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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 wood-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 resistance and performance of such fasteners are frequently needed for design and for
comparative purposes. Presented are methods of conducting tests for nail, staple, and screw (except
machine screws) withdrawal resistance and lateral load transmission by nail, staple, screw, bolt, and
timber 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:

Nail, staple, or screw withdrawal test

Nail, staple, or screw lateral resistance test
Bolted or timber connector joint test
Keywords

1. Scope

1.1 These test methods provide a basic procedure for
evaluating the withdrawal and lateral resistance of fasteners
installed in wood and wood-based materials. Spikes are in-
cluded as nails in this standard.

1.2 The tests also provide a basis for determining compa-
rable performance of different types and sizes of fasteners
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 concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.5 This international standard was developed in accor-
dance with internationally recognized principles on standard-

" These test methods are under the jurisdiction of ASTM Committee DO7 on
Wood and are the direct responsibility of Subcommittee D07.05 on Wood Assem-
blies.
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ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations 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 Prod-
ucts

D143 Test Methods for Small Clear Specimens of Timber

D2395 Test Methods for Density and Specific Gravity (Rela-
tive Density) of Wood and Wood-Based Materials

D2915 Practice for Sampling and Data-Analysis for Struc-
tural Wood and Wood-Based Products

D4442 Test Methods for Direct Moisture Content Measure-
ment 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 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’s Document Summary page on
the ASTM website.
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2.2 Other Standards:

ASME B18.6.1 Wood Screws (Inch Series)?

Federal Specification FF-W-92 for Washers, Metal, Flat
(Plain)*

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 wood members (prisms of wood or
wood-based products), with nails, staples, or screws installed 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 prop-
erties of the wood or wood-based product are also determined.

5. Significance and Use

5.1 The resistance of a species of wood or a wood-based
product to 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 pre-bored lead holes.

5.2 By using consistent sizes and types of nails, staples, and
screws, withdrawal resistance of a wood species or wood
product can be determined, and such values for two or more
wood species or wood products can be compared. Similarly,
comparative performances of different sizes or types of nails,
staples, or screws can be determined by using a standard
procedure with a particular wood or wood-based product,
which eliminates the wood or the wood-based product as a
variable. Since differences in test methods can have consider-
able influence on results, it is important that a standard
procedure be specified and adhered to 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

3 Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Two Park Ave., New York, NY 10016-5990, http://
WWwWw.asme.org.

+ Available from DLA Document Services, Building 4/D, 700 Robbins Ave.,
Philadelphia, PA 19111-5094, http://quicksearch.dla.mil.
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movable head and has an accuracy of =1 % when calibrated in
accordance with Practices E4.

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 condi-
tions are to be investigated, representative test specimens that
are appropriate to the objectives of the testing program shall be
selected.

7.2 Staples:

7.2.1 Staples used for withdrawal tests shall typically be
described by Specification F1667; however, other staples shall
be permitted to be tested in accordance with this 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. If 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
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between fasteners and the report shall indicate that some
coating was present. Each staple shall be used only once.

7.2.2 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 withdrawal tests shall typically be
described by ASME B18.6.1; however, other screws shall be
permitted to be tested in accordance with 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 only once.

7.3.2 Where the effect of coatings or surface film on the
screw, 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.

7.4 Wood Members (Wood and Wood-Based Products)—
Wood members shall be cut accurately and square to the
required dimensions and have a smooth surface to ensure
proper fastener penetration measurement. The wood fibers
shall be aligned 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 shall provide for selection of representative
wood or wood-based material on an objective and unbiased
basis, covering an appropriate range in density (specific grav-
ity) and properties as circumstances suggest.

8.2 The specific objectives of the test program shall be used
to determine the required precision and number of tests in
accordance with Practice D2915.

Note 1—General experience indicates that the coefficient of variation
for fastener tests ranges from 15 % to 30 %. A precision of 5 % to 10 %
with 75 % or 95 % confidence are typical expectations 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.
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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 Nail and Staple Withdrawal:

10.1.1 Nails and staples shall be driven into the wood
member at a right angle to the face of the wood member. Where
the specimen includes only the single wood member, the
fastener shall be driven assuring enough of the nail shank or
staple legs remains above the surface to allow the test
apparatus to grip the fastener. Where the specimen includes a
holding member and one or more members attached thereto,
the fastener shall be driven as expected in use. For staples, the
crown shall be oriented parallel to the grain of the holding
member, but if there is no discernible grain direction, the staple
crown shall be oriented at a 45° (*+10°) angle to the long
dimension of the wood member.

10.1.2 The wood member shall be of convenient size to
accommodate the quantity of fasteners to be tested in each
specimen, without exceeding the edge and end distances and
spacings necessary to avoid splitting. Fasteners shall be driven
to penetrate the holding member at least 9 times the nail
diameter or staple leg thickness (penetration measurement
includes the nail or staple tip length). In thin wood products
where the minimum thickness is less than 9 times the nail
diameter or staple leg thickness, the fastener shall be driven
completely through the thickness and the penetration shall be
reported as the thickness of the thin wood product.

10.1.3 The fasteners shall be driven by the method intended
to be used in practice, 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 manu-
ally 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:

10.2.1 Screws shall be installed into the wood member at a
right angle 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 (penetra-
tion measurement includes the screw tip). Screws shall be
installed into the wood member for the length of the threaded
portion of the shank or at least two thirds of the shank length
if it is threaded throughout. In thin wood products where the
minimum thickness is less than 9 times the screw diameter, the

screw shall be screwed completely thrmmummtﬁd
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