failure probabilities.

a mathematically tractable problem. This idealization process X1.1.3 Simulations have shown that the assumed distribu-
reduces the final calculation to a theoretically interesting, bution type can have a strong effect on computed LRFD
often inapplicable, number. LRFD was developed by selectingesistance factors. However, much of this difference is due to
a few of the basic concepts of RBD and using them to develoghe inability of standard distribution forms to fit the tail data

a format that is similar in many ways to current (allowable precisely. By standardizing the distribution type, this procedure
stress) design. LRFD provides incremental improvements iprovides a consistent means for deriving these factors. In
the design process in this way. The improvements provided bgddition, by permitting tail fitting of the data, it provides a way

LRFD include the following: of fitting data in this important region that is superior to
X1.1.1.1 Consideration of the variability of various types of full-distribution types.

loads when assessing safety factors. X1.1.4 While the two-parameter Weibull distribution is the
X1.1.1.2 Consideration of the consequences of various padnderlying basis for these calculations, the user of this speci-

tential failure modes in a structure. fication is not burdened with applying statistical decisions. For
X1.1.1.3 Material resistance values that relate more closelitRFD purposes, the user must calculate the shape and scale

to test data (member capacities). parameters for the fitted Weibull distribution using the equa-
X1.1.1.4 Consideration of resistance variability. tions in the specification. All remaining steps in the calcula-

X1.1.2 Previous standards for developing allowable propertions of a reference resistance are spelled out in the equations
ties for many types of wood-based products directed the user taf the specification.
various ways of computing a population lower fifth-percentile
estimate. This single number was the basis for an allowable X1.2 Commentary to Section 1, Scep&he calculation
strength property assignment. At the other extreme, a realistigrocedures identified in this specification are common statisti-
RBD would require an accurate definition of a large portion ofcal procedures. This specification gives the user a document for
the lower tail of the material distribution and a large portion ofall calculations necessary to develop LRFD reference resis-
the upper tail of the load distribution. LRFD requires some-tances. Due to the sensitivity of reliability to changes in some
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of the parameters, these procedures offer a limited set of X1.5.2 Eq 4 is the equivalent result of two alternative
options to ensure that LRFD reference resistances are geneterivations. Eq 4 is based on a graph Rf/F, that was
ated in a consistent manner. generated across a range of load ratios for three distinct
live-load cases (occupancy floor, snow roof, and non-snow
X1.3 Commentary to 4-4+Some wood-based products roof), whereR, andF, come directly from the LRFD and ASD
exhibit extremely low variability when tested on a batch basisdesign equations:
On this basis, one would compute, for example, a fifth LRFD: AR, = 1.2D + 1.6L (X1.1)
percentile that may be as high as 90 % of the mean value, as ASOKE.>D + L
compared with a computed fifth percentile that may be less @
than 50 % of the mean value for a product with a substantiallywhere:
higher variability. The warning provided in this section is \
intended to caution the user of this specification to be certaind
that either the sampling plan or the daily quality control R,
procedures are sufficiently sensitive to reflect population shiftsD, L
caused by factors such as subtle manufacturing changes dfa
shifts in material sources. F

time effect factor,

resistance factor,

reference resistance,

dead and live load effects, respectively,

load duration factor (ASD), and

x allowable stress (ASD).

) X1.5.3 The factor in the numerator of Eq 4 is in the range
X1.3.1 Commentary ta!.1.2—Some test programs include fqm 5 1 t0 2.2 and resulted from the application of engineering

a large number of replications of a single test cell. However, |ﬁ dgment as a balance of increases for floors atllé@vratios

is more common to develop a testing plan that includes a smallo; s decreases for non-snow roofs at hidHier ratios.

number of replications in each test cell, repeating the testing vq 5 4 |n what may be called the second derivation, the
across several configurations. For example, a joist hangg i

. S J'precise factor of 2.16 happens to be the algebraic solution for
manufacturer might test less than ten replications of a givelyo atio of R/F, for LID =3, \=0.80, andK,= 1.15.

configuration, but the test is repeated across a range of woqg,yever, this algebraic equivalent is not to be confused as the
species or hanger depths, or both. For such cases, it [§,qis for Eq 4.

advantageous to be able to pool the data from the various test

cells to minimize the data confidence penalty. One technique x1.6 Commentary to 6.5, Data Confidence Fagtor
for verifying the appropriateness of pooling across several testy_This factor is based on the ratio of binomial confidence
cells is to conduct pairwise significance tests using the Studemjounds for the reference resistance. More specifically, it is the
“T" test. For this test, it is proposed that the minimum ratio of the specified percentile with 75 % confidence to the
significance level be established at the 0.10 level. Anothegstimate with 50 % confidence. Note tifais chosen based on
technique often used for data pooling is regression analysis.the sample size of the complete data set, even if tail fitting is

used.
X1.4 Commentary to Section 5, TestinrVhile the most

desirable and reliable method of defining reference resistance X1.7 Commentary to 6.6, Reliability Normalization Factor,
for a given property is by the direct testing of representativeKy:
materials, estimation methods may be used when such data aréx1.7.1 The objective of the conversion to an LRFD format
not available. The preferred method of defining the charactelis 1o provide the designer with a simple, easy-to-use procedure.
istics for missing data is through the use of a known physicafor the convenience of the designer, specified resistance
relationship. For example, Weibull's thedrgan be used to  factors, ¢, are given in the LRFD specification. In order to
estimate reference resistance values for untested sizes ofy@ep the number of differenp, values to a minimum, an
certain product. Statistical relationships may be used in thggjystment to the resistance is necessary because the computed
case in which data are missing and no sufficiently reliableresistance factors),, corresponding to specific target reliabili-
physical relationship exists. Linear or nonlinear curve fittingties, generally differ from the specified resistance factors. To
methods can be applied to define the statistical relationshipitain the target reliability, the application of a reliability
between a given property and the influencing variables.  normalization factorKg, is required in the development of
tabulated resistances.

X1.5 Commentary to Section 6, Reference Resistance for x1.7.2 The use of the reliability normalization factor rep-
LRFD: resents a reliability-based conversion. The fundamental rela-
X1.5.1 The basis for establishing many of the allowabletionship involvingKg is provided for the example case of a

stresses for wood-based products has traditionally focused diending member.

the population lower fifth percentile. The primary emphasis of X1.7.3 Consider the LRFD equation as applied to format-
this section is on these types of values. Some classes &pnverted resistance:

products or types of stresses (that is, connections and compres- AR, = ZvQ (X1.2)
sion perpendicular to grain) have established stresses based on

an average (or mean) value or based on serviceability criteridvhere: » )

rather than an ultimate limit, or both, in the past. Regardless ofPs = Specified resistance factor,

past procedures, a resistance distribution is necessary for % :oag f"’]‘chtor ]Ior Iloag type, i, and

reliability-based procedure. i oad effect for load type, I.



AW D 5457 — 04a
“afl

X1.7.4 Next, consider the same relationship when the residiffering ASTM-divisors do not produce differing target reli-
tance side meets a computed level of reliability using theability indices, but merely adjust for other factors not ad-
computed resistance factds,: dressed elsewhere in the procedures. On this basis, it is

AR, = 3v,Q (x1.3)  hecessary to include the same scaling in LRFD as is used in

X1.7.5 Since itis desired to obtain the same target reliability
by both equations, the first must be adjusted by the reliabilit)fh
normalization factor, that is:

X1.7.9 Tabulatedg values for bending were determined by
is procedure. Reliability normalization factors for other
properties were developed by scaling bendfpgralues on the

AOKRR, = MR, (X1.4)  pasis of ASTM ASD adjustment factors.
from which the definition of the reliability normalization ~ X1.7.10 The scaling provides an equivaléntfor the other
factor is obtained by the following ratio: properties as follows:
Kr = dddbs (X1.5) dc = [2.LA] [(Kr)(ds)vending (X1.6)

X1.7.6 The designer need not be concerned with the rela- whereA is provided in the following table:
tionship betweenb. and ¢, sinceKy is incorporated in the
tabulated values. Reliability normalization is thus transparent

Allowable Stress Design

Material Property Adjustment Factor, A

. Compression, bearing 1.9

to the de5|gner. . . . Bending, tension 2.1

X1.7.7 Kg equations are generated by applying first-order, shear—glulam, SCL (full-size basis) 2.1

second-moment, Level 2 reliability methods using the Shear—Lumber (shear-block basis) 21
. . K . - Shear—SCL (shear-block basis) 3.15
Rackwitz-Fiessler algorithmsThe procedure is the following: Shear—I-Joist 237

Choose a target reliability indeg, and conduct the reliability
analysis across a range 6V, values. Plot the calculated
versusCV,, from these results to check for consistency an . .
tabulate tﬁvebc as a function oCV,,. Table 2 is an example of Al.7.11 The_KR value for compression at the sar@d/ is
some specified resistance factors for an LRFD specificatioﬁj.F"tem"m':'d as.

Selected target reliability indices are based on many technical b = [(2.D/(1.9][(1.212(0.85] = 1.139 (X1.7)
parameters and judgments. For example, the general level of Kg = dJds = 1.139/0.9= 1.265

the index is influenced by the underlying reliability calculation 4 7 15 Compared to allowable stress design, several
methpds and on assumed Qistribution type. Other paramete{:ﬁangeS in LRFD (choice of, load factoring, time,effect
that influence the relationship between calculapeandCV,,,  factor, and resistanc€V,,) dictate that most designs wil

su'ch als target !oad ](c:ases (for lexample, "er l‘?r snow), appr(?:hange to a degree. The factors of Table 3 were computed after
priate load ratios (for example, ratios o |ve-to-(_jead O many iterations of these variables. These final factors generally
snow-to-dead loads), and tributary areas are also importaniynimize the changes (compared to ASD) introduced by the
The target indices were chosen based on a 50-year life for I%Iiability-based LRFD system. A nearly identical member
structure. Also examined were a range of commonly uUSefiegign (compared to ASD) will occur when the application is
primary structural members. A target reliability index of 2.4 4 snow-loaded r00f5/D = 3 andCV,,~ 17 %. The reasoning

» .

was used for the bending strength properties of fifth-percentileg o ing the decisions underlying the Table 3 values is discussed
based products. For the purposes of determirigg the Gromala. et af

reliability analysis used the dead plus live load case with the
load distributions given i.oad and Resistance Factor Design  Note X1.1—Example Derivation of LRFD Reference Resistandée
for Engineered Wood Construction—A Pre-Standard Re‘bort following e_xample provid_es.t_he LRFD reference re_sistance for a bgnding
This load case and the live-to-dead ratio of 3 are considered gASTPe" With a target reliability g = 2.4. As shown in Eq 1, computing
. . . . reference resistanck ) requires the calculation of three other quantities

appropriate basis for evaluating the reliability of wood-base Q, andKyp).
materials used in structures addressed within the scope ofc’am[ﬂaﬂng R—As shown in Eq 2,R, is a function of the two
ASCE 7-02. parameters of the Weibull distribution,(andm). Appendix X2 provides

X1.7.8 The target reliability index was computed for thetwo accepted methods for computing these parameters. For an example
reference case in which the ASTM-specified divisor is 2.1. Foflata set containing the failure stresses of 100 bending specimens, the
other cases, in which the ASTM-divisor differs significantly \S/\r/‘a_gelr’arametfal is 5'75'batr.'tdtth§.s‘t:a'|§ pg;ametﬁ;sst;?% psi. Tthz

s . . : elpull parameters are supstituted INto £q 0 com € compute

from 2.1, it is believed _that the d!fferences attempt to quant[fyfifth percentile is 2043 psi for this data set.
factors to account for discrepancies between stress calculationsa|cylating 0—Table 1 provides numerical values ¥ for various
in the ASTM test versus those in the structural-size membegample sizes and coefficients of variation. For the example dataset,
An example of this is the larger divisor for shear, in which the = 100 and the coefficient of variation is computed directly from the shape
results from the standard test specimen, a Ashear block, do  parameter as shown in Eq 3. Fer 5.75, this yields £V, of 0.20, and
not correlate directly with those on structural-size members{ = 0.94.

Thus, for the purposes of this specification, it is assumed that

For example, Table 3 provides l&; value of 1.212 for
dbending atCVv =17 %.

8Gromala, D. S., Sharp, D. J., Pollock, D. G., and Goodman, J. R.,* Load and
Resistance Factor Design for Wood: The New U.S. Wood Design Specification,”
” Thoft-Christensen, P., and Baker, M. Structural Reliability Theory and Its  Proceedings 1990 International Timber Engineering Conferefckyo, Japan,
Applications Springer-Verlag, New York, NY, 1982. 1990.
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X1.8.1 The format conversion factor of 1.5 for stability isto K, load duration factor (ASD), and
be applied to the design modulus of elasticity used in ASD forF, allowable stress (ASD).

stability (not to the averagklOE used for deflection calcula-  X1.9.2 A calibration value ofp = 0.8 is computed for the

Calculating Ke—Table 3 provides numerical values K, for various LRFD: AR, = 1.6W (X1.14)
CV,, values. For this example wit@V,, of 0.20, theKy is 1.168. From Eq ASD: K.E. = 1.0W (X1.15)
1, the LRFD reference resistance is determined as follows: ’ dhx= '

R, = [(0.94) (1.168 (2043] (X1.8) where
. = time effect factor
= 2243 psi : )
Ro P ¢ = resistance factor,

X1.8 Commentary to 6.5: R” = re_ference resistance,

y W = wind load effect,

tions). Conceptually: wind load case from solution of Eq X1.14 and X1.15 kK=
For ASD:  E,;, = E,5/1.66 x1.9) 1.0 (because shear wall and diaphragm design values are based
on 10-min load duration) = 1.0 (for wind load case), and
For LRFD:  Multiply by K- = 1.5 x110) RJ/F,=1.64=20.
_ X1.9.3 LRFD and ASD design equations for seismic (earth-
Epmin = 1.66) X 1.5
min = (Eod/1.60) quake) load effects are:
= (0.904X Ey)
X1.8.2 The rationale behind this interpretation is that the HRFD: - M0R, = LOF (1.16)
v b ASD: KF = 0.7E (X1.17)

equations forK,z and K e contained in the 200NDS beam
and column stability provisions adjust tabulated modulus of ywhere:
elasticity €) values to fifth percentile shear-frédé values E = earthquake load effects.

divided by a 1.66 safety factor. In the 208®S Kyg andK g X1.9.4 A calibration value ofh = 0.71 is computed for the
equations are replaced with a reference to tabuldggl  seismic load cases from solution of Eq X1.16 and X1.1&ipr
values, which are being added to tRBS(for poles and piles) = 1.0 (because shear wall and diaphragm design values are
andNDS Design Value Supplemgfar lumber or glulam). By  pased on 10-min load durationy,= 1.0 (for earthquake load
tabulating E.;, values (fith percentile shear-freé values case), andR /F, = 1.6k = 2.0.

divided by a 1.66 safety factor), these provisions for beam and x1 9 5 Based on the judgment of the committee, the value
column stability equations will be significantly simplified. of $ = 0.8 is considered appropriate for shear walls and
Generic presentation of column and beam behavioral equationgaphragms—for both wind and seismic load effects. This value
using E,;, values are applicable for both ASD and LRFD, (4 = 0.8) provides exact calibration between ASD and LRFD
eliminating the need for two different formats for the samesor \wind load effects. The slight 12 % benefit for LRFD

behavioral equations. _ relative to ASD for earthquake load effects is considered to be
X1.8.2.1 B, values for sawn lumber are estimated asyjithin an acceptable range. Note that differences between
follows: LRFD and ASD result from inherent differences in load factors
1.0FE(1 - 1.645C0OV)) for wind and earthquake load effects.
min = 1.66 (X1.11) X1.9.6 One option considered for minimizing the difference

X1.8.3 The format conversion factdf, = 1.5, is based on Pbetween LRFD and ASD was assignment of different values of

a calibration at the reference condition assuming a live lejd ( ¢ for earthquake and wind effects to provide exact calibration.

to dead loadD) ratio of L/D = 3. The calibration was done as Such an approach was considered to be unnecessarily compli-
follows: cated and inconsistent with fundamental approaches in Speci-

fication D 5457 to minimize differences it for the same

ASD:D + L = Emin (X1.12) stress mode. In general, a singheis assigned to individual
D + 3D = Eqiy properties (in this case, shear wall and diaphragm shear)
4D = E, independent of load effects.
X1.9.7 To assist in judging whether the slight 12 % benefit
LRFD: 1.2D + 1.6L = Kedg Epyin (X1.13)  for LRFD relative to ASD for the seismic load case was
1.2D + 1.63D) = Kedg Ep, acceptable, ratios of shear wall demand (due to earthquake load
6D = Kb E, i effects) divided by shear wall design capacity were compared

to historical practice (from 1955 to the present). In general,
demand-to-capacity ratios have been increasing in high seismic
areas—even if the 12 % benefit to LRFD is considered. Increas-
ing demand-to-capacity ratios can be attributed to new map-
ping and “near-fault” conditions recognized in modern build-

X1.9 Commentary to Table Z-factor for Shearwalls and j,4"codes as well as to reduced capacity for shear walls with
Diaphragms: height-to-length ratios less than 2:1. Increasing demand-to-

X1.9.1 Precise calibration ob for shear walls and dia- capacity ratios suggest that modern building codes require
phragms for the wind and seismic load cases can be deriveggteater amounts of shear resistance to resist earthquake load
from LRFD and ASD design equations as follows: effects than they did previously.

Substituting and solving for K

6
Ke = 7/s = 1.5
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X1.10 Commentary to 6.7.4, Format Conversion for ASDseismic), the effective compression perpendicular to grain
Deformation-Based Compression Perpendicular to Graindesign value is higher under LRFD. This increase has been
Values—Wood compression perpendicular to grain stresses ardebated and has been judged to be reasonable for these design
based on serviceability criteria from testing of small specimensases. However, under these circumstances, designers must be
(Test Methods D 143, square cross-section block, 2 in. loadingertain to check the failure modes of buckling or splitting that
block). However, in many cases, these allowable stresses amgaly now control the design. Alternatively, the designer may
being applied more broadly. In some compression perpendicighoose to brace the tall/narrow member at the bearing to
lar to grain applications, especially where laterally unsupporte@revent this mode from occurring.
tall/narrow sections are used, failure modes, such as instability X1.10.1 One method to compute buckling capacity in the
or splitting, can occur. These failure modes have been demomerpendicular to grain direction for ASD may be done by using
strated in short-term tests to occur at compression perpendican elastic-buckling (Euler) type formula similar to that now
lar to grain stress levels as low as 1.5 times the ASD value foused for visually graded lumber. This calculation could supple-
compression perpendicular to grain. The format conversion foment the standard ASD Fcperp calculation. In the calculation,
compression perpendicular to grain is calibrated to “normal'the relevant modulus of elasticity is the transverse modulus
duration of load (that is, 10 years). However, when coupledoften assumed to bé&/20) and the relevant dimensions
with the time effect factor for short-term loads (wind and (relative to buckling direction) would also be substituted.

X2. PARAMETER ESTIMATION PROCEDURES

X2.1 Method of Maximum Likelihood: M = [(Er* + ng )M (X2.3)

X2.1.1 This method may be used for parameter estimation \ynere all summations are from= 1 to n..
with either complete or lower tail data sets. The method also ¢
defines convergence criteria for this iterative procedure. Use x5 5 Method of Least Squares:

first n, of n data (after ranking), as follows: ) o
X2.2.1 This method may be used for parameter estimation

LT *2.1) " with either complete or lower tail data sets. Use firgiof n
where: data (after ranking).
n. = number of data values used in the analysjs=(n for n. = number of data values used for analysis (X2.4)
complete data sets), and (n, = nfor complete data sets

n, = number of data values not used. _
Each such data point is assigned the valy¢he maximum setx = In(—In[1 — {(i — 0.3/(n + 0.4}])

data value used. independent variable
X2.1.2 Calculate th€V (¢ X) from the available data. This y, = In (r;) dependent variable

CVis to be used only as an initial value for the estimation

procedure. Let (1Y) approximateCV: whereln = natural logarithm.

N N Ue) = NEXY — 2X2Y; X2.5
(L) = S In(rL) + nsrsuln(rs) _ =In(r) x2.2) (o) = B S3x = =% 5% (X2.5)
>+ ngo Ne and
X2.1.3 Then iterate the above equation, updatingpr 100 3
iterations or until the change in the absolute value of)1/ n = exfEy)ine = (o) (Ex)/ne] (X2.6)
<0.00002 In is natural logarithm). Then, where all summations are from=1 to n..

X3. EXACT COEFFICIENT OF VARIATION CALCULATION METHOD

X3.1 Coefficient of variation can be calculated using the Cn[T{L + 2(Le)} — T2 + (Llew)}]?
Weibull shape and scale parameters along with the use of Table CV = L+ (Lo)]
X3.1 or an equivalent computerized function.

(X3.1)
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TABLE X3.1 Gamma Function: Values of
()= fge X" Ydx; I (n+1) =nl(n)

n r'(n) n r'(n) n r'(n) n I'(n)
1.00 1.00000 1.25 0.90640 150 0.88623 1.75 0.91906
1.01 099433 126 0.90440 151 0.88659 1.76 0.92137
1.02 098884 127 0.90250 1.52 0.88704 1.77 0.92376
1.03 098355 1.28 0.90072 153 0.88757 1.78 0.92623
1.04 097844 129 0.89904 154 0.88818 1.79  0.92877
1.05 097350 1.30 0.89747 155 0.88887 1.80 0.93138
1.06 096874 1.31 0.89600 156 0.88964 1.81  0.93408
1.07 096415 1.32 0.89464 157 0.89049 1.82 0.93685
1.08 095973 1.33 0.89338 158 0.89142 1.83 0.93969
1.09 095546 1.34 0.89222 159 0.89243 1.84 0.94261
1.10 095135 1.35 0.89115 160 0.89352 1.85 0.94561
1.11  0.94739 136 0.89018 1.61 0.89468 1.86  0.94869
1.12 094359 1.37 0.88931 1.62 0.89592 1.87 0.95184
1.13 093993 1.38 0.88854 163 0.89724 1.88 0.95507
114 093642 139 0.88785 1.64 0.89864 1.89 0.95838
1.15 093304 140 0.88726 1.65 0.90012 190 0.96177
1.16 092980 141 0.88676 1.66 0.90167 191  0.96523
1.17 092670 142 0.88636 1.67 0.90330 1.92 0.96878
1.18 092373 143 0.88604 1.68 0.90500 1.93 0.97240
1.19 092088 144 0.88580 1.69 0.90678 194 0.97610
1.20 091817 145 0.88565 1.70 0.90864 1.95 0.97988
121 091558 146 0.88560 1.71 0.91057 1.96 0.98374
122 091311 147 0.88563 1.72 0.91258 197 0.98768
1.23 091075 148 0.88575 1.73 0.91466 1.98 0.99171
124 090852 149 0.88595 1.74 0.91683 1.99 0.99581

2.00  1.00000
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