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(ABSTRACT)

Metal plate splice joints with gaps between butting pieces of lumber were tested in compression to

evaluate the effect of gap size on joint serviceability performance. The current design methodology

for compression splice joints was also evaluated. Specimens representing floor and roof trusses,

with 16 and 20 gauge plates of staggered and aligned tooth configurations were tested for each of

two gap sizes.

Generally, 20 gauge plates and 16 gauge plates with 1/8” gaps buckled under compression loads

while 16 gauge plates with 1/l6" maximum gap did not buckle before the gap closed; rather, the

gap closed primarily due to slippage between the teeth and the wood. 16 gauge plates generally

outperformed 20 gauge plates based on serviceability performance of the test compression splice

joints. Furtherrnore, gap size had less of an influence on joints with 16 gauge plates than on joints

with 20 gauge plates.

The current practice of sizing plates for compression splices to withstand one-half of the calculated

chord force could not be physically confirmed using the study joint serviceability criteria. The test

results indicate that basing allowable plate ratings on a per area basis derived from tension tests is

misleading.
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1 . Introduction

Metal plate connected wood trusses are used extensively in residential, industrial, and commercial

construction. They evolved as an econornical way of covering long clear spans while providing the

efficiency and quality control of pre—fabrication. To better utilize resources, trusses are analyzed

and designed using comprehensive computer programs. By far the least understood aspect of these

trusses is the performance of metal plate connected joints. Research has been conducted on metal

plated joints in tension and bending, and computer programs have been developed to model joint

behavior, but little effort has been devoted to metal plated joints in compression. The purpose of

this study is to investigate the behavior of typical floor and roof truss plated joints in compression

and to assess the adequacy of current specifications regarding manufacturing tolerances and design

procedures for these joints.

1.1 Quality Standards for Compression Splice Joints

Many trusses are designed with spans much greater thar1 can be made with econornical lengths of

lumber and hence two pieces or more must be spliced together. Splices in the upper chords of

trusses are typically positioned such that they experience minimum bending moment and are pri-

1. Introduction 1
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marily stressed in compression. When designing a joint for pure compression, it would be ideal to

have full wood to wood contact between the ends of the two butted pieces. However, with some

manufacturing practices, this goal may not be practically achievable. For example, it is difficult to

get a perfectly square cut on a piece of lumber that is not perfectly straight. Additionally, insextion

of plates by rolling rather than pressing may adversely affect joint alignment. I
I

In early versions of the Truss Plate Institute (TPI) specifications for the manufacture of metal plate
I

connected wood trusses, OCM-77 (31), the requirement for compression splice joints was ”good I

bearing”. More recent specifications, QST·86 (34), define allowable manufacturing tolerances as- I
suming the geometry of Figure l for compression splices. One side of the joint is assumed to be I

in contact and the maximum gap on the opposite side is 1/ l6". Average gap is thus 1/32”. There I

is some concem that these tolerances are too stringent and not always obtainable. I
I
I
I

1.2 Design Methodology for Compression Splice Joints I
I
I

I Metal-plated joints in compression may be designed using a 'one-half rule'. TPI·85, Part IV, I
Section 4.6 (33) states, ”Splices resisting compressive forces shall be designed to transmit 50%ofthe

component of any compressive force normal to the line of contact of adjacent compressive

webmembersand/or adjacent chord members.' Plates for chord splices are sized by considering only I
one half of the axial force calculated for the chord. This rule assumes that the w0od·to-wood I

bearing resists one·half of the axial force and the plates resist the other one·half. While this rule I
has been in existence for many years, no research is available to test its validity. One difliculty is I

that truss plates have an allowable plate rating based on results from tension tests as definedinTPI~85

(33). The joint actions in compression are signilicantly different than in tension. I
I
I
I
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Figure I. Allowable Manufacturing Tolerance for Comprcssion Splices per TPI QST·86.
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1.3 Objectives

The objectives of this research are:

1) To evaluate the influence of gap size and plate geometxy on the load·slip behavior of com-

pression splice joints.

2) To evaluate the validity of the "one-half rule".

Specifically, the two gap sizes to be considered are I) the allowable gap as defined in QST-86 (34)

and shown in Figure l, and 2) a similar gap with full contact on one side and a maximum gap of

1/8" on the opposite side.

I. Introduction 4 ‘
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2. Review of Literature §

I
I

I
2.1 Factors Ajfecting Joint Strength and Stßtess Q

I
I
I
I

Many factors interact to influence the strength and stiffness of metal plated joints. Basic physical

and mechanical properties of lumber and steel are present, as well as any interaction between wood

properties and those of steel components. For simplicity this chapter will focus on two categories

of parameters that influence joint response; those that are wood or substrate related and those as-

sociated with the plate. lt should be recognized that most available information is for tension or

shear joints and may or may not be applicable to the action of compression joints.

2.1.1 Wood Factors

Wood has long been used as a structural material. The fact that it is a renewable resource along

with its strength-to-weight ratio and relatively low cost make it ideal for many structural ap-

plications. As with any building material, wood has its own distinct properties that present chal-

lenges in engineering applications. Properties that affect the strength and stiflhess of metal plated

2. Review of Literature 5



joints include wood’s natural variability, and the fact that it is hygroscopic, anisotropic, andsubjectto

creepdeformation.2.1.1.1

VariabilityBasic

mcchanical properties of lumber, such as strength and stiffness, can be quite variable due
tonaturaldensity and growth variations as well as defects. While lumber properties affect thestrengthand

stiffness of connections, tension tests of plated joints by Suddarth et al. (29) showed that

thevariationin plated joint strength properties was somewhat less than the variation in lumber

strengthproperties.Knots

are known to have a detrimental effect on most lumber strength properties. The current

U.S. metal plated truss design specification, TPI·85 (33), limits the percentage of plated area that

may cover a knot. However, Aplin (4) studied tension joints made from 2x4 spruce lumber with

no knots, 3/4 inch knots, and 1 1/2 inch knots and found that the presence of knots had no sig-

nificant effect on the strength or stiffness of the joints.

Specific gravity of lumber is known to influence the resistance of almost all connection types. Palka

(23), modeled the effect of specific gravity on the load-slip behavior and allowable design load of

truss plate joints in static tension. He used three machine grades of lumber, (l450f·l.3E,

l650f·l.5E, and 2l00f-1.8E), and two commercial lumber species, (spruce and pine). Little differ-

ence in joint strength was noticed between lumber grades. A gain of 0.10 in specific gravity in-

creased the allowable load by about 25% within each grade of the air·dry spruce lumber. Because

pine lumber exhibited an average specific gravity from 0.05 to 0.10 higher than spruce, it was re-

commended that truss manufacturers may want to separate these two species. Suddarth et al. (28)

also found that metal plated joint strength and stiffness were closely related to the specific gravity

of the lumber used in the joints.

2. Review er Literature 6



2.1. 1.2 Hygroscopic Properties

Wood exhibits hygroscopic properties in that its moisture content changes with respect to ambient

temperature and relative humidity. Lumber and joint strength and stiffness properties vary with

moisture content. Tests using common smooth·shank nails driven into green wood and then al-

lowed to season exhibited a major loss over initial withdrawal resistance (35). Similar results were

found for nails driven into seasoned wood that was subjected to cycles of wetting and drying. The

withdrawal resistance could be as low as 25% of values for nails pulled soon after driving.

Because trusses may be assembled using either green or seasoned lumber, and may be subjected to

cycles of wetting and drying before equilibrating to a dry state in-use, Aplin (4) considered the

various effects of moisture content on plated joints. Testing was performed to assess the effects of

moisture content at the time of assembly and testing, as well as cycling of moisture content on the

strength and stiffness of 2x4 spruce tension joints.

The moisture cycling consisted of three cycles of soaking under water for four hours and then drying

for 20 hours at 70° and 65% relative humidity. While not statistically significant, the cycling gen-

erally resulted in some reduction in strength. The effect on joint stiffness was erratic and no trend

was found for assembly vs. test moisture content for the cycled specimens.

For joints that were not cycled but either assembled wet and tested wet or dry or assembled dry

and tested dry or wet, the joints were most stiff when assembled and tested dry. Specirnens were

also stronger when tested dry, although it made little difference on strength whether they were as-

sembled wet or dry.

2. Review of Literature 7
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2. I . I .3 Anisotropic Properties

Wood is an anisotropic material and, for convenience, is described as orthotropic. That is, it is

considered to have three mutually perpendicular planes of symmetry. For wood, these orthotropic

axes correspond to a longitudinal (along grain) and two transverse (radial and tangential) directions.

When stress is applied in directions other than along one of the major axes, elastic and strength

properties can be predicted using a Hankinson—type formula (35). Hankinson (l 1) developed this

formula for compression tests on clear spruce, but the formula has also been used for elasticity and

various strength properties and any species. The generalized equation is:

N<v> = E ¤ J
(Psm 9+Qcos 8)

where N is the strength property at angle 9 from the über direction, Q is the strength across the

grain and P is the strength parallel to the grain. The constant, n, is empirically determined and is

generally around 2.0.

The Canadian testing standard, CSA·S347M (8), recognizes this anisotropic behavior with standard

tests performed at two grain orientations, 0° and 90°, and two plate orientations, O° -- parallel to

the direction of the slots forrned when punching the teeth, and 90° as shown in Figure 2. The letters

corresponding to the Canadian tests relate the direction of the plate and the grain to the direction

of the applied load. Hence, an AE specimen has the plate oriented pArallel to the load direction

and the wood grain is plärpendicular to the load direction.

The design strength of a joint is predicted from results of these tests and interpolating between them

for the actual direction of applied load. The U.S. testing standard makes use of two tests, one in

which the lumber grain and plate slots are oriented parallel to the direction of load, and one where

the load is applied parallel to the grain direction, but perpendicular to the plate slots. Modiücations

to incoxporate the two other combinations of grain and plate angle are being considered.

2. Review of Literature 8





Canadian-style tests by McAlister (16) and Triche (30), indicate that the load at critical slip and '
ultimate load are greatest when the direction of load is parallel to the plate and grain axes. Joints :
loaded parallel to the plate axis and perpendicular to the grain axis were the weakest. :

I

I
2.1.1.4 Viscoelastic Properties I

I
Wood is assumed to be a viscoelastic material in that it will continue to deform, or creep, under I

sustained loading. Brock (6) compared the effect of duration of load on nailed joints using matched :
joint specimens. Short~term tests were rarnp loaded to failure at a rate of 0.1 in/min while the :
long-term tests were held at a constant load for six years. Some slight (3%) moisture content

:
fluctuations were identified, but no relationship was noticed between creep and thesefluctuations.The

final slip or deformation of the long-term joints was six to eight times that of the initial slip,

although no joint experienced a slip greater than 0.055 inches. Brock also reported that one third

to one half of the total creep occurred in the first year, indicating shorter tests could be performed

in the future. When the long-term specimens were unloaded, up to 40% of the total deflection was

recovered.

Leicester et al. (14), tested metal plated joints for their performance under sustained loads. He

performed tension tests using three different 14 gauge plates and one 18 gauge plate, and four species

of wood ·· three native to Australia and Doug1as·fir. Initial values were established from matched

specimens failed in a three minute test. The long-term specimens were loaded to 25% of this initial

strength and sustained for 4000 days. They were unloaded for 35 days and then loaded to failure.

It was determined that sustained load has defmite detrimental effect on residual strength of joints

and that it reduces the stiffness of joints to about one half of their initial value.

Sliker and Radcliffe (26) studied creep characteristics in full scale metal plated trusses. The major

factor contributing to truss creep was found to be slippage between the plate teeth and the wood.

They also found that tooth geometry has an important influence on creep characteristics. When

2. Review of Literature 10
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considering creep in full scale trusses, Leicester et al. (14) found there was no measurable increase

in creep after 400 days.

As has been observed with nails, the withdrawal resistance of metal plated joints is dependent on

elapsed time between assembly and testing. Work sumrnarized by Quaile and Keenan (24) showed

a significant reduction in strength with increasing elapsed time between joint assembly and testing.

The effect was hypothesized to be due to the viscoelastic nature of the wood in that the wood fibers

relax and loosen their gzip on the teeth with time. The major part of this reduction occurs in the

frrst seven days after assembly and appears negligible after three weeks.

2.1.2 Plate Factors

Several factors related to the metal plates themselves affect joint performance. Included are the

mechanical properties of the steel, the size and thickness of the plate, tooth density, tooth pattern,

the size and shape of the teeth, and the surface condition of the metal. Metal plated joints have

several possible modes of failure. In tension, teeth can withdraw from the wood, or, the plate itself

can tear across a minimal net section. In compression, the teeth can bend or slip in the wood, or,

if a gap is present, the plate can buckle between embedded teeth. In shear, again, teeth can slip or

the metal itself can shear and/or buckle.

2.1.2.1 Mechanical Requirements ofSteel

Minimum mechanical requirements of the steel are defined in Truss Plate Institute’s design spec-

ilication, TPI-85 (33). These basic descriptions of minimal steel properties include a yield stress
of 33,000 psi and an ultimate strength of 45,000 psi. Each commonly used metal gauge also has

minimum thickness requirements.

2. Review of Literature ll



2.1.2.2 Tooth Size and Shape Ä
Ä

Manufacturers produce plates with a variety of tooth sizes and shapes. Standard tests, asoutlinedin

TPI-85 (33), must be perfonned to determine plate properties and plates must be approved be-

fore they can be sold. Because the teeth are punched from the steel, forming slotted holes, the larger Ä

the teeth, the more the net section of the plate is reduced. While longer teeth provide greater E
withdrawal resistance, little is gained if the plate tears in tension. If teeth are too large, or too closely :
spaced, they become diflicult to embed and may split the wood, greatly reducing the load carrying Ä

capacity of the joint. In preliminary tests perfomied by the author, a 20 gauge plate with a tooth

density of 8 teeth/inf was easily embedded; however, a 16 gauge plate with the same tooth density

was impossible to fully embed, using available equipment. The density of the wood is also a factor

in plate pressability.

Some punched teeth are fairly flat and rectangular, while others may be twisted and/or triangular.

Different types of teeth perform differently, and, depending on which criterion is used to evaluate

them, one type may be more desirable than another. Hall (10), studied the lateral withdrawal re-

sistance of triangular and circular nails of equal cross·sectional area. While the ultimate load of the

triangular nail was greater than the round nail, if a joint-slip criterion was used, the round nail was

found to be superior.

2.1.2.3 Tooth Configuration .

Metal connector plates are commonly manufactured by running a sheet of metal through a cutting

die that punches small holes and bends the displaced metal perpendicular to the sheet, forming a

tooth. Often, two teeth are made from each oblong hole, one at each end. Truss plates are com-

monly found in both aligned tooth configurations and with varying degrees of stagger between rows

of teeth as shown in Figure 3. Some plates have circular holes with several teeth punched at each

2. Review of Literature I2
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hole. No published research was found making direct comparisons of tooth coniigurations. De- Ä
pending on the mode of failure, though, some trends could be hypothesized for a constantgaugeand

tooth density. With tension, net cross-sectional area of the plate could be a factor. A com-
Äpletely staggered plate has a consistent cross·sectional area, where an aligned plate has rows of solid

steel and rows of closely spaced slots. Therefore, if plate tearing was the failure mode, a staggered Ä

plate would probably perform better than an similar plate with aligned teeth, as suggested by Misra
Ä

and Esmay (20). Ä
Ä

With compression, this same philosophy holds, in that for a given critical buckling length, the more Ä
steel there is in a critical cross-section, the less likely it is buckle. With aligned plates, the location Ä

of the rows of slots, with regard to the joining wood members, is an issue. If the plate is sized such Ä
that a row of slots falls directly across two joining members, that joint would be more susceptible Ä

to buckling or tearing than a joint with aligned plates sized such that a solid row of steel crosses the Ä
gap.ÄÄ

Ä
Ä2.1.2.4 Plate Size Ä
Ä

While a larger plate may be expected to sustain a larger load than a smaller plate, this may not hold

if capacity is expressed on a per tooth or per surface area basis. This is due to a nonuniform stress

distribution in the fasteners. Lantos (I2) studied the load distribution in a row of fasteners. In his

work with rows of bolts in wood connections, he demonstrated that the error introduced by as-

suming uniform load sharing by the fasteners could be signiiicant. In general, the first and last

fasteners in a row are more highly stressed.

Misra and Esmay (20) considered tension joints made from 2x4 Douglas frr fastened with 16 gauge

metal plates and found that stresses in the connector were not uniform. The maximum calculated Ä
stress was 2.4 times the average value. They also suggested that the strength of a tension joint could Ä

2. Review of Literature 14
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be increased and the stress distribution would vary less if the middle part of the plate, lying directly

across the joint, was not punched with teeth.

Beineke and Suddarth (5) performed tension tests with 3 inch wide plates and varying lengths from

4 to 12 inches. They found that the extra length of the 10- and 12-inch plates provided no extra

joint strength, due to the limited net section tensile capacity of the 20 gauge plates. This implies

that, for larger loads, designing plates based on an allowable load per square inch of plate has lim-

itations.

With respect to this size effect and the possibility of obtaining inflated values on a per tooth basis,

the Canadian testing standard requires that design values be obtained by testing the longest plate,

in the direction of applied load, that will still produce tooth withdrawal failures rather than tension

failures in the plate.

2.1.2.5 Surface Condition

Plate performance can also be atfected by the surface condition of the plate and the teeth. Most

plates are made of galvanized steel, while some are made of stainless steel. Stainless steel plates have

exhibited lower strength and stiffness than similar galvanized plates (30). Other coatings could be

applied for certain desired effects.

Plates are often coated with a thin film of oil to protect them from mst. While they are generally

installed without removing this oil, the Canadian test standard (8) recommends washing the plate

with a solvent before testing to remove this extra source of variability. Some testing results showed

that the effect of this oil coating was to somewhat reduce the strength and stiffness of the metal

plated tension joints (30).
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2.2 Modeling Joint Behavior I
I

I

I

I

2.2.1 Pinned Connections I

The sirnplest method for modeling connections in a structure is one that assumes pinned con- I
nections at all joints. Classically, this was how truss analysis was performed because it could be I

I
done graphically with simple hand calculations. Pin connections assume that the truss members I

I
may only sustain tensile and compressive loads and that no moment is transferred through con- I

I

nections. This is not a very accurate assumption for metal plate connected trusses. Computer I
I

programs have been developed that handle the mathematical complications of indeterminate I

structures, but the question still remains: What degree of rigidity should be used to model metal I
plated joints? I

2.2.2 Purdue Plane Structures Analyzer II

The Purdue Plane Structures Analyzer II (PPSA II) (27) is one such program that can be used to

analyze wood trusses. Joints can be modcled as pinned, fixed, or various degrees of rigidity can be

modcled with the use of "fictitious members". A fictitious member does not correspond directly to

an actual member in a truss, but it is a short connecting member with stiffness properties similar

to that of a joint. The major drawback of this method is estirnating the stiffness properties to assign

to the fictitious members. Extensive testing is required for each type of plate/joint combination to

be modeled.

Beineke and Suddarth (5) attempted to reduce the amount of testing required to determine fictitious

member properties by developing an analytical system to predict metal plated joint behavior under
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axial load. Tests on tension joints made with 2x4 No. 1 Dense Southem Pine were conducted for

verification of the analytic procedure. Typical 20 gauge galvanized steel plates, 3 inches wide and

4, 6, 8, 10 and 12 inches long were used. The analytic approach was not able to satisfactorily predict

the joint behavior of this range of plate sizes. However, an alternative empirical system was de-

veloped that uses test data from the longest and shortest plates as limits for interpolation to obtain

joint stiffness values.

2.2.3 SADT

In another attempt to limit costly testing, Foschi (9) developed a computer program, SADT, to

analyze plate connections without resorting to fictitious members. His program uses a frnite ele-

ment approach and accounts for the nonlinearity of joint load-slip behavior, gaps between con-

nected members, and the buckling capacity of the plate as well as yielding in tension and shear.

The program makes use of basic mechanical properties of the steel. The tensile yield load and the

shear yield load are determined from the yield strength of the steel. The maximum sustainable

compressive load is based on simple compression tests of plated joints with a uniform gap. The

program requires three load-slip parameters obtained from each of the four standard Canadian plate

tests. The plates tests produce a non-linear load-displacement curve as shown in Figure 4. The

three parameters used to describe this curve are: k · the initial stiffness, ml · the stiffness at large

displacements, and m0 · the intercept of slope ml. These parameters can be used in equation 2 to

describe the curve:

F = (mo + mlA)(l -—
¤""^"“°>) IZ 2 ]

The program was verified by testing eccentrically loaded tension joints. The 2x6 spruce members

were configured as shown in Figure 5, and the joint was assembled with a uniform 0. l" gap between
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the members. A 4" x 7.9” 20 gauge plate with a tooth density of 7.1 teeth/inz was used. "lhe dis- I

tance between parallel rows of teeth (column width) was 0.1875”, with four columns/inch. Teeth

were removed from the plate area lying within 0.5” of the end of the 2x6, which created a steel

column length of one inch between connected areas. Overall, good agreement was found between

experimental results and theoretical predictions. The analysis gave excellent prediction of initial

stiffness. A good approximation for buckling load was obtained, although the iterative scheme used

could not converge for the unstable case of decreasing load and increasing deformation. Therefore,

the theoretical curve is not continuous between pre-buclding and gap closure when stiffness in-

creases. After gap closure, the predicted behavior is not as accurate, as the program does not in-

corporate the crushing of the wood as the load increases.

Triche (30) made several modifications to Foschi’s SADT program. His changes made the program

more generally applicable in that any relative orientation among plate axes, wood grain axes a.nd

the reference axes could be accommodated. Changes were also made in the transformations of

pararneters found by specific tests to any joint configuration.

Triche used the modified program to predict the load-slip behavior of plated joints in bending.

Clear, machine stress rated western hemlock, free of knots and other defects, was used. Two plate

sizes (3.0” x 5.0" and 3.0" x 3.5”) in two orientations (0° and 90°) were investigated. A 2.5” x 5.25"

plate was also tested in the 0° orientation. The plates were of 20 gauge metal with 5/ l6" long teeth

and 9.14 teeth/inz. Two replications of each test were used to verify the modified SADT program.

The modified program was found to give accurate results in predicting the behavior of joints under

applied moment in the range of design load. Regarding the modeling of gaps, Triche found the

program to perform acceptably as a discrete approximation, but, aside from calibration by exper-

iment, it can be difficult to establish accurate gap location and magnitude.
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2.2.4 Other Semi-Rigid Models

Maraghechi (15) developed a method for analyzing plane framed structures with nonrigid con-

nections. Beam elements were used for modeling lumber and joint elements were used for modeling

metal plate connections. The joint elements consist of three linear springs, having no physical di-

mensions, representing axial, shear and moment resistance. Joints from 2x4 Douglas fir with 18

gauge, 6" x 3” plates were tested under pure bending, pure axial load, and shear to determine rota-

tional, axial and shear spring constants. The model was verilied on beam and frame tests using

similar lumber and plates. Acceptable agreement was found between analytical and experimental

results.

Maraghechi also considered the effect of plate size on the calculation of the three spring constants.

Three plate sizes were considered: 3" x l0.5", 3" x 7”, and 3" x 3.5”. Rotational stiffness was found

to be in direct proportion to the area of contact between the plate and the lumber, while no re-

lationship was found for axial or shear stiffness with contact area. A sensitivity study was also

performed to assess the influence of joint stiffness on member end forces. Moment and axial spring

properties were found to have an appreciable influence, while shear spring properties had little ef-

feet.

2.3 Design of Metal Plated Connections

2.3.1 Testing Standards

As with any type of design procedure, loads must be estimated, the strength and stiffness of mem-

bers must be estimated, and members must be chosen to withstand probable applied loads. To
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consistently estirnate the strength of metal plated joints and determine allowable loads,

testingstandardshave been developed. The United States and Canada have similar testing standards. The

major difference is that the U.S. presently requires tests to be perforrned at two wood-plate orien·

tations (0° wood·0° plate and 90° wood-0° plate) while the Canadian standard requires tests at four j
wood-plate orientations, as shown previously in Figure

2.Testingprocedures for metal plated joints in the United States are published by the Truss Plate

Institute (TPI). In their latest design specification, TPI·85 (33), testing methods are given to de·

termine lateral resistance, tension strength and shear strength of the plate itself. Presently, the size

of plate for a compression splice is determined based on the lateral resistance of the plate, given on

a per tooth or per area basis. Therefore, of greatest interest to this study is the deterrnination of

allowable load per square inch of plate. Portions of this procedure have been eluded to previously,

and a summary is as follows.

Samples: Ten replications of each of two joint configurations are required, as shown in Figure 6.

The plates can be evaluated using either a net plate area method or a gross plate area method.

With the net plate area method, the teeth that would fall within a specified end distance from the

end of the lumber are ground off and the results are reported based on the remaining net area of

the plate or on a per tooth basis. With the gross area method, the plate is not altered, but the 2x4

lumber is cut down to match the width of the plate. The results are then reported based on the

gross area of the plate.

Specific Gravity: For each species of lumber being used, the average specific gravity of the samples

can not exceed the value published in the National Design Specification, NDS, (21). Furthermore,

no more than two of the specimens may exceed the published value, and by no more than 10 per-

cent.
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Figure 6. Lateral resistance tests: TPI·85 (33).
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Moisture Content: The specimens shall be assembled and tested at a wood moisture content of 15

percent, gl; 4 percent.

Storage: The specimens shall be stored for a minimum of one week between assembly and testing.

Steel Thickness: The steel thickness shall not exceed 5 percent greater than the specified minimum

for the gauge being evaluated.

Testing: The specimens are tested to failure in a calibrated testing machine such that maximum

load is achieved in approximately 10 minutes, but not less than 5 minutes or more than 20 minutes.

A crosshead speed of 0.0035 in/rnin i- 50 percent is suggested, although crosshead speed shall not

exceed 0.01 in/min.

Evaluation: The lateral resistance can be reported on a per tooth, nail, plug, or square inch of plate.

The allowable lateral resistance value for the plate is the least of: a) the average of the 10 specimens

at maximum load divided by 3.0 or b) the average of the 10 specimens at critical slip divided by 1.6.

Critical slip is defined to be 0.0l5” when measured from the connector to each active wood mem-

ber, or, 0.03" when measured from wood to wood.

Further applications: The lateral resistances, calculated for both joint configurations may be used

for any other lumber species of equal or greater density listed in the same lumber group of the NDS.

2.3.2 Design Procedures

The design of metal plated joints is addressed in Part IV of the TPI design specification, TPI-85
(33). Section 4.6 specifically addresses compression splices and states, "Splices resisting compressive

forces shall be designed to transmit 50 percent of the component of any compressive force normal
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to the line of contact of adjacent compressive web members and/or adjacent chord members. The
plate area must develop at least 375 pounds axial force per member at the basic design value (lateral
resistance)/’ The plate strength value that is used to size the plates for a compression splice is the
lateral resistance value, determined from tension tests as specified earlier.
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3. Experimental Materials and Methods

Experimentally, two categories of study variables were considered. "Truss design variables" are re-

lated to factors that vary with the design and manufacture of any given truss. These include joint

configuration, plate thickness or gauge, and alignment of teeth. Specifically considered were speci-

mens representing compression joints in a 28’ span, pitched Fink roof truss and a 22’ span, parallel

chord floor truss. Two plate thicknesses, l6 and 20 gauge (approximately 0.060” and 0.038", re-

spectively) with staggered and aligned teeth were evaluated. The "research variables" focused on the

specific objectives of this study and were gap size and joint load level.

When evaluating the performance of a structural system, both strength and serviceability are con-

sidered. To avoid a catastrophic failure, the loading system is analyzed and a structure able to

sustain that load, with appropriate factors of safety, is designed. Also incorporated in the design

are serviceability requirements, often in the form of a deflection limitation. Even if a floor system

is able to sustain a given loading without actually collapsing, it is unacceptable to have excessive

sagging in a floor. When designing parallel-chord trusses, a deflection limit often governs the design

of the truss. With a pitched roof truss, the design is most often govemed by the strength of the

system. Because of geometry differences, parallel—chord trusses and pitched trusses exhibit different

stress and deflection behavior and their designs are often govemed by different criteria. Therefore,

joints representing both truss types were studied.
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The specimens were loaded to a target load level and deformation at that load observed. The load

was then removed and permanent deformation recorded. The target load level was varied so that

the half rule could be evaluated. The study target load levels, P1 and P2, are directly related to the

allowable rating for each plate. Half of the specimens were loaded to P2 = 2 * (Area) * (Rating)

and the other half to only P, = (Area) * (Rating). lf the joints loaded to the higher load level do

not buckle or show an unacceptable amount of set, then it might be logical to conclude that the

half rule is an acceptable design method. Altemately, if only the joints loaded to the lower level

perform satisfactorily, then the half rule may not be acceptable. It should be noted that this pro-

cedure is independent of any overplating or oversizing of the joint. lf the half rule is strictly valid,

a joint should be able to resist a load of P2 regardless of the size of the plate.

3.1 Experimental Design

Two levels of each of five factors were included in the experimental design, as outlined in Table l.

This yields 32 cells or distinct combinations of these factors. Ten replicates were tested for each

cell.

Because of a miscommunication with two metal plate suppliers, eight cells in the design were loaded

to one-half the valid load instead of twice the valid load. As will be shown later, this error did not

significantly impact on the study results. Two other cells of load level P; were also omitted because

all of the similar joints loaded to P1 buckled at a load less than P1. Therefore, 22 of the original

32 cells remained. All sixteen combinations loaded to P1, six cells loaded to P2, and eight cells

loaded to (1 /2) * P, were tested, for a total of 300 specimens.

3. Experimental Materials and Methods 27



Table l. Experimental Design Factors for Compression Joint Tests

Factor Level

Joint Type Roof l
Floor

Plate Gauge 16
20

Tooth Aligmnent Aligned
Staggered

Gap Size
l/l6”

max.
1/

8” max.

Load Level P1
P2
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3.2 Materials and SpecimenDimensionsSince
little research has been done with metal-plated compression splice joints, there is no estab- V

lished method for the manufacture and testing of specimens. Therefore, the specimenconfigurationwas

deterrnined by assessing the type of specimen that simulates in—use conditions and bestfacili-tates

data collection. Compression joints are typically found in the upper chords of trusses and
{

hence, would generally have roof or floor sheathing nailed to them. This sheathing provides lateral

stability and adds to the axial stiffness of the plated joint. The selected test specimens were con-

structed by splicing two 2l” pieces of 2x4 with two metal plates. The end of one piece in the splice

was tapered to provide the desired gap while keeping the entire specimen straight.

The lumber used was a mixture of No. 2 Dense, No. 2, and No. l Dense KDIS Southem Pine 2x4.
The lumber grade selection was for convenience since each piece was cut into 2l" long sections such

that no defects were in the plated area. The lumber sections were distributed to experimental

groups to insure a reasonably common average specific gravity in all cells. A total of 300 specimens

were manufactured in groups prior to test so as to minimize the time between assembly and test.

On the average, all specimens were tested within 48 hours of assembly.

The study metal plates are currently manufactured 16 and 20 gauge plates and were obtained di-

rectly from the manufacturers. Each manufacturer was supplied with the truss parameters as

summarized in Table 2. The roof truss had a 3/12 pitch and a 28’ span. The floor truss was top-

chord bearing and the manufacturers were asked to maximize the span of the floor truss to meet

the given parameters. The actual spans ranged from 22’·0" to 22’-6". Each participating plate

supplier was asked to perform their own analysis of each truss under the given loading condition

and then supply plates of the sizes they recommended. All plates were three inches wide, but did

vary in length by supplier. The properties of each plate type are Summaxized in Table 3.
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Table 2. Truss Design Parameters

Roof Floor
Truss Truss

Loading (psi)
Top chord, Live load 20 40
Top chord, Dead load 10 10
Bottom chord, Dead load 10 5

Load Duration Factor 1.15 1.00

Truss Spacing 24" oc 24" oc

Lumber (Southern Pine) #1 or #2 KD15 #1 Dense KD15
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Table 3. Plate Properties

Plate Gauge Pattem Tooth Density Thickness Tooth Length Plate Length‘
Style (teeth/inz) (inches) (inches) (inches)

A 20 Aligned 8.0 0.038 0.39 roof · 5
floor - 5

B 20 Staggered 8.0 0.039 0.33 roof · 5
floor · 8

C 16 Aligned 3.2 0.060 0.56 roof · 5
floor · 8.33

D 16 Staggered 4.8 0.060 0.40 roof · 5
floor · 7.5

‘A1l plates 3.0^' wide.
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The plates were pressed using a 20,000 pound capacity MTS hydraulic testing machine. The lum-

ber was pushed against a length of steel to keep the pieces aligned. The pieces were butted where

there was no gap, and an appropriate metal shirn, 1/8" or 1/ l6", was placed in the open edge of the

gap. The 1/l6" maximum gap reflects the current TPI OST·86 (34) compression splice joint tol-

erance. The 1/8" maximum gap reflects the published joint tolerance for tension joints. One plate

was centered over the joint and a metal block was placed over the plate to distribute the load. The

plate was pressed into the lumber until the teeth were fully embedded. "Ihe joint was then tumed

over, and another plate was centered and pressed on the other side. The actual gap was measured
_ prior to testing.

Sheathing was cut into strips 5.75” by 38” and nailed to the 2x4’s with the face grain running per-

pendicular to the length of the specimen. The roof truss specimens used 15/32” thick 32/16 APA

Rated Sheathing, Exposure 1, and the floor truss specimens used 23/32” thick APA Rated Sturd-

I-Floor. The sheathing was nailed per APA specifications with a total of four nails in each speci-

men, centered around the joint. Roof truss specimens used 6d common nails, spaced l2” on center

and floor truss specimens used 8d cornrnon nails, spaced l0” on center. Figure 8 shows a roof truss

configuration and Figure 9 shows the gap for a roof truss specimen. Figures 10 and 11 show these

respective details for floor truss specimens.

3.3 Test Method

The specimens were tested in either a 12,000 pound capacity Tinius Olsen screw-driven machine

or a 20,000 pound capacity MTS hydraulic machine under stroke control. The assembled specimen

was placed in the testing machine and two linear variable differential transducers (LVDTs) were

attached on either side of the joint to measure relative displacement. The LVDTs were placed on

the narrow face of the 2x4 in the floor truss joint samples, as shown in Figure 12. The gauge length

3. Experimental Materials and Methods 33











• A I
through which displacements were measured was 6” for both the floor and roof truss joints.

Measured displacements from each LVDT were summed and averaged, to represent the average

joint deflection across the width of the 2x4. With the roof truss samples, the LVDTs were located

. in diamctrically opposite positions on the wide face of the 2x4, as near to the edge as possible, as

shown in Figure 13. Again, this represents the average deflection of the joint. One end of the

specimen was placed on a spherically-seatcd block. On the other end, a 1/2" metal plate was placed

between the specimen and a load cell to distribute the load. The load cell and the LVDTs were

connected to a recorder which drew a load vs. deformation graph as the test was performed. The

specimen was checked with a level to assure it was centered and straight. Specimens were braced

if necessary prior to loading.

Load was applied at the ASTM standard rate of 0.0l"/minute (1). Each specimen was loaded to

the appropriate load level, either P1 or PZ, and held for five minutes to observe creep deforrnation.

The specimen was then unloaded and permanent deformation or set, was observed. If the plates

had not buckled, the specimen was reloaded until they did buckle. A "typica1" load-defonnation

curve is shown in Figure 14.

A moisture content and specific gravity sample was taken from each specimen, near the joint.

Moisture content was determined using Method A · Oven Drying Method, outlined in ASTM D

2016 (2). Specific gravity was determined by Method B - Volume by Water Immersion, outlined

in ASTM D 2395 (1). Moisture content is reported based on oven-dry weight. Specific gravity is

reported based on oven-dry weight and oven-dry volume.
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4. Results and Discussion

4.1 Introduction

4.1.1 Moisture Content and Specific Gravity

The average moisture content and specific gravity for each cell are shown in Table 4. The average

specific gravity of all cells was found to be similar. Differences between the average moisture con-

tents were detected between some cells, but not between any cells that were used in direct com-

parisons. Both moisture content and specific gravity were used as covariates in the analysis of the

data, which essentially removes any effects due to variations in these properties.

4.1.2 Load Levels

Unless otherwise specified, all comparisons are made based on the results from specimens that were

loaded to P1. While the plate buckling load was not found to be significantly affected by the load
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Table 4. Average moisture content and specific gravity by experimental design cell.

Joint Plate Gap Moisture Content (%) Specific Gravity
Type Style Size Mean Std. Dev. Mean Std. Dev.

Floor A 1/16" 9.91 0.70 0.495 0.067
Floor A 1/8" 9.81 0.53 0.495 0.064
Floor B 1/ l6" 9.81 0.62 0.504 0.052
Floor B 1/8" 9.80 0.76 0.519 0.068

Floor C 1/ 16" 9.08 0.43 0.520 0.074
Floor C 1/8" 9.07 0.27 0.517 0.072
Floor D 1/

l6” 9.46 0.65 0.546 0.039
Floor D

1/8” 9.33 0.34 0.502 0.055

Roof A 1/16" 9.91 0.85 0.556 0.105
Roof A

1/8” 10.37 0.82 0.537 0.059
Roof B 1/ 16" 10.09 0.63 0.517 0.078
Roof B l/8" 10.55 0.29 0.516 0.060

Roof C 1/ 16" 9.27 0.25 0.557 0.079
Roof C 1/8" 9.98 0.72 0.504 0.052
Roof D 1/16" 9.68 0.61 0.488 0.042
Roof D 1/8” 9.73 0.56 0.515 0.047

Note: A = 20 gauge, aligned plates
B = 20 gauge, staggered plates
C = 16 gauge, aligned plates
D = 16 gauge, staggered plates

4. Results and Discussion F 43



II
I

level, deformations at specific load levels would be affected. Because some specimens were held at
P2 and some were held at (1/2) * (Area) * (Rating), comparisons between load levels regarding

deformations could not be made.

4.2 Performance Indicators

4.2.1 General Observations

The most noticeable factor contributing to gap closure was the buckling of the metal plate across
I

the width of the plate where the splice occurred. Combined with this was slippage between the

teeth and the wood, as well as the withdrawal of some of the teeth near the splice. In comparing

modes of failure between the two gap sizes, tooth·slip played a greater role in joints with a l/l6"

gap. The actual buckling of the plate was more distinct in joints with 1/8” gap. With the smaller

gaps, often the gap would nearly close primarily due to tooth-slip. ln fact, with the 16 gauge plates

on joints with 1/ l6" gap, the plates rarely showed any visible deformation. The gap closed without

the plate buckling. With the larger gap, there was enough room for movement such that the gap

could not close solely due to tooth·slip and the plate itself would buckle. Figure 15 shows a roof

truss joint with buckled 20 gauge plates while Figure 16 shows a floor truss joint with buckled 16

gauge plates.

4.2.2 Types of Indicators

The performance of the plated joints in compression was evaluated by using several performance

indicators. These indicators are divided into three categories: buckling, deformation and stiffness.
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4.2.2.1 PlateBucklingTwo

factors were used to identify any influences of study variables on strength~related joint per- I

formance. The first, plate buckling load (PBL), is defined as the load that causes visible buckling I

of the plate and/or a definite change in the slope of the load vs. deformation curve. Whilebucklingof

the plate is not desirable, it did not cause a catastrophic failure of the chord specimen.Defor-mation

occurs as the gap closes, but once the gap has closed, the joint can continue to sustain

load.Therefore,the problems associated with plate buckling are: l) buclded plates may be perceived to E
be unsafe, 2) it allows deformation to occur and produces set in the truss, and, 3) the buckled joint I

may have questionable strength if it is subjected to future stress reversals. Generally, the load- E

deformation curves for the 1/ 8" gap specimens resembled Figure 17, while the curves for the 1/ 16”
E

gap specimens generally resembled Figure 18. The two curves are very similar except for the E
post-buckling behavior. Because joints with a 1/8" gap had a greater capacity for deformation, the I

load often fell off after buckling until the gap closed and then the joint continued to support load. i

The joints with a 1/ 16” gap generally did not exhibit this pronounced behavior since there was

lessavailablespace for deformation. Gauge also had an effect on the general performance of the joints

in that the 20 gauge plates generally exhibited more pronounced buckling than did the 16 gauge

plates.

A second variable called RATIO is defir1ed as the PBL divided by P1. This is the ratio of the

buckling load to the design load specified by the plate manufacturer. RATIO indicates how well

the plate performed with respect to a specific goal for that plate, namely, design load. A RATIO

of less than 1.0 results if the plate buckled before the specified design load. If the one-half rule is

technically valid and plate buckling is the implied criteria, then a RATIO greater than 2.0 should

be observed. RATIO provides a common basis for comparing plates with different tooth densities,

lengths, etc. Using RATIO for comparisons does assume that the stated design loads for all plates

are developed on the same basis from the performance of the plate in the tension tests. This may

or may not be a valid assumption. Hence, some caution should be exercised in using RATIO as
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a performance indicator. Some manufacturers may conservatively oversize a plate which, to a

cer-tainextent, makes a joint stiller and stronger. Because the design load is based on plate area, if the
A

area is larger, the design load is larger, and the RATIO will most likely become smaller, even though
{

the joint is capable of handling the load in the truss chord.
J

I
4.2.2.2DeformationDeformation

is an important consideration in truss design and joint deformation is a major portion

of overall truss deformation. Four joint performance indicators related to deformation were in-

vestigated. The first is SET, which is defined as the permanent deformation observed after loading

the specimen to the load level, holding that load for five minutes, and unloading it. The deforma-

tion at the load level is D1. D2 is the deformation after the five minute hold. D2 is used to cal-

culate the creep that occurred during the live minute hold, CREEP = D2 - D1. Norrnally it is

desirable to experience a minimum of creep deformation. However, in this study CREEP is defmed

as the deformation which occurs during the five minute hold at design load. Hence, CREEP can

be very small if the joint is initially very stiff and the plates do not buckle. Altemately, if at P; the

plates have buckled and the gap has closed, then there is little room for deformation and CREEP

will again be very small. Therefore, if the plates buckled before a load of P1 was obtained, ie RA-

TIO of less than 1.0, CREEP is not calculated. Figures 17 and 18 show the deformation indicators

on typical load·deformation curves. Note that on these curves, the plates did not buckle until after

the joints had been held at the design load. A creep ratio was defined to be CRATIO = CREEP

/ D1, to put creep deformation on a relative scale. CRATIO reflects the fractional increase in de-

fonnation at the design load and, for this study, is based on the holding time at design load of five

minutes.
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4.2.2.3 Joint Axial Stffncss I

An initial axial stiffness was calculated for each joint. The equation relating axial stiffness, load and

deformation is:
E

- 1; I1. - A [3] E
where, k = joint stiffness (lb/in)

P = applied load (lb)

A = observed deformation, or change in length (in)

The load to cause A = 0.01" of deformation was used to calculate the initial stiffness of the joint,

kl, in the form of a secant modulus as shown in Figure 19. For specimens that were loaded a

second time, i.e. did not buckle before the appropriate load level, a ”cycled" stiffness, kl, was cal-

culated. In this calculation, the load used was the load level and the deformation was the defor-

mation after hold minus set (D2 - SET). This cyclcd stiffness rellects the stiffness that the joint

may exhibit after one repeated loading. For many types of connections the cycled stiffness is dif-

ferent than the initial stiffness and may represent a better estimate of ir1-service joint response.

4.2.3 Comparisons with the Indicators

Cenain performance indicators are geared toward absolute comparisons of joint performance while

others are better suited for relative comparisons within one plate style and size. Because defor-

mations were all measured relative to the design load for the plate and design load varied with plate

style and size, it can be misleading to compare deformations of joints loaded to different design

loads. One may observe that joints with one plate style and size always exhibited larger defor-

mations than joints with another plate, but one must keep in mind that the design loads can be
I· I
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Figure 19. Initial stiffncss, kl and cyclcd stiffncss, kz of a metal—plated compression splicc
joint.

4. Results and Discussion 52



é

quite different. RATIO and kz are also directly tied to the design load for the plate. The PBL and

kl are relatively independent of the actual plate rating. There may be some size effect on these in-

dicators, but the actual design load is not a direct factor.

4.3 Statistical Analysis

A statistical analysis was perfonned using Statistical Analysis System (SAS) (25) software. No

significant interactions were found between the experimental design cclls and moisture content or

specific gravity and hence, moisture content and specific gravity could be used as covariates to ad-

just the data. Adjusting the data in this way allows the data to be compared for true differences in

the performance indicators and removes any differences that might be present due to fluctuations

in the covariates.

An analysis of covariance showed there were significant multiple interactions when considering the

entire data set. Because of the fundamental differences in geometry and governing design criteria,

the data were separated by truss joint type for further analysis. Again, when considering either floor

or roof truss joints, sigificant three-way interactions were found between plate gauge, tooth alig-

ment and gap size. To make statements regarding joint performance, the data were further divided

by gauge.

For the 16 gauge plates, there was no sigificant interaction between gap size and tooth alignment.

Therefore, the effects of gap size and tooth alignment may be considered independently. That is,

conclusions regarding the effect of the two alignments are valid for both gap sizes and conclusions

regarding the effect of gap size are valid for both aligments. This was not generally the case for

joints with 20 gauge plates, Often, significant interaction between gap size and tooth alignment
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was found. Therefore, conclusions about the effect of gap size may only be valid for one of

thealignmentsand vice versa. Q

The null hypothesis for all statistical mean response comparisons is that there is no difference inthemeans

of compared performance indicators from two groups. For example, the average PBL for i

floor joints with 20 gauge aligned plates, is not significantly different than the average PBL for floor I
joints with 20 gauge staggered plates. In statistical hypothesis testing, there are two types oferrorspossible.

The null hypothesis being tested can be either true of false. lf the null hypothesis isac-tually

true, but we are led, by chance, to reject it as false, a Type I error has been comrnitted.

Theprobabilityof this happening can be controlled by choosing the level of significance, or,et-level.The

probability of not rejecting a true hypothesis is thus 1 -a.A

Type II error is committed if you fail to reject the null hypothesis as true and the hypothesis

isactuallyfalse. The probability of this happening is known as ß and hence the probability of

cor-rectlyrejecting a false hypothesis is 1 - ß. The quantity (l - ß) is also known as ”power".

Obviously neither type of error is desirable and we would like to minimize both a and ß, but due i

to the complex relationship between a and ß, if we rninimize a, ß increases and vice versa. There-

fore, the consequences of each type of error must be considered when choosing which type to

control. Because ß can be impossible to calculate, the significance level, or a-level, is usually chosen

to be either relatively large or relatively small depending on the consequences of the errors.

The design of parallel chord floor trusses is often limited by a deformation criterion. However with

triangular roof trusses, deformation is a less critical issue and axial deformation of the compression

joint may not be of importance from a serviceability perspective. Because of this, different signif-

icance levels were chosen for floor truss joints and roof truss joints. Because plate buckling and

deformation are so critical with floor trusses, a relatively high a-level and the associated high power,

assure that, if differences are present, they can be detected. A high a~level does increase the chances

of saying there is a significant difference even if there isn't one, but because the differences are so
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critical, the higher power is of greater importance. Therefore, for floor truss joints, an a·level

of0.20waschosen.Altemately,

with roof trusses, where deformations are potentially of less importance, an oz·level of

0.01 was chosen. This means that differences in performance indicators must be more substantial

before they are considered significant. This decreases the power in that minor differences will not

be detected, but it also means that if differences are detected, they really are significant.

4.4 Floor Truss Joiuts

With the data from floor truss joints, multiple interactions were found between gauge, gap size and

alignment. In general, joints with 16 gauge plates showed a higher plate buckling load and RATIO,

and similar or smaller deformations than joints with 20 gauge plates. Therefore, the results are di-

vided by gauge for comparisons between alignment and gap size within a gauge. Also, recall that

the plate sizes and therefore, design loads are quite different, as shown in Table 5. All deformations

are related to this design load. Hence the deformation performance indicators, as well as RATIO

and kg, are relative performance indicators. One should be aware of some underlying assumptions

regarding the plate design rating when comparing plate performance using these relative indicators.

Current practice assumes that a design value derived from tension tests is valid for compression

joints. It is assumed for this study that the stated design ratings were all established using standard

TPI tension test methods and if the rating was modified, all plate manufacturers did so in a con-

sistent manner. Another assumption is that if the design rating is given on a per area basis, the

rating is independent of plate size. The PBL and the initial stiffness, kl are not specifically related

to the design load and may be considered absolute indicators. While one may be tempted to say

that a plate with the highest PBL and initial joint stiffness is the "best”, these indicators say nothing

of the efficiency of the plate with respect to the design rating.
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Table 5. Plate Design Loads

Joint Plate Plate Tooth Plate Length‘ Design Load
Type Style Gauge Alignment (inches) (pounds)

Floor A 20 Aligmed 5.0 6210
Floor B 20 Staggered 8.0 8880
Floor C 16 Aligned 8.3 8250
Floor D 16 Staggered 7.5 9315

Roof A 20 Aligned 5.0 6210
Roof B 20 Staggered 5.0 5550
Roof C 16 Aligned 5.0 4950
Roof D 16 Staggered 5.0 6210

‘A11 plates 3.0” wide.
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4.4.1 Sixteen Gauge Plates

Figures 20 - 24 show the influence of the study variables on the performance indicators for the floor

truss joints. Because of the variation in the data it may be difficult to visually detect significant

differences. Statistics, employed with engineering judgement, can be used to determine significance

levels, but engineering experience should also be used to decide the importance of the variation in

joint performance on truss performance. No significant interaction was found between gap size and

alignment, therefore, gap size and alignment may be considered independently. That is, conclusions

regarding data from the two alignments are valid for both gap sizes and conclusions regarding gap

size are valid for both tooth alignments.

4.4.1.1 Alignmertt

Table 6 provides the mean values of the performance indicators by alignment for floor truss joints

with 16 gauge plates, and indicates if the differences were judged as significant.

Bucklingz The unadjusted PBL for joints with 1/8" gap are shown in Figure 20, along with the

means for each group. Similarly, the RATIO data are shown in Figure 21. Note that in no case

did the RATIO exceed 2.0. As mentioned earlier, the 16 gauge plates on joints with 1/ 16" gap did

not buckle. Therefore PBL and RATIO were not calculated for this series. For joints with 1/8"

gap, no significant differences were noted between the PBL of joints with either aligned or staggered

plates. However, alignment did have a significant effect on RATIO. Because the actual buclding

loads are not significantly different, the effect of alignment on RATIO is explained by the differ-

ences in design load. The aligned plates had a smaller design rating than the staggered plates and

hence the RATIO is larger. Because the design rating for the staggered plate is larger, one might

assume that, in tension tests, the staggered plate outperformed the aligned one. When using PBL

as the relevant critexion, these two plates performed similarly, possibly substantiating the claim that
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Table 6. Adjustcd mean values of performance indicators by alignmcnt for floor truss joints
with 16 gauge platcs.

Adjusted Mean‘ Pooled Significance
Performance Standard
lndicator Aligned n Staggered n Deviation p-value outcomez

PBL3 (lbs) 11570 10 11280 10 1191 0.641 ns
RATIO3 1.401 10 1.213 10 0.134 0.015 *
SET (in) 0.0058 20 0.0065 20 0.0013 0.207 ns
D1 (in) 0.0147 20 0.0170 18 0.0019 0.005 *
CREEP (in) 0.0016 20 0.0020 18 0.0006 0.065 *
CRATIO (%) 10.17 20 11.48 18 3.89 0.381 ns

kl (103 lb/in) 646 20 658 20 60.5 0.535 ns
kg (103 lb/in) 794 20 708 20 104 0.023 *

3 Mea.ns adjusted for specific gravity and moisture content3 ns = non—significant, * = significant at the 0.20 level3 Data for joints with 1/8' gap only
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joints perform differently in compression than in tension. If there are fundamental differences in

joint action between tension ar1d compression, perhaps it is misleading to use a tension·based design

rating to size plates for compression joints.

Deformation: Figure 22 shows visually that, with 16 gauge plates, there is no effect of tooth align-

ment on SET. Additionally, no significant interaction was found between gap size and tooth

alignment. Graphically, this means that the difference (vertical distance) between the average SET

exhibited by joints with aligned and staggered plates (with 1/ l6” gap) is similar to the vertical dis-

tance between that exhibited by aligned and staggered plated joints with 1/8" gap. This means that

the effects of gap and tooth alignment may be considered scparately when comparing the perform-

ance of joints with the two gap sizes. The data for both alignments may be pooled since there is

no significant alignment-gap interaction.

Deformation at design load, D1, (Figure 23) and CREEP were seen to be signilicantly higher in

joints with staggered plates compared to those with aligned plates. Note that joints with staggered

plates had a higher design load than those with aligned plates. While both D1 and CREEP were

greater for joints with staggered plates on an absolute basis, when these deformations are considered
ll

on a relative basis with CRATIO, the two alignments performed similarly (Figure 24).

Stiffness: As shown in Table 6, tooth alignment did not significantly affect initial joint stiffness,

kl. However, joints with aligned plates had a signifrcantly higher cycled stifliness, kl, than the joints

with staggered plates.

4.4.1.2 Gap Size

Table 7 provides the mean values of the performance indicators by gap size for floor truss joints

with 16 gauge plates, and indicates significant differences.
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Table 7. Adjusted mean values of performance indicators by gap size for lloor truss joints
with 16 gauge platcs.

Adjusted Meanl Pooled Significance
Performance Standard
Indicator 1/l6” n 1/8" n Deviation p·va1ue outcomez

SET (in) 0.0055 19 0.0068 19 0.0013 0.004 *
D1 (in) 0.0155 19 0.0162 19 0.0019 0.279 ns
CREEP (in) 0.0014 19 0.0021 19 0.0006 0.002 *
CRATIO (%) 8.54 19 13.11 19 0.0389 0.001 *

kl
(l0’

lb/in) 655 20 649 20 60.5 0.767 ns
kg (10** lb/in) 737 20 765 20 104 0.425 ns

‘
Means adjusted for specific gravity and moisture content‘ 2 ns = non-significant, * = significant at the 0.20 level
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Buckling: The effect of gap size on PBL and RATIO for joints with 16 gauge plates could not be

evaluated since these plates did not buckle on joints. Obviously, this in itself is an important ob-

servation, but no numerical comparisons can be made.

Deformation: The effect of gap size on SET can be seen in Figure 22. Joints with l/8” gap gen-

erally exhibited greater SET than the joints with 1/l6" gap. \Vhether this difference is of practical

significance is questionable. For both gap sizes, the joints with l6 gauge plates showed considerably

less SET than those with 20 gauge plates. This trend was also found for deformation at design load,

Dl, (Figure 23). The difference in D1 between gap sizes was not significant. There is less difference

between the CREEP performance of joints with 16 gauge plates and 20 gauge plates. Joints with

l/8" gap exhibited greater CREEP than those with l/l6" gap and furthermore, to evaluate relative

creep, the CRATIO for the larger gap was greater than that for the smaller gap (Figure 24).

Stiffness: The average initial stiffness, kl, for joints with 1/8" gap was very similar to that of joints

with 1/ l6" gap. This was also true for the cycled stiffness, kl.

4.4.1.3 Summary of Results with Floor Truss Joints with 16 Gauge Plates

With respect to the absolute indicators, initial joint stiffness was very similar with both alignments,

as well as both gap sizes. While PBL is only available for joints with l/8” gap, joints with both

alignments performed similarly.

Regarding the relative indicators, the joints with aligned plates outperforrned the joints with stag-

gered plates. The design load for the aligned plates was lower than for the staggered plates, which

may indicate that the design rating for the aligned plate better represents plate performance than the

rating for the staggered plates. The clearest example of this is to realize that the PBL.s for the two
alignments are very similar but the RATIO for the aligned plates is signilicantly higher than for the

staggered plates. lf a tension-based design rating reflects plate performance in compression, then
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aligned and staggered joints with similar PBLs should also have similar RATIOs. Because this is

not the case, at least one of the assumptions regarding design ratings may be invalid.

In some instances, the joints with 1/ 16” gap outperforrned joints with l/8” gap, but the differences

in performance need to be evaluated. For instance, the average SET for a floor truss joint with 16

gauge plates and 1/ 16” gap is 0.0055", while for a floor truss joint with 16 gauge plates and l/8” gap,

the average set is 0.0068". While these averages show a statistically significant difference in joint

serviceability, the practical irnplications on overall truss safety and serviceability induced by these

arnounts of SET needs to be evaluated to determine if differences in joint serviceablity need to be

incorporated into truss design practices.

4.4.2 Twenty Gauge Plates

Analysis of variance made on the performance indicators for 20 gauge plated joints determined that

there was significant interaction between gap size and tooth alignment. Because of this interaction,

some qualifiers must be attached to statements regarding alignment and gap size effects.

4.4.2.1 Alignment and Gap Size

Tables 8 and 9 provide the mean values of the performance indicators by alignment and gap size,

respectively, for floor truss joints with 20 gauge plates, and indicates if the differences are significant.

Buckling: The unadjusted PBL data are shown in Figure 20 and RATIO in Figure 20. There was

no significant interaction between gap size and tooth alignment for either PBL or RATIO. It is

worth re-emphasizing that using RATIO as a performance indicator implies that deriving a design

value from a tension plate test is valid for plates in compression. lt also implies that the plates are

not oversized since oversizing increases the design load based on plate area. Beyond some limiting
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Table 8. Adjusted mean values of performance indicators by alignmcnt for floor truss joints
with 20 gauge plates.

Adjusted Meanl Pooled Significance
Performance Standard
Indicator Aligned n Staggered n Deviation p·va1ue outcomez

PBL (lbs) 6290 18 7317 19 887 0.001 *
RATIO 1.013 18 0.824 19 0.126 < 0.001 *

ki (103 lb/in) 476 19 590 20 43.5 <0.001 *

Joints with 1/16" gap:

SET (in) 0.0095 10 0.0202 10 0.0078 0.014 *
D1 0.0187 10 0.0316 9 0.0098 0.017 *

Joints with 1/8" gap:

SET 0.0207 7 0.0554 8 0.0084 < 0.001 "'
D1 0.0306 8 0.0776 8 0.0123 < 0.001 *

Means adjusted for specific gravity and moisture content2 ns = non-significant, * = significant at the 0.20 level
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Table 9. Adjusted mean values of performance indicators by gap size for lloor truss joints
with 20 gauge plates.

Adjusted Mean1 Pooled Significance
Performance Standard
Indicator 1/ 16" n 1/8" n Deviation p—va1ue outcomez

PBL (lbs) 7187 19 6419 18 887 0.011 *
RATIO 0.969 19 0.867 18 0.126 0.022 *
kl (103 lb/in) 553 20 513 18 43.5 0.009 "‘

Joints with aligned platesz

SET (in) 0.0084 10 0.0223 10 0.0082 0.010 *
D1 (in) 0.0176 10 0.0319 10 0.0131 0.044 "'

Joints with staggered plates:

SET (in) 0.0191 7 0.0565 8 0.0082 < 0.001 *
D1 (in) 0.0303 7 0.0791 8 0.0098 < 0.001 *

1 Means adjusted for specific gravity and moisture content2 ns = non-signilicant, * = significant at the 0.20 level
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length, extra plate length may not substantially increase the buckling capacity of the plate. However,

it does continue to increase the design load for the plate, and hence the RATIO will drop. Joints

with staggered plates had a significantly higher plate buckling load than did those with aligned

plates, but those with aligned plates had a higher RATIO. This observation may be explained by

the difference i.n plate size. The aligned plate was 3" x 5” with a design load of 6210 lbs, while the

staggered plate was 3" x 8" with a design load of 8880 lbs. The longer, staggered plate was stronger

on an absolute basis, but on a per area basis, it was not as eilicient as the shorter, aligned plate.

A ”plate buckling capacity” or PBC could be defined as the PBL divided by the area of the plate.

The PBC is similar to the design rating for the plate. Both numbers give an indication of plate

performance on a per area basis. However, design rating is based on the standard tension tests and

must currently incorporate possible use of the half rule, while PBC is based on compression tests

of this study. The PBC of the shoxter plate is 6290 lb / 15 in: = 419 psi and the PBC of the longer

plate is 7317 lb / 24 inz = 305 psi. Hence, on this basis, the shorter, aligned plate is more eflicient

even though the longer, staggered plate performed better on the absolute basis of PBL.

Deformation: Figure 22 shows the effect of gap size on SET for the floor truss joints. This figure

indicates several things. First, the joints with 16 gauge plates generally exhibited markedly less SET

than joints with 20 gauge plates. Also, the amount of SET exhibited by joints with 16 gauge plates

varied little across the two gap sizes. The joints with 20 gauge plates and 1/8" gap showed signif-

icantly greater SET than joints with 20 gauge plates and 1/ l6” gap. Furthermore, this trend was

more pronounced in joints with staggered plates than joints with aligned plates. This is most likely

due to the fact that the staggered plates were held at a substantially higher design load. It does not

mean that when comparing deformations at a constant load joints with a 3" x 8" staggered plate

exhibited greater deformation than joints with a 3" x 5” aligned plate. lt does point out that using

an area·based design rating for compression joints, without regard for a maximum relevant size,

may be misleading. These general trends were also valid for deformation at design load, Dl, as

shown in Figure 23.
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Because the 20 gauge plates generally buckled before the joint was held at design load, CREEP and

CRATIO are not reported for 20 gauge plates.

Stiffncss: The joints with 20 gauge staggered plates had a significantly higher initial stiffness than

did joints with aligned plates. Again, this may be more closely tied to the differences in plate size

rather than fundamental differences between aligned and staggered plates. Joints with a 1/ 16" gap

had a higher initial stiffness than did joints with the 1/8" gap. Results for cycled stiffness are not

reported, as kg was not available for many joints.

4.4.2.2 Summary ofFloor Truss Joints with 20 Gauge Platcs

Floor truss joints with 20 gauge plates and 1/ 16" gap generally outperformed floor truss joints with

20 gauge plates and 1/8” gap. Differences in joint performance between the two gap sizes, are sta-

tistically significant but may be of limited practical importance. For plate buckling load, a 10%

reduction was observed with a doubling of the gap size. Deformation performance was not influ-

enced by gap size but interacted highly with plate alignment.

It is difficult to compare the effect of alignment on joint performance due to varying plate size and

design load. The data do not conclusively support one alignment of teeth as better than the other.

4.5 Roof Truss Joiuts

The roof truss joints with 16 gauge plates generally outperformed those with 20 gauge plates. Un-

like the floor truss joints, though, all of the plates were of the same size, 3" x S". Therefore, while
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design loads vary somewhat due to the manufacturer’s plate rating, this is not further complicated

by differences in plate size. Design loads are shown in Table 5.

4.5.1 Sixteen Gauge Plates

Figures 25 - 31 show the data for the roof truss joints. With the exception of CRATIO, no sig-

nificant interactions were found between gap size and alignment for the joints with 16 gauge plates

for any of the performance indicators.

4.5.1.1 Alignmcnt

Table 10 provides the mean values of the performance indicators by alignment for roof truss joints

with 16 gauge plates, and indicates if the differences are significant.

Buckling: The average buckling loads of the joints with an 1/8” gap and aligned and staggered

plates were remarkably similar, while the RATIO for the joints with aligned plates was significantly

greater than that or joints with staggered plates. Because plate sizes are equivalent, this difference

is prirnarily due to differences in the manufacturer’s plate rating. This again points out that the

basis for current design ratings may be inappropriate, because if the assumptions regarding design

ratings were valid and the PBLs were similar, the RAT10s should also be similar.

Deformation: Figure 27 shows the effect of gap size on SET for roof truss joints. While the data

for the joints with 16 gauge plates is clustered in the figure, tooth alignment did not have a signif-

icant effect on the amount of SET deformation. This was also the case for deformation at design

load, Dl, as shown in Figure 28 and CREEP. CRATIO was influenccd by alignment in joints

with 1/16” gap, but not in joints with 1/8” gap (Figure 24). The effect of alignment in the joints
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Table 10. Adjustcd mean values of performance indicators by alignment for roof truss joints
with 16 gauge plates.

Adjusted Mean‘ Pooled Significance
Pexformance Standard
Indicator Aligned n Staggered n Deviation p-value outcomez

PBL3 (lbs) 9409 10 9346 10 424 0.759 ns
RATIO3 1.900 10 1.504 10 0.077 < 0.001 *
SET (i11) 0.0049 20 0.0053 20 0.0016 0.354 ns
D1 (in) 0.0120 20 0.0137 20 0.0026 0.051 ns
CREEP (in) 0.0014 20 0.0020 20 0.0008 0.021 ns

kg (103 lb/in) 467 20 535 20 57.6 0.001 *
kg (103 lb/in) 612 20 619 20 110.2 0.862 ns

Joints with 1/16" gap:
l

CRATIO (%) 4.13 10 12.04 10 4.50 0.006 *
Joints with 1/8" gap:

CRATIO (%) 15.96 10 15.53 10 3.25 0.787 ns

‘ Means adjusted for specific gravity and moisture content3 ns = non·sig.nificant, * = significant at the 0.01 level3 Data for joints with 1/8” gap only
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with 1/ 16" gap may be explained by the number of teeth nearest the gap. The aligned plate had two

rows of eight teeth each with the gap centered between them, while the staggered plate had one row

of five teeth and one row of four teeth with the gap centered between them. The first (and last)

fasteners in a row are most highly stressed (12) and therefore, in the aligned plate, the force is dis-

tributed across more teeth in the first row than in the first row of the staggered plate. Thus, the

aligned plate exhibited less relative creep than did the staggered plate because the force per tooth

was lower in the first row of the aligned plate. Apparently this effect is masked or complicated by

other factors in joints with a larger gap.

Stiffness: Initial stiffness is shown in Figure 30. The roof truss joints with 16 gauge, aligned plates

had a lower initial stiffness than those with 16 gauge, staggered plates. Both types of plates were

the same size, but the aligned plates had a lower tooth density than did the staggered plates, 3.2

teeth/inz vs 4.8 teeth/inf, respectively. This lower tooth density may explain the lower joint

stiffness. This difference was not apparent in the 16 gauge, floor truss joints, but that could be

because the floor truss joint plates were larger and the actual number of teeth present was suflicient

to mask differences in a secant joint stiffness to the 0.01" reference point for kl.

Tooth alignment did not have an effect on the cycled stiffness. The apparent anomaly between the

effect of alignment on initial stiffness and its lack of effect on cycled stiffness may be explained by

the fact that cycled stiffness is closely tied to design load level. The 16 gauge, aligned roof truss

joints had a design load level of 4950 pounds, while the staggered plates had a design load of 6210

pounds. The fact that joints with aligned and staggered plates had similar cycled stifliiesses means

that the roof joints with 16 gauge, aligned plates, reloaded to 4950 pounds, had a stiffness similar

to that of roof joints with staggered plates reloaded to 6210 pounds. lf the cycled stiffness of the

aligned plates had been calculated based on a design load level of 6210 pounds, it could be signif-

icantly less than the cycled stiffness of the joints with staggered plates, as was the trend with the

initial stiffness. Again, this may be due to the lower tooth density rather than fundamental differ-

ences due to alignment of the teeth.
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4.5.1.2 Gap Size

Table ll provides the mean values of the performance indicators by gap size for roof truss joints

with 16 gauge plates, and indicates significant differences.

Buckling: As with floor truss joints, the effect of gap size on PBL and RATIO for joints with 16

gauge plates could not be evaluated, since the 16 gauge plates on joints with 1/l6" gap did not
‘ buckle.

Deformation: Gap size did not have a significant effect on SET or deformation at design load, Dl.

Roof joints with 1/8" gap did exhibit greater CREEP than did joints with I/l6” gap. CRATIO

was influenced by gap size in joints with aligned plates in that joints with the larger gap exhibited

greater relative creep than joints with the smaller gap. This trend was exhibited by joints with

staggered plates as well, although it was not found to be significant.

Stiffness: Gap size did not have a signilicant effect on initial stiffness or cycled stiffness for roof

truss joints with 16 gauge plates.

4.5.1.3 Summary ofRoof Truss Joints with 16 Gauge Plates

With the exception of RATIO and kl , alignment did not significantly affect 16 gauge roof truss joint

performance. RATIO is tied to design load level and the apparent effect of alignment is due to the

fact that the design loads are not representative of joint performance in compression. Other indi-

cators also linked to design load level were not significantly affected by differences in alignment.

The data did support the trend that joints loaded to the higher design load level had greater defor-

mations than joints loaded to the lower design load. Because design ratings based on tension tests

are often governed by a lirniting deformation criterion, one might expect that the deforrnation of
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Table 11. Adjustcd mean values of performance indicators by gap size for roof truss joints
with 16 gauge platcs.

Adjusted Mean‘ Pooled Significance
Performance Standard
Indicator 1/ 16" n 1/8" n Deviation p—va1ue outcomez

SET (in) 0.0044 20 0.0058 20 0.0016 0.019 ns
D1 (in) 0.0122 20 0.0135 20 0.0026 0.122 ns
CREEP (in) 0.0013 20 0.0021 20 0.0008 0.002 *
kl (103 lb/in) 523 20 480 20 57.6 0.035 ns
kg (103 lb/in) 655 20 576 20 110.2 0.040 ns

Joints with aligned plates:

CRATIO (%) 4.18 10 15.00 10 4.08 0.001 *
l Joints with staggered plates:

CRATIO (%) 12.86 10 15.61 10 4.02 0.164 ns

3 Means adjustecl for specific gravity and moisture content3 ns = non-significant, * = significant at the 0.01 level
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joints with various plate types to be similar when loaded to their design load in tension. Therefore,

if the tension·based design ratings are applicable to plate performance in compression, the defor-

mation of plates loaded to their design load in compression should also be similar. This was not

generally the case, indicating, yet again, that current design ratings do not reflect compression joint

performance.

4.5.2 Twenty Gauge Plates

No significant interaction between gap size and alignment was noted for either of the stiffness per-

formance indicators. However, there was signilicant interaction between the parameters with plate

buckling load, RATIO, SET, and D1. Because RATIO was often less than 1.0, implying the plates

buckled before the joint was held at design load, CREEP and CRATIO are not reported for 20

gauge plates.

4.5.2.1 Alignmcnt and Gap Size

Tables 12 and 13 provide the mean values of the performance indicators by alignment and gap size,

respectively, for roof truss joints with 20 gauge plates, and indicates significant differences.

Buckling: No significant differences were found between the PBL or RATIO of joints with 1/16"

gap vs joints with 1/8" gap for either aligned or staggered plates. For a fixed gap size, joints with

aligned and staggered plates had similar buckling loads for 1/ 16" gap joints, while joints with stag·

gered plates and l/8" gap had a higher PBL than did joints with aligned plates. These differences

may be due to two factors. For the 1/l6” gap joints, the plates perform similarly because, with a

smaller gap, actual buclding of the plate is of less importance because the gap may close primarily

due to tooth·slip. With the larger gap, when the buckling strength of the net section is of greater
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Table 12. Adjusted mean values of performance indicators by alignmcnt for roof truss joint:.
with 20 gaugc plates.

Adjusted Mean‘ Pooled Significance
Performance Standard
Indicator Aligned n Staggered n Deviation p·va1ue outcomez

kl (103 lb/in) 479 20 469 20 29.5 0.329 ns
kg (103 lb/in) 650 14 573 20 64.5 0.072 ns

Joints with 1/l6” gap:

PBL (lbs) 6095 10 6350 9 589 0.395 ns
RATIO 0.981 10 1.143 9 0.100 0.005 *

SET (in) 0.0121 10 0.0059 10 0.0039 0.004 *
D1 (in) 0.0222 10 0.0131 10 0.0048 0.001 *

Joints with 1/8" gap:

PBL (lbs) 5487 10 6528 10 423 < 0.001 *
RATIO 0.883 10 1.176 10 0.069 < 0.001 *

SET (in) 0.0380 10 0.0053 10 0.0091 < 0.001 *
D1 (in) 0.0525 10 0.0133 10 0.0110 < 0.001 *

‘
Means adjusted for specific gravity and moisture content2 ns = non-sigrxificant, * = significant at the 0.01 level
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Table 13. Adjusted mean values of performance indicators by gap size for roof truss joints
with 20 gauge plates.

Adjusted Mean‘ Pooled Significance
Performance Standard
Indicator 1/ 16" n l/8" n Deviation p-value outcomez

kl (103 lb/in) 476 20 471 20 26.5 0.626 ns
kg (103 lb/in) 635 14 588 20 64.5 0.122 ns

Joints with aligned plates:

PBL (lbs) 6068 10 5627 9 540 0.1 15 ns
RATIO 0.977 10 0.906 9 0.0870 0.115 ns

SET (in) 0.0133 10 0.0353 10 0.0092 < 0.001 *
Dl (in) 0.0236 10 0.0489 10 0.0111 < 0.001 *
Joints with staggered plates:

PBL (lbs) 6353 10 6412 10 435 0.796 ns
RATIO 1.14 10 1.16 10 0.078 0.796 ns

SET (in) 0.0191 10 0.0565 10 0.0082 < 0.001 *
D1 (in) 0.0303 10 0.0791 10 0.0098 < 0.001 *

3 Means adjusted for specific gravity and moisture content3 ns = non-significant, * = significant at the 0.01 level
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importance, the differences between the geometry of the plates comes into play. With the aligned

plates, a row of slots fell directly across the splice whereas there was a greater net section of steel

directly across the joint with the staggered plates. Across both gap sizes, joints with staggered plates

had a higher RATIO than did joints with aligned plates. Because the buckling loads were similar

and the plate sizes were the same, this difference is prirnarily due to differences in manufacturer’s

plate rating, and again points out possible discrepancies in the current design procedure.

Deformation: SET and Dl were not affected by gap size in joints with staggered plates. When

evaluating the effect of gap size in joints with aligned plates, however, joints with a l/8" gap ex-

hibited significantly greater SET and deformation at design load, D1. When comparing the per·

formance of aligned vs. staggered plates within a gap size, the joints with staggered plates

outperformed those with aligned plates across both gap sizes in all defoimation critena.

Stiffness: Neither gap size nor alignment influenced the initial joint stiffness, kl or the cycled

stiffness, kz.

4.5.2.2 Summary of Roof Truss Joints with 20 Gauge Plates

Gap size did not have a significant effect on PBL, RATIO, kl, or kz. The only indicators gap size

did affect were SET and D1 for joints with aligned plates.

For both gap sizes, tooth alignment had a significant effect on several indicators, but this is pri-

marily explained by differences in design load level.
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4.6 Plate Size Effect

lt was not an objective of this study to assess the effect of plate size on plate buckling load, but

some observations can be made. Figure 32 shows the 'plate buckling capacity' as a function of

plate length. Recall that all plates were 3.0" wide. The 'plate buckling capacity', or PBC, is defined

as the PBL divided by the area of the plate.

The general trend for both gauges and gap sizes is that the longer plates have a smaller PBC than

the shorter plates. However, the longer plates were on the floor truss joints and the shorter plates

were on the roof truss joints, hence, this difference may be due to joint configuration rather than

plate size. But this seems inconsistent when considering the following.

Recall the placement of the nails and sheathing for each joint type shown in Figures 8 and 10. The

roof truss joints had the sheathing nailed to the narrow face of the 2x4 on the side without the gap.

The floor truss joint had the sheathing nailed to the wide face of the 2x4. It seems reasonable to

assume that if the nailed sheathing had an influence on joint response, it would be a greater positive

influence on the strength of floor joints than that of roof truss joints. Therefore, for a given gap

size and plate size, one might expect floor truss joints to sustain a greater plate buckling load than

roof truss joints. This general trend is seen with plate type A in Figure 32.

lf we accept this, then plate size may explain the decrease in PBC that is shown in Figure 32. Plates

for compression splices are currently sized on a per area basis without regard to the fact that plate

buclding is a localized phenomenon. lt is tacitly assumed that the PBC is constant and therefore

increasing the plate size would increase PBL. Figure 32 implies that this may not be the case.

Beyond some limiting plate length, the plate buckling capacity diminishes with length. Because a

maximum of two plate sizes were considered for each plate type, the true effect of plate length on

buckling capacity can not be established, but the observed trend is of interest.
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4.7 Using Joint Axial Stiffness in Truss Modeling

One of the major issues in modeling metal plated wood trusses is the need for an estimate of the

rigidity of plated joints. The Purdue Plane Structures Analyzer, PPSA ll (27), is a computer pro-

gram for truss analysis that can use ”iictitious members" to model joint rigidity. To model the

stiffness of a lumber member, PPSA II requires cross-sectional dimensions and a modulus of

elasticity value for the lumber. To model the stiffness of a metal plated joint with a fictitious

member, input values are adjusted to reilect the actual axial and bending stiffnesses of the joint.

The joint stiffness data obtained in this study provides an estimate of the axial stiffness that could

be used to model compression splice joints. Estimates of bending stiffness should be obtained from

other sources (5).

Recall from section 4.2.2.3 the equation used to calculate the initial axial stiffness. This stiffness

may be expressed in terms of the elasticity and cross sectional area of a iictitious axial member and

the gauge length over which deforrnation is measured:

- I. .. Ek - A - L [4]

where, k = joint stiffness (lb/in)

P = applied load (lb)

A = observed deforrnation, or change in length (in)

E = modulus of elasticity (psi)

A = effective cross sectional area (in:)

L = gauge length over which deforrnation is measured (in)

Rearranging:

EA = ki, [5]

4. Results and Discussion 90



Hence, EA can be generated for a fictitious member of any length, L. In truss analysis, a 2" length

is common and was used to generate the values shown in Table 14. A 2" long fictitious member

stiffness for a solid lumber element, EA„, is calculated using the modulus of elasticity value for a

given species from the National Design Specification (21) and the appropriate cross-sectional area

for the size of lumber. The EA of a compression splice joint, EA, , is calculated by multiplying the

measured joint stiffness by 2 inches. Since the fictitious member length for both truss joint types

is 2”, the EA values for the solid lumber and the joint may be directly compared as a ratio shown

in the table.

To model compression joints with PPSA ll, the elasticity value for the fictitious member could be

the same as the chord lumber in the truss and the cross-sectional properties for the fictitious

member could be adjusted such that the EA, for the joint is the appropriate percentage of the

EA,, of solid lumber. Table 14 shows the EA, / EA,„ ratio calculated for the two plate gauges end

approximate plate lengths used in this study. The MOE of No. 2 Dense KD15 Southern Pine is

1.7 x 106 psi. Adjusted to a moisture content of 10%, the E-value used was 1.85 x 106 psi. The

cross sectional area of a 2x4 is 5.25 inz.
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Table 14. Ratio of Effective Joint Axial Stiffness to Solid Lumber Stiffness for a lictitious
element of 2 inch length.

16 Gange Plates 20 Gange Plates

kl EAI EAI/EAI, kl EAI EAI/EAW
Plate Length 103 lb/in 10° 1b 103 lb/in 10° lb

8” 652 1.30 0.134 533 1.07 0.110
5” 501 1.00 0.103 474 0.948 0.098

Note: EA,„ = (1.85 x 10° psi) x (5.25 inz) = 9.71 x 10° lb.
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5. Summary and Conclusions

5.1 Summary

Metal plate-ltunber joints with two gap sizes were tested in compression to evaluate the effect of

gap size on joint performance. Specimens representing floor and roof trusses, with 16 and 20 gauge

plates of staggered and aligned tooth configurations were tested for each of the two gap sizes. The

gap sizes evaluated were: 1) the current TPI QST-86 allowable gap size of 1/l6" maximum gap

(1/32” average gap) and 2) 1/8" maximum gap (1/l6" average gap). Each plate type, ie

gauge/alignment combination was supplied by a manufacturer with a specific design rating, given

on a per area basis. Design load for each plate type was equal to (rating)*(area). The joints were

tested in compression to the design load level, held for five minutes at that load, and then unloaded.

lf no localized buckling of the plates was observed, the joint was reloaded until the plates buckled.

Several performance indicators were used to assess differences in joint serviceabillty. Indicators re-

lated to the buckling of the metal plates were plate buckling load, PBL, and RATIO, which was

defined as PBL / design load for the plates. Four indicators related to the deformation character-

istics were ealculatedz deformation at design load, D1, set after the hold, SET, creep during the

hold, CREEP, and a creep ratio, CRATIO, defined to be CREEP / D1. Two indicators related
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to the axial stiffness of the joint, initial joint stiffness and cycled joint stiffness (calculated only if the

joint was loaded a second time), were also determined.

Statistical analyses were performed to indicate differences in indicators between groups of joints.

A significance level of 0.20 was chosen for floor truss joints, while a 0.01 level was chosen for roof

truss joints. These different levels were used because the serviceability criteria are of greater impor-

tance in floor trusses.

5.2 Influence of Experimental Design Factors

Gap Size: The effect of gap size on PBL and RATIO could not be evaluated for joints with 16

gauge plates, since the joints with 16 gauge plates and 1/ 16" gap never buckled; rather, the gap was

seen to close due to slippage between the wood and the teeth. Gap size was found to have little

influence on the other performance indicators of the 16 gauge plated joints. Floor truss joints with

20 gauge plates and 1/ 16" gap always outperformed joints with 20 gauge plates and 1/8” gap. That

is, joints with 1/l6” gap had significantly greater PBLs, RATlOs and stiffnesses and exhibited

smaller deformations than did joints with l/8” gap. This trend was less pronounced in roof truss

joints with 20 gauge plates; gap size was shown to influence SET and D1, but not PBL, RATIO

or either axial stiffness.

Plate Gauge: The joints with 16 gauge plates generally outperformed the joints with 20 gauge

plates. That is, joints with 16 gauge plates generally had greater PBLs, RATIOs and stiffnesses

and/or exhibited smaller deformations than did joints with 20 gauge plates. Gap size was found to

have less influence on the performance on 16 gauge plated joints than on 20 gauge plated joints.

Tooth Alignmentz In general, there was little observed difference between the performance of joints

with aligned plates and joints with staggered plates. When significant differences did exist, they
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could usually be attxibuted to differences in design loads. That is, joints loaded to a greater design

load, either due to greater plate size or greater design rating, was often found to exhibit greater

deformations at that design load than joints with plates of the same gauge and different alignment

evaluated at a lower design load.

Joint Configuration: Results from both roof and floor truss joints were similar with respect to the

effects of gap size, plate gauge, and tooth alignment. Gap size and tooth alignment with 20 gauge

plated floor truss joints were found to be more influential than with 20 gauge plated roof truss

joints. The detection of differences varied due to the different significance levels for the two joint

configurations. The location of the sheathing with respect to the plates may have influenced joint _

performance in that the sheathing on floor truss joints was applied over a plate. With roof truss

joints, plates were not covered.

5.3 Implications for Design Practice

Some underlying assumptions regarding the plate design rating for use with compression splice

joints are: 1) the design value derived from tension tests reflects plated joint performance in com-

pression, 2) the design ratings of all study plate types were established on the same basis and all

safety or serviceablity factors were similar, and 3) the design rating reported on a per area basis is

independent of plate size for any one plate type.

The test results expressed by the relative performance indicators (RATIO, SET, Dl, CREEP,

CRATIO and kz) point out several inconsistencies in current design practice. Design ratings based

on tension tests are often govemed by a lirniting deformation criterion (i.e. load at 0.03" slip).

Hence, one might expect that the deformation of joints with various plate types to be similar when

loaded to their design load in tension. Therefore, if the tension-based design ratings are applicable

to plate performance in compression, the deformation of plates loaded to their design load in
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compression should also be similar. This was generally not the case and indicates that a design

rating derived from tension tests for joints in compression may be rnisleading.

If PBL is an appropriate joint serviceability criterion and the design rating applies on a per area

basis, then a RATIO greater than 1.0 should be sought. This means that the plate buckling load

equals or exceeds the design load for the plate. The study results showed that a RATIO less than

1.0 was generally observed for joints with 20 gauge plates. This implies that the plate did not per-

form as expected based on the design load. This was not surprising since, the design rating is based

on results from tension tests where tooth-withdrawal is a common action. While tooth-withdrawal

is a part of the action in a compression joint, the principal "failure” mode is buckling of the metal

plate across the joint, especially if a gap is present. Plate buckling is a localized phenomenon and

could be treated similar to a tension net section design. Basing design of a compression joint strictly

on a per area basis does not recognize that failure is localized at the splice. For a given plate width

and gauge, there may be a limiting plate length beyond which any increase will not result in a cor-

responding increase in joint compressive strength. This is similar to the actions of a tension joint

where the failure mode changes from tooth-withdrawal to plate tearing. lf greater load-capacity is

needed then a thicker plate must be sought rather than increasing length.

The "half rule", as defined in TPI-85 (33), allows that plates for chord splices may be sized by

considering only one half of the axial force calculated for the chord. If PBL is used as the criterion

to evaluate the "half rule", then the value of RATIO should exceed 2.0, if the half rule is appro-

priate. That is, for a plated joint with a design load rating of 4000 pounds, the actual design force

in the chord could be as high as 8000 pounds if the "half" rule is used. In all cases where PBL was

defined, the parameter RATIO was less than 2.0. Based on the study results, the half rule could

not be physically confrrmed with serviceability criteria for compression splices using 20 gauge plates

or 16 gauge plates and 1/8" gap.

Often, the absolute indicators (PBL & k,) did not indentify differences between levels of study

variables that were noted by the relative indicators. This indicates there may be a difference be-
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E
tween plate efficiencies and/or the method of determining and applying design ratings to

com-pressionsplices is flawed. For example, compare joints with two plate types that showedsimilarPBLs,

but one had a RATIO of 1.6 and the other a RATIO of 1.1. The relative difference

inRATIOindicates a difference in a "serviceablity factor". A RATIO of 1.6 as compared to aRATIOof

1.1 indicates that the first plate has a more conservative design load than the second plate.

Thiscouldbe a function of the plate itself or it could mean that the manufacturer altered thedesignrating

to be moreconservative.5.4

Conclusionsä

The conclusions from this study are:

1) Generally, 20 gauge plates and 16 gauge plates with 1/
8” gaps buclded under compression loads

while 16 gauge plates with 1/ 16" maximum gap did not buckle before the gap closed; rather, the

gap closed pximarily due to slippage between the teeth and the wood.

2) 16 gauge plates generally outperformed 20 gauge plates based on sexviceability performance of

the test compression splice joints. Furthermore, gap size had less of an influence on joints with

16 gauge plates than on joints with 20 gauge plates.

3) Tooth alignment did not consistently affect compression joint serviceability.

4) In some cases, joints with 1/ 16" gap were found to have a better serviceability performance than

joints with 1/8” gap. However, the impact of differences in joint performance on overall truss safety

and serviccability is unknown. This impact should be studied to assess whether the differences are

significant.5.
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5) Because of a localized plate buckling phenomenon, the current practice of sizing compression

splice plates on a per area basis derived from tension tests is questionable.

6) Using plate buckling load as a criterion, the half rule for compression splices could not be

physically confirmed for all joints with 20 gauge plates or with joints using 16 gauge plates and a

maximum gap of l/8”.
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