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Commentary & Appendices to the
National Design Standard for Metal Plate Connected

Wood Truss Construction

FOREWORD

The Commentary portion of this document is intended to provide background and supplementary information
to mandatory provisions of ANSI/TPI 1-2002.  Paragraph numbers in the Commentary marked with a "§" symbol
refer to the corresponding section numbers in ANSI/TPI 1-2002.  Commentary is only provided for those sections
of the Standard whose application by the user can benefit from supplementary information or interpretive
discussion.  Additionally, the non-mandatory appendices in this book provide useful information to the user of the
ANSI/TPI 1-2002 Standard.

Information contained in this book should not be construed to be a compulsory part of ANSI/TPI 1-2002.  It
is the sole responsibility of the user to apply the information provided.  Truss Plate Institute and the metal-plate-
connected wood truss industry at large expressly disclaim any liability arising from the use, application or reference
to the present document.

This Commentary & Appendices is a fluid document and is subject to periodic revision. As the opportunity for
additional supplementary information and interpretive discussion of the mandatory standard arises, the Commen-
tary & Appendices provides a suitable means for the dissemination of that information and discussion inside the
normal review cycle for ANSI/TPI 1.
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§ CHAPTER 3
QUALITY CRITERIA FOR THE MANUFACTURE OF METAL PLATE

CONNECTED WOOD TRUSSES

§3.1 - GENERAL

§3.1.1 - Chapter 3 is the structural quality standard
for manufactured metal plate connected wood
trusses, and provides the necessary interpretive
rules to inspect metal plate connected wood trusses
for quality compliance with respect to a given truss
design.  There are generally three levels of quality
control processes within a truss manufacturing plant:

1)   Manufacturing quality processes that apply to
every truss and must be followed by all truss
fabrication personnel.  This level of processes is
handled primarily through education and
management within a truss plant so that all personnel
understand what is required to properly manufacture
a truss in accordance with its design as shown on
the truss design drawing (or shop drawing).

2)   A quality assurance audit process internal to
the manufacturer, which is carried out periodically
to verify that the first level processes are operating
adequately.  The in-house quality assurance audit is
performed by one or more of a truss plant’s personnel
(an appointed QC manager, for example), and this
will provide the Truss Manufacturer with the
necessary monitoring and management tools for
ensuring that proper quality is being met, and for
maintaining proper quality as set forth by the
structural quality standard.

3) An external audit process involving an
independent 3rd-party to assure that the Truss
Manufacturer’s internal processes are operating
adequately.  The independent inspection agency
will conduct inspections of the manufactured trusses
and/or the in-house quality inspection records to
verify and ensure that the quality of those trusses
inspected meets or exceeds the requirements of the
structural quality standard and any appropriate
provisions of the associated building code.    The
requirement to have periodic, unannounced
inspections by an approved independent inspection
agency is set forth by the building codes and local

jurisdictions.   Thus, this level of quality control
processes may be voluntary enlisted by the Truss
Manufacturer or may be required by the Truss
Manufacturer’s local jurisdiction.

§3.1.2 - Structural performance of any engi-
neered product depends on the finished (manufac-
tured) product being consistent with what was
intended in the design.  In the design of metal plate
connected wood trusses, the Truss Designer must
account for some degree of manufacturing inaccu-
racies (plate misplacement, partial plate embed-
ment, gaps between joined wood members) and
naturally occurring lumber characteristics (knots,
wane, knot holes, etc.), in order to allow for practi-
cal tolerances during the manufacturing process
without compromising the structural integrity of the
truss.  Therefore, integral to the design of metal
plate connected wood trusses is the assumption that
the trusses, and metal connector plates (see Chap-
ter 4), will be manufactured to the minimum require-
ments for manufacturing quality set forth in the
Standard.

Given the inherent linkage between manufac-
turing, design and performance, quality criteria for
metal plate connected wood trusses have been
specified since 1966, at which time they were
published in a stand-alone document “Quality Con-
trol Manual for Light Metal Plate Connected
Wood Trusses.”  Since the earliest editions, pub-
lished quality criteria have addressed the following
main issues:

i. Lumber grade/size as specified;
ii. Plate size/type/thickness as specified;
iii. Plate positioned as specified or within accept-

able tolerance (including maximum transla-
tion tolerances and minimum plate area or
teeth at each member);

iv. Truss dimensions as specified;
v. Tight-fitting joints, or gaps between members

within acceptable tolerance.
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Several editions of the Quality Control Manual
were issued until 1977, and then the QCM-77 edi-
tion was replaced in 1986 with the “Quality Stan-
dard for Metal Plate Connected Wood Trusses,”
QST-86.  The stand-alone Quality Standard (QST)
was eventually incorporated into the Standard, first
as an addendum to the 1985 edition (TPI-85 Adden-
dum, Appendix P) and then as part of the mandatory
portion of the Standard in the 1995 and 2002 edi-
tions.

§3.1.3 - An effective quality control procedure is
a continuous process, and the satisfactory manu-
facture of metal plate connected wood trusses can
only be assured through: (a) proper quality control
of materials and of the manufacturing process; and
(b) frequent visual inspection of the manufactured
product.

Thus, continuous documentation of some form of
in-house product control procedure is critical to
maintaining quality in the manufacturing process,
and this requirement has been a part of the quality
criteria since the QST-86 edition of the quality
criteria.  The method of documentation is up to the
Truss Manufacturer and may be in the form of a
quality checklist, or it may involve a process control
procedure that tracks quality performance and trends
over time. Any necessary corrective actions taken
as a result of monitoring the quality of the manufac-
tured trusses should be included in the documenta-
tion.

The most effective way to confirm that a Truss
Manufacturer’s quality assurance procedure is be-
ing used properly and is adequate in its purpose of
achieving an acceptable level of quality is through
an audit of the manufacturer’s documentation show-
ing the actual application of the plant’s procedures.
Thus, the effectiveness of a periodic inspection by
a 3rd-party inspection agency, as may be required in
some areas by the local jurisdiction, requires review
of a Truss Manufacturer’s in-house quality control
documentation in addition to the optional supple-
mental inspections of some additional trusses.  Where
periodic inspection by an approved 3rd-party agency
is not a requirement of the local jurisdiction, a Truss
Manufacturer may still take part in a voluntary 3rd-
party quality assurance inspection program, or it

may find some other means to audit its methods for
ensured compliance with the quality standard.

As this Standard does not address 3rd-party audits,
it is intended that the approved inspection agency, or
other entity engaged to assess in-plant quality as-
surance, should define for each Truss Manufac-
turer how it intends to assess truss plant conform-
ance to the Standard and what actions will be taken
in the event of non-conformances.

§3.1.4 - Non-conformance with any of the quality
criteria in the quality standard signifies that one or
more design considerations or assumptions have not
been met.  This does not necessarily mean that the
truss will not perform adequately as built; however,
the Truss Designer must confirm acceptance of the
truss, most often through re-analysis of the truss
with the appropriate change or changes in design
assumptions.

An example of a manufacturing inaccuracy that
would be in violation of the quality standard, and
would thus require follow-up approval or repair (if
necessary) by the Truss Designer upon re-analysis,
is a rotation of a metal connector plate by 90
degrees.  The quality standard requires the plate to
be positioned in the orientation specified on the truss
design drawing, which is important because plate
lateral resistance and steel strength vary based on
tooth slot orientation.  The deviation in design values
between one plate orientation and its orthogonal
orientation might be significant enough to affect the
overall truss design for any given joint. Thus, only a
re-evaluation by the Truss Designer will determine
whether a plate rotated by 90 degrees is acceptable,
and this requires approval and documentation by the
Truss Designer.

§3.2 - IN-PLANT QUALITY ASSURANCE
PROGRAM

The addition of criteria specific to the Truss
Manufacturer's in-plant quality assurance program
is new to the 2002 edition of the Standard.  These
criteria were added to better standardize the QC
process within truss plants and elevate the overall
quality of the entire industry.  Although new to the
2002 edition, these criteria are consistent with the
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concept set forth in the earliest TPI quality control
manuals which included a provision stating that,
"The quality control system of the fabricator is a
continuous process and it must be realized that
frequent inspection is in the best interest of the
general public and the trussed rafter industry."

The provisions in Section 3.2 are limited to in-
plant inspections conducted by the Truss
Manufacturer.  Where periodic inspections by
independent third-party inspection agencies are
required by the local jurisdiction and/or requested
by the Truss Manufacturer to assure conformance
with all maximum allowable manufacturing
tolerances set forth in the standard, the inspection
agency will have the autonomy to select which
trusses are to be inspected, and inspect according to
its own procedures.  While the third-party inspection
agency may elect to inspect beyond the minimum
level of in-house inspection by the Truss
Manufacturer, it should be recognized that
coordinating the method of inspection (i.e., PPM or
TCM) with that of the Truss Manufacturer for at
least part of the third-party's inspection process will
provide the Truss Manufacturer with an additional
means of assessing the adequacy of their in-plant
quality control procedures, for example, verifying
proper execution of the joint inspection protocols.
This additional level of assessment can be
accomplished by having the Truss Manufacturer
subsequently inspect the same trusses selected and
inspected by the third-party agency, and then
comparing the findings of the inspection from both
parties.

§3.2.1 - The in-plant quality control manual sets
the foundation of the Truss Manufacturer's quality
assurance procedures.  As discussed in the
Commentary for Section 3.1.1, the first level of a
quality control process includes proper
manufacturing practices that apply to every truss
and are carried out by all personnel on a daily basis.
These practices should be included in the quality
control manual and might include, for example,
instructions on the proper use of pressing equipment,
management directives on what types of lumber
and/or plate substitutions are acceptable without
prior notification of management, guidelines for
reading the truss design drawing (e.g., symmetrical

versus unsymmetrical plating),  and other
standardized rules-of-thumb.

In addition to proper daily manufacturing practices,
the quality control manual should also include the
plant's methods for the next level of the quality
control process, i.e., the periodic in-house audits of
the manufacturing process to ensure conformance
with the quality standard.  The quality control manual
should include the requirements for these in-house
audits, whether through a checklist system, process
control procedure, or some other means.

§3.2.2 - The minimum inspection frequency set
forth in Section 3.2.2 is in recognition of the need to
frequently monitor for the potential of any consistent
inaccuracies or quality non-conformances in the
manufacturing process.  Because manufacturing
inaccuracies can be related to both manufacturing
equipment and personnel, an effective inspection
frequency must provide monitoring of all areas
where a potential problem could arise, including
manageable-sized groups that together comprise
the entire personnel and which will provide enough
indication of any needs for additional training of
personnel, repairing, recalibrating, or replacing
equipment, developing new or different assembly
practices, or any other modifications to the in-house
quality assurance program.

Although "set-up location" in the inspection
frequency is not strictly defined, it is intended that
each truss manufacturing plant will establish
reasonable, manageable-sized groups in each work
shift from which 3 trusses per week will be inspected
and recorded for the in-plant audit.  For example, a
"set-up location" might be defined as a crew, or
group of personnel within a defined work area
building one truss.  If defined as this, then each
"crew" during each shift will have a minimum of 3
trusses inspected per week.  Set-up locations should
be defined by each Truss Manufacturer depending
on the structure and management of the plant.

It should be recognized that there may be instances
that would warrant additional inspection beyond the
minimum established inspection frequency.
Examples include the introduction of any new
personnel, new fabrication equipment, or any other
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changes in the production line or assembly practices.
It is recommended that the first truss manufactured
after the introduction of any change in the production
line be inspected.  Additionally, the plant should
ensure that compliance with the quality standard is
achieved consistently (e.g., for at least 3 trusses in
a row) following such changes.

§3.2.3 - A representative sampling implies that
the proportion of any one truss type inspected will
be consistent with its share of the total truss
production at the plant.  For example, if a truss plant
produces 20% parallel chord trusses of its total
production, then approximately 20% of the trusses
inspected should be parallel chord trusses.

§3.2.4 - The joint inspection procedures referred
to in Section 3.2.4 and set forth in Section 3.7 were
specifically developed for incorporation into the
2002 quality criteria provisions.  These new
inspection procedures differ significantly from earlier
procedures because they center quality assessment
on metal connector plate placement, whereas the
1995 edition required an assessment of the plate
teeth in each plate contact area in addition to
assessing plate placement on a joint.  These new
inspection procedures, referred to as the Plate
Placement Method (see Section 3.7), are presented
as the primary quality assessment measurement for
use in a truss plant because, in addition to being
easily evaluated by plant personnel, metal connector
plate placement has been shown to have a direct
correlation to structural performance (1).

A joint inspection method that has plate location
as the primary criterion for acceptance is only
possible with an additional level of tolerance built
into the design to allow for some loss of effective
plate teeth during the manufacturing process due to
wood or joint characteristics.  This required additional
level of tolerance is incorporated into the joint
design when a quality control factor, Cq, of 1.00 is
specified for wide-face plating, and 1.11 is used for
narrow-face plating (see Commentary for Section
6.4.11).  A Cq factor of 1.00, when applied to plate
lateral resistance design values, correlates to a 20%
tolerance in the design phase that will provide 25%
more connector teeth than the minimum required.
A Cq factor of 1.11, intended for narrow-face

plating, correlates to an 11% tolerance in the design
phase that provides 13% more connector teeth than
the minimum required.  Without these extra
tolerances, quality assessment cannot be determined
with the Plate Placement Method (PPM) because a
closer inspection of the plate teeth is necessary to
ensure that the number of effective teeth, after
excluding those that are ineffective due to lumber or
manufacturing defects, is adequate for the design.

Thus, the PPM in Section 3.7, which has at its
core the visual evaluation of metal connector plate
placement, has two major advantages over earlier
methods employed by the Standard: it provides a
faster method to assess quality for Truss
Manufacturers, and it provides for more tolerance
in the plating area, which provides more assurance
that the occasional occurrences of flattened teeth
or lumber characteristics in the plating area will not
adversely affect the lateral resistance of the plate.

There are recognized times, however, where there
might be reason to reduce, or remove, the additional
conservatism intended for manufacturing defects,
and this can be accomplished by increasing the
quality control factor used in design up to a maximum
value of 1.25.  One reason may be for practical
design purposes, if it is necessary for the Truss
Designer to utilize more available strength of the
metal connector plate in order to arrive at a successful
design.  In this case, which is addressed in Section
3.2.4.1, the Truss Designer may need to increase
the Cq factor on those joints where the additional
reserve strength of the metal connector plate is
necessary to meet the design requirements for the
particular joint.  This type of increase is completely
acceptable from a design standpoint, and is permitted
by the provision in Section 6.4.11.3; however, from
a quality assessment standpoint, it requires that an
additional level of inspection on the manufactured
joint be made to ensure that it conforms to the design
assumptions and will structurally perform as intended.
The alternative method of joint inspection required
for these joints is specified in the Annex to Chapter
3 and is named the Tooth Count Method.  As the
name implies, it requires assessing the quality of a
joint by determining the number of effective teeth
present at each joint member contact area, which is
the same method specified in earlier editions of the
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Standard (see commentary discussion for Annex
A3).

There may also be cases where the added
conservatism provided through the use of the lower
Cq factors (i.e., 1.0 and 1.11) is not as advantageous
from a manufacturing standpoint.  This might be the
case if a Truss Manufacturer has procedures
specifically in place to avoid loss of effective teeth
in the plate area due to teeth flattening or lumber
characteristics; for example, trimming lumber to
ensure no knots or wane are contained within the
ends of the lumber where plates can be placed, and
closely monitoring roller press operations such that
teeth are not flattened.  If such procedures are in
place and can be shown to be effective, then a plant
may elect to reduce or remove the extra level of
conservatism through the use of greater Cq values.
Again, this would require the use of more detailed
inspections per the Tooth Count Method provided in
the Annex to Chapter 3.  This case is covered in
Section 3.2.4.2, but it is not intended to be used
unless a Truss Manufacturer can justify it through
proven compliance with the quality standard, even
without the extra level of conservatism built into the
plates, and using the inspection procedures in the
Annex.

§3.4 - LUMBER

§3.4.1  - The selection of wood members in a
metal plate connected wood truss affects not only
the truss members, but also the truss joints.  The
ability of the metal connector plate to transfer
forces from one wood member to another depends
on, in addition to its own metal plate properties, the
species, density, and moisture content of the wood
members.  Thus, it is important that each property
of the lumber is considered when making a substi-
tution for the specified lumber.

The provision for substituting lumber in Section
3.4.1 represents a change from the 1995 edition,
which required Truss Designer approval for any
change in lumber species.  One reason for this
former provision was due to the variation in plate
lateral strength among species; hence, a substitu-
tion to a lumber species with higher strength prop-
erties than the specified lumber might result in

inadequate plate sizes, if the lateral resistance val-
ues for plates in the substituted lumber are lower.
To avoid such problems, allowable substitutions
without Truss Designer approval were limited strictly
to a higher grade of the same species only.

The 2002 edition's requirement for the substitute
wood member species to have an equal or greater
specific gravity than that of the specified wood
member species, in addition to having equal or
higher strength and stiffness properties, is consid-
ered to sufficiently address variation in plate lateral
strength among species.  A substantial amount of
research has indicated a linear relationship between
specific gravity and tooth holding strength (lateral
resistance strength), such that as specific gravity
increases, plate lateral resistance increases (2, 3,
4).  The correlation with specific gravity is appli-
cable across species, although some variation does
occur that is considered to be minimal.  Further-
more, the permitted substitution of denser species
for less dense species is consistent with typical
application to all other types of wood fasteners.

§3.4.2 - For typical 8-ft. to 20-ft. lengths, most
lumber manufacturers provide grade stamps,
whereas shorter lengths (i.e., 6-ft, 4-ft, 2-ft.) often
are not individually grade stamped, but rather are
identified by a label on the outside of the package,
as well as a line item on the invoice.  To be
consistent with the way lumber is commercially
provided, the provision regarding marked lumber in
the 2002 edition has been revised to reflect these
typical methods.

Grade marks and other identification should be
preserved whenever possible or practical during the
manufacturing process for verification in the com-
pleted truss unit.

§3.4.3 - Approval of an inspection agency for
preservative treated lumber is determined by the
local building code having jurisdiction.  Approval by
the local building official might be granted based on
an agency's research report issued with the model
building codes, a national evaluation report, or ac-
creditation for inspection of pressure treated wood
products by the American Lumber Standard Com-
mittee, Inc.
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§3.4.4 - Approval of an inspection agency for fire
retardant treated lumber is determined by the local
building code having jurisdiction.  Most likely, ap-
proval by the local building official will be based on
an agency's established research report.

§3.4.5 - Earlier editions of the Standard did not
contain provisions for finger-jointed lumber.  Al-
though no restrictions have existed in the Standard
that would exclude the use of approved finger-
jointed lumber in metal plate connected wood trusses,
there was a recognized need to better accommo-
date the increasing availability and use of structural
finger-jointed lumber.

Structural-glued (finger-jointed) lumber is permit-
ted by all model building codes to be used inter-
changeably with solid-sawn lumber members of the
same species and grade.  Because structural finger-
jointed lumber is graded using the same rules ap-
plied to solid-sawn dimension lumber, the design
values for a grade and species of structural finger-
jointed lumber are identical to the same grade and
species of conventional solid-sawn lumber.

The reported suitability of finger-jointed lumber in
metal plate connected wood trusses long precedes
the Standard's explicit recognition of it.  In one
study, there was no substantive evidence that
fingerjoints adversely affected the performance of
truss plated joints that would warrant excluding
fingerjoints from the region under truss plates (5).
However, another consideration related to this is
how the fingerjoints might affect the proper embed-
ment of the plate, particularly due to the hardened
glue on the surface and offset that is permitted to
exceed 1/32 inches (meaning adjoining surfaces are
out-of plane from each other by more than 1/32
inches).  These characteristics may cause plate
embedment problems when plates are embedded at
the location of the fingerjoints.  To help avoid such
problems, Truss Manufacturers purchasing finger-
jointed lumber may want to specify that this lumber
have no hardened glue on the surface exceeding 1/
32 inches thick and that lumber offset at such joints
be limited to no more than 1/32 inches.

The requirement in Section 3.4.5 for finger joints
to be in conformance with all the requirements of

ASTM D2559 is included to ensure that the finger-
jointed product used in a truss is suitable for all
structural applications.  Another type of finger-
jointed product is intended for carrying only com-
pression loads as a vertical stud member.  Unlike
the structural finger-jointed lumber, this type of
finger-jointed lumber (i.e., "VERTICAL USE
ONLY") is not required to meet certain require-
ments of ASTM D2559, and is therefore not suitable
for truss construction.

Finger-jointed lumber must be identified by the
quality mark of an approved inspection agency.
Acceptance of an inspection or grading agency
comes from the local building code having jurisdic-
tion.  Generally, agencies that are approved to
certify structural-glued products by the American
Lumber Standard Committee (ALSC), under the
Department of Commerce, will qualify as "ap-
proved inspection agencies."  These agencies must
comply with criteria established by the ALSC's
Glued Lumber Policy, and their quality marks sig-
nify that the structural-glued lumber is subjected to
extensive quality control and testing during produc-
tion.

§3.5 - ASSEMBLY

§3.5.3 - The allowable variances in truss length
and height in Table 3.5-1 are set forth as the
maximum allowable tolerances for structural pur-
poses.  Although these allowable tolerances will not
affect the trusses structurally, there may be other
non-structural considerations that warrant tighter
variances.  One important consideration is the abil-
ity to achieve, during field installation, a very flat
nailing surface, for drywall, plywood, or any other
directly applied diaphragm material.  The smaller
the variance between adjacent trusses, the flatter
the ceiling or floor plane.  Another consideration is
the goal to have all building lines and dimensions as
accurate as possible, especially where inaccuracy
of one component's dimension might affect another
component.  These non-structural considerations
are more significant for floor production than roof
production, and the maximum tolerances for floor
trusses as shown in Table C3.5-1 are recommended
for installation purposes.
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§3.6 – PLATING OF WOOD TO WOOD
JOINTS

§3.6.2 - It is not acceptable to substitute two
plates, which together equal the size of the specified
plate, for a single plate of the same size without
Truss Designer approval.  For example, if the truss
design drawing specifies a 5x16 plate at a heel joint,
placing two 5x8 plates side-by-side is not accept-
able.

§3.6.3 - The significance of this provision is that
both specified plate dimensions must be equaled or
exceeded for a substitution to be acceptable.  Con-
sequently, a connector plate that has a larger dimen-
sion than specified in one direction, but a smaller
dimension than specified in the other direction would
not be an acceptable substitution, even if it provides
a larger area.  For example, a 5x8 plate (40 square
inches) is not an acceptable substitution for a 6x6
plate (36 square inches) without Truss Designer
approval.  Also, the orientation of the substituted
plate must be the same orientation of the specified
plate as indicated on the Truss Designer drawing,
even if a larger plate is used.  Therefore, if the truss
design drawing specifies a 5x6 plate oriented with
the tooth slots vertical, it would not be acceptable to
use a 6x10 plate with its tooth slots horizontal, unless
approved and documented by the Truss Designer.

A final consideration to be made when substitut-
ing a plate with a larger dimension than specified in
one or more directions is its effect on the plate's
intended position on the truss.  In some instances,
such as the substitution of a longer plate at a bottom
chord splice (e.g., a 5x6 plate substituted for a 5x5
plate), the position of the plate is not affected by the

substitution.  However, in a joint such as a peak
plate, a larger plate might cause the upper corners
of the plate to extend beyond the top edge of the top
chord.  Because this would interfere with the appli-
cation of roof sheathing and would be unacceptable
interference, the tendency to make a larger plate fit
in this case would be to shift the plate down until the
corners of the plate no longer extend beyond the top
edge of the top chord.  However, this would require
a quality check to ensure that the substituted plate,
as shifted, is within its positioning tolerance (see
Section 3.6.4).

§3.6.4 - Positioning a plate in accordance with the
truss design drawing involves orienting the plate
slots as shown on the drawing (e.g., horizontal or
vertical, or angled with the teeth slots oriented
either parallel or perpendicular to one of the wood
members at the joint) and positioning the plate in its
design position relative to the joint.  The truss design
drawing may have a note stating that the truss plates
are to be symmetric about the joint unless otherwise
shown.  Unsymmetrical joints will have dimensions
indicating the location of the plate with respect to
some reference point within the joint.  In many
cases, an expanded detail of the joint can be ob-
tained to better determine the plate's design position
at the joint.  With the increasing complexity of
trusses, use of these expanded details at a truss
plant becomes increasingly necessary to accurately
position the plates according to their design posi-
tions.

Although the goal for a manufacturing plant is
perfect plate placement per the design position,
acceptable quality of a joint, even with some devia-
tion from the plate's design position, is determined

Length of finished
truss unit

Height of finished
truss unit

Truss-to-truss variance
dimension of identical trusses

Variance from design
dimensions

1/4 inch 1/4 inch

1/8 inch 1/8 inch

TABLE C3.5-1 RECOMMENDED QUALITY MANUFACTURING TOLERANCES
FOR FINISHED FLOOR TRUSS UNITS
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with the use of allowable tolerances for plate posi-
tioning and embedment.  The 2002 edition replaces
the standardized plate location tolerances found in
earlier editions of the Standard with a customized
approach, in which positioning tolerances are calcu-
lated for each joint by the Truss Designer.  Thus, a
plate that is located within the specified positioning
tolerance will meet the design requirements for that
joint.  Refer to the Commentary under Section 3.7
for additional discussion on the plate positioning
tolerances.

§3.6.5 - Figure 3.6-1 illustrates situations where
the location of a plate, if the plate edge extends
beyond one or more wood members, can adversely
affect the function of the truss when installed.  The
most critical situation is where an extended plate
would interfere with the application of sheathing
material along the top edge of the top chord, or
bottom edge of the bottom chord.  This type of
interference is prohibited by the provision in Section
3.6.5.  Another situation in which the extension of a
plate beyond a wood member may be problematic to
the function of the truss is where a plate extends
into the open space of an attic truss or into the duct
chase of a floor truss.

§3.7 - JOINT INSPECTION

§3.7.1 - The Plate Placement Method (PPM) is
introduced in the 2002 edition as a new method for
assessing truss joint quality, in which plate place-
ment is used as a primary indicator of acceptable
quality.  This differs from quality assessment in the
1995 edition, which required inspection of the plate
on a tooth-by-tooth basis, for each wood member
contact area, rather than by plate positioning alone.

The purpose of any quality assurance protocol is
to consistently manufacture a product that will
structurally perform as intended by its design.  The
PPM provides a quick means to visually inspect a
plate's position, rotation, embedment, and member-
to-member joint gaps, while ensuring that any joint
within these criteria sufficiently meets the truss
design requirements.  The faster approach afforded
by the PPM is possible because of a related design
provision that introduces a degree of conservatism
into the design phase to account for quality imper-

fections in the plate contact area.  Specifically, a
20% reduction of tooth holding value for design
purposes, corresponding to 25% more connector
teeth provided than the minimum required, is in-
cluded in the design method to allow up to 20% loss
of effective teeth in plate contact area due to wood
or joint characteristics.  Since this potential loss of
effective teeth is accounted for in the design, it
reduces the time consuming task of determining the
actual number of effective teeth available at each
plate contact area for assurance that the required
number of effective teeth has been met.

In recognition of differing manufacturing prac-
tices and quality assurance needs, the conservatism
introduced into the joint design procedures has been
accounted for by the addition of a new adjustment
factor, the quality control factor (Cq), which can be
used to offset the reduction in tooth holding values.
A Cq value of 1.00, which is required for the Plate
Placement Method for inspection of plates embed-
ded into the wide face, results in a full 20% reduc-
tion of plate tooth holding design values. A Cq value
of 1.11, which is required for the PPM for inspec-
tion of plates embedded into the narrow face of the
lumber, results in an 11% reduction of plate tooth
holding design values.  Cq values exceeding these
values result in smaller tolerances built into the
design, with the maximum Cq limit of 1.25 resulting
in no reduction, or full plate tooth holding values.
Since these Cq values do not provide enough toler-
ance for quality assurance using the Plate Place-
ment Method, the alternative Tooth Count Method
of joint inspection must be used for joints designed
with these larger Cq values (see §A3.1 and Table
C3.A-1).

The reason for specifying a smaller quality toler-
ance, or less conservatism, for narrow-face plating
than for wide-face plating is due primarily to the
ease of accurate positioning with narrow-face plat-
ing.  Secondly, there is a greater propensity to limit
quality inaccuracies in the narrow-face plating area
during manufacturing.  Since there is considerably
less wood contact area available for plating in the
narrow dimension, lumber characteristics such as
lumber wane will be monitored more closely and will
generally not be used within the plating area.  Thus,
there is less error in narrow-face plating and, ac-
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cordingly, a smaller amount of tolerance for lumber
characteristics is needed for narrow-face plating
than for wide-face plating.

The 2002 edition reflects another significant change
in quality assessment, since it now focuses on those
joints that are considered critical to the structural
performance of the truss.  An investigation of the
influence of quality control on truss performance
demonstrated that more highly stressed joints have
the greatest influence on truss structural capacity
(1).  This finding implies that it is not necessary to
conduct detailed quality inspections on less highly
stressed joints that are unlikely to influence truss
failure.  More highly stressed joints that are critical
to the truss performance are defined in the Standard
as those joints having a Joint Stress Index (JSI) of
0.80 or higher, which indicates the plate is stressed
to 80% or greater of its design capacity.  Thus, any
truss that is inspected for quality will have in-
spected, at a minimum, those joints with a JSI of
0.80 or greater per the procedures of Section 3.7.
Although a close inspection is not required of those
joints with a JSI of less than 0.80, it is still necessary
to ensure that all plates conform to the gauge, type,
and size indicated on the truss design drawing, and
that no gross manufacturing inaccuracy is evident.
Thus, a preliminary assessment of the overall truss
would first be required with regards to the general
plating, lumber, and assembly requirements per
Sections 3.4 through 3.6, followed by a thorough
joint inspection on those joints with a JSI of 0.80 or
greater, or any other joint determined to warrant
additional inspection.

§3.7.2 - Plate Placement

A Joint QC Detail is a visual aid for determining
acceptance of a metal connector plate's position at
a joint relative to its design position and the allow-
able plate positioning tolerance as calculated by the
Truss Designer.  The Joint QC Detail graphically
depicts the allowable plate positioning tolerance by
illustrating the zone within which the center of the
actual plate on the truss must be located in relation
to the wood members at the joint.  At a minimum, the
allowable placement tolerances will be provided in
two perpendicular directions with positive and nega-
tive distances based off of the center point of the

truss plate. The significance of showing only the
area within which the center of the plate must be
located, rather than the entire plate, is that it enables
a full-scale drawing to be printed on an 8-1/2-inch x
11-inch piece of paper that can then be placed over
the actual truss joint in accordance with the refer-
ence lines of the wood members.  This provides a
simple visual aid to determine whether the plate is
located within design tolerance.  Refer to Figure
8.12-1 of the Standard for an example Joint QC
Detail with plate positioning tolerances.

The addition of the Joint QC Detail in the 2002
edition for assessment of a plate's location at a joint
marks a change in the Standard's former approach
to evaluating plate location.  The 1995 edition and
earlier published quality criteria used standardized
plate location tolerances as the acceptance criterion
for plate placement.  The standardized tolerances,
which were specified for different plate sizes, ap-
plied to all joints and limited both plate translation
and rotation, such that no point on any metal connec-
tor plate was permitted to be displaced from its
design location by more than the given tolerances.
An inspection check of any plate's position using this
approach required first an examination of the truss
design drawing for a determination of the plate's
design position, and then a measurement of any
amount of displacement from the design position.
An additional check for the minimum number of
effective teeth was also required.

The PPM plate positioning tolerance provides
assurance to the Truss Manufacturer that a plate
within tolerance will work provided the other provi-
sions in Section 3.7 are also met.

§3.7.3 - Plate Rotation

The separate maximum plate rotation specified in
Section 3.7.3 is a new quality criterion in the 2002
edition.  The plate rotation limit was added as part of
the new provision for plate positioning (PPM) in
Section 3.7.2 applying to plate translation, whereas
previous plate placement tolerances in earlier edi-
tions of the Standard applied to both plate translation
and rotation.  The 10-degree allowable plate rotation
specified in Section 3.7.3 is explicitly considered in
the metal connector plate joint design, per Section
8.1.
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When inspecting a plate for rotation, the 10 de-
gree maximum limit can be approximated by deviat-
ing a maximum of 1/2-inch from a given reference
line (e.g., chord edge) along any 3-inch plate length.
Hence, a 3-inch long plate oriented horizontally
should not deviate more than 1/2 inch from the
horizontal, a 6-inch plate should not deviate more
than 1 inch, etc.  Alternatively, the Joint QC Detail
that is used to inspect the plate positioning tolerance
may also be used to check plate rotation with the
inclusion of +/- 10-degree angle reference lines.

§3.7.4 - Plate Contact Area

As discussed elsewhere in the Commentary to
Chapter 3, the Plate Placement Method enables the
quality of a joint to be evaluated primarily by the
plate's position, with only a few overall plate and
joint observations necessary, because of a built-in
design tolerance that permits up to 20% (10% for
plates embedded in the narrow face) of each plate
contact area to contain ineffective teeth, either due
to the manufacturing process or due to teeth located
in lumber characteristics occurring in the plate area.
Ineffective teeth due to the manufacturing process
include teeth that are flattened during embedment.

Although this allowance eliminates the require-
ment to determine that there are enough effective
teeth through a detailed inspection of the plate teeth,
it still requires that a basic visual check of each
plate-to-wood member contact area be made to
ascertain that this allowance has not been ex-
ceeded, such as in the event of a relatively large
lumber characteristic occurring in the plating area
or a manufacturing inaccuracy resulting in an ab-
normal number of flattened teeth.  If the allowance
for lumber characteristics and ineffective teeth in
any plating area has been exceeded, acceptance of
the joint cannot be determined using the PPM
criteria.  Instead, a determination of the actual
number of effective teeth would be required to
determine acceptance, and this requires the alter-
nate joint inspection method (i.e., the Tooth Count
Method) that is specified in the Annex to Chapter 3.

Because the allowable amount of quality imper-
fections in the plating area is specified as a percent-
age of the plate contact area, the allowable amount

will depend on the size of the plate contact area.
The bigger the plate contact area there is on a
member, the greater the combined size of all imper-
fections permitted.  To assist in the visual assess-
ment of 20% (10% for narrow face) of each plate
contact area, it is recommended that the Joint QC
Detail, which illustrates the allowable plate posi-
tioning tolerance at a joint, also include some type of
shape, such as a circle, whose size represents 20%
(10% for narrow face) of the plate area contacting
each member.  Figure C8.12-1 illustrates an ex-
ample Joint QC Detail that includes this feature.

§3.7.5 - Plate Embedment

The effectiveness of a metal connector plate to
provide lateral resistance at a joint depends on the
amount of embedment of the plate teeth into the
wood members.  The greater the gap there is
between the underside of the plate and the surface
of the wood member, the less the resistance pro-
vided by the plate teeth.  As a result of a study that
found a 16 percent reduction in lateral resistance
strength of metal connector plates with an average
uniform embedment gap of 1/32-inch, the 1995
edition incorporated a 0.84 strength reduction fac-
tor into the allowable plate lateral resistance design
values (6).  Thus, all plate lateral resistance design
values include a built-in reduction that accounts
specifically for an anticipated plate embedment gap
up to 1/32-inch, which is a reasonable gap size to
expect from typical truss production.  This strength
reduction factor remains included in the 2002 edi-
tion, which means that a plate embedment gap of
1/32-inch or less will not adversely affect the plate's
lateral resistance design strength.

One type of observed embedment gap results
from a certain lumber phenomenon rather than from
a manufacturing inaccuracy.  This phenomenon is
often termed lumber "cushioning" or "cupping" or
"cavitation" and is characterized by the indentation
of the lumber in the center of the plate area due to
the compressive force exerted by the teeth during
pressing.  This is more common with the denser
woods, due to their greater resistance to tooth
embedment.  Because the gap resulting from this
lumber effect occurs predominately in the center
area of the plate and cannot be practically con-
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trolled by the manufacturing process, the maximum
plate embedment gap provision in Section 3.7.5 is
limited to the plate perimeter only.  The effect of this
particular type of embedment gap on the interior
teeth is considered to be offset by the expected
increase in grip strength due to the high density of
the lumber.  Furthermore, it is expected that any
manufacturing inaccuracies resulting in insufficient
plate embedment will be revealed at the perimeter
of the plate, and thus an inspection of the plate
embedment at the plate perimeter provides ad-
equate assurance of the overall plate embedment.

Another possible lumber-related cause of embed-
ment gaps under the plate is the occasional variation
in lumber thickness of different wood members at a
truss joint.  The uneven joint line created by differ-
ent lumber thickness can prevent full embedment of
at least some of the plate teeth near the joint line.  In
recognition of this, and to allow for the occurrence
of small amounts of unevenness in wood member
thickness at the joint while still permitting accep-
tance of a properly embedded plate, the maximum
plate embedment gap provision is excluded from
plate perimeters within one inch of any wood mem-
ber-to-wood member joint line.

If a plate exhibits a perimeter embedment gap that
exceeds 1/32 inch, which is the gap size that is
accounted for in the design process, then an addi-
tional assessment is necessary in order to determine
whether the plate contact area has enough extra
teeth to offset the reduction in tooth effectiveness
and still provide sufficient lateral resistance strength.
This must be accomplished using the Tooth Count
Method criteria in the Annex to Chapter 3, as
required by Section 3.7.7 for non-conformances
with any of the criteria within the Plate Placement
Method.

§3.7.6 - Wood Member-To-Wood Member Gaps

§3.7.6.1 - The gap criteria in the 2002 edition are
simplified from the gap criteria in earlier editions,
which previously included criteria for average gaps
as well as maximum gaps for different joint types.
The change in the 2002 edition was made for ease
of measurement, which is important to the effec-
tiveness of the criteria to be properly implemented.

Also, most joints transfer both tension and compres-
sion forces, depending on the load case being con-
sidered, and it is not practical for the Truss Manu-
facturer or quality inspector to distinguish "tension
joints" from "compression joints."  The average and
maximum allowable gaps have been combined into
a single specified maximum allowable gap, which is
more explicitly defined as being the gap present at
the edge of the plate, when the gap is within the
scarf, or the gap present at the end of the scarf,
when the plate edge is outside of the scarf.  In
addition, the maximum allowable gap criterion now
only distinguishes floor truss chord splices apart
from all other joint types, and a tighter gap allow-
ance is specified for floor truss chord splices due to
the greater significance of chord splice gaps on
floor truss deflection and serviceability.

Although the maximum gap allowances in Section
3.7.6.1 have been simplified, the actual amount of
gap permitted between wood members has not
changed considerably from earlier criteria.  The
most notable change to the gap criteria in the 2002
edition is that they are now applicable to joints with
single points of contact between wood members,
such as at joints with round-ended or square-ended
web members.  Gap criteria in the 1995 edition, and
earlier, were given only for joints with members that
were cut to bear on a surface, thus requiring gap
allowances for round-ended webs, or other web
members not cut to bear, to be stipulated by the
Truss Designer for each case.  In the absence of a
specified gap allowance, these webs were required
to have a point of wood-to-wood contact with each
adjacent member (i.e., no gaps), as indicated on the
truss design drawing.  The 2002 edition now permits
a maximum gap of 1/8" to occur at these points of
contact.  Although the Standard now addresses
quality related issues for trusses manufactured with
round-ended or square-ended web members when
shown on the truss design drawing, the Standard
does not include provisions in the design procedures
for these types of members, which require some
additional design consideration.  Thus, the design
considerations implicit to round-ended or square-
ended web members must be made by the Truss
Designer based on engineering judgment or testing
(see Commentary Section §8.1).
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§3.7.6.2 - Since metal connector plates are not
generally designed to carry compression load at a
joint, the amount of gap between wood members
must be limited so that the plate buckling or slip
necessary to close the gap is small and will not
cause joint failure.  If the truss plates are designed
to carry the load, however, then larger gaps should
be permitted.  The Standard does not currently
address how to establish compression capacity of
truss plates for given gap sizes, however, the Truss
Designer may still elect to design the metal connec-
tor plate for compression by testing and the use of
plate-buckling analysis methods.

§3.7.6.3 - The use of galvanized metal shims, or
other acceptable alternates, to obtain firm bearing
between members with gaps has been permitted in
published quality criteria for metal plate connected
wood trusses since 1986.  Since the exposed metal
connector teeth at the gap can inhibit the installation
of the shim, the shim is permitted to be narrower
than the width of the gap, with the minimum shim
width of 3/4 inch versus 1-1/2 inch thick lumber, so
that it can be driven in without contact with the plate
teeth.

§3.7.7 - Re-evaluation

The Annex provides an alternative inspection
procedure that involves a more precise examination
of the joint, which means it can be used as a backup
method to determine acceptance of a joint that fails
one or more of certain criteria specified for the
Plate Placement Method.  Specifically, if a plate is
out of the allowable tolerance for plate placement
(Section 3.7.2), imperfections in the plate contact
area (Section 3.7.4), or plate embedment (Section
3.7.5), it could still be determined as being accept-
able if a detailed inspection of the joint, per Annex
A3, reveals that there are still enough effective
teeth to meet or exceed the number of required
effective teeth.

Two of the joint quality criteria, allowable plate
rotation (Section 3.7.3) and allowable wood mem-
ber-to-wood member gaps (Section 3.7.6), are the
same regardless of the method of joint inspection
used.  Therefore, if a plate fails to meet either one
of these criteria in the Plate Placement Method in

Section 3.7, it will also fail to meet the criteria for the
Tooth Count Method in Annex A3, and approval by
the Truss Designer, either through an approved
repair or through re-analysis, would be necessary.

§3.8 - REPRESSING

As discussed in the commentary for Section 3.7.5,
the ability of metal connector plate teeth to provide
lateral resistance, or grip, at a joint depends on the
teeth having adequate embedment into the wood
members.  An embedment gap of up to 1/32 inch is
accounted for in plate lateral resistance design
values through the incorporation of a built-in strength
reduction factor, but gaps larger than 1/32 inch
reduce the lateral resistance strength of the teeth,
which can result in a plate contact area not having
enough grip strength as required by design if there
are not enough extra teeth to compensate for the
reduced strength per tooth.

Because the goal is full embedment, it is logical to
permit a plate with an embedment gap due to a
manufacturing inaccuracy to be repressed in order
to achieve full tooth penetration, thereby ensuring
that the joint has or exceeds the tooth holding
strength assumed in the design.  The repressing
allowance in Section 3.8 is intended to address
quality deficiencies resulting from the manufactur-
ing process; however, additional pressing of a plate
after manufacturing, but before the truss is in-
service, is also reasonable for increasing the joint's
lateral resistance strength, provided the wood is
sound and not visibly weathered.

§ANNEX A3: ALTERNATE JOINT INSPEC-
TION

§A3.1 - The Tooth Count Method (TCM) is
essentially similar to the procedures specified in the
1995 edition to assess a joint's quality.  The basis
behind this method is to determine the actual num-
ber of effective teeth in each plate contact area,
which must meet or exceed the minimum number of
required effective teeth specified for the truss de-
sign.  The determination of the number of effective
teeth in a plate contact area requires not only a tally
of the teeth found in the contact area, but also an
assessment of the effectiveness of those teeth,
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which depends on the amount of embedment gap, if
any, and the elimination of any teeth from the tally
that are flattened or are located in a lumber quality
characteristic (see Section A3.4).  In addition to
requiring a sufficient number of effective teeth in
each plate contact area, the TCM also requires
plate placement, plate rotation, and any joint gaps to
be within tolerance.

Because the TCM inspection entails a more in-
volved examination of the plate, specifically the
plate teeth, it can be used as a backup method of
inspection for a joint that fails the Plate Placement
Method as discussed in Section 3.7.7.  Furthermore,
any joint that passes the criteria of the PPM would
be expected to also meet the criteria of the TCM.
However, the TCM must be used to determine the
quality of any joint that was designed using a quality

control factor greater than the 1.00 or 1.11, for
wide-face and narrow-face plating, respectively,
because the larger quality factors, when applied to
plate lateral resistance values, remove the added
level of conservatism that is otherwise incorporated
in the design to account for lumber quality charac-
teristics so that they do not need to be explicitly
addressed in the inspection on a tooth-by-tooth
basis.  Table CA3.1-1 compares the effect of
different quality control factors on the design and
inspection of truss joints.

Just as the PPM focuses quality assessment on
critical joints, which are defined for PPM inspec-
tions as joints with a Joint Stress Index (JSI) of 0.80
or greater, the TCM also has been revised to focus
the inspections on critical joints.  For the TCM,
critical joints are joints with a JSI of 0.65 or greater.

New Joint
Design

Reduction

Quality
Control
Factor

Equivalent
Multiplier on

VLR

QC
Inspection

Method

x Cq = 1.00

x Cq = 1.11

x Cq = 1.25

0.8 x (VLR)0.8 x Plate
Lateral

Reistance
Design Value

(VLR)

Intermediate Cq values:

1.0 < Cq <1.25 (roof trusses)

1.11 < Cq < 1.25 (floor
trusses)

0.9 x (VLR)

1.0 x (VLR)

PPM

PPM (floor
trusses only)

TCM

TCM

TCM

How the Design Relates to the QC
Inspection of Plate Contact Areas

Plate design accounts for 20% quality imper-
fections in contact area; up to 20% of any plate
contact area permitted to have quality imper-
fections as part of PPM criteria for roof trusses
(i.e., wide-face plating) (See Section 3.7.4)

Plate design accounts for 10% quality imper-
fections in contact area; up to 10% of any plate
contact area permitted to have quality imper-
fections as part of PPM criteria for floor trusses
(i.e., narrow-face plating) (See Section 3.7.4)

Plate design uses full design values; quality
imperfections are not explicitly accounted for in
the design & the number of effective teeth in
each contact area must be found to meet or
exceed the minimum number required by de-
sign

Plate design doesn't account for enough quality
imperfections in contact area to permit quality
inspection per PPM, since PPM provision in
Section 3.7.4 requires the design to account for
at least 20% quality imperfections (10% for
narrow-face plating)

TABLE CA3.1-1
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Although this lower inspection threshold for the
TCM might appear at first to require inspection of
more joints for the TCM, a comparison of the JSI
calculation for both methods shows that the 0.65
threshold for the TCM will ensure that at least the
same joints will be inspected for the TCM as for the
PPM.  The JSI calculation for the PPM incorpo-
rates a 20% reduction on the plate lateral resistance
strength, whereas the TCM can use up to full lateral
resistance design values.  As a result, for the same
size plate, the JSI for the TCM could be smaller than
the JSI for the PPM by a factor of 0.80.  Thus, to
ensure that the same plate would require inspection
for both methods, the JSI threshold for the TCM is
0.80 times smaller than for the PPM.

§A3.2 - Plate Placement

The plate positioning tolerance for the TCM does
not address the requirement for adequate teeth in
each plate contact area.  Whereas the PPM plate
positioning tolerance (per Section 3.7.2) ensures
that a plate located within tolerance will provide an
adequate number of teeth in each plate contact
area, as well as providing enough steel and net
lumber section at the joint, the TCM plate position-
ing tolerance only covers the non-grip consider-
ations (i.e., steel and lumber section) at the joint.
Thus, in addition to checking plate placement for
TCM inspections, a separate explicit check must
also be made for effective teeth in each plate
contact area, per Section A3.4.

Because it only addresses non-grip consider-
ations, the TCM plate positioning tolerance will
always permit a minimum 1/2-inch translation in any
direction from the plate design position.  This mini-
mum 1/2-inch tolerance maintains the status quo
from earlier editions for this same quality criterion.
The 1995 edition permitted plate placement within
1/2 inch or 3/4 inch of design position, depending on
the plate length and width, as an acceptable toler-
ance for net steel and lumber section consider-
ations, apart from grip considerations.  Similarly in
the 2002 edition, all plates are permitted to translate
1/2-inch from design position, except if the require-
ment for effective teeth in the plate area controls.
In the TCM, effective teeth requirements do not
affect the plate positioning tolerance; thus the TCM

plate positioning tolerance is always a minimum of
1/2 inch.  In the PPM, effective teeth requirements
are considered in the plate positioning tolerance;
thus the PPM positioning tolerance can be less than
1/2 inch if grip controls.

Since the calculated allowable positioning toler-
ance for non-grip design considerations may be
greater than the 1/2-inch minimum, Section A3.2
permits a Joint QC Detail for any joint to provide a
greater tolerance than 1/2-inch as specified by the
Truss Designer.  However, even if a plate is within
the TCM plate positioning tolerance, whether 1/2-
inch or more, the plate is only acceptable if it also
satisfies the effective tooth count requirements per
Section A3.4.  The more translation of a plate from
its design position, the greater the chance there
exists that one or more plate contact areas will be
deficient in the required number of effective teeth
as a result of the translation.

§A3.3 - Plate Rotation (See Section §3.7.3)

§A3.4 - Effective Tooth Count

§A3.4.1 - Metal connector plate joint design
includes a calculation of the minimum required plate
area (for each member), or the equivalent number
of effective teeth, necessary for the lateral resis-
tance force transfer.  Quality assurance of a joint
per the Tooth Count Method requires confirmation
that the plate, as pressed, provides enough effective
teeth in each plate contact area as required per the
design, after consideration has been given to any
manufacturing and/or lumber quality characteris-
tics in the plating area and to the effect of any plate
embedment gaps between the underside of the plate
and the wood surface.

This provision is revised slightly from the similar
provision in the 1995 edition, which could be inter-
preted to require both plated faces at each plate
contact area to meet or exceed the required number
of effective teeth specified by the Truss Designer
for a single plated face.  The 2002 provision better
reflects that the forces acting at a metal connector
plated joint are resisted by the combined effort of
two opposing plated faces.  Thus, excess teeth on
one plated face will make up for a shortage of teeth
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on the opposite plated face.  The maximum 15%
variation permitted with this provision is based on
engineering judgment to assure that the load trans-
ferred on each face of a member does not become
too unbalanced.  Example A3.4-1 illustrates this
provision.
______________________________________________________________________________
Example A3.4-1

A top chord splice requires a minimum of 6.96
square inches, or minimum of 56 effective teeth, per
member on each face.  A centered 3x5 plate is
specified, which will provide 60 effective teeth per
member on each face.

The 3x5 plate on the near side face is positioned
perfectly at the design position and all the teeth are
fully embedded and effective.  This provides 60
effective teeth per member on the near face.  The
far side 3x5 plate is shifted along its length by 1/4
inch, but all the teeth are fully embedded and
effective.  Thus, on the far side face, one member
(designated Member 1-3) has 54 teeth and the other
member (designated Member 3-5) has 66 teeth.

Inspection check of Member 1-3:

1) Combined faces:

Minimum number of effective teeth required on
Member 1-3 for 2 faces combined = 56x2 = 112
Actual number of effective teeth on Member 1-3
for 2 faces combined = 60 + 54 = 114 > 112 OK

2) Single face – since the sum of effective teeth for
Member 1-3 meets or exceeds the total required
number for both faces, one of the single faces is
permitted to have 15% less effective teeth than the
number of required teeth specified for a single face:

Minimum (specified) number of effective teeth
required on Member 1-3 for a single face = 56
Number of effective teeth permitted on a single
face for Member 1-3 = 56x(0.85) = 48
Number of effective teeth provided on Member 1-
3 by far side plate = 54 > 48 OK

∴ Joint is acceptable
____________________________________________________________________________________

§A3.4.2.1 - The 2002 edition distinguishes be-
tween loose knots, in which teeth are still consid-
ered to be ineffective, and tight knots, in which teeth
are now considered to be effective.  A loose knot is
one that is not held firmly in place by growth or
position and cannot be relied upon to remain in
place; a tight knot is a sound knot so fixed by growth
or position that it will retain its place in the piece.
This distinction is supported by testing in which
teeth embedded in tight knots have shown adequate
tooth holding strength.  In addition, there are ex-
amples of this allowance for tight (or live) knots in
other countries, provided that the teeth or nails can
be satisfactorily embedded without distortion or
splitting of the timber (7).

§A3.4.2.3 - A flattened tooth occurs when the
tooth is bent under the plate as the plate is pressed
into the wood.  Since a flattened tooth is not properly
embedded into the wood, it is considered not effec-
tive in contributing to the lateral resistance of the
plate.  It is assumed that if one tooth of a tooth slot
is flattened, as visible through the tooth slot opening,
the other tooth will likewise be flattened in the same
direction but will not be visible through the tooth slot
opening.  Thus, the number of visible flattened teeth
must be doubled when determining the number of
ineffective teeth.  A "flattened" tooth is defined as
a tooth that has a visible length inside the tooth slot
of ¼ or greater of the total length of the tooth, as
shown in Figure A.3.4-2.  Thus, if the actual tooth
length is 3/8", any visible tooth length of 3/32" or
greater is considered flattened.  The number of slots
is multiplied by two (2) for plates that have two teeth
per slot. Any single rolled tooth in this member (i.e.,
where only one tooth in a slot is actually in this
member and the other tooth may be on the other side
of the joint or in a gap) shall be so designated.

§A3.4.2.4 - It is recognized that certain lumber
and manufacturing characteristics can impede the
full embedment of a metal connector plate into the
wood members.  Wood with higher density is more
prone to partial plate embedment, and studies at
several manufacturing facilities have shown that
embedment gaps are almost non-existent in lower
density Spruce-Pine-Fir lumber, as compared to
higher density Southern Pine lumber.
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Tooth effectiveness ratios, as a function of plate
embedment gap sizes, were first developed for the
1995 edition to enable partial plate embedment to be
evaluated based on the embedment of individual
teeth.  These effectiveness ratios improved upon
earlier plate embedment criteria, which permitted
only 1/3 or less of the required plate contact area to
exhibit a gap of up to a maximum 1/16 inch.  More-
over, if a plate exhibited the maximum 1/16-inch
allowable embedment gap, none of the other allow-
able quality tolerances, such as plate location or
tooth flattening, were permitted to occur at the
same joint.

During the development of the 1995 edition, a
research project reported a strength ratio of 0.84 for
metal connector plates with uniform embedment
gaps of 1/32 inch to metal connector plates without
embedment gaps, based on the lower 5th percentiles
of the Southern Pine data (6).  A 1/32-inch gap was
considered to be a reasonable quality tolerance
attainable for a wide variety of truss manufacturing
facilities, and thus a strength ratio of 0.84 was
incorporated into the determination of basic allow-
able lateral resistance values in order to account for
this amount of gap in all joints. The 0.84 strength
ratio replaced an earlier strength ratio of 0.90
intended to account for manufacturing characteris-
tics. This shifted the allowable lateral resistance
strength divisor from 3.0 in earlier editions of the
Standard to 3.2 in the 1995 edition (3.0 x .90/.84),
and consequentially established a maximum embed-
ment gap of 1/32 inch as the baseline for fully
embedded plates, or for plate teeth having full
(100%) lateral resistance design strength.

A single allowable maximum embedment gap
does not take into account overplating (i.e., specify-
ing a plate that provides more teeth than the mini-
mum number required per design) or the effective-
ness of the remainder of the teeth if only a portion
of the teeth have an embedment gap exceeding the
maximum allowable gap.  Plate strength versus
plate gap data from a variety of sources has shown
that plates with 1/16-inch embedment gaps have 50-
60% of the strength of a fully embedded plate, and
suggests an exponential curve that approaches zero
as the embedment gaps increase (8, 9, 10, 11).
These additional studies were used to establish the

strength ratings of 60%, 40%, and 0% for incremen-
tally increasing gaps greater than 1/32-inch, relative
to the 1/32-inch baseline that already incorporates a
16% strength reduction.  Hence, an average re-
ported strength reduction of 52% for a 1/16-inch
embedment gap converts to a strength reduction of
52/.84, or 60% conservatively, relative to the 100%
baseline.  With the incorporation of the tooth effec-
tiveness ratios for varying gap sizes, the 1995
edition introduced the method of calculating actual
lateral resistance of a plate contact area as the sum
of the effective tooth strengths within it.

A change in the 2002 edition reflects a new
effectiveness rating of 119% for an embedment gap
of 0 inch, as permitted by the footnote to Table
A3.4-1.  This change recognizes that a joint de-
signed with plate design values that incorporate a
0.84 strength ratio for an assumed gap of 1/32 inch
will have 1/0.84, or 1.19 times more lateral strength
than assumed in the design process if the plate is
fully embedded and exhibits no embedment gaps.
This recognition can be useful from a quality assur-
ance standpoint, if a fully embedded plate is shifted
and, consequently, is found to have less than the
required number of effective teeth, per the original
design in one of the plate contact areas.  If, for
example, the required number of effective teeth for
the plate contact area is 50, assuming the 16%
strength reduction resulting from a 1/32-inch gap,
then a fully embedded plate contact area with 42
teeth (50 x 0.84) will provide the required strength,
and thus should be acceptable from a quality assur-
ance standpoint.

To measure tooth embedment gap for a determi-
nation of tooth effectiveness, a depth gauge with 1/
64" increments may be used as follows. First, set the
depth gauge to 1/32", plus the thickness of the plate
(obtain thickness by measuring a free plate). Count
the number of slots where the depth gauge does not
touch the lumber, or where the surface of the wood
cannot be felt when the gauge is slid back and forth
on the truss plate. For plates with two teeth per slot,
multiply the number of slots by two to get the
number of teeth, and record the total number of
teeth found exceeding the measured gap size. Re-
peat this for 1/16" and 3/32". The number of teeth
counted in the larger gaps will include those teeth
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recorded for the smaller gaps, as shown in Com-
mentary Figure CA3.5-1.

Using this method, the total number of effective
teeth can be calculated as follows:

Total Effective Teeth  = [Total Teeth Found] -
[Total Teeth Found in Lumber Characteristics per
A3.4.2.1] - [Total Teeth Flattened per A3.4.2.3] -
[Total Tooth Ineffectiveness per A3.4.2.4]

where:

Total Teeth Found = the total number of plate teeth
provided in the specific plate contact area being
inspected.

Total Tooth Ineffectiveness = [(0.4 x # of teeth with
gaps > 1/32" but < 1/16") + (0.6 x # of teeth with
gaps > 1/16" but < 3/32") + (# of teeth with gaps >
3/32")]

When calculating Total Tooth Ineffectiveness
using the formula above, subtract from the number
of teeth found for each gap size the number of teeth

counted for the next larger gap size increment.  For
the example shown in Figure CA3.5-1, the number
of teeth with gaps > 1/32" but < 1/16" is 8-4 = 4, the
number of teeth with gaps > 1/16" but < 3/32" is 4-
2 = 2, and the number of teeth remaining with gaps
>3/32" is 2.

Once a tooth is considered ineffective (e.g. per
A.3.4.2.1, A.3.4.2.2, or A.3.4.2.3), it is not counted
again for another quality imperfection. For example,
if a tooth is located in a lumber quality characteristic
that would render it ineffective, shows evidence of
tooth flattening, and exhibits a 1/16" plate embed-
ment gap, it would only be counted as an ineffective
tooth once due to being located in the characteristic.

If necessary, the increased effectiveness of fully
embedded plate teeth exhibiting no embedment gap
could also be taken into account.  Thus, after
calculating Total Effective Teeth as previously
shown, the number of teeth with full embedment (no
embedment gap) can be subtracted from the Total
Effective Teeth, multiplied by 1.19, and added back
to get a new (increased) Total Effective Teeth.

Figure CA3.5-1 Methodology for Counting Teeth with Embedment Gaps

Total of 8 teeth with gap > 1/32"

Total of 4 teeth with gap > 1/16"

Total of 2 teeth with gap > 3/32"

1 slot = 2 teeth
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§ CHAPTER 5
PERFORMANCE EVALUATION OF METAL CONNECTOR

PLATED CONNECTIONS

§5.1 – GENERAL

§5.1.2.2 - A constant rate of crosshead move-
ment is an important, as variation in the testing
speed can increase the measured load.  Commer-
cial testing machines typically can satisfy this re-
quirement as they are either screw-driven, which
results in a constant crosshead speed, or hydraulic
driven with a valve that controls the hydraulic flow
rate, which can result in a constant speed.

§5.1.2.3 - Hydraulic machines that use valves for
controlling the hydraulic pressure, which must be
turned manually by the operator during the test, will
only result in a constant speed if the operator
increases the pressure linearly and if the test speci-
men behavior is linear.  As tooth holding joints are
typically non-linear with a great reduction in stiff-
ness as the failure load is approached, use of
machines with loading rate controlled by a pressure
valve will typically result in a very fast rate of
loading as stiffness decreases.  This results in
overestimates of the ultimate load of the test speci-
men due to this fast rate of loading as the joint
approaches its ultimate capacity.  For this reason,
hydraulically driven testing machines controlled by
a pressure valve are not permitted by Section 5.1.2.3.

§5.1.2.5 - The measuring devices are intended to
measure slip between the plates and the wood
members.  The gage length used between the
attachment points for the measuring devices should
be kept as small as possible to avoid excessive
influence from the axial strain of the wood mem-
bers.

§5.2 - STANDARD METHOD OF TEST FOR
DETERMINING LATERAL RESISTANCE
STRENGTH OF METAL CONNECTOR
PLATE TEETH

Integral to the establishment of the lateral resis-
tance strength of metal connector plate teeth is the
Quality Criteria for the Manufacture of Metal Plate
Connected Wood Trusses (Chapter 3).  The evalu-

ation criteria for lateral resistance strength provides
for a composite strength divisor of 3.2, which ad-
justs for quality tolerances pertaining to partially
penetrated teeth, strength variability, duration of
load, and a safety factor (see §5.2.9.2).

§5.2.2.1 - Earlier upper limits on steel sampling, of
7 ksi above the minimum specified yield strength
and 5% above the minimum specified thickness,
were established due to the belief that these vari-
ables may affect lateral resistance (tooth holding)
strength.  Steel thickness affects the stiffness of
truss plate teeth, which may affect tooth holding
strength and slip parameters.  Steel yield strength
affects the level at which a plastic hinge may form
in the teeth, which may affect tooth holding strength,
and joint slip parameters at high loads.  There has
been little study of the effect of these steel proper-
ties on plate tooth holding properties, but available
information indicates these properties can affect
tooth-holding strength, with higher values being
obtained for greater thicknesses and yield strengths.
For this reason, limits were selected to minimize
variation due to greater-than-minimum-specified
steel properties, while still permitting "typical" steel
to be used for test samples.  It should be noted, that
while the limits of 7 ksi on yield strength and 5% on
thickness were considered to be a suitable balance
of these two objectives, the resulting variation in
tooth holding properties permitted within these lim-
its is not known.

The 2002 edition includes adjustments for when
these limits are exceeded, because it is recognized
that steel used for the production of truss plates
often does not fall within this range.  Typical grades
of steel, such as ASTM A653 SS Grades 33 and 37
(previously known as ASTM A446 Grades A and
B), often vary up to 20 ksi above the minimum
specified yield strength.  Similarly, steel thickness
tolerances may vary up to 20% above minimum (1).

Without the use of an adjustment, the steel toler-
ances of 7 ksi on yield strength and 5% on thickness
would exclude a large proportion of the steel re-
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ceived for production of truss plates from being
used to manufacture plates for testing in accor-
dance with Section 5.2.  For example, one truss
plate manufacturer reported only 23% of the ASTM
A653 SS Grade 37 steel coils received in one year
were within 7 ksi of the specified yield strength.
This percentage is likely to vary, both upward and
downward, depending on the specified grade of
steel and the steel manufacturer.  A similar percent-
age of typical steel supplied for plate manufacture
may be expected to meet the steel thickness toler-
ance of 5%.  The interaction between these two
restrictions would leave very few steel coils accept-
able for production of test plates.  For this reason,
the adjustments for plate lateral resistance strength,
when either or both of these limits are exceeded,
were added to the 2002 edition.

The adjustment given in E5.2-1 to account for
steel yield strength is based on two sets of test data
using 20 gauge plates, one in Southern Pine (G 0.58)
and one in Norway Spruce (G = 0.41).  Each set of
tests consisted of five matched pairs of joints, with
one joint of each matched pair tested with plates
made from ASTM A653 SS Grade 37 steel (Fy   37
ksi), and the other joint of each matched pair tested
with identical plates made from ASTM A653 HSLAS
Grade 60 (previously known as ASTM A816 Grade
60) steel (Fy   60 ksi).  A regression equation was
empirically fit to the test data, resulting in the
adjustment specified.  Although the steel thickness
of the Grade 60 plates was 5 percent larger than that
of the Grade 37 plates in both sets of tests, the
increase in tooth holding strength was attributed
solely to the change in yield strength.  This is
conservative, which is appropriate given the limited
number of tests.

Note that equation E5.2-1 includes the effect of
specific gravity, G.  The variation in the equation
due to specific gravity matches expectations, i.e.,
plates tested in low density wood are more likely to
yield due to wood fiber yielding, which is unrelated
to steel yield strength, while plates tested in high
density wood are more likely to slip due to inelastic
bending of the steel tooth, which is a function of
steel yield strength.

The adjustment given in E5.2-2 to account for

steel thickness was empirically derived from a
comparison of data from published model building
code evaluation reports of 18 gauge and 20 gauge
plates that were otherwise identical.  This compari-
son showed tooth holding design strength increases
for an 18 gauge plate, relative to a 20 gauge plate,
between zero and 31 percent.  The adjustment is
based on an empirical fit towards the conservative
end of this range, i.e., assuming a 20% increase in
strength for 18 gauge plates, relative to 20 gauge
plates.

The adjustments in E5.2-1 and E5.2-2 were origi-
nally provided in the Commentary to the 1995
edition of the Standard.  While they are based on
limited data, they are considered to be reasonable,
i.e., conservative to accurate.

§5.2.2.2 - The provision to degrease plates serves
to avoid variability that may occur due to solvents
used during manufacturing, which are typically vola-
tile and therefore evaporate prior to use.  Testing of
creosote-treated wood has shown that this oil-
based substance increases tooth holding strength
(2), so it is unlikely that removing such solvents from
plates increases tooth holding strength.

§5.2.2.3 - The intent of this section is to require
the plate length to be such as to produce tooth
withdrawal failure, and for the AA and EE orienta-
tions, the tooth withdrawal failure should occur
possibly from either wood member.  Thus, the plate
length should be symmetrically located on the wood
members on the AA and EA orientation specimens,
as shown in the figures for test specimen fabrica-
tion, Figures 5.2-2(a) and (b) and 5.2-3(a) and (b).
Plates should not be offset on these specimens,
which would force failure in one wood member and
prevent failure in the other wood member.

§5.2.4.1 - There is no upper limit on the maximum
moisture content since high moisture content (or
changes in moisture content) will result in lower
strength, which is more conservative.  The 2002
edition has added a new moisture content require-
ment that is appropriate for structural composite
lumber (SCL), because the limit of 11 percent is not
consistent with the moisture content of this type of
product as compared to solid sawn lumber.  SCL is
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typically produced to moisture contents of 7-9% and
the expected service range for SCL is 7% to 15%.

§5.2.6.2 - The effects of end distance and edge
distance are two separate effects that are unrelated
to each other.  End distance effects occur when
teeth are close to the joint along the grain and tear
through the wood parallel to grain at a lower load
(per tooth) than is required to withdraw these teeth
from the wood.  Edge distance effects refer to the
decreased friction between the tooth and the sur-
rounding wood fibers that may occur when the tooth
is driven near the edge of the lumber, relative to
being driven away from the edge of the lumber.  The
edge distance effect is due to wood's tendency to
split along the grain.

The proportion of teeth affected by end and edge
distance effects in tooth holding test joints can be
quite large compared to typical truss joints, since
precluding steel fracture requires tooth holding tests
be done with small plate sizes.  For this reason, the
small plate sizes can result in unrealistically low
values for tooth holding strength due to the effects
of end distance and edge distance.  This occurs with
the Gross Area Method, in which teeth must be
present in end and edge distance zones.  Given the
small size of plates that must be used due to steel
strength constraints, design values established by
the Gross Area Method are conservative when
applied to larger plate areas than that tested.  This
is recognized by permitting tests to be done with
teeth removed from end and edge distance areas so
that the tooth holding tests result in the strength
required to actually withdraw the teeth from solid
wood.  This method is called the Net Area Method,
which requires that no teeth be in the end and edge
distance zones when the plate is tested.  The Net
Area Method results in higher design values on a
unit area basis than the Gross Area Method, due to
the removal of teeth from the tested area that may
be affected by end or edge distances.  However,
these higher design values cannot be applied for
design purposes to any teeth within the given end or
edge distances on a joint (see Section 8.4.2.2).

The Standard defines that end distance be 0.5 in
and edge distance be 0.25 in for the Net Area
Method.  The particular distances defined for end

and edge distance in the tests must be used for joint
design when using design values established by the
Net Area Method.  However, there is no particular
interest in the specific values given by the standard,
other than they were considered to be the end and
edge distances beyond which there is no change in
tooth holding values due to end and edge distance
effects.  From the standpoint of joint performance,
any other values may be used provided that they are
used both in the testing to establish design values
and in the joint designs using the resulting design
values.  Thus, it is possible to use different end
distances and edge distances.  For example, a
different end distance should be used if tooth spac-
ing is other than 1/2 inch because end distance
should be a multiple of tooth spacing for those teeth.

Virtually all methods for rating truss plate tooth
values are conservative.  Gross Area values are
only accurate for the same size plate tested and are
conservative for all larger plate sizes due to the high
proportion of end- and edge-distance-affected teeth
in Gross Area Method tests.  Net Area design
values cannot be applied to teeth in end- and edge-
distance zones, even though those teeth exist in all
joints and provide some additional joint strength, so
this method is conservative for designing small plate
areas, but approaches accurate designs for larger
plate areas where the end and edge distance areas
are small relative to the total plate area.

For nail-on plates, which use separately applied
nails, end and edge distances should be specified to
prevent splitting of the lumber and should be used in
the fabrication of the trusses, as well as for plate
testing and joint design.  Recommended end and
edge distances for nails can be found in the NDS
Commentary (3).

§5.2.8.2 - There is no need to limit the maximum
age of a specimen, as additional aging will result in
more conservative results.

§5.2.8.3 - This section is consistent with ASTM
D5764 (dowel bearing) and D5456, Annex 2 (SCL
connections), which permit 1-minute minimum test
durations to maximum load (4, 5).  A maximum time
limit is not necessary, as longer test times will give
conservative results.
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§5.2.9.2 - The lateral resistance value for metal
connector plates in wood is largely a wood strength
property, and thus the adjustments to the test data to
arrive at a design value follow well-known and
established principles for evaluating lumber strength
properties (6).  The composite divisor of 3.2 ana-
lyzed below has been formulated to incorporate
necessary adjustments that consider wood-plate
element variability, quality characteristics affecting
strength, duration of load, and a safety factor.  The
allowable value for lateral resistance is expressed
as:

( )( )( )
( )( )

LR
LR

T 1 1.645 COV 0.84
V

DOL SF
−

=

where:

VLR = the metal connector plate allowable lat-
eral resistance value, psi (or kPa).  It in-
cludes adjustments for variation, quality,
duration of load and safety.

TLR = the average ultimate clear wood metal
connector plate lateral resistance value
based on tests, psi (or kPa).

(1-1.645(COV)) = the adjustment of the normal
mean to the 5% exclusion limit.

(0.84) = a strength ratio to adjust for up to a 1/32"
embedment gap between the underside of
the plate and the wood member.

DOL = the duration of load factor that adjusts a
10 minute test to a standard 10 year load
duration (DOL = 1.60).

SF = the safety factor for unknowns such as
overload conditions, stress reversals, envi-
ronmental effects, handling, etc. (SF = 1.30)

Therefore:

( )( )( )
( )( )
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Statistical Analysis (1-1.645(0.14)) -The sta-
tistical analysis for lateral resistance value evalua-
tion reduces the clear wood statistical average at
ultimate based on tests to a clear wood lower 5%
exclusion limit (6).  The decision to use the 5%
exclusion limit is based on the consequences of
failure for a wood frame structure incorporating
allowable stress design principles.  Specific gravity,
which significantly influences the lateral resistance
values of metal connector plate teeth, generally
exhibits a normal distribution and exhibits some
degree of correlation with the ultimate lateral with-
drawal property (r=0.563 or higher, typically - see
Section §5.2.9.3). Therefore, the assumption of
normality for ultimate is reasonable (7).

To arrive at a representative statistical coeffi-
cient of variation derived from a test database of 5
observations would be erroneous due to the small
sample size.  Therefore, a global coefficient of
variation for ultimate lateral resistance properties
for evaluation purposes must be determined.  The
coefficient of variation for ultimate load of 0.14 is
based on the largest known load test database in the
public domain for metal connector plate lateral
resistance (7).  A COV on ultimate load of 0.136
was obtained from a southern pine sample of 241
observations from five sources, which consisted of
assorted lumber grades, a variety of plate types, and
a number of truss manufacturing locations.  For
metal connector plate evaluation purposes, this value
of 0.136 has been rounded to 0.14, and serves as a
conservative global best estimate for coefficient of
variation.

A 0.14 COV is viewed as a conservative estimate
for lateral resistance values, since the lumber and
metal connector plates used for the study were
randomly sampled from numerous metal plate con-
nected wood truss fabrication locations (estimate
for global sampling) throughout the U.S.  It is
reasonable to expect lumber and metal connector
plates for any one particular metal plate connected
wood truss design to exhibit a lower coefficient of
variation for lateral withdrawal than 0.14 since the
lumber would be selected from a limited number of
sources (lot sampling) and the metal connector
plates from one source.   Assuming a high COV of
0.14 assures a built-in measure of conservatism.
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Strength Ratio (0.84) - A 0.84 strength reduc-
tion factor is included to account for a 1/32" uniform
partial plate embedment gap between the wood
surface and the underside of the plate. The 0.84
strength ratio replaces an earlier strength ratio of
0.90 that was intended to account for any combina-
tion of manufacturing characteristics that would
reduce the effective plate area. A 1/32-inch embed-
ment gap is considered to be a reasonable gap size
to expect from typical truss production and the
manufacturing process, and the 0.84 strength re-
duction is based on a study that found a 16 percent
reduction in lateral resistance strength of metal
connector plates with this amount of average uni-
form embedment gap (8).

With the incorporation of a 0.84 strength ratio into
the establishment of lateral resistance design val-
ues, which are used in the plate design methodology
for sizing the metal connector plate (Chapter 8), the
quality criteria in Chapter 3 permit plates to exhibit
up to a 1/32-inch embedment gap (see Section
3.7.5).  Plates with embedment gaps larger than 1/
32-inch require assessment of the gap's effect
(tooth effectiveness versus tooth embedment gap)
on the total number of effective teeth contributing to
the lateral resistance strength of the plate, to ensure
adequate strength as required by the design (see
Section A3.4.2.4).

DOL (1.60) - Metal connector plate lateral resis-
tance tests are conducted to reach ultimate load at
approximately the 10-minute mark.  The short-term
test value is adjusted to an assumed 10-year loading
period (called normal loading).  The 1.6 adjustment
is consistent with the duration of load (DOL) adjust-
ment for structural lumber.

Safety Factor (1.30) - The 1.3 safety factor is
suitable for engineering uses and is consistent with
established safety factors for structural lumber
strength design values (6).  Variable effects, which
could occur during the life cycle of the structure and
which are difficult to assess, include (but are not
limited to) unanticipated overload conditions, stress
reversals, and handling and installation errors.

For the critical slip check, previous editions of the
Standard specified a 1.6 divisor on the critical slip

load, which was based on the value once used for
nails.  The 2002 edition maintains consistency with
current nail methodology, which uses a 1.3 divisor.

§5.2.9.3 - Prior to the 2002 edition, the Standard
included wood sampling parameters pertaining to
specific gravity, which stipulated that the average
specific gravity of the wood members used in the
five or more test specimens (for each lateral resis-
tance allowable value) could not exceed the pub-
lished average SG of the species or species combi-
nation.  In addition, the specific gravity of any one
wood member was limited to be within 10% above
the published average.  The limit on the average
specific gravity was due to the recognized correla-
tion of lateral resistance strength with wood density,
in which increased wood density generally results in
increased tooth holding strength.  Thus, the average
species group limit was intended to prevent varia-
tion in tooth holding strength above that which
would result from use of average density wood.

Despite these limits, it was acknowledged within
the Commentary that it may not be possible to obtain
wood with average or lower density from some
lumber samples, due to species variation within a
species group, or wood variation due to local forest
conditions.  In particular, limited samples of wood,
such as a bundle of several hundred 2x4's obtained
from a single lumber grade from a single manufac-
turer, may not include the typical range of density
for the species.  For this case, where the require-
ments for specific gravity could not be satisfied, but
the tests were otherwise in accordance with the
procedures, the Commentary provided an adjust-
ment for specific gravity, which adjusted test results
downward to the average listed specific gravity for
the species group.

It is important that the test-based design value be
based on the average density for the species, but
because there has been a substantial amount of
research conducted that shows that it is conserva-
tive to adjust the tested results downward linearly in
proportion to the ratio of the target density to the
average tested density, this adjustment has been
added to the 2002 edition.

Test data in Southern Pine, with a range of
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specific gravities between 0.49 and 0.69, for more
than 100 otherwise identical joints using one type of
20 gauge plate, showed tooth holding to be roughly
linearly correlated (with R2 approximately 0.7) with
specific gravity, with the percentage change in
tooth holding value being similar to the percentage
change in specific gravity (7).  This means that the
intercept term in a straight-line equation for tooth
holding strength as a function of specific gravity is
relatively close to 0.  The plot shown in Figure C5.2-
1 depicts the correlation between tooth holding
strength and specific gravity obtained from this
data.

Later studies also indicated that a linear equation
shows moderate to good correlation of tooth holding
to specific gravity (8, 9, 10).  This work also shows
a meaningful intercept term in the equation, which
means that the adjustment given in the Standard is
conservative, since the intercept is not included.  In
other words, an adjustment of Gspecified/Gtested is
lower than a full linear equation with a non-zero
intercept term such as (M*Gspecified+B)/
(M*Gtested+B).  Conservatism is further assured
with the condition that this adjustment is only per-
mitted to be used to adjust test results downward to
lower specific gravities, and not upward.

In addition to the inclusion of an adjustment for the
average specific gravity, the 2002 edition has also
eliminated the upper limit on an individual specimen's
specific gravity of 10% above average, because a
linear relationship results in no difference if the
range of specific gravity tested exceeds this limit, as
supported by the research (11).  Furthermore, at
higher specific gravities, the effect of a change in
specific gravity results in a lesser amount of change
in tooth holding than occurs at lower specific gravi-
ties, which results in a quadratic correlation be-
tween tooth holding and density (11).  Conse-
quently, the average tooth holding result from speci-
mens with a wide range of density would give a
lower value than the average tooth holding result
from specimens with a narrow range of density, for
both groups having the same average density.

§5.3 - STANDARD METHOD OF TEST FOR
STRENGTH PROPERTIES OF METAL CON-
NECTOR PLATES UNDER SHEAR FORCE

The test method in Section 5.3 is to be used for the
determination of unit design values for pairs of
metal connector plates (one on each side of the
connection) subject to a shear force through their
cross-section.  This resistance to shear is a measure
of the ability of the metal connector plate to transmit
forces within the metal connector plate itself.

Figure C5.2-1.  Tooth holding strength versus wood specific gravity.
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During manufacture and subsequent loading of
the metal connector plates, stress concentrations
develop around the teeth.  Because of these stress
concentrations and the difficulty of predicting the
path of failure, design values for metal connector
plates should be based on tests rather than analyti-
cal methods.  The shear resistance of the metal
connector plate is compared to the theoretical shear
resistance of a solid metal control specimen to
arrive at the shear resistance effectiveness ratio
(Rs) of the metal connector plate.

§5.4 - STANDARD METHOD OF TEST FOR
STRENGTH PROPERTIES OF METAL CON-
NECTOR PLATES UNDER TENSION
FORCES

During manufacture and subsequent loading of
these metal connector plates, stress concentrations
develop around holes, which were punched or drilled
during manufacture.  These stress concentrations
limit the accuracy of strength predictions based
solely on metal and net-section properties.  The test
method in Section 5.4 provides a simple alternative
to the development of complex analytical models
required to deal with these stress concentrations.

§5.4.3 - Metal thickness may vary from one end
of a slit coil to the other end.  Requiring three solid
steel metal control specimens from each end of
each slit coil will account for this variability.

§5.4.4.2 - The requirement for the minimum cross-
section of the plate to be directly over the joint was
added to the 2002 edition.

§5.4.5 - If a metal connector plate is identical
(teeth, slots, plugs, etc.) in both directions, only
testing across its width should be necessary and the
resulting effectiveness ratio is applicable to both
orientations of the metal connector plate.

§5.4.7.1 - The ultimate strength of the metal
connector plate is determined using the gross cross-
sectional area of the metal instead of the net cross-
sectional area since the effectiveness ratio will
account for the difference in strength between the
metal connector plate and the solid metal control
specimen based on the tested ultimate strength of
each specimen.

§5.4.7.2 - If a section taken through the width of
a metal connector plate differs in geometric charac-
ter from a section through its length, the effective-
ness ratio of this metal connector plate is a function
of its orientation.  If this is the case, the metal
connector plate should be evaluated for net section
across its length as well as its width under the
methods presented herein.

§5.4.8 - The basis for the provisions proposed for
diagonal or zigzag failure paths is typical steel
design practice (12).
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§ CHAPTER 6
MATERIALS AND GENERAL DESIGN CONSIDERATIONS

§6.1 - GENERAL

§6.1.1.2 - The assumed tolerance for plumb as
the lesser of 2" or D/50 where D is the truss depth,
corresponding to 1.1 degrees rotation, was first
specified during the development of the TPI DSB-
89 document, and is also the tolerance specified in
the TPI HIB-91 document.  Initial drafts of DSB-89
specified the same tolerance for plumb as for bow
along the length of a chord, i.e., the ratio limit was
specified as D/200 rather than D/50.  This was
changed to D/50 in a subsequent draft, and eventu-
ally the tolerances in the DSB-89 were replaced
with a reference to the identical tolerances speci-
fied in the HIB-91 document.  The commentary on
the installation tolerances for bow and plumb pro-
vided in the HIB-91 document states, “The erec-
tion tolerances of L/200, D/50 or 2 inches is
based on Erection Instructions GN007 published
by Gang-Nail of Australia.  These tolerances are
established to facilitate a good roof line and
effective bracing and apply not only to the
overall length of the truss but to individual
chord members an panels as well.  Generally if
bow or tilt is evident to the eye, the truss may
have been installed outside the tolerances.”

The limits of D/50 and 2 inches were selected on
the basis that they are reasonable, or easy, to
achieve in practice, and a much higher degree of
out-of-plumbness can be justified based on struc-
tural mechanics.  Using Mohr’s circle to transform
the truss moment of inertia, assuming that the I’s
about the principle axes are I-maximum and zero
(which is conservative), allows one to solve for the
angle resulting for I equal to a selected fraction of
I-maximum.  Setting up the equation for Mohr’s
circle for I, where the x-axis represents Ix and Iy and
the y-axis represents Ixy, with the maximum and
minimum (principle) moments of inertia being Imax
and 0, gives the following equation for a circle
positioned symmetrically about the x-axis with the
left side of the circle at x=0 and the right side of the
circle at x=Imax, giving a centerpoint of (Imax,0) and a

radius of Imax/2:

(x - Imax/2)2 + y2 = (Imax/2)2

The above can be solved for y, which gives:

y = ((Imax/2)2-(x-Imax/2)2)0.5

Using the above equation, x can be set equal to the
desired fraction of Imax to solve for y, and x and y can
then be used to determine the corresponding angle
of rotation of the section, theta, which is:

theta = 0.5*arctan(y/(x-Imax/2))

The above equation is half the geometric angle of
rotation within Mohr’s circle.  Presuming that a 1%
degradation of I is an acceptable tolerance, x can be
set equal to 0.99*Imax, which gives:

y = 0.0995*Imax

and solving for theta gives 5.7 degrees.  The tangent
of 5.7 degrees is 0.1, which can be expressed in the
form of “depth/x” by taking its inverse to get a
divisor on depth of 10.  Therefore, the truss must be
out-of-plumb by about 5.7 degrees, or D/10, in order
to cause a 1% loss in its moment of inertia and a
corresponding increase in deflection.  This does not
directly apply to section modulus and stresses,
which are also reduced in proportion to the reduc-
tion in vertical height, or depth, of the truss with
rotation. The ratio of the rotated vertical depth to
the original depth is cos(theta), or 0.995 for 5.7
degrees, which corresponds to another 0.5% reduc-
tion beyond that occurring for I. Hence, a 5.7
degree angle results in about a 1.5% reduction in
section modulus and a corresponding increase in
stresses. In order to stay within a 1% variation,
although higher amounts may also be considered
acceptable, then the 5.7-degree angle is reduced to
about 4.7 degrees, or about D/12.

Another issue, which supports the selection of
conservative criteria, is the potential of the out-of-
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plumbness to result in gravity loads causing a lateral
load on the truss, depending on how the truss is
loaded and laterally supported.  This concern,
coupled with the fact that the 2" and D/50 limits
have not been demonstrated as being difficult to
achieve in the field, justifies these limits for out-of-
plumb.  While they are conservative, they are easily
satisfied and therefore considered reasonable.

§6.2 - LOADS & STRUCTURAL ANALYSIS

§6.2.1 - As the Building Designer is responsible
for specifying all dead and live design loads appli-
cable to each structural element in a building or
other structure (see Section 2.2), and because load
information is the domain of the building codes,
information pertaining to load development is con-
sidered to fall outside the scope of this Standard.
New to the 2002 edition are the load-related provi-
sions in Sections 6.2.1.1-6.2.1.4, which have par-
ticular relevance to metal plate connected wood
trusses and which have been added to ensure proper
and consistent practice on these loading issues.

§6.2.1.1 - Stating that attic live loads shall not be
required to be applied concurrently with other live
loads when applied to the entire length of the bottom
chord is a new provision in the 2002 edition that is
based on past practice and rational logic with this
type of loading condition.  Trusses have traditionally
been designed for attic-type loads (excluding floor
live loads) in accordance with one of two ap-
proaches:  the storage load approach and the per-
sonnel load approach.  One typical application of the
storage load approach has been addressed by the
BOCA National Building as follows: for the specific
case where two or more adjacent trusses have the
same web configuration containing a 42-inch high
by 2 feet wide space or greater, truss designs
include a 20 psf bottom chord live load applied
concurrently with other live loads, but only to a small
area of the bottom chord (i.e., the area containing
the defined space) instead of the entire length (1).
The typical application of the personnel load ap-
proach has been addressed by the Uniform Building
Code, which requires a "Special Load" case consist-
ing of a 10 psf live load applied to the entire bottom
chord, but not simultaneously with other live loads
(2). The 10 psf live load in this latter approach has

been considered suitable to represent man-loads.
Both of these approaches have historically ad-
dressed attic live loads in truss applications in a
satisfactory manner.

It should be recognized that truss webs, attic
insulation, and limited access to the attic space
prevent the placement of significant storage loads in
a truss attic that is served only by a scuttle or
pulldown stair.  Also, short-term loads, i.e. for
inspection and maintenance purposes, should not be
considered to act concurrently with other design
live loads, such as snow, wind and roof live load.
Such short-term loads should also be designed using
the appropriate load duration factor (typically CD =
1.25).

§6.2.1.2 -Applying loads on a projected horizontal
area basis is common practice and has long been
considered reasonable, given that specified dead
loads are often nominal and/or conservative.  How-
ever, the issue of applying dead loads to horizontal
projected areas versus sloped areas becomes criti-
cal for steep slopes, where the actual dead loads
can exceed the amount determined by applying the
specified dead loads per unit area to a horizontal
surface and not to the larger sloped surface.  With
steeper pitches being more common than in the past,
the 2002 edition has added the requirement for the
effect of pitch to be taken into account, to ensure
that the actual dead load does not exceed the
specified dead load.  This will also prevent someone
from applying recommended dead loads, based on
minimum material densities, on the horizontal pro-
jected area without adjusting for pitch.

§6.2.1.3 - While "actual" dead loads should be
used for design, allowance for variations in thick-
ness of materials, substitution of similar but differ-
ent weight materials, additional layers of materials,
etc., implies that the dead loads used for gravity load
design should often not be the absolute minimum.
Good design practice uses dead loads that account
for these possibilities.  However, using overstated
dead load for wind uplift calculations also results in
an overstated uplift resistance.  ASCE-7 has been
revised to address this issue by requiring design
dead loads to be reduced by 40% for this load case,
to ensure that they are not overstated when deter-
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mining wind uplift (3).  Alternately, it is also accept-
able to use a dead load that is known to be the
minimum expected actual weight of materials, be-
cause this recognizes the actual gravity load that
will counteract the uplift forces.

§6.2.1.4 - For a floor truss with a chase located at
midspan, the unbalanced load case with live load
only to one side of the chase will result in the
maximum amount of vertical load (beam shear)
being transferred across the chase, which may
result in a more critical design case for some wood
members or plates.

§6.2.2 - Typically in metal plate connected wood
truss design, chord pitch breaks (where chord pitch
changes) and web-to-chord joints are modeled as
hinged (pinned), while the chord members are mod-
eled as continuous (rigid) through the joint at web-
to-chord joints for the chord-to-chord connection
where there is no splice.

§6.3 - DESIGN VALUES

§6.3.1 - A long-standing rule among designers for
metal plate connected wood trusses used in conven-
tional construction (vs. manufactured housing) is
that the truss chord material for visually stress-
rated lumber should be No. 2 or better grade.  It is
the opinion of the TPI Technical Advisory Commit-
tee (TAC) that this is reasonable to help ensure a
good quality product.  TPI TAC recommends, there-
fore, that except for less important trusses, such as
jacks, valley fills, gable ends, or mansards, the chord
material, if visually stress-rated lumber, should be
No. 2 or better grade.

§6.3.2 - For truss designs with structural compos-
ite lumber (SCL), the designer should investigate
the potential effect of truss plate teeth on SCL,
including any recommendations put forth by the
SCL manufacturer.  While solid-sawn lumber does
not require a reduction for effect of truss plate
teeth, a reduction on SCL capacity for effect of
truss plate teeth may be justified considering the
following.  Solid sawn lumber values are based on
wood characteristics like knots, which greatly re-
duce the strength of one cross-section compared to
another cross-section.  Hence, the likelihood for

reduced strength due to interaction between the
teeth and a grade-controlling attribute for solid-
sawn lumber is quite low and does not reduce the
5th percentile strength upon which lumber design
values are based.  In contrast, SCL has such
characteristics dispersed through the cross-section,
with much less variability in wood strength along the
board length, so loss in section capacity due to plate
teeth penetration is more likely to be observed,
however small.  In Europe, where plate teeth are
typically wider or longer, as well as often thicker
due to heavier gauge plates, a reduction in SCL
tension and bending capacities due to the nail plates
is taken into account by using a reduced SCL cross-
section (4).  There has been some research in the
U.S. that suggests reductions in wood bending and/
or tension strength of structural composite lumber
due to penetration of the teeth on conventional U.S.
metal connector plates does not occur or is inconse-
quential (5).  However, designers using plates with
longer teeth than the approximately 3/8-inch-long
teeth typical for North American truss plates may
want to consider following an approach suggested
by Finnish researchers of reducing the wood cross-
sectional width by 3 to 5 millimeters for design
purposes to account for the effect of metal connec-
tor plate teeth on LVL strength.

§6.4 - ADJUSTMENTS TO DESIGN VALUES

In addition to the Commentary sections §6.4.2,
§6.4.4, §6.4.6, §6.4.7, and §6.4.8, the user should
refer to the references provided in Table C6.4-1 for
additional information regarding these and the other
following adjustments to design values (6, 7, 8).

§6.4.2 Repetitive Member Increase

Background.  Repetitive member factors have
long been utilized in wood design to account for for
the load-sharing effects of assemblies that strengthen
them beyond the strength assumed in designing the
single members within them.  A load sharing factor
of 1.15 for bending stresses in multi-member sys-
tems has been recommended in ASTM D245 since
1970, and a 1.15 "repetitive member factor" for
bending design values of dimension lumber has been
specified in the NDS since the 1968 edition (8, 9).
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The 1.15 factor for bending was originally devel-
oped from considerations of repetitive, parallel sys-
tems consisting of single, solid sawn joists (10).
Consequently, and in the absence of other substan-
tiating data, the use of the repetitive member factor
in wood truss applications has been limited in the
past to bending resistance only, despite the fact that
wood truss members resist substantial compressive
and tensile forces in addition to being bending
members as a whole.  Thus, the restricted applica-
tion of the repetitive member increase factor to
bending resistance, and not to tension and compres-
sion, necessitated a study that could better quantify
load sharing effects specific to metal plate con-
nected wood truss systems and validate the load
sharing benefit to these additional modes of resis-
tance.  Such a study provided the basis for the
repetitive member factors in the 2002 edition.

Current Criteria. The repetitive member provi-
sion in the 2002 edition has been expanded to
include three possible increases for repetitive mem-
ber assemblies.  Permitted repetitive member de-
sign value increases are:

(a) those listed in the recognized lumber grading
rules and consisting of a 15 percent increase to Fb
for solid sawn lumber;

(b) a 15 percent increase to Fb and 10 percent
increase to Fc and Ft for solid sawn lumber members
to which structural wood sheathing is mechanically
attached; or

(c) a 10 percent increase to Fb, Fc and Ft for solid
sawn lumber members to which structural wood
sheathing is not mechanically attached.

These increases apply to chord members where
three or more trusses are positioned side by side, are
in contact, or are spaced no more than 24 inches on
center and are joined by roof sheathing, flooring,
gypsum, or other load distributing elements at-
tached directly to the chords.

The increase permitted in (a) does not reflect any
change to the long-standing 1.15 factor for allow-
able bending.  The increases in (b) and (c) are based
on a study of load sharing effects in light-frame
wood truss assemblies.  To directly quantify the
load-sharing effects in the system, a structural
analysis model and statistical characterizations of
lumber stiffness and strength properties were used
to analyze truss assemblies with and without at-
tached sheathing.  The study involved 200 simula-
tions of 6 different truss configurations, including
fink trusses, hip trusses, and parallel chord trusses,

        NDS-1997     NDS Commentary    NDS-2001
                    (1997 Edition)

Load Duration Factor (6.4.1) 2.3.2    2.3.2      2.3.2
Repetitive Member Factor (6.4.2) 4.3.4    4.3.4      4.3.9
Flat Use Factor (6.4.3) 4.3.3    4.3.3      4.3.7
Buckling Stiffness Factor (6.4.4) 4.4.3    4.4.3      4.4.2
Wet Service Factor (6.4.5) 2.3.3    2.3.3      4.3.3
Temperature Factor (6.4.6) 2.3.4 &    2.3.4     2.3.3 &

        Appendix C             Appendix C
Shear Stress Factor (6.4.7)         Supplement      ---        ---
Incising Factor (6.4.8) 2.3.11      ---      4.3.8
Preservative Treated Lumber (6.4.9) 2.3.5    2.3.5      4.3.14
FRTW Lumber (6.4.9) 2.3.6    2.3.6      2.3.4

TABLE C6.4-1
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where the trusses in each system were geometri-
cally identical, but had unique, individual sets of
member stiffness and strength properties. The mean
load-sharing factors from the assemblies tested
ranged from 1.06 to 1.17 at design load (up to 1.24
at two times design load), and were found to be
applicable to wood truss members subject to tensile
or compressive forces in addition to bending forces
(10).  These findings supported the 10% repetitive
increase in Fb, Fc and Ft for assemblies meeting the
basic load sharing requirements.  In addition, since
the study did not consider partial composite action,
an additional 5%, or 15% total increase for Fb, was
considered justified for members with structural
wood sheathing attached, due to the additional
strengthening effects of the composite action.

§6.4.4 Buckling Stiffness Factor

The buckling stiffness factor has traditionally
included the stipulation that the wood structural
panel sheathing must be attached to the narrow face
of the member in order for the member to utilize the
CT factor (8).

Although the CT factor was originally justified for
this case, it is valid (conservative) to apply it to any
other case for which the contribution of the sheath-
ing to the strength of the composite sheathed truss
chord is at least as great as it is when applied to the
narrow face of a 2x4.  Since the effect of a wood
structural panel on the bending stiffness of a flatwise
oriented chord is greater than on an edgewise
oriented chord, the provision in the 2002 edition has
eliminated the requirement for attachment to the
narrow face of the chord.

In general, trusses with lumber oriented flatwise
(e.g., 4x2 trusses) would typically derive no benefit
from an increased E value, since common use of
4x2 lumber is for short panels in floor trusses where
buckling does not control chord capacity.  However,
the increase is relevant for 4x2 trusses with longer
panels, as may be used in roof systems.

§6.4.6 Temperature Factor

Regular cyclical temperature fluctuations need
not be considered as "sustained", and temperatures

over 150 degrees can cause permanent damage to
lumber; see NDS Appendix C (8).  In addition, it is
accepted practice to use tabulated design values
without inclusion of temperature factors for trusses
used to support roofs where the roof cavity is
ventilated in accordance with good practice.

§6.4.7 Shear Factor

Published shear design values that are based on
ASTM D245 provisions prior to the 1999 revision
(i.e., prior to ASTM D245-99) incorporate a reduc-
tion to allow for the occurrence of splits, checks and
shakes, and these design values are permitted to be
increased based on the actual known size of splits,
checks and shakes for sizes less than that assumed
in the determination of the shear design values (9).
For no occurrence of splits or shakes, these shear
design values have been permitted to be increased
by a factor of 2.0.

Shear design values that are determined in accor-
dance with the 1999 version of ASTM D245 are
higher than earlier assigned values, due to a revision
of the adjustment factor on clear wood horizontal
shear strength from 4.1 to 2.1.  In addition to this
adjustment factor, a strength ratio of 0.5 is required
for all lumber thicknesses to account for the maxi-
mum effect a shake, check or split can have on the
load-carrying capacity of a bending member.  How-
ever, because this 0.5 factor represents more than
just the effects of shakes, checks and splits, design
increases for members with lesser-size cracks are
no longer permitted in ASTM D245, and thus pub-
lished shear design values based on ASTM D245-
99 are no longer subject to the horizontal shear
adjustment factor, CH (9).  The CH factor will only
apply to shear design values determined in accor-
dance with ASTM D245 prior to ASTM D245-99.

§6.4.8 Incising Factor

§6.4.8.1 - The incision limits specified in this
section are in accordance with the 1997 edition of
the NDS (6).  The 2001 edition of the NDS has
revised these limits to permit less deep, but more
frequent incisions (8):
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NDS-1997 NDS-2001
Max. Depth:      3/4"      0.4"
Max. Length:      3/8"      3/8"
Max. Density: 357 per sq. ft. 1100 per sq. ft.

As the section refers to the NDS for the appropri-
ate incising factor, Ci, the user should also confirm
what the applicable incision limits are per the cur-
rent NDS.

§6.4.9  Chemically Treated Lumber

§6.4.9.2  Typical preservative treatment chemi-
cals used in the U.S. are normally not recognized to
require use of any reductions in typical wood design
values.

§6.4.10 Wind/Seismic Load Factors

Past practice and industry specifications, includ-
ing this Standard and others, have permitted allow-
able steel strength to be increased by multiplying by
a 1.33 factor for load cases involving any wind or
seismic load, regardless of what other loads are
present in that load case (11).  This was sometimes
equivalently expressed as a 0.75 multiplier on the
forces from that load case, which gave the same
result as multiplying the strength by 1.33.  The 1.33
factor is an arbitrary, yet traditionally used, factor
for wind and seismic load cases.  This factor
originated around the turn of the 20th century when
wind and seismic loads were not well-quantified and
it is presumed that either the wind design loads were
considered overly conservative or that failures un-
der such loads were considered unavoidable events
(12).

As wind and seismic loads were further studied
and more well-defined, the use of this factor was
increasingly questioned since it has no basis in
material behavior.   More recently, the general
consensus has shifted towards the belief that it is
only appropriate to recognize the low probability of
multiple types of loads all having their maximum
value simultaneously.  This rationale is the basis for
the 0.75 multiplier on loads specified by ASCE 7-98
(3).  This "load reduction factor" differs signifi-
cantly from the 0.75 multiplier specified in material
standards as previously discussed, because the

ASCE multiplier is only permitted to be used when
wind or seismic load is applied with another load
type in addition to dead load, and it does not get
applied to the dead load.  While these restrictions on
the 0.75 load reduction factor have been in earlier
editions of ASCE 7, it was not until the 1998 edition
of ASCE 7 that there was effective language to
prohibit the application of the 1.33 increases that
have customarily been permitted in the material
design standards.  Hence, this past practice is now
prohibited from application when the ASCE 7-98
allowable stress design load combinations are used,
per the following: "Increases in allowable stress
shall not be used with these loads or load com-
binations unless it can be demonstrated that
such an increase is justified by structural be-
havior caused by rate or duration of load." (3)

Based on the adoption of the ASCE 7-98 provi-
sions relating to the use of this increase factor in the
2000 International Building Code and other codes,
as well as the reference to ASCE 7-98 in this
Standard, the 1.33 increase that has previously been
taken for steel material strength for load cases
involving wind or seismic may no longer be used,
and instead, a 0.75 load reduction factor may now
only be used in accordance with the ASCE 7-98
provisions (13).  While this change in design is
applicable to trusses designed with loads based on
ASCE 7-98 or any codes that reference ASCE 7-
98, it is recognized that there will continue to be
some truss designs for older codes that permit the
1.33 increase factor.  For the latter case, the past
practice involving the use of the 1.33 increase
factor would be permitted to continue until those
codes are no longer in use.

It should also be noted that the International
Building Code provides alternate load combinations
that do permit the use of the 1.33 increase factors
on steel strength, even though they essentially re-
move the effect of the 1.33 increase on wind or
seismic loads.  Thus, the designer may choose the
more favorable case resulting either from the use of
the 0.75 load reduction factor with the basic load
combinations, or the use of the 1.33 increase factor
on steel strength with the alternate load combina-
tions.
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§6.4.11 - Quality Control Factor

§6.4.11.1 - The quality control factor (Cq) is a
new adjustment factor that was added to accommo-
date changes in the 2002 edition pertaining to quality
in the manufacture of metal plate connected wood
trusses. It applies to plate lateral resistance design
values to effectively calibrate the amount of built-in
quality tolerance used in the design of plates for
lateral resistance.  Plate lateral resistance design
per the 2002 edition incorporates a new reduction,
through the addition of a 0.8 factor, on plate lateral
resistance values in order to account for quality
imperfections in the plating area that are considered
to be inherent to the manufacturing process.  The
quality control factor may, under certain cases, be
used to offset this reduction and potentially utilize
the full lateral resistance design capacity of the
plates.  The conditions of use on the quality control
factor are specified in Section 6.4.11.2 and 6.4.11.3.

§6.4.11.2 - Because the quality control factor is
an adjustment factor that addresses a manufactur-
ing quality issue, and not an engineering design
issue, the value of the quality control factor to be
used in the truss design, which will link the design to
the manufacturing needs, is appropriately specified
by the Truss Manufacturer rather than the Truss
Designer (see Section 2.4.2).  As in the case of all
other adjustment factors, however, there are provi-
sions governing the Truss Manufacturer's value of
Cq.  The Truss Manufacturer's value of Cq should
provide enough built-in quality tolerance as neces-
sary to demonstrate an acceptable level of quality
as defined by Chapter 3.  Thus, Section 2.4.2 states
that the Truss Manufacturer's value of Cq shall be
based on evidence of conformance with Chapter 3.
Where special conditions per Section 3.2.4.2 are
not met (see also the Commentary for Section
3.2.4), this value of Cq is limited to 1.00 for wide-
face plating and 1.11 for narrow face plating, such
as 4x2 floor trusses.  Where mitigating circum-
stances allow for an increased Cq value, the maxi-
mum Cq value permitted is 1.25, because this results
in the original full lateral resistance design values
(i.e., before the application of the 0.8 factor), which
shall not be exceeded.

§6.4.11.3 - Where the Truss Manufacturer's value

of Cq is less than the maximum value of 1.25, this
section permits a pragmatic increase of the Cq
factor by the Truss Designer for design purposes,
on a joint-by-joint basis.  While a 0.80 reduction
factor was incorporated into the lateral resistance
design procedures in order to provide for quality
imperfections in the plating area that reduce the
lateral resistance capacity of a plate, it is clear that
with this reduction and in the absence of any such
imperfections, a plate would have reserve capacity
that was neglected in the design.  It is furthermore
recognized that there may be especially high-stressed
joints, in which neglecting some of the plate's ca-
pacity will not allow the design to work.  Since this
is not practical, the Truss Designer is permitted to
increase the Truss Manufacturer's value of Cq, in
order to utilize up to the full design capacity of the
plate, when necessary from a design standpoint.
This implies that the plating area and plate location
for that joint becomes more critical, and an assess-
ment of the plate using the Tooth Count Method in
Annex A3 is required to assure that the plate has the
capacity assumed in the design.  Thus, Section
6.4.11.3 requires the truss design drawing to indi-
cate this.

§6.4.12 - Other Adjustment Factors

This section, which permits the use of dry lumber
design stresses for green lumber under special
conditions, was added to the 2002 edition to recog-
nize this typical practice in parts of the western
United States.  In certain locales, it is common
practice to fabricate trusses with lumber that was
surfaced at a moisture content exceeding 19% (S-
GRN), while the wood member design was based
on dry design properties for all load cases, including
construction loads.  This is an accepted practice in
these locales, due to the fact that the 2x lumber
reportedly dries in a very short time, prior to appli-
cation of any governing design loads.  For example,
the air-drying time for Douglas Fir 2x dimension
lumber in Redding, CA is 7 days in the summer (14).
This short drying time is less than the time required
to fabricate, ship, install and enclose the trusses.

The appropriateness of this provision requires
conditions in the geographical area to permit air-
drying prior to the closing in of the structure, which
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is addressed by the condition specified in (c) of
Section 6.4.12.  Thus, this provision will only apply
in desert or low-humidity areas where air-drying is
rapid enough to assure the wood will be at a
sufficiently low moisture content prior to closing in
of the structure.

§6.5 - CORROSIVE ENVIRONMENTS

If the environment for the intended end use of the
trusses is expected to result in wood moisture
content exceeding 19 percent, unusually high tem-
peratures for typical wood building construction, or
unusual corrosion potential, the Building Designer is
responsible for specifying these conditions on the
structural design documents (see Section 2.2.2).  In
these cases, a means for providing increased metal
connector plate resistance to the corrosive environ-
ment must be specified by the Truss Designer,
unless specified by the Building Designer.  The
decision of which option to use for increasing cor-
rosion resistance, whether using one of the coatings
recognized in Section 6.5.1 or another acceptable
coating or means as determined by the Building
Designer, should be made with respect to the par-
ticular conditions, i.e., the suitability for the speci-
fied environment, given the advantages and draw-
backs of the various options.

§6.5.1 - The dual system of G60 hot dip galvaniz-
ing and proven barrier-coat painting options affords
a synergistic improvement in protection of steel
against corrosion - typically 50% greater than the
simple addition of the protection provided by zinc
and paint separately (15).

In one independent study of corrosion resistance
effectiveness, a number of painting options (treat-
ments) were applied to standard galvanized G60
connector plates embedded into a splice joint (16).
The combinations of various paints and G60 zinc
were compared to control samples of truss plates
that were regalvanized in accordance with ASTM
A153 requirements, by subjecting all the plates to
the same accelerated freeze/thaw and salt fog
tests.  Of the eight coating/wash primer combina-
tions studied, those indicating the highest probability
of lasting 70 or more years in an enclosed marine
environment were epoxy, coal tar epoxy, and as-

phalt mastic with wash primer, and these coatings
have been included in the Standard since 1985.
These coating systems, as specified in (a)-(c),
should be considered as an alternative corrosion
protection option to the code criteria that allow
double dipped galvanized or stainless steel metal
connector plates used in Coastal High Hazard and
Ocean Hazard Areas.

Prior to application of the paint coatings refer-
enced in Section 6.5.1, the surface of the galvanized
G60 metal connector plates shall be solvent cleaned
in accordance with SSPC-SP 1 "Solvent Cleaning"
(16; www.sspc.org). Also, the paints shall be ap-
plied in accordance with SSPC-PA 1 "Shop, Field,
and Maintenance Painting" (17). The study found
that spray-applied coatings were not practical for
metal connector plate joint protection compared to
brush-applied coatings, which provided unbroken
coverage over the entire joint (16).  Thus, the SSPC
paints shall be brush applied, taking care to work the
coatings into the slot openings and exposed under-
lying wood.  Specifications for SSPC paints are
found in the SSPC Painting Manual (17); the suit-
ability and appropriate dry film thicknesses of the
SSPC paints in (a)-(c) are as follows:

(a) SSPC PAINT 22 - Epoxy Polyamide Paint is
suitable for exposures in SSPA rated environmental
zones 2A (frequently wet by fresh water), 2B
(frequently wet by salt water), 3A (chemical -
acidic), 3B (chemical - neutral), and 3C (chemical
- alkaline).

SSPC Paint 22 shall be brush applied to a dry film
thickness of 2.5 mils at its thinnest point.

(b) SSPC PAINT 16 - Cold Tar Epoxy-Polya-
mide Black (or Dark Red) Paint is suitable for
exposures in SSPA rated environmental zones: 2A
(frequently wet by fresh water), 2B (frequently wet
by salt water), 2C (fresh water immersion), 2D (salt
water immersion), 3A (chemical - acidic), 3B
(chemical - neutral), and 3C (chemical - alkaline).

SSPC Paint 16 shall be brush applied to a dry film
thickness of 8 mils at its thinnest point.

(c) SSPC PAINT 27 - Basic Zinc Chromate-
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Vinyl Butyral Wash Primer and SSPC PAINT 12 -
Cold Applied Asphalt Mastic (Extra Thick Film).

SSPC Paint 12 is suitable for exposures in SSPA
rated environmental zones 2A (frequently wet by
fresh water), 2B (frequently wet by salt water), 3B
(chemical -neutral), and 3C (chemical - alkaline).
One primer coat of SSPC Paint 27 shall be brush
applied to a dry film thickness of 0.3 mils.  SSPC
Paint 12 shall then be brush applied as a topcoat to
a dry mil film thickness of 5 mils at its thinnest point.

Unless otherwise specified, it is advisable that the
purchaser or building official reserve the right to
inspect the applied SSPC paint system in accor-
dance with SSPC-PA 2 "Measurement of Dry Paint
Thickness with Magnetic Gages (Non-Destruc-
tive)" (17).

The study concluded that the paint coating sys-
tems over standard galvanized connector plates
would be expected to out-perform the double galva-
nized metal connector plates in field use.  However,
other options may be more appropriate when ocean
salts or corrosives are not present in the air, or when
plates extend off of the wood, and regalvanizing is
another option that is recognized for increasing
corrosion protection.  Although ASTM A153 regu-
lates proper application of the regalvanizing (i.e.,
excess zinc is required to be spun off by centrifuge)
and thus addresses such concerns relating to excess
zinc, some reduction in tooth holding or other warn-
ings may be appropriate with regalvanized plates
due to the environments where regalvanized plates
are likely to be specified, such as where there is the
potential for increased moisture content, in which
case a CM factor may be necessary (18).

§6.5.3 - Stress corrosion cracking (SCC) is an
issue for components in swimming pool building
atmospheres that are safety-critical and load-bear-
ing, but are not washed or cleaned frequently.
Types 304 and 316 stainless steel have been found
to fail due to SCC in highly aggressive chloride
environments and have been affected by SCC in
some swimming pools (19).

More highly alloyed grades of austenitic stainless
steel have a much greater degree of SCC resis-

tance.  Two grades have been tested and found to be
resistant to SCC under laboratory conditions, namely
317 LMN and 904 L (19).
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§ CHAPTER 7
MEMBER DESIGN PROCEDURES

§7.1 - SCOPE

Background.  Member design provisions in the
Standard prior to the 2002 edition included an em-
pirical analysis approach for determining critical
bending moments and buckling lengths.  The empiri-
cal analysis approach that was included in the
Standard from 1978 through 1995 used Q-factors,
derived from extensive investigation using a struc-
tural analysis program (PPSA) on standard truss
configurations, as a means to calculate effective
panel lengths for a determination of panel point and
mid-panel moments, based simply on truss geom-
etry and empirically derived constants.

The approximate method served an important
purpose in the past because a more exact analysis
method, using finite element or matrix analysis in
combination with accurate analog assumptions, used
to be beyond the computational capabilities of many
engineers.  However, this is no longer the case, and
matrix methods are now preferred as the more
accurate way of assessing the stresses in a truss
structure.  This preference towards a more exact
analysis has also been magnified by the increased
complexity of truss profiles and configurations over
the years, whereas the approximations inherent in
the empirical analysis require limitations upon its
use.  In recognition of its limited and increasingly
outdated applications, the empirical method was
removed from the 2002 edition and has been rel-
egated to a non-mandatory Appendix of the Stan-
dard (see Appendix D).  The structural analysis
approach thus explicitly recognized by the 2002
edition is one in which the truss members are
designed to resist forces and bending moments that
are determined using a matrix analysis or other
accepted structural analysis method that accurately
assesses the stresses in the truss.

§7.2 - EFFECTIVE BUCKLING LENGTHS

§7.2.1 - An acceptable structural analysis method
for determining effective buckling lengths of chord
members must consider member end fixity.

§7.2.2 – The use of 0.8L in determining the web
buckling length has been specified in the Standard
since 1965 based on the degree of member end
fixity and departure of the member end conditions
from the pin joint condition contemplated by the
Euler Formula.  Research tests have verified this
long-standing design assumption for compression
web members in trusses (2).  A new change to this
provision in the 2002 edition is the application of this
0.8 effective length factor to Lu, the unsupported or
unbraced length of the web, in addition to its typical
application to Lw, the length of the web for out-of-
plane buckling.  This change is in recognition that,
for at least up to one lateral brace on a web, the
same basis for the 0.8 effective length factor for
webs with no lateral braces should also apply.  For
less common cases where there is more than 1 CLB
required for the web, and where both ends of the
interior web length are thus defined by a lateral
brace, the Truss Designer should consider use of Lu
over 0.8Lu.

§7.3 - MEMBER DESIGN

The member design equations in Section 7.3 of
this Standard are recognized Allowable Stress De-
sign procedures for wood design.  Thus, the basic
design equations and accompanying criteria for
tension members, compression members, bending
members, etc., are the same as those found in the
ANSI/AF&PA NDS for wood construction, ap-
pended as necessary with additional provisions for
their use in wood truss design applications (3).  This
commentary section is limited to a discussion on
those provisions specific to this Standard; refer to
the NDS Commentary for additional discussion on
the basic member design provisions (4).

§7.3.1 - Tension Members

The determination of the allowable tension design
value, Ft’, includes the repetitive member factor, Cr,
which has previously been limited in its application
to allowable bending design values only.  Refer to
the Commentary for Section 6.4.2 for discussion on
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the applicability of the repetitive member factor to
tension design values.

§7.3.2 -Compression Members

The determination of the adjusted design value for
compression term, Fc

*, includes the repetitive mem-
ber factor, Cr, which has previously been limited in
its application to allowable bending design values
only.  Refer to the Commentary for Section 6.4.2
for discussion on the applicability of the repetitive
member factor to compression design values.

§7.3.3 - Bending Members

§7.3.3.5 – Gypsum board that is adequately at-
tached directly to bottom chords of trusses has
proven to provide adequate lateral support for the
bottom chords of trusses in residential structures for
many years.  In related testing of gypsum, the test
results demonstrated that gypsum wallboard con-
tributes significantly to the racking strength of light-
framed walls (5).

§7.3.3.6 - This new provision in the 2002 edition
addresses a length effect in the top and bottom
chords when only a short fraction of the panel length
is subject to high moment stresses in the heel region.
These high moment stresses, in which the maximum
moment occurs at a single point and drops off
rapidly from this point, are caused by the eccentric-
ity of the chord forces, particularly in trusses with
deep (e.g., 2x12) members, such as agricultural
trusses.  The increase in allowable bending capacity
of the top and bottom chords in the heel region of the
truss, as permitted by this new provision, only
applies when the full eccentricity of the chord force
action lines is accurately modeled in the structural
analysis, resulting in the prediction of additional
moment.  Consequently, the provision is incompat-
ible with an empirical type analysis that models the
heel joint as a pinned connection.

The rationale behind this length effect adjustment
is that the localized moment at the heel, which
occurs typically over less than 1/3 of the panel
length, should not necessarily control the size and
grade of the entire chord member.  In general, the
length effect concept acknowledges that the strength

of a beam decreases with an increase in length.  The
specific application of the length effect to the heel
region of the truss is additionally supported by the
adequate performance of agricultural trusses that
have formerly been designed using empirical analy-
sis methods employed by earlier editions of the
Standard.  Prior to the 2002 edition, the Standard
incorporated an empirical method to provide a sat-
isfactory, yet simplified means to determine panel
point and mid-panel bending moments.  However,
because it assumed a pin connection at the heel
joint, the empirical analysis neglected moment at the
heel, and thus the heel joint did not ever control the
overall design.  While this approach has resulted in
adequate designs, it did so without consideration of
the eccentric heel moment and the associated strength
increase of the short region subject to this bending.
Recognition of this length effect validates the em-
pirical designs in the past, and accommodates the
use of a more exact analysis method that accurately
reflects the heel eccentricity and accounts for the
heel moment accordingly.

A length effect factor is a standard adjustment
used in establishing lumber design values and to
correct for one bending load test method versus
another, i.e., 2-point concentrated loading versus a
single midspan concentrated load.  Methods of
adjusting for length effects vary slightly in different
standards.  ASTM D1990 provides a formula for
adjusting bending strength, where the length effect
is accounted for by raising the ratio of lengths, L1
and L2, to a 0.14 power (6).  The 30% increase
specified in this Standard is a simplified adjustment
that can be obtained using conservative assumed
lengths in the ASTM formula.  Assuming a charac-
teristic length of 12 feet, and assuming that the
length subject to high moment stress is, conserva-
tively, 2 feet, the resulting ASTM D1990 adjustment
is 1.29.

Section 7.3.3.6 is limited to the heel region of the
truss, when the bearing is under the bottom chord
and within the scarf of the heel joint.  These limits
exclude cantilever or tail-bearing conditions from
this provision.  While a top-chord overhang condi-
tion is not excluded from this provision, the increase
in allowable bending should not be applied to the
overhang portion of the top chord, or up to the node
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of the overhang member.  The limit on the applica-
tion of this provision to a length of 2 times the depth
of the chord is intended to keep the applicable region
small relative to the length of the chord members.

§7.3.6 - L’/d Ratios for Compression & Tension
Members

The limits on L/d for compression and tension
members have been specified in the Standard since
1962.  The L/d limit of 50 for wood compression
members has been long recognized in wood design
standards (3).  The L/d limit of 80 specified by this
Standard for wood tension members accounts for
short-term stress reversals and accordingly reflects
a short-term increase on the compression L/d limit
of 50, for members stressed primarily in tension.

§7.3.8 – Bearing Perpendicular to Grain

In the establishment of allowable design stresses
for compression perpendicular (c-perp) to grain,
which are based upon ASTM D143 tests of speci-
mens with an aspect ratio (height/width) of 1 loaded
until a 0.04-inch deformation limit, no ultimate limit
state is ever reached (7).  It should be recognized,
however, that ultimate limit states can occur in
wood truss and other applications, where c-perp
stresses are applied to sections with much larger
aspect ratios (e.g., ranging from 2.33 to 7.5), which
provide more opportunity for instability, and where
connections are typically located close to the bear-
ing joint, which require the wood section to maintain
cohesiveness in order to retain the fastener-to-
wood bond through friction.  Failure modes can
occur which initiate with perpendicular-to-grain wood
crushing and eventually result in an ultimate limit
state due to subsequent wood splitting/cracking
which can lead to reduced section capacity, perpen-
dicular-to-grain wood buckling or other instability
across the height of the wood member, or fastener
disengagement.  While Fcperp-induced failure loads
could occur at lower multiples of allowable design
loads than the 1.9 to 2.1 or higher multiples that are
typical for wood design (not including elastic buck-
ling factor), it is important to note that Fcperp does
not use any adjustment for duration of load, while
the other factors of 1.9 to 2.1 include a factor of 1.6

to account for duration of load.  Existing c-perp
design values and design procedures result in ulti-
mate capacities exceeding at least 1.3 times design
capacity, which is comparable to the 2.1 factor
when the 1.6 duration of load factor is divided out.

Some testing has shown that use of truss plates to
reinforce lumber for c-perp strength can give an
increase in average c-perp bearing capacity, includ-
ing truss plates within ¼” of the bearing surface (8).
The testing in this research was based on stiffness,
where the tests were stopped at 0.28-inch total
deflection.  Thus, the available research does not
show that truss plates can result in an increase in
ultimate strength, which, as discussed previously, is
an important consideration in larger members.

§7.3.11 – Allowable Bearing Reactions

Allowable bearing reactions for top chord and
intermediate-height bearing details (see Figures 7.3-
3(a)-(f) for flatwise lumber and Figures 7.3-4(b) for
edgewise lumber) were first specified in 1986 to
ensure adequate safety factors.  The maximum
allowable guidelines were based primarily on re-
sults of 73 tests of top-chord bearing, parallel-
chord, metal-plate connected wood trusses using
various wood species, truss-plate sizes, and both
flatwise and edgewise lumber orientations (9).  The
reaction limits are based on gross reaction and 10
year load duration.  Thus, the values should be
adjusted downward for long-term loading and may
be adjusted upward for short term loading using
appropriate duration of load factors.

One member design concern associated with top
chord bearing parallel chord trusses is the possibility
of shear failure in the extended top chord section.
Early information gained from test results indicated
that for truss designs with distances of 1/2” to 1”
between the end vertical and the support, the shear
stresses are not critical (10).  However, since the
empirical allowable bearing reactions in Table 7.3-
1 are based on a maximum gap size of 1/2 inch, gaps
exceeding 1/2-inch cannot use these allowable bear-
ing reactions without taking into account effects of
shear and bending on the extended chord.
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§7.4 - GIRDER TRUSS DESIGN

§7.4.2 Girder Loading

§7.4.2.1 - Limiting the spacing of reactions im-
posed on a girder to 34" is based on structural
members spaced at 2' o.c. framing into a girder at
45°.

§7.4.2.2 - In determining the most critical loading
condition, consideration should also be given to
unbalanced loads, wind loads, interior supports,
cantilevers, and continuous trusses over girders
(i.e., flat girders carrying trusses on top of the top
chord).

§7.4.2.3 - For face-mounted hangers, the Truss
Designer must assume a load distribution into the
various plies of multiple-ply girder trusses.  The
most simple, idealized load distribution is to assume
each ply carries the same proportion of load.  This
idealized load distribution ignores any effect of
eccentricity and presumes no out-of-plane move-
ment or deformation, including no torsional rotation
of the bottom chord, no moment transfer through the
hanger connection, and completely rigid connec-
tions between plies.  However, there are other
mitigating factors that may be considered to offset
some of the simplified assumptions inherent in an
idealized load distribution.

Several factors may affect the load transfer from
ply to ply, such as the type of fastener used to
connect the plies together (e.g., nails, bolts, or
other), the tightness of the bolts when bolts are
used, the fastener spacing, and the characteristics
of the individual plies.  A notable observation from
unpublished test results is that the stiffness of
individual plies has a large effect on the percentage
of load carried by the plies, depending on the
relative stiffness of the various plies.  This effect of
stiffness is important to recognize because the
repetitive system effects (i.e., stiffer trusses, which
are stronger, carry more load) should help to counter
any loss in strength due to unequal loadings of each
ply caused by loading only on one face of the girder.

Another factor to consider is the effect of bracing,
particularly if there is bracing of both the top and

bottom of the loaded truss chord, which would
mitigate the effect of eccentricity of load from face-
mounted hangers.  As an example, the carried
member may provide sufficient bracing to the top
edge of the loaded bottom chord, assuming the
bottom edge of the bottom chord is sufficiently
braced by a ceiling diaphragm.

Finally, it is important to recognize that the issue
of stress concentration for face-mounted loads, i.e.,
the problem of cross-grain tension and shear in the
plies that see the load first, is addressed by the
girder truss member design procedures (see Com-
mentary discussion for Section 7.4.3) with an em-
pirical-based limit on tension perpendicular to grain
forces induced by a face-mounted hanger.

§7.4.3 Member Design

§7.4.3.2.1 - This provision addresses a wood
member design issue relating to the low strengths of
wood in tension perpendicular to grain and horizon-
tal shear, which must be considered in side loaded
members such as girder trusses.

Based on information gained by tests on 2x8
lumber loaded in tension perpendicular to grain by
truss plates with varying plate bites, it was recom-
mended that the safe concentrated design load for
a regular bottom chord joint be limited to 800 lbs,
beyond which the joint would require a metal con-
nector plate that extends past the centerline of the
member (11).  This 800-lb limit incorporates a
factor of safety of 3 for the lowest observed failure
load in the testing.  The Standard adopted this limit
into the 1995 edition for both connector plates
inducing tension forces perpendicular to grain and
face-mounted hanger connections that impose cross
grain tension forces.

The failure loads observed in the testing were
attributed to a combination of horizontal shear and
tension across grain.  Since little information is
available regarding tension perpendicular to grain
stresses, this loading condition has been studied
approximately by analyzing the distribution of hori-
zontal shear stresses over the member cross sec-
tion.  The distribution of horizontal shear stress, fv,
in a rectangular wood member is parabolic, with the
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maximum shear stress occurring at the centerline.
The equation for determining shear stress at any
point along the parabolic curve is:

(1)

where c is the distance to the member centerline, or
1/2 the member depth, and y is the distance mea-
sured from the centerline. The maximum stress
occurs at the centerline, where y=0.

Substituting F'v for fv in Equation 1, where F'v >
fv as required for design, and solving for y gives:

'
vF 2Ay c 1
3V

≥ − (2)

This equation gives a series of curves varying
with lumber size and shear force as shown in Figure
C7.4-1(a).  This figure assumes shear values for #2
SPF with a DOL = 1.15; other curves can be
developed for other species and load durations.
Since the equation for determining y is non-linear,
the curves are asymptotic to a line representing half
the depth of the wood member, as shown in Figure
C7.4-1(b).  From equation (2) above, it can be seen
that as V becomes infinitely large, y approaches c,
or half the member depth (d/2).  This means that the
plate or hanger would extend 1/2(d) past the
centerline, or to the edge of the wood member.
Since V can be infinitely large in this design consid-
eration, it is assumed that plate lateral resistance,
tension stress or nail holding capacities will eventu-
ally control.

The empirical 800-lb limit on tension perpendicu-
lar to grain forces for fasteners with bites not
extending at least to the member centerline or
beyond, along with an equation based on shear
stress that specifies how much past the wood
member centerline the fastener must extend for t-
perp forces exceeding 800 lb, has proven to be
sufficient in preventing tension to perpendicular
failures or in-service problems in girder trusses
subject to these forces.

§7.4.3.2.2 - The provision relating to the details in
Figures 7.4-2(a)-(c) is a new provision added to the
2002 standard, which recognizes the contribution of
metal connector plates in resisting cross-grain ten-
sion forces when located in the area of the hanger
connection inducing the cross-grain forces.  Since
the amount of bite onto the chord member is the
critical factor, the addition of metal connector plates,
provided the metal connector plates overlap with
the hanger connection, can be considered as adding
to the amount of bite provided by the overall con-
nection.  Thus, if a minimum distance past the
member centerline is determined for a tension per-
pendicular to grain force exceeding 800 lb, either
the hanger connection must extend to that distance,
or an overlapping metal connector plate in accor-
dance with any of the details in Figures 7.4.2(a)-(c)
must extend to that distance.

§7.4.3.2.3 - 85% of the member depth is a prac-
tical limit on how close the centerline of the top-
most fastener can be located to the edge of a
member, in which case it is considered as effec-
tively developing the full depth of the member.  Any
hanger that is tall enough, or placed high enough on
the carrying member, to reach 85% of the member
depth will not be subject to the other subsections of
7.4.3.2.

§7.4.3.5 - Structural members framing into gird-
ers could create torsion on the entire girder.  This
would create a tendency for the girder to rotate
without proper restraint.  The proper restraint to
resist truss torsion would be in the form of perma-
nent lateral, diagonal or cross bracing.

§7.4.5 Ply-to-Ply Connections

§7.4.5.1 - 3-ply trusses may be connected by
nailing since the exterior plies can be attached
directly to the center ply.  Four or more plies require
bolts or other approved fasteners other than nails to
develop continuity across the plies; in no case
should a girder with four or more plies be connected
only with nails.  The requirement to have only one
type of fastener (i.e., either nails, bolts, or other
approved fastener) transmit 100% of the force
between plies is in accordance with the NDS, which
states that design values for joints made with more

2

vy 2
3V yf 1
2A c

 
= − 
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Figure C7.4-1(b).  Graphical representation of Equation (2)showing asymptotic relationship of curves to a
line representing 1/2 of the wood member depth, c.

Figure C7.4-1(a).  Graphical representation of Equation (2) for determining the distance (y) to extend a metal
connector plate past the centerline of a wood member to resist tension perpendicular-to-grain stresses.

vF '2Ay c 1
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than one type of fastener have not been developed
and should be based on tests or other analysis (3).

§7.4.5.2 - Since the first ply of three or more plies
generally carries a smaller percentage of the load
than the sum of the remaining plies, the connections
must be adequate to transfer the sum of the loads on
the remaining plies.  For example, if the designer
assumes each ply of a 3-ply truss carries the same
proportion of load (i.e., 33% per ply), the connec-
tions between the first and second ply would have
to be designed to transfer the sum of the second and
third ply loads, or 66% of the load.  The design of the
ply-to-ply connections will depend on the load distri-
bution assumed in the design of the girder truss (see
Section 7.4.2.3 and corresponding Commentary).

§7.4.5.3 - Compression members in trusses may
buckle laterally unless restrained.  Sheathing, prop-
erly attached to all plies of compression chord
members, will provide this lateral restraint. At least
one ply of the multi-ply member must be braced
against lateral movement by proper attachment to
the sheathing or other specified bracing.  The
remaining plies are attached to this braced ply with
a nailed connection, where the nails are loaded in
withdrawal.  Designing for 2% of the axial com-
pression force in each ply, including the cumulative
effects, is in accordance with long recognized lat-
eral bracing force assumptions (12).

§7.5 - DEFLECTION

§7.5.1 - Creep is an important design consider-
ation where dead loads or sustained live loads
represent a relatively high percentage of the total
design load.  The requirement to account for creep
in total deflection calculations was added to the
2002 Standard to address trusses with these types
of characteristics, such as floor trusses with light-
weight concrete toppings, which have appreciable
long-term deflection that can produce deflection
problems.  Consideration for creep should result in
stiffer floor trusses under these conditions, whereas
typical residential floor trusses will generally not be
governed by this provision and will instead be gov-
erned by the more stringent live load deflection
criteria.

Per the NDS, total deflection is calculated as
follows; see the NDS Commentary and Appendix F
for additional general discussion on creep (3,4):

crT LT STK∆ = ∆ +∆ (3)

Kcr = creep factor
= 1.5 for seasoned lumber or structural com-

posite lumber used in dry service condi-
tions;

= 2.0 for unseasoned lumber or for seasoned
lumber used in wet service conditions

=  immediate deflection due to the long term
component of the design load (deflection
due to DL)

= deflection due to the short term or normal
component deflection (deflection due to
LL)

According to the NDS, use of twice the initial
deflection as a basis for accounting for deformation
associated with long-term loads has long been rec-
ognized, and it wasn't until the 1977 edition of the
NDS that the provision was revised to reflect creep
factors of 1.5 for seasoned and 2.0 for unseasoned
lumber (4).  Factors that will cause increase in
creep include increased stress level, moisture con-
tent and temperature, and variable relative humidity
conditions.

Testing on trusses has been reported that sug-
gests trusses exhibit more creep than simple beams
of solid-sawn lumber.  In a research study that
measured deflection of four pairs of trusses and one
pair of joists over a 10-year period, the joists showed
better creep performance, which was attributed to
two factors (13).  First, the joist span was limited by
deflection, and thus the bending stress in the joists
was only at 73 percent of the allowable value, while
the trusses were stressed to the full allowable stress
value in the bottom chords and 90 percent of allow-
able in the top chords.  The second factor stated as
causing the difference in creep performance was
the creep due to the connections, namely the non-
recoverable slip in the plated truss connections.
Other research has been noted that found long-term
relative creep values for trusses at 2.5 or higher
(14).
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In considering the magnitude of the creep factor,
which will vary by application, it is also helpful to
recognize that full dead load is not normally on the
truss permanently, which could be used to justify
use of lower K values.  As an example, a creep
factor of 2.0 may be a selected as an appropriate
creep factor for trusses in general (for seasoned
lumber and dry service conditions), and then re-
duced in cases where the dead load is conservative
or similar.  Thus, with this example, if only 75% of
the dead load is on the truss, the creep factor would
drop from 2.0 to 1.5.

§7.5.2 - Vertical Deflection Limits

§7.5.2.1 - A common accepted practice for deter-
mining deflection at any point, conducive to use with
a structural analysis program, is the following vir-
tual work method:

Pu
AE
⋅

∆ = (4)

where:

P = axial force load in a truss member caused
by design loads (lbs.)

U = force in a truss member caused by a unit
(virtual) load (dimensionless)

= length of the truss member (in.)
A = cross-sectional area of the truss member

(in.2)
E = modulus of elasticity (psi)

This equation considers the effects of axial force
in each member, as well as end slip, if the member
elongation, PL/AE, is modified by adding or sub-
tracting an amount, S, to cover slip of the end
connections.  Although this method assumes a pin-
jointed truss loaded only at the joints, it has proved
to be sufficiently accurate for other trusses because
bending of the individual truss members contributes
little to overall truss deflection.

The deflection limits in Table 7.5-1 are consistent
with typical minimum building code requirements
where specified.  Where deflection requirements in
any local jurisdiction differ from those in Table 7.5-

1, the local jurisdiction regulations will apply.  In
addition, certain floor coverings require more re-
strictive deflection criteria than the typical limit on
floor trusses of L/360 in order to prevent cracking
of the flooring materials.  While Table 7.5-1 in-
cludes one common floor covering requiring more
restrictive deflection criteria, namely ceramic tile,
the Truss Designer should be aware of possible
other deflection criteria associated with specific
floor coverings (e.g., L/720 total load deflection for
marble tile).  Maximum on-center spacing of floor
joists supporting certain floor materials may also be
required by some material standards, such as the
16-inch o.c. truss spacing limit indicated in Footnote
4 for floor trusses supporting ceramic tile.  Although
the 16-inch requirement is specified to provide
enough stiffness in the subfloor system for the tile,
and is not a requirement for truss deflection, it is
important for the Truss Designer to be aware of this
type of spacing requirement unrelated to truss per-
formance.  The 16-inch o.c. spacing limit per the
referenced standard in Footnote 4 may be revised to
allow up to greater spacings in the future; the Truss
Designer should ascertain what deflection and on-
center spacing requirements apply to any particular
floor covering at the time of design.

More restrictive deflection requirements for in-
creased stiffness and improved serviceability, par-
ticularly of floor trusses, may be desired and may be
specified as such by the building designer for any
particular building.  If vibration in a floor is a
concern, and since the probability of vibration prob-
lems increases as floor spans increase, using a more
restrictive deflection limit, L/480 or even L/600, will
help in preventing floor vibration.  It may also be
desirable to limit the truss deflection to a finite
amount (e.g., maximum number of inches) depend-
ing on truss span or load or on building usage.  For
example, the maximum acceptable amount of de-
flection for a particular roof truss application may
be 2 inches, whereas a 60-ft. truss subject to L/240
would otherwise allow a 3-inch maximum deflec-
tion.

In addition to the overall deflection criteria, the
maximum horizontally projected bottom chord panel
lengths in Table C7.5-1 are recommended as a
minimum standard.
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When parallel chord trusses are used in a roof
system, consideration must be given to the potential for
roof ponding (i.e., overloading from the retention of
water) due to the deflection of the trusses following
the application of roofing and ceiling materials.  Per
Footnote 1 of Table 7.5-1, ponding must be investi-
gated for roofs not having sufficient slope or
camber to assure adequate drainage, in order to
ensure that ponding instability is precluded.  A widely
recognized minimum slope for adequate roof drainage
is 1/4” per foot.  Sufficient camber to counter the
deflection due to dead load may also be specified to
prevent ponding, such as an amount equal to a deflec-
tion corresponding to 1.5 times dead load.

§7.5.2.3 – The beam formula in Equation E7.5-1 is
an approximate method for estimating deflection of
parallel chord trusses, which was first introduced in
the 1980 Standard for the design of parallel chord
wood trusses.  The equation incorporates a 1.33 factor
for joint slippage, shear deformation and creep, and
deflection estimates using this formula were shown to
perform well when compared against both experimen-
tal results and a more thorough analysis (15).  Use of
this method is still permitted in the 2002 edition;
however, less emphasis is given to the approximate
beam formula because it is recognized that the use of
typical structural analysis using matrix methods will be
more accurate.

§7.5.2.4 - Strongbacking is recognized for serving
two purposes: reducing floor vibrations and limiting
differential deflection.  Strongbacking does not, how-
ever, contribute to or enhance the strength or struc-
tural integrity of the system.

Strongbacks are typically used to control potential
vibration problems, as the addition of strongbacks has

proven to stiffen the trusses and increase the dampen-
ing of transient oscillations (16, 17).  Vibration in a floor
joist due to normal human activity (e.g., walking)
includes vibration movements from side to side, and
while floor sheathing prevents lateral vibration of the
top chord, the bottom can still vibrate back and forth.
Thus, placing a strongback at the bottom of the floor
truss helps control the side-to-side movement at the
bottom and improves the overall perceptible perfor-
mance of the floor.  Even when there is a ceiling on the
bottom of the trusses, in which case the drywall will
reduce lateral movement, the addition of strongbacks
can still help to further restrict vibration.  It should be
recognized that, while it will not affect the structural
integrity of the system, cutting, removing or failing to
provide such strongback bracing can result in degrada-
tion of the floor system’s ability to dampen vibration.

Another purpose of strongbacking is to limit differ-
ential deflection between adjacent floor trusses by
developing supplemental two-way action in the floor
framing in addition to the floor sheathing.  Floor trusses
with design live load deflections less than 0.67 inch are
unlikely to have differential deflections large enough to
develop two-way action from strongbacking.
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TABLE C7.5-1 MAXIMUM RECOMMENDED BOTTOM CHORD LENGTHS
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§ CHAPTER 8
METAL CONNECTOR PLATE JOINT DESIGN

§8.1 - SCOPE

Chapter 8 contains procedures that are necessary
for designing a metal connector plate to adequately
resist all applicable design forces and moments
acting at a joint, including a determination of the
minimum required metal connector plate contact
area and the minimum net sections of the plate
based on the plate lateral resistance, tensile and
shear strengths, and the allowable axial tension and
compressive stress of the wood over a reduced net
section at the joint.  All of the joint design proce-
dures presented in Chapter 8 were developed for
trusses with web members that are cut to bear on a
surface. The Standard does not include explicit joint
design criteria for plating round-ended or square-
ended webs, which have only single points of con-
tact between adjacent members, and thus require
some additional joint design considerations relating
to lateral resistance, member-to-member compres-
sion force transfer, and plate shear buckling.  Until
the Standard adopts specific joint design provisions
to address these design issues, the Truss Designer
should account for the effect of gaps on plate
strength when designing joints for round-ended or
square-ended webs based on engineering judgment
or testing.  See Commentary Sections §8.4.2,
§8.4.3.4, and §8.6.6 for additional discussion.

§8.2 - PLATE ROTATION

Earlier editions of the Standard have not included
plate rotation tolerance as an explicit design check
within the joint design procedures.  Prior to the 2002
edition, plate rotation was addressed solely by a
maximum allowable plate rotation provision con-
tained within the quality criteria for the manufac-
tured metal plate connected wood truss (see Figure
C8.2-1).  The maximum amount of allowable plate
rotation set forth by this provision was considered to
be acceptable without the need for explicit design
consideration or reanalysis.

The 2002 edition now includes provisions for
customized positioning tolerances (see Section 8.12),

which are specific to each metal connected joint as
calculated by the Truss Designer.

Since the new calculated positioning tolerance
accounts for plate translation in any direction only,
and thus gives the Truss Manufacturer only the
maximum allowable plate translation at any joint, a
separate explicit design check is required for plate
rotation.

A maximum rotation tolerance of 10 degrees from
the plate design position was determined to be a
reasonable limit to set forth in the quality criteria in
Chapter 3 of the 2002 edition (see Section 3.7.3 and
A3.3).  A plate rotation of 10 degrees is within the
range of plate rotation permitted by the standard-
ized approach in earlier editions (per Figure C8.2-
1), and it is reasonable to expect that this plate
rotation limit can be met in the manufacturing
process.

Figure C8.2-1.  Earlier editions used this standard-
ized metal connector plate location tolerance (T) for
all joints.
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Accounting for plate rotation at every possible
plate translation in the determination of the plate
positioning tolerance would require an extensive
amount of iterations in the design process, and this
approach would be overly conservative. Alternately,
Section 8.2 requires a maximum plate rotation of
plus and minus 10 degrees to be accounted for in the
design of the plate only, and not in the determination
of the positioning tolerance for the plate.

The extra level of conservatism that would result
from checking for plate rotation at every allowable
plate translation is unnecessary for several reasons.
First, plate mislocation will be due to translation
from the design position or rotation from the design
position, but it is unexpected that a plate will be
simultaneously rotated and translated to the respec-
tive maximum allowable tolerances.  Second, there
is a certain amount of conservatism that is accumu-
lated through the plate design stage already.  Plates
will potentially be “oversized” for any one or more
of the following reasons: the 20% reduction on plate
lateral resistance values in Section 8.4.3 in combi-
nation with a Cq factor less than 1.25 (see Section
6.4.11.2); the 10-degree plate rotation check, which
will be critical for those plates sensitive to rotation;
and finally, considerations such as minimum plate
bite, handling allowances, and non-stress checks
that are not part of the plate positioning tolerance
but might contribute to the level of conservatism in
the actual specified plate.

If the geometry of the plate at its design position
at the joint is such that a 10-degree or less rotation
of the plate would result in a portion of the plate
extending beyond the outside perimeter of the truss,
it is reasonable to assume that the lumber edge or
end will control the placement of the plate, and it is
unnecessary to account for that amount of rotation
in the design of the joint.  This is covered by the
exception statement in Section 8.2.  An example of
a joint where this is likely to occur is a heel joint.
This exception is not applicable if the plate is
already extended outside the perimeter of the truss
in its design position.

§8.3 - MINIMUM AXIAL DESIGN FORCES

The requirement for metal connector plate joints

to be designed for a minimum of 375 pounds axial
force is to provide adequate resistance to the forces
involved in the handling and erection of metal plate
connected wood trusses.  With this minimum joint
design load, all metal connector plates in trusses
with spans exceeding 16 feet will have sufficient
teeth, nails or plug groups to develop a minimum of
375 pounds axial force in all members at the lateral
resistance value.  The 375-lb requirement has been
specified in the Standard since the 1968 edition,
when it was required to design all joints to this
minimum capacity “as a rough handling precau-
tion.”  Because the 375-lb load is overly conserva-
tive for small light trusses typical of very short
spans, this provision is explicitly limited to trusses
over 16 feet in span in the 2002 edition.

§8.4 - LATERAL RESISTANCE

§8.4.1 - The lateral resistance of metal connector
plate teeth is one measure of its ability to fasten
wood members together where the axial forces
must be transferred through the metal connector
plate from one wood member to another.  The width
of a plate at a joint must be adequate to resist the
axial and shear forces at the joint, while the plate-
to-wood contact area must be adequate to resist the
withdrawal of the plate from the connecting mem-
bers.  Many factors have long been recognized as
affecting the lateral resistance capacity of a metal
connector plate, which include not only properties
of the plate itself (e.g., steel strength, tooth charac-
teristics, etc.), but also wood-related properties,
such as specific gravity, moisture content, and grain
angle of the wood member, as well as the orienta-
tion of both the tooth slot direction and lumber grain
relative to the applied load, and method of plate
installation.

Lateral resistance design values for each type of
plate are tested and reported for different species
for each of four mandatory plate/wood grain orien-
tations, AA, EA, AE, and EE, as specified in Section
5.2.7.1.1.

For the design of other plate/wood grain orienta-
tions than those above, Section 8.4.3.3 addresses
how to account for loads that are applied at an angle
other than 0 or 90 degrees to the wood grain, or a
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Figure C8.4-2. The heel reduction factor, HR, is
not intended for raised heel conditions such as
this.

Figure C8.4-1.  Heel reduction factor, HR, versus
pitch.
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plate axis that is oriented at an angle other than 0 or
90 degrees to the load direction.

§8.4.2 - Adjustments

§8.4.2.1 - Adjustment factors in Section 6.4 that
are applicable to lateral resistance design values
and might be applied to the allowable lateral resis-
tance value include: load duration factor (CD) per
Section 6.4.1, wet service factor (CM) per Section
6.4.5, quality control factor (Cq) per Section 6.4.11,
and any reductions for plates installed in chemically
treated lumber per Section 6.4.9.

§8.4.2.2 - In the establishment of lateral resis-
tance design values, different methods can be em-
ployed to address the effects of end and edge
distances on tooth strength relative to the tooth’s
resistance to withdraw from solid wood outside of
these end and edge zones (see Commentary discus-
sion under Section §5.2.6.2).  Because the Net
Area method removes teeth from the tested area
that may be affected by end and edge influences,
the Net Area Method results in higher design values
on a unit area basis than the Gross Area Method, in
which teeth must be present in end and edge dis-
tance zones.  Thus, these higher design values
cannot be applied for design purposes to any teeth
within the specified Net Area end and edge dis-
tances on a joint.  The same applies when end or

edge distances other than those specified for the
Net Area method, 0.5 in. and 0.25 in. respectively,
are used in testing.

§8.4.2.3 - Prior to 1978, the Standard incorpo-
rated specific reductions on lateral resistance val-
ues of heel plates depending on pitch, based on
experience gained on thousands of applications of
truss designs.  These reductions on allowable grip
ranged from 85% of the allowable design value for
lower pitches (under 3:12 slope) to 65% of the
allowable design value for steeper pitches (over
5.5:12).  The reductions accounted for eccentricity
at the heel joint where the top and bottom chords
were in contact but could not transfer force through
wood-to-wood butting.  These factors were eventu-
ally incorporated into an empirical formula, which
gives reductions that closely approximate the origi-
nal reductions specified for different pitches, as
shown in Figure C8.4-1.  The method of heel
analysis using a reduction factor as specified in the
Standard was shown to have a much closer corre-
lation to test results than an alternate method using
the torsion formula for those heel plate sizes studied
(1).

These factors were not developed to apply to
heels where the top and bottom chords are not
actually in contact, as in the case of raised heel or
“energy” trusses as shown in Figure C8.4-2.
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Adjustments for Round or Square-Ended
Members.  The effect of member-to-member gaps
created by round-ended or square-ended webs that
have single points of contact with adjacent mem-
bers should be accounted for in the design of plates
for lateral resistance by excluding the area of plate
located in these gaps from the metal connector plate
coverage area.  Thus, round-ended and square-
ended web members may require larger plates than
standard webs (web members that are cut to bear
on a surface) to result in the same amount of
effective teeth for lateral resistance.

§8.4.3 - Design

§8.4.3.1 - New to the 2002 edition is the 0.8 factor
on the lateral resistance design value, VLR’, in
Equation E8.4-2.

This reduction is intended to account for locations
in the plate contact area that have naturally occur-
ring lumber characteristics, such as knots, wane,
etc., which reduce the effectiveness of the plate
teeth (lateral resistance strength), as well as plate
teeth that are flattened (as described in Section
3.7.4) during the manufacturing process.

The incorporation of the 0.8 factor into the Stan-
dard was due to a research program that examined,
through full-scale truss testing, the relationship be-
tween quality imperfections and structural perfor-
mance.  Based on observations and results from the
research during the development of the 2002 edi-
tion, a new approach was recommended for incor-
poration into the Standard that would more clearly
link design with manufacturing, and particularly the
inherent variables of manufacturing using wood.

The new approach centers quality control on plate
placement, which is easily controlled and assessed
in the manufacturing stage, and adds conservatism
in the design stage, through the 0.8 value, to address
the other factors - lumber characteristics and flat-
tened teeth - which influence the number of effec-
tive teeth and hence the lateral resistance strength,
and which are more difficult to control and assess
during manufacturing than plate placement.

To illustrate using a comparison, a design per the

1995 edition that results in an efficient plate, i.e.,
one that provides just the amount of plate contact
area as required per design, runs into the potential
problem of having inadequate effective plate area if
any of the teeth are flattened or are pressed into a
lumber characteristic that would reduce the effec-
tive plate area during the manufacturing process,
either of which could be reasonably expected to
occur.  In addition, the assessment of the plate in
this case requires a careful inspection of the plate to
determine the number of effective teeth within the
plate-to-wood contact area as compared to the
number of required effective teeth per design.

A design utilizing this factor in the 2002 edition
will enable the specified plate to have up to 20% of
any plate contact area containing lumber character-
istics that would reduce effective plate area or
flattened teeth, as permitted in the quality criteria in
Chapter 3 per Section 3.7.4 (for plates embedded
into the wide face).  This can be assessed with a
visual inspection of the entire plate contact area
rather than by a tooth-by-tooth inspection.

Oversizing plates, or increasing the specified plate
to a greater size than required for design loads, has
long been recognized as a means to provide for
additional manufacturing tolerances and/or han-
dling stresses.  However, this practice was not
necessarily carried out on any consistent basis since
the amount to “oversize” the plate was not quanti-
fied by any data.

The value of 0.8 was determined through re-
search.  In a report to the TPI Project Committee,
it was concluded that a 0.8 factor is a conservative
accounting of the likelihood of those quality imper-
fections - tooth flattening and lumber characteris-
tics reducing effective plate area in the plate con-
tact area - that will not be explicitly inspected on a
tooth-by-tooth basis (2).

If the manufacturing process is such that it re-
moves, or greatly reduces, the probability of either
the occurrence of negative lumber characteristics
in the plating area or the occurrence of flattened
teeth, a 20% reduction to account for these factors
is not necessary and would be overly conservative.
For such cases, the 2002 edition also introduces a
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new Quality Control Factor (see Section 6.4.11),
applicable to lateral resistance design values only,
that ranges from 1.00 to 1.25, the latter of which
results in utilizing the full lateral resistance value in
the joint design.

For more discussion on the Quality Control Factor
per Section 6.4.11, and the Quality Standard set
forth in Chapter 3, see the corresponding Commen-
tary sections.

§8.4.3.2 - The Tooth Count Method of joint in-
spection is one of two methods within the quality
criteria in Chapter 3.  One of the criteria for the
acceptance of a joint per this method (see Section
A3.4) is, “The combined number of effective
teeth for both faces of the truss at each joint in
each metal connector plate contact area shall
meet or exceed two times the minimum number
specified for a single face by the Truss De-
signer...”

The calculation to express the required number of
teeth in each joint member contact area, in order to
provide the Truss Manufacturer with a means to
assess the quality of a joint in terms of its effective
teeth, has been specified since 1995 and remains in
the 2002 edition.

§8.4.3.3 - The Hankinson formula is the basis of
Section 8.4.3.3 for deriving allowable lateral resis-
tance values for metal connector plates loaded at an
angle, q, to the grain with the teeth either parallel or
perpendicular to the load.  Use of this formula in this
application was validated by the work of R.O.
Foschi (3).  Additional commentary regarding the
use of the Hankinson formula is found in Appendix
J of ANSI/AF&PA NDS (4).

§8.4.3.4 - Prior to the 1995 edition, the Standard
had a long history of permitting up to 50 percent of
the compressive forces at a joint to be transferred
through wood-to-wood compression.  This ensured
that the plate would be sized for at least 50 percent
of the compressive force, thus limiting the minimum
size of a plate that could be specified at joints
resisting compressive forces.  Sizing the plate for
more than 50% of the compressive force was left up
to engineering judgment.

This long-standing provision was replaced in the
1995 edition with a procedure that utilizes a com-
pression reduction factor.  The compression reduc-
tion factor was developed to address joints that
have unequal compressive forces on either side of
the joint, which produce unbalanced horizontal com-
ponents, such as a panel point compression splice or
top chord peak joint.  In these cases, the amount of
compression force that can be transferred from one
member to the other through wood-to-wood com-
pression depends on the magnitude of resistance of
the adjacent opposing compression member. Thus,
the compression reduction factor determines the
magnitude of compression force to be plated for in
cases with unequal compressive components, where
an otherwise assumed transfer of 50% of the axial
forces through wood-to-wood contact may be too
high.  The method still requires plates to be sized for
a minimum of 50% of the compressive force by
having a lower limit of 0.5 on the compression
reduction factor.

It should be noted that the assumptions made with
regards to the stiffness of the wood-plate connec-
tion will impact how the forces are distributed.
Thus, the approach presented in this Standard is
considered to be one rational approach to allocate
this wood-to-wood load transfer, while it is also
recognized that there may be other acceptable
approaches.

The application of this method requires that a
wood member is present to resist the remainder of
the component forces so that the vectorial sum of all
forces in the joint equals zero.  Accordingly, this
method would not apply to the splice shown in
Figure C8.4-5. (See also the discussion under “Com-
pression Joint Design for Round or Square-ended
Members” following the examples below.)

In the case of a compression web framing into a
chord member, the chord member is capable of
providing adequate resistance to the compressive
force via wood-to-wood contact.  While the trans-
fer of shear forces is also a consideration, this is a
separate design check.  In the case of a compres-
sion web framing into another web, as shown in
Figure C8.4-6, this procedure is adequate provided
proper consideration is made for restraint of the
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Figure C8.4-6. Compression web framing into another web.

Web-Chord
Interface

web being framed into (i.e., there must be sufficient
shear capacity along the web-chord interface and
enough lateral resistance to develop this capacity).

The following four examples illustrate the differ-
ent applications of plating compression joints ac-
cording to this procedure.  Assume VLR = 400 psi for
all examples.

Figure C8.4-5. Example of a splice for which the compression criteria in Section 8.4.3.4 is not applicable.
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Example 1.  Dual Pitched Unsymmetrical Peak Joint

Given:

Find A1 and A2.

1) Investigate the chord member with 5392 lbs com-
pressive force:

Pi  = 5392 lbs     Pa  = 2412 lbs
PiN = 4142 lbs     PaN = 2288 lbs
PiP = 3452 lbs

( )R
2288C 1 0.5 0.72
4142

= − =

This implies that only 28% of the normal force in the
chord member with 5392 lbs compression is trans-
ferred by wood-to-wood contact due to the magni-
tude of the opposing compressive force.  The remain-
der must be transferred by the metal connector plate.
Thus, the minimum required metal connector plate
contact area at A1 is:

2 2P ' (3452) (4142(0.72))= +  = 4562 lbs.

p
4562A
400

=  = 11.4 in2  required at A1

2) Next, investigate the chord member with 2412 lbs
compressive force:

Pi = 2412 lbs  Pa  = 5392 lbs
PiN = 2288 lbs  PaN = 4142 lbs
PiP = 763 lbs

( )R
4142C 1 0.5 0.09 0.5
2288

= − = <

 CR = 0.5 (minimum)

2412 #
12

12

10

4

5392 #

A2

A1

This implies that 91% of the normal force could be
transferred by wood-to-wood contact; however, the
maximum allowable force transfer through wood-to-
wood bearing is 50%.  Thus, 50% must be transferred
by the metal connector plate, and the minimum
required plate contact area at A2 is:

( ) ( )( )22P ' 763 2288 0.5 1375= + =  lbs.

p
1375A 3.4
400

= = in2  required at A2

Example 2.  Panel Point Compression Splice

Given:

Find A1 and A2.

1) Chord member with 6956 lbs compressive force:

Pi = PiN = 6956 lbs PiP = 0
Pa = PaN = 7870 lbs

( )R
7870C 1 0.5 0.43 0.5
6956

= − = <

 CR  = 0.5 (minimum)

2P ' 0 (6956(0.5)) 3478= + =  lbs.

P
3478A 8.7
400

= =  in2  required at A1

2) Chord member with 7870 lbs compressive force:

Pi = PiN = 7870 lbs PiP = 0
Pa = PaN = 6956 lbs

A1

7870 #6956 #
A2

(cont.)
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Example 2 (cont.)

( )R
6956C 1 0.5 0.56
7870

= − =

( )( )2
P ' 0 7870 0.56 4407= + =  lbs

p
4407A 11.0
400

= =  in2  required at A2

Example 3.  Symmetrical Peak Joint With Concen-
trated Load

Given:

Find A1, A2, and A3. Assume A1 = A2.

1) Check A1 based on the A1A2 interface:

Pi  = 2000 lbs    Pa  = 2000 lbs
PiN = 1846 lbs    PaN = 1846 lbs
PiP = 769 lbs

( )R
1846C 1 0.5 0.50
1846

= − =

( ) ( )( )22P ' 769 1846 0.5 1201.5= + =  lbs.

p
1201.5A 3.0

400
= =  in2

2) Find A3.  Since the joint is symmetrical, investigate
the A1A3 interface and multiply by 2 to determine A3.

Pi  = 500 lbs Pa  = 1269 lbs
PiN = 461.5 lbs PaN = 1171.4 lbs
PiP = 192.3 lbs

( )R
1171.4C 1 0.5 0.27 0.5
461.5

= − = − <

CR  = 0.5 (minimum)

( ) ( )( )22P ' 192.3 461.5 0.5 300.4= + = lbs.

 p
300.4A 0.75
400

= = in2

 ∴  0.75(2) = 1.5 in2 required at A3

3) Now check A1 based on the A1A3 interface to
determine the controlling case for A1 and A2:

Pi  = 1269 lbs  Pa  = 500 lbs
PiN = 1171.4 lbs  PaN = 461.5 lbs
PiP = 488.1 lbs

          lbs.

     in2 < 3.0 in2 (the A1A2
interface controls)

    3.0 in2 required at A1 & A2

2000 #

2538 #

2000 #

1846 #

769 #
1000 #

A1

A3

A2
1846 #

769 #

192 #

488 #

2000 #

1269 #1171 #

A1

A3

500 # 462
#

P’ . . . .= ( ) + ( )( ) =488 1 1171 4 0 8 1059 7
2 2

CR = − ( )=1
461 5

1171 4
0 5 0 80

.

.
. .

Ap = =
1059 7

400
2 7

.
.

∴
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Example 4.  End Vertical Compression Member
with Adjacent Compression Web

Given:

Find A1, A2, and A3.

1) Find A1 based on the A1A3 interface:

Pi = 200 lbs
PiN = 200 lbs
Pa = 1200 lbs
PaN = 200 lbs (assume 1/6 reaction transferred
through end vertical)
PiP = 1732/2 = 866 lbs (assume 1/2 transferred by
A1 and A2)

( )R
200C 1 0.5 0.50
200

= − =

( ) ( )( )22P ' 866 200 0.50 871.8= + =  lbs

p
871.8A 2.2
400

= =  in2 required at A1

2) Check A2 based on the A1A2 interface:

Pi= 1000 lbs (assume the 2000-lb compressive
force in the web member is divided equally into
the A1A2 and A2A3 interfaces)
Pa= 1732 lbs (assume connector net steel section
has adequate shear capacity to hold end vertical
in place)

PiN = 866 lbs
PaN = 866 lbs
PiP = 500 lbs

( )R
866C 1 0.50 0.50
866

= − =

( ) ( )( )22P ' 500 866 0.50 661.4= + =  lbs

p
661.4A 1.65
400

= =  in2

3) Check A2 based on the A2A3 interface:

(cont.)

A3

200 #

A1 A2

1200 #

2000 #

1732 #

1000 #

A1

200 #

200 #

1200 #

866 #
866 # A3

200 #

500 #

866 #

1000 #

866 #

A2A1

500 #

A3

A2

1200 #

1000 #

866 #

866 # 1000 #
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Example 4 (cont.)

Pi  = 1000 lbs
Pa  = 1200 lbs
PiN = 500 lbs
PaN = 1000 lbs (assume 5/6 reaction trans-
ferred through web)
PiP = 866 lbs

( )R
1000C 1 0.5 0 0.50
500

= − = <

CR = 0.5 (minimum)

( ) ( )( )22P ' 866 500 0.50 901.4= + = lbs

p
901.4A 2.25
400

= = in2

∴ 2.25 + 1.65 = 3.9 in2 required at A2

4) Check A3 based on A1A3 interface:

Pi  = 1200 lbs Pa  = 200 lbs
PiN = 200 lbs PaN = 200 lbs
PiP = 866 lbs

        lbs

     in2

5) Check A3 based on the A2A3 interface:

Pi  = 1200 lbs    Pa  = 1000 lbs
PiN = 1000 lbs    PaN = 500 lbs
PiP = 866 lbs

         lbs

     in2

     2.16 + 2.86 = 5.02 in2 required at A3

Connector shear capacity checks would also be
required in this example to resist the 1732-lb. shear
force along the bottom chord interface.  See appro-
priate sections for criteria.

CR = − ( )=1
200

200
0 5 0 50. .

Ap = =
871 8

400
2 18

.
.

P’ . .= ( ) + ( )( ) =866 200 0 50 871 8
2 2

CR = − ( )=1
500

1000
0 5 0 75. .

P’ .= ( ) + ( )( ) =866 1000 0 75 1146
2 2

Ap = =
1146

400
2 86.

∴
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Figure C8.4-7.  Compression web and tension web
framing into a chord.

1000 #

866 #

500 # 60°

A3

A1 A2

In the case of a compression web and a tension
web framing into a chord as shown in Figure C8.4-
7, this procedure may not apply in the same manner
as previously described.  Since the tension member
will act in the same direction as the compression
member, there will tend to be little resistance to the
compressive force other than that offered by the
chord member.  This will vary depending on the
particular application, and engineering judgment
should be applied with this type of condition.  In
lieu of alternate methods determined by an engineer
through testing or judgment, assuming that there is
no force transfer at the compression and tension
web interface should provide a reasonable approach.

The following example should help clarify this
condition.  Calculations are performed only for the
compression web.  See the appropriate sections for
other design considerations as mentioned above.

Example 5. Compression Web and Tension
Web Framing into a Chord

Given: 1000-lb. compression web as shown in Fig-
ure C8.4-7.  Find A1.

Assuming no force transfer at the A1A2 interface,
find A1 based on the A1A3 interface:

Pi  = 1000 lbs
PiN = 866 lbs
PiP = 500 lbs
PaN = 866 lbs

 lb.

 in2

 Compression Joint Design for Round or
Square-Ended Members.  In the absence of em-
pirical data, designing metal connector plates for
the full 100 percent compression component is
recommended for round-ended or square-ended web
members, due to the single point of contact between
these web members and the chord, through which
the compression force must otherwise be trans-
ferred over a reduced area.  Even though there is
wood-to-wood bearing at the point of contacts, this
approach conservatively assumes that there is no
wood member present, or that the wood-to-wood
interface is not stiff enough, to resist transfer through
wood-to-wood bearing, which requires designing
the metal connector plates for the full compression
force per Section 8.4.3.4.1.

Effect of Gaps. Another consideration in com-
pression joint design is the existence of gaps be-
tween the compression members.  Although it would
be ideal to have full wood-to-wood contact at com-
pression joints, this is not always achievable during
manufacturing.  In early versions of the Standard’s
quality criteria for the manufacture of metal plate
connected wood trusses, the requirement for com-
pression splice joints was “good bearing” (5).  This
requirement was eventually replaced by quantified
maximum allowable wood-member-to-wood- mem-
ber gaps.  The current quality criteria in Chapter 3
specifies a maximum allowable gap between mem-
bers of 1/8” except for floor truss chord splices, for
which a maximum gap of 1/16” is allowed.

When a gap between the wood members exists at
a compression joint, the connector plate will carry
100% of the compressive force until there is enough
strain in the joint to close the gap and full wood-to-
wood contact has been established.  Research has
shown that metal connector plates will yield, either
in localized plate buckling or in slip, and permit

CR = − ( )=1
461 5

1171 4
0 5 0 80

.

.
. .

P ’ ( ) ( ( . ))= + =500 866 0 5 6612 2

A1
661

400
1 65= = .
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Figure C8.4-3.  Theoretical representation of compression splice gap closure causing truss deflection.
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existing gaps to close.  For the smaller tested gap
size of 1/16”, the gap often closed primarily due to
tooth-slip, whereas local plate buckling was more
prevalent in joints tested with a 1/8” gap (6).  In any
case, the buckling or slip necessary to close the
allowable gap sizes of 1/8” and 1/16” is small and
will not cause joint failure.  Thus, although buck-
ling of the metal connector plate is undesirable, a
large number of full-scale tests have shown that
compression joints perform well and transfer the
forces with a substantial margin of safety even after
local buckling or joint slip occurs.

From a design standpoint, localized plate buck-
ling at gaps does not affect the strength of the truss;
however, deflection due to deformation of the com-
pression joint may be important from a serviceabil-
ity standpoint for parallel chord floor trusses, which
are often limited by deflection criteria.

Consideration of gap closure in the top chord
member of a parallel chord wood truss shows its
effect on deflection.  For example, consider a top
chord compression splice, with a uniform gap, at
the centerline of the truss (see Figure C8.4-3).
Assuming that each half of the truss will rotate

about the bearing until the wood members bear at
the centerline of the gap, the deflection of the truss
can be calculated as follows:

§E8.4-1

§E8.4-2

§E8.4-3

The graphical representation of compression splice
gaps versus truss deflection is shown in Figure
C8.4-4.

The tighter gap criterion for floor truss chord
splices of 1/16”, versus 1/8” allowable gap for all
other joints, is consistent with the serviceability
considerations related to floor trusses.  Another
measure the Truss Designer can consider for im-
proved serviceability is the use of heavier gauge
metal connector plates on compression chord splices
(6).

tanθ =
GAP

D2

∆ = ( )tan /θ L 2

∆ =
( )GAP L

D4

∆

θ

θ
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Figure C8.4-4.  Graphical representation of compression splice gap closure versus truss deflection.
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§8.5 - TENSION

§8.5.1 - The resistance of a metal connector plate
to tensile forces is one measure of its ability to
fasten wood members together where the tensile
forces must be transferred through the metal con-
nector plate from one wood member to another.
Factors affecting the performance of the metal
connector plate, neglecting the effects of the metal
connector plate teeth and of the wood members,
include: length, width, and thickness of the metal
connector plate; location, spacing, orientation, size,
and shape of holes in the metal connector plate;
edge distance of the holes in the metal connector
plate; and properties of the test metal.

In the case of nail-on plates, their performance is
also influenced by the type, size, quantity, and
quality of the nails used for load transfer, as well as
the method of installing the metal connector plates
and their fasteners.

Plates are tested for tension design values based
on both orientations of the plate length with respect
to direction of load (i.e., parallel and perpendicular
per Section 5.4.5).

§8.5.2 - Because the tension capacity of a metal
connector plate depends on its tooth pattern and
configuration, a tensile effectiveness ratio is used to
indicate the punched steel-to-unpunched steel
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strength in tension, where the unpunched steel is a
solid metal control specimen.

§8.5.3 - Generally, the required tension capacity
at a joint can be provided by using connector plates
equal in width to the chord material.  The capacity
of this type of joint is limited by the net section of the
connector plates.  When the capacity of this net
section is exceeded, a connector plate might be
used that is wider than the chord, sometimes in
combination with a wood splice block.  However, in
these cases, the actual metal connector plate width
that is effective in transferring the tension across
the joint interface is limited by a maximum allowable
effective width for both mid-panel and panel point
splices per Sections 8.5.3.1 and 8.5.3.2 respec-
tively.

§8.5.3.1 - The arrangement shown in Figure 8.5-
1, when tested, usually exhibits an initial tensile
failure, beginning at the lower edge of the chord-
splice interface, followed by a shear failure along
the interface formed by the chord and splice block.
The initial tensile failure at the lower edge of the
chord-splice interface is caused by the eccentricity
in this type of joint.  This type of failure and the need
to limit the maximum effective width of metal
connector plates that extend beyond the chord edge
at mid-panel tension chord splices has been shown
by a variety of studies (7, 9, 10, 12).

Early work in this area found that for a specific
plate length, the plates’ effectiveness for transfer-
ring tension forces decreased as the extension of
the plate width increased.  This initial work con-
cluded that as the extension becomes wider, less
stresses are transferred into the upper section of the
extension (7).  Consequently, the Truss Plate Insti-
tute of Canada established criteria to modify the
total metal connector plate effectiveness for blocked
tension splices using an empirically derived equa-
tion to compute a reduction factor, K (8).  The
factor, K, is used to reduce the tensile strength of
the metal connector plate based on the width of the
wood member being spliced (h), and the extension
of the metal connector plate above the upper edge
of the wood member (X).  Figure C8.5-1 shows the
Canadian equation graphically.

Later test data showed that the effective width of
the metal connector plate across a blocked tension
splice is less than or equal to the width of the metal
connector plate on the chord member plus one inch
(9).  This data, as summarized in Tables C8.5-1(a)
and (b), is the basis for the maximum 1-inch limit
past the chord edge for splices with a block as
shown in Figure 8.5-1.

When both blocked and unblocked tension splices
are tested, it can be seen that the tensile strength
can be increased more by blocking the extended
plate connectors.  The increased capacity of the
blocked splice is due to two effects of the block at
the extended section; first, the block prevents buck-
ling of the plates under compression, and second,
stresses are distributed not only into the extended
plates, but also into the wood blocking (7).

Other research found that the length of the metal
connector plate on the tension splice had a signifi-
cant effect on the ultimate tension capacity of the
splices (10).  Analysis of this test data, based on
testing of 101 tension splice joints, produced an
empirically derived equation to determine effective
width based on connector plate length as follows:

Wp = d – dle – 1/2 + 0.12Lp

The determination for the effective width of plates
at mid-panel tension chord splices specified in the
Standard since the 1995 edition combines this effect
of metal connector plate length in developing the
tensile capacity of the joint with upper limits for the
maximum effective distance the metal connector
plate can extend past the chord member, xmax (1/2-
inch and 1-inch for unblocked and blocked, respec-
tively).

The following example shows the application of
the criteria outlined in Section 8.5.3.1:

Given:
Vt = 1000 pli/pair
Bottom chord axial tensile force = 4000 lbs
Bottom chord size = 2x4
Edge distance = ¼”
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Figure C8.5-1. Approach for modifying the total metal connector plate effectiveness for blocked tension
splices as used by the Truss Plate Institute of Canada (TPIC).

TABLE C8.5-1(b)
2x6 CHORD TEST RESULTS

 6x8.8 10,650 lbs steel tension/shear
 6x8.8 10,300 lbs steel tension/shear
 6x8.8 10,770 lbs steel tension/shear
 6x8.8 10,430 lbs steel tension/shear

PLATE ULTIMATE LOAD FAILURE MODE

 3x5.3 7,520 lbs steel tension
 3x5.3 6,760 lbs steel tension
 3x5.3 6,570 lbs steel tension
 3x5.3 6,890 lbs steel tension

AVERAGE 6,935 lbs.
6935/3 = 2312 lbs/in/pair

AVERAGE 10,538 lbs
10538/2312 = 4.56 in. effective width

 9x17.5 30,420 lbs steel tension
 9x17.5 30,130 lbs steel tension/shear
 9x17.5 29,600 lbs steel tension
 9x17.5 30,150 lbs steel tension/shear

PLATE ULTIMATE LOAD FAILURE MODE

 5x15 22,630 lbs steel tension
 5x15 22,680 lbs steel tension

AVERAGE 22,655 lbs.
22655/5 = 4531 lbs/in/pair

AVERAGE 30,075 lbs
30075/4531 = 6.64 in. effective width

TABLE C8.5-1(a)
2x4 CHORD TEST RESULTS

h=3.5" h=5.5" h=7.25" h=9.25" h=11.25"

K=0.97e-(0.1+0.012(3.5-h)X

TENSILE SPLICE EXTENSION
K=0.97e-(0.1+0.012(3.5-h)X

EXTENSION OF PLATE, X (in)

0.98

0.96

0.94

0.92

0.9

0.88

0.86

0.84

0.82

0.8

0.78

0.76

0.74

0.72

0.7

0.68

K

0.5 1 1.5 2 2.5 3 3.5
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Wp = Pmax/Vt = 4000/1000 = 4"

1) Try unblocked, then:
x = 1/2" max
Wp = d + x - dle
= 3.5 + 0.5 - 0.25 = 3.75" < 4"  NG

2) Try blocked, then:
x = 1" max
Wp = d + x - dle
= 3.5 + 1 - 0.25 = 4.25" > 4"  OK

∴ Use a 4" wide metal connector plate with block.
Lateral resistance should also be checked to deter-
mine the required length of the metal connector
plate.

§8.5.3.2 - A bottom chord pitch change in a
scissors truss is an example of a joint addressed by
this section that might require reduction of the
actual metal connector plate width to an effective
tensile width.

Earlier editions of the Standard did not specify
how to compute the maximum effective width of
this type of joint (i.e., panel point tension splices).
The 1995 edition required that reductions of the
actual plate width to an effective tensile width be
made, which was to be as specified by the Truss
Designer, and the Commentary did not provide any
guidance other than to state, “Uneven force distri-
butions through a joint of this nature make it
difficult to assess the effective tensile width of
the metal connector plate.  Other variables such
as tooth patterns and configuration add to this
difficulty. Misra and Esmay (1966) provided
some insight regarding the effect of tooth con-
figuration on tensile strength of metal connector
plates.”

The limit in the 2002 edition of 1.5 inches past the
inside edge of the chord is based on empirical data.

§8.6 - SHEAR

§8.6.1 - The resistance of a metal connector plate
to shear forces is one measure of its ability to
transmit loads from wood member to wood member
where the forces must be transferred through the

metal connector plate.  Factors affecting the per-
formance of the metal connector plate, neglecting
the effects of the metal connector plate teeth and of
the wood members, include: length, width, and thick-
ness of the metal connector plate; location, spacing,
orientation, size, and shape of holes in the metal
connector plate; edge distance of the holes in the
metal connector plate; and properties of the test
metal.

 Plates are tested for shear design values based
on six orientations of the plate length with respect to
the wood shear plane as specified in Section 5.3.5.

§8.6.2 - Like tension capacity, the shear capacity
of a metal connector plate depends on tooth pattern,
and thus a shear resistance effectiveness ratio,
indicating the punched steel-to-unpunched steel
strength in shear, is used to determine allowable
shear capacity.

§8.6.3 - Equation E8.6-2 gives a required plate
dimension with respect to shear based on shear
capacity per unit plate length.  However, as a plate
size increases, the ultimate unit shear strength de-
creases when the length of any unsupported plate
edge increases as a result (11).  Thus, if a plate has
unsupported plate contact areas, this design check
alone is not sufficient to determine if a plate has
enough capacity to carry the shear load, and so
Sections 8.6.4 and 8.6.6 must be met as well.

§8.6.4 - The use of a limited effective area
(“triangle”) within unsupported plate areas (see
Figures 8.6-1(a)-(d)) for determining shear capac-
ity was first introduced as part of an interim design
methodology for 4x2 and 2x4/2x6 parallel chord
trusses in supplements to the 1980/1985 editions of
the Standard (12, 13).  These interim design meth-
odologies were developed in order to address the
then-new observances, in the early 1980’s, of shear
buckling in unsupported plate areas, as longer spans
of 4x2 parallel chord trusses were increasingly
being used in commercial and industrial buildings.
Thus, the combined effect of larger member forces,
due to longer spans, and limited surface area of
wood available for plating, based on the 4x2 orien-
tation, resulted in observed occurrences of shear
buckling in the unsupported areas of the plate (i.e.,
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Figure C8.6-1.  Blocked bottom chord tension splice
joint with side shear plates.

areas of plate not in direct contact with the wood)
that had not been previously observed.

At the time that the interim design methodologies
were issued, there was no published information on
the subject of plate buckling in the unsupported
areas of the plate.  The provision in the interim
design methodologies limiting the effective area of
the plate to a fixed triangular area was based on
unpublished, proprietary testing results and the col-
lective experience of several companies and lead-
ing technical personnel in the industry.  A research
study later confirmed that plate buckling does occur
at truss joints having high shear stresses and unsup-
ported plate areas, which can cause premature
failure of the truss joint when the design is based on
full shear strength (11).  Specifically, the research
found that as the length of the unsupported plate
edges increased, the ultimate unit shear strength
decreased.

The methodology set forth in the Standard utilizing
a fixed effective “triangle” area is a conservative
approach to defining shear strength of the metal
connector plates, based on the correlation of shear
strength to unsupported plate height rather than to
unsupported plate area.  In other words, the fixed
triangle area method does not consider any of the
strength contributed by the plate length outside of
the fixed plate area.

§8.6.5 - An example of a joint addressed by
Section 8.6.5 is a blocked bottom chord tension
splice joint, with a single plate on each face acting
in tension as described in Section 8.5.3.1 and two
plates on each face acting in shear, one on either
side of the tension plate (see Figure C8.6-1).

This provision prohibiting the use of side shear
plates at tension splice joints was added to the 2002
edition because side shear plates have been recog-
nized to be largely ineffective, due to a much lower
level of stiffness in plate shear relative to plate
tension.  Testing has shown that less than 20% of
the shear capacity of the side plates may be realized
at the time of joint failure.  Therefore, a splice joint
utilizing side shear plates will fail prematurely if the
design capacity of such a joint includes the full shear
capacity of the side plates.

Much earlier splice tests indicated that attempts
to increase the capacity of the tension splice joint by
adding shear plates on either side of the tension
plate did not significantly add to the strength of the
joint and, consequently, resulted in a lower factor of
safety than a simple, in-line tension splice (14).  A
conclusion from this finding suggests that the use of
heavier gauge plates, less critical splice joint loca-
tions, closer truss spacings, or larger bottom chords
all provide simpler, better alternatives to a complex
blocked splice joint that utilizes shear plates.

§8.6.6 - The provision in Section 8.6.4 that limits
shear capacity in the unsupported areas of the plate
to a triangular area only applies to the joints detailed
in Figures 8.6-1(a)-(d).   Since these details do not
cover all joints subject to shear forces and having
unsupported plate areas (a hip shoulder joint, for
example), the provision in Section 8.6.6 was added
in order to require consideration for shear buckling
in any shear-carrying joint, and not just those for
which the phenomenon of shear buckling was ini-
tially discovered.  It should be noted that this provi-
sion should be applied to those unsupported plate
areas due in particular to round-ended or square-
ended web members, where the potential for a
reduced shear strength should be considered.

§8.7 - COMBINED SHEAR-TENSION

Similar to the provision in Section 8.6.4 for shear
only, this provision for combined shear-tension,
using a fixed limited effective area (triangle) for the
unsupported region of the plate, has been specified
since the interim supplements to the 1980/1985
editions of the Standard (12,13).  Refer to the
Commentary discussion under Section §8.6.4 and
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see also Example C8.6-1, which shows how the
criteria for shear and combined shear-tension apply
to a joint such as an intermediate-height bearing
parallel chord truss.

§8.8 - COMBINED FLEXURE AND AXIAL
LOADING

Background.  Prior to the 2002 edition, the
Standard did not include a design method to account
for moment in metal connector plates.  The 1995
edition addressed combined flexure and axial load-
ing with the following statement, “Design of inter-
panel splices in the top or bottom chord not
located within 12 inches of the calculated point
of zero moment shall include the additional stress
caused by flexure.”  The only guidance provided
for this situation was an approximate approach
presented in the Commentary.  This approach, as
applied to a bottom chord splice for example, was to
convert the applied moment, M, into an equivalent
tension force, Teq, which could be added to the
applied axial tension, Tapp, determined from analy-
sis, to get the resulting design tension force, T (T=
Tapp + Teq).  The following equation was provided in
the Commentary to calculate the equivalent tension
force:

Teq = M/moment arm = M/(d/3) = 3M/d

This method, however, was not validated by any
published laboratory test reports, and some testing
has found the method to be 10 to 15% liberal, i.e.
resulting in safety factors slightly less than 2.0,
particularly in joints where pure moment was tested.
Use of this method for a joint that is subject to both
moment and axial load would likely result in higher
safety factors, since axial tension has a safety
factor of 2.0 to 2.5, which would bring the safety
factor of the joint closer to 2.0.

Published research findings following the 1995
edition of the Standard provided the basis for the
new provisions for designing plate steel section for
effect of moment (Section 8.8.1) and designing
plate lateral resistance for effect of moment (Sec-
tion 8.8.2) in the 2002 edition.

§8.8.1 - Design of Steel Section for Effect of
Moment

The basis for the equations in this section is testing
and theory.  In one study on splice joints, the joints
were tested in combined tension and bending load-
ing, all of which failed in the steel net-section of the
truss plates (15).  The results of the tested speci-
mens were compared against three theoretical
models used to predict the ultimate moment capac-
ity of the steel net-section of the splice joints.  The
equations in Section 8.8.1 are developed from the
most accurate model from this research as vali-
dated by testing.

The method in Section 8.8.1 for designing steel
section for effect of moment accounts for differ-
ences in plate types by considering the steel yield
and ultimate strengths, and its explicit inclusion of
plastic design avoids the need for test-based fac-
tors, thus eliminating the need for further testing.
The equations incorporate a safety factor of 2 for
the steel net-section failure of the truss plates, as
well as an additional factor of 1.11 to account for
variability in the test data, wood characteristics,
effective plate width, and for the equation derived
from the research being as much as 11%
unconservative.

Since the equation for allowable moment capacity
(E8.8-1) is based on the assumption that the neutral
axis is located within the truss plate, the calculated
location of the neutral axis (yc) should be checked to
ensure that this assumption is not violated.  To
check that the neutral axis lies within the truss plate,
the following equation can be used:

c Py 1 2W≤

If the neutral axis does not lie within the truss
plate, equation E8.8-1 is not valid for this situation.
This will occur in cases with very small bending
moments and large tension forces.  Figure C8.8-1
shows graphically the variables used in E8.8-1.
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Given: 20 gauge plates
Vs|| = 600 pli/pair VS⊥= 650 pli/pair
Vt|| = 1000 pli/pair Vt⊥ = 700 pli/pair
R = 4000 lbs

Calculated data:

PTW = 5656.8 lbs  (assuming web at 45°)
PR = 4000 lbs
L1 = 6.53"
L2 = 3.53"
L3 = 6.41"
L4 = 3.53"

1) Shear check:

a) L1 (Vs||) ≥≥≥≥≥ |PL - PR| (E8.6-3)
6.53(600) = 3918 < 4000  NG

Try c =1/4", then L1 = 6.78"
6.78(600) = 4068 > 4000  OK

b) L3 (VS⊥)  ≥≥≥≥≥  PTWsinθθθθθ (E8.6-4)
6.41(650) = 4167 > 4000  OK

2) Combined shear-tension check:

(Xst L2) + (Yst L4) ≥ PTW             (E8.7-1)

( )t s||
st s||

V V
X V

90
⊥ − θ

= +

Xst = 600 + 0.5(700 - 600) = 650

( )s t||
st t||

V V
Y V

90
⊥ − θ

= +

 Yst = 1000 + 0.5(650 - 1000) = 825

650(3.53) + 825(3.53) = 5206.8 < 5656.8  NG

3) Try 16 gauge plates:

Vs|| = 900 pli/pair      VS⊥ = 925 pli/pair
Vt|| = 1600 pli/pair     Vt⊥ = 950 pli/pair

L1 = 6.85" L2 = 3.85"
L3 = 6.73" L4 = 3.85"

Check shear:

6.85(900) = 6165 > 4000  OK
6.73(925) = 6225 > 4000  OK

Check combined shear-tension:

Xst = 900 + 0.5(950 - 900) = 925
Yst = 1600 + 0.5(925 - 1600) =1262.5

(925+1262.5)3.85 = 8421.9 > 5656.9  OK

∴ Use 16-gauge plates
R = 4000#

PTW = 5657#

L2

c = 1/2" L1

L4

L3

PR = 4000#

45°

a

a

b = 1/8"

Example C8.6-1.Intermediate-Height Bearing Parallel Chord Truss
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Figure C8.8-1. Designing steel section for effect of moment.

d1 Wp

1/2 d1

1/2 Wp

A

A

yc

neutral axis
chord CL

Profile (B-B) Cross-section (A-A)

B

Bd2

t1

The wood at a joint carrying moment is loaded,
due to that moment, in compression normal to the
joint line.  Equation E8.8-1 was specifically devel-
oped for the case of a chord splice where the joint
line was perpendicular to the lengths of both wood
members.  For this reason, the parameter C was
specified to be based upon the allowable wood
stress parallel to grain (Fc*) increased by 20 percent
to remove the safety margin on wood strength
(since this equation is for design of steel).  For joints
designed to transfer moment across a joint line at an
angle parallel to the wood member length, such as
at a T-type joint, the parameter C should be re-
placed with the allowable compression perpendicu-
lar to grain strength (Fc-perp) of the member par-
allel to the joint line.  Similarly, such joints where the
joint line is at an angle between 0 and 90 degrees to
the wood member length may use an interpolated
value between the Fc-perp and the 1.2Fc* values.
The Hankinson formula as shown below may be
used for such interpolation:

where theta is the angle between the joint line and
the wood member.  The lower C for either of the
wood members (at a 2-member joint) should be
used for design of the plate.

Interaction Equation.  The equation for allow-
able moment capacity with respect to steel capacity
is based on both moment and tension, so the ratio of
applied moment to allowable moment indicates only
the additional moment stress that may be applied,
not the additional moment and tensile stress that can
be applied.  A conventional combined stress index
type of equation can be used by determining the
allowable moment for a tension load of zero, and the
allowable tension for a moment of zero, and then
using those values in the conventional linear interac-
tion equation (shown below).  This linear interaction
equation provides conservative estimates of the
steel net-section capacity.

applied tension applied moment 1.0
allowable tension allowable momen_ _ t

_ _
+ ≤

§8.8.2 - Design of Plate Lateral Resistance for
Effect of Moment

The tooth holding stress due to moment, VM, is
determined in Section 8.8.2 using a plastic theory
method, which has been shown by testing to be
more accurate than elastic assumptions (16).  Be-
cause this stress (VM) acts in all directions, it must
be considered as acting in combination with the
resultant vector of the other tooth holding stresses
(i.e., from axial and shear forces), and the sum of
these stresses must be limited to the allowable tooth

*
cperp c

*2 2
cperp c

F F
C

(F sin F cos )
×

=
θ+ θ

Kelly
Profile (B-B)

Kelly
section (A-A)

Kelly
Cross-
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Figure C8.8-2. Tooth holding stress due to moment, VM = 4MA/AefD.

Aef

Aef/h

hD

Effective Plate Area Rectangle Equivalent to Effective Plate Area

holding stress at the angle of the resultant vector.
This check is addressed by equation E8.8-3.  A
second check is also required to ensure that the
moment stress does not exceed the allowable tooth
holding stresses at any orientation, which is checked
by equation E8.8-2.  These two checks can be
summarized as follows:

[Moment Stress +   < Allowable stress at angle
Shear/Axial Stress] of Shear/Axial Stress

 Moment Stress       < Allowable stress at any
           angle for the plate/wood

Figure C8.8-2 illustrates the plastic method to
determine tooth holding stress due to moment, cal-
culated as 4MA/(AefD), where D is the diagonal of
a rectangle equivalent to the effective plate area,
Aef.

§8.9 - NET SECTION LUMBER CHECK (h’)

§8.9.1 - Another critical factor in the design of
metal connector plates, aside from the plate tooth
holding, shear, and tensile strength considerations,
is the wood strength of the reduced net section
where a metal connector plate is attached, espe-
cially for tension members.  The requirement that
the allowable axial stress (Fc or Ft) of the wood
member is not exceeded on the reduced net section
has been specified since the 1985 edition.

Figure 8.9-1 illustrates the reduced net lumber
section on three typical truss member joints.  The
dimension designated h’ on the tension members
indicates the effective width of the wood tension
member which is stressed at the actual location of
the joint.  The dimension ‘d2’ represents the thick-
ness of the member (usually 1½”).  Therefore, the
effective cross sectional area at the joint resisting
the tension force equals h’xd2.  When the axial
force in the tension member divided by the effective
cross sectional area exceeds the allowable tension
stress, Ft, for the wood tension member, the poten-
tial of wood tension failure at the reduced net cross
section exists.  This mode of failure can be consis-
tently reproduced in load test studies.

Note that for a heel joint, the h’ dimension on the
bottom chord extends from the top of the plate on
the bottom chord to the lower edge of the bottom
chord (see Figure 8.9-1).  If the effective width of
the bottom chord at the heel joint were considered
only to extend to the bottom of the plate, then the
shear capacity of the wood along the bottom of the
plate would be added to the total capacity.  How-
ever, a shear failure at this location (the shear line
being the bottom edge of the plate) is not consistent
with the failures observed at heel joints, which are
always vertical fractures.  Thus, assuming rela-
tively small edge distances from the bottom of the
truss plate to the bottom of the chord, the effective
width of the bottom chord at a heel joint can be
considered as extending to the bottom of the chord.

Kelly
<

Kelly
<
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Figure C8.9-1.  For the top chord in this detail, h' is
defined by the metal connector plate that covers the
largest depth of the chord member.

h'

d2

The dimension designated h’ on the compression
members indicates the effective width of the wood
compression member which is stressed at the actual
location of the joint.  The effective cross section at
the joint resisting the compression force also equals
h’xd2.  When the axial force in the compression
member divided by the effective cross sectional
area exceeds the full allowable compression stress,
Fc, for the wood compression member, the potential
for a wood compression or shear failure exists.

The dimension, h’, for the top chord of a heel joint
with overlapping double metal connector plates, as
shown in Figure C8.9-1, is defined by the metal
connector plate that covers the largest depth of the
top chord.  The dimension, h’, for the bottom chord
of this same joint is defined by adding the effective
width of each plate.  The distance between the
plates in this joint should be evaluated based on the
allowable horizontal shear and tension values of the
bottom chord wood member.

§8.9.2 - The 1600 lb/in limit specified in Section
8.9.2 was added to the 2002 edition of the Standard
to check against a wood “chunk-out” failure at
tension joints, which testing has shown to be a
failure mode that can occur, particularly with nar-
row-face plating.

Test data from applications with plates on the
narrow faces of 2x4 lumber has shown that the
relatively high stress concentrations in the outer-
most portion of the narrow lumber faces where the
teeth penetrate can result in premature wood frac-

ture when a knot or other grain deviation occurs
near the plate.

Based on this empirical limit, the maximum nor-
mal duration tension load is 2400 lb for a 4x2 or 3x2,
and 4800 lb for two 4x2s or two 3x2s.

§8.10 - INTERACTION BETWEEN PLATES
AND OTHER FASTENERS

§8.10.1 - The new provisions in the 2002 edition
for increasing dowel bearing strength of lumber
with the use of metal connector plates are based on
testing of over 200 joints.  Bolt capacities have been
found to have 2 to 3 times standard design values
when nail plates were used to reinforce the wood
(17).

§8.10.2 - The 1995 and earlier editions did not
address the situation where fasteners, such as
hanger nails or bolts that were not included in the
truss design, are driven through a metal connector
plate for the purposes of installation.  Thus, ques-
tions regarding the acceptance of any extraneous
fasteners were necessarily directed back to the
Truss Designer.

Because the addition of other fasteners at a truss
joint is not uncommon, the 2002 edition recognizes
this situation as being acceptable as long as the
fastener hole is away from the critical steel shear or
tension plane in the joint.  The 1-inch limit that
defines the critical location relative to the joint line
is based on engineering judgment having achieved
general consensus.

§8.11 - TENSION PERPENDICULAR TO
GRAIN

The bite of a metal connector plate onto a chord
member that is subject to perpendicular to grain
forces is critical in relation to the amount of axial
force that can be transferred through the joint.  This
is due to the low resistance of lumber to horizontal
shear and tension perpendicular to grain stresses
(18).  As this becomes a member design issue,
Section 8.11 refers to Section 7.4.3.3 to determine
the amount by which to extend the metal connector
plate past the member centerline.  See Commentary
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Section §7.4.3.3 for the basis of the 800-lb limit and
additional discussion.

§8.12 - PLATE POSITIONING TOLERANCE

§8.12.1 - Section 8.12 relates design to manufac-
turing by establishing design-based quality criteria
tolerances to be used in the manufacture of metal
plate connected wood trusses.

The provision for calculating a plate positioning
tolerance for each joint replaces an earlier, stan-
dardized metal connector plate location tolerance of
1/2", or 3/4", depending on the plate dimensions (see
Figure C8.2-1).  This tolerance was specified in the
1995 edition to address the first of two necessary
considerations relating to a plate’s position on the
joint if translated from its intended design position,
namely the need for sufficient steel net section at
the joint line as well as sufficient net section lumber.
This set amount of plate misplacement was consid-
ered to be acceptable for all joints, based on engi-
neering judgment that it would not have an adverse
affect on a joint, provided there was still sufficient
teeth in each joint member contact area.  Thus, a
second consideration relating to the plate’s position
at the joint involved a determination of the number
of effective teeth in each plate contact area for each
member to ensure that the minimum required num-
ber of teeth as determined per design was equaled
or exceeded.

In comparison, the calculated plate positioning
tolerance per Section 8.12 provides the Truss Manu-
facturer with a single, design-based allowable plate
translation in any direction at any joint, and particu-
larly for those joints that are selected for joint
inspection per the in-plant quality assurance pro-
gram (See Chapter 3).

§8.12.2 - Section 8.12.2 specifies the minimum
amount of information that must be depicted on the
Joint QC Detail, a full-scale graphical detail of a
truss joint that shows positioning tolerances calcu-
lated by the Truss Designer for any particular joint
of a truss.  This information, at a minimum, ensures
that the Joint QC Detail can be effectively aligned
on the actual truss joint and accurately display the
region on the truss within which the center of the

actual plate must be located to be in conformance
with the truss design.   The region of allowable plate
movement may in some cases be a single point, it
may be a polygon defined by four maximum points,
or it may be an irregular shape that is defined by
many more than four points.

In order for the Joint QC Detail to be an effective
tool for use by the Truss Manufacturer in an in-plant
quality assurance program, the Joint QC Detail
must be able to be printed on an 8-1/2" x 11"
template, such as a sheet of velum.  The detail may
not always show all member or plate edges at the
joint; it is only necessary that enough reference
lines with respect to the wood members and the
center point of the plate at design position are shown
in order to align the detail on the joint.

Additional items that may be shown on the Joint
QC Detail to assist in the Truss Manufacturer’s
inspection of the joint include angled reference lines
defining the maximum allowable plate rotation (posi-
tive or negative) from the primary axis of the plate,
and shapes that represent, to scale, 20% (10% for
narrow faces) of the plate contact area on each
member at the joint.  This amount of plate contact
area at each member is permitted to contain any
combination of lumber characteristics (e.g., a loose
knot, wane, etc.) and flattened teeth, and the Truss
Manufacturer will conduct a visual inspection that
this amount is not exceeded.  Figure C8.12-1 shows
an example of a QC Joint Detail, which depicts
these additional items.

§8.12.3 - Joint Stress Index has been defined in
the 2002 edition to effectively quantify the stress
level of a plate contact area, given its location (as it
relates to: number of teeth in the plate contact area,
net section steel, and net section lumber) and all
applicable design forces acting at the joint.  Be-
cause it is computed by taking the ratio of applied
force to allowable design force, the Joint Stress
Index should never exceed 1.0, similar in concept to
a combined stress index (CSI) for wood members,
except the JSI is computed for each joint design
force separately, with the maximum JSI controlling.

Defining a Joint Stress Index provides two useful
purposes in the context of the associated quality
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Figure C8.12-1.  An example of a Joint QC Detail that can be printed on an 8-1/2x11 velum sheet and aligned
on the truss joint for inspection purposes by the Truss Manufacturer.
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criteria for the manufactured truss (Chapter 3).
First, it provides a means to characterize the amount
a plate can be translated from its design position in
any given direction before it becomes critical (i.e.,
JSI = 1.0).  Thus, the JSI is used to determine a plate
positioning tolerance and create a Joint QC Detail
that is customized to any joint.

Second, the JSI can be used as an indicator of
those joints in a truss that are critical to the struc-
tural performance of the finished product, and thus
are more critical in terms of proper plate placement
during the manufacturing process.  A joint that is
fully, or near fully, stressed will be critical such that
the performance of the truss will depend on its
proper placement.  In contrast, a joint where the
connector plate is stressed to only half its capacity
will unlikely influence truss performance, even if

potentially located “out of tolerance” by an amount
that is not apparent without inspection.  Thus, the
JSI of the joint is also used to determine which joints
of a truss must be inspected, at a minimum, as part
of a Truss Manufacturer’s in-plant quality assur-
ance program (see Sections 3.7.1 and A3.1).

§8.12.3.1 - A plate positioning tolerance that is
used for the Plate Placement Method (PPM) of
joint inspection per Chapter 3 must account for all
stress checks and must ensure that the allowable
plate translation will not displace too many teeth
from any contact area based on the lateral resis-
tance requirements (i.e., required number of effec-
tive teeth) for each area.  This must be accounted
for in the PPM plate positioning tolerance because
the PPM does not include a determination of the
actual number of effective teeth in each plate
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contact area as part of the inspection procedures
for joint acceptance.  Thus, an inspected plate that
falls within the PPM positioning tolerance will be
assumed to have enough teeth provided in each
contact area.

A minimum 1/2-inch tolerance (in any direction)
for all design checks other than lateral resistance is
permitted in order to maintain consistency with
earlier editions (i.e., 1995 edition) of the Standard.
Because the PPM positioning tolerance accounts
for all design stress checks, it is possible that the
maximum translation of the plate in any direction
could be governed by the steel strength (e.g., the
tension or shear JSI) rather than by plate lateral
resistance.  The 1995 edition contained a Plate
Location Tolerance that permitted plate translation
of up to 1/2" for all plates (and 3/4" for plates over
a given length and width), provided the effective
tooth requirements were met.  Thus, it is reasonable
to allow a plate, whose translation in any given
direction is not controlled by grip, to have a minimum
1/2-inch tolerance for translation in that direction.
For the rare case where a steel stress check would
otherwise indicate a maximum allowable translation
of less than 1/2 inch based on steel JSI, it can be
assumed that the steel safety factor adequately
accounts for this.

§8.12.3.2 - A plate positioning tolerance that is
used for the Tooth Count Method (TCM) of joint
inspection per Chapter 3 must only account for all
non-grip checks because the TCM includes a sepa-
rate criterion that involves a determination of the
actual number of effective teeth in each plate
contact area.  Once determined, this number must
be compared to the required number of effective
teeth, which is computed by the Truss Designer per
Section 8.4.3.2.

The basis for the 1/2-inch tolerance in any direc-
tion is the same as discussed in Section §8.12.3.1
for the PPM positioning tolerance, which is to
maintain consistency with the Plate Location Toler-
ance that was specified in the 1995 edition.  The
only difference with this positioning tolerance is that
there will always be a minimum 1/2-inch tolerance
in every direction, since plate grip is a separate
consideration and has a separate quality check.
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1.0 INTRODUCTION: NATIONAL STANDARD
AND RECOMMENDED GUIDELINES

In 1995, the Wood Truss Council of America (WTCA)
published WTCA 1-1995, Standard Responsibili-
ties in the Design Process Involving Metal Plate
Connected Wood Trusses.  WTCA 1-1995 was
published through an open consensus based com-
mittee approach and provided a guideline involving
responsibilities associated with the use of metal
plate connected wood trusses (“Trusses”) in con-
struction.

The purpose of this document is to: (a) define as a
Standard the usual duties and responsibilities of
the Truss Manufacturer and Truss Designer for the
benefit of the Owner, Building Designer and Con-
tractor (referred to as the “Standard”); and (b) to
provide recommended guidelines to the Owner,
Building Designer and Contractor on matters re-
lated to the use of Trusses (referred to as the
“Guidelines”).  A proper recognition of the Stan-
dard and Guidelines involving Trusses will result in
better understanding of the expectations of all
involved in construction using trusses, more effec-
tive and efficient use of trusses, and safer and more
economic structures.

As parties may expand or limit their individual
responsibilities by contract or agreement, the Stan-
dard should not be used to establish legal respon-
sibilities where such responsibilities are otherwise
established in a contract or agreement.  The Stan-
dard however will likely be used as the framework
establishing a Truss Manufacturer’s and Truss
Designer’s scope of work in their contracts for the
design, manufacturing, sale and/or delivery of
Trusses.

2.0 DEFINITIONS

2.1 Architect: Any registered architect who de-
signs all or a part of the Building Structural

System and/or who produces all or part of
the Building Structural System Design
Documents.

2.2 Building: A structure intended for support-
ing or sheltering a specific use or occu-
pancy.

2.3 Building Structural System: The completed
combination of Structural Elements,
Trusses, connections and systems, which
serve to support the Building’s self weight,
the applicable live load, and environmen-
tal loads.

2.4 Building Designer: The Owner of the Build-
ing or the individual or organization who
contracts with the Owner for the design of
the Building Structural System and/or who
produces the Building Structural System
Design Documents.  The Building De-
signer may be an Architect (see Section
2.1) or Engineer (see Section 2.8).

2.5 Building Structural System Design Docu-
ments: The architectural drawings, struc-
tural drawings, and any other drawings,
specifications and addenda, which set forth
the overall structural design of the Building
Structural System.

2.6 Contract: A legally recognized document
between two or more parties and includes
the agreement between the Truss Manu-
facturer and its customer which sets forth
the terms and conditions (and scope of
work) applicable to the Truss Manufac-
turer.

2.7 Contractor: The Owner of the Building or
the individual or organization who con-
tracts with the Owner for the construction
of the Building Structural System.

APPENDIX A
(NON-MANDATORY)

NATIONAL STANDARD AND RECOMMENDED GUIDELINES ON
RESPONSIBILITIES FOR CONSTRUCTION USING METAL PLATE

CONNECTED WOOD TRUSSES - ANSI/TPI/WTCA 4-2002
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2.8 Engineer: Any registered engineer who
designs all or a part of the Building Struc-
tural System and/or who produces all or a
part of the Building Structural System
Design Documents.

2.9 Legal Requirements: Applicable provi-
sions of all statutes, laws, rules, regula-
tions, ordinances, codes, or orders of any
governmental authority of the United
States of America, any state, and any
political subdivision or quasi-governmen-
tal authority of any of the same, including,
but not limited to, departments, commis-
sions, boards, bureaus, agencies, coun-
ties, municipalities, provinces, and other
instrumentalities.

2.10 Local Building Official: The individual or
organization who in accordance with the
Legal Requirements may impose require-
ments on Truss Manufacturers and Truss
Designers relating to the Trusses and the
Truss Submittals.

2.11 Owner: The individual or organization who
owns the Building, and: (a) either designs
and prepares, or retains the Building De-
signer to design and prepare, the Building’s
Structural System and the Building Struc-
tural System Design Documents; and (b)
either constructs, or retains the Contractor
to construct, the Building’s Structural Sys-
tem.

2.12 Structural Element: A single joist, rafter,
beam, or other structural member (not in-
cluding the Trusses) designed by others
and supplied for the Building Structural
System by either the Truss Manufacturer
or others.

2.13 Structural Element Submittals: Documen-
tation relating to the Structural Elements
that are supplied by the Truss Manufac-
turer, if required by the Contract, submitted
by the Truss Manufacturer to the Local
Building Official, Owner, Building Designer
and/or Contractor for their review and/or
approval.

2.14 Truss: An individual metal plate connected
wood element manufactured by the Truss
Manufacturer, and supplied for the Building
Structural System.

2.15 Truss Designer: The individual or organiza-
tion responsible for the design of Trusses in
accordance with this Standard, the Truss
Design Standard and all Legal Requirements.
The Truss Designer is also referred to as a
Truss Design Engineer when the Truss de-
sign calculations and/or Truss Design Draw-
ings resulting from the design of the Trusses
shall be sealed by an engineer.

2.16 Truss Design Drawing: The graphic depic-
tion of an individual Truss.

2.17 Truss Design Standard: The latest approved
edition of ANSI/TPI 1 National Design Stan-
dard for Metal Plate Connected Wood Truss
Construction.

2.18 Truss Manufacturer: An individual or organi-
zation regularly engaged in the manufactur-
ing of Trusses and who manufactures Trusses
and who may supply Structural Elements for
the Building Structural System.

2.19 Truss Placement Plan: The drawing supplied
by the Truss Manufacturer identifying the
location assumed for each Truss.

2.20 Truss Submittals: The Truss Design Draw-
ings, and the Truss Placement Plan if re-
quired by the Contract, submitted to the Local
Building Official, Owner, Building Designer
and/or Contractor for their review and/or ap-
proval.

3.0 REQUIREMENTS OF BUILDING OWNER
AND QUALIFICATIONS OF BUILDING
DESIGNER AND CONTRACTOR

3.1 To the extent the Legal Requirements require
the involvement of an Architect or Engineer
as Building Designer, the Owner and not the
Truss Manufacturer or Truss Designer, shall
be responsible to comply with such require-
ments.
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3.2 To the extent the Legal Requirements require
the involvement of a licensed Contractor, the
Owner and not the Truss Manufacturer or
Truss Designer, shall be responsible to com-
ply with such requirements.

3.3 The Owner, either directly or by Contract
with the Building Designer and/or the Con-
tractor (and not the Truss Manufacturer or
Truss Designer except as otherwise set forth
in this Standard), shall be responsible for all
matters of the design and construction of the
Building Structural System in accordance
with all Legal Requirements.

4.0 BUILDING STRUCTURAL SYSTEM
DESIGN DOCUMENTS

4.1 The Building Structural System Design Docu-
ments shall provide that the intended function
of each Structural Element and Truss shall not
be affected by adverse influences including,
but not limited to: moisture, temperature, and
corrosive chemicals and gases.

4.2 The Building Structural System Design Docu-
ments shall be sufficiently accurate and reli-
able to be used for facilitating the supply of the
Structural Elements and for developing the
design of the Trusses for the Building, and
shall provide the following:

4.2.1 All Structural Element and Truss
orientations and locations;

4.2.2 Information to fully determine all Truss
profiles;

4.2.3 All Structural Element and Truss
bearing conditions;

4.2.4 The location, direction, and magnitude
of all dead and live loads applicable to each
Structural Element and Truss including, but
not limited to, loads attributable to: roof, floor,
partition, mechanical, fire sprinkler, attic,
storage, rain, wind, snow, snow drift, and
seismic forces;

4.2.5 All Structural Element and Truss
anchorage designs required to resist uplift,

gravity, and lateral loads;

4.2.6 Allowable vertical and horizontal
deflection criteria;

4.2.7 Proper transfer of design loads
affecting the Structural Elements and
Trusses;

4.2.8 Adequate connections between
Trusses and between Structural
Elements, including Truss to Structural
Element connections, except as noted in
the Truss Design Standard.

4.3 The Truss Manufacturer and Truss De-
signer shall not be responsible for the
adequacy of the design of the Building
Structural System or the adequacy of the
Building Structural System Design Docu-
ments.  The Truss Manufacturer and
Truss Designer are not responsible to
evaluate the effect of the Trusses de-
signed on the Building’s Structural Sys-
tem.  The Truss Manufacturer is further-
more not responsible to evaluate the ef-
fect of the Structural Elements supplied
on the Building Structural System.

5.0 CONSTRUCTION  RELATED  ITEMS

5.1 Truss Submittals and Structural Element
Submittals, and any supplemental infor-
mation provided by the Truss Manufac-
turer, shall be provided to the Contractor
or the individual or organization respon-
sible for the installation of the Trusses and
Structural Elements.

5.2 The Truss Manufacturer and Truss De-
signer shall not be responsible for deter-
mining appropriate field storage, handling,
and installation measures for the Trusses
and Structural Elements. Either the Owner,
Building Designer or Contractor, as deter-
mined by Contract or as set forth in the
Building Structural System Design Docu-
ments, shall determine the requirements
of, provide all materials for, and install
adequate temporary bracing for the Build-
ing Structural System.
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5.3 The Truss Manufacturer and Truss De-
signer shall not be responsible to review
or inspect Trusses delivered or to review
and inspect Trusses after erection for any
problems, including dislodged/missing
connectors, cracked, dislodged or broken
members, or any other damage that may
impair the structural integrity of the Truss.
In the event that damage to the Truss is
discovered that would likely impair the
structural integrity of the Truss, the area
within the Building shall remain clear and
free of plumbing, electrical, mechanical,
bridging, bracing, etc. until such field re-
pairs have been properly completed.

5.4 Where required by Contract, the Truss
Manufacturer shall be notified in writing as
to the need and extent of any Truss repair
or replacement required.  In such event, all
Truss repairs shall be approved in writing
by a Truss Designer or other qualified
person prior to the performance of the
repair.

5.5 The Truss Manufacturer and Truss De-
signer are not responsible for, nor do the
Truss Manufacturer and Truss Designer
have control of, construction means, meth-
ods, techniques, sequences, procedures,
programs and safety in connection with the
handling, storing, installation and bracing
of the Trusses.  The Truss Manufacturer
and Truss Designer are furthermore not
responsible for the failure to carry out the
construction work related to the Trusses
and the Structural Elements in accordance
with the handling and installation informa-
tion and/or the Building Structural System
Design Documents.

5.6 The Truss Manufacturer and Truss De-
signer are not responsible for the perma-
nent bracing for the Building, including all
the Trusses and Structural Elements.  Al-
though the approximate location for perma-
nent bracing of Truss members subject to
buckling due to compression forces will be
indicated on the Truss Design Drawings to
prevent truss member buckling due to de-
sign loads, it is the responsibility of others

to specify how the permanent lateral bracing
is to be anchored or restrained to prevent
lateral movement if all Truss members buckle
together.  Consideration shall be given  to
one of the following methods for providing
this restraint or anchorage: (a) anchorage to
end walls designed to resist the lateral load-
ing; (b) permanent diagonal bracing in the
plane of the Truss members; or (c) other
means when demonstrated by the Building
Designer or other qualified person to provide
equivalent lateral resistance.

6.0 TRUSS MANUFACTURER
RESPONSIBILITIES

6.1 The Truss Manufacturer shall communicate
the truss design criteria and requirements
from the Building Structural System Design
Documents and those requirements set forth
in writing by the Owner, Building Designer or
Contractor, to the Truss Designer.

6.2 Where required by Contract, Legal Require-
ments or the Local Building Official, the Truss
Manufacturer shall provide Truss Design
Drawing(s) sealed by a Truss Design Engi-
neer.

6.3 Where required by Contract, Legal Require-
ments or the Local Building Official, the Truss
Manufacturer shall submit the Truss Submit-
tals and Structural Element Submittals to the
Local Building Official, Owner, Building De-
signer and/or Contractor for review and/or
approval.

6.4 In preparing the Truss Submittals and the
Structural Element Submittals, the Truss
Manufacturer shall rely on the accuracy and
completeness of information furnished in writ-
ing by the Owner, Building Designer or Con-
tractor, and by the Building Structural System
Design Documents.

6.5 The Truss Manufacturer shall manufacture
the Trusses in accordance with the final and
approved (if applicable) Truss Design Draw-
ings, using the quality criteria required of the
Truss Design Standard.
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6.6 Where required by the Contract, the Truss
Manufacturer shall prepare the Truss Place-
ment Plan.  The Truss Placement Plan shall
be permitted to include identifying marks for
other products, including Structural Elements
otherwise supplied by the Truss Manufac-
turer so that they may be more easily identi-
fied by the Contractor during field erection.
As the Truss Placement Plan serves only as
a guide for Truss installation and requires no
engineering input, it does not require the seal
of a Truss Design Engineer.

7.0 TRUSS DESIGNER RESPONSIBILITIES

7.1 The Truss Designer shall prepare the Truss
Design Drawings based on the truss design
criteria and requirements set forth in writing by
the Owner, Building Designer or Contractor,
by the Building Structural System Design
Documents, and in conformance with the re-
quirements set forth in the Truss Design Stan-
dard.

7.2 The Truss Designer is only responsible for
the singular element design depicted on the
Truss Design Drawing.

7.3 The Truss Designer is also referred to as a
Truss Design Engineer when the Truss de-
sign calculations and/or Truss Design Draw-
ings resulting from the design of the Trusses
shall be sealed by an engineer as required by
the Contract, the Legal Requirements or the
Local Building Official.  The Truss Design
Engineer shall define the scope of work un-
dertaken with respect to sealed Truss Design
Drawings as required by Legal Requirements.

7.4 To the greatest extent possible, repair de-
signs shall be based on: applicable wood
engineering standards such as the Truss
Design Standard, the National Design Speci-
fication® for Wood Construction, NDS® and
other code recognized reports and standards;
design loads specified in the Building Struc-
tural System Design Documents, or otherwise
specified in writing, and used in the prepara-
tion of the original Truss Design Drawing(s);
the determination of forces and moments

present at the repair location based on
structural analysis; and re-evaluation of
all member stresses and deflections and
joint designs (plating) for the repaired
condition using the Truss Design Stan-
dard design criteria.

Copyright © 2002 Truss Plate Institute, Inc. and Wood
Truss Council of America, Inc.  A Commentary to this
document is available at www.woodtruss.com.
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APPENDIX B
(NON-MANDATORY)

RECOMMENDED MINIMUM DESIGN LOADS

B.1  GENERAL

These loads are suggested in the absence of
other design criteria more suitable to the area or
conditions of use.  Certain applications may
permit lower loads while others may require
higher values; local conditions should be inves-
tigated before proceeding with the design.

Loads as specified herein are recommended
for metal plate connected wood trusses.  When
dead loads are applied on a projected horizon-
tal area basis, the effect of the pitch shall be
taken into account.   In no case shall the weight
of the truss be neglected in its design.

See Minimum Design Loads for Buildings
and Other Structures, ASCE 7, for more de-
tailed, recommended design loads.

B.2  GRAVITY LOADS

B.2.1 Top chord live load is considered as
snow, rain, wind or any other load which may be
removed or is not permanently attached to the
top chord.

B.2.2 Bottom chord live load

Habitable attics 30 PSF
Uninhabitable attics 20 PSF
Accessible attics See B.2.7
Non-Accessible
   Ceilings No live load

B.2.3 Top chord dead load:  actual weight of
material but not less than 7 PSF for residential
use.

B.2.4 Bottom chord dead load:  actual weight
of material but not less than  7 PSF for residen-
tial use.

B.2.5 Habitable attics are herein defined as
attic spaces served by a stair and having not
less than 7 ft in any horizontal dimension and a
ceiling height not less than 7 feet with the follow-
ing exception: not more than 50 percent of the
required floor area of a room or space is permit-
ted to have a sloped ceiling less than 7 feet
(2134 mm) in height with no portion of the
required floor area less than 5 feet (1524 mm) in
height (per IRC R305.1).

B.2.6 Uninhabitable attics are herein defined
as attic spaces served by a stair, having a
minimum clear height greater than 6 feet, but not
meeting the requirements described in B.2.5.
See Figure B-1.

B.2.7 Accessible attics are herein defined as
those served by a scuttle or a pulldown stair.
Bottom chord minimum total load is 10 PSF.

B.2.8 Non-accessible ceilings are herein de-
fined as those with no means of access.

B.3 RECOMMENDED MINIMUM LOADS

Recommended minimum design dead loads
are shown in Table B-1.
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Figure B-1 Minimum clear height for uninhabitable attics.
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TABLE B-1
Minimum Densities for Design Loads from Materials

CEILINGS
Acoustical fiber tile   1
Gypsum board (per 1/8" thickness                    0.55
Mechanical duct allowance   4
Plaster on tile or concrete   5
Plaster on wood lath   8
Suspended steel channel system   2
Suspended metal lath and cement plaster 15
Suspended metal lath and gypsum plaster 10
Wood furring suspension system   2.5

COVERINGS, ROOF & WALL
Asbestos-cement shingles   4
Asphalt shingles   2
Cement tile 16
Clay tile (for mortar add 10 lb):

Book tile, 2-in. 12
Book tile, 3-in. 20
Ludowici 10
Roman 12
Spanish 19

Composition:
Three-ply ready roofing   1
Four-ply felt and gravel   5.5
Five-ply felt and gravel   6

Copper or tin   1
Corrugated asbestos-cement roofing   4
Deck, metal, 20 gage   2.5
Deck, metal, 18 gage   3
Decking, 2-in. wood (Douglas fir)   5
Decking, 3-in. (Douglas fir)   8
Fiberboard 1/2-in.   0.75
Gypsum sheathing, 1/2-in.   2
Insulation, roof boards (per inch thickness):

Cellular glass   0.7
Fibrous glass   1.1
Fiberboard   1.5
Perlite   0.8
Polysterene foam   0.2
Urethane foam with skin   0.5

Plywood (per 1/8-in. thickness)   0.4
Rigid insulation, 1/2-in.   0.75
Skylight, metal frame, 3/8-in. wire glass   8
Slate, 3/16-in.   7
Slate, 1/4-in. 10
Waterproofing membranes:

Bituminous, gravel-covered   5.5
Bituminous, smooth surface   1.5
Liquid applied   1.0
Single-ply sheet   0.7

Wood sheathing (per inch thickness)   3
Wood Shingles   3

FLOOR FILL
Cinder concrete, per inch   9
Lightweight concrete, per inch   8
Sand, per inch   8
Stone concrete, per inch 12

FLOOR AND FLOOR FINISHES
Asphalt block (2-in.), 1/2-in mortar 30
Cement finish (1-in.) on stone-concrete fill 32
Ceramic or quarry tile (3/4-in.)
on 1/2-in. mortar bed 16
Ceramic or quarry tile (3/4-in.)
on 1-in. mortar bed 23
Concrete fill finish (per inch thickness) 12
Hardwood flooring, 7/8-in.   4

* Weights of masonry include mortar but not plaster.  For plaster, add 5 lb/ft2 for each face plastered.  Values given represent averages.  In some cases there is a considerable range
of weight for the same construction.  Reproduced from Commentary to ANSI/ASCE 7 with permission from the American Society of Civil Engineers, June 1995.

Component Load (lb/ft2) Component Load (lb/ft2)

Linoleum or asphalt tile, 1/4-in.   1
Marble and mortar on stone-concrete fill 33
Slate (per inch thickness) 15
Solid flat tile on 1-in. mortar base 23
Subflooring, 3/4-in.   3
Terrazzo (1-½-in.) directly on slab 19
Terrazzo (1-in.) on stone-concrete fill 32
Terrazzo (1-in.), 2-in. stone concrete 32
Wood block (3-in.) on mastic, no fill 10
Wood block (3-in.) on ½-in. mortar base 16

FLOORS, WOOD-JOIST (NO PLASTER)

12-in. 16-in.         24-in.
    Joist sizes spacing spacing       spacing
     (inches): (lb/ft 2) (lb/ft 2)         (lb/ft 2)

        2x6 6     5 5
        2x8 6     6 5
        2x10 7     6 6
        2x12 8     7 6

FRAME PARTITIONS
Movable steel partitions   4
Wood or steel studs, 1/2-in. gypsum board each side   8
Wood studs, 2x4, unplastered   4
Wood studs, 2x4, plastered one side 12
Wood studs, 2x4, plastered two sides 20

FRAME WALLS
Exterior stud walls:

2x4 @ 16 in., 5/8-in. gypsum, 11
insulated, 3/8-in. siding
2x6 @ 16 in., 5/8-in. gypsum, 12
insulated, 3/8-in. siding
Exterior stud walls with brick veneer 48

Windows, glass, frame and sash   8
Clay brick wythes:

4 in. 39
8 in. 79
12 in.              115
16 in.              155

Hollow concrete masonry unit wythes:
Wythe thickness (in in.)   4   6   8 10 12
Unit percent solid 70 55 52 50 48

Light weight units (105 pcf):
No grout 22 27 35 42 49
48 o.c. 31 40 49 58
40 o.c. 33 43 53 63
32 o.c. 34 45 56 66
24 o.c. 37 49 61 72
16 o.c. 42 56 70 84
Full grout 57 77 98  119

Normal weight units (135 pcf):
No grout 29 35 45 54 63
48 o.c. 33 50 61 72
40 o.c. 36 53 65 77
32 o.c. 38 55 68 80
24 o.c. 41 59 73 86
16 o.c. 47 66 82 98

Solid concrete masonry unit wythes(incl. concrete brick):

     Wythe thickness (in in.)   4   6   8 10   12
      Lightweight units (105 pcf): 32 49 67 84 102
      Normal weight units (135 pcf): 41 63 86    108 131



81

Truss Plate Institute ANSI/TPI 1-2002 Appendix C (Non-mandatory)

C.1 GENERAL

ANSI/TPI 1-2002 provides for the design of
individual wood trusses as structural compo-
nents only.  The need for, and location of, lateral
bracing to reduce the buckling length of indi-
vidual truss members is determined as part of
the wood truss design and is the only perma-
nent bracing requirement that will be specified
by the Truss Designer (see Appendix A).  The
permanent bracing specified on the truss de-
sign drawing does not indicate the bracing
requirements for an entire roof or floor system,
nor for the structural safety or overall stability of
the building.

As the Building Designer is responsible for
incorporating the wood truss component into
the building structure, the Building Designer
must determine the lateral bracing details, in-
cluding method of connection and transfer of
member buckling forces to the structure.  This
commentary should provide guidance to the
Building Designer in regards to permanent truss
bracing requirements, including top chord brac-
ing, bottom chord bracing, and web member
bracing requirements. The size, connection,
and anchorage of  permanent continuous lat-
eral bracing for individual truss members may
be determined using the approach given in this
Appendix for computing brace forces (see Sec-
tion C.2).  Other acceptable methods for brac-
ing wood trusses may be determined by the
Building Designer, and additional sources of
information on this topic are provided at the end
of this Appendix.

Other special building design requirements
to achieve total structural integrity, such as
wind bracing, portal bracing, seismic bracing,
diaphragms, shear walls, or other load transfer
elements and their connections to the wood
trusses, must be considered separately by the
Building Designer.  For a discussion on perma-

nent bracing to resist lateral forces imposed on
the completed building by wind or seismic
forces, the reader is referred to "Commentary
for Permanent Bracing of Metal Plate Con-
nected Wood Trusses" (2).

C.2 TRUSS BRACING FORCES

Permanent truss bracing must provide sup-
port at right angles to the plane of the truss to
hold every truss member in the position as-
sumed for it in the design and to reduce buck-
ling lengths.

The brace force (BF) is the force applied at
right angles to the truss member, which will
hold the member in a stable lateral alignment.
The brace force acting on each lateral brace
may be assumed to be 2 percent of the maxi-
mum calculated axial compression force in the
truss member. The brace force should be con-
sidered to act on the lateral brace in both
tension and compression.

To be effective, lateral bracing must be used
in conjunction with diagonal bracing or some
equivalent means of restraint.  The cumulative
lateral brace force (P) that must be restrained
is equal to the product of the brace force (BF)
times the number of trusses supported (NT).
When diagonal bracing is used for restraint, the
number of trusses supported, NT, is the num-
ber of trusses between sets of diagonal braces.
The cumulative brace force (P) must not ex-
ceed the capacity of the bracing members,
bracing nails, or any other connection.

C.3 TOP CHORD PLANE BRACING

Top chord plane permanent bracing must be
designed to resist lateral movement of the top
chord.   Rated sheathing or metal roofing and
other approved materials may be used to act
as permanent lateral bracing if designed as a

APPENDIX C
(NON-MANDATORY)

COMMENTARY ON PERMANENT TRUSS BRACING
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diaphragm.  Where metal roofing materials are
used to act as a diaphragm, the Building De-
signer should specify how the metal roofing is
to be properly lapped and  fastened to transfer
bracing forces.

Purlin spacing must not exceed the design
buckling length of the top chord as specified on
the truss design drawing, and must be ad-
equately attached to the top chord.  In the
absence of an adequate diaphragm to prevent
lateral shifting of the purlins,  the Building De-
signer can specify permanent diagonal bracing
to be attached to the underside of the top chord.
Figure C1 illustrates the necessity for applying
permanent diagonal bracing in the plane of the
top chord despite the use of closely spaced
purlins.

C.4 SPECIAL TOP CHORD BRACING CON-
DITIONS

Special permanent bracing requirements
exist when one truss is placed on top of an-
other, such as in the case of a valley set or
piggyback truss. The top chord of the lower
supporting truss, subjected to axial compres-
sion, must be stabilized to prevent out-of-plane
movement (see Figure C2).

When the lower chord of a valley set is used
to stabilize the compression chord of the sup-
porting truss below, the greater value of le/d,
using panel lengths for in-plane le/d or using the
valley set spacing (distance between points of
lateral support) for out-of-plane le/d, will be
used for the design of the affected truss panels
of the supporting truss. Alternately, full sheath-
ing under the valley set may be specified on the
truss design drawings of the supporting trusses.

C.5  BOTTOM CHORD BRACING

Bottom chord plane permanent bracing is
required to maintain the truss design spacing
and to provide lateral support to the bottom
chord to resist buckling forces in the event of
stress reversal due to wind uplift or loading
conditions that produce compression forces.

In multiple bearing trusses or cantilever con-
ditions, portions of the bottom chord become
compression members and must be braced
laterally to resist buckling in the same manner
as the top chord of simple span trusses.  Figure
C3 illustrates the use of permanent diagonal
bracing in combination with continuous lateral
bracing in the plane of the bottom chord.

Figure C1  Use of roof purlins for top chord permanent bracing.

(b) With diagonal bracing: Permanent di-
agonal bracing nailed to the underside of
the top chords prevents lateral movement.

Ridge line

Roof purlin (typical)

(a) No diagonal bracing: Top chords can
buckle despite closely spaced purlins if
there is no permanent diagonal bracing.

Ridge line
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(a)

Figure C2 Special top chord bracing conditions for: (a) valley truss framing, and (b)
piggyback trusses.

Figure C3  Permanent bracing in the plane of the bottom chord.

(b)

Valley
trusses

Top chords of supporting trusses must
be stabilized to prevent out-of-plane
buckling either by: a) the bottom chords
of the valley trusses, or b) full sheathing
beneath the valley trusses.

Top chords of supporting (base) trusses
must be stabilized to prevent out-of-plane
buckling either by: a) rated sheathing
applied directly to the top chord, or b)
lateral bracing (shown) that is adequately
restrained from lateral movement (e.g.,
with diagonal braces attached to the
underside of the top chord (shown).

Supported truss (cap)

Continuous lateral bracing

Diagonal braces prevent movement of the
lateral braces

≈45°

Base truss
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Figure C4 Permanent diagonal bracing in the plane of the web members serves to: (a)
restrain  the continuous lateral bracing, or (b) provide additional lateral rigidity to the entire
roof system when continous lateral bracing is not required for any web members.

Continuous lateral bracing and associated
diagonal bracing may not be required if the
bottom chords of trusses are braced by an
engineered horizontal diaphragm or gypsum
board sheathing designed and attached in ac-
cordance with the requirements of ASTM C840.

C.6 WEB MEMBER BRACING

Web member plane bracing holds the trusses
in a vertical position and maintains the design
spacing.  In addition, when permanent lateral
bracing is required to shorten the buckling length
of a web member, the required location of the
permanent lateral bracing will be specified on
the truss design drawing.  The lateral bracing
must be restrained by permanent diagonal brac-

ing in the plane of the web members, or by
some other equivalent means, as determined
by the Building Designer (see Figure C4(a)).

When permanent lateral bracing is not re-
quired  for any of the web members per the
truss design, permanent diagonal bracing, at
intervals or continuous as specified the Build-
ing Designer, may be required to provide addi-
tional lateral stability to the roof system (see
Figure C4(b)). Permanent diagonal bracing in
the web member plane may also serve as a
means to control deflections and/or vibration,
per the discretion of the Building Designer.
Permanent bracing intended to serve this pur-
pose should comply with the provisions for
strongbacking (see Section 7.5.2.4).

(a)

(b)

Continuous lateral bracing

Rated sheathing

Compression web members

CeilingDiagonal brace

Rated sheathing

Web members

CeilingDiagonal brace
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D.1 INTRODUCTION

The majority of this Appendix is a reproduc-
tion of the information that was previously speci-
fied as a mandatory portion of the 1995 Stan-
dard (ANSI/TPI 1-1995 Section 10.1).  This
information is presented here primarily for ref-
erence purposes and historical context.

D.2 GENERAL

This method uses tables of factors to deter-
mine chord moments and member buckling
lengths for metal plate connected wood trusses
with chords oriented vertically. This simplified
method of analysis has had extensive use and
was the predominant method for many years
following its development in 1978.  While it is
recognized that a structural analysis using
matrix stiffness methods, or other accepted
methods, will more accurately assess the
stresses in a truss structure, this proven method
still provides a valid alternate method of analy-
sis for use in the design of metal plate con-
nected wood trusses.

The factors in this method were developed
for use with the common triangular, scissors,
mono and flat truss configurations.  The engi-
neer should use judgment with respect to the
applicability of this method for any given de-
sign.

This simplified method is considered to be
conservative.

D.3  DEVELOPMENT

This method was developed based upon many
years of experience in wood truss design and
extensive investigation using the Purdue Plane
Structures Analyzer (PPSA), a matrix analysis

method, on standard truss configurations (see
Figure D1).

In order to develop a satisfactory, yet simpli-
fied design specification, a special project of
405 PPSA computer runs was made in 1978 to
isolate the effects, if any, on bending moments
and buckling lengths of truss configuration, top
chord slope, ratio of chord sizes, ratio of load of
top to bottom chord, and L/d ratio.  Of these
variables, the slope of the top chord was shown
to affect analysis results.

Hundreds more computer analyses were con-
ducted to determine whether a single factor
could be isolated to describe the effect of the
top chord slope.  The primary effort was di-
rected at generating truss spans that would
result in an interaction value of one or less for
top (compression) chords using the NDS-77
design criteria.  This was accomplished by
using PPSA adjusted to permit iteration until an
interaction value of one or less was achieved
for the top chord of a particular truss configura-
tion, span, top chord slope, loading condition,
and lumber grade, size and species.

These analyses also produced effective buck-
ling lengths, which were more precise than
those calculated by TPI-74.  Subsequent in-
vestigation was directed at determining the
relationship between: 1) buckling and moment
lengths and 2) top chord slope.  The data
generated was found to best fit a power curve:

-by ax=

An example of a plot of the power curve
developed from PPSA-generated data is shown
in Figure D2.  The power curves for the buckling
and moment length factor were designated as

APPENDIX D
(NON-MANDATORY)

EMPIRICAL ANALYSIS METHOD FOR TRUSSES WITH LUMBER
ORIENTED VERTICALLY
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Figure D1  Standard Truss Configurations

One Panel

Two Panels

Two Panels

Three Panels

Three Panels

Four Panels

Five Panels

θ

θ

θ

θ

Ls

Two Panels

Ls

Ls

Ls
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"Q" for two-panel and three-panel top chords.
The curves were truncated at a Q value of 0.74.
This was done to preclude the design of high-
slope trusses with spans that are considered
excessive based on experience.

Consequently, it was shown that top chord
design moments could be better described by:

( )2w QL
M

8
=

where Q is a slope-related power function and
is determined by:

( )Q cot β= α θ

and α and β are constants derived from the
PPSA analysis.

D.4  LIMITS

This empirical method is only applicable to
statically determinate trusses. Trusses having

concentrated loads and/or bearings not at panel
points, attic frames, tail-bearing trusses and
trusses with redundant supports require a
matrix analysis in lieu of this empirical analysis.

D.5 DESIGN MODEL

The truss shall be modeled assuming all
members to be pin-connected for determina-
tion of axial forces.  The chords shall be consid-
ered as continuous members (i.e., continuous
slope and continuous over web supports)
pinned only at member ends where the pitch of
the chord abruptly changes.

D.6CHORD MOMENTS

D.6.1 For uniformly distributed loads, top
chord panel point moments and mid-panel mo-
ments shall be calculated as:

M = w(QL)2/8

D.6.2 For uniformly distributed loads, the criti-
cal bottom chord moment shall be calculated
as:

     Q

  2/12 0.876
  3/12 0.798
  4/12 0.747
  5/12 0.740
  6/12 0.740
  7/12 0.740

1.010
0.873
0.787
0.740
0.740
0.740

2 Panels   3 Panels

Figure D2  Q-Factors

Q

2/12 3/12 4/12 5/12 6/12 7/12

Q = 0.58(cotθθθθθ)0.23

Q = 0.53(cotθθθθθ)0.36

SLOPE

1.100

1.000

0.900

0.800

0.700

0.600

SLOPE
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M = w(QL)2/8

D.7 Q-FACTORS & MOMENT LENGTHS (L)

D.7.1 Q shall not be less than 0.74 for any
application.  Any span for which the Q value is
less than 0.74 is considered overstressed.

D.7.2 Q and L for top chords shall be deter-
mined in accordance with Tables D1-D3 as
follows:

(a) Table D1 shall apply to triangular and
scissor truss types, and top chord segments
not included in (b) or (c);

0.85

No. of
Panels

Largest of:

0.9Li

0.9La

5 or
more

N/A1

2

3 or 4

N/A

0.90

0.90

Largest of:

0.9(Li+cSa)

i a(L L )
2
+

+ cSa

0.9(La+cSa)

1.00

0.90

0.230.58(cot )θ

0.360.53(cot )θ

Li + Sa

Q L Q L

PANEL POINT MOMENT MID-PANEL MOMENT

0.85

No. of
Panels

Largest of:

0.9Li

i a(L L )
2
+

0.9La

3 or
more

N/A1

2

N/A

0.90
Largest of:

0.9(Li+cSa)

i a(L L )
2
+

+ cSa

0.9(La+cSa)

0.90

0.230.58(cot )θ

0.360.53(cot )θ

Li + Sa

Q L Q L

PANEL POINT MOMENT MID-PANEL MOMENT

Footnotes for Table X1 and X2:
1. If St exceeds 24 inches (610 mm), add excess to end (heel) panel Li or La (see Figure D3).
2. Q = α(cos)β for two or more panels but shall not be less than 0.74.
3. Sa = St - B but not less than zero.  cSa shall be added only to the length of the end (heel) panel.
4. c=0.5 for two panels; c = 0.33 for three panels; c = 0.25 for 4 or more panels; if neither Li nor La are end (heel) panel
lengths, then cSa = 0.

1 2 3,4

Table D1   Top Chord Factors for Triangular and Scissor Trusses

Table D2   Top Chord Factors for Monopitch & Monoscissor Trusses

1 2 3,4

( )L Li a+
2
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0.85

No. of
Panels

Largest of:

0.9Li

i a(L L )
2
+

0.9La

3 or
more

Li
1

2

0.95

0.90

Q L

1.0

No. of
Panels

Largest of:

0.9Li

i a(L L )
2
+

0.9La

2 or
more

Li
1 1.0

Q L

Table D3  Top Chord Factors for
Trusses Without Heel Joints

Table D4  Bottom Chord Factors

Figure D3 Top and Bottom Chord Panel Lengths

Add excess to end (heel) panel Li or La when St
exceeds 24 inches (610 mm) for investigation of
panel point moments only.

Li = Length of panel under investigation
La = Longer of panel length(s) adjacent to Li

Sa

St

Heel Joint Detail

24"

Li or La La or Li Li or La

St

Li or La La or Li Li or La

θ

B

Refer to heel joint detail below
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Figure D4 (a) Fink truss used in the sample empirical analysis. (b) Fink truss showing the
computed reactions and the equivalent concentrated loads applied at the joints.

(b) Table D2 shall apply to all monopitch and
mono-scissor truss types;

(c) Table D3 shall apply to all continuous
chord segments not in contact with heel joints
and top chord slopes less than 1½ /12.

D.7.3 Q and L for bottom chords shall be
determined in accordance with Table D4.

D.7.4 The number of panels used to deter-
mine Q and L in Tables D1 through D4 shall be
the number of panels in the continuous chord
segment.

D.7.5 Li, La, St and Sa used in Tables D1
through D4 shall be determined per Figure D3.
For continuous chord segments that are not in
contact with a heel joint, St and Sa shall be
equal to zero.

447.5 #

3

7 6

4

5

24'

1

12
4

2

w = 80 plf

480 #

256.25 #

157.3 # 157.3 #

256.25 #

480 #

82.7 # 82.7 #1200 # 1200 #

L2BL1B

w = 20 plf

L1T

L3B

L3TL2T L4T

(a)

(b)
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D.8 EFFECTIVE BUCKLING LENGTH (L')

Effective buckling length, L', shall be calcu-
lated as:

L' = QLsecqh

where qh is the angle of the chord with respect to
the horizontal.

D.9 MEMBER DESIGN

Designs of members shall be based on the
criteria in Section 7.3 using the bending mo-
ments and effective buckling lengths determined
herein, with the exception that Section 7.3.3.6 is
not applicable to this empirical analysis method.

D.10 SAMPLE SOLUTION

A sample solution utilizing the empirical method
of analysis is shown on the following pages for
the 2x4 fink truss shown in Figure D4.
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( )0 t
1B 2 B

L 2 S
L L

3
−

= =

( )
1B 2B

288" 2 9.75"
L L 89.5"

3
−

= = =

3) Calculate Forces

Reactions

( )( )( ) ( )( )( )0TL SP L 50 2 24
R 1200

2 2
= = =  lbs

Axials

Joint #1:

= 0

= 861 - F12(4/12.65)

F12 = 2723 lbs

= 0

= 2723(12/12.65) + F17

 F17 = 2583 lbs

Truss Data:

Span, Lo: 24 ft.
Slope, S: 4.0 /12
On-Center Spacing, SP: 2 ft.
Top Chord Live Load, TCLL: 30 psf
Top Chord Dead Load, TCDL: 10 psf
Bottom Chord Dead Load, BCDL: 10 psf
Total Load, TL: 50 psf
Duration of Load, DOL: 15%
Bearing, B: 3.5 in.

1) Determine Scarf Lengths

t
3.5 0.25S 9.75"

4 12
−

= =

Sa = St - B = 9.75 - 3.5 = 6.25"

2) Determine Panel Lengths (assume equal
panels)

( )0 t
1T 2T

L 2 S
L L

4
−

= =

( )
1T 2T

288" 2 9.75"
L L 67.125"

4
−

= = =

67.125"76.875"

9.75"
25.625"

99.25" 89.5"

288"

48"

Sample Empirical Analysis Solution to a 2x4 Fink Truss

Fig. 1

FV∑
FV∑

FH∑
FH∑

S d
St =
− 0 25
12
.

Kelly
Reactions

Kelly
Axials
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Moments

Top Chord:

@ Panel Point,

( )2

pp
w QL

M
8

=

w = 6.67 pli
Q = 0.90   (Table D1)
L = 67.125"   (Table D1)

( )( )2

pp

6.67 0.9 67.125
M 3041.4

8
= =  in-lbs

@ Mid-Panel,

( )2

mp
w QL

M
8

=

Q = 0.58(cotθ)0.23   (Table D1)
= 0.58(12/4)0.23 = 0.747

L = ( )1t 2t
a

L L c S
2
+

+ (Table D1)

c = 0.5 (Table D1, Footnote 4)

= 67.125 + (0.5)(6.25) = 70.25"

( )( )2

mp

6.67 0.747 70.25
M 2296

8
= = in-lbs

Bottom Chord:

( )2

bc
w QL

M
8

=

w = 1.67 pli
Q = 1.0   (Table D4)

Joint #7:

= 0

= 861(99.25) - 480(22.375) -
 F23(4/12.65)(22.375) - F23(12/12.65)(25.625)

F23 = 2381 lbs

Joint #2:

= 0

= 2723(4/12.65) - 2381(4/12.65) - 480
 + F27(25.625/34.02)

F27 = 494 lbs

Joint #7:

= 0

= F73(48/65.6) - 494(25.625/34.019)
 - 157.3

F73 = 723.5 lbs

Member axial forces are summarized in Fig. 2
shown below.  Only half of the forces are shown
since the truss is symmetric.

2381(C)

2723(C)

2583(T)

494(C)

1763(T)

723.5(T)

Fig. 2

M7∑
M7∑

FV∑
FV∑

FV∑
FV∑

Kelly
Moments
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   L = (Table D4)

= 
95.75 89.5

2
+

= 92.625"

( )( )2

bc

1.67 1.0 92.625
M 1787.4

8
= = in-lbs

4) Member Design

Tension Webs

ft = P/A ≤  F'
t

Try 2x4 #3 KD15 Southern Pine:

Ft = 475 psi
Fc = 975 psi
E = 1.4x106 psi

F't = Ft(DOL) = 475(1.15) = 546 psi

t
723.5f 137.8
5.25

= =  psi ≤ 546  OK

Compression Webs

fc = P/A ≤ F'
c

Lw = 31.47"  (refer to Fig. 3)
L' = 0.8(Lw) = 0.8(31.47) = 25.17"

L'/d = 25.17/1.5 = 16.78 < 50  OK

F*
c = Fc(DOL) = 975(1.15) = 1121

( )

6

cEx 2 2
2

0.3E ' 0.3 1.4 10F 1492
16.78L'/ d
× ×

= = =

F'c =

( )214921492 149211211121 1121111121
1.6 2.56 0.8

 ++      
 

− −

= 1121 x 0.78 = 874 psi

fc = 494/5.25 = 94.1 < 874  OK

Top Chord
(Assume top chord is fully sheathed - check for
buckling within the plane of the truss only per
Section 7.3.5.2)

@ Mid-Panel:

L' = QLsecθh
= (0.747)(70.25)(sec(tan-1(4/12))
= 55.3"

   L'/d = 55.3/3.5 = 15.8 < 50  OK

fc = P/A = 2723/5.25 = 519 psi
fb = Mmp/S = 2296/3.063 = 750 psi

Try 2x4 #2 KD15 Southern Pine:

Fc = 1650 psi
Fb = 1500 psi
Ft = 825 psi
E = 1.6x106 psi

E' = E x CT

CT = 

2300L'1
kE

+

= 6
2300 55.31 1.13

0.59 1.6 10
×

+ =
× ×

76.875"

99.25"

Lw

25.625"

d

Fig. 3

L Li a+
2

Kelly
Tension Webs

Kelly
Compression Webs

Kelly
Top Chord
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E' = 1.6 x 106 x 1.13
= 1.81 x 106

F'
b = Fb(DOL)(Cr)

= 1500(1.15)(1.15) = 1984 psi

F*
c = Fc(DOL)

= 1650(1.15) = 1898 psi

FcEx =

=       = 2175 psi

F'
c =

= 1898 x 0.74 = 1398 psi

Interaction equation:

=

2
c bx

cc
b

CEx

f f 1.00
fF' F' 1 F

 
  

+ ≤       −    

= ( )
2519 750

5191398 1984 1 2175

 
   +     −

 

= .138 + 0.496 = 0.63 < 1.00  O.K.

@ Panel Point:

fc = P/A = 2723/5.25 = 519 psi
fb = Mpp/S = 3041/3.063 = 993 psi

F'
c = F*

c at panel point for the strong axis

[1-fc/FcEx] = 1 at panel points

Interaction equation:

=

= 0.08 + 0.50 = 0.58 < 1.0  O.K.

Bottom Chord
(Assume bottom chord lateral bracing installed
at 10' o.c.)

Mbc = 1787.4 in-lbs
ft = P/A = 2583/5.25 = 492 psi
fb = M/S = 1787.4/3.063 = 584 psi

F't = Ft(DOL) = 825(1.15) = 949 psi
F'b = 1984 psi (as determined for top chord)

Interaction equation:

=

= 0.518 + 0.294 = 0.81 < 1.0  O.K.

0 3

1
2
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E

L d( )

0 3 1 81 10
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INTRODUCTION

The methods and criteria for proof testing of site
selected trusses described herein are based upon
the collective  experience of leading personnel in
the metal connector plate industry, truss fabrica-
tors, researchers, architects and engineers in
general practice.  The information presented should
not be used or relied upon for any specific applica-
tion without competent professional examination
and verification of its accuracy, suitability and
applicability by a licensed professional engineer or
architect.  The publication of the material con-
tained herein is not intended as a representation or
warranty on the part of the Truss Plate Institute or
any other organization named herein, that this
information is suitable for any general or particular
use or of freedom from infringement of any patent
or patents.  Anyone making use of this information
assumes all liability arising from such use.

E.1 SAFETY CONSIDERATIONS

E.1.1 Trusses that have been subjected to proof
loading shall not be used in the structure.

E.1.2 This standard may involve hazardous mate-
rials, operations, and equipment.  This standard
does not purport to address all of the  safety
problems associated with its use.  It is the respon-
sibility  of whoever uses this standard to consult
and establish appropriate  safety and health prac-
tices and determine the applicability of regulatory
limitations prior to use.

E.2 PURPOSE

E.2.1 The purpose of these guidelines is to provide
information for testing of site selected metal  plate
connected wood trusses.  These guidelines are
not intended as material quality control guidelines,
in-plant fabrication quality assurance or quality
control guidelines.  This information is provided in
the following publications:

(a) ANSI/TPI 1-2002 "National Design Standard
for Metal Plate Connected Wood Truss Con-

struction", published by the Truss Plate Insti-
tute.

(b) Quality Assurance Procedures Manual for
In-Plant Inspections, QAP-90, published by
the Truss Plate Institute.

E.3 SCOPE

E.3.1 This standard is intended as a guideline for
those who may require information in testing the
structural integrity of a truss or trusses that have
been fabricated and selected from the site to which
they have been delivered.

E.4 DEFINITIONS

E.4.1 Proof Tests - A proof test is made to provide
assurance that the truss designed in accordance
with ANSI/TPI 1-2002 "National Design Standard
for Metal Plate Connected Wood Truss Construc-
tion" will support a stated load or to determine the
performance and structural response under a
specified loading.

E.4.2 Engineering Drawings - Engineering draw-
ings as discussed in this standard are defined as
roof or floor truss drawings containing the engi-
neering data outlined in ANSI/TPI 1-2002 "National
Design Standard for Metal Plate Connected Wood
Truss Construction" and which  have been pre-
pared and certified by a registered professional
engineer.

E.4.3 Working Drawings - Working drawings are
the current building design drawings as prepared
by the building designer (Engineer or Architect of
record).

E.4.4 Shop Drawings - Shop drawings as dis-
cussed in this standard are drawings prepared by
the truss fabricator and which display only the
lumber size, grade and species.  Shop drawings
may indicate the connector  plate sizes shown on
the engineering drawing.  Shop drawings are not
engineering drawings.

PROOF LOAD TEST FOR  SITE-SELECTED TRUSSES

APPENDIX E
(NON-MANDATORY)
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E.6.3 TRUSS QUALITY

Records are to be made as to the condition and
quality of trusses found prior to selection for test-
ing.

E.7 TEST PROCEDURE FOR SITE
SELECTED TRUSSES

E.7.1 TESTING TRUSSES IN PAIRS

E.7.1.1 The test units shall be supported and at-
tached to firm stable supports.  Use of strapping or
metal framing connectors is suggested to resist
tipping of the units during the load application.  The
top  chords shall be sheathed with 4 to 6 foot
lengths of any of the  generally accepted sheathing
materials (board, plywood, reconstituted panel
products, etc.).  In any case, each piece  shall be
separated at least 1/8".  A recommended practice
is to use cross-bracing between the trusses to
stabilize the setup; however, the trusses shall not
be braced by tying the setup to adjacent perma-
nent supports or other supports which may affect
the free deflection of the trusses.

E.7.1.2 Deflection readings shall be taken and
recorded for each truss as required for the pur-
pose of the tests, and shall include vertical move-
ment at midspan of the truss.  Deflection readings
shall be permitted to be averaged between each
pair of trusses at corresponding locations.

E.7.1.3 Deflection measurements can be taken by
any one of  several methods.  Support settlement,
including wood crushing and movement at bear-
ings shall be removed from deflection measure-
ments.  This is best accomplished by line, scale
and mirror  arrangement.  The line is supported on
free-rolling bearings and  kept under tension by
means of weights.  Deflection readings are taken
by reading on the scale, which is attached to the
truss,  adjacent to the line, adjusting the eye
position so that the line covers its image on the
mirror and removes parallax from the scale read-
ing.  Scale readings shall be referenced to either
the top  or bottom edge of the line.  Dial gages shall
be permitted to be used to measure deflection;
however, a precise measurement must be taken
of settlement at the supports.  The other deflection
readings are then subject to correction for settle-
ment.

E.4.5 Truss Placement Drawings - Truss place-
ment drawings are those which have been  pre-
pared only for the purpose of showing the as-
sumed location of  individual trusses in the building
and for no other purpose.   Truss placement
drawings are not "roof framing drawings" or "floor
framing drawings" which have been prepared by
the building  designer and which are a part of the
working drawings for the project.

E.4.6 Framing Drawings - Roof framing or floor
framing drawings are understood to be  drawings
prepared by the building designer and which are
contained and illustrated in the working drawings.

E.4.7 Site Selected Trusses - Site selected
trusses are defined as trusses which have been
delivered to the site and which have not yet been
installed in the roof or floor location for which they
were originally designed, and were selected in
accordance with the requirements of Section E.6.

E.5 APPLICABLE DOCUMENTS

The following documents are recommended to be
made available in order that an accurate determi-
nation can be made of the loading conditions the
trusses are intended to carry:

(a) Engineering Drawings

(b) Truss Placement Drawings

(c) Architectural Working Drawings (Including
building designer's system bracing informa-
tion)

(d) Shop drawings

E.6 TEST TRUSS SELECTION

E.6.1 GENERAL

Trusses shall be selected from the site and shall
not have been installed.

E.6.2 FIELD BREAKAGE PRIOR TO
TESTING

Trusses which have been broken and repaired
shall have repair Engineering Drawings available
to verify the details of repair prior to load testing.
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E.7.2 TESTING TRUSSES SINGLY

E.7.2.1 The trusses shall be permitted to be tested
as single units in either a vertical or horizontal
position in a  properly designed test facility.  The
load shall be applied uniformly or at concentrated
points along the chords.  Wood strips shall be
attached along the top chords or frictionless brack-
ets or attachments shall be permitted to be used to
prevent the load brackets from slipping down the
top chords on steep sloped trusses.

E.7.2.2 Deflection measurements shall be identi-
cal to the procedures described in E.7.1.2 and
E.7.1.3.

E.7.3 PROOF LOADING

E.7.3.1 TOTAL DESIGN LOAD

Test trusses shall be proof loaded to total design
load conditions following this procedure.

E.7.3.2 LOADING  PROCEDURE

E.7.3.2.1 Prior to conducting the load test, a pre-
liminary load equal to the design dead load shall be
applied and held for five minutes.  This preliminary
load shall then be removed.

E.7.3.2.2Apply the design dead load and hold for
no less than five minutes.  Read and record
deflection measurements at the end of this period.
These deflection measurements are known as the
basic dead load (BDL) position.

E.7.3.2.3 With the dead load applied, increase the
load to design total load at a continuous rate not to
exceed 0.1 units of design total load per minute or
by step-increments of 25%, or less, of total design
load.  For continuous loading systems, read and
record deflection measurements at least twice
during this load period.  For step-loading systems,
after each incremental load is applied, hold the
new load level for a period of no less than 5
minutes, recording deflection readings at the end
of each hold period.

E.7.3.2.4 Hold the load at design total load for no
less than 30 minutes.  Read and record the deflec-
tions at the beginning and end of this 30-minute
period.  During this hold period, examine the wood

members and metal plate connectors for signs of
distress and record any such signs.

E.7.3.2.5 Remove the design live load portion of
the load.  For loading systems in which accurate
load distribution upon unloading cannot be
achieved, it shall be permitted that the design dead
load be removed and immediately reimposed in
order to achieve the correct design dead load
distribution.

E.7.3.2.6 Hold at design dead load for up to 15
minutes.  Read and record the minimum values of
each deflection measurement during this period.

E.8 EVALUATION CRITERIA

E.8.1 There shall be no visible signs of distress in
the wood members and metal plate connectors
during the loading procedure.

E.8.2 The average maximum deflection at design
load relative to the BDL position, for all tests of
identical trusses, shall not exceed the limiting
deflection specified by ANSI/TPI 1-2002 "National
Design Standard for Metal Plate Connected Wood
Truss Construction" based on overall span, or
other limiting deflection, as specified by the appli-
cable building code or building designer, by more
than 25% or 1/8", whichever is greater.

E.8.3 The truss shall pass if the deflection recov-
ery, during the loading steps in Section E.7.3.2.5
and Section E.7.3.2.6, equals or exceeds 85% of
the maximum total deflection, relative to BDL de-
flection measured at the end of the load step given
in Section E.7.3.2.4.

E.9 REPORT

The load testing report shall follow the format and
contain the information set forth in ASTM E 575.

E.10 ADDITIONAL DOCUMENTS

Additional reference documents are shown below
for additional information and/or for clarification on
specific references.

1. ANSI/TPI 1-2002 "National Design Standard
for Metal Plate Connected Wood Truss Construc-
tion"
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2. ASTM E73, Static Load Testing of Truss As-
semblies.

3. ASTM E575, Reporting Data From Structural
Tests of Building Construction, Elements, Con-
nections and Assemblies.

4. ASTM E196-80, Gravity Load Testing of Floors
and Flat Roofs.

5. ASTM E1080, Static Load Testing of Wood-
Framed Truss Assemblies.

6. National Design Specification® for Wood Con-
struction, ANSI/AF&PA NDS, published by the
American Forest & Paper Association

7. In-Plant Quality Control Procedure for Metal
Plate Connected Wood Trusses, Published by the
Wood Truss Council of America

8. DSB-89 "Recommended Design Specifica-
tion for Temporary Bracing of Metal Plate Con-
nected Wood Trusses".  Published by the Truss
Plate Institute,  Inc.

9. HIB-91 "Commentary and Recommendations
for Handling, Installing and Bracing Metal Plate
Connected Wood Trusses".  Published by the
Truss Plate Institute, Inc.

10. Quality Assurance Procedures Manual for
In-Plant Inspections, QAP-90, Published by the
Truss Plate Institute.

11. Plywood Design Specifications and Supple-
ments, published by the American Plywood Asso-
ciation

12. Minimum Design Loads for Buildings and
Other Structures, ASCE 7, published by American
Society of Civil Engineers.
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APPENDIX F
(NON-MANDATORY)

GUIDE SPECIFICATIONS

ROUGH CARPENTRY (SHORT FORM)

FABRICATED WOOD TRUSSES

1.01 Work Included.  Fabricate, supply and erect
metal plate connected wood trusses as shown on
the drawings and as specified.  Work to include
anchorage, blocking, curbing, miscellaneous fram-
ing and bracing.

1.02 Trusses shall be designed in accordance
with ANSI/TPI 1-2002 "National Design Standard
for Metal Plate Connected Wood Truss Construc-
tion," Truss Plate Institute, and "National Design
Specification for Wood Construction" (NDS®),
American Forest & Paper Association, and the
code of jurisdiction.

Manufacturer shall furnish design drawings bear-
ing seal and registration number of a civil or struc-
tural engineer licensed in the state where trusses
are to be installed.  Drawings shall be approved by
the architect of record prior to fabrication.

2.01 Lumber used for truss members shall be
identified by the grade mark of a lumber inspection
bureau or agency approved by board of review of
American Lumber Standards Committee.

Metal connector plates shall be manufactured by
companies maintaining a research report with the
governing model code agency and shall meet or
exceed applicable steel specifications.

2.02 Trusses shall be fabricated in accordance
with the quality requirements in Chapter 3 of ANSI/
TPI 1-2002 "National Design Standard for Metal
Plate Connected Wood Truss Construction."

3.01 Trusses shall be handled during fabrica-
tion, delivery and at jobsite so as not to be sub-
jected to excessive lateral bending.  Handling,
installation tolerances and temporary bracing shall
be as set forth in "Commentary and Recommen-
dations for Handling, Installing and Bracing Metal
Plate Connected Wood Trusses", HIB-91.  Cutting
and altering of trusses is not permitted.

Concentrated loads shall not be placed atop trusses
until all specified bracing has been installed and
decking is permanently nailed in place.  Brace
trusses sufficiently during installation to prevent
toppling or dominoing.  Bracing during installation
shall be in accordance with HIB-91 or "Recom-
mended Design Specification for Temporary Brac-
ing of Metal Plate Connected Wood Trusses",
DSB-89.
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APPENDIX G
(NON-MANDATORY)

ABBREVIATIONS, TERMINOLOGY, DEFINITIONS & NOMENCLATURE

G.1 ABBREVIATIONS

AISI American Iron and Steel Institute
1140 Connecticut Ave.,
Suite 705
Washington, D.C.  20036

AITC American Inst. of Timber Construction
7012 S. Revere Pkwy
 Suite 140
Englewood, CO 80112

ALSC American Lumber Standards Committee
P.O. Box 210
Germantown, MD  20874

ANSI American National Standards Institute
25 West 43rd St., 4th Floor
New York, NY 10036

ASTM ASTM International
100 Barr Harbor Drive
PO Box C700
W. Conshohocken, PA  19428-2959

FPL Forest Products Laboratory
USDA Forest Service
One Gifford Pinchot Dr.
Madison, WI 53726

NDS® National Design Specification for Wood
Construction

AF&PA American Forest & Paper Association
1111 19th St. NW
Suite 800
Washington, D.C.  20036

PPSA Purdue Plane Structures Analyzer,
General Technical Report FPL-40
by U.S. Forest Products Laboratory.

G.2 DEFINITIONS

G.2.1 TRUSS TERMS

Beam Pocket - Void deliberately set into the top of
a wall or truss to allow a beam or floor truss to bear
on the wall.

Bearing - Structural support, usually a wall, that
occurs at the top or bottom chord or between the
end points of a roof or floor truss, where force is
transferred from truss to the support.

Bottom chord - Horizontal or inclined (e.g., scis-
sors truss) member that establishes the lower
edge of a truss, usually carrying combined tension
and bending stresses.  A chord member is defined
as the entire member which may consist of shorter
spliced pieces.

Building Component - Preassembled unit usu-
ally fabricated in a manufacturing plant for use in
the construction of a building.

Built-Up Beam - Single member composed of two
or more wood members usually having the same
thickness but not necessarily the same depth,
which provides greater load carrying capacity as
well as less deflection, e.g., garage door, stairwell
and fireplace headers.

Butt Cut - Slight vertical cut at outside edge of
truss bottom chord made to insure uniform nomi-
nal span and tight joints.  Usually 1/4 inch.

Camber - Upward vertical displacement built into a
truss bottom chord to compensate for deflection
due to anticipated dead load.

Cantilever - Part of the truss that extends beyond
its support, exclusive of overhang.
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Center Bearing Truss - Truss with structural
support at center of truss span as well as at heel
points.

Chase Opening - Open panel in a floor or flat truss
set on a pitch for the purpose of running  utilities
through it, such as heating and air conditioning
ducts.

Clear Span - Horizontal distance between interior
edges of supports.

Cut List - A file generated from the truss design
which details the component (web, chord) parts by
size, grade, specie, length, angle(s) of cut, and
piece count.

Dual Pitch Truss - Truss that has two different
pitches on its top chord.

Engineered Truss Design - Truss design where
loading requirements, lumber species, sizes,
grades, and plate requirements are detailed and
sealed with a registered  professional engineer's
seal.

Fascia - Trim board applied to ends of overhang.

Gable End Truss - Truss installed with the end of
the building to provide attachment of siding.  Usu-
ally not an engineered component.

Heel - Point on truss at which the top and bottom
chords intersect.

Heel Cut - See Butt Cut.

Hip Roof - A roof that rises by inclined planes from
all four sides of a roof.  The end slope may be equal
to or different than the side slope.  The ceiling line
may be flat or sloped.

Hip Set - A series of step down trusses of the
same span and overhang, that decrease in height
to form the end slope of a hip roof system

Lateral Brace - Member placed and connected at
right angles to a chord or web member of a truss.

Let Tails Run - Top chord not cut off to specific
overhang length but extended to maximum length

provided by lumber used in top chord.  Chord is field
cut to appropriate dimension.

Level Return - Lumber filler placed horizontally
from the end of an overhang to the outside wall to
form a soffit.

Metal Connector Plate - Metal connector plate
manufactured from ASTM A653 /A653 M, A591,
A792, or A167 structural quality steel protected
with zinc or zinc-aluminum alloy coatings or their
stainless steel equivalent.  The metal connector
plate has integral teeth and shall be manufactured
to various sizes (i.e. lengths and widths) and
thickness or gauges and shall be designed to
laterally transmit loads in wood.  Also known as
truss plate, plate, metal plate, etc., shall be herein
identified as a metal connector plate.

Monopitch Truss - Truss that has a single top
chord that is greater than 1.5:12.

Nominal Span - Horizontal distance between out-
side edges of the supports.

Overall Truss Depth - Vertical distance between
bearing and peak of truss.

Pitched Trusses - Vertical distance from the
bearing to the uppermost point of the peak.

Parallel Chord Trusses - Vertical distance from
the bottom most point of the bottom chord to the
uppermost point of the top chord.

Overhang - Extension of the chord of a truss
beyond the bearing support.

Over Span - See Cantilever.

Panel - Chord segment defined by two adjacent
joints.

Panel Point - Point of intersection where a web (or
webs) meets a chord(s) typically at third or quarter
panel point locations.

Parallel Chord Truss - Truss with top chord pitch
less than 1.5:12.
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ponent, assembled from wood members and metal
connector plates, and designed to carry superim-
posed dead and live loads.  The truss members
form a rigid, plane, structural component and are
usually assembled such that the members form
triangles.

Truss Design Engineer - Registered profes-
sional engineer whose area of expertise is truss
structural analysis, and wood engineering.

Webs - Wood members that join the top and
bottom chords that form the triangular patterns that
give truss action, usually carrying tension or com-
pression stresses.

Wedge Return - See level return.

G.2.2 DESIGN TERMS

Axial Force - Push (compression) or pull (tension)
acting along the length of a member.  Usually
measured in pounds, kips (1,000 lbs.), tons (2,000
lbs.) or the metric equivalents.

Axial Stress - Axial force acting at a point along the
length of a member, divided by the cross sectional
area of the member (usually measured in pounds
per square inch), or the resistance of the material
to the axial force.

Bending Moment - Measure of the bending effect
on a member due to forces acting perpendicular to
the length of the member.  The bending moment at
a given point along a member equals the sum of all
perpendicular forces, either to the left or right of the
point, times their corresponding distances from
the point.

Bending Stress - Force per square inch of area
acting at a  point along the length of a member
resulting from the bending moment applied at that
point, or the resistance of the material to the
bending moment.  Usually measured in pounds per
square inch or metric equivalent.

Combined Stress - Combination of axial and
bending stresses acting on a member simulta-
neously, such as occurs in the top chord (com-
pression and bending) or bottom chord (tension
and bending) of a truss.

Peak - Point on a dual pitched truss where the
sloped top chords meet.

Pitch - Inches of vertical rise for each twelve
inches of horizontal run.

Plumb Cut - Top chord end cut to provide for
vertical (plumb) installation of fascia.

Purlin - Horizontal member attached perpendicu-
lar to the truss top chord for supporting the roofing;
i.e., corrugated roofing or plywood and shingles.

Set-up - A manufacturing term for a run of trusses
of the same design currently being fabricated.

Scissors Truss - Dual pitch, triangular truss with
dual pitched bottom chords.

Slope - See Pitch.

Soffit - Level return or underside of an overhanging
soffit.

Splice Point - Point at which two chord members
are joined together to form a single member.  It may
occur at a panel point or between panel points.

Split Truss - Truss used where fireplace inter-
sects the truss span, parallel or perpendicular to
the truss in the middle or inside of the house.  A split
truss can be defined also as a stub truss or as a
monopitch truss.

Square Cut - End of top chord cut perpendicular to
the slope of member.

Stub Truss - Dual pitched triangular truss with one
end truncated or "stubbed" from the normal heel
position.

Symmetrical Truss - Truss with the same con-
figuration of members, occurring on each side of
truss centerline.

Top Chord - Inclined or horizontal member that
established the upper edge of a truss.  A chord
member is defined as the entire member which
may consist of shorter spliced pieces.

Truss - Engineered, pre-fabricated structural com-
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Concentrated Load - Superimposed load acting
at a given point; e.g., roof mounted air conditioners.

Dead Load - Any permanent load such as the
weight of the truss itself, purlins, sheathing, roofing
and ceiling, acting vertically on the truss or truss
members.

Deflection - Vertical displacement of a truss/truss
members (when in place) due to dead and live
loads.

Design Loads - Dead and live loads which a truss
is designed to support.

Duration of Load Stress Increase - Percentage
increase in the stress permitted in a wood mem-
ber, based on the length of time that the load
causing the stress acts on the wood member.  The
shorter the duration of the load the higher the
percent increase in the allowable stress.

Live Load - Any load which is not of a permanent
nature, such as snow, wind and temporary con-
struction loads.

Reaction - Forces acting on a truss through its
supports that are equal but opposite to the sum of
the dead and live loads.

Short Term Increase - Increase allowed for de-
sign loads of short duration.

G.2.3 QUALITY TERMS

S-Dry Lumber - Lumber which has been sea-
soned or dried to a moisture content of 19 percent
or less at time of surfacing. Dry lumber is identified
on the approved grade stamp with the following
designations:  KD-15, KD-19, S-Dry, MC-15.

S-Green Lumber - Lumber having a moisture
content in excess of 19 percent at time of surfacing.
Green lumber is identified on the approved grade
stamp with the designation S-Grn.

Wet Lumber - Lumber at time of plate embedment
that exhibits moisture contents in excess of 19%.
Metal plate connector properties in lateral resis-
tance shall be reduced in accordance with Section
11.1.3.1 to account for expected lumber shrinkage.

G.3 TERMINOLOGY

G.3.1 PARALLEL CHORD 4x2 TRUSS

Usually used in floor truss design and has parallel
chords of stress-rated 2-inch by 4-inch lumber.
4x2 trusses have the major cross-sectional axis of
the lumber members oriented horizontally so that
the wider faces are the bearing surfaces of the
truss.  The web members are also cut from 2-inch
by 4-inch stress-rated material and positioned so
they support the chords across their full widths.
This type of truss may be manufactured with duct
chase openings so wiring, utilities, piping, air-
conditioning and/or heating ducts can be run within
the chords of the truss.  The bearing conditions
can vary from bottom chord, intermediate height,
and top chord bearing.  Common configurations
are shown as follows:

G.3.2PARALLEL CHORD 2x4/2X4 TRUSS

Generally used in roof truss design and is gaining
use today because of the long, clear spans and
shallow depth which are possible.  2x4/2x6 trusses
have the major cross-sectional axis of the lumber
members oriented vertically so that the narrow
faces are the bearing surfaces of the truss.  The
slope can be built into the truss or drainage can be
provided by using different opposite side wall
heights to slope the truss.  Roof slopes should be
at least 1/4" per foot of span.  Common web
configurations include Pratt, Howe and Warren.

G.3.3 DUAL PITCHED SYMMETRICAL
TRUSS WITH FLAT BOTTOM CHORD

Generally used in roof truss design.  These trusses
have the major cross-sectional axis of the lumber
members oriented vertically.  Configurations will
vary depending on the loading conditions and top
chord slopes required.  Common configurations
are shown in the following pages:

G.3.4 DUAL-PITCHED SYMMETRICAL
TRUSS WITH SLOPING BOTTOM CHORD

Generally used in roof truss design.  These trusses
have the major cross-sectional axis of the lumber
members oriented vertically.  Configurations will
vary depending on the loading conditions and top
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chord slopes required.  This popular configuration
is used for forming vaulted ceilings.

Since there is no horizontal bottom chord or tie
between the bearing points, movement may occur
at the bearing points under load.  The building
designer should anticipate this movement and
design the supporting structure and truss to wall
connection accordingly.  Common configurations
are shown as follows:

G.3.5 MONO-PITCHED TRUSS

Generally used in roof truss design.  These trusses
have the major cross-sectional axis of the lumber
members oriented vertically.  Configurations will
vary depending on the loading conditions and top
chord slopes required.  Common configurations
are shown as follows:

G.3.6 BEARING CONDITION

The location and number of bearing points influ-
ences the configuration of trusses.  Several ex-
amples are shown below and in the following
pages.

Top Chord Bearing

Intermediate Height Bearing
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Tri-Bearing

Cantilever

Double Cantilever
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Vaulted Ceiling (Studio) With Three Bearing Points

Vaulted Ceiling (Studio) With Two Bearing Points

Double Cantilever With Parapets
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Narrow Dimension

Wide Dimension

Sloping Parallel Chords

Narrow Dimension

Wide Dimension

Low Sloping Top Chord

Warren

Pratt - diagonals in tension

Howe - diagonals in compression

Fan (Modified Warren)

Warren
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Double Howe (KK)

Modified Fan

Triple Fink (WWW)

Howe ScissorsKing Post

Queen Post (Fan)

Modified Queen Post Truss (Multi-Panel)

Simple Fink

Double Howe Scissors Mono

Scissors Mono

Double Fink Truss (WW, or Belgian)

Fink Truss (W) Double Fan

Vaulted

Cambered

Howe Truss Pratt
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Clear Story (Clerestory) Umbrella Truss

Pitched Warren Truss Gable End

Scissored Warren Truss Mansard

Polynesian (Duo Pitch) Hip

Room-in-Attic Dual Slope (Double Pitch)

Double Inverted Gambrel
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Panel Points (Typical)

Top Chord

Overhang

Span (Clear Span)
Length (Out to Out Span)

Bottom
Chord

BearingSplice

Splice

Slope
12

Purlins

Heel

Level
Return

Panel Length
1/4 Point

1/3
Point

Peak

Overall
Depth

Panel
Point

 Web

Overall
Depth

Panel Points
(Typical)

Top
Chord

BearingBottom Chord

Panel Length

Webs

Length (Out  to Out Span)

Span (Clear Span)

Overall
Depth

Panel Length Chase (Duct)
Opening Top Chord

Panel
Point

Panel Point

 Webs

Bottom Chord Bearing

Span (Clear Span)

Length (Out  to Out Span)

G.3.7 TRUSS NOMENCLATURE

Nomenclature of Typical Parallel Chord  Truss With Lumber Oriented Vertically.

Nomenclature of Typical Parallel Chord  Truss With Lumber Oriented Horizontally.

Nomenclature of Typical Pitched Truss
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 APPENDIX H
(NON-MANDATORY)

ENGLISH-TO-SI CONVERSION FACTOR TABLES

Table H.1 English - S.I. Unit Conversion Factors

Length, thickness

mil (--) metre (m) 2.5400 E-05
inch (in) metre (m) 2.5400 E-02
foot (ft) metre (m) 3.0480 E-01
yard (yd) metre (m) 9.1440 E-01
mile (mi) metre (m) 1.6093  E+03

Area

square
inch (in2) sq. metre (m2) 6.4516 E-04
square
foot (ft2) sq. metre (m2) 9.2903 E-02
square
yard (yd2) sq. metre (m2) 8.3613 E-01
square
mile (mi2) sq. metre (m2) 2.5899  E+06
acre (--) sq. metre (m2) 4.0468  E+03

Volume, section modulus

cubic
inch (in3) cu. metre (m3) 1.6387 E-05
cubic
foot (ft3) cu. metre (m3) 2.8317 E-02
cubic
yard (yd3) cu. metre (m3) 7.6455 E-01
gallon
(US liquid) cu. metre (m3) 3.7854 E-03

Multiply by Multiply by

Mass

ounce (oz) kilogram (kg) 2.8349  E-02
pound (lb) kilogram (kg) 4.5359 E-01
slug (--) kilogram (kg) 1.4594  E+01
ton,
(long, 2440 lb) kilogram (kg) 1.0160  E+03
ton,
(short, 2000 lb) kilogram (kg) 9.0718  E+02

Force
pound-
force (lbf) newton (N) 4.4482 E-00
kip    (1000 lbf) newton (N) 4.4482  E+06
kilogram-
force (kgf) newton (N) 9.8066  E+00

Stress, pressure

psi (--) pascal (Pa) 6.8948  E+03
psf (--) pascal (Pa) 4.7880  E+01
kg/cm2 (--) pascal (Pa) 9.8067  E+04

Moment of Inertia

in4 (--) metre4 (m4) 4.1623 E-07
ft4 (--) metre4 (m4) 8.6309 E-03

Other

g (standard free fall) (m/s2) 9.8067E+00

Modernized Metric System)".  Units included
were selected as the ones most frequently used
in the metal-plate-connected wood truss indus-
try.  Conversion factors are accurate to the fourth
decimal place.  For further information the
reader is referred to  Metric Guide for Federal
Construction, National Institute of Building Sci-
ences.  Washington, DC.  34 pp.  1992.

H.1 Table H.1 lists numerical factors to con-
vert units in the English system into the corre-
sponding values in the International System of
Units.  Some units in the traditional metric sys-
tem (M-K-S, or metre-kilogram-second) have
also been included due to their frequent use.
Values in the following table have been adopted
from ASTM E380-93 "Standard Practice for use
of the International System of Units (SI) (the
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Thicknesses
Item

Boards b

Dimension

20

26

33

25/32

1-1/32

1-9/32

19

25

32

¾

1

1-¼

1

1-¼

1-½

TABLE I-1 STANDARD NOMINAL & MINIMUM-DRESSED SIZES OF BOARDS, DIMENSION, AND
TIMBERS (a)

 5 & Thicker

a  Refer to Voluntary Product Standard PS-20-94 "American Softwood Lumber Standard" for definitions on
dry and green lumber.

b  Boards less than the minimum thickness for nominal 1-inch but 5/8 (16mm) or greater thickness dry (11/
16 inch [17mm] green) shall be regarded as ALS lumber, but such boards shall be marked to show the size
and condition of seasoning at the time of dressing.  They shall also be distinguished from nominal 1-inch
boards on invoices and certificates.

(*) Reproduced from Voluntary Product Standard PS-20-94 "American Softwood Lumber Standard" for
definitions of dry and green lumber, National Institute of Standards & Technology, U.S. Dept. of Commerce,
Technology Administration.

½ off 13 off ½ off 13 off ½ off 13 off ½ off 13 off

2
2-½

3
3-½

4
4-½

1-½
2

2-½
3

3-½
4

38
51
64
76
89
102

1-9/16

2-1/16

2-9/16

3-1/16

3-9/16

4-1/16

40
52
65
78
90
103

2
3
4
5
6
7
8
9
10
11
12
14
16

1-½
2-½
3-½
4-½
5-½
6-½
7-¼
8-¼
9-¼
10-¼
11-¼
13-¼
15-¼

38
64
89
114
140
165
184
210
235
260
286
337
387

1-9/16

2-9/16
3-9/16
4-5/8

5-5/8
6-5/8
7-½
8-½
9-½
10-½
11-½
13-½
15-½

40
65
90
117
143
168
190
216
241
267
292
343
394

2
3
4
5
6
8
10
12
14
16

1-½
2-½
3-½
4-½
5-½
7-¼
9-¼
11-¼
13-¼
15-¼

38
64
89
114
140
184
235
286
337
387

1-9/16

2-9/16
3-9/16
4-5/8

5-5/8
7-½
9-½
11-½
13-½
15-½

40
65
90
117
143
190
241
292
343
394

Timbers  5 & Wider

Nominal Inch
Dry Green Dry Green

Minimum DressedMinimum Dressed

Nominal
Inch Inch mm Inch mmInch mm Inch mm

Face widths

APPENDIX I
(NON-MANDATORY)

STANDARD LUMBER & TIMBER SIZES & PROPERTIES OF SECTIONS
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