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INTERNATIONAL

Standard Test Methods for
Mechanical Fasteners in Wood and Wood-Based Materials’

This standard is issued under the fixed designation D1761; 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.

This standard has been approved for use by agencies of the U.S. Department of Defense.

INTRODUCTION

The use of wood and weed-basewood-based materials in many structural and other applications
often involves the use of mechanical fasteners, such as nails, screws, bolts, lag screws, and timber
connectors. Data on the strengthresistance and performance of such fasteners are frequently needed for
des1gn and for comparatlve purposes AW

Presented are methods of conductrng tests for narl staple, and screw (except machine screws)
withdrawal reststanee;resistance and lateral load transmission by nail, staple, screw, bolt, and timber
connector;andload-transmisstonbynattptates—connector. The use of standard methods for these tests
is recommended as a means of obtaining comparable data and of eliminating variables in test results
because of variations in testing methods.

The tests appear in the following order:

Sections
> o —Fo12
Nail, staple, or screw withdrawal test 4to 13
Lateral-Nail; 13-te20
Stapleor-Serew
Resistanee—Test
Nail, staple, or screw lateral resistance test 14 to 21
Bolted or timber connector joint test 22 to 30
Keywords 31
NAHG-STAPEE;- OR- SEREW-WITHDRAWAL-TEST

1. Scope

1. 1 These test methods prov1de a basrc procedure for evaluatrng the withdrawal and lateral resistance of wood-and-wood-base
: : rews—fasteners installed in wood and wood-based materials. Spikes are

included as nails in thrs standard

1.2 The tests also provrde a basrs for determlnrng comparable performance of different types and sizes of nails;—staples;and
basefasteners installed in wood and wood-based materials.

1.3 The values stated in inch-pound units are to be regarded as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only and are not considered standard.

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

! These test methods are under the jurisdiction of ASTM Committee DO7 on Wood and are the direct responsibility of Subcommittee D07.05 on Wood Assemblies.
Current edition approved Nev—-2642April 15, 2020. Published Nevember2642July 2020. Originally approved in 1960. Last previous edition approved in 20062012 as
Bt76+—=66:D1761 — 12. DOIL: +6-+526/D+76+-12:10.1520/D1761-20.
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1.5 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

D2395 Test Methods for Density and Specific Gravity (Relative Density) of Wood and Wood-Based Materials
D2915 Practice for Sampling and Data-Analysis for Structural Wood and Wood-Based Products
D4442 Test Methods for Direct Moisture Content Measurement of Wood and Wood-Based Materials
E4 Practices for Force Verification of Testing Machines

F547 Terminology of Nails for Use with Wood and Wood-Base Materials

F1667 Specification for Driven Fasteners: Nails, Spikes, and Staples

2.2 Other Standards:

ASME B18.6.1 Wood Screws (Inch Series)®

Federal Spemﬁcaﬂon FE- W 92 for Washers, Metal, Flat (Plaln)

3. Terminology
3.1 Definitions:

3.1.1 For general definitions of terms related to wood, refer to Terminologies D9 and F547.

NAIL, STAPLE, OR SCREW WITHDRAWAL TEST

4. Summary of Test Method

4.1 These test methods provide a basic procedure for evaluating the resistance of wood and wood-based materials to withdrawal
of nails, staples, and screws. The tests also provide a basis for determining comparable performance of different types and sizes
of nails, staples, and screws in withdrawal from wood and wood-based materials.

4.2 Specimens consist of prisms-wood members (prisms of wood or weod-baseproducts;wood-based products), with nails,
staples, or screws driveninstalled at right angles to one or more faces. The fasteners are withdrawn at a uniform rate of speed by
means of a testing machine, and the maximum load is recorded. Supplementary physical properties of the wood or
wood-basewood-based product are also determined.

5. Significance and Use

5.1 The resistance of a species of wood or a weed-basewood-based product to direet-withdrawal of nails, staples, or screws is
a measure of its ability to hold or be held to an adjoining object by means of such fasteners. Factors that affect this withdrawal
resistance include the physical and mechanical properties of the wood; the size, shape, and surface condition of the fasteners; the
speed of withdrawal; physical changes to wood or fasteners between time of driving and time of withdrawal; orientation of the
fastener relative to the fiber axis; and the occurrence and nature of preberedpre-bored lead holes.

5.2 By using a-standard-stze-and-type-of nail;staple;orserew,consistent sizes and types of nails, staples, and screws, withdrawal

resistance of a wood spemes or wood product can be determmed and such values for two or more wood species or wood products
can be compared. Fh h h e as-the-ba vithdra st—Similarly, comparative performances of
different sizes or types of ﬁa-rl—sfa-p}e—nalls staples2 O Serewscrews can be determmed by using a standard procedure with a
particular wood or woeedwood-based product, which eliminates the wood or the woedwood-based product as a variable. Since
differences in test methods can have considerable influence on results, it is important that a standard procedure be specified and
adhered tosto if test values are to be related to other test results.

6. Apparatus

6.1 Testing Machine—Any suitable testing machine that is capable of operation at a constant rate of motion of the movable head
and has an accuracy of =1 % when calibrated in accordance with Practices E4.

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 standard*sstandard’s Document Summdry pdge on t_he ASTM webmte

3 Available from StandardizationPoectmen s s o - .
Engineers (ASME), ASME Internatlonal Headquarters Two Park Ave., New York NY 10016 5990 http //www asme.org.

4 Available from Ame ! —43rd-St: 0 o -DLA Document Services, Building 4/D, 700 Robbins
Ave., Philadelphia, PA 19111 5094 http //qulcksearch dla mil.

098-American Society of Mechanical
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6.2 Grips—A gripping device shaped to fit the base of the fastener head and of such a design as to allow accurate specimen
positioning and true axial loading, is required. A clamping assembly that will hold the specimen to one platen of the machine is
also required. A suitable test mechanism for screw withdrawal is illustrated in Fig. 1.

7. Test Materials

7.1 Nails:

7.1.1 Nails used for withdrawal tests shall typically be described by Specification F1667; however, other nails shall be permitted
to be tested in accordance with this method provided the fastener is fully described. The actual size and details of the nails selected
shall be recorded. Nails shall be cleaned before use to remove any coating or surface film that may be present as a result of
manufacturing operations and exposure. If collated nails that rely upon coating to adhere the fasteners together need to be installed
with a tool that requires them to be adhered, then they shall be cleaned without removing the cohering coating that occurs between
fasteners and the report shall indicate that some coating was present. Each nail shall be used only once.

7.1.2 Where the effect of coatings or surface film on the nail, treatments or conditioning of the wood, or other conditions are
to be investigated, representative test specimens that are appropriate to the objectives of the testing program shall be selected.

7.2 Naits:Staples:

7.2.1 NailsStaples used for baste—withdrawal tests shall Jomecaﬂy be described by
Specification F1667round=wire § ; mm)-i-diameter—€; however, other staples shall
be permitted to be tested in accordance wrthNote%ﬁ—”Fhey&sha-l—l—be—thrs method provided the staple is fully described. The actual
size and details of the staples selected shall be recorded. Hand-driven staples shall be cleaned before use to remove any coating
or surface film that may be present as a result of manufacturing operations and exposure. Eachnattlf collated staples that rely upon
coating to adhere the fasteners together need to be installed with a tool that requires them to be adhered, then they shall be cleaned
without removing the cohering coating that occurs between fasteners and the report shall indicate that some coating was present.
Each staple shall be used butonly once.

722

e}eaﬂmg—ot;the—shank—shaﬂ—nofmaﬂy—ﬂet—be—uﬂdeﬁaken—Where the effect of surface ﬁlm on the staple legs treatments or

conditioning of the wood, or other conditions are to be investigated, representative test specimens that are appropriate to the

objectives of the testing program shall be selected.

7.3 Screws:
7. 3 1 Screws used for basre—wrthdrawal tests shall

be descrlbed by ASME B18.6.1; however other SCrews shall be permitted to be tested in accordance W1th this method provided

the fastener is fully described. Screws shall be cleaned before use to remove any coating or surface film that may be present as
a result of manufacturing operations and exposure. Each screw shall be used batonly once.

FIG. 1 Diagram of Assembly for Screw Withdrawal Test
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the effect of coatrngs or surface f11m on the screw, treatments or condltromng of the wood or other condrtrons are to be investigated,

representative test specimens that are appropriate to the objectives of the testing program shall be selected.

7.4 Wood mrd—%od—ﬁ‘od-uﬁs—Members ( Wood and Wood Based Products )—Pﬂsms-Wood members shall be cut accurately and
square to the required ¢t ; ity,-dimensions and have a smooth
surface to ensure proper fastener penetratron measurement The wood ﬁbers shall be ahgned with the longitudinal axis of the wood
member. The wood member shall have a specific gravity that is representative of the assigned specific gravity of the species of
wood, free of defects and growth irregularities, and of specified moisture content.

8. Sampling

8.1 Sampling sheutdshall provide for selection of representative test wood or wood-based material on an objective and unbiased
basis, covering an appropriate range in density (specific gravity) and properties as circumstances suggest.

8.2 The

smhﬁgspemﬁc oblectlves of the test program shall be used to determme the requlred precision and number of tests in accordance

with Practice D291 Sneeded—to—aehteve—thehe*peeted—fel-ra-bth-t-y

t-hefefofe—ea-ﬂ—b&estabhshed—General experience 1ndlcates that the coefﬁcrent of varlatlon f-fem—tests—ef—fasteﬁefs—for fastener tests ranges from abeut—l—S
15 % to 30 %. IWhen—sueh—ts—t-he—ease—A precrsron of§5 % to -1-9—%—10 % wrth 9 e

as—a—m-r-&nﬂum—feqmremeﬂt—ﬁ % or 95 % conﬁdence are typrcal expectatrons for data.

9. Conditioning

9.1 Except for special tests evaluating the effect of moisture content of wood on withdrawal resistance, the tests shall be made
on seasoned material. The wood or wood-based product, whether kiln-dried, air-dried, or as received from the manufacturer, shall
be stored in a room having a controlled temperature of 20 = 3°C (68 £ 6°F) and a controlled relative humidity of 65 = 3 % for
a period sufficiently long to bring it to approximate moisture equilibrium. The fasteners shall not be installed in the wood members
until the moisture equilibrium is attained.

9.2 Where required, withdrawal tests may be made on drier, partially seasoned or unseasoned material. It is sometimes desired
to apply the fasteners to unseasoned material and allow the completed specimen to season prior to withdrawal.

Note 2—As in 9.1 these specimens should attain the desired moisture equilibrium in a controlled atmosphere to ensure uniform moisture content at
the time of test. Soaking in water will produce and maintain an unseasoned condition of the wood, but it may result in an extremely high moisture content,
particularly at the surface, and undesirable and non-representative corrosion of the fasteners near the wood surface.

10. Test Specimen
10 1 Nall and Staple Wlthdrawal

member at 64—1—aﬁd—sta-p’:es-ef—t-he~ty-peeut-l-rned—rﬂa rlght angle to the face of the wood member Where 6%—}the spe01men mcludes
only the single wood member, the fastener shall be driven thre oot §
feastassuring enough of the nail shank or staple legs remains above the surface wé-rn—éB—mmﬁ—e-Pﬂae—shafﬂepofﬁofrto—femam—abo*fe
the-surface-Natls-to allow the test apparatus to grip the fastener. Where the spec1men includes a holdlng member and one or more
members attached thereto, the fastener shall be driven manua h
appropriate-tool-as-inas expected in use. For staples, the crown shall be orlented parallel to the grain of the 84+holdmg member
but if there is no discernible grain direetion-in-the-wood-produetthe-direction, the staple crown shall be oriented at a 45° (*10°)
angle to the }eng-t-h— ong dlmenswn of the pﬂsm—wood member

t-he—s-peermen—The wood member shall be of convenient size to accommodate the quantrty of fasteners to be tested in each specimen,
without exceeding the edge and end distances and spacings necessary to avoid splitting. frwooed;fasteners-should-Fasteners shall
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W y—should-penetrate the holding member at least 9 times the nail
diameter or staple leg thrckness (penetration measurement includes the nail or staple tip length). In thin wood products where the

minimum thickness is less than 9 trmes the nail diameter or staple leg thrckness the fastener shall be drlven completely through

10 1 3 The fasteners shall be driven by the method 1ntended to be used in practlce that is, either manually with a hammer, or
with an applicator or appropriate tool if this is the normal method. Power-driven fasteners shall be installed either manually or with
an appropriate tool.

Note 3—Power-driven fasteners are permitted to be installed manually as a means to reliably control the depth of penetration and as an option to test
without coatings or collating adhesion materials.

10.1.4 If the withdrawal resistance is influenced by the attached member through which the fastener is to be driven, such as a
metal plate with no holes, the fastener shall be driven through the attached member and into the holding member to be evaluated
as it would be used.

10.2 Screw Withdrawal:

to the face of the wood member Where the specimen includes only the single wood member, the screw shall be installed assuring
enough of the screw shank remains above the surface to allow the test apparatus to grip the fastener. The minimum penetration
of the screw into the holding member shall be 9 times the screw diameter (penetratron measurement includes the screw tlp) Screws
shall be installed 1nto the wood member for the length of the serew 5 o

thirds of the shank length 1f 6%4—sha-H49e~threaded—rnto—&re—speeﬁren—a—d-rstaneeoﬁt is threaded throughout In th1n wood products

where the minimum thickness is less -A i1

than 9 times the screw diameter, the screw shall
be screwed cornpletely through the thrckness and the penetratron shall be reported as the thickness of the thin wood product. &
in—3-mm)-into-theface-of the-speetmen—Theserews maybe-The screws shall be permitted to be coated with paraffin wax or
other similar lubrlcant when necessary to facrlltate d-ﬁﬂng—mstallmg and its use shall be reported
10.2.2 miing—th e SErewsS—R—w '
speeimen-The wood rnember shall be of convenient size to accommodate the quantlty of screws to be ested in each specimen,
without exceedlng the edge and end distances and spacmgs necessary to avoid sphttrng Serevv‘s—sha-l-l—b&t-hreaded—m-to—the—s-peetmen
o ; W ghout—The size of lead
hole, if one is to be drilled, shall be 70 % of the root dlameter of the screw for a d1stance of one half of the screw fength:length
unless otherwise specified by the screw manufacturer or required for the purpose of the test program. The size of the lead hole shall

be documented.

10.2.3 If the w1thdrawal resistance can be mﬂuenced by the attached material through which the screw is to be installed, the
screw shall be screwed through the attached material and into the holding member. The length of penetration into the holding
member shall be reported.
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11. Procedure

11.1 General—Exee ; § o—d d drawa d S dyWithdraw
fasteners as soon as practrcal after d-rwmg—and—m—a—l—l—eases—rnstallatlon and w1th1n l h If longer delays are requlred for the purposes
of the test program, then the time elapsed between installation of the fastener and the test shall be reported.

11.2 Basic Loading Method:

11.2.1 Where the specimen eonsists—of-includes only the fastening—prismholding member and the fasteners, withdraw the
fasteners by means of a tensile force applied at a uniform rate of withdrawal. Attach the speeimen-wood member to one platen
of the testing machine. Attach the fastener head (for headed fasteners) or staple legs to a suitably designed grip which is fastened
to the other platen through a universal joint. Apply the load by separation of the platens of the testing machine at a uniform rate
of withdrawal-withdrawal (see 11.4). Read the maximum load required to withdraw the fastener from-the-wood-or-wood-produet

to three significant figures. Disregard test values resulting from any failure of the fastener in the evaluation of the performance of
wood and weed-basewood-based materials but report them; consider such failures in the evaluation of the performance of different
types and sizes of fasteners. In such cases, an-additional reptieation—tsreplications are desirable.

11.2.2 Where the specimen consists of a fastentngprismholding member plus one or more (eieafs)—attached members fastened
thereto W1th a fastener two test procedures are p0s51ble a)-Th W

( ] ) The attached rnember can be grasped and pushed or pulled away from the holdrng mernber in the axial direction of the
fastener, whereby the fastener head exerts a force on the attached member. Under this procedure, if the attached member exerts
less resistance to the passage of the fastener head than the holding member exerts on fastener, head pull-through can occur. In such
a case, the fastener head pull-through resistance of the attached member material will be indicated, but shall not be recorded as
the fastener withdrawal from the holding member and an additional specimen shall be tested.

(2) The attached member can be split off and the fastener withdrawn as in 11.2.1.

11.3 Special Loading Methods—It may sometimes be necessary to determine the resistance to withdrawal as a result of an
impact force or by repetitive loads. In the case of the former, this can be accomplished with standard apparatus such as the U.S.
FPL toughness testing machine suitably modified to hold and grip the withdrawat-specimen. The latter test may require the use
of a cycling or pulsating loading head. The resulting data are based on the displacement angle of the pendulum and the forces
resulting from the setting of the repetitive loading mechanism, respectively, required to withdraw the fastener from the wood or
woodwood-based product. Disregard test values resulting from any failure of the fastener in the evaluation of the performance of
wood and woed-basewood-based materials but report if desired; consider such failures in the evaluation of the performance of
different types and sizes of fasteners. In such cases, anadditional replication isare desirable.

11.4 Speed of Testing:

11.4.1 For the basic loading method for fastener withdrawal, apply the load throughout the test at a uniform rate of platen
separation of 0.10 in. (2.54 mm)/min * 25 %.

11.4.2 For special loading methods, special rates of withdrawal may be required. Record the rate used and the reasons for
choosing it in the report.

Note 4—The rate of platen separation shall mean the free-running, or no-load, crosshead speed for testing machines of the mechanical drive type, and
the loaded crosshead speed for testing machines of the hydraulic loading type.

11.5 Supplementary Tests—If information on the actual withdrawal during load application is desired or may be of influence on
the interpretation of the withdrawal resistance of a given fastener, measure and record such withdrawal, in irehes;—inches
(millimetres), at given withdrawal loads or at the ultimate withdrawal reststanee;tnpotnds;resistance to three significant numbers.
Under given conditions, it may be expeditious to obtain an automatic plot of withdrawal load versus withdrawal distance in order
to determine the stiffness of the joint and the work involved up to a given point of withdrawal of the fastener under construction.

11. 6 Minor Tests—Betermtnet-he—eiv‘end-ryFor all tested specimens, determine the oven-dry specific gravity and moisture content
wood—o virgeach Wood member at the time of testrng using Test Methods D2395 and

§ ; e n—, respectively. For wood-based
members determlne the dens1ty and moisture content at the trme of testing using Test Methods P26+6D2395 and B2395D4442-,

respectively.
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12. Report

12.1 The report shall include the following:

12.1.1 Failure loads for individual fasteners, average test values, and statistical evaluation of the test data, if justifiecsjustified;

12.1.2 A complete description of the test method and loading procedure ssedsused;

12.1.3 A description of the specimen, including the dimensions of the wood or weoed-produet-wood-based product components,
size of fastener, fastener penetration, end and edge distances, and spacings;spacings;

12.1.4 Number of tests;tests;

12.1.5 Specific gravity and moisture content of wood eemponents;components,;

12.1.6 Details of any deviations from the prescribed or recommended methods as outlined in the standard;standard; and

12.1.7 Details of any factors not included above that might have a bearing on results.

13. Precision and Bias

13.1 Precision—It is not possible to specify the precision of the withdrawal test procedure in Test Method D1761 for measuring
fastener withdrawal because the data is not available.

13.2 Bias—Thepreetsion—and-bias—of-this—te have et-beenNo information can be presented on the bias of the
withdrawal test procedure in Test Method D1761 defefmrﬁed-for measuring fastener withdrawal because no fastener withdrawal
having an accepted reference value is available.

EATERAL-
NAHL—STAPEE;,—OR—SEREWRESISTANCE—TESTNAIL, STAPLE, OR SCREW LATERAL RESISTANCE TEST

14. Summary of Test Method

14.1 This test method covers the determination of the resistance to lateral movement offered by a single nail, staple, or screw
in wood members. The test provides comparative data for various species of wood. This general test method can also be used for
evaluating other types and sizes of fasteners either in wood or wood-based building materials such as plywood, hardboard, etc.,
or combinations of materials. Furthermore, where required for specific purposes, the general method can be used for evaluating
the lateral resistance of nails, staples, and screws other than those specified in Section 15, and joints employing two or more
fasteners. It is recommended that when such tests are made, the specified procedure be followed as closely as possible and all
deviations be completely described.

15. Test Nails, Staples, or Screws
151 a11s used sha-H—be—bﬁg-ht—p’ram—shaﬂked—medﬁuﬁfor lateral tests shall typically be described by Specification

; however, other nails shall be permitted to be
tested in accordance A—m—(é%—mm)—rn—}eﬂgt-h—wﬁ-h—a—headwuh this method Ae—rn—(:/—H—m-ma—rn—d-ramefeHFhe—naﬁs—Qrowded the
fastener is fully described. Nails selected for test shall be representative of the product. Nails shall be cleaned before use to remove
any coating or surface film that may be present as a result of manufacturing operations and exposure unless the effects of any
coatings or surface film are to be evaluated. Each nail shall be used only once. The actual size and details of the nails selected shall
be recorded, including data on the properties of the metal.

15.2 Staples used shattbe—standard—2-in-for lateral tests shall typlcally be descrlbed by Spemﬁcatlon F1667¢5t-mm)tong;
however, other 24t v = a 3 at-be-staples shall be
permitted to be tested in accordance w1th th1s method prov1ded the fastener is fully descrlbed Staples shall be representative of
the product. Hand-driven staples shall be cleaned before use to remove any coatings or surface film that may be present unless the
effects of coatings or surface film are to be evaluated. If collated staples that rely upon coating to adhere the fasteners together need
to be driven with a tool that requires them to be adhered, then they shall be cleaned without removing the cohering coating that
occurs between fasteners and the report shall indicate that some coating was present. Each staple shall be used butonly once. Actual
size and details of the staple used shall be recorded.
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