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Timber-Connector Joints: Their Strength

and Design
By Jomx A. ScHoures.! engineer, Forest Products Laboralory.? Forest Seruiece
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INTRODUCTION
One of the outstanding characieristics of wood as a structural

material is the [acility with which it can be fabricated,
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and par-

ticularly the case with which pieces can be joined together. Joint,
and fastenings, however, have always been the weakest part of timhes

construction, and for that reason the For

est Products Laboratoryr
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; :
in the interest of improved utilization efficiency, has for some years
“theen .carrying on research in this field. -Included were studies of
_j(_iiélts-emplpying such fastening medivms as nails, serews, bolts, lag
erews, snd driftpins.
: "When timber conneectors, which are efficient mechanical devices—
ausually in the form of rings, plates, or disks—used in conjunetion
- with bolts to develop timber joints of . superior strength, were intro-
~ duced into the United States i1 1930, their possibilities were readily
© recognized; but infermation on relative cfficiency, design data, and
"factors affecting their strength was lacking. In the initial investi-
gation then undertaken by the Laboratovy, the eight types of con-
nectors which appeared most promising were sclegted from those
available and tested with Douglas-fir and southern yéllow pine,

That- investigation furnished basic design information on the sérength

of .connector joints when used under optimum conditions in these
* . two species. It also assisted in establishing tentative design values

for. other structural woods and in determining which types exeelled

“under different conditions. The results of this early study are

presented in g United States Department of Commerce bulletin
entitled “Modern Connectors for Timber Construction” (7).°

The impetus to wutd construction which followed publication of

the results of this early connector study brought in its wake many

" . additional problems. Strugbures which previously had been limited

-mainly to other materials could now be erected with wood. Con-

‘nectors were redesigned for greater effectiveness by incorporating
" _the most favorable features of those originally tested. Ofther new
" problems concerned additronal sizes of timbers, more species of wood,

the use of connectors in maultiple, and the strength of joints for other
‘than optimum design condifions, involving such varinbles as margins
.and spacing, Farther investigation of the many variables introduced
by these new problems and developments became imperative.
~Accordingly, three widely used types of connectors, representing
" three distinct methods of application, were selected for more inten-
sive study. They were the splitring, toothed-ring, and claw-plate
- gonnectors,

Some of the cutstanding principles developed as the study progressed
£, . have already been used to meet the inereasing demand for nformation
: on this subject. The principal purpose of this bulletin is to preseng
. eurrent design data for the three types of connectors in various sizes

wwhen used with different specics of wood and to provide an analysis
:of the various factors which affect the strength of connector joints.
“The presentation of this information is particularly timely owing to
-the ‘great incresse in volume and rapidity with which structures
= employing connector joints must be crected to meet our wartime needs.

TIMBER-CONNECTOR "1‘YPES, THEIR ADVANTAGES
AND USES
.. The three general types of timber connectors discussed in this
bulletin are described broadly as follows:

1. Splil rings, which fit into precut grooves in ‘the timber (fig.
1, 4 and B).

2 Ttalic purnhers in parenibeses refer 1o dtie Eiteratore Clitmd, po 16,
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9. Toothed rings, which are forced into the {imbers 8s the menibers
are pressed or clamped together (fig. 2, 4 and B). .

3. Claw plotes, which fit into prebored. recesses and have -shert .
teeth that are forced further into the wood. They are used singly |
in making timber-to-metal connections or in matched pairs (male -
and female) for timber-to-timber connections (fig. 3, 4, B, and ). °
{See fig. 31.)

In o timber joins, split rings and toothed rings funection similarly—
part of the ring extends into the adjecent jomt members, and the
load is thus transmitted by shear somewhat independentiy of the bolt.
The female claw plates arc adapted to use when the connector must lie
fAush with the surface of the timber. In such a connection, a large
bolt fits the connector and the attached metal plate snugly. Another
type of flush connector that is somewhat similar to the female claw
plate, but without tecth, is the shear plate. These flush types of
connectors are dependent on the bolt for (ransmitting load by shear
from member to member. Shear-plate tests are not included among
those reported in this bulletin.

Timber connectors have established new horizons for wood construe-
tion. By facilitating the economical fabrication of large structural
units, they have proved effective not only in retaining and recovering
markets but in establishing uew ones as well, "

The principal advantages of conncetor joints include: .
Relatively nigh joint efficiency.

Relatively simple and practical application.

A minimum number of units or pieces to handle,

Adaptability to prefabrication for subsequent field assembly.
Better performance when used under adverse conditions.
Improved appearance of joint with less exposed metal.

7. Greater five resistance because embedment of connectors it wood -
recduces amount of metal exposed fo fire temperatures,

The principal disadvantage, particularly on small jobs, is the need

100 e i 99 10 1

for special tools for their application—the split ring and claw plate. -, -

require & special tool. preferably with power equipment, to fabricate
the groove and recess; the toothed ring usually requives a special bolt
and wrench to force the ring satisfactorily into the timber. :
While connector joints have a relatively high cfficiency, their other
advantages account fully as much for their popularity and suceessful
application. Actusily, it is possible to achieve o bigh-strength-joint
with nails by literally stitching wood members together (8, 10}. Such
joints, however, not only require too much time and effort bub are
also muech less reliable and dependable. Bolted joints can also be
used effectively (9, 14); but, while their use removes the limitation
with rvespect to size of member that use of nails involves, they still

vequire more units and ordinarily a greater weight of metal than do . °

connectors to develop a given strength.

Represented in figure 4 are three types of joints used to transmit
loads acting parallel to the grain, each with approximately the same
weight s.metal. Specimen B, a bolted joint, takes the lowest design
load; ispecimen A, o nailed joint with bolt, not 2 common type, is
intermediate; and specimen O, & joint with twe 4-inch connectors and
2 Y-inch bolt, takes the largest load. There is nearly 1,200 pounds -
difference between the loads for the bolted joint and the connector
joint. .




TiguRE 1.—d, Split-ring connector, {a) strajght sided, (6) beveled; B, split-
ting conmector assembly—eonnector, precut groove, bolt, washer, and nut
(M 32889F).




B

Fiaure 2.—4, Toothed connector joint; B, toothed conncetor assembly
+(M32880T).
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" FIGURE 8.—A4, Claw-plate connector; B, claw-plate connector assembly with
wood side members; C, claw-plate connector assembly with metal side members

CL (M39056-7T).
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In the connector joint (fig.4), the safe-load for the bolt alone'is 2160
pounds, or about 23 percent of that for the complete connector joint. -

Designs employing connectors permit an efficient structural ar- .
rangement of members so that smaller sizes may frequently be used to
replace timbers of large cross section. This is of advantage both be- .
cause better seasoned material may be used and because smaller sizes
are more readily obtainable. It is also advantageous from the forestry

standpoint, since in the fulure more of our structural materisl must .

come from smaller trees,
~The advent of timber connectors has made possible the further

Fieyre 4.—Three types of joints, each with the same weight of metal. The desigi
load with Douglas-fir or southern yellow yine for the nailed joink with bolt (4)
is 9,000 pennds; for the bolted joint (B) it is 8,400 pounds; and for the connector
with bolt (C) it is 9,560 pounds,

development of prefabricated timber structures and structural units.
Since wood is stable in its longitudinal dimension, individual members.
can be shop-fabricated to size and Lored for bolts and connectors with
such precision that, with due care, they can be assembled rapidly and
cfficiently on the job. * An increasing number of fabricators arc gaining )
experience and becoming familiar with these precision reguirements.

A further step supplementing shop fabrication is the possibility. of
treating timbers with creosote or other wood preservatives subsequent
to fabrication. Such treatment given after rather than before the
holes arc bored or the fabrication completed, permits all surfaces to
absorb an adequate amount of the preservative, assuring the full effec-
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tiveness of the preservabive amnd leng life and service of the timbers.
Liarge numbers of cooling towers, oil derricks, shipyard siructures,
= trestles, forest lookout towers, and other forms of {imber construction
have thus been prefabricatled and treated, After treatment, the tim-
bers are shipped to the construction site and erection proceeds without
‘the need of any on-the-site [raming.

Timber connectors are adapled primarily for transmitting loads in
tension, compression, and shear, Henee, they ave particularly suited
for the development of cificient joints in {ramed timber structures
where several niemibers meet at a common panel point, or where
members must be joined or spliced.  Applieations of timber connectors
inciude roof trusses, bridges and Lrestles, towers {radio, fovest lookout,
water tank, and foosdlighting), oil derricks, gr=undstands, ski jumps,
warebouses, storage racks, mill buildings, piers and wharves, portable
buildings (caomp buildings), aiveraft hangars, mine head frames,
prlons, timber avch centering and [raming, overhead cranes, coal
docks, and walking beams.

Connector-built roof trusses have included many types and sizes.
An interesting example of prefabricated trussed acrch is that of the
Plant High School gymnasium, Tampa, Fla. (fig. 5, A), which demon-
strates the possibilities of using timber connectors where large bendin

- moments must be provided for in the knees of the frame.  The tota
roof span of this gymnasium is 104 feet, with a clear span between
columns-of 80 feet. The over-all height at the center is 35 fect and
the clear height 28 fect 8 inches.

More spectacular in size ave the bowstring trusses used in & new
-aireraft factory in Kansas (fg. 5, B). The connector-framed frusses
in the main building have a span of 140 feet. The trusses, on 33-foot
centers, are designed to carry a load of 180 tons each. They were
prefabricated on the Pacific Coast and transported by rail.to the build-
ing site. At the Golden Gate International Exposition in San
TFrancisco, clear arch spans of 200 fect were used.

A mold loft for a shipbuilding company is shown in figure 5, . The
14 trusses, which arc spaced 24 fecl apart, have o span of 116 fect
2 inches.

Figure 6, A illustrates the 60-foot pony truss highway bridge over
Johnson Creek, Oreg,  The bridge is 22 {eet wide and is designed for
H-15 loading in accordance with specifieations of the American Asso-
ciation of State Highway Oflicials.  The timbers ave creosote-treated
to ipsure long life under adverse exposure conditions.

Longer spans are, of course, possible.  The Buffulo Creck Bridge at
Lewisburg, Pa. (fig. 6, B), is a good example of a modern highway
structure consisting of {wo 91Y-foot spans and designed for H-20
loading. Another modern all-timber bridge using connectors is the
three-hinged areh designed by United States IForest Scrvice engineers
and eiected over the Umpqua River in the Umpqua National Forest,
about 45 miles cast of Roscburg, Oreg. (fig. 6, ). It is a three-
binged arch type of 135-loot span, designed for H-15 loading. Creo-
soted preframed timbers were used.

Trestles present an excelleut opportunity for timber-connector
design. The two Port Angeles, Wash., highway bridges furnish a good
ilustration of this type of strueture, Iiach of the bridges is 755 [ect
long and is made up of 26 panels of 29 feet cach (fig. 7). The maxi-
mum height is 100 feel.  The bridge has & 24-foot roadway, with side-
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Fiorre 5.—A4, Trussed arei of Plant {Tigh Sehool gymnasinm, Tanpa, Fla, {total
roof span, 104 feet; clear span, 80 fecl; over-all height, 35 feet; elear height,
283 feet); B, Dowstring trosses for an aiverult corporalion in Kansas {(span,
140 feet. on 53-Toot cenkers); O. mold loft of a shipbuilding company {span of
14 trnsses spaced 24 feel is aver 114 feet),
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" ‘Fraure 6.—4, Pony truss bridge over Johnson Creek, Malinomah Conuty, Oreg.
= (span, 60 feet); B, Buifalo Creek britdge at Lewisburg, Pa. {two low-truss,

9Lli-foot spans}; C, threc-hinged sreh bridge in Umpgua National Forest, Oreg.
(span, 135 fect),
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walks, and is designed for H-20 loading. It was preframed, treated,
and delivered on the job ready to erect.

Timber connectors are also used in providing form work for -the
erection of concrate arelr bridges. In the timber-connecctor centering

»

MIHISSF

Froyre 7.—~Composite trestle-bvpe highway bridge at Port Angeles, Wash,
: {length, 755 feet; maximum height, 180 feet).

for the concrete arches over the Little Miami River at Foster, QOhio
(fig. 8, 4}, the spans range from 155 fect to 175 feet, with a rise above
the springing line of 72 feet. The timbers were cut to length before
delivery, but the remainder ol the {abrication was done on the job.
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Because of the temporary nature of arch-centoring structures, treated
timbers were not used.
Lattice arch frusses with connector fastenings were used for the

*

3

LT Tw

- ‘iﬁﬁﬁw\‘uf}

Mingaa- 380 F

Fraure 8.——4A, Timber areh centering for concrete highway bridge over Littic

Miami River, Foster, Ohio, consisting of six spans ranging {rom 155 to 175 foeb,

B, Bki jump al Soldjors Wield, Chicago, with a hejght af top platform: of 180 feet;
designed to be taken down and stored after eseh scason’s use,

building crected for the SBuperior Curling and Skating Club, Superior,
Wis. A clear span of 125 {eet is provided in this construction.

The timber ski jump at Soldiers Field, Chicago, is an interesting
structure, using timber connectors (fig. 8, B). Not only does this
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Fiaure 9.—A; Dnited States Torest Service lookont tower in Otiawa Nabional

Forest, Mich.; B, radio tower of a station in Wiseonsin (height of lower wood
section, 120 {feet; over-all height, 350 lect),
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'sttucture employ prefabricated timber framing members, but it is
.also-desizgned to be disassembled and stored away after each season’s
-use. The top platform.is 180 feet high. An $-foot jump-off at an
" -elévation of 92 feet is provided. -
= " Korest lockout towers of both guyed and sel{-supporting construe-
.. ‘tion have been uscd by the United States Forest Service, and by State
-ond private agencies. The 100-loot sell-supporting tower of standard
t¥pe, shown in figure 9, A, was completely prefabricated in the shop,
treated, and then delivered to the site for ercction.

More spectacular than mos{ uses is the application of connectors to
radio tower design. The sell-supporting three-legzed tower erecied
for 4 radio station at Richinound, Va., is 326 {eet hich. When o radio
station in Wisconsin decided to increase the height of its broadeasting
tower, the station’s old 230-foot stecl structure was placed upon g new
120-foot tower built, of creosoted timbers (Ag. 9, B).

These examples, illustrating but & few of the many thousands of
timber-connector structures that have been built, will ot least serve to
indicate the variety of uses for which such structures are adaptable,

DESIGN OF TIMBER-CONNECTOR JOINTS
The strength of 4 connector joint, is dependent on the type and size
. of connector, species of wood, thickness and width of member, end
distance and spacing of connectors, direction of application of the load
with respect o the dircction of the grain of the wood, and other
factors.
Obviously the most efficient design of any structure employing
- connector joints necessitates the attainment as far as possible ol
balanced design, in which the size and arrangement of members are
such as to secure maximum efficiency of material.
~ Considerable progress has been made in the theoretical stress
analysis of connector joints and in correlating the results with basic
data on the mechanicsl properties of the wood and metal (2, 11, 12).
The fact remains, however, that the stress distvibution is so com-
~phicated, and the assumptions involved are so often invalid, that
actual tests must be rvelied on to provide the necessary design data.
In spite of its limitations, a brief summary of such an analysis as it
.~ relntes to observations curing test may be both of interest and of
value in providing a better conception of the behavior of a connector
joint. :
J The primery stresses in the wood of the tension joint shown in
figure 10 may be classified ss shear, compression, and tension. The
' shaded areas indicate the principal part of the wood () subjected to
shear, (B_and ) subjested to compression, and (D) subjected to
‘tension. Ior » tension joint with two split-ring connectors in opposite
. faces and a concentric bolt, bearing parallel-to the grain of the wood,
. these areas can be expressed by the following lormulas: :

Shoar area:

Within core: 2

Below core: 2[(1’2& — }é(w-%—’z ) -+ 2(%5)] _

L}

(11'0312)
4
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2(%)-{4)(!;-—@)

tyw— [2(%13)—5— bt —a) :l
in which—

d, represents inside diamgter of connector.
d, represents outside diameter of connector, .
¢ represents cnd distance from center of connector to end of member,
a vepresents the depth of connector,
b represents diametor of bolt,
$, represents thickness of member,
wrepresents width of member,
t, represents thickness of metal.
The strength of the joint, apart from that of the holt and connector,
is obviously controlled by one or another, ov some combinsgtion, of
these three properties.

Compression ares:

Tension ares:

e [ ] &

=z I'"tf'a'ﬁ 2

ARRNNAICRNNNONN

.

D

Figure 10.—Detail of & connector juiné, showing portions of center member.
subject to shear (A), compression (B ¢y, and tension (0}, Corresponding
stresses, not shown, oxist in the side members. The cross section of the split-
ring conpeetor is illustrated by the solid biack rectangle. For explanation of
symbols, see text.

— 1

In spplying the theory of elasticity to the distribution of these
stresses-in a iimber joint, nearly all the basic assumptions are upset
by the anisotropic structure of the wood, by the presence of irregulari-
ties and defects such as knots and cross grain, and by the interaction
between the wood and metal. A practical analysis of the stresses in
the joint, therefore, resolves itself primarily into & correlation between
the test loads, the character of failure, and the mechanical properties
of the wood and metal. Such an analysis, while not complete or
accurate, does provide & check on the test results and an aid in the
interpretation of the data.

+
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A few of the factors which affect the compressive, shear, and tensile
stresses in a conneclor joiné and their rela Uonship to the standard
properties of the material will be discussed with respeet to dillerend
types of conncetors. The more detailed discussion, however, pertains
“to the split-ring connectors wien bearving pavallel to the grain of the
wood. .
ComprESSIVE STRESS

The aren in compression in a conncetor joint is the projected aren
of the counector plus the projected area of the mtervening boll
led:+b(ti—ai in fig. 10, B. The maximum compressive strength of
the material, howsver, is not usually developed on the fuil projected
area. The actual stress developed is dependent on the species of
wood, the size and Lype of connector, and such othes tactors as sizes
of bolt, boll hole, and member. For split-ring connectors bearing
paraliel to the grain, the load oblained wlien the projected area under
the connectors only (ad, in fig. 10} is multiplicd by (he maximum
crushing strength of the materiad parallsl to grain would vary from
B85 to about 100 percent of the maximum test load. The smallest
connector, 2} inches in diameter, produced the lowost ratios, and
the Jargest, 8 inches, gave the highest ratios.

If the remaining portion of the load, apart from friction, is con-
" sidered to be carricd by the boll, the average stress developed under
the bolt, when used in an exaet bolé-size hole, ranges {rom about
100 percent of the maximum crushing strength of the material with
the thiner members to less than 25 pereent with the (hickes members.
The maximum capacity of the boll iz seldom realized in most con-
nector jolnts beenuse the maximum compressive strength of the
material is nsually developed under a bolt only al a slip or move-
ment i the joint which is considerably in excess of the slip at which
the connector joinl reaches its maximum load.

Suesn Srisss

The varialions in beohavior of different sizes of splil-ting connectors
can also be associated with the relative amounts of wood in shicar
and in compression.  The rafio of the area in shear at the base of
the core within the connector to the ares in compression under the
connector varies considerably for the dilforent sizes of connectors.
The core area is & function of the square of the dinmeter of the con-
‘neetor, whereas (he area m compression varies directly as  the
diameter and depth of conucetor yary. For the G-inch split-ving
conuector, the ratio of core area in shear to the aren in COMIeSSion
is about 50 percent greater than for the 2%-ineh split-ring connectors.
Hencee, when bearing paraliel (0 the grain, the core of the 2h-inch
connector shears completely at & load cousiderably below Lhe maxi-
mum of the joint, while the core of the 6-inch connector [uils in pro-

- gressive shear al the maximum, or very nearly the maximum, load
of the joint.

The load sustained in shear, however, is not solelv a lunction of
the shear area, since the average shear stress usually deecreases as
the area incresses. It eanncl be assumed, therefore, that, because
the area of the core for the G-inch connccior is approximately six
bimes that for the 2%-inch eonnector, the relative loads to produce
shear faiture of the core will be in the same proporlicn.




TIMBER-CONNECTOR JOINTS ; THEIR STRENGTH AND DESIGN 17

The same offect is also evident in tests with various end margins
and spacings when the connectors are bearing parallel to the grain.
The load required to produce shear Inilure outside the connector
decreases with a reduction in spacing or margin, but the rate of
decrease in load is not so great s the reduction in the spacing or
margin. :

When the connector is bearing perpendicular to the grain of the
wood, both the resistance of the core to rolling shear and the bearing
resistance of the wood perpendicular to the grain vesist the load on
the connector. While the shear arvea {or the large connector is
greater in proportion te ils diamefer than lor the small connector,
the load does not inerease in the same proportion.  As the load is
npplied to the joint, the upper poriion of the core which shears is
resisted by the lower portion, which remains intact. Nlashing and
splitting of the core is thus caused. The portion of the core which
splits ofl or is above the compression [ailure is usually smaller, in
relation to Lhe fotal core aren, for the larger conneclors than it is
for the smaller.

TENSILE STRESS

The strength of the wood member in tension at the joint is also
Limited by Tactors which are not subject to the usual theoretical
analysis.

Tests of joints with metal lustenings show that the concentration of
stress in the member caused by abrupt changes in the continuity of
the grain produces failure in tension at a stress approximately equal
to the compressive stress of clear material,  In order {o minimize the
possibility of tension [ailure at the joint, therefore, the total uninter-
rupled tension avea {(fig, 10, 7N of the member at the critieal section
of the joint should not be stressed in excess of the safe stress in com-
pression parallel to the wrain for elear material. '

Toornen axnp CLanw-PLars CoNxNearons

The hehavior of the toothed connector is allected by several addi-
tignal factors not cncountered willh the split-ring connector. The dis-
teibulion of the stresses for the toothed type is further complicated
by the fact that the connector does not offer the same degree of resist-
ance te distortion in all sections af the perimever. At two sections on
the perimeter that ave at rvight angles to the direction of load, the cor-
rugations and teeth on opposite sides of the connector arve aligned par-
allel with the load and offer greater resistance to distortion than ab
the seetions on the perimeier where they are edgewise to the direction
of lond.

Furthermore, sinee the thickness and depth of the metal are the
same for the different diameters of the toothed conucelor, the eoffect
of variations in resistanee fo distortion in different sceetions of the
perimeter is more noticeable in the larger diameters. The test results
show that the load conforms more nearly to the quality of the wood
with the toothed connectors of smaller diameters than with those of
Inrge diameters.  An analysis of the stresses in the toothed connector
joints, therefore, must include all these varialions, and an analysis of
one size of connecter is not diveetly applicable to other sizes.

GONBIY i o2
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.. ‘A-somewhat similar condition exists for the claw-plate connectors.
- "When they are used with the softer woods, the joins strength is almost,
' directly related to the strength of the wood; but in the denser woods,
~+which sustain g higher load, failure in the connectors becomes more
2pronounced. This fact almost precludes. the possibility of any reason-
-ably accurate, detailed analysis of the stress distribution in the joint.
" The best test, however, of any device is its capacity to perform
effectively, and the timber connector is no exception, If is necessary,
therefore, in the determination of the actual load capacity of a timber
. »connector joint to rely upon the results of accurate and comprehensive:
tests from which, when correlated with the fundamental properties of
the material, safe working leads for practical use may be developed.

DERIVATION OF SATE W ORKING LOADS FOR
LONG-CONTINUED LOADING

The working loads for connectors are derived from tests of full-seale
joints and interpretation of the resulting date in relation to other basic
information on the bebavior of {imber. In establishing the values,

= particular consideration has heen given to (1) the cffect of long-
continued loading as against the brief loading period involved in the
tests of jomnts, and (2) allowance for variability in timber quality.

Durarion oF Loan

- It is well established that the magnitude of the loads required to
-cause failure of timber varies with the rate at which the loads are
applied or with the length of time duving which they act. When, for
-.example, a wood beam s tested by a falling weight, as in impact tests,
‘the fiber stress developed at proportional Timit is fully twice as great
as that found in standard static bending tests that occupy several
minutes and are carvied out ab o uniform rate of deflection and with
the load continuously increasing to the maximum. In fact, the fibor
stress ab the proportional limit of the beam under impact exceeds the
modulus of rupture in the static test. On the other hand, the load at
failure in & standarvd static test is mueh higher than the load whieb
will eause feilure when allowed to remain on a timber for a long time,
and a beam will eventually foil under a constant load only aboub nine-
sixteenths as great as the breaking load found in the standard static
Yest (4, 15, 17). It is, therefore, essential in establishing safe working
loads for long-continued or permanent loading (the safe stresses cus-
tomarily given for timber) that the test loads be adjusted for duration
" of stress.
No adequate data are available on the effect of duration of stress
on connector joints mnsolar as the wood is concerned. The relations
for bending, as stated above, are assumed to apply.

QuaLiry or Woon

" Tests have demonstrated that the density or quality of the wood
is often the controlling factor in determining the strength of the
joint. Consequently, the load carried by a connector in-the labora-
tory test employing an average qualily of wood for a species must
be adjusted to allow for the lower-than-average materinl likely to
be used in service.
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Loaps ror CONNECTORS BBARING PARALLEL TO GRAIN

The recommended working loads for conmectors acsing parailé] =
to the grain were derived by applying to the ultimate load, as found
in test, o reduction factor which averaged 4 for split-ring and claw-
piate connectors and 4 for toothed-ring cormectors, with the addi- -
tional provision that the working load for the split-ring and claw-
plate comnectors should not exceed fve-eighths of the load ab the
proportional limit test load. Application of the reduclion factor of
4 gives velues for the split-ring that are consistently less than five-
cighths the Joad at proportional limit, as found by test; and for the
claw plate, approximately five-cighths of this load. Because load-
slip curves for the toothied connector do not exlubit a well-defined
propostional limit, no fretor on proportional limit loads is considered,
and the larger factor of 4} was applied to ultimate load.

Loans ror Connecroas Bramne PERPENDICULAR TO GRAIN

Tests of conmectors under Joads bearing perpendicular to grain
have been less extensive and less numerous than these for parallel
hearing, but nevertheless sufficient to establish a generaily applicable
relation between the two directions. This relation has been used in
deviving loads for perpendicular bearing.

The ultimate test loads lor perpendicular bearing were quite vari-
able in magnitude and were affected by such factors as the method of
support and the length of transverse member used in the fests.
Cansequently, ultimate load has been given less consideration for
perpendicular than for parallel bearing, and greater dependence has
been placed on other factors, such as the load at proportional limit
and at given slips of the joint.  The recommended working loads for
split-ring comnectors average about one-half and those for claw-
piaie connectors slightly less than five-eighths of the respective pro-
portional Hmit loads.

Tor toothed connectors the working loads bearing perpendicular
to the grain have the same relation to the working londs for bearing
parallel to the grain that existed in comparable tests lor the two direc-
tions of grain at given slips of the joint. The resulling Iactor on
ultimate Joad varies considerably with size of ring and different con-
ditions, but averages about 4, '

Acruan Sarery Facrowr

It will be vealized from the preceding discussion that the figuves
quoted as the ratios bebween working loads and the loads found in
test are in no mstance true factors of safety. For example, the
reduetion factor of 4 includes allowances for duration of stress and
for variability as well as & margin [or safety.  Thus, after moltiplying
values from test by & facltor of nine-sixteenths as an allowance for
a long-continued load, and by three-fourths to cover variability, the
actnal factor of safety for a conneclor joint is on the ovrder of 1% (4X
Y X H=1%,) if the working load acts over a long peried. The ftests
from which working loads were derived were on specimens carvefully
made from seasoned material, under favorable conditions, and by ex-
perienced workmen, A lower standard of workmanship, or season-
ing subscquent to the fabnication of o joint made In green or un-
seasoned timber, would further reduce the indicated faclor of safety.
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TABLES OF SATE WORKING LOADS
Srrcies oF Woon

The mechanical tests upon which the recommended working values
are based were conducled on representative species covering 8 wide
range in propertics. By corvelating these data with available data
from standard fesis of sraall, clear specimens (8, 4), it has been possible
fo establish connector design loads for all the more important com-
merecial species,

For convenience and simplicity in design, these spocies have been
classified into four groups in accordance with their streagth in connve-
tor joints, all species ¥ in any one group taking the same working values.
The groupings, [rom lowest to highest working values, are as follows:

Groyr | Woopns (Wraksse) Gurour 2 Woops

Aspen, higtooti. Baldevpross.

Aspen, quaking, Chestuout, Ameriean.

Basswood, American. Douglas-lir (Rocky Mountain region).*
Cottanwood, northern biack, Hemlock, western.

Cotionwood, eastern.
Fir, balsam.

Tir, cominercial white.
Hemlock, eastern.
Pine, ponderosa.

Pine, sugar.

Pine, eastern white.
Pine, western white,
Redcedar, western.
Spruee, Engehmann,

Guovr 3 Woobs

Douglas-fir {const vegions. s
Ilm, Ameriean,

Elm, slippery.

Larch, western,
Maple, red.

Maple, silver.

Pine, sonthern yvellow.
-Tupelo, black.
Tupelo, waier.
Sweetgum.

Sycamore, American.

Pinie, ved.

Redwood.

Spruee, red.

Spruce, Sitka.

Sprute, white,
White-cedar, Port Orford.
Yellow-cedar, Alaska.
Yellowpoplar.

Guour 4 Wooos (Sriwoxocest)

Ash, conuereinl white,
Beech, American,
Bireh, sweet.

Birelr, vellow,
Dougias-fir {rlense).t
Elm, rock.

Hickory, true.
Hickory, pecan.
Maple, black,

Maple, supar,

Qak, commercial red.
{ak, commerciai white,
Pine, southern vellow {densc}.®

The safe working loads {or various sizes ol split-ving, claw-plate,
and toothed-ring comneclors applicable to seasoned timbers used
where they will remain dry are presented in tables 1 to 3. These
loads arc considercd appropriate for long-contlinued or permanent
application. Tt may be noted that loads vary with type and size of
connector, with species and size of timber, and with direction of load
relative to the grain of the timber

~ e namres of species are tho staodurd common pames cnptoyed by the Foress Servicee (08, as recontly
revised in Approved Clinoges in Swdworth’s Check List, 68 po, 140, [ Processed.]

3 There is 8 distinet differcnee in the propertios of Dol from Ghe meare arid Roek Monotsin region
and these of the Douglus-Ar from Lhe Pocifie Novthwesl,  For this renson, separnle valees ore given for
Touglas-fir from the Pavifte const and the Rorky Mountain regions.

¢ Tn order Lo gualify ns “damse,” Douglasily er sonthern yellow bipe lnusbaverage, on one vad of the plece
or the ather, not less than six nnanial prowtl ogs per ineli wid, in gddilion, must averapa not less than one-
Ehivd sumnerwand (the darker, Barder portion of the apnual ring), both heing weasured alogy » radizl fine
through the center of Lhu end of the piece,
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In tabulating the safe working load for a connector joint of any
number of members, the unit is one connector with bolt in shear,
Yor any joint sssembly in which more than one connector unit are
used in the contact faces with the same bolt axis, the lotal safe working
load i the sum of the safe working loads of cach connector unit.  For
example, in tables 1-3, in the last colunmn, mmimum actual thickness
of member is given for a joint assembly of threc members employing
two conneclors in opposite faces with & common bolt; this assembly
is equivalent 10 1wo connector units, and therefore the safe working
lead will in each case be bwice the corresponding value shown in the
columns to the left.

The loads as given apply only when the end distance is equal fo or
oxceods a certain ninimum, and apply to each of a number af connec-
Lors in one joint only when the spacing conforms to certain require-
ments. Such end distances and spacings are shown in tables 4, 3, and
& [or the three different types of conneetor.  Load reductions for other
enl dlistances and spacings are also given iu these tables.

Tanne 1.—Safe working loads U for 1 splil-ring connector and boll (1 connecior unil)
LOADS FOR SPECIES Ly GROUP | (WEAKEST 3PECLES)?

) Load when angle of lond appliestion Lo grain is— { Mini-
i Alini-- JR VR 4 ) £ L)
Dmum : . . thick-

“thick-" ; | ness of
ness  Mini- ! mom-
-oof | * her
Conneetor npit P '“’[ﬂ}“f ! : n;(t),g_g
g® 15° W e i5° 0

Cwith mem- DOCIOLS

i1 con- bets in
nee- t
ot
anly

D Inches | inehes Pnr:.udsi}-‘o:rmf.v  Pogeneds | Pawands yFennds | Poinds Tichea
. 50 w0 e LG ddi B 785
i Ty i PO R ) S W 4 ’l a0 010 B45 . 1%
' Al L1130 1,070 1,013 i 383
Harineh  vonneelor ] 4o 1,885 + 1,286 1 L 183 0980
with M-liel bof _. Fonua | 1o 1%
H y 1, 341 1, 265
l . : 1,540 | 1,420
T8 L 1,574 1,470
i 8 1,785 1,610 1,520
co i i 1.8l5
1. 880
1. 45

{4-inch conpector whin |
H-ineh bolt .. .. _'r

i
G-irels uapiector wilh
4-inch bolt . .___;

4! i 4 4,180 ¢
u!,st 5,035 4,850 ¢ ©o4,505

Yee foutnotes at end of table,
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" TannE.L—Safe working loads \ for 1 splil-ring connector and bolt (1 connectorunif)—
) Continued
LOADS FOR SPECIES IN QROUP 2¢

i ! i Load when mogle of loard applicotion to grain s— i Mini-
. Minl- . D
| mum ; - thick-
j Hick- ness of
T negs | Mini- mem-
i B4 o
- mem- - w with

Oonrector unit ber *oall eon-
S wilth  mem- H nectors
21 eon-; bers i
L ooee-
- tor
¢ only

" Inches ! Iuchcx. P‘uumi‘s’i Puum!a.' Pautily frainds
: g3 L300 1, %s 1, 208 105 © LuIH 915
' 14 4351 1,390 ] A 1003 085 t 1
‘Bcinch  connector |

§ha! 1,300 iy : 1,045
with ¥-lnch bolt . i

33l L7I5 k i 1,145
44 1,735 ; 1, 230 5 154
I i3] 73 ]
b1

2

134

4%

#loeh vonnecter with
3-inck boly. . .

Il
28
AR

T

S o Fal fu] B3 B3 €3 B 10 1D 03 43 13 10 1

(&)
V2

G-ingh conneelsr with
inch bolt. ... .

x

= 0 T ) S S O

8,085 °
6195

w“

4
{
|
i
' {
{
i
A
i

¥ e

-
=

TOADS FOR BPECIES IN GROUP 39

1 H 1
655 | Foayqan !
1, 635 P 1a0s
1,655 i 180

1,790 |

2
enon

B

.,’H
£
o

(g1

2ioch  connvetor ¢
with Ys-inehi balt.

e
)

#2858

g
ot e

At o 5

T ) O e S

BREE:
BaEsEs

Wl
Gasio b o
TRLNERS

8
3

=l
=

A8 P 1 1 1D P LS e e e e
g
35 tn
ISR 1 e e
=
Hima
=

Ei

AL
-]
o=
£

=
3
o=
o

d-inch conmector with
Y-imeh bolto_ .

=2 T
[ |

[ =T

e B3 RS 28 20

W ke Oa ufe B
S ufnm=in

13

=4

b

s
ohza

HER
tghe  ola
: ATy
Bec feotnotes at emd of talle.

1,205 .
1300

£OET LD LI 2L EALD MO RO 1S

=024

SheniS

e b
=
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TapLE 1.—Sufe working loads 1 for 1 split-ring connecior and boli (I conneclor unit)—
Continned

LOADS FOR SPRCIES 1N GROTP 3! -Continued

i Land when sogle of lowd spphieation to grain is—

| Mini- e e

" mium

tthick-1

- pess | Mini-

ool mupn
Conmestor nnfl. - Tir ¥ ‘E‘j{h'
wilh ' mem-
1o bers
BN
tor
only

[ — S s
— - ! |

" Fches - Muchey| Pounde: Pounds Pawnds Pownds; Ponnds. Pornds. Ponmls!:
! e 0 4843 0G| 2,480 3,043 610
4075 | dBZe . W80
4,85 1 £ 176 0 3,010
1, 563 g 3,030
i E 4, 145

g-tnreh copnegterwith
3{-inch bkt

6,750 | ST &2
?,mul I

OROUP § (SURONGEST SPECIES)?

1,405
1450

3
8k

BLEBAS

ik counwctor
witih beineh bolt

"i- r Q"G‘b’l"w -]
BEBERE
E LA =g e

oM

oo

= B B 1A T 1D b bt bt

g =]
e gty

a8

500 0 10 B8 D ot e et e s s et
1T

.
ikt
|Kﬂul?u\(ﬂ

|
i
.i
1
|

|
|

o]
12
lg?}

A-ingh conector with
- fnch bl

SETan
T

3
whn e

B228

g et

v N T T Py P At 1

-t
a3 e 29 = et G ] et RO T T G 5 R

fi-Inch conpector wilth
¥-inch bolt. . ...

g

5

5,215

e
1

( The safe workiny londs suply to seasoned thnbers usad In dry, inside locations for a loug-runtinued load,
1t s nssunedd oiso thad i jpints sre properly designed with vespwet (o such featunes as eeniering of con-
neclors, adequats eod margin, nind seitable spucing.

* 300, 20,

1A Zmeniber ussembly,avith 2 evtovctor ugits wontd thecefore ke donble the safe wyrking loads jndi-
eatvd Jn polumins 4=, .
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TapLe 2—8afe working loads ! for 1 toothed conneclor and boll (1 conneclor unit)
LOADS FOR SPRCIES IN GROUP 1 {WEAKEST SI'ECIRN 2

- L

Mini- l. ;\1‘}:1?;'
11'}':;:;?. - Alini- | Load when angie of lond spplicalion to geain s— {thickness
nss of | JHEM ] of mem-
e Wi, lwer with
1 loonnee-

Connector unit

Cwith 1 1113:‘2- . I R i-i =, niﬂ:ﬁ;ii:c

tonnee- E oy boT 30 4% ineln- Rl

tar only : : ; ‘ e gl
i -

Inehey  huches D Pounds Powwide Poundy Poupds fPounds Pounds  fiches
. 25 80 T 663 i 603 55 S0 1
750 TR . I oL ahh
A% ¥80 733 G0 595 5
Hueh  connector  willh ) 4 ; Tt 653 !
Minghbelt. .. ... 254 665
3 i 650

54
4
A
31
131

7

!

23-ingh connegtor \rilhE

3g-ineh bl

3 3g-inch conpector with
3{-inch boll.

+ingh connector with 3.
imel bolto ... ...

2,385

LOADS FOR SPECIES [N GROUP 22

3 i Bi i

344, P84 |

24neh cooneetar with - 4 £00 560 4
ineh BOllacnuas e ol 9% ns i

: 30 20 1

1 [ 28, -

3
a4
1

324
4
134
3

Melneh bolt ..,

1
134
i
334
i |
A5g1 1, GO0 -
3 1 Lo

J——
L T

fe
&

e

334
28¢-iueh conncelor with

g e b e

£ 1
8

See Faningbes ab enid of {nble,
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Tanty 2—8afe working loads ! for I tootked connector and bol! {1 conneclor uni)—
Continued

LOADS FOR SPRECIES IN QROUP 2 2—Confinued

| .
e ! T
: {ﬁ;gﬂ' ! Arind- © Load when angle of load application Lo grain i8— | thickness
“ness of | BU0L | al met-

" mem. | WidLh, .ot bEr with

Conneetor unit F — e
Tl wnnucA

Lo T
connge Do j : i , lnt.lu- i
‘tor only: : : : ©osve T yles

Cfnches  Faches  Punmeds Pounds Pounds Powrids: Podnds Morade  Teeliey
454 1,786 1L 425 1, 495 BAGS . L. ), la{l

1,755 | 1 B WLIE {

1, 156 i i

L0
3-inch conbector with
A-inch boll o ...

4-incl connoctor with #4-
inch bolt coon aalL.

." 405
2,543
. 2,585
- Akl 2 ﬁ!!{]
I.O.\'I)S FDR SPI-'.CII 5 IN
§%| 1,000
3¢
2-inch conneetar with }5 4 0
inch boll e ae 2351

3‘4

§E §§§§§§§

25g-inch connuctor with °
3¢-luch bolt .

Afdnch connector with
#{-inch bell . :

4ineh connector with J¢-
ineh bolt. oo -ooon. -

138

-Jﬁlf.»-l-au- SRS e S EA TN de o L e T Ut A T
R R R e BT et 1

3,055

—‘:‘Tec _f:;(.)h;lo.tea at end of table,
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‘TanLe.2.—8afe working loads ! For I loothed. connector and belt (1 connector unst)—
Continued

LOADS FOR §PECIES IN GROUP 4 (STRONGEST S8PECIES) ?

i Mini- ]rg:]:::'f

! fhivk- | Minl | Losd when angle of load application to grain is— | thickness

! ninds of [ Eiim: of mem-

{ mem- | width ! d her with

| Mhep all 2 eonnee-
mem- 45-90° tors in

with 1 '
connge.| Ders 30° incly. | opposlie

Oonnector unit

tor oniy ’ sive 1’%"’]‘;‘% .

Frches Founds| Pounde| Pounds| Founds! Poundrl Powndt]  Fackae

254 0 035 853 75 V35

1 875 HOO 76(

¥ 905 815

Z-Ineh connertor with 14- d 835
Inch voll -

e »

1%

24 Inch connector with
inel holt._ ... ...

A4-inch connector with
sinch bolt_ . . ...

134
4

124

~
i:-=1
8 g g
e e e e e e e e e e e

2,59

{ The sale working loads np}:ly Lo sensoned Limbers used in dry, insida locations for a long-continued load.
It is-nestimed alse that the Joints ure properly desipned with respect to such features as centering of con-
ne;:téors, adequate end murgin, nnd suitable spacing.
ee . 20. .
1A d-member assembly, with 1o 2 connector units would therefore tako double tho safe working loatls
ittdicated in columns 4-9,
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Tanpe 3.—Safe working loads for 1 claw-pildic connector and bolt t {1 conneclor unit)
LOADS FOR SPRECIES 1IN GROUP 1 (WEAKEST SPRCIERY

Toad when angle of load upplication to grato Is— D“g’:i‘é;
Mind- S S thick-

mun . !
thick- ness of
nass of “her
Connector unt  { ol | an wlth 2

T
withi 1 con-
con- negtors

in-op-
nector
caly posite

{5088,
ibolt?

Tuchen| Fuches | Pounds’ Pornds; Pounds Pounds
1,815 | 1485 1,380
1551 1,400
1,65 1,440
L O
2 100
2,100
1,745
1,785

Pouadsl Fches
2

Bh D b po ket [ bt et bk e i -

obd-inch conpeetdr B 7
and M-doch bplt
(wood or metnd side
DINLEB)  ceicacaan - 184

SEBEREEER

hi53

L

ayg-lmeh  conpegtur
und  ¥eneh  bolt
(wood or metal side 134
plutes) . _---- PR

1=

)
&

[ Ny coﬁ#@h#c}oﬂ%u»ﬁ&aﬁﬂo@
FECETRSERER
guug
12T~

=
)
&
3

e

or metn) side plates)..

Dl'-‘lchh
NNy

4-ipch conpector and
34-inch bolt {woed

754 4,610 ' 4,251 305
TOADS FOR SPEGIES IN

1,015
2%4-ineh eennector 1,95
und  Y-iech bolt 1,915
furgad or metal side 2,875
Hates) 7 8¢5

2grs

3l4-inch copmeelor
+ and M-inch boll:

Wand side plate .

©oag

Meta! side plate..| i

156

14neh connector and
3{-inel bolt:
134

134
Woud shda plale_.

A

134

3500 | 3,550
el 370
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‘TisLe 8.—8ofe working loads for 1 claw-plate conncclor and bolt ! {I comneclor
uni)——Conlinued

LOADS POR SPECIES IN QROYP 2 Continued

; ) Load! when sagle of loed application to graln iz— gﬁ:::;
M- thick-
thiek- ness of
Hess of) mif;:_:-
Conneeior unit “E,‘L’?' at} with 2
s con-
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TapLE 8~—Safe working loads for 1 claw-plate connector and bolt ' (1 connsctor
. wnif}—Continued

LOADS FOR SPECIES IN (GROUP ¢ (8 TRONGEST SPECIES)?
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1P safe working lowds apily to sensotied Almbers used In dry, inside locations for a long-continued
load. 1t is assnmed also Lhat the joinls ara properly dusigned with respecl to such falures as eenterfug of
uo;tgeclom, adeguete end margin, bnd suitable Spacing. .
o p. 20, .
13 J-member nssembly, with to 2-eounector uuits would therefore Lake double the safe working loads
indjented in columns 4-10, ’
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Tasre .4;-——'Strength ralio for splil-ring connectors for verious end wargins and
vacings 1
END MARJIN: TENSION MEMRER
{Distznce from conter of copneetar Lo vnt! of member]

j Strength rutio (perepnt} when end distance is (inehes)—
Dinmclor;gm;nnccwr O -

(inchs] I
23 151 I 15 E 12 & 7 8 ?

P 62 7 | 86 ! S0 10D w0l w0y g
i e T B2 73 | BT R 19! wge!
LT et g n I S S

END MARAIN: COMPRESSION AMEMBER
[Distinee from eorier af copnertor Lo end af member]

———

H Strenith cadn (pereenty when end distanee §s (inches) —
Dinmeter of conneetor 1 i oL e
(inches)

& 221 l G T
FE U I

i 100 100
I

!
1
7

LG By 1)
E3 L]

SI'ACING
[Disinnve, cenler Lo center, of COBNECLOrS)

Strength ratio {percent] when spacing is {inches}—
Dlametor of connector
{inetos} —_

33 ) 4 Jli ' 12

50 i : 00, 10 100 o0

Y A A 1] 100

E [Fi] i [ o0

I Multiply the sate warking jad of (abie € By the approprinle slrengih ratio to oblain L desinn Tod for
thé split-ring connector when used with various end WnrgIts oF spacibg,

TABLE §.—Strength rotio jor lsothed conmectors for various end margins and
spreings !
ENTY MARGIN: TENSION MEMBER *
{Distance from coater of caniector Lo eruf of member]

Sireogth ratio (percenl} whet sod distancs is {inches)—

Diamgier of connentor {inches) T SRR BN
%4 I 434 § 101 4 43 I 328 7
i.. e e Py =

2t e v e e e s 67 94;] w1 it 100 10

. .2%...._-..._._...._-‘._.,...-_....____,_4,_ RO 70 8] W o a0 100
3K - RN ezt g 7 8 w0l i
8- I G B S R vt

B . 13

SPACING
{Distanee, center ta eenter, pf venneetors]

Strenesh ratio {pereent) when spReing is (inchesj—
Diameler of sonncetor {inches) ——— e
T
6 8
i 83
...... - 50

' Multiply the sale working lond of Lable 2 by Lhe nppropriote Slrcnglh ratio- 2o ablain the degign lnad
for tha toothed connecior when yred with variols end warging or spacings.

I, 11;‘1.): 3 poInpression metnber, the end distance for Tl Bllownble load should not be less they she dismeter
clthe connoetor.
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o =

TasLE 6.—Strength ratio jor claw-plate connectors for various end margins\\/gr_;ﬂ' il
spacings ! o T

END MARGLIN: TENSION MEMBER

{Distance from center nf eoppeclor Lo e of moznber]

. Sirength rate (pereent) when end distance is {inches)—
Diameter of coniieelor - . - R -

(inches} . .
34 ! 4 4§ L R 1 7

TR 2| o) ssi e woi Gw 100
3ig i 8 ?4 & st 8| 1 100
4, 62 s ¢ 73 il l 85 o 100
END MARQIN: COMPRESSION MEMBER
[Distanee fror eenivr of ehnnecior ta vod ¢f member]
i Screnpth ratio {percent) when end distanee is (nehes)—
Diametpr of ¢ I . e e R JU—

(inches) . . ; I .
1 ; 1 1 44 15t PoB i 84
........ wol w100 i W 100
B8 o7 1) ! 100 * 100
i ™ 31 | 8¢ i ol 100
. L i l
SPACING
[Distaner, tenler Lo evnier, of GOND
Strength rutio (percent) when spacing is (inches)—
Crigneter of connector oo o e R, o
{Inchus) . j
3w o4 | w08 ‘ 8 ‘ I
2. 62 6 75 } 88 ! 100 } 0o 10
4 56 SRS R R T N RO
S e e : s, T, s 8 l00

1 Multifaly tho sule .\I\T;;k—in;:-ll;t.lh(i af I.ai.}lo%h-:;.E'1;|;[)F-EF|1r1ail\=|rvn;.til ;njo ] lI(:I'.'t_ai'i’n‘;_i.w—-(icsigul ol for
the elaw-pste connector when used with various end mmnrpeing or spacings,
MODIFICATION OF WORKING LOADS AND FACTORS TO BE
CONSIDERED IN THEIR USE

The {actors which affect the safe working loads of connectors have
cither been included in deriving the tabular values or require modifica-
tion of the values listed in accordanee with the provisious outlined in
subsequent paragraphs. :

Winp Or Earroouake Loaps

- In designing for wind or earthqualke forces acting alone, or acting

: in conjunction with dead and live loads, the safe working loads for
the various connectors may be inercased by the following percentages,
provided. the number and size of connectors s not less than that
required for the combination of dead and Hve load alone:

Increase

. {percent)
A Split-ring connector, any size, bearing in any direction. . .. . ... fe-n B0

0 Claw-plate connector, any size, bearing parallel o grain .. . ...o... T334
] Glaw-plate connector, any size, bearing perpendicular to grain... ... __.. 50
Toothed-ring connector, 2-inch, bearing in any direetion_. . .. ... ... 730
Toothed-ring conuector, 4-inch, bearing in any direction. . . .oioaann T2

 Proper percuntages for elaw-plele conneclors bearing &I intermediate apghes and for wothied-riug con- - JJ

3 nectors of other sizes muy ba obtaived by Interpolation.
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’{;’ "
: Imeact NFonrces

Impact may be disregarded up to the following percentage of the
static cffeet of the Live load producing the impact:

frnipied
alinw-
ange

(twreent)

Split-ring eonnector, any size, bearing in any direction .

Claw-plate connoctor, any size, bearing paralle) to prain.

Claw-plate conneetor, any size, bearinyg perpendicular to grain

Toothed-ring connector, 2-inch, aearing in any direction._ ..

Toothed-ring connector, 4-ineh, Lenring in any direction.. .

* See funtaotbe, p. 31,

One-hall of any impact lond that remains after disregarding the
pereent indicated above should be included with the other dead and
live Joads in obtaining the total foree to be considered in designing
the joint. .

Facror orF Sarery Nov Bevooep

The procedures deseribed above for inercasing the allewsble loads on
connectors for forces suddenly applied and forees of short duration do
not reduce the actunl factor of safety of the joint but are recommended
because of the favorable behavier of wood under such forces. The
differentiation among types and sizes of connector and directions of
bearing is duc to variations in the extent to which distortion of the
metal, as well as the strength of the wood, affcets the ultimate strength
of the joint,

Seeciar Desicr CoONSIDERATIONS

It is recognized that conditions of design may be encounteved, with
respect to the kind of load on a structure and the period of its conlinua-
tion, which are neither “long continued’ nor “suddenly applied' and
hence require or justify special consideration and possible madifica-
tions, other than those that have been indicated, of the working loads
listed in tables 1 to 3. For such conditions, it may be assumed that 90
and 8Q percent of the stress which causes failure in 5 minutes {time
usually assumed f{or wind load) will cause failure in 50 minules and
10 hours, respectively.

Exrosuri anp Moiwstore Conniriox oF Woob

The loads listed in tables 1 Lo 3 apply to sessouned timbers used
where they will remain dry.  If the exposure is such thas the timbers
will be mmore or less cotitinnously damp or wet, two-thirds of the

~“tablated valyes should be used (14, 15, 19). The amount by which
‘the loads should be reduced to adapt them to other conditions of use is
dependent upon the exteni to which the exposure favors decay,
required life of the structure or part, {requency and thoroughness of
inspection, original cost and cost of replacements, proportion of sap-
woed and durability of heartwood of the species if unireated, and
character and efficiency of the treatment if treated. These fuctors
should be evaluated for each individual design. As a guide, it is
suggested that, for exposure conditious of use where the timber will be
occasionally wet but quickly dried, threc-fourths of the tabulated
working loads listed be used. '
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Ordinarily, before [abrication of comnector joints, timbers should
be seasonad to a moisture content corresponding as nearly as practical
to that which they will attain in service. This is particularly de-
sirable for material for rool trusses and other struclural units used in
dry locations, and in which shrinkage is an important [actor. The
exigencies of construction in wartime, however, have resulted in the
erection of many kimber conncctor structuves and siructural units
employing green or inadequately seasoned lumber. Since such
lumber in most building installations subsequently dries out, causing
shrinkage and opening of the joints, it is essential that adequate
maintenance measures be adopted.  This maintenance should include
inspection of the structural units, tightening of all bolls within 3 to
6 months afler erection, and repelition of thig procedure within about
2 year.

GrabDE AND QuarLery oF Lumnen

The timber for which the working loads for connectors nre applicable
should conforn to the general requirements in regard to the quality of
timber specified by Ameriean Lumber Standards® (16). These re-
quirements include provisions that all material shall be well manu-
factured, that no pivee of exceptionally light weight shall be permitted.
and that only picces of sound wood {ree from any form of decay shall
ke acceptable.

With these recommended safe loads, it is assumed that the material
al the joints is clear and relalively free from cheeks and shakes or
splits. The material should be cither free from knots, or. il knots are
assumed. to be present in the longitudinal projection of the net seclion
within a length from the critical section of half the diameter of the
conneclor, the area of the knols shounld be sublracted from the avea
of the eritical section. It is also assumed that cross grain at the joind
does not exeeed a slope of 1in 10,

Loaps AT ax AveLE Wrrn e Gray orF Woon

The sale working loads for the split-ring and claw-plate connectors
for intervening angles between direction of Joad and gruin from 0° fo
90° were obtained by using a lineal celationship between the parallel-
and perpendicular-to-grain values. With the toothed conneetors, the
safe working load at an inclinalion to grain varies lincally, in con-
formity with lest resulls, from 0° to 45° to the gmin, between the
working loads paraltel with and perpendicular to the grain; but from
45° to 90° it is equal to the worlung load perpendicular to the gramn,

Size or MEewmuer

The relationship befween the loads for Uie different thicknoesses and
widths of lumber is based on the test resulls. The loads for wood
menibers of thicknesses and widths intermediate o those listed ean
e olMained by divect interpolation.

Winte oF MEMBER

The smallest width of meniber listed for each type and size of con-
nector Is the minimum that should be used. When the conneectors

¥ Simtiler specifentions wre provided by Aowericnn Soeiely for Testing Materials (7).
SaUS40° -44 3
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3

-are bearing parallel to the grain, no increase in load ocewrs with an
incregse in width over the minimum. When they are bearing at any
other angle to the grain, the largest width listed is, with few excep-
tions, the maximum that permits an increase in load with an inerogse
in width. The conditions under whieh a shghtly greater width can

C

Freure 1t—Types of multipic-connector joints: A, Joinl stréngth dependeni
upon end (e} and spacing (s) distances: B, joinl strenpth dependent upon end (o).
clear (¢}, and edge (v} distances; ¢, joint strength dependens upon end (m
and clear (¢} distences; D, joinl strength dependent upon end (e), clear (g,
antd edge (u) distances,

- be assumed to witlistand an increase in load are discussed with the
‘test results (pp. 56, 84, and 108). When the connector is placed off-
center and the load is applied continuously in one dircetion only, the
proper working load can be determined by considering the width of
member equal to twice the edge distance (the distance between the
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center of the connector and the edge of the member) toward whieh
the load is acling, but the distanee between the center of the connecfor
and the opposite edge should not be less than half of the permissible
minimum width of the member.

TaHICKNESS OF NEMBER

The least thickness of member given in tables 1-3 for the various
sizes of conneclors is the mininmum which should be used, except that
for toothed connectors, when placed in opposite [aces of 2 member,
minimum thickness may be 1% inches, and 1 inch when in one face only.
The load for members 1% inches thick is only « few percent lower
than for a thickness of 1% inches. The loads lisled for the greatest
thickness of member in each type and size of connector unit are the
maximum loads to be used lor all thicker material.

END DISTANCE AND SPACING

The values in the tables apply when the distance of the connector
frem the end of the member (end distance) and the spacing between
conneclors m multiple joints are not factors m the strength of $he
joint (fig. 11, 4, ¢ and s). When the end distance or spacing for con-
nectors bearing parallel to the grain is less than that required to de-
velop the full load, the proper reduced working load for design may
be oblained by multiplying the tabulated working loads by the appro-
priate strength ratio, given in tables 4, 5, and 6. For example the
fond for a 4-inch split-ring connector bearing parallel to the grain,
when placed 7 or more inches from the end of a Douglas-fir tension -
member which is 1% inches in thickness, is 4,780 pounds. When the
end distance (distance between the end of the timber and the cenfer
of the councclor) is only 43 inches, the strength ratio (lable 4) is 0.73
and the load equals 0.73X4,780=3490 pounds. The method for
defermining the end distance when the end of the member is not ab
right angles to the length is given in the discussion of endmargin (p. 63}

PLACEMENT OF MULTIPLE CONNECTORS

The placement of connecto1s in a multipte joint invelves the con-
sideration of several factors which have not been adequatcly deter-
mined.  Preliminary investigations, however, together with the ob-
served behavior of single connector joints lested with varinbles which
simulate those in a multiple joint, [urnish a basis for some suggested.
design practices.

When two or more connectors in the same {ace of 2 member are -

in o line at right angles to the grain of a member and arc bearing
parallel to the grain (fig. 11, (), the clear distance {¢) between the
conneclors should not be less than one-half inch.

When two or more connectors are aciing perpendicular to the
grain and are spaced on aline at right angles to the length of the mem-
ber (fig. 11, B), the rules for the width of member and edge distances
{p. 33) used with one connector are applicable fo the edge distances.
The clear distance between the connectors (¢) should be equal to
the clear distance from the edge of the limber towsard which the
load is acting to the connector nearest this edge (c}.
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Investigation of multipie-connector joints bearing perpeddicular-
‘to the grain have not been sufficiently compeehiensive to nelude all
of the variables of placement and loading conditions which may be
encounteved in service, and design procedure will depend on inter-
connecting elements and leeation of the joint in the sbructure. in
a joinl with fwo or more connectors spaced on a line parallel to the
grain and with the load acting perpendicular to the grain (fg. 11, D),
the available datna indicate that the clear spacing between adjacent
connectors {¢) should nal be less than 1 ich and that the Ltotal lond
used should be equal to the full load of one connector, plus one-third
this amount {or each additionsl conneetor.

In a joint of this type somewhal more favorable resulls are obtained
in tests if the conneetors are staggered so that they do notact along
the same line with respect to the grain of the transverse member.

The placement of conneelors 1o join{s with members at right angles
to each other is subject o the mintmum limitation of either member.
It is virtually impossible to set up general rules regarding the align-
ment, spacing, and margin of connectors to cover all possible ¢irec-
itions of the applied lond.  The designer must rely upon a sense of
proportion and fitness in applying the rules set forth to a coundition
of Toading that is within the limits tliscussed.

CROSS BOLTS

The use of cross bolts at or near the end of timbers joined with
comnectors, ar al intermediafe panel points, may frequently be desir-
able to provide additional safety or {o assist in reinforcing members
that bhave, throngh change in moisture content in serviee, developed
checks to sn undesivable degree.

NET SLECTION

The stress in the net ares {whether in fension or ecompression),
which is the area remaining at the eritienl seclion after sublracting
the projected avea of the conneetors amd holl from the full cross-
sectional afea of the member, should not exeewl the safe stiress af elear
materinl in compression pavallel to the grain,  Additional informa-
tion on the method of determining the net sections lor the different
types of conneetors is given on page 73, for the split-ring connectors;
page 89, lor the toothed connectors; and page 104, lor the elaw-plate
conneclors.

EXAMPLES OF CONNECTOR-JOINT DESIGN

(1) Caleulate the safe working strength of 2 Lension joint of sea-
-soned coast-type Douglas-fir in whieh fwo pieces 33 inches thick
and 5} inehes wide are joined end fo end by means of side plates
1% inches thick, 5% inches wide, and 28 mches long, when four
4-mch split-ring conuvetors nnd two ¥-inch bolls are used. In this
arrangement, two conuectors and a concentric bolt ave placed sym-
metrically on either side of the butt jeint at o distance of 7 inches
from the ends of the members and side plates. This end distance,
as shown in (able 4, is adequate to develop the [ull design load.

The working load given in table 1 for one 4-ineh split-ring connector,
when used i one face of a Douglas-lir member 1% inches thick or
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as one of two connectors used in opposite faces of a member 3 inches
thick, is 4,780 pounds. The safe load of the joint [or two connecbors
equals 2 X 4,780=9,560 pounds.

(2) Calculate the safe working strength of the joint in exampie (1)
when the side plates are 16 inches instead of 28 inches in length,
By placing the connectors halfway helween the ends ol the side plates
and the butt joint, the end distanco is 4 inches. The strength ratio
as interpolated from values given in table 4 for a 4-ineh end distance
is 0.68, and the safe load accordingly eyuals 0.68 X 9,560=06,500
pounds.

(3) Caleulate the sale working strength of a joint of seasoned south-
ern yellow pine in which two tension side members 1k inches thick
and 5 inches wide are joined at right angles to opposiic faces of o

center timber 3% inches thick and 3% inches wide by means of two
4-inch split-ring connectors and a ¥-inch bolt.

The load for one of two 4-inch split-ring connectors used in op-
posite faces of a member 3 inches thick and 5% inehes wide und bear-
ing perpendicular to the grain is 2,775 pounds (table 1), The load
for one conneetor hearing pavalledl to the grain in one face of a side
member 1% inches thick and with an end distance of 7 inches is
4,780 poumds {table 1), The gale load of the joint, which is governed
by the load in the center member, equals 2 X 2,774, or 5,550 pounds.

(4) Calculate the safe working strength of the joint in example
(3Y when the end distance from the end of the side plates overlapping
the center member Lo the center of the balt hole is 3% instead of 7
inches.

The strength ratio for an end distanee of 3% inches is 0,62 (table 4).
The load for ane L-tneh splil-ring conneetor in the side member,
henee, eguals 0.62 X 4,780==2,064 pounds. This is lacger than the
working load for one connector in the center member.  The strength
of the joint, therclore, is still governed by the load in the center
member and, as before, is 5,650 pounds.

TESTS OF FUNDAMENTAL FACTORS AFFECTING
CONNECTOR-JOINT STRENGTILL

The detailed information that follows, obtained primarily [rom
tests of split-ring, toothed, and . claw-plate connectors, involves such
variables, aside {rom the conmector itself, as species of woaod, thick-
ness and width of member, end margin, spacing, and moisture content.
Some of these factors affect the steength of the joint vegardless of the
divection of the npplied load with vespeet to the geain of the wood,
while othiers are mvolved only when the load is applied either parallel
or perpendicular to the gram. In addition fo the investigation of
these {netars, otliers which are peculiar to each type of connector,
such as the groove diameter for the split-ring connectors, were also
studied. Supplementary tests, made to determine the effeet of some
experimental variables involved in the test methods, as, for example,
length of span between the blocks supporting the transverse member
when the load is applied pevpendicular to the grain of the wood, are
not discussed in detail heve.

The tests were of two general types. In one, the load was applied
parallel to the grain of the wood; in the other, perpendicular to the
rrain.
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Erch test assembly consisted of three members—one center and
two side members. All members were of wood except for the metal
side plates tested with claw-plate connectors, Figure 12 illustrates
‘$ypical parallel and perpendicular arrangements of test assemblies,
Xor tests at other angles to the grain, the center member was sup-
ported at different angles to the side members.

In the parallel-to-grain tests, the load was appiied in either com-
pression or kension, depending on the variable studied. For the
Pperpendicular-to-grain fests, the center timber rested upon supporis
near its ends, and the Ioad was applied to the side members.

WO connector unifs, one between each of the side members and
the center timber, were used in all tests except when four cottneclors
‘were used to determine the effect of spacing.

The specimens were of sessoned material, with the exception of
those used to determine the effect of variabions i moisture content
of the wood on the strength of the joints. All timbers were practically

Fravne 12,—4, Connector-tes! specimen to which load was applied paraiiel to
the grain; B, conneetor-tesi specimen o which load was applied perpendicular
to the grain.

clear and free from cheeks. When possible, the specimens were
earefully matched in quality for al! tests made on & given variable.
-Control specimens cut from each member were tested in accordance
with standard laboratory procedure to determine the strength char-
‘acteristics of the material. These control tests consisted of n deter-
‘mination of the specific gravity, moisture content, and the compression
strength of the wood parallel to grain. For some members, shear
‘tests and fests of compression perpendicular to the grain were also
included.

The amount of slip in the joint between each of the side timbers
and. the center timber was determined with dinl gages sraduated
to 0.001 inch. In most of the tests, the slip was measured from the
‘beginning of the application of load, but in some $he dials were set
ab zero at an iaitinl load of 250 to 500 pounds, depending upon the
vitimate capacily of the joint. Load was applied conlinuously, and
readings of the slip were taken at increments of such magnitude as
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to give a suitable load-slip curve. 'The rate of descent of the:movable
head of the testing machine was within the range of 0.283 to.0.382
in¢h per minute, the exact speed used depending upon the type of
test. The general behavior of the joint under load, the first drop of
the beam of the testing machine, the kind of failure, and similar
detoils were noted and recorded. The loads recorded at the first
drop of the beam mark the first interruption of the increase in load
and appesr to be sssocinted with shear of the eore within the connecior.
The loads Hsted as maximum are the highest loads obtained within
or &t a slip in the joint of 0.60 inch, beyond which tests were not
continued, .

The bolts used with the connectors were of the common type, with
square heads, obtained from hardware suppliers.

With few exceptions, the split-ring, toothed, and claw-plate con-
nectors are considered separately i the following presentation.
Various types and sizes of connectors developed in Burope, and tested
with Douglas-fir and southern yellow pine under standard conditions
at the Forest Products Laboratory, arve discussed in an earlier pub-
lication (7). Some of these connectors were similar in design to
American types, and the results of these earlier tests are, when ap-
plicable, included in this publication.

Facrors Arrecrine Senir-Rinc Conwecron JoInts

The split-ring connectors used in this investigation are plain, low-
carbon steel® rings of rectangular cross section, with a tongne-and-
slot junction in the perimeter. They are fitted to half their depth
into precut grooves in the contacting faces of overlapping wood
membets.

The dimensions of the connectors used in the tests, and the dimen-
sions of ali grooves except those in which the effect of differences in
groove dinmeter was studied, are set forth in table 7.

TABLE 7—Dimensions of canneelors and grooves used 1n lesls af splil-ring conneclors

Dirmensions of conneetors Dimensions of grooves

Ioside diameter, closed {inches)

Depth

“Thickuess
af

metsl

inside
diameter!?

Tepth

Width

Inches

75
O
25
i)

Huches
0.1

. 187

250

.a1e |

inches
2.
4,08

G, 12
816

Inches
0,375
500
LB25
L7680

Inches
.18

|

! For southern yellow ploe in species tosts bearing parallel to the grain, the inside dismeters of the ring
grogves were varied froin the ditensions given bere, as ©llows: 244-inch conncctor, 2.52 {o 2.60 ibehes by
G.02-{nch increments; 4-ineh centeclor, from 4.00 to 4,12 inches by G.08-ipch increihents; 6-inch conncetor,
from §.02 to 6,18 inches by G4d-inch increments, separate tosts being made for each.  Grooves for the 8inck
conanoctor were Lhe satmo size for 8i) species.

The lactors affecting the strength of the joint, studied with different
sizes of split-ring connectors, were {1} species of wood; (2) the direc-
tion of the applied force with reference to the grain of the wood:
(3) the thickness and (4) width of timber; (5) edge and (6) end

- ¥ The spevifientions for the conmectors tasted renuire thal the steel conform to A. S. 3% M. Standard
Spocifieatious for Carlon Steel AI7-28, Type A, Crade 1,
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margins; {7) spacing between conncetors; (8) size of ring groowve;
(9} position” of the tongue-nnd-slot jungtion .of the connector with
“respect to direction of the grain of the wood (position in the groove);
(10) size of bolt hole; (11) moisture condition of the timber, and
(12) the eflect of checks.

MIETIEF

Fraume 15.~-Method of eondueting comprossive test of eonncetor joint with
load applied parallel to the grain of the wood. In preparing test specimens
for some of the Jarger connector sizes, 1he required wood thickness was oblained
by lmminating the members as shown.

BPECIES OF WOOD
BEARING PARALLEL 1M} (GHAIN
To determine the strength of the joint using various sizes of split-
ring connectors with different species of wood when hearing parallel
to the grain, Lests were made using redwooed, baldeypress, Douglas-fir,
tsouthern yellow pine, white oak, and yellow birch.  The baldeypress

L
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and southern yellow pine used came from two different shipments
which had o particularly wide range in density.

The widths of the specimens were 3%, 5}, Tk, and 8 inches for the
-2Y%-, 4-, 8-, and 8-inch connectors, reapectively. The thickness of the
center member for the 24-inch connector varied from 4 to 5 inches
and the thicknesses of the side members from 2 o 2} inches. The
thicknesses of the center snd side members for all other connector
sizes were 5 and 24 inghes. :

The length of the members for the 2)4 -inch connector was 13 inches,
with the side members overlnpping the center member by 8 inches.
The bolt and connectors were placed in the center of the overlapped
longth as shown in figure 13. For the 4-, 6-, and 8-inch connectors,
the side and couter members were 17, 21, and 24 inches long, respec-
tively, and were overlapped by 11, 15, and 20 inches, respectively.

As indiented in table 7, the inside diameters of the grooves were the
same for all species exeept southern yellow pine. The same number
of tests was made for cach different inside groove dinmeter for that
species as for each connector size of the other species. These tests
provided information on the effect of variations in the diameter of
the ring groove, which will be discussed elsewhere in that connection.

With these cxceptions, five tests were made for each species of
wood and size of connector. The materinl for each species was of ap-
proximately the same quality for all connectors. Afier completion
of the main test of the connector joint, moisture and specific-graviby
determinations were made on the material, Also, compression-
parallel-to-grain tests were made on standard specimens cut from
picces which adjoined the major test specimens in vhe member.  Tests
of control specimens, which are not included in the tables, were also
made for some of the species m shear parallel to the gran,

Although a number of the different strength properties of wood
determine the resistance to lateral displacement of connectors, the
Lests show that the specific gravity of wood is & better griterion of the
strength of the joind than any other single property (6). JFor example,
when a connecfor joint is beaving parallel to the grain, the maximum
crushing strength of the wood is an important properky aﬁ'ecting'the
strength of the joing, but the specific gravity of the wood affords a
more satisfactory eriterion of the actual {est load. Both the propor-
tional Limit loads and the maximum loads increase directly with speei-
fic gravity, as shown by figures 14, 15, and 18. The relationships-are
expressed by the general equation:

' P=K3

in which—

P=1the load, in pounds, for two connectors and one holt, obtained in
o test of short duration.

K =g consbant derived by test.

G=specific gravity of the wood, oven dry, based on volume at fest.

By this equation, working loads for the different sizes of split-ring
connectors can be established for any onc species from the specific
gravity. Inherent characteristies may, hiowever, causc some species
to give values somewhat above or below the equation values.

- Difforences in specific gravity within a species are, in general,
reflected by about the same relationsinp in load that is oblained among
species,
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- . The proportional limitload is approximately one-half to two-thirds
- of the maximuni load for various species of wood and sizes of connectors
. -(fig. 17). This proportional limit load was obtained at an average
‘8lip of approximately 0.06 inch for the species tested. The average
- 8lip at the maximum loads was 0.55, 0.42, 0.20, and 0.13 for the 2%-,

* 4-, 6-, and 8-inch connectors, respectively.

ia.000

e

v

LEGEND
m—- 34 0CYPRESS
A= REGWIOD
O =JOUTHERN YELLOW PINE -
O—FALPCYPREFS L]
CG—FOUTHERN VELLOW PINE {PTVERAGE OF 3 FESTE)
Q=YELLOW BIRCY
V= WHITE AKX

£04D (FoLDs)

@
o a4

0.2 0.3 0.4 0.5 0.6 2.7 2.8
SPECIFIC GRAVITY (OVEW-ORY, BASED ON VOLUME AT TEST)

"FievrE 14.—Relation between load bearing parallel to the grain -and specific
-gravity of air-dry weod for a split-ring connector joint consisting of two 4-ineh
-eonnectors and a #-inch bolt, The solid and open symbols for the same species
.indicate marked differences in specific gravity.

"The loads at first drop for the 2}-inch connectors were about 25
‘percent, higher than the proportional limit loads and averaged about
+75 percent: of the maximum loads. .As the size of connector increased,
"however, the loads at first drop approached $he maximum, until the
two were almost equal for the 8-inch connector. .

After the cores had sheared, the split-ring connectors continued to
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function as metal bands around solid wood coves, the final joint fafure
ot maximum load for the smaller conpectors consisting of bending of
the bolt and crushing of the wood on the inces of the members under
the connectors and the bolb. :

180,000
30,600 .
LEGEND

® - BALOCYPRESS
A -REBWOOD .

80,000 ® -SOUTHERN YELLOW PINE
Q1 -BALDCYPRESS
A-DOUGLAS=FIR .
O—SOUTHERN YELLOW PINE /

70,000 ———— Q-YELLOW BIRCH

T~ WHITE 08K
LACH POINT REPRESENTS THE

AVERAGE OF FROM 3 10 15 TESTS /

60,00

56,0600

46,600

PROPORTIONAL LIMIT LOAD (POUNDS)

36,00

20,000

18,000

0 |
¢ 0.1 0.2 0.3 0.4 0.5 0.6 a7 .. 08
SPECIEIC GRAVITY (OVEN-BRY, BASEC ON VOLUME AT TEST) :

FigurRE 15.—Relation between proportional limit load bearing paraliet bo_t.hé
grain and specific gravity of pir-dry wood for splib-ring connector joints consigt-
ing of two connectors and a single bolt, in each of four sizes. he solid and

open symbols for the same speeies indieate marked differences in specifier gavity

When the slip at maximum load exceeded 0.60 inch, the load at
this slip was taken 6s the moximum. The actual maxtmum load was
only shehtly greater, since the load b this point was increased very
Tittle with relasively large increases in slip.
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In thoep.tests in which the maximum load was reached at a slip
- greater than-0.20 inch, the load as a rule did not increase appreciably
with additional increases in slip.

‘The initial slip, or that part of the slip which, when the ring is
coming into full bearing, is not associated with clastic distortion, aver-

.

420,800

: LEGEND

- BALOCYPRLIS
&=REOWIDD

»—JOUTHERN VELLOW PINE
O~ BALDCYPRESS
& —DOUCLAS-FIR
O=SOUTHERN VELLOW PINE
O=VELLOW BIRL

T—WHITE 04K

EACH POINT REPRESENTS THE
AVERAGE OF FROM 3 Td IS TESTS =

=

BIAKINMUN LORD (POUNES)

&
2
o3

i
Tee EX Y I 0.5 06 ar o8
SPECIFIE GRAVITY (OVEN-DRY, SASER O VOLumi AT FEST)

Fiaore 16.--Relation hetween maximun load bearing parallel 1o lie grain and
specific gravily of air-dry wood for split-ring joints consisting of Llwo coimee-
tors and o bolf, in cach of four sizes. l[‘he solicl and open symbols for the same
species indicate murked differcnees in specific gravity.

ged about 0.019 inch. Starting at the origin, the load-slip curve
fillets into the elastic portion of the curve at about 0.03-inch slip and
ebout one-third of the proportional limit load. With initial slip, load
at 0.03-inch shp, and the load and slip at proportional limit given, it
is possible to obtain the approximate slip in the joint lor given toads
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below the proportional limit. The amount of initial slip and the slip
&t proportional limif, however, vary somewhat with species, being
slightly greater in the softer than in the denser woods, cspecially for
the larger size rings. The size of the ring groove diameter and that of

40.000

FIRST DROP,
e ._.a__,x__..._ O

o =] o

©
Oﬂ

L+
(SEE COMPLETE CURVE BELOW)
32,000 3. :

- PROPORTIONAL

LOAD (POUNDS)

1
[IRST pROP

g
7 a1 0.2 0.3 0.4
SLIP IN JOINT (INCH)

T INITIAL SLp Nﬂ?l' ASSOCIATED WITH ELASTIC DISTORTION
Ll 1 ] [ !

002 004 006 (.08 0.0 a2
SLIP IN JOINT (INCH)

Ficure 17.- -Relation between load and slip in split-ring conneetor joint, for an
individual tesl specinen; Learing parsllel to the grain of air-dry wood.

a4 a6

the bolt hole, discussed clsewhere, also have an effeet on the amount
of slippage in the joint.

. The average resulls of the tests on different species are presented
in table 8.
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TABLE 8—~—Effect of wood ‘species on strength of 3-membei), splil-ring conneclor joirts, bearing either parallel or perpendicular to grain )
LOADS ACTING PARALLEL TO THE GRAIN

N Maximitm or
P’O]‘?‘"itt“’““l First drop ioad at 0,60

Properties of specimens
m ineh slip

Thickness of mem-
bers 3

’ -—— Load at, T
Size of connector unit;? and species of wood | Width of : Inftial { 0.03 :
(in order of specific gravity of speeimens) | members . ’\Lfolgllll)r;‘l::l slip 8 inch

) Mois- Specific sive slip
gravity ¢ |- strength
parallel
to grain

Center Sides- | fure con-
tent

; i

' Pounds per . . :
24-inch connectors; 34-inch holts Inchey Inchey | Inches | Percenti square inch . | Poundsj Pounds Pounds Pounds
Baldeypress.. ... .. 35% 41

il 14! 2L 12,2 R 4, 365 . i g, 000 . 10, 738 14,574 |
Redwood,..... 0., 00 0T 4 2 5,150 3, 240 . 9, 06 { 18, 090
Southern yellow pine. ... . . " 21 : 7

. ] . . . 19, 060

Baldeypress. ..., .. e 5 114 2L 9 4 7,49 . 7 2,804 .06 118,832

Douglas-fir § wos A, 5 414 24 . 7 . : 7 . 1, 567
Southern yellow pi Mewen s 4 2 7 .

Yellow bireh:. . ... .0 4;/2 2z
4

Whiteoak.. .. ... ...
4-inch connectors; 34-inch bolt:
Baldeypress. .. ... ... ..
Redwood........ .. o
Southern yellow pin
Baldeypress .. ... .
Southern yallow pings,
Yellow birch. ... ..o
White oak . ..., P
6-inch conneetors; $4-inch bolt;
Baldeypress
Redwood. ... wu.
Southern yellow pine.
Baldeypress. . . ......
Douglas-fir * .
Southern yellow ping?, .
Yellow birch.. e
Whitconk. e inaie
8-inch conncetors; 34-inch bolt;
Baldeypress ¥........ ..
Redwood . . comeuee o L sl L
Southern yellow pined.. . . | .
Baldeypress ... . Lol HE 55,200 . 84, 730
Southern yellow pines.. ... .. . : 40, 670 | 68,070 . 106, 780
i H

25, 766

2,600 1 032 3,216 . 20,300
6075 5,020
542 | . 7,060

24 4, 800

8, 232
i 7 { 80,400
110,420 | 32,670

4,052 43, 040
3, 000 47,030

3 o

e b Y Gk oy it 0 o
SR oRone

Sske
OIS S TH O M b

s
Se-
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TUAVINDIYOV 40 "IdHUd 'S "N ‘€98 NITWIING TVOINHOUL.
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TOADS ACTING PERPENDICULAR T0 #UE GRAN

2t4-{nch contectors; %-ineh bolt: : 1
Redwood ...V i T p)
Pouglasfic . oo .o 21
Southern yellow pine? __. oo woo.s: 5 154a; 244
4-inch gonnceetors; 3{-inch bolt: ;
REAWOOA. o oirinansvninoes 214
Sonthern yellow PINE ¥.win. v vanimean® 134; 244
8-inch conncetors; 3¢-inch bolt: Douglas-fir. . 734 alg

=

ok o
‘.‘.
OIS

o i bk
——D

-l

0,409 . ...
821
SB36

st
A0

5,470 } 0.082
6,4 084

7,120

8, 530
15,208
17,830

. 076

087
082
Nz,

10,600
21, 100

26,3201

0.13
.18
IRt}
.15

.16
.18

6,060
8,320
10, 050

10, 880 |
21,610 |
25,430 1

i

0.15
.20

! Vuh.}es are averages of 5 tests of Joads acting parailol and 3 tests perpendienlar, exeept
as noted. .

= Connector dinmeter s that of inside of ring when ¢losed; bolt hole equals nomingl
dinmieter of holt. | ’ . , .

3Where 2 thicknegses are given, one-half of the tests were made with each thickness.

1 Based on tha welght of gven-dry wdod and the voluine at time of test. :

3 e fndtind part of thie sty not associated with elastie distortion.

8 Average of 15 tests.
T Average of 4 1ests,
8 Average of § Lests,
¥ Average of 6 tests.
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BEARING PERPENDICULAR TO GRAIN

The test set up for a joiut with the load applied perpendicular to
the grain of the principal chord member is shown in figure 18. The
widths of the specimens were 33, 5%, and 7% inches for the 2, 4-,
and 8-inch connectors, respectively. As will be pointed out in greater
detail later, the loads perpendicular o the grain vary considerably
with the widths of the members and the distance the connector is
placed from the cdge of the transverse chord timber toward which the

M 27420F

Troynrs 18— Melbad of conducting compressive test of connector joint with load
applied perpendicular to prain of {ransverse member.

load is acting. The widths of members are the same as those used in
the tests, with the load acting parallel to the grain of all members,
and are considered the minimum widths in which connectors of the
various diameters should be used.

The distances between the blocks supporting the center member in
test were 13, 16, and 20 inches for the 21 4-, and 6-inch connectors,
respectively.  Tests of conucctor joinls with different span lengths
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have shown that the distance between the -blocks supporting the
conter member has no material effect on the load, providing it 1s
greater than twice the width of the members. The side members
bearing at right angles to the transverse chord member were of suffi-
cient length to eliminate all effects of end margin. The inside diame-
ters of the grooves used with the 2%-, 4~ and 6-inch connectors aver-
aged 2.56, 4.08, and 6.12 inches, respectively.

The loads for conncctor joints bearing perpendicular o the grain
reflect, in general, the same relation to specific gravity as when the
bearing is parallel with the grain. Other lactors, such as the direction
of the growth rings with respeet to the applied load, tend to make the
values more creatic; but an analysis of all the tests made perpendicular
to the grain, including those of table 8, shows that, when other factors
are comparable, the loads vary elmosh directly as the specific gravity
of the wood. ¢

The values [or joints in which the load was perpendicular to the
arain were appreciably lower than those in which the load was parallet
to the grain. The slope of the load-slip curve is also less. This was
veftoctod m the lower initial slip and the Jarger slip at the proporiional
limit, as well as in the deeresse in the ratio of perpendicular to parsliel
values with an increase in slip.

The maximum load and the load at first drop of the beam of the
testing machine were usuaily the same, but occasionally a drop accom-
panied a minor failure belore the maximum load was reached, In-
erenses in load bevom! the proportional limit produced n series of
small splits i the side faces of the transverse chord member that
extended longitudinally from the connector. Some bulging and split-
ting below the conneclors in the lower face of the transverse chord
metabor also occurred.  in contiwing the test beyond the maximum
load, the transverse chord member usually sheared from the center to
one end along a sphit near the center of the height at a load corre-
sponding to about threc-fourths the maximumn, and at a.slip about
twice that at maximum toad. The coves, as & rule, did not shear off
completely in the transverse chord member.  Rather, the upper half
shoared ofl as far as the horizontal split, while the lower hatf remained
intact. No perceptible faitures occurred in the core or other parts of
the side members,

While several factors were given consideration determining the
relationship between the loads when bearing perpendicular to the
arnin and when bearing parallel to the grain, most significance was
attached to the values at proportional limit. When the hearing is
parallel to grain, the load at the first drop is comparatively low for
the smaller conneetors and, consequently, the ratios hotween the per-
pendicular and parallel values are very high. The ratios between the
perpendicular and parallel values at given slips and at maximum serve
as an indication of the relative working toads but are often affected
by other [nctors, such as method of test and fit of the connectors in
the grooves.

An analysis of the results of the tests recorded in table 8 and of
tosts made in connection with other studics shows that, for the width
of member used, the perpendicular-to-grain values are 58 percent of
the parailel-to-grain velues fov the 2h- and 4-ineh connectors, and
50 percent for the 6-inch connectors.

550849°—id—t
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While no tests of the 8-inch connector were included in this series,
Pprevious tests on a similar connector, and the general relationship
“between the perpendicular and parallel values for vings of other digme-
ters, give a ratio of 42 percent between the fwo directions of grain
‘when used in tinthers which arc 94 inches in width,

BEARING AT VARIOUS ANGLES TO GRAIN

Previous tests made on the Locher mbegral split-ring connectors
with the load applied at angles of 0° 224° 45° 67%° and 90° with
the grain of the center chord member show that, while the data
are rather erratic, the assumption of a uniform reduction in load from
0° to 90° with the grain is not appreciably in crror (7). While similar
tests were not made on the split-ring eonuector used in this study, the
two types function in mueh the same manner. 14 appears reasonable,
therefore, that, [or the split-ring eonnectors used, a uniform veduetion
i load is applicable from 0° Lo 80° with Ehe direction of the grain of
the center member,  The values lor various grain directions presented
in tables I to 3 were prepared on this basis.

THICKNESS OF MEMBER

The tests to determine the effect of thickness of member were made

. in tension with 2%- and 4-ineh split-ring connectors bearing parallel

to the grain of southern yellow pine speciinens, The test specimens

consisted of two short side members attached to opposite sides of a
dong center member near one end.

The thickness of the center, or main ntember, was varied from ¥
mch to 3 inches, by ¥4 or %-imclh inerements, lor the 24-inch connee-
tors; and from 1 inch to 6 mches, by 4- or f-inch inerements, for the
4-mch comiectors. In the conter members of minimum thickness tlie
grooves severed the comneetion bebween the core and the remaining
‘timber.  When the center member was 3 inches or moce in thickness,
the side pieces were half ns thick. When it was less than 3 inches
they were 14 inches. The width of the memboers was kept constant
-at 3% and 5% inches for the 2% and 4-inch connectors, respectively.

In the test, one end of the center member was suspended [rom the
upper head of the testing machine and loud was applied through the
ends of the overlapping side members. The influence of variation in
material was minimized by using the same centor member [or several
-tests, the used portion being removed after each test, Ample end
margin was provided in all members to elimmate the effect of this
“wariable,

It may be seen from table 9 and figure 19 that the maximum load
increases with an increase in thickness of member to approximately

- 2 inches for the 2%-ineh connectors, and to 3 inches for tlie 4-inely con-
Dectors. For greater thicknessos the maximum load remains [airly
-constant. The proportional limit load nlso increases with an inerease
in thickness of the member but renches a constant value at a relatively
smaller thickness.

In a similar series of tests in which the centar picce as well as the
side pieces was subjected to compression, the loads at proportional
Timit and maximum were comparable (o the values given in table 9
for all thicknesscs greater than 1 inch for the 2%-ineh connectors and
1% inches for the 4-inch connectors,

J




Tasne O.—Fffect of thickness of members on the strenglh. of 8-member split-ring connectar joints, bearing parallel to grain, southern jellow pim“l
~ 214 INCI CONNECQTORS; %INCIT BOLT;? MEMBERS 35 INCHES WIDE ‘
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Propertics of specimens i Proportional limit First drop %2’3%3?&%3?3‘1

i {
! i [ Losd at
i ! Maximum | ‘S’R}:‘}‘ 0.03 inch
Moistirel Specific [COMPIESEIVG stip . .
Mafstarel Soeete, oy Load | S stp
: a o grain

Thickuess of members-center and side {inches)

i
! * Pound per ! ;
i Percent, cxquare inch | I 1 i Pound
N TOA2 ; 5

1.5 . 528 7,542 |

1. 7,642
L 7,542
1 7,642
1. 5 7,042
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1
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7,272 01 4,200 U .ose X 10, 10
; 1,500 § 2 ! . 30,660
12,000 30, 76
15,830 ¢

16, 100

15, 250

011 | 13300 | :

.'owi 17,05«1,% ¥ 38, 025

1 Values are averages of 2 tests, exeept as noted. . ) + Phe initin) part of the stip not associated with olastic distortion.
3 The dismoter of the bolt hole was the sama as the nowinal dinmeter of bolt, 31 fost only.
3 Based on the welght of the oven-dry wood and the volume at time of test. 43 tests.
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Fieunre 19.—Relation beiween load and thickness of timber for three-member
aplit-ring couneetor joints bearing parallel
vellow pine: A, With 284-inch conneetors;

to the grain of air-dey southern
B, with 4-inch connectors.
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The failure consisted, iIn general, of shearing of the cores when there
was one-fourth inch or more of material between the grooves in oppo-
site faces, bending of the bolt, and erushing of the wood under the
bolt and comnectors. With the 2%-inch connectors, the erushiug was
accompanied by splitting in members 2 to 14 inehes and less in thick-
ness; and, with the 4-inch connectors, in members approximately 234
inches or less in thickness, In some auxilinry tests made with in-
suffivient end margins, shearing of the members below the connectors,
accompenied by some splitéing, occurred lor nearly ail thickneSses
ab lower loads.

LOADS FOI OFLIMUM THICKNESS

The load on the connector joing consists of the foad on the connectors
supplemented by that on the bolt.  Sinee the slip of the joint at the
proportiensl mit and thal al maximum loads are usually different
for the bolt {rom those for the connectors, the full load of both is not
alwayvs developed when the two are used together. Tests made with
bolts show that the load and slip at the propertional limit for a given-
size bolt are approximately the same for all thicknesses of membaer
greater than four or five times the diameter of the bolb (74). The
maximum load on the bolt increases almost in proportion to the in-
crease in thickuess of member but oceurs at an increasingly greater
slip.  When the bolt is used in conjunetion with connectors, the slip
of the joint determines the extent to which the bolt supplements the
load on the comnectors. The portion of the maximum lond of the
joint curried by o %-ineh bolt when used with o pair of 2i-inch con-
nectors apparently increases very litfle with additional increases in
thickness of member over 2 inches, The simount contributed to the
maximum load by & ¥-inch bolt when used with a pair of 4-inch
connectors appears to have renched a constant value with o member
3 inches in thickness. With decreases in thickness below these vahues,
the maximum load of the joint decrenses at an increasing rate, since
the bearing aren under the holt is less and splitting oceurs in the
members under the conttectors,

From su annlysis of these tests of three-member assemblies, showing
that a 2-inch thickness of member is required to develop the optimum
foad with the 24-inch connectors and %-inch bolt and a 3-inch thick-
ness with the 4-inch connectors and ¥-ineh bolt, 1% may be reckoned
that the thickness reguired to aétain the optimum load with fwo
§-inch connectors and a ¥-ineh bolt is 3% inches. When connectors
are placed in only one [aee of & member, the thickness required to
develop the optimum lead for one connector is one-hall of these
vilues, plus one-eighth ineh.

LOAD REDUCTION FOR REDUCED THICKNESS

Kor loads less than the optimum the member should not be reduced
in thickness below a certain absolute minimum, When 2%- or 4-inch
connectors are used in pairs, this minimum thickness should be one-
half inch greater than the sum of the depths of the two oppositely
placed ring grooves. With the 6-inch connectors, the net distance
between fhe bottom of the ring grooves should be three-fyurths inch.
When conneetors ave placed in only one face of a timber, the ring
grooves for the 2}- and 4-inch connectors af the minimum thickness
should lack one-half inch, and for the 6-inch connector, three-fourths
inch, of penetrating the piece.
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"The safe load at these minimum thicknesses should be about two-
thirds of the optimum load. For intermedinte thicknesses, the load
ifor the 2% and 6-inch connectors can be obtained by straight-line
interpolation. For the 4-inch connector used in opposite faces of o
:member, the load for thicknesses between 25 inches and the minimum
of 1% inches can be obtained by straight-line interpolation, the load
-t 2% inches being taken as 98.2 pereent of the optimum load.

L]

WIDTH OF MEMBER
BEARING PARALLEL TO GRAIN

The minimum width of member recommended for use with the 23-,
4-, and 6-inch split-ring connectors is nominal 4-, 6-, and 8-inch
material. Tests on joints with connectors bearing parallel to the
‘grain were made to determine the effect of varintions in width above
and below these requirements. The study included both 2%- and
4-inch connectors, which were placed in the center of the width of
southern yellow pine specimens. The widths used in the tests with
the 2)-inch connectors were 2%, 3%, and 4% inches; and with the
4-inch connectors, 4%, 5%, and 6% inches. The smallest width of
specimen tested for ‘ench size of connector was equal to the outside
dismeter of the connectors.

The results (table 10) show that an incresse in width over the
minimum widths recommended is accompanied by a small increase
in meximum load. The increase in the proportional limit load is
not significant, and the loads at given slips are about the same,
The shght bulging or spreading of the specimen at the connectors,
which frequently oceurs at meximum load when the 2%- and 4-inch
-connectors are tested with the recommended nominal 4- and 8-inch
material, respectively, is not present when the specimens are wider,

TABLE 10.—Effect of width of members an strenglh of 3-member, sptil-ring connector
Joints, bearing parallel io grain, southern yellow pine
2}¢-INCGH CONNECTORS WITH 3-INOH ROLT ?
{Thickness of members {inchos): Conter 23€; sides 1344l

f Muaxfnun or
Propertics of specimens Proporlicnal Firsk drop load gl 0,60

thnis inch skip

} Maxi- Loud at i
|| 8
Mols- |Spegific SO slip
ture Mgray- ! )

ity |
content| ity jstrenpth

| parpltel
{to grain|

L. per :
Lag.tn. 0 In, La, L. In. Lh.
X 8,020 0 061 8130 11,330 - 0.051 ! 15 620 ;
el 8,473 | -017 G040 0 1,30 - 045 15,850 !
SF62 8800 00 [ 8, 600 |. 2,000 . .039 | 15, 50 i
: f . |

+INCH CONNECTORS WITH ¥-INQIT BOLT 5
[Thickness of members (inches); Center, 35§; sides 113{g]

1 H i
1Y gosat S.GEO! 0.015 ' 7,30 J .e;uuu! 0, 06 lso,:sso' 0.09 33,970 0.20
IL6 ' 568 R % N ) T E-1 0,008 + 26, {70 063 33,430 ¢ 0840, 260 -
.8, .57 8,585 . .08 T, 700 I 27,060 082 34,870 : i) , 43, 440 .G
| 1] B : B i

! Values are averages of § tosts.

IThe diameter ou the bolt hole was the samo as [he nominal dianyelor of bolt,

? Based on the weight of oven-dry wood and tie valume at e of test.

#The inftisl part of the slip not assockated with olastio distorlion.
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When the specimens were 2% and 4% inches in width for ‘the 24-
and 4-inch conmnectors, respectively, the maximum loads were from
‘80 to 85 percent of those obtained with widths of 3% and 5% inches.
The proportional limit loads were also somewhat reduced, the vahzes
renging from 90 to 95 percent of those obtained in nominal 4- and
6-inch material, respectively. The use of narrow members, where’
the connector protrudes through the edges of the timber, is not, how-
ever, reconumended, even when allowance is made 'in design for.a
reduction in load. This type of joint is too readily accessible .to
moisture and its attendent evils. The teste indicate that when .the
connector is not precisely centered on the timber, the strength of
the joint, apart from the effect of eecentricity, is not greatly impaired.

When two or more connectors-are placed side by side in the same
parallcl joint, the edge margin (distance from the center of the connec-
tor neavest the edge to the edge of the timber) should be 1'%, 2% and
3% inches, respectively, for the 2-, 4-, and S-inch connectors. The
clear, lateral spacing between connectors in adjaeent rows should be
at least one-half inch. When the width of the member exceeds these
minimum requirements for edge margin and spacing, the conneetors
should preferably be placed so that the excess width is distributed
proportionately.

BBARING FERPENDICULAR TO GRAIN

The heterogeneous character of wood causes & congiderably different
behavior of connectors when bearing perpendicular to the grain than
when bearing parallel to the grain. This is, in_general, reflected in
the difference in load on connectors between the two divections .of
grain and is also evident in such variables as width of member.

The tests with split-ring connectors bearing parallel to the grain have
demonstrated that the loads for the various sizes increase very ilittle
with Dcreases in width of member over the minimum neminal lumber
widths required. When bearing is perpendicular to the grain, how-
ever, increases in width of member are accompanied by a defmite
increase in load. _

Tests to determine the cffect of width of member on the strength of
joints bearing perperdicular to the grain were made with 23~ and 4-
inch conmectors in matehed specimens of southern yellow pine. The-
connectors were placed in the center of the width of the transverse

member, which ranged in width {rom 2% to 5%, inches for the 2%-inéh

-

eonnector and from 4% to 7

inches for the 4-ineh connector. The

thicknesses of the transverse chord member and side members were

constant for all tests with each size of connector, and the widths of the
side members were always sufficient to develop the full strength-of the
transverse member. The span length, or distance between the inside
edges of the ‘blocks supporting the center member, was 18 and 16
inches for the 2}%- and 4-inch eonnectors, respectively (fig. 18). '
In the smallest width of transverse chord member used which was
equal to the outside diameter of the connector, the center piece split’
out below the connectors at maximum load, and compression and ten-
sion failures in the specimens were frequent. For greater widths at
loads beyond the proportional limit, a series of surface splits occurred -
which extended longitudinally along the sides of the center piece each
way from the connector. As the test progressed, splitbing continued

up t0 and beyond the maximum load, finelly culminating in shear to -
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one end of the specimen well after the maximuin load had been passed.
The upper half of the corc usually sheared frec in the transverse chord
member, while thie portion below the center of the connector continued
to.adhere fo the timber.

The resulis of the tests of split-ring connectors employed with differ
ent widfhs ol specimens appear in table 11 and are shown graphically
in figure 20, The values are somewhat erratie, but, when differences
in quality of matervial are taken into consideration, a comparison of the
loads for different widths at slips of 0.04 and 0.08 inch, and at the pro-
portional limit and maximum load, show an average inereasec of about
10 percent: for each I-inch inerease in width of member over the mini-
mum widihs required lor each size of connector. The ineresse in load
at proportional limit was somewhat less than 10 percent but at maxi-
mum was correspondingly gresfer. Tests made on members wider
than those included in this series indicate that this relationship applies
at least up to a width of 6 inches for the 2¥%-inch connector and up to 8
inches for the 4-inch commector. Tests which are not included in the
table have also shown that it is applicable up to a width of 10 inches
with the G-inch connector.

The values at given slips less than 0.08 inch were approximately
the same for all except the smallest widths tested, which were lower.
The firsh drop in load oceinred ab the maximum load for nearly all
tests except those Tor the smallest widths, where the load at first drop
of beam was slightly below the maximum.

Tanne .—Effect of width of members on strength of S-member, splil-ring connector
joinis, beering perpendiculur lo grain, southern yellow pine !
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Ficuns 20.—Relation between load and width of tiniber for 3-member, split-ring conneetor joints bearing perpendicular to the grain
of air-dry southern yellow pine.
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’ The loads for specimens with transverse chord members equal in
width to the outside diameter of the conneetors average about three-
‘fourths of the loads for the 2/%- and 4-inch connectors in widths of
3% and 5} inches, respectively. Widths of members less than the
_pominal lumber widths of 4, 6, and 8 inches are not recommended,
however, for use with the various sizes of connectors. The type of
failure does not warrant the use of smaller widths, even with reduced
design loads.

EDRGE MARGIN (BEARING PERPENDICULAR TO GRAIN)

The edge margin, or the distance the conncctor is placed from the
edge of the timber when bearing perpendicular to the grain of the wood
has a significant influence on the strength of the joint,

For 2}, 4-, and 6-ineh connectors centered in members with mini-
mum rominal widths of 4, 6, and 8§ inches, respectively, the proper
edge margin is half the width of the timber, or 1 s, 29, and 3% inches,
respectively. This is the minimum edge margin recommended,
either at the edge of the member toward which the load is acting or
at the opposite edge.

Tabre 12.—Efect of edge margin on strength of 3-ixember, split-ring connector
joints, bearing perpendicular to graim, seuthern yellow pinet

NLINCE CONNECTORS: W4-INCH BOLT?
{(Member dimensions (inches): Width, 346 thickitess, conter 434, sides 2145

Propurties of Properties of side Pro?_art_ioual

center members members irnil Maximum o

Manxi-
Mols- | Specific Sneciie)  con
ég;f giim'f ﬁm\" pressive
font, ¥ Lty | streppth
paraitel
to grain

Injes +
< 3

Poundy
Per agiare

Percent inch Pounds | Inck | Poundy
.1 G| 6,670 008 ©,020;
T, 0 Bl
7, I JOF
5,330 Nirg
4, 000 07

+INCH CONNEQTORS; ${INCI BOLT?
dimensions (fuches): Width, 514; thickness, center 5, sldes 23]

0, 552 X 5011283 | o
N .558 . 15,330 .
- ) . L 570 . i5,

B . . X 16, 330
- 3 ; 17, 500
- 19, 50

1 Values are averages of 3 tosts,
¥ The diameler of tha boit hole wad the sumo as the nominal diamater of holt.
3 Distance from edge of timber toward whioch foad s acting to conter of holt bole.
 Based on the weinht of oven-dry wood and the velume ot time of tesi, -
-# Tha initinl part of the slip not associated with elnstic dislortion. .
¢ The ioad and slip at Brst drop were approxhinately the satme as that nt the maxioum,

The tests to determine the effect of variation in edge margin beyond
these limits were made with southern yellow pine specimens in which
the margin was varied by small inerements from 1.4 inches to 2.14
inches for the 2}-inch conneetor in & member 3% inches wide, and from
2.25 t0 3.25 inches for the 4-inch connector in & member 5 ¥ inches wide,
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Minimum margins brought the outside edge of the connector flush
with the edge of the timber.

The results (table 12) show that the inerease in load on the con-
nectors for edge margins greater than the recommended minimum is
dependent primarily on the amount of edge margin in the direction
toward which the load is acting and is not lowered by the lack of an
equivalent margin on the opposite edge. YWhen the connector is
placed off-center, the lond corresponds approximately to that obtained
in & member which is twice the width of the edge margin on the side
of the members toward which the load is acting, provided the margin
on the oppesite cdge is at least equivalent to the recommended
minimum.

At intermediate angles to the grain, the load may be obtnined by
using a straight-line relationship between the load at 0° and 90°, as
given in table 1, where the eficet ol differences in wielth and edge.
margins have been included.

END MAKGIN (BEAHRING PARALLEL TO GRAIN)

The end margin, or distance bebween the center of the holt hole and
the end of the timber, has considerable influence on the bhehavior of
the joint when the connectors are bearing parallel to the grain of the
wood. To evaluate the magnitude of this influence, three series of
tests were made on the 24 and 4-inch split-ring conneetors in
southern yellow pine specimens with variable end margins.

In onc series, both the side and center mentbers were in fension
(fig. 21); in the other two, the center member was in tension and the
side members were in compression.  In the first series, equivalent end
margins were uscd for both the side and center members, the side
members overlapping the center by twice the end margin. In the second
and third scries, the long center member was held in tension while the
load was applied in compression to the ends of the shorter, overlapping
side pieces. The eonnectors were placed in the center of the length of
the side picees; the end margin being effective only in the center piece.
The end margins tested ranged from 1} to 74 inches for the 2%-inch
connectors and from 2% to 8% inches for the 4-inch connectors. The
smallest end margin brought the outside edge of the connector flush
with the end of the timber.

The material for each series was matched throughout the entire
range of end margins tested, but the end margins used with the different
methods of testing did not always correspond. 'In table 13, the three
series are grouped. The thicknesses and widths of the members used
in these tesls were ample to eliminate any deleterious effect of these
variables.

Figure 22 shows the proportional limit and maximum loads for
93%- and 4-inch conneclors with different end margins. The maxi-
mum load increases approximately as the end margin increases, from
the smallest margin whieh ncorpovates the entire connector 1n the
fimber to about 6 inches for the 2%-inch connectors and 7Y inches for
the 4-inch connectors. For end margins greater than 6 and 7} inches
for the 2%- and 4-inch connectors, the maximum load remains fairly
constant. The proportional limit load remains constant for end
margins greater than 4 and 5% inches for the 2%- and 4-inch connec-
tors but decreases with a decrease in end margin below these limits.
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The failures which accompanied the maximum load when the end
margin was small consisted of shear along the projection of the con-
nectors and bolt. Shear along the projection of the connectors was
frequently accompanied by splitting through the bolt hole. When
the end margin was suflicient to avercome shear failure and splitting
through the bolt hole, [ailure oceurred as erushing below the connec-
tors and bolf.

M THF

Fraung 21.—Meihod of conducting tension Lests of connecelor joint with loud
applied puratlel to (he grain of the wood,

An analysis of the individual lesls sirows that a normal load-slip
curve was produced and that lor the 2%-inch conncetor failure con-
sisted primarily of crushing at an average end margin of about 5
inches, though slightly lLigher loads were obtained with larger end
margins. For the 4-inch connector, normal load-slip curves and crush-
ing of the wood were produced al an average end margin of about
7 mehes.

Tests were also made with the 2%- and 4-inch connectors in different -
thicknesses of Limber at end margins of 1% and 24 times the connector
diameter,  With an end margin of 134 times the diameter of the con-
nector, the failure at maximum load consisted of shear along the
projection ol the connectors for all thicknesses of timber and lreguently
was accompanied by splitting through the boll hole. When the end




Tanve 18.~ Effect of end margin on strength of 3-member, splil-ring connector joints bearing parallel to grain, southern yellow pine
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Freure 22.--Nelation belween load and end margin for a split-ring connector
joint Dearing in tension parallel 1o the grain of air-dry southern yellow pine.
A, two 2¥-inch connectors aud a ¥-inch bolt; B, two d-inch connectors and a
¥-inch boll.
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margin was 2} times the diameter of the connector, shear and split-
ling oceurred at maximum load in the thinner members; hut the
Tailure in the members 3 inches or more in thickness with the 2%-inch
connector consisted primarvily of crushing. ‘The ratios between the
loads at end margins of 1% and 2% times the diameter of the connector
with the thicker members correspend to those given in tabic 13.

The results of the tests, and an analysis of compression and shear
stresses in the joints made of seasoned unchecked material, show that
the end margin required to produce a maximum load beyond which
an inerease in end margin is no longer an important factor is equal to
the nominal diameter of the connector, plus 3 inches.

When the end margin is less than this optimum, the safe working
iond is obviousty lower. The tests show that the load is reduced
very uniformly from unity to 62.5 percent at half the optimum end
margins; henee the load for intervening end margins may be obtained
by direct interpolation between these values. 1t is not advisable to
use cend marging having less than ball the optimum values,

When the end surface of a timber 1s not at right angies to the length,
the end margin, measured parallel to the center line of the pieee from
any point in the center half of the connector diameter that is per-
pendictdar to the center line of the piece, shall not be less than the end
margin required for o squarc-cut member. The clear distance be-
tween the conneclor and any point on the sloping end of the timber
should at no time be less than the permitied edge margin,

SPACING OF MULTIPLE CONNECTORS (BEARING PARALLEL TO GRAIN)

The longitudinal spacing between split-ring connectors when bearing
parallel to the grain of the member was investigated with the 2% and
4-inch sises in southern wvellow pine specimens. Tour connectors
were used in each joint, two being placed symmetrically between
each side member and the center member. The longitudinal center-
to-conter spacing between the 2K-inch connectors was vacied from
3 to 7 inches by 1-inch increments and between the 4-inch connectors
from 4% to 10% inches by 1%-inch increments. In the control tests
made in conjunction with this serres, ouly Lwo connectors were used
im each joint. The specimens were of sullicient size to eliminate
the effect of thickness of member and end margin.

The failures of the joints varied with the dilferent spacings. With
the 2¥-inch connectors, the wood sheared between the conneetors
ot 3-, 4-, and 5-inch center-to-center spacings. At a 6-inch spacing
the shear failure was less pronounced, and at 7 inches it was almost
entively eliminated. With the 4-inch connectors, the wood sheared
at spacings of 44, 6, and 7% inches in all fests. At a spacing of 9
inches only a few specimens sheaved, and at 10} inches the shear
failure was eliminated.

The results of the tests, with supplementary information, are given
in table 14.  The relation between the maximum loads and the differ-
ent spacings is shown graphically in figure 23.  Since it was impossible
to avoid slight variations in the quality of the material used for the
various spacings, the maximum loads shown on the curves were ad-
justed from the test values by a direct ratio of the specific gravity
of the material used with each spacing to the average specific gravity
of the group. With an increase of spacing, the maximum load in-
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creases from the smallest spacing to a constant value at a spacing of
approximately 6% inches with the 24-inel connectors and of slightly
more than 9 inches with the 4-ineh connectors. The proportional
limit load also inereases with an increase it spacing but renches a
constant value at a smaller spacing than does the maximun

Tanue - Effect on strength of joints of longitudinal spacing of 2 paics of sym-
metricully Muced split-ring conneclors bearing purallel to grain, souihern yel-
low pruet
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7'l fnitlal pare of v <13 noy assoeiaied with elastic Hstortion.

The resulis of the tests and an analysis of the stresses in the mem-
ber nt the join{ show thai the center-to-center spacing required for
the [ull lend on ithe connectors s approximately 3 inches plus 14
times the nominal diameter of the comnectors. For spacings less
than this the safe working load for the second pair of connectors
should be reduced uniformly from unity al the optimum spacing to
50 percent at a spacing equal to the nominal dinmeter of the con-
nectors plus seven-cighths ineh lor the 24-and 4-inch connectors and
1 inch for the 6-inch vonueetors, For example, when two 2K-inch
conneciors are spaced 3% inches longitudinally (with the grain) and
adequate end margin is provided, the sale load is 100 percent of the
design lond for one connector plus 50 pereent of the design load for
the sccond connector; i. c., the tolal load on the joint is 75 percent
of the design load for two connectors.
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88,600,

Jo,000

78
o

72,000

§4.000

JPACING

4
8

MAXINTUM LOAD (POUNDS)

46,600

32,000,

24,000
E) 5 [

7 8 /0 i
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Tigune 23.- Relution belween maximum load nng longitudinal spaeing for a
split-ring Joint consisting of four conneclors and two boits, bearing paraitel
to the grain of air-dry southern vellow pine, {Courresponding muximum load
for fwo 2'-inch connectors with bolt is 20,030 pounds, and for {we 4-inch
conneclort with bolt iz 40,680 pounds.)

RELATIVE CONTRIBUTION OF BOLT AND CONNECTOR

To determine how much of the joint strength of 2} nnd 4-inch
split-ring conneetors is dependent on the bolt and how much on the
connector, matched specimens of southern yellow pine were tested
with the bolt alone, the connector alone, and the bolt and connector
together. A l-inch bolt was used with the 2%-inch split-ring con-
neetors and a ¥%-inch bolt with the 4-inch connectors. For the
21,-inch connectors, the width of the specimens was 3% inches; the
thickness of the center picce was 23 inches and that of the sides
1¥ inches. For the 4-inch connectors. the width of specimens was
54 mches, the thickness of the center piece was 3% inches, and that
of each side piece 1% inches.

In the tests with the connectors alone, the Ppieces were held in
place with bolts passing on the outside of the specimens through
metal plates projecting beyond the outer edges of the side pieces.

For the joints with the 2%-inch connectors and ¥-inch belt (table
15}, the sum of the load on the bolt and connectors, tested separately,

b58840°—44—05 '




$6 TECHNICAL BULLETIN 865, U. S. DEPT, OF AGRICULTURE

was sbout 10 percent greater in the larger slips than the load for the
two when tested logether. At smell slips of 0.01 to 0.03 mch, it
was 25 to 50 percent greeter.

TaABLE 15— Test resulls of splif-ring conmeclors showing respeclive contriliulions
o Jornt strength by bail and conneclars

Yi-inch 2Yi-lneh I Holt el

Cest holt coninector  eonuecter

0
0, K
. 053
15, X}
0.352

Load ai 0.04-inch slip paazm s

Load st proportional limit tio .
SHp at propor!ional Junii invhps
Load al maxiimum peaanls r
Slip al waximum . R PO inghes .

[ =TT ]
w:’ :‘-l
HE€

g8

3§ -inch ineh - Bolt and
bkl ©orannectar  esnneclor

Load at (.04-inch siip e ceeeae e potinds 3. 80 i 11,300

Load at proportlens! lkmit o &, 200 . 27, 50G
Siip st proporuional Henit . s 0,05 * X : 3
Lasd at msxjmuom ponunds - 15,270 °

Elip at maxhnum o Inghes 0.

The load on the bolt and connector joinl at & ship of 0.04 inch is
about three times thai obtained on the bolt alene; ab the proportional
hmit iU s 4, and at the maximwm i Is somewhal less than 3. Com-
pared with the load on the connectors alone, the complete joint assem-
bly earried about 24 percent greater load at 0.44-inch slip, 156 percem
at proporiional lmit, and 38 percent ai maximum.

For the 4-inch connectors, the ratio belween the load on the boit
and connector joint and that on the boll alone is about 5 at the pro-
portional Himit and somewhnt less than 3 al the maximuwn.

In these tests, the sum of the loads on the boll and on the con-
nectors used separately was lnrger than the load for 8 joint contain-
ing both connectors and botl,  An appavent rcason for this is that
the bearing area under the boll In o conneetor Joint is reduced when
the cores fail by shear. The friclion elemend may siso be involved
te some extenl, sinee it was nol complelely isolated.

The slip mn the joint associaled with the maximum loads is much
sinaller for the counectors wone than for the bolt slone,  Alter the
connectors have renched their maximum load, they continue fo carry
about the same load with an increase in stip.  The load on the bolt,
howeover, continues lo werease With au inerease in ship until it reaches
its maximum at a much larger distertion. As a result, the bolt
carries a somoewhat greater proportion ol the total lond at the larger
slips than it does at the smaller slips,

The ralio belween the safe working loads for a split-ring connector
joint and for a bolled joint is nof a constant, primarily because the
safe working loads for the connectors are generally based on the
maximum test loads, while the safe loads for holts are determined
by the proportional limit load. Other factors which aflecl the patio
are the size of connector and bolt, thickness of member, and diree-
tion of application of the load with respect to the grain of the wood.
While the tests show that the load at proportional Hmit for a bolt and
conneclor joint is from four Lo five times that for o bolt alone, and al
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maximum is about three times that for & bolt alene, the ratio between
the ussigned safe loads is nol necessarily comparable. The safe
load on a Y-inch bolt bearing parallel to the grain in southern yeliow
pine specimens of 23%-inch thickness and connected with wood splice
plates is 1,050 pounds (74). 'The safe load for a pair of 2Y%-inch
split-ring connectors and o %-ineh bolf, as given in table 1, is 4,960
pounds, or 4.7 times that of a boll alene. The safe load on a ¥-inch
bolt in a 3%-inch piece connected with wood splice plates is 2,325
pounds. The safe load for a pair of 4-inch split-ring councctors and
f %-inch holt bearing parallel to the grain is 9,560 pounds, or 4.1
times that of the bolt alone.

MAMETER OF ‘THIE GCROOYE

The cireular grooves for the split-ring conneetors are usually eut
slightly larger in diameter than the connector and are 0.02 to 0.03
inch wider than the thickness of the metal. When inserted into the
grooves, the connectors must therefore be spread.  The opening at
the tongue-and-slol joint in the perimeter permits changes in the
diameter of the connector, with subsequent changes in the dimension
of the wood.

The effect of different groove diameters was determined by tests
on the 2, 4-, and B-inch connectors bearing parallel and perpendie-
ular to the grain of southern wvellow pine specimens (lable 16). In
these tests the width of the groove was constant for cach size of con-
nector, while the inside diamters of the grooves were varied by five
merements from approximately 100 to 104 percent of the inside
dinmeters of the connectors,

The tests show that the diameter of the groove has no appreciable
effect on either the proportional limit or maximum leads of the con-
nectors, providing some spread exists and the diameler of the groove
is nol se large as to disengage the tongue-and-slol joint in the perimeter
of the connector.  When the load is acting parallel to the grain, the
slips associated with the proportional limit loads and with given loads
of less than the proportional limit are somewhat greater for the larger
groove diameters. When the load is acting perpendicular to the
grain, this difference is not evident.

Any variation in the moisture content of the wood subsequent to
fabricalion should be anticipated when the groove is cut. With
seasoned materinl, and for most practicable purposes, an inside groove
dinmeter of approximately 102 percent of the inside ring diameter
can be vsed.

PLACEMENT OF SLOT OPENINGS

Tests Lo determine the eflect of the oriculation of the longue-and-
slot opening with respect to the direction of application of load were
made with the 4-inch split-ring connectors bearing parallel to the grain
of southern yellow pine specimens. '

The specimens were preparved in the usual manner from matched
madterial. - The tongue-and-slet joints in the conneclors were placed
al angles of 0°, 45°, and 90° t¢ u line through the eenter of the face of
the member and parallel {0 the divecetion of the applied load.
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TasLe 16.—Efect of diameter of groove on strength of B-member, split-ring conneclor joints, bearing cither parallel or perpendicular to grain,
o southern yellow pine!

LOADS ACTING PARALLEL T0 GRAIN

£

‘89:

)

Maximnm or lond at

Dimensions of menbers Properties of specimens 3 Proportional Timit First drop 0.60-inch slip

. : p ; o ¢ Initial | Jeond at !
gpmlccmr rstze 2 ang inlsult{ i Thiekness © - {Maximum slip $ 0.0Bl-iinch

inmeter of groove (inches " e e e e | Ao weifie COmpressive; slip
Width 1‘&3;?;‘,’,{‘ ;}"{f{f)\g' Slﬁ,r\‘;},‘ﬁﬁ' Load Lond Siip Stip

j -Center : . Sides to grain

] i
2)4-inch conneetor; 1g-inch ! ) ) Pounds per )
bolt: Inches - Iiiches - | Inches l’ercgnf ] Ssquare inck : ,Po.l)ln_d.\! _ Pounds

i
§

e B , (8- ¢
FUUTRP N 8,184
Vet ammai 355 . <57 8,200 ;

8,651
8,341

8,196
8,476
8,578
8,684 .
8,202 . 5 730

8,805 . 38,370 48, 000 2 66, 570
8,644 23,770 46, 300 71 65,270
8,625 13,770 30, 300 . 069, 420
8,488 A 14,130 41,330 57 70,630 . 71,2

8, 286 12,000 1 46,330 . 71,170 73,380

1
3

FINTTAOINDY 40 "LdAd 'S "N ‘298’ NITETING TVOINHOIAL




LOADS ACTING PERPENDICULAR TO GRAIN
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1 Values are averages of 3 tests. those for the side timbers wére approximately the same.

2 Inside diameter of connector closed; dmmctcr of ‘bolt hole sime as nominal diameter + Based on the weight of oven~-dry wood and the velume at time of test.
of bolt. 3 The initial part of the slip not associated with elastie distortion.
3 For loads acting perpendicular to grain the properties are for the center leber only;
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The results of the tests show that the proportional limit and maxi-
mum values are not greatly affected by the position of the tongue-
and-slob joint. At the proportional limit lond of 24,000 pounds, the
C“Hp of the joint was slightly less when the tonguc-and-slot was placed
at 90°, or nearest the edge of the timber; but, for given loads of less
than 18,000 pounds, the slip was somewhat less ot 0° than at the other
positions.

Small variations caused by the position of the tongue and slot were
eliminated in oll other tests by placing it nearest the edges of the
members which-wore stressed paralle! to the grain,

SIZE OF BOLT HOLE

In the majority of fests made with the split-ring connecior, the bolt
hole was equal in diameter to the nominal diameter of the bolt.  This
permitied a small clearance between the bolt and the bolt hole, since
the actual diameter of the bolt is usually somewhat smaller than iis
nominal diameter. In practice, however, the bolt holes are often
bored shightly larger than the nominal diameter of the bolt to facilitate

assembly.

160

i,

RATIO OF LOAD %y (PERCENT)

.4 a.9 a8

0.2 0.3
SLIE N TOINT (INCH)

Frguan 24.—Elver of size of Lol hole on the foad ab various slips, as shown by
rebio of load A to load B, for joints consisting of two 4-inch split-ring conuectors
and o ¥-inch bolt, bearing paralicl to the grain of air-dry southern yellow pine.
A, bolt hole one-sixteenth inch larger than bolt; B, bolt hole exact size of bols,

Tests to determine the eficet of an oversize bolb hole were made with
the 4-inch split-ring connectors and a pominal ¥#-inch bolt bearing
parallel to the grain of matched southern yellow pine specimens. The
bolt hole in half of the six specimens tested was three-fourths inch in
dlameter and, in the other half, thirfean-sixteenths inch in diameter.

'There is no apprecigble difference in loads for the two types of joint
at given slips greater than 0.12 inch, ov after the first drop in load
(table 17 and fig. 24). For smaller slips, the loads for the joint with
the oversized bolt hole are lower. Conversely, the slips at a given
load are greater. At 11,000 pounds, the slip in the joint with the
oversized bolt bole was 6.04S inch, or about 17 percent more than the
stip of 0.041 inch with the exact-size bolt hole.

The load at the proportional limit and the maximum load for the
joint with the oversized bolt hole were each about 65 percent of the
corresponding load with the exact-size bolt hole and came ab a slightly

-greater slip.
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TanLe 17.—Effect of Yie-inch oversized boll holc on strength of S-member, splil-ring.
conneclor boaring parallel to grain, southern yellow pine !
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SEASONING CHECKS

For the study of the effect of checks on the stvength of sphit-ring
connector joints, it was difficult to obtain material with natural
checks that in other respects closely matched unchecked material.
In order to sccure satisfactory imatching, saw kerfs were cub length-
wise through the center of the adjoining faces of the center and side
members of some of the specimens to simulate natural checking.
These saw Ierfs were approximately onc-sixteenth ineh wide and i,
%, 1, and 1}4inches deep for the different tests.  The bests were made
In compression with the 4-inch split-ring connectors bearing parallel
with and perpendicular to the grain of southern yellow pine specimens.
The width of the specimens was 53 inches, and the thicknesses of the
center and side pieces were 5 and 2} inches, respectively.

The tests showed that the saw kerls had practically no effect on the
immediate strength of the joints. The cffect of duration of stress
was not determined; neither was the behavior of speciniens with saw
kerfs studied to determine whether it resembled that of checlked
specimens.

MOISTURE CONDITION OF THE wWOOD

The properties of wood change considerably with changes in
moisture content. TFor a property such ss maximum compressive
strength parallel to the grain, the strength when green (or above the
fiber-saturation point) is about one-half that at a moisture content of
12 percent. With other properties, the difference in strength between
green and dry wood is usually not so great.

In a connector joint, several properties of the wood function simul-
taneously and the property that contrels with relation to the variation
in moisture content cannot be readily isolated.




Tistn 18.—Effect of moisture condition of members on strength of 3-member, splil-ring connector joints bearing cither parallel or perpendicular

lo grain !
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? Connector dinmeter is inside diamoter when connector Is closed.. Bolt hole equals B Averages of 5 tests,
nomina} diameter of holt. . 7 Averages of 10 tests,
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The majority of the tests on split-ring connectors were made in
specimens thal had an average moisture content of approximately
12 percent. To determine the effect of differences in moisture con-
tent, tests were made with matched specimens of green and dry red-
wood and southern yellow pine. 'Tests were also made of specimens
i which all or part of the members in the joint were assembled when
green and seasoned to an air-dry condition before tests. The tests
on scuthern yellow pine were made with the 4-inch split-ring connec-
tors bearing parallel with the grain, and on redwood with the 234 and
4-inch connectors bearing parallel with the perpendicular to the grain
of the wood.

The resuits given in table 18 show that the relation between the
loads on the joint for green and dry material is evrafic but approxi-
mately proportional to the square root of the ratio of the crushing
strength of the wood parallel to the grain.  In other words, properties
of the wood other than the crushing strength parallel to the grain, and,
to a minor exteni, the properties of the metal, determine the variation
in the joint load with differences in moisture content of the materinl
(18). The slip in the joint al the smaller loads was somewhat less
for the green then for the dry material.

The Joads at proportional limit end maximum of southern yellow
pine specimens sssembled while green, seasoned, and tested in an
air-dry condition, were somewhat higher than for the joints assembled
of greeri materiul and tested immediately, bui not so high as for those
assembled dry. When green and dry material were combined. in a
joint which was tesled after drying, the results were about the same
as for the joints made entirely of green material and tested after
seasoning.

For redwood, which differs from most species in its moisture-
strength relations, ¥ the loads at the proportional limit of joints made
of green material and tested after seasoning were lower than those of
joinis made of unseasoned material, The maximum load for the
joints bearing parallel to the grain, however, was somewhat higher.

Jonsiderable splitting occurred in all tests of joints assembled of green
material and tested after drying.. Because of the unusual moisture-
strength characteristics of redwood, which are apparently due to high
extractive content, the results with this species should not be regarded
as necessarily applicable to other woods.

NET SECTION OF MEMBER

In the design of members employing connectors, consideration
-must be given to the strength of the member itself between joints, to
the strength of the joint, and, when the bearing is parallel to the grain,
to the area of the net sectidn at the joint. The net section may be
defined as that section of the member, taken at right angles-to the
direction of the load, which is subjected t0 maximum stress—in other
words, the net area remaining after the reduction for bolt holes and the
insection of connectors at that section. Tests have shown thas the
concentration of stresses in the net section causes failure in tension at
stresses approximately equal to the maximum compressive stress of
the material paraliel to the grain (74). Translated into safe stresses,
1 Radwood ditfers from toost sther spoeles in its moslure-strengih relations in that its streogth when

precn is somewhat higher than would be expected for the density and its incresse in strength with seaspo-
ing is less than normai.
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this corresponds to a value which is equal fo the safe stress in com-
pression parallel to the grain for clear material. In using this stress,
1t is assumed that knots do not oceur in the longitudinal projection of
the net section within a length of half the diameter of the connector
from it.

‘The net area at the critical section may be determined by subtract-
ing the projected area of the connector grooves and the intervening
bo%t Lole i the member rom the Tull cross-sectional ares of the mem.
ber. For cxample, to calculate the safe strength at the eritical
section of a seasoned, coast-type Douglas-lir member 2% inches thick
and 5% inches wide, in which two 4-incl splitring connectors are
placed in opposile faces with a %-inch bolt exlending through the
member concentric to the connectors: The outside diamoter of the
conneclor grooves is 4.50 inches and the combined depth of the con-
nector grooves i the member is 1 inch, giving a projected avea of
4.50 square inches. The length of the bolt hole between the connectors
is 2% mches minus 1 inch, or 1% inches. Il the diameter of the bolt
hole is equal to the bolt diameter of three-fourths inch, the projected
area for the bolt hole is 1.22 square inches.  The total projected aren
of 5.72 squarc inches for the conneelor grooves and bolt hole is ther
subtracted [rom the cross-sectional area of 14.44 square inches [or the
member, leaving an area of 8.72 square inches at the net section.
This area. is mLﬁt—iplied by the basic stress in compression parallel to
the grain for coast-type Douglas-fir of 1,466 pounds per sguare inch
and increased by 25 percent (beeause n seasoned member foss than 4
mclies in thickness is used) to 1,832 pounds per square inch, A load
of 15,975 pounds that can be sustained by the neb scction. is thus
oblatned. Sinee the safe load for one pair of 4-inch split-ring con-
nectors in & member 2% inches thick is 9,390 pounds (table 1), the
strength of the connection would be limited by strength of the con-
neclors.  If Lwo pairs of connectors were spaced at an optimum dis-
tance longitudinally along the same member, however, the load that
could be sustained by the net section would be the same as that riven
above, but the load for the connectors would be twice as great, or
18,780 pounds. The strength of the inember, therefore, would be
limited by the safe load at the net section.

As the width of member used with g given size of connector is
increased, the thickness required to provide ample aren at the net

_section is, of conrse, reduced. The maximum width used in determin-
ing the net section ares should, however, be not greater than twice
the diameter of the connector, and the minimum thickness of member
irrespective of width should be not less than that recommended in
the discussion on the thickness of member,

Facrors Arrgcering Toornep-ConNECTOR JoinTs

The toothed connector consists of a corrugated circular band of
16-gage, low carbon steel 2 with sharp teeth. The toothed connector
is placed between the contact faces of the members to be joined and
embedded into the wood with pressure. '

12 "The speeifications for the vonneetors tested required thog the steel conform o A. 8, ‘T, M. Standard
Specifieations fer carbion stuel A 17-29, Tyne A, Grado 1
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This connector, which was originally known ns the “alligator” and
made in Burvope n 2%-, 2¥-, 3¥%-, 4}, 54-, and G}-inch diameters, is
now made in the United States m 2-, 2%, 3%-, and 4-inch diameters
and in & '¥ginch height. All sizes 4 inches or less in diameter have
been used in this investigation, bub the results obtatncd lor the 2%, 23,
and 3%-inch Eurepean sizes are applicable, with modifications, to
thosc sizes now available in the United States,

The study of toothed connectors involved the factors of (1) size
of conmector; (2) specics of wood; (3) direetion of the applied force
with relerence to the grain of the wood; (4) thickness and (5) width
of timber; (6) end margin; (7) size of bolt hole; and (8) moisture
condition of the wood.

SPECIES OF WOOD
DEARING PARALLEL T'Q GRALIN

In the tests to determine the influence of species, 2%-, 2%-, and
3%-ineh connectors were used with malehed specimens af redwood,
baldeypress, and two grades of southern yellow pine, and 2-, 23,
3%-, and 4-inch connectors with Douglas-fiv, vedwoeed, and southern
vellow pine.  The average moeisture coutent of the material was about
11 percent,

The joints, made up of two side pieces and o center piece, all of the
same length, were tested in compression pavallel to the grain (fig. 13).
The side pieces overlapped the center plece by about two-thirds of
their length, whielh varied from 12 to 17 inches, depending upon the
size of the connector to be tested.  The width of the specimens varied
from 2% inches for the 2-inch connectors to 54 inches for the 4-inch
connectors. The thickness of the center member was 1% inches and
that of the side members 14 inches for all sizes.

Two connectors were symmetrieally placed in opposite sides of the
center piece, coneentric to the bolt hole and in the center of the over-
lapped length. The diameter of the bolt hole was the nominal
dizmeter of the bolt to he used.

These connectors were embedded in the woed by applying pressure
to the sides of the specimen with a (esting machine until the pieces
were in contact. After the pressure was removed, heavy plate washers
- were inserted and the bolt drawn up lightly.

The pressures in pounds required to embed the connectors in
average and dense southern yellow pine specimens were approximately
as recorded in table 19.

TaBLE 19.—Pressures required {o embed loothed cunncctors i southern yellow pine

Dinmeier of conneetor {Ingliesj—
Materisl e s e o

248 | 24 3%

Potndz Poyds LPounds
LVBTIIIL ot rmer oo Cr s imCaismimmammeceeatasetaiossvmeueera y G, &K}
Dense 6.00(!1 8, 000
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The results of the tests for cach species and connector size tested
are given in table 20.

Since no definite proportional limit load is evident on the load-siip
curves {fig. 25), the load for slips of 0.02, 0.04, and 0.08 inch arve listed.
Some distortion of the connectors, under load, was discernible almost
from the beginning of the test, and this distortion is accompanied by
crushing of the wooed under the teeth and under the bolt.

26,060

18,808

(FEE COMPLETE CoRVE BELOW)

1,800

{4,008

Figunre 25.—Helation
botween load and
slip in the joint for
an individual fest
specimen of toothed
connectors bearing
parallel to the grain
of air-dry wood.
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The material used in the lests hunished a wide variation in specific
gravity, but does nol necessarily represent the average for g species.
In figure 26 the individual test results for the 2%- and 2%-inch connec-
tors are plotted with relation to the specific gravity of the wood.
The values for the 2% and 2¥-inch conneclors were so nearly alike
that they were combined in the same curves. The curves show that,
for the species and sizes of specimens tested, the meximum load and
the load at a given slip vary almost directly as the specific gravity of
. the wood. Similar curves plotted for the other ring sizes show approxi-

mately the same relationship, although the maximuin load of the
joint tends to increase somewhat less rapidly with the specific gravity
of the wood as the diameter of the connector inereases.




TaBLE 20.—Effect of wood specics on strength of 3-member, toothed-connector go0int bearing parallel lo graint

Maximum

First drop

Propertics of specimens Load at slip of—

) Width
Size of connector unit; 2 and specics of wood (in order of speeific of

gravity of specimens)

" Maximum
Mois- < i comnpressive
tare ?;mmgl‘{iy‘; strength
content paraliel to
grain

mem-

bers? 0.02inch 0,04 inch|0.08ineh

Pounds per .
square inch | Pounds} Pounds Pounds} Pounds

Percent|
4 13.2 0.556 7,222 1 4,716} 7,020} 9,515 11,1056

2-inch connectors; }4-inch bolt: Southern yellow pine ..

234-inch connectors; Va-inehr bolsr —
Redwood. .. iin vuns
Southern yellow pine. .
Baldeypress:...i.p--
Southern yellow pine......

234-inch connectors; 4¢-inch bol

. 390 6,250 8,190
42 5,060 7,610
. 460 6,910 8,845
L598 7.800 10,27

407 7 9,910

8, 800
10, 500
1,716

11,810

Dounglas-fir 8. ooommmoiue i
234-inch connectors; §4-inch bolt:

S475 X 12,300 | 15,070

Redwood. .o inaiao

i
<

388 70 | 11.015 | 13,220

‘Southern yellow pine
Baldcypress

-416 0 | 10,015
466 7 8,680 [ 12,465

11,500
14, 830

e

‘Southern yellow pine _. . _....

©or

534 , 00 | 10,335 | 14,110 | 15,830

33¢-inch conneetors; 34-inch bolt:
Douglas-frd. ... ..

480 11,600-1 15,330 3 17, 650

e

Southern yellow pines.. .o....
" ‘334-inch connectors; 34-inch bolt:

. 536 12,250 | 16,900

Redwo0d. ccinn  vaivirinmummnan
Southern vellow pine.. . i.c.in

o

[ 15,200
12,710

Baldeypress..ow. .- - .

T

Southern yellow pi

15,010
19,710

e g
B3k

4-inch connectors; 34-inch bolt:
Redwood bauan i one -
Southern yellow pine 7.

1 Values are averages of 5 tests, except as noted.

2 The diameter of the bolt hole was the same as the nominal dinmeter of bolt.

3 Thickness of all center members, 136 inches; sides, 1)e.

UG ST LT RS ST bt

6,533
11,008

9, 850
15, 958

14,700
20,502

Mmor oW ety R AR

B
o

25, 402

7,300

Pounds
11,105

12,480
15,070

13,620
11,605
15,200
16, 200

17, 700
20,970

19.775

18, 640
25, 565

i

1

s Average of 4 fests.
¢ Average of 3 tests.
7 Average of 6 tests.

4 Basod on the weight of oven-dry wood and the volume at time of test.
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26,002

LEGEND
A~ REDWOOD ~ 2§42 S-INCH CONNECTORS
& - SOUTHERN YELLOW, PINE ~2 34NCH CONWECTORS
[ B ~BALBLYPRESS =250 CH CONNECTURS IR
L~ QOUELAS-FIR — 2 GINCH CONNECTORS
O~SGUTHERN YELLOW PROE-2HNCH CONVECTORS

L04p (Poros)

&g o5 a4

az

) 0.3
SPECIFIC GRAVITY (OVENR-ORY, BRSED 0N VOLOME AT TEST)

Froore 26.---Relation hetween joad Lewritg: purallel (o the grain and specifie
gravity of air-dey woud fur a joint eonslsling of two toothed connectors (255 or
23 inches in diameter) and a 3-inch bott.  The solid and open symhols for the
game species indieate marked differences in specifie wravify,

BEARING VERCENTOOLAR TO GRAIN

The tests {or connectors bearing perpendicular to the grain weroe
made in southern yellow pine, Douglas-iir, and vedwood.  The speci-
mens were approximately Lhe sane size as those used in the tests
made paralicl to the grain, dilfering only in thickness and i the length
of the center member.  The center member varied in length from 20
to 26 inches, depending on the size af connector, and was supported
horizontally in the testing machine by wood biocks spaced [rom 10
to 16 inches apart.  The lond was applied in compression to the ver-
tical side memhers {fig. 18).

Fach joint assembiy contained two conneclors, one belween cach
side member and the center member, The holl diameters used
are those recommended by the manufaeturers for the various sizes of
connectors, The dinmeter of the bolt hole was equal to the nominal
bolt diameter. .

In the resuits of the lests (lable 21, the individual values for
bearing perpendicular to (he zrain vy directly with the speeific
gravity of the wood, just ns in the paraifel wreangoment, The effvet
of the thickness of members is also rellected in the loads in APPLroxi-
mately the same manner as when the benring is parallel to the grain,

A comparison of the loads for the perpendiculnr and pacallel arcange-
ments at slips of 0,02, 0.04, and 0.08 inch shows that the average
ratio is abont 60 percent for equal thicknesses of members and for
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Tante 25.-Effect of wood species on strength of toothed-conneclor jotnls bearing perpendicular Lo grain 1

7

i

i Thicknessof | Properties ol
memhbers conter members

. S Widin ] e e i

! :
| Prapoertiesof side members - Tioad at slip of— ! Maximum 4

i

T
i
i
!

Size of conmivetor it and species of wood Lomem- | | ATais- * AYois- . Maximum , ’ j | i
©obers i A0S gnacifie “Lure Spociﬂc comproessive! : 1. ‘ }
: Center | Sides | pray con. | Brav- strength 0.02 0.04 0.08° | Toad | Slip

: : ity s - ‘\; ity 2 - { parallel to . -inch inch inch | :

grain | ) i

Inchey | Inches | Inches 'Pt’rccntt + Percent ' Pounids per Pounds Pouml\; Pomuls LP()undx, Inch
: ! P Faguare inch |
“2iyeh connectors; 1 mL)\ holt; Southern wllo\\' pine : 115 11,81 0.477 10,0 ¢ 0.499 ! 8,230 F 2,70 4,750 7,080 . 8070 0.17
atginch conneetors: Le-lneh bolt: ; ; i i : ! ; :
Douglas-fir & P L4400 1S H S 1) B 3,075 . 59050 - 7,400 8,050 W12
Sputhern yellow pine . RO | 487 1.1 510 3,000 5,815 ! 7,810 8,370 JpRs
284-inch conneetors; 3g-inel baltr : i
2,440 i. a0 | e o B0 L0
3500 5080 - 8, .08

Redwood . . R ; 3 412 7.5 42
4,855 ° ﬁ.\)i() 10,300 13, 410 A7
Douglas-fir &, . . - ) S oIm0 L 4T 126 466
Sout ern}vllowpmc . o . . : EEE3 5 L858 - 11,1 ;L5830 7. 806 4.9801 8,440 | 12,920 16, 880 16
A-ineh connectors; Ai-inch bolt:
b‘JO » .08

i
=
22
= o

W
o pove

bt bt}
Is‘a’c_‘
BE

1)011;.lm—ﬁr o . i . ! : {400 1h4 0 480
Southern yellow pine. . e e . ) L5540 10,7 0 546
234-inch tonnectors; #-inch bolt: : :
; 4,850 7,400 ¢ 10,000 10,610 L2

Southern yellow pme . . : ’ L5110 15,2 .88 56001 §180 ¢ 10,670 ! 12,810 .18
3g-inch connectorsy Hi-ineh hols : : ! : ' '

Douglas-fir. - . . . E A . 46D 4 A8 7,405 - 4,080 % 7,880 | 9,670 100340 10
335-ineh conm-c-tm: 'h-lnch holt: ; : i

Douplag-ir® . S U P N G L4305 124 450 () 70 7,1%6 010,078 18, l\;sll 15,910 § w18
Southern yellow pxm- . e e ; = . .5(‘.\':[ L6 .50 LS 8,370 11,920 }f 16,000 18,630 . 112
i

Redswood e e D : 513 ! 1e %2 a8 7.8 3681 6,088 34000 5370 =
Southern wllo\\'])hw e i e it Bl Tl . ¢ AT 110 LA25 7508 6,540 10,550 ’ "l "(\0! .22
i . i i t

! \'nlncs nre averapes of 3 tests, except as noted. 5 7phe load and slip ot fivst drop were approvimately the same as thay at the masimun.

2 Phe dinmeter of the holt hole-was {he same as the nominal dinmeter of boli, s Average of 2 (osts,
3 Based on the weight of oven- Ldry wood and the volume af time of tost,
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the widths used in the tests. The ratio of the maximum loads and
of loads at slips less than 0.02 inch is somewhat less. When bearing
perpendicular to the grain, the center member often failed in bending
or shear during the test at slips of 0.1 to 0.2 inch.  The maximum loads,
therefore, do not Turnish & suitable criterion for comparison, execpt
when considered in conjuction with the type of failure. The glip
associnted with the maximum loads is much less for the perpendicular
than for the parallel arvangement.

When the several factors whiel influence the load on a conneclor
joint are considered, it appears thet the values for the toothed con-
nectors bearing perpendicular to the grain, in the minimum per-
missible width of timber, can be taken as approximately two-thirds
of the corresponding paralle]l values. However, the design values
for comnectors bearing parallel to the grain, unlike those bearing
perpendicular, do not increase with an increase in width of member
over the required minimum. Consequently the ratic between the
perpendicular and paralle] velues is not constant at two-thicds but
“Increases over this ratio with an increase in width of member.

BEARING AT VARIOUS ANQLER 10 GRAIN

Toothed conncctors earry the greatest load when bearing parallel
to the grain of the wood; for any other divection of bearing, the load
is less. Tests made with 4i-inch alligntor conncelors in previous
nvestigrations (7) bearing at various angles to the grain of Douglas-fir
specimens have demonsirated that the load deercases uniformly
Arom the highest value at a bearing of 0° with the grain to a mini-
mum value at 45° with the grain and remains constant from 45° to
80°.  This relation between the load and the sngle of bearing should
apply without appreciable error to the various sizes of toothed con-
nectors now manufnciured,

THICKNESS OF MEMEER

Tests to determine the offeel of thickness of member were made
with four sizes of toothed conneclors. The 2- and 4-inch conunectors
werce tested with southern yellow pine specimens in Lension pacallel
to the graim and the 2% and 3%-inch connectors with Douglas-fir
specimens in compression parallel to the grain. The end margin, or
the distance between the center of the connecetor and the ends of
both the side and center members in the tests, was ample to eliminate
the effect of this variable,

The thickness of the center or main member of the joint was varied
from 1% to 3 inches for the 2- and 4-inch econnectors. With the
2%-inch connectors, the thickness of the center member was 18 and
2¥ inches, and with the 3%-inch connectors it was 1% and 3 inches.
The thickness of the side members was approximately two-thivds
that of the center member. The widths of the speeimens used for
-each size of connector were approximately 13 times the ciameter of
the connector. :

= . The results of the tests are given in table 22, and the values for
the maximun loads are shown graphically in figure 27.  With a pair
of 2-inch conncetors and a L-ineh bolt, the maximum load increases
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with an increase in thickness of center member up to sbout 2 inches.
Beyond this thickness, the decrease in load on the connector iiself
appears to balance the incresse in maemem load on the bolt. With
a pair of 4-inch connectors and o ¥-inch bolt, a thickness of ab legst
3 inches is required to develop such a constant maximum load.
Tests with the 2¥%- and 3%-inch conneclors were made with only two
thicknesses of material but indicate that & constant maximum load is
reached ol thicknesses of 2% and 3 inches, respectively.  The loads
al given slips of the joint, while quite erratic for the different sizes
of conneclors, correspond In general Lo the rofationship obtained
for the maximum load.

Tanik 22.—Effect of thivkness of wtmbers on st rength of 3-member, toathed-conuector
Joints, bearing puraliel lo grain!
LINCH QONNECTORS; Je-INCH RO 2 SOUPHERN YELLOW PINR MEMBERS
2y INCILES WIDE

Properiios of gpecimens Laod at =lip of— + Muashoum 4

i 1
ek mesg lvf’ lxm-mhin-rs, centet | ; —— Maximum ¢
nntd gielp finchen) Mois-  Specific conpressive:
| wure  grav- ) ostrensth ?ngﬁ ?“g; i ?”gg
reontent; b7 ? paraliel
i to grain

er- Founds prr !
cet square ineht
Wiely . . .. 9.7 0.557 7,280 - , 5
s I A
L | L .2 X35 - 2T,
i 114a. o LI T2 TR R AT T _
KR A 13,2 5 ?.wtﬂ,l g, 105 | 11, &

2 INCH CONNECTORS, AINCIE BOLY; 7 DOUQTAB-FIR MEMBERS 355 INCHES WIDE®

i i ; ;
Mg, o oo o . Co1L4 0475 ?.235' G.OGD © §,040 . 15,300 ! 5,070 638
2134 R 1,4 . LEB 7,526 0§00 1 11,970 1 14,150 'l 18, 660 .54

53¢-INCH CONNECTORY #HINCH BOLT* DOUGLAS-FIR MEMBERS 454 INQIES WIDE?

15g--L¥i . . LG 0489 776 T,8% 11,000 - 15330 - 17,700
B o . LA LA | 7,330 10,80 | 15,670 ; 2,500

SINCH CONNECTPORS; WAINCH HOL: * SOUTHERN YELLOW PINE MEMBERSE
31y INCIES WIDE

I
3.4 1 6572
1 2

i578 10, 650 |
[&72 7 o3 | 18,095 |
“5r 373 10,150 |

i3.
i
3.
13
134

i Values tre averages of 2 tosis, exvept a3 noled.

1 *Phe tigmetor of {he bolt hole was thia same 85 the nominal ljameter af boit.

1 Based an the welght of oven-dry wogd fagd the voliwwe at (o of tost,

:'I‘I:c ot aopo sk al first drop were approximagely {e seruy a5 that at the maximum.,
3 lests,

The failures genexally consisted of a twisting ov bending over of the
connectors, accompaticd by crushing of the wood under the bolt and
counectors. and some splitiing in the center member. With & thick-
ness of 1% inches, some shear and teusion failures also oceurred in the
cenrfer moember.

asHEAs Ad—i
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32,000

LECEND
O-JOUTHERN VELLOW PINE
A=DGUELAF-FIR

=
T
=1
L~

MAXINEN LOAD (POUNDS)

GRS WITH $'sotr
A

39
THICKNEST

A 8

[ 2
THICKNESS 0F CENTER TIMBER (INCHES)

Fieure 27.—Relation between maximum load oand thiekness of member for
toothed-conneclor joints bearing parallel to $he grain of air-dry wood; two
connectors and bolt to ench joint.

The meximum loads for a timber thickness of 2 inches for the
2-inch connectors and 2% inehes for the 2%-ineh connectors Jare nhout
110 and 125 percent of the load, with a timber thickness of 1% inches,
and the loads for a timber thickness of 3 inches [or the 3%- and 4-ineh
connectors are about 135 and 130 pereent.  The load for intermodiate
thicknesses may be obtained without appreciable error by direct
interpolation. A member should not be less than 1% inches thick
when connectors are used in opposite faces; at this thickness, the load
is about 4 percent lower than at 13 inches,

When the connectors are in one fage only, the thickness of the
timber should not be less than 1 ingh. Fora thickness of 1% inches and
& 2-inch connector, the load can be 10 percent higher than for 1 inch;:
for a 2%-inch connector and a thickness of 1% inches, the load can be
25 percent greater; and for the 3%- and 4-inell connectors and a thick-
ness of 1% inches, the load ¢an be inerensed 35 and 30 percent,

WIDTH OF MEMRBER {BEARING PERPENINCULAR TO GRAIN)

Tests with the minimum width of specimens—about 1} times the
diameter of the connectors—have shown that the values when bearing
perpendicular to the grain are approximately two-thivds of the values
when bearing pamllei: to the grain,  The loads of connectors bearing
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perpendicular to the grain, however, vary with the width of the
member.

Tests to determine the offect of this variation were made with the
four United States sizes of toothed conneclors in southern yellow
pine specimens, in which all the dimensions of the specimens except
the width of the center member were constant for each size of con-
nector. The width of the center member was varied from & minimum
equal to the dimmeter of the connector to a width 3 inches greater
than the diameter of the connector. The connector was always cen-
tered on the width of the manber,

The failures generally cousisted of bending of the bolt and fwisting
or bending over of theconnectors, sccompanied by crushing of the wood.
As the fest progressed, splitting occurred in the center member ab
the bolt and eonmectors, and finally, after bhe maximum load, the
faiture culminated in shens to the end of the member.  With the nar-
rowet widths, comprission and tension failures occurred in the cenfer
membear ab maximum toad.

The results of the tests are given in table 23 and shown graphically
in figure 28. The relative increase in load with an increase in width
of member was about the same al given slips and at maximum.
Furthermore, the percentage increase in load was approximately
the same for the different sizes of connectors,

T anLi 28.—Ffect of width of timber an strength of 3-member, toothed-connector joints,
bearing perpendicular lo grain, southern yellow pine !
2INCH GONNECTORS; MINCH BOLT?

[T hickness of members (ipchesy: Cenler, 3 sides, 1348

Properties of speelnmens TLonds at slip of— Alaximygm §

Center Sides

Width of treein-
bers, center and Wfaxi-

side {incles) i .02
Mais- | Specifie] Mols- | Speeifie]l  com- inel

Lure IV ure REGYV- | PTUSSIVE
coitenty ity 3 feontent! ity? | strength
parnllel
to grain

Pounds
HEr BpuRre|

inch Pornds| Pounds

, 8, 140
4,280
4, 650
5,040
500
5,450
G, 200

2LIMOH CONNECTORS, ¥-INCH BOLT?
["Ihicknoss of members (iuches): Cenler, 3 shdes, 134]

0.546
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. '¢ ‘CaBre 28.—EBffect of width of timber on strength of S-member, loothed-connecior Foinis,
i bearing perpendicular to grain, southern yellow pine “—Continued

34 INCH CONNECTORS; ¥-INOE BOLT ?
[Thiekness of members {inghes): Center, 3; sldes, 124)

Propertics of specimens Loads at slip of-— Maximym 1

Conter Sirlesg

Width of mem- :

- bers, center and Maxi-
slde {inahes) mum
Mois- 1 Specifie] Mofe- | Speeliie conl-

ture grav- ture geav- | prossive

content| &y ? icontent! Gty | strenpth

! paoraiiel

: ta grain

Paunds
per sguare;
i Poundy Poundsl Pounds
3 3 . 5 i 3870 010 14,120
125 . . . 3,802 14,900 | i4, 550
. 4, 617 16,450
5, 760 13, 17,730
a, 200 18, 820
5, 9%5 X, 75

Percent
32

e A G 0
%ﬁ-ﬂ-u o &

$INCH CONNECTORS; 3{-INCH BOLT 3
Thicknoss of mombers (inches): Center, 3; sides, 134]

L ¥alues are overages of 3 fests,
* The distneter of the bolt hele was the seme a5 the nominal dinmater of bolt.
# Based on the weight of oven-dry wood sid the velunte at Lime of text,
-+ Theload and slip st Brst drop were approximately the satae os that ot sho maximam.

In general, the loads increase 10 percent with each I-inch increase
over 51& minimum width of member for each connector size. When -
the connectors arc placed off center, the width of member may be
taken as twice the distance between tie center of the connector and
the load-bearing cdge of the member if the margin or width on the

non-load-bearing edge is at least one-third greater than half the
. diameter of the connector. The tests show that the load continues

:t0 increase with an incresse in width of member to at least twice the
- diameter of the connectors.

- END MARGIN (BEARING PARALLEL TO GRAIN).

Tests to determine the effect of end margin {the distance between
the end of the member and the center of the nearest connector when
bearing is paralle! to the grain) were made with the 2-inch and 3%-inch

" toothed connectors in southern yellow pine specimens. The speci-

-mens, which consisted of two side members overlapping the opposite

- faces of & center member, were tested in tension (fig, 21). The thick-

. ness of each side memberwas 1Y, inches; and that of the center member,

. ‘13 inches, The width of members for the 2-inch connectors was 2%
. “inches; and for the 3%-inch connectors, 5} inches. The end margins,
.. which were the same for both side and center members, va,rieg by
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i-inch increments from half the diameter of the connector to 8 inches
for the 2-inch connectors and 7% inches for the 3¥-inch connectors.
The smallest, end margin placed the connector flush with the end of the
member,

“The failures were about the same in the side pieces as in the center
piece. They consisted of bending of the bolt and bending and breal-
ing of the connectors with crushing and splitting of the wood, and
shear to the end of the member with the smaller end margins. Less
splitting and no shear occurred with the Jarger end marging, but the
crushing of the wood was more pronounced.

- The results of the tests are given in table 24, and the vaiues for the
‘maximum Joads for various end margins are shown in figure 29. "The
maximum Joads increase with an increase in margin o approximately
& constant value at an end margin of about 3% inches for the 2-inch
conneclors and 6% inches for the 3%-inch connectors. The loads at
given slips reach approximadtely a constant value at a somewhat smaller
end margin than the maximum leads,

24,006

H%,"ﬂ‘

(Povwes)

W

' T0RS WUTH £ “soLr

JEND MARGIN

o
=3
€
2

MAXIAVM LOAD

‘ z E 4 5 6 7 8
END MARGIN (INCHES)

Frgung 20.--Relation between maximum load and end margin for a 3-member
toothed connector joint bearing in tension paraliel to the grain of air-dry
southern yellow pine.

An analysis of the test vesults shows that the end margin required
to develop the full load of the toothed connectors in tension is 1%
‘times the diameter of the connector, and that reduction in load varios
quite aniformly {rom unity at that point to about two-thirds at an
end margin’ equal to the diameter of the connector. The load for
Intervening end margins can therefore be obtained by direct inter-
polation. The end margin required to develop the full load of the
- toothed’ connectors in compression is equal to the dismeter of tho
connector.  End margins less than the diameter of the conmector
are nob recommended 1n either tension or compression.
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TaBLE 24.—Fffect of end margin on strength of 8-member, loothed conneclor joinis,
bearing paratlel lo grain, southern yellow pine!

2INCH CONNECGTORS; 14-INCH BOLT?
{Member dimensions (Inches): Width, 254; thickness, center 134, sides 14s}

Fropertics of specimens I Load al siip of~— E Aaxiroum d

Maximum
o0 res-
Molsture | Specilie sive 0,04 08 sl
content | gravity ¢| strength P
. purzlicl to

prain

End moargin?
(inchaes)

Pounds per
yuere inch Poundrx
0. 565 4, 201 X
. 508 , 5, B, L0
Nt L, 800 4§, 590
Rl L B 7 0, 030
- 65 7 0,730
il &, 680 9,320

354-INCIT CONNECOTORS,; 34-INCIT BOLT ?
mber dimensions (lnches): Width, 54 thickness, center 15, sides 1i4g]

19,620 1 13,730 1 14, 063
17 | 15850 | 16,200
1LEsG | Ls 000 | 17,80
12,440 § 10660 | 10,620
12400 | 16,860 | 20,770
15240 § 17,60 {21,790
13,540 | 17300 1 21,700

bt et
[l abul-alal ol
i i Gl ki e e

1 Valyes are averages of 3 tesls, exeepl ag pated,

3 vhe dinmaeter of the boll hele was the spme ns the nominat dintmeter of Bott.
3 Distanes rom gnd of timber Lo center of holl, hale,

«Bascrl on the wolght of oven-dry wool and the volutne at Lime of Lest.
";[‘Ell: load and slip at, first drop were Lhe same #s that al the tiaximun,

24 testy.

A theoretical analysis of the stresses in a toothed connector joint,
when the rigidity of the connector is given proper consideration,
alfords values that conform closely to those obtamned in the tests.
The toothed connectors under stress are more rigid at the ends of
the dinmeter at right angles to the direction of load than at the ends
of the diameter parallel to the direction of load; the larger the diam-~
eter of the ring, the more pronounced this difference becomes.

SPACING OF MULTIPLE CONNECTORS (BEARING PARALLEL TO GRAIN}

The spacing required between connectors along the length of the
timber when the hearing is parallel to the grain was not determined
by specific tests on this variable. An analysis of the stresses in the
member based on auxiliary tests, however, indicates that the center-
to-center spacing required to develop the fill 1nad shouid be at least
two times the diameter of the connectors. Kor spacings less than
this the load should be reduced uniformly to 50 percent at a spacing .
equal to the diameter of the connectors, page 63 and table 5.

SIZE OF BOLT HOLE

The effect of an oversized bolt hole was determined for joints con-
taining two 3¥-inch toothed connectors and o ¥-inch bolt bearing
parallel to the grain of southern yellow pine specimens. The bolt
hole in half of the specimens was three-fourths and in the other half
thirteen-sixteenths inch in diameter.
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‘The results of the tests (table 25 and fig. 30) show that for given
slips of less than 0.1 inch the loads for the joints with an oversized
bolt hole were about 80 percent of those for joints with & bolt hole
equal in diameter to the bolt. The loads at given slips greater than
0.15 inch were about the same for the two types of joints; but the
slip associated with the maximum loads was slightly greater when
the bolt was in an oversized hole.

TanLE 25.—Effect of Y e-inch oversized boll holz on, S-member, loothed-conneclor joints,
bearing parallel io grain, southern yellow pinc!

34-inch bolt
hale (0739
inch bpit)

13fe-inch holk
hole {0,735
inch bolt)

Properties of speclmens:

Moistura coptent. . .
Specific gravity 7

Alaximytn compressive strength parnllel to grain, poumis per stuare inch

Rogult of tests:
Laoad st silp of-—
002 ineh_ _,

g0 nchoL .. 0T T
Q.08 inely ... oo L.

jiereent.

... pounds.
ceodel
RN T T

1.4
. 537
3164

8,007
12, 250
16, 800

First drop:
Lgad

Siip__. " L
Maximum:

19, 400
0. 18

20,970
G.37

o e
. ..inghes. _

.pounds.
inches_ .

! Values are averages of 3 Lests with 334-inch connectors. Size of membuers (inghes): Widlh 5; thickness,
center 136, sides 1344,

* Besed on the weishi of oven-dry wood and the velume at time of fesl,

Ha

/\_o\“\o/*—"ﬁ—“"

—
=
L]

o
4

o
=

RATIO OF L0AD % (PERCENT)

=]
<

[14
4] 2./ 4.2 ' 2.3

SLIP IN JOINT (INCH)

Freure 30.—Effect of size of bolt hole on the load at various stips; bolt hole for
load A being one-sixteenth inchlarger than bolt, and that forload B being exact

0.4

size of bolt (3-
¥-inch bolts,

member, toothed connector joints, using 3%-inch connectors and

bearing parallet to the grain of air-dry southern yellow pine}.
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The matching of the material, as indicated by the control specimens,
was not sufficiently close to plowdc gpecimens of the same quality for
the two types of joints. The specimens with the oversized bolt hole
were of slightly better intrinsic quality. This may account for the
fact that at the larger slips for the joints the loads with the oversized
bolt hiole exceeded those with the actual-size bolt hole, rather than
being the same or shghtly lower.

MOISTURE CONDITION OF THE WOOD

Tests to determine the effect of variations in moisture content of the
wood were made with 2%- and 4-imeh toothed conneetors and redwood
specimens ¥ of standard dimensions, in typical 3-member joints.

Some of the assemblies were of green material and some of dry.
The latter were tested unmedintely after assembly. Those made of
green material were divided into bwo groups, one of which was tested
imimnediately after asgembly and the other after the material had been
seasoned to an air-dry condition. With each size of connector, the
specimens were matched for the three conditions tested and for bearing
parallel and perpendicular to the grain.

The results of the tests (table 26) show that the maximum loads for
the connectors when bearing parellel to the grain of green material
are from 70 to 75 percent of those obtained for the dry matérial tested.
This i1s somewhat higher than the ratio of the maximum parallel com-
pressive strength of the green and dry material. When the bearing is
perpendicular to the grain, the loads obtained with green material
more nearly approach those obtained with cdry material,

The results for the joints that were made up green and allowed to
season before test are not analogous with those tested green. The
loads bearing parallel to the grain were approximately equal to those
obtained with dry material, allowing for differences in moisture con-
tent at the time of test. Loads benring perpendicular to the grain
were somewhat lower than those obtained with green material.

NET SECTION OF MEMBER

The net section requirements for toothed connectors conform, in .
genoral, $o those established for split-ring connectors (p. 73). The
projected area lsed for the toothed connectors is equivalent to that
for a cylinder extending to the points of the teeth, In the calcula- -
tions for the net section, the connector is assumed to penetrate equally
into the two adjacent membels

11 Sec nownele, p, 73,




TABLE 26.—Effect of moisture condition of members on sirength of 3-member, toothed conmector joints, bearing either parallel or perpendicular
: to grain, redwood ! :

LOADS ACTING PARALLEL TO GRAIN

06

‘Condition of specimens 2. | Dimensions of members | rope‘r‘;}ilues;lotfeirtjgglmens Load at slip of— First drop Maximum

»

' Thickness Maxi-
Size of conncetor Moi mum
- ois- +a | compres-
When 8- | When tested | Width turo |Spedtic] ~ sive
Genter content 5" strength
¢ parallel
to grain 4

Pounds
per
squareé )
Percent inch . |Pounds Pounds

7.6 7,006} 4,750 . 231 12,480
1L.1 388 5,710 1 3,280 b . 11, 260
114.1 4,142 .

7.8 . 6, 504
11.2 . 5,782
08.8 3,766

GRAIN

5 . 0.412
256-inch connector; $¢-inch bolt's___.[{G S | . .4(1]7
} 2402
. R 363
4-inch connector; 34-inch bolt 3 . d 56 \ 354

. 343 3,444 1 2,910 ‘

“1'Values are averages of 3 tests. : ! For londs acting perpendicular to the grain, the compressive strength is for side mem-
? When the specimens were assembled and tested in'the same condition, the tests wero bers only.,

made immediately after assembly; all others were made 17 months ofter assembly. 8 The diameter of the bolt hole was the same as the nominal diameter of bolt.
? Based on the weight of oven-dry-wood and the volume at time of test. .
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Facrons AFFEcTiNG Craw-PLire ConnNecgror Joints

The claw-plate connmectors are malleable iron ™ circular plates
2%, 3%, and 4 inches in diameter, having & hole in the center and a
row of triangular Lecth forning a toothed flange on onc side. The
other side is flat and has either an enlarged hole or a projecting hub
at the center, so that, when used in pairs, this male and female unit
affords & metal-to-metal bearing. ‘The depth of the plate from the
flat surface o the tip of the teeth is three-fourths inch for all diam-
ecters. In the type with the projecting hub, the hub is three-eighths
inch deep. When used singly, the plate with a hub acts as & stress
distributor between a wood member and a metal plate or strap.  The
plate portion of the connector and its toothed flange fit into & ¢ir-
cular groove or dap cut into the timber, and the tecth are forced into
the wood by pressure (using a maul, and follower or 2 press) so
that the face opposite the teeth is flush with the surface of the timber.

The factors which affect the strength of joints using claw-plate
connectors, &s investigated, include {1) size of connector; (2) species
of wood: (3) metal and wood side members; (4} direction of applied
load with reference to the grain of the wood; (5) thickness of tinber;
{6} edge and {7) end margins; (8) size of bolt hole; and (8) moisbure
condition of timber. A summary of the results of this study is pre-
sented in the following discussion.

SPECIES OF W0OOD
METAL SIPR MBMAERS BEARING PARALLEL TO GRAIN

Tests of joints using claw-plate connectors were made with eastern
white pine, redwood, basswood, southern yellow pine, .and white
gk, which are representative species of hardwoods and softwoods
having o wide range in density. Each lest assembly consisted of a
center wood member, two metal side plates, a bolt, and a male claw-
plate connector at cach plane of contact {fig. 31). The widths of
center members used with the 2%-, 3%, and 4-inch connectors were
4%, 5 and 5% inches, respeciively, and the thickness for all sizes was
4 inches.

For cach species except redwood, the wood in the center member
was matched for the three sizes of connectors. Redwood was used
only with the 3%-inch connector. The tests were made in compression
paralicl to the grain, with ample end margins provided on the speci-
mens to eliminate the effect of this variable,

The proportional limit load in most of the tests, particularly with
the denser species, was not clearly defined (fig. 32).

In the lighter species, usuaily only one portion of the load-slip
curve was a straight line, but in the denser woods the load-slip curves
frequently contained two straight portions. When the curves exhibited
more than one straight-line portion, the point of departure from the
second straight line was recorded as the proportional limit.

The type of failure at maximum load varied considerably with the
different species. In the lighter species the {ailure cousisted primayily -
of crushing of the wood under the connector and bolt, accompanied by

% The specifications for the connectors tested roquired that the costings eonform to A. 3. T. M. Btandard
Specifieations A47-33, Grade 35048,
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MaF

Fraore 31.—Method of conducting comnpression test of elaw-plate connector
joint with metal side plates; lond applied parallel to the grain of the wood,
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some splitiing, ecrushing, and shear of the core. Small fractures in the
metal at the hub were nlso evident in some of the connectors at a
relatively lavge slip. In the denser species, erushing of the wood under
the bolt and connectors was less sovere, bul the failure of the metal

3g,000r
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C (SEE COMPLETE
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24,000 /
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04 006 008 0.1 0iz oM
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Tiguns 32.--Relation between loud and slip in a claw-plate connector joink
bearing parallel to the grain of air-dry wood; individual test specimen.

connector itself was more pronounced (fig. 33). Rupture or shear of
the hubs was common, and in some tests buckling and fracture of the
webs also took place. The slip of the joint at maximum load was
vsually less than in the lighter species.
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The results of the tests, with supplementary information, are given
in table 27. In general, the load at proportional limit and the maxi-
mum Joad both increase directly with the specific gravity of the
material until a density of wood is reached at which the strength of

Ficunp 33.—Fuilure of 4-inch elaw-plate conneelor joint when bearing paraliel
to the grain of dense southern yellow pine.

the joint is affected by failure of the melal connectors. When failure
.oceurs in the connectors, the load for the joint obviously increnses
very little with a further increase in the specific gravity of the material
(fig. 34). The ratios of maximum load Lo proportional limit load
n.vcr(af.ge about 2} for the different sizes of connectors and species of
wood,
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F16URrE 34.—A, Relation between load and specific gravity for 4 3-member, claw-plate connector joint (3%-inch
connector and %-inch bolt); B, relation between maximum load and specific gravity for various connectors.
Metal side plates and bearing parallel to grain of air-dry wood in both cases.
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T;A.BLE'Q?’;—;—E’_ﬂ‘ect of wood species on strength of S-member, claw-

Bize of conncetor unit,? type of
side plates, and species

plate connector Jjoints bearing either parallel or pérpendicular o graint

LOADS ACTING PARALLEL T0 G(ﬁ}\IN

Properties of specimens Proportional

r3 ! : -

W :)c}th : . -Maximuym |

of PYP 1 compres- °
em- | 3}{;"}: iSpeeific 4 | Shve
i - ¢ogravity . strength

content | (- parallel

! i tograin {

Load Stip

284-inch connectors; Y5-ineh bolt:
Metal plates:
Whitepines, ... . .
Basswood 8., .- _ - T
Southern yellow pine. .
Whiteoak s .

Wood plates: Southern yellow pine. ;. 7077777707 RSO 41 0.2

3%4-Inch connectors; 14-inch hali;
Metal plates:
White-pine ¥
Basswood ¢
Redwood 6
Southern yel
. White oak 8 ..
4-inch connectors; 34-inch b
Metal plates:
White pine s ..
Basswood s, ... .
Southern yellow pine oL
Whiteoak s, . o
Wood plates: Southern yellow pine ...

|

) : { Pound per |
Inches ' Pereent

. steare inch
" 5; 660 9, §00-
: 9, 500 |

11,000
11, 250
11,000 ©

Pounds | Inch
5 0. 042
L0358
020
038

|
'

6.0 |
10.2
8.4

13,250 . .032
11, 830 043
12,830 . (050
15,000 . 1028
15,000 . 021

16,000 1
15,730 | 035
23,400 1 01
23000 © - L048
20, 670 . 050

052

2§4-inch conneectors; 14-inch boit:
Metal plates: Southern yellow pine, .
‘Wood plates: Southern yellow pine
3inch connectors; Y4-inch bolt;
Metal plates:
Redwood 6. __.. ...
e Southern yellow pin
4-ingh connectors; 34-inch bolt:
Metal plates; Southern yellow pine_ ...
Wood plates: Southern yellow pine.. .

LOADS ACPING PERPENDICULAR T0 GRAIN

039

|

Lond af

1 0.08-in¢h :

- slip

|

Pounds
16,450

22, 550
19, 030
17, 030
27,670

First. drop

4

|

Load Slip

Pounds | Inch
2 ;. 0.48
20, 610

30, 200

26, 300

24,130 .

20, 62

37,720 !
38,500
38,200 ¢
37,430 | .26
57, 560 .45

L
59,475 | '08‘

23, 140

BY, 250 |

i i i e |

Maximim or
load .at 0,60~
frich 8lip

i

i
Load 1 Slip

Pownds
2,010
21, 440

27 175
7,905 |
20,300

50
29

38,020 ¢
38,800 |

0.526 9,200 0.033
. 550 9,200 ;  .048

P03
10,700 {025

12,600
12,600 :

8.0 .39 6,530
0.0 582 ~

10.3 -518
0.2 (56 |

.042

1 Values are averages of 5 tests; excopt. as noted.

1 The diameter-of the bolt hole was }e inch larger than the nominal dinmeter of bolt.
3 Width of center member, which was 4 inches thick in all cnses,

were: 14 inch in thickness and wood side plates 2 inches.

S 2tests,

Metal side plates 6 3 tests.

037 |

13,210
12,610

10, 860
20, 530

21, 200

17, 545
16, 330

.11
.14

11, 440
22, 255

18,820 °

94,050 |
24,055

J12

L16

0.16 |
L2

16, 515
11,670
22,255

24,050
24,035

1 Based on the weight of ovun-drs; wood and the volume at time of fest.
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WOCL SIDE MIMBERS BEARING PARALLEL 10 GRAIN

The fests in which the elaw-plate connectors were used in pairs
with wood side plates were made with southern yellow pine speeci-
mens, using 2%- and 4-inch connectors (table 27). For the 2%-inch
connectors the load at the proportional limit and the maxinum load
are about the same as those obtained in compazrable tests with metal
side plates, but for the 4-inch councctors with wood side plates they
are sbout 10 percent lower. The type of failure, however, indicates
that this difference is evident only in the denser species, where the
strangth of the conncctors is the controlling factor. In the lighter
species, where wood strength controls, the load at preportional limit
and the maximum load would correspond more closcly to those
obtained with metal side plates. The slip of the joint is somewhat
greater at g given load with wood than with metal side plates.

In developing safe working loads for wood side members, the same
values were used as lor metal side plates, with one exception: When
the bearing is parallel Lo the grain of the wood, the loads for the 3%-
and 4-imch claw-plate connectors used with group 2 woods are taken
as 5 pereent less than those for a joint with metal side members;
with group 3 woods, 10 percent less; and with group 4 woods, 10 and
15 percent less, respectively.

DIRECTION OF GRAIN OF WOQOD
BEARING PERPENDICULAR TO GRAIN

The tests of claw-plate connectors bearing perpendicular to the
grain of the woed were made with 2%- and 4-inch connectors for
southarn yellow pine, using both metel and wood side pletes, and
with 3%-inch connectors, with metal side plates, for soubhern yellow
pine and redwood speeimens {table 27). The material was compa-
rable in quality and of the snpme dimensions as that used with corres-
pending tests made parallel to the grain.

Tor comparable tesis, the proportional limit and the maximum
load are approxumabely the same for hoth metal and wood side plates.
The slip of the joint for & given load, however, is greater with the
wood than with the metal side plates. The faillure at the maximum
lond usually consisted of splitting of the centor mermber, accompanied
in some joints by a slight {racture of the connector at the hub. _

Tor metal side plates, the ratio of the load for connectors bearin
perpendicular to the grain to that for commectors bearing parvalle
to the grain varied with the size of connector and averaged 78, 64,
and 57 perceut, respectively, for the 2¥-, 3%-, and 4-inch connectors
at the proportions! limit and at given slips of the joint.. These per-
centages are applicable for size of members tested and will be greater
for wider membors, as is subsequently shown (p. 100). In determin-
ing the safe loads for bearing perpendicular to the grain, considera-
tion is given to the effect of width of member and to the failure of the -
wood, which is more pronounced than in the parallel-to-grain ar-
rangement {(table 3).

BEARING AT VARIOUS ANGLES TO GRAIN

The loads for claw-plate connectors bearing at an inclination to the
grain are dependent on the loads parallel and perpendicular to the
grain as well as on the degree of the angle (§). Tests made with the -

530849°— 44—
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Siemens-Bauunion connectors (7), which are similar in design and

which function approximately as do the claw-plate connectors used in

this iriveshigat.ion,lixave demonstrated that the loads at various angles
to the grain may be obtained by the formula

e PC

. # sin” §+¢q cos®g

in which

n=the load in a direction at inclination 8 with the direction of the
grain.

p=the load parallel to the grain.

‘g=the load perpendicular to the grain.

The ratio between the load perpendicular to the grain and that
parallel to the grain is, however, not of sufficient magnitude to.cause
appreciable difference in the results when using = lineal relationship in
lieu of the formula. For convenience, therefore, it is suggested that
the loads for intervening angles be obtained by direct interpolation
between the values at 0° and 90° with the grain. '

THICENESS OF MEMBER

The tests to determine the strength of claw-plate connector joints
with different thicknesses of member were made with the 3%-inch
connector in southern vellow pine specimens. The joints, which con-
sisted of o center wood member, two metal side plates, two male
connectors, and a bolt, were tested in tension pa,rﬂglel to the grain.
The center wood members were § inches in width and ranged from
1% to 5% inches in thickness. The specimens for each of the two
series tested were taken from the same plank. :

The resulis of the tension tests given in table 28 and figure 35 arc
erratic. In general, the averages for the various thicknesses tested
showed no consistent difference. Previous tests have shown that the
strength of a claw-plate connector joint with a relatively strong, dense
species such as southern yellow pine is limited by the strength of the
connector. '

TaBLE 28.—Effect of thickness of members on strenglh of S-member, claw-plate
connector joinls bearing in lension parallel to grain, southern yollow pine!

[Connector, 334 ineh; bolt, 14 ineh 3, center momber, § inches wide Y

 Proportional it | y 04 o First drop Maximum
. Thicknbess of center member 3 d.08-inch
slip Load Slip Toad Stip

Pounds | Pounds Inch Pounds Inch
' . 30,170 0.19

30, 6G
29, 505
31, 858
31, 685
29, 935
38,725

! Values are averages of 2 tests, Allspecimens had moisture content of 12.3 percent; 0.556 specific pravity,
ased en ithe welight of oven-dry wood Bod the volume ab thste of test: and 7,804 pounds per square ingh
maximum conprossive strength porsiiel to grain,

1 The dipmeier of the holt hale was Ve inch larger than the nominai digmeter of bolt.

18ide members were M-lnch metnl plates, .
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Fieure 85 ~—Relalion belween lond and thickness of timber for 2 claw-plate
councctor joint with metal side plates, bearing parallel to the grain of air-dry
southern yellow pine in tension joints (3%-inch connectors and a %-inch bolt),

EDGE MARGIN
BEARING PERPENDICULAR TO GRAIN

Tests of the influence of cdge margin on the strength of claw-plate
connector joints were made with the 2%- and 4-inch connectors
southern yellow pine specimens. The joints consisted of a center
wood member attached to metal side members with two male con-
nectors and a bolt. The wocd member was 4 inches in thickness for
all tests, 4% inches wide for the 2%-inch connector, and 5% inches wide
for the 4-inch conuector. The specimens were matched end to end -
for the different edge margins tested with each size of connector.

The edge margin, messured from the center of the connector to
the edge of the timber toward which the load was acting, was varied
by small increments from 1% inches (rim of comnector flush with
outside edge of timber) to 3%, inches {connector flush with the opposite -
edge of timber) with the 2%-inch connector, and similarly from 2 to ..
3% mches with the 4-inch connector. ,




100 TECENICAL BULLETIN 865, U. 8. DEPT. OF AGRICULTURE

The results (table 29 and figure 36) show that, within the limits of
the tests, the load increases uniformly with an increase in edge margin.
The average increase in load for the two sizes of connectors at the pro-

- porticnal imit, at maximum, and at given slips of the joint is approxi-
mately 20 percent for each l-inch increase in edge margin,

TapLe 20— Effect of cdge morgin on strenglh of 3-member, claw-plate connector

joints, bearing perpendicular to grain, southern yellow pine !
256-INOH CONNRECTORE: W-INCH BOLT!

[Member dimensions (Inches): Width, 434; thickness, 4 3]

Properties of specl- !

' mens ' ag nt
Edge ¢ margio {Inches) H 0.031-'1110]1 ;
slip H

Aloistore{ Specifle | .
contont 1 gravity,s Toad Slip Load Stip

Proportionad limit " Maximurm ?

Pereent : Pounily Ponnds | Poinds Inch
112 0. 509 G, 270 L 0 9,180 0. I
.514 B, BTl . 10, #50
.alg T, 740 038 12, 350
07 8, 130 . 13,070
-483 £,130 N 12,620

4 INCH CONNECTORS; #-INCH BOLT?

[Membor dimensians (inchesy: Width, 554; thickmess, 4]

ootz |
-0y !

1 Yalues are averages of 3 tests,

1 The diameter of the bolt hole was Mo neh larger than the nominal dismeter of bolt.
* Dimensions of center timber,  Side members wore La-ineh melal plates.

+Tistanee [rom cdee ¢f timber toward which load & acting to eenter of bolt holo.

s Besed an the weight of ovew-iry wood ol the volune al time of test.

& The lead and =lip at first drop were approximntely the same as (hat e the maximem,

The minimum widths of members recommended for use with the
2%-, 3%-, and 4-inch claw-plate conneclors bearing perpendicular to

pin are 33, 4%, and 5% inches, respectively. The conncetors should

¢ centered in such members, the minimum edge margins in either
direction then being balf these widths. Increasing this edge margin
in the direction toward which the load is acting increases the load at
the rate of 20 percent per inch up to an edge margin equal to the
dismeter of the connector; or, if the connector is centered in the
member, at the rate of 10 percent per inch increase in width of the
member over the minimum, up to a width equal to twice the diameter
of the connector.

BEARING FPARALLEL TO GRAIN

When bearing parallel to the grain, the minimum widths of member
which should be used with the above claw-plaie connectors are the
same as for perpendicular bearing, but, as with the split-ring con-
nectors, no increase in load sccompanies an increase in width over
these minimums (p. 54). TFor intermediate angles the load for vari-
ous edge margins or widths of member is a function of the load for
comparable edge margins or widtbs of member parallel and perpen-
diculer to the grain (table 3). .
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Fioure 36.—Relation between load and edge wmarpgin far 3-inenber, claw-plate
connector joints with meial side plates bearing perpendicular to the grain of
air-dry southern vellow pine.

END MARGIN
BEARING FPARALLEL TQ GRAIN

The behavior of 34-inch claw-plate counectors bearing parallel to
the grain and placed at distances from the end of the member varymg
by l-inch increments from 1% to 7% inches was investigated in
southarn yellow pine specimens. The joints, consisting of a center
wood member, two metal side plates, two connectors, and a bolt,
were tested in tension. The wood members were 5 inches wide and
4 mnches thick and were matched end to end for the seven different
end margins tested.

The proportional limit load was found to increase with an increase
in end margin from the smallest tested to a constant value at margins
of more than 4% inches (table 30 and fig. 37). The maximum load
also increased but was somewhat erratic with the larger end margins -
and did not reach a definite constant value within the limits of the
test. With the smaller end margins, the failure consisted primarily
of shear and splitting of the member; bub, as the end margin in-
creased, the failure in the wood members was less apparent and that
of .Le metal connectors moge pronounced.

Anaglyses of the stresses in the joinf and comparison of the failures
and lead with those obiained with other tests on connectors indicate
that the end margins required to sustain the full load in tension are
approximately equal to the diameter of the connector plus 3 inches,
The minimum end margins should not be less than one-half of the
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42,000

e ENG MAREGIN
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END WMARGIN (INCHES)

Fraore 37.—Relation between load and end margin for a threec-member, elaw-
plate connector joint, with metal side plotes, bearing in tension parallel to the
grain of air-dry southern yellow pine (3%-inth conncetors and M-inch boll),

optimum margins, and the load at these minimum end margins is
five-cights of that at the optimum. For intervening margins the load
may be obtained by direct interpolation.

In compression the end maorgins can be somewhat less than in
tension, as shown in table 6, but at no time should the end margin
be less than half the diameter of the connector plus 1Y inches.

TasLe 30.—Effect of end margin on strenglh of S-member, claw-plaie conneclor
joints, bearing parallel to grain, sonthern yellow pine !

{a46-Inch connectors; Le-ineh bolt; holt bole #e inch.  Center members § inches wile, £ Inchies thivk; side
membors, Y-inel metal plates]

Propeclies of specitnens  Proporiional Ymit } : Magimm ¢
End margin ¥ | : .
{inches) *Moisture | Spacifie
| content ; gravity

1

3 cottpressiva. - GA8-inel

; Masimum | E . Tong at |
i i
i strengti : Slip 1 slip Lagd i Siip

FrRin

|
! parailel to !

i
| | Pounds per : ‘ H

i sqaaee inch » fochk | Pauads - Pounds Inch
b ; T, : 0086+ 15325 3
! . 557 A : 6%
o i O34 W 550
; L6308 [ 24,000
i L6255 ; ,950
. LA 0 34 950
i J025 0 3,050

t Vahues pre gvernges of 2 bests,

2 Tystance {rom end of dhinher to conter of hoit hinle,

3 Based oa the weight of oven-dey wood amed (b volnme at tiste of test.

{ The lond pid slip ot Ges drop were approsimeaiely the same ns thal ol the muaximem.
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SPACING OF MULTIPLE CONNECTORS {BEARING PARALLEL TO GRAIN)

The determination of the effect of the spacing of claw-plate connect-
ors along the length of o member when bearing parallel to the grain
was nob included n this investigation. It may be abserved, however,
that the stresses induced in the member by the claw-plate connectors
conform closely to those for the split-ring connectors, and the spacing
vequirements would sherefore be expected to be somewhat similar,

These requirements are that the optimum center-to-center spacing
between connectors should be at least 3 inches, plus 14 times the diam-
cter of the comnectors. When the spacing is less than this, the load
is also less, dropping off uniformly to 50 percent ab a spacing cqual te
the diameter plus three-eighths inch for the 23%- and 3¥-inch connect-
ors, or. one-half mch for the 4-inch connector {p. 63 and table 6).

For other details pertaining to the placement of claw-plate con-
nectors in multiple joints, it is suggested that for cquivalent loads and
sizes of conmectors the rceommendations established [or split-ring
conneetors be used.

5IZE OF BOLT HOLE

The diamefer of the bolt hole in all Lests made with the claw-plate
connectors was one-sixteenth inch larger than that of the accom-
pauying bolt. Tesls to determine the effect of an oversized bolt hole
on the strength of the joint were made with the 34%-inch claw-plate
and a 4-inch bolt beaving parallel to the grain of southern yellow pine
specimens.  The bolt-hole diameter in half of the six specimens tested
was onc-half inch; and in the other half, nine-sixtecnths meh.

The results of the tests are given i table 31, and the ratio hetween
the londs atb various slips for the joints with ¥ and ¥-ineh bolt holes
are shown graphically in figure 38. It may be observed from the
vesults that the difference in load between the two types of joints 1s
not great. The greatest difference occurs at 0.02-inch slip, where the

1o

—
Ty
e

RATIO OF LOAD % (PERLENT)
]
o

Ty
<y

o4 8.2 .3
SLIP IN JOINT (INCH

Fioore 38.-—-Effeet of size of bolt hole on the lond at various siips for 3-member,
claw-plate conneclor joints consisting of 3%-inch connectors and a ¥-inch holt,
metal side plates, hearing parallel to the grain of air-dry southern yeliow pine.
Joint 4, bolt hole Me-inch larger than bolt; joint B, bolt hole exact size of holf.
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~ load for the joint with an ovorsized holt hole is 92 percent of the load
for a joint with a bolt hole equal in size to the bolt. The maximum
loads for the two types of joints are very ncarly equal, although the
slip ot maximum load is somewhat greater when the oversized bolt
“holeis used, .

TasrLe 31.—Effect of He-inch aversized boll hole on strength of S-member, claw-plate
connector joints, bearing parallel to grain, southern yellow pine’

I
Weingh balt @ %s-inekh bolt
hole (0,492 | hele (0.48%
ineh holt) ineh holi)

- Projserties of speeinlans:
Toisture content N 1 (G A 12.1 11.9
Specific uravity 2. .50 LB13
Mpximum compprassi 7,811 B, 131
- Results of bosts:
Proporiional litnit:
Load. ...._.... ponnds 12,670 12,670
Slip . amn . ..inches __ 0. 1126 0. 028
Load ol B . ... pounds, 24,70 24,820
Maxjmgun:

.. do.L, 3, 190G 34,240
..... Linehes, | 0.40 Q.51

b Valies are averages of 3 tests bf 3%-ineh vonnectors.  Size of conter wembers (foehes) Width, 5; thiek-
ness, 4. Side members were M-ineh matal plates. .
* Based on the weight of oven-dry wood and the volume ul thme of test.,

. The ratio between the slip of the joints with and without an over-
- gized bolt hole is about 110 percent ab loads from 4,000 o 9,000
pounds, but the magnitude of the difference in slip is small.

MOQISTURE CGONDITION OF THE WOOD

Tests to provide information on the strength of claw-plate con-

. nector joints as affected by the moisturce condition of the material

were made with the 34%-inch conncetors in redwood specitnens.'®

. Each joint consisted of a center wood member and two steel side

" plates. The tests were made parallel and perpendicular to the grain
of matched green and dry specimens.

The joints made of dry maferial were tested bmmediately after
assemnbly. Those made of green material were divided into two
groups, onc of which was tested immediately after assembly and the
other after the materinl had been scasoned to an air-dry condition,

"The results of the tests given in table 32 show that for redwood

. thefe is no appreciable difference in loads for the different conditions

tested. The shrinkage and the ratio between the strength properties

of green and dry redwood are less, however, than for most other

- structural specics, and the results may, therefore, be somewhat differ-
ent for other woods.

NET SECTION OF MEMBER

The net section requirements for the claw-plate connectors con-
form, in general, to those cstablished for split-ring connectors (p. 73).
The projected area used for the claw-plate connectors is equivaient to
thatfor a cylinder extending to the points of the fceth.

5 Beg footnote, B 73
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TanLe 32.—Effcct of moisture condition. of members on stre

ngth of 8-member, claw-plate conneclor joinls, bearing either parallel or perpendicular
to grain, redwood !

LOADS ACTING PARALLEL 70 GRAIN

. 2 of enpol - | Dimensions of | Properties of speeimens Proportional | N g Maximumorload
Condition * of specimens specimens when tested limit : Flrst dron |y 5 g-inch slip
1 ] i ) ‘
i : : Maxi-
: : i ) mum
: * Phrick- Alois- (Specifict] com-
When tested + Width i 5o ture grav- | pressive | Load i Load | Slip
nes content] ity strength i
parallel i
to grain |

Size of enunector

When
assenmibled

t
Pounds
Der squire
Inches | Percent inch Pounds, | Pounds| Powds| Inch
!;\ir-dry.. .1 Adrdry | 4 7.5 1 0.359 12,670 , (M 17,4930 1 20,620 i
34-inch connector; Y6-inch bolt 4 Green. . ... do. 40 IL6 . 385 10, 830 L0221 19,070 ¢ 26,670 .32
cdo... . ; Green 47 139.2 . 355 12,170 . 18, 370 i 24, 830 44

LOADS ACTING PERPENDICULAR 10O

[} b
i Ai 8.0 0.320 6,530 | 0,030 | 16,860 : 11440 c.11
334-inch connector; ¥4-inch bolt 4. Gireent.,. . d tL§ . 358 b 6,830 1 L0801 10,800 1, B40 11
~...do . 152.0 L3P L] 6,000 L03D § 10,080 § 11,720

I
}
1 Values dre averages of 3 tests. 3 Based on the weight of oven-dry wood and the volumo at time of test.
2 When the specimens were assembled and tested in the same cotulition the tests were U Plye diameter of the bolt hole was s inel larger than the nominal disineter of bolt.
made immediately after assembly; all others were made 17 months after assembly.. Cen- :
ter timbers were 5 inches wide and 4 inches thick; sideé members were Le=inch metal plares,
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