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Standard Practice for

Establishing Characteristic Values for Reinforced Glued
Laminated Timber (Glulam) Beams Using Mechanics-Based
Models'

This standard is issued under the fixed designation D7199; 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 epsilon (&) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practlce 0
Values for th :

pafa-Hel—te—gfam—a-bem—t-l%e—x—raﬂs—fFrelnforced structural glued lammated tlmber (glulam) beams using mechamcs based models
and validated by full- scale beam tests. Glulam beams shall be manufactured in accordance with apphcable prov1s10ns of ANSI

1.2 FheThis practice also describes a minimum set of performance-based durability test requirements for reinforced ghutams;
glulam beams, as specified in Annex A 1. Additional durability test requirements shall be considered in accordance with the specific
end-use environment. Appendix X1 provides an example of a mechanics-based methodology that satisfies the requirements set
forth in this standard:practice.

1.3 This practice is limited to procedures for establishing flexural properties (modulus of rupture, MOR, and modulus of elasticity,
MOE) about the x-x axis of horizontally-laminated reinforced glulam beams.

1.4 The establishment of secondary properties, such as bending about the y-y axis, shear parallel to grain, tension parallel to grain,
compression parallel to grain, and compression perpendicular to grain, for the reinforced glulam beams are beyond the scope of

this practice.

Note 1—When the establishment of secondary properties is deemed necessary, testing according to other applicable methods, such as Test Methods D143
and D198 or analysis in accordance with Practice D3737, may be considered.

1.5 Reinforced glulam beams subjected to axial loads are outside the scope of this practice.

! This practice is under the jurisdiction of ASTM Committee DO7 on Wood and is the direct responsibility of Subcommittee D07.02 on Lumber and Engineered Wood
Products.
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Hewever—t-he—pfepeﬁs&fefy—sefﬁeedsrhfyProper safety, serv1ceab1hty, and ad]ustment factors 1nclud1ng duratlon of load to be used

in design are outside the scope of this standare-practice.

unbonded, prestressed, and shear reinforcement is outside the scope of thls pract1ce

1.8 The values stated in Stinch-pound units are to be regarded as standard. The mechantesbased-model-may-be-values given in
parentheses are mathematical conversions to SI units that are provided for information only and are not considered standard. The

mechanics-based model shall be permitted to be developed using SI or in=tbinch-pound units.

1.9 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety-safety, health, and heatthenvironmental practices and determine the
applicability of regulatory limitations prior to use.

1.10 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

D9 Terminology Relating to Wood and Wood-Based Products

D143 Test Methods for Small Clear Specimens of Timber

D198 Test Methods of Static Tests of Lumber in Structural Sizes

D905 Test Method for Strength Properties of Adhesive Bonds in Shear by Compression Loading

D1990 Practice for Establishing Allowable Properties for Visually-Graded Dimension Lumber from In-Grade Tests of Full-Size
Specimens

D2559 Specification for Adhesives for Bonded Structural Wood Products for Use Under Exterior Exposure Conditions

D2915 Practice for Sampling and Data-Analysis for Structural Wood and Wood-Based Products

D3039/D3039M Test Method for Tensile Properties of Polymer Matrix Composite Materials

D3410/D3410M Test Method for Compressive Properties of Polymer Matrix Composite Materials with Unsupported Gage
Section by Shear Loading

D3737 Practice for Establishing Allowable Properties for Structural Glued Laminated Timber (Glulam)

D4761 Test Methods for Mechanical Properties of Lumber and Wood-Based Structural Materials

D5124 Practice for Testing and Use of a Random Number Generator in Lumber and Wood Products Simulation

2.2 Other Standard:

ANSHAIFEANSI A190.1 Structural Glued Laminated Timber®

3. Terminology

3.1 Definitions—Standard definitions of wood terms are given in Terminology D9 and standard definitions of structural glued
laminated timber terms are given in Practice D3737.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 bonded reinforcement—a-reinforcing material that is continuously attached to a glulam beam through adhesive bonding.
3.2.2 bumper lamination—a-wood lamination continuously bonded to the outer side of reinforcement.
3.2.3 compresstoncompressive reinforcement—reinforcement placed on the compression side of a flexural member.

3.2.4 conventional wood lamstock—solid sawn wood laminations with a net thickness of 2 in. or less, graded either visually or
through mechanical means, finger-jointed and face-bonded to form a glulam.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM Standards
volume information, refer to the i-ta-néafd—eqtandard s Document Summary page on the ASTM website.
3 Available from Ameriean ofta S w—Yo

= torezAPA — The Engineered Wood
Association, 7011 South 19th Street TdCOmd WA 98466 http //www dpswood org.
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3.2.5 development length—the-length of the bond line along the axis of the beam required to develop the design tensile strength
of the reinforcement.

3.2.6 fiber-reinforced polymer ( FRP)—any ompos1t materlal cons1st1ng of at least two d1st1nct components remforcmg ﬁbers and
a brnder matrix (a polymer) ; i e—fibers-a 0 : o s 5

3.2.6.1 Discussion—

The reinforcing fibers may be either synthetic (for example, glass), metallic, or natural (for example, wood), and may be long and
continuously-oriented, or short and randomly oriented. The binder matrix may be either thermoplastic (for example, polypropylene
or nylon) or thermosetting (for example, epoxy or vinyl-ester).

3.2.7 laminating eﬁect—an—apparent increase of lumber lammatlon tensrle strength because it is bonded to adjacent lammatrons
within a glulam beam. Fhis—a e ; : o
through-adjacenttaminations:

3.2.7.1 Discussion—

This apparent increase may be attributed to a redirection of stresses around knots and grain deviations through adjacent
laminations.

3.2.8 partial length reinforcement—reinforcement that is terminated within the length of the timber-glulam.

329 remforcement—a-n-y—lammatlon or mater1al that 1s not a conventlonal tamstoek-whoese-wood lamstock and having a mean
longitudinal ultimate streng stfortenstonand-compressionand-whose tensrle and compressrve strength greater than
20 ksi ( 138 MPa) and a mean tension and compressron MOE e 00 hen A

3.2.9.1 Discussion—

Examples of acceptable reinforcing materials include fiber-reinforced polymer (FRP) plates and bars, metallic plates and bars,
FRP-reinforced laminated veneer lumber (LVL), and FRP-reinforced parallel strand lumber (PSL).

3.2.10 tensiontensile reinforcement—reinforcement placed on the tension side of a flexural member.

3.3 Symbots=Symbols:

Arm = moment arm, distance between eompressioncompressive and tenstontensile force couple applied to beam cross-section
b =beam width
C = total internal eempressioncompressive force within the beam cross-section (see Fig. 2A2.2)
CFRP = carbon fiber reinforced polymer
d =beam depth
= long-span flatwise-bending modulus of elasticity for wood lamstock (Test Methods D4761; also see Fig. tA2.1)
F, = allowable bending stress parallel to grain
F . = internal horizontal force on the beam cross-section (see Eq 2A2.2)
GFRP = Glass ﬁber-remforced polymer

LTL = lower tolerance limit &y-pteal-ly—ealealated—mfh—?ﬁ—%reon-ﬁdenee-)w1th 75 % conﬁdence

M, ;0q = external moment applied to the beam cross-section

M, 10rma = internal moment on the beam cross-section

MC = moisture content (%)

MOE = modulus of elasticity

MOR = modulus of rupture

MORsg s 4,=5 % one-sided lower tolerance limit for modulus of rupture, including the volume factor
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MORg;sq. 515 o, =5 % one-sided lower tolerance limit for modulus of rupture corresponding to failure of the bumper lamination,
including the volume factor

m*E = downward slope of bilinear compression stress-strain curve for wood lamstock (see Fig. +A2.1)

N.A. = neutral axis

T = total internal tenstontensile force within the beam cross-section (see Fig. 2A2.2)

UCS = ultimate compressive stress parallel to grain

UTS = ultimate tensile stress parallel to grain

Y = distance from extreme compression fiber to neutral axis (see Fig. 2A2.2)

y = distance from extreme compression fiber to point of interest on beam cross-section (see Fig. 2A2.2)

€. = strain at extreme compression fiber of beam cross-section (see Fig. 2A2.2)

€., ="cOmpresston = compressive strain at lamstock failure (see Fig. +A2.1)

€.,/ =compression = compressive yield strain at lamstock UCS (see Fig. tA2.1)
€, = tensile strain at lamstock failure (see Fig. tA2.1)

€(y) = strain distribution through beam depth (see Fig. 2A2.2)
p=tensionp = tensile reinforcement ratio (%); cross-sectional area of tenstontensile reinforcement divided by cross-sectional
area of beam between the e-g—oftenston—center of gravity of tensile reinforcement and the extreme compression fiber

]

p-=-—compressionp’ = compressive reinforcement ratio (%); cross-sectional area of eempression compressive reinforcement
divided by cross-sectional area of beam between the e-g—ef-eompresston-center of gravity of compressive reinforcement and the
extreme tension fiber

o(y) = stress distribution through beam depth (see Fig. 2A2.2)

4.1 Stress=strain—Relationships—General:

4.1.1 EonventionalWood-Eamstoeck—Purpose for Modeling—

properties about the x-x axis of horlzontally lammated relnforced glulam beams shall be established through the use of an
analytical model. The establishment of flexural properties using full-scale beam tests is outside the scope of this practice.

4.1.2 Reinforeenent—Mechanics-Based Models—

4 9 onsh < d o - A -

B%G%%B%GSQM&WHB%HG%D%@MMO@IS used to develop new combmatlons and predlct characterlstlc values shall be able to
predict accurately these values for a broad range of combinations and validated by full-scale tests according to Section 5.
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e‘{applieda ts-defined by the thla‘ﬁﬁﬂ.

4.2 Equitibrivm—Minimum Model Inputs—

DF = o:fa o ol2)dA =0 @

M i =M s = C(orT)*Arm=chm — v¥o(v)*dA ?3)
Any numerical solution methodology shall be permitted for use, so long as it incorporates the nonlinearities in mechanical
properties for wood and reinforcement as specified in A2.1 and satisfies the conditions of strain compatibility (A2.2), and
equilibrium (A2.3). In addition, the mechanics-based analysis shall account for variability of mechanical properties, volume
effects, finger-joint effects, laminating effects, and stress concentrations at termination of reinforcement in beams with partial
length reinforcement.

Norte 2—These analysis input requirements are described in detail in Annex A2.
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for modulus of rupture (MOR< ,) for the relnforced layup belng analyzed The model-predicted bending strength characteristic
values MOR< o, shall include the volume effect. Beam MOR shall be based on gross (full width and depth) cross-sectional

properties.

4.3.2 Bending Stiffness—The model shall predict the mean modulus of elasticity (MOE) for the reinforced layup being analyzed.

Beam MOE shall be based on gross (full width and depth) cross-sectional properties.

4.3.3 Bending-Stiffness—Bumper Lamination—

bending strength value MORRI = o correspondlng to bumper lamlnatlon failure shall also be calculated and reported In addition,
the beam stiffness properties before and after failure of the bumper lamination shall be calculated and reported.

Note 3—See Appendix X1 for example calculations.

Note 4—A bumper lamination, if used, will likely fail prior to reaching the ultimate capacity of the reinforced beam. In tests of GFRP-reinforced glulam
with 1.1 % to 3.3 %, the bumper lam failure load was typically 10-20 % below the ultimate strength. This range will differ depending on the reinforcement
type, reinforcement ratio, beam layup, and grade of the bumper lamination.
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TABLE 1 Initial Qualification Using Primary Species: DF, SP or
SPF—Minimum Beam Test Matrix for Mechanics-Based Model

Validation*-®
o -
Beam Size
Min€ Typical® Max®
5% in. by 12 in. by 21 ft 10 10 10

TABLE 1 Initial Qualification Using Primary Species: DF, SP, or
SPF—Minimum Beam Test Matrix for Mechanics-Based Model
Validation*2

Number of Beam Tests

Beam Size
Min€ Typical® Max®
5% in. by 12 in. by 21 ft 10 10 10
(130 mm by 305 mm by 6.40 m)
6% in. by 24 in. by 42 ft 10 10 10

(171 mm by 610 mm by 12.8 m)

A All beams shall use the same layup, species, reinforcement type, and wood lam
thickness.

BAA A larger set mayshall be required in-erderto-keep-if the Standard Error tess-is
greater than 0.1 *+5%kEL)—x 5 % LTL. See Practice D2915-Seetion-8-4-3-2-for
determining athe minimum sample size.

© See Table 3. The model wilishall only be considered valid for p within the tested
minimum and maximum.

TABLE 2 Subsequent Qualification of Additional Species (DF, SP,
SPF or hardwoeds)—Minimum Beam Test Matrix for Mechanics-

Based Model Validation*-?
e v
Min© Typical® Max®
SYa-tr—by-18-in—by-32-f 10 - 10
TABLE 2 Subsequent Qualification of Additional Species (DF, SP,

SPF, or Hardwoods)—Minimum Beam Test Matrix for Mechanics-
Based Model Validation*?

Number of Beam Tests
Min€ Typical® Max®
5% in. by 18 in. by 32 ft 10 — 10
(130 mm by 457 mm by 9.75 m)

Beam Size

Beam Size

A All beams shall use the same layup, species, reinforcement type, and wood lam
thickness.

BAA A larger set mayshall be required in-erderto-keep-if the Standard Error tess-is
greater than 0.1 *A5%tEL)—x 5 % LTL. See Practice D2915 Seetion-3-4-3-2-for
determining a minimum sample size.

© See Table 3. The model wiishall only be considered valid for p within the tested
minimum and maximum.

TABLE 3 Typical Reinforcement Ratios”
Reinforcement Material
E-glass FRP  Aramid FRP  Carbon FRP  Steel Plate

MOE-(ksi) 6060 16000 26-000 30-600
MOE, ksi (GPa) 6 000 (41) 10000 (69) 20000 (138) 30000 (207)
Minimum p? % 1 0.6 0.3 0.2
Typical p % 2 1.2 0.6 0.4
Maximum p % 3 1.8 0.9 0.6

A—'Fhe—'m_eHeinforcement Ratios presented in this table represent typical values.
The manufacturer mayshall use any minimum, maximum, or typical value consid-
ered appropriate, although the model wilishall only be valid within the range tested.

B_p=TFension- Tensile reinforcement ratio (%); cross-sectional area of tensionten-
sile reinforcement divided by cross-sectional area of beam above e—g—eHeneteﬁ
center of gravity of tensile reinforcement.
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4.4, 1 Aﬂa}ysts—has—shewﬂ—ﬂ&at—w&h—ﬂee—}evel—ef—FRPSecondary properties such as bending about the y-y axis (F, extremefiber
S R ) shear parallel to grain (F,, er+%and F —GFRP&—Ehe—maﬂmum

, tension parallel to grain (F—a—n—u-ﬂ-rem-fefeed—reefaﬂgtﬁaf
see{-teﬂ—l-ﬂ) compress1on parallel to gram (F ﬁd&ﬁeﬂ—tmfla*fhe—s&m&eend-rﬁens—ﬂae) and compression perpendicular to grain

(F..-s v ant) shall be permitted to be determined following
methods descrlbed in Practlce D3737fhe—sheaﬁsfress~&t—ﬂee—rem-fefeed43e&m—ﬂeﬂ&al—a?ﬂs—

Note 5—Analysis has shown that with the level of FRP extreme fiber tensile reinforcement typically envisioned (up to 3 % GFRP or 1 % CFRP), the
maximum shear stress at the reinforced beam neutral axis is very similar to that of an unreinforced rectangular section. In addition, under the same
conditions, the shear stress at the FRP-wood interface is always significantly smaller than the shear stress at the reinforced beam neutral axis.

5. Model Validation Testing Requirements

5.1 Test Method—Tests for flexural strength and modulus of elasticity shall be conducted in accordance with Test Methods D198
or D4761. If Test Methods D4761 is used, the load rate shall be modified to be in accordance with Test Methods D198. Specimens
shall be tested under dry-service conditions where the moisture content of the wood, excluding non-wood reinforcement, is 12 *=
3 %. The temperature of the test specimens shall not be less than 50°F (10°C) nor more than 90°F (32°C) at the time of the tests.

5.2 Sampling Requirements—Mechanics-based models which satisfy the requirements set forth in this standard shall be validated
through physical testing as shown in Tables 1 and 2. The sample size shall be large enough to provide the standard error of the
sample less than 10 % of the 5 % LTL of MOR, but not less than 10 beams for each size/reinforcement ratio. Six sample sets shall
be tested using a primary wood species (Table 1) equating to a minimum of 60 beams, and two sample sets shall be tested for each
additional wood species (Table 2) equating to a minimum of 20 beams.

6.

phyﬁea-l—teﬁmg—as—she\ﬁ—mEach falled specnnen shall be 1nspected to determlne the fallure mode(s) The Tab}es—H—Bemg

Jocation and type (end |01nt lumber,

shear tension, compression, etc.) of observed fallures shall be documented

speetesfand compared to Fab :
model. Lamination characteristics influencing failure shall be noted.

4 Fypieat-sotutions—for-the-nontinearset-The boldface numbers in parentheses refer to a list of £q

at the end of this standard.
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Properties:

‘model test, ‘model

e ¥ (5% LEL — 5% | El )\ /5% LEIL 0.06

modet mmodet

6.2.1 Modulus of Rupture—The predicted 5 % LTL using the mechanics-based model (5 % LTL, ..) shall be compared with the
5 % LTL calculated from the test results (5 % LTL,..,) for each of the eight cells in Tables 1 and 2. Conditions of model acceptance
are as follows:

(6 % LTL e — 5 % LTL )|/5 %LTL, 05 <0.10

'model 'model|

for each of the 8 cells in Tables 1T and 2
1/83[(5 % LTL ., — 5%LTL,)/5%LTL__..]<0.06

for all 8 cells in Tables 1 and 2

6.2.2 Modulus of Elasticity—Conditions for model acceptance include the mean MOE in the linear elastic range based on gross
section dimensions as follows:

|(mean MOE,
for each of the 8 cells in Tables 1 and 2

1/83[(mean MOE__.., — mean MOE,_)/mean MOE__, ]<0.06

moder — Mean MOE, )| /mean MOE,,,,<0.10

for all 8 cells in Tables 1 and 2

7. Periodic Evaluation

7.1 Lumber Properties—The lumber characteristics used as a basis for establishing grades and as inputs to predictive models shall
be maintained through continuous process control. Strength and stiffness properties for each grade shall be evaluated periodically
or maintained through continuous process control to ensure that they are maintained over time.
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7.2 Reinforcement Properties—The reinforcement characteristics used as inputs to predictive models shall be evaluated
periodically or maintained through continuous process control to ensure that they are maintained over time.

7.3 End Joint Strength—Lamination end joint strengths shall be subject to ongoing process control to maintain the required
strengths.

7.4 Beam Tests—Full-scale beam tests shall be conducted to verify the continued applicability of the model used for assigning
characteristic values when the trend of the lumber properties, reinforcement properties or end joint strengths, evaluated in 7.1
through 7.3, warrants such an evaluation.

8. Report

8.1 The report shall include the following:

8.1.1 Description of the sample(s), including species, lamination properties, layup(s), size(s), conditioning, location of end joints,
matched end joint strength, quality control requirements, etc.

8.1.2 Description of the test machine and setup, including method and location of load application, test span or gauge length, etc.

8.1.3 Description of measurement methods for dimensions, load, deflections, moisture content, etc.

8.1.4 Rate of testing and the method of controlling the rate of load application.

8.1.5 Equation(s) used to determine stresses and elastic moduli.

8.1.6 Data for specimens, including: dimensions; maximum load or stress, or both; moisture content; time to failure; description
and location of failure; load versus deformation curves, etc.

8.1.7 Description of statistical analyses used to determine characteristic value(s).

8.1.8 Identification and description of any model(s) used or evaluated.

8.1.9 Details of any deviations from the recommended procedures.

9. Keywords

9.1 bending; characteristic value; composites; flexural; flexure; FRP; full-scale; glulam; laminated; layup; modulus; reinforce-
ment; timber

ANNEXANNEXES
(Mandatory Information)

Al. PERFORMANCE-BASED DURABILITY REQUIREMENTS

Att—Reinforcement—Reinforcement—The reinforcement shall maintain adequate strength and stiffness based on the anticipated
end-use conditions over the lifetime of the structure. Synergistic effects of the exposure conditions described in Table Al.1 shall
be considered if appropriate for the end-use environment, using the appropriate ASTM standards.

Al.1.1 Beams reinforced with FRP shall not be post treated unless testmg Verlﬁes that the requlred FR-P—relnforced beam strength
and stlffness retentions can be achleved ests ; W s - o
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TABLE A1.1 Potential Reinforcement Exposure Conditions

Condition Static Fatigue

Water X X

Hot Water X X

Salt-water % *
I Salt Water X X

CaCOg4 X

Diesel Fuel X

Freeze-thaw * *
I Freeze-Thaw X X

Heat Aging X

UV Cycling X X

Fire X

Wood Preservatives X X

Sustained Loading X X

Note Al.1—Tests results have shown that post-treatment with CCA causes significant strength degradation of E-glass FRP reinforcement. It should be
noted that for other reasons, the laminating industry specifically recommends against post-treatment of glulam beams with any waterborne treatments.

A1.1.2 After fabrication, reinforcement shall not be cut, drilled, or otherwise damaged (including penetration by fasteners) unless
proper mechanics-based engineering analyses are conducted to verify net section capacity, including effects of stress-
concentrations and potential for accelerated degradation.

A1.2 Bond—The bond is-to-shall provide strain compatibility between the wood and the reinforcement through the length of the
reinforcement and be effective during the design life of the structure.

A1.2.1 Wood-to-Wood Bond—Wood-to-wood bonds shall comply with requirements of ANSHAITCANSI A190.1 as well as
Specification D2559.

A1.2.2 Wood-to-Reinforcement Bond:

Al1.2.2.1 Shear by Compression Loading—Wood-to-reinforcement bond strength shall be evaluated for resistance to shear by
compression loading as specified in Specification D2559 with the following modifications:

(1) When reinforcement sheets are too thin to allow proper application of the compression load in the Test Method D905 test
apparatus, the FRP sheets shall be backed up by another wood layer (as shown in Fig. A1.1(b)).

a). b)i c)'

@ wood Bl FRP

FIG. A1.1 Block Shear Specimens for Modified Specification D2559 Test
(a) Regular Wood-Wood Specimen; (b) Modified Reinforcement-Wood Specimen—for Thin Reinforcement Sheets; (c) Modified
Reinforcement-Wood Specimen for Thick Reinforcement Sheets

11
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