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When designing, manufacturing and maintaining of woodworks and elements of wooden
structures it is necessary to solve the problem of providing the calculation of strength,
stiffness and their bearing capacity. This problem becomes particularly relevant while
reconstructing and new wooden house building, as the correct choice of connection type
influences the technical possibility to use wood in the elements of structures. Such types of
special connectors as claw washers, gang nails, dowel connections, etc. are used for these
purposes. The existing range of claw washers implies different diameters, thicknesses,
and claw configurations depending on the required bearing capacity and cross-sectional
dimensions of sawn timber. The accepted physical model of wood is a transtropic body. The
forces transmitted in the joints of the elements of wooden structures are perceived by the
total contact surface of the mating elements. However, the work of individual teeth of claw
washers has been poorly studied: research on influence of geometrical characteristics of the
tooth on the bearing capacity of the connector is absent; variation in thickness of the
connector is not assessed. A double-sided claw washer of the Bulldog type (prototype) with
the diameter of 50 mm was adopted as the object of study. Various schemes of cutting of the
claw washer with predetermined dimensions (width and height) of a triangular tooth are
considered. The influence of dimensions on the bearing capacity of the thickness of claw
washers is estimated within 1-1.5 mm. The main criterion for the selected cutting patterns is
the ability to produce the washers by single-impact stamping without additional trimming.
Double-sided claw washers of 5 different types with the number of cog-teeth from 8 to
12 items on each side were studied. A differential equation of the 4th order is accepted as a
mathematical model of cog-tooth action. The equation describes the behavior of a dowel on
an elastic base with a fixed value of bending stiffness EI. The transition to which was
carried out from the variable value EI = f(x) by searching for the equivalent width of the
cross-section from the bending conditions of the element of the triangular section of a
variable directed normal to the frontal surface and a constant directed normal to the lateral
surface.
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Introduction

Wood is a self-renewing natural resource with special strength, technological
and anisotropic properties, which must be taken into account when designing and
calculating of the connectors. The most responsible issue is the interaction of wood
and the connectors in the contact zone. V.M. Vdovin [6], M.S. Galakhov [7],
D.S. Ishmaeva [10], A. Karelskiy [11], B.V. Labudin [14, 16, 17], Xu Yun [21],
E.V. Danilov and A.G. Chernykh [8], A.O. Orlov [27, 28], J.N. Karadelis and
P. Brown [24], E.-M. Meghlat, M. Oudjene and H. Ait-Aider [25], H.J. Bla3 and
P. Schidle [22], Cechavigius R. [23] and others were engaged in designing and
calculation of the connections of wooden structures with the help of metal
connector plates and washers.

Various types of connections on dowels, Lennov’s claw washers, glued steel
corrugated gang nails, Bulldog claw washers, and others have been developed from
the whole variety of joints used in wooden structures [1-3]. Such connections are
used in manufacturing roof trusses, compound beams, columns and flat ribbed
panels, in the amplification of wooden structures of different purposes, and also in
fitting connections.

A wide variety of connectors [15] was presented and metal connector plates
were considered (Fig. 1) in our research [18].
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Fig. 1. Varieties of gang nails and claw washers: a — Alligator gang nail; b — Engineer
Khorkov’s gang nail; ¢ — Kabakov’s gang nail; d — Lennov’s claw washer; e, f— Bulldog
claw washers; g — glued steel corrugated gang nails
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Bulldog claw washers consist of low-carbon steel with or without cold-rolled
covering. Types of steels from DC01+C390 to EN 10139, or cold-rolled high-
strength cold stamped steel from N320M to EN 10268 are used as a body material.
Claw washers are round plates made of thin (from 1 to 1.2 mm) steel with triangular
shaped claws bent perpendicular to the plate plane. They are made with one-sided
(Fig. 1, e) and two-sided (Fig. 1, f) bending of teeth. The advantages of these claw
washers include the simplicity of pressing the connection, the lack of necessity of
preliminary drilling of holes, and the high bearing capacity of the connection.
Bilateral Bulldog washers can be used not only in nodal connections, but also for
improvement of shear stiffness of dowel connections of wooden
structures [16]. The  calculation of connections  with these claw washers is
performed according to [20].

Research objects and methods

The range of washers of the Bulldog type manufactured by the Bova-Nail
company [26] is shown in Table 1.

Table 1
The range of the Bulldog claw washers
Diameter of a claw washer, mm 50 75 95
Diameter of a bolt, mm 17 23 36
Minimum pitch of washers, mm 70 110 140

A double-sided Bulldog claw washer with a diameter of 50 mm is taken as a
research object. It was made of a steel plate of 50 mm diameter, 1 mm thick, in
which 12 notches were cut in advance. The number of notches is equal to the
number of teeth on each side of the washer; the angle between the notches is

denoted by a.
)

4
’ D
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o

Fig. 2. Scheme of a workpiece for stamping out the Bulldog claw washer with a diameter
of 50 mm and the values that determine the tooth dimensions

Notches

Lside

Inoteh =

lnatqh

The notch length I, determines the value of the side of the washer tooth. The tooth
height hyon equal to the product of the length of side lgqe Of a triangle to the cosine of half
the angle B between the inner side of the tooth and the chord of the arc outer side of the
tooth. The length of the tooth base I, is equal to twice the product of the length of the side
lsige by the cosine of the angle between the side and the base of the tooth y.
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The production efficiency of claw washers is based on the possibility of their
manufacturing by single-impact stamping from a round steel workpiece, and the
tooth dimensions should determine the possibility of making the washer without the
need for additional undercutting, which is important for the purposes of rational
material consumption.

It is necessary to consider several options of washers with different number
and sizes of teeth should in order to select the rational shape of the claw washer.

While the washer is operating in the connection, it is reasonable to evenly
distribute the forces along the tooth width, so that the tooth sides forming the angle
B (Fig. 2) are equal to each other. Therefore, the reference length of the notch for
subsequent stamping should be determined by the following:

lehora = 2Rsin (%), 1
where lghorg — chord length, mm; R — radius of the round plate of which the washer is

stamped, mm; o — angle between the notches, determined by the expression:
360
o =

1
n

where n — number of notches (teeth).

We obtain an expression that determines the required length of the notch for
a given number of teeth taking into account the necessity of equality of the tooth
sides, and therefore the equality of the length of the notch and the chord of the half

of the arc:
360

lhoten = 2Rsin (E) (2

The small size of teeth, when wood shrinks, leads to their extraction from the
contact zone, which greatly reduces the connection strength in moist timber [13];
this is a significant drawback of claw washers. Therefore, it is advisable to consider
options of washer design with increased dimensions of teeth, which implies the
need to reduce their total number.

The notch depth at a predetermined number of teeth is determined by the
equation (2):

N=8: lnotech = 9.8 MM; higot = 7.5 MM; bpase = 12.4 mm;

N=9  leh = 8.7 MM; higotn = 6.7 MM bpase = 11.2 mm;

N=10: lnoech = 7.8 MM; higotn = 6.0 MM; bpase = 10.1 mm;

N=11: loech = 7.1 MM; higotn = 5.4 MM; bpase = 9.3 mm;

N=12: lnoteh = 6.5 MM; higotn = 4.9 mMm; bpase = 8.6 mm.
Claw washer options are shown in Fig. 3.

d e

Fig. 3. Options of claw washers with a different number of teeth n, pcs: a—8; b - 9;
c—10; d - 11; e — 12 (standard washer)
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Calculation of a tooth is performed as for a cantilever beam on an elastically
deformable base. This assumption is valid under the action of short-term loading
and small deformations, when the maximum allowable value for the connections is
limited by the requirements of the Code of Practice [19]. Considering the claw
material to be elastic and neglecting the influence of lateral forces on deformation
and torsion, adopting the hypothesis of flat sections, we accept the Bernoulli’s
assumption and write the differential equation of the tooth elastic axis as a fixed
beam lying on an elastically deformable base [8]:

EIC)y()"Y + Cy(x) = 0, 3)
where C — short-term bedding value of the base length at an angle to the fibers y.

To solve equation (3), with a cross-sectional moment of inertia variable in
height, we introduce the constant equivalent value EI(x) = const from the
condition that the tip moves under the lateral load on the claw. When bending a
claw from a plane under the action of a variable load ¢(x), an equivalent width be, =
= 0.8b is obtained, where by, — width of the tooth base. Since the task of
calculating the equivalent width when bending the claw with load q = const in its
plane does not have an analytical solution, the values of the equivalent width
were selected numerically by approximating the moment of inertia by a replacement
function for each option. They are: b, = 0.011; 0.009; 0.008; 0.0074; 0.0068 with
the number of claws n =8, 9, 10, 11, 12 on one side, respectively.

Equivalent bending stiffness of a tooth El is determined by the equations (4)
when bending from a plane and in a plane, respectively:

b = o (£2),

b1 = 5. (),

where Eg — modulus of elasticity of steel, Eg = 2-108 kPa; S — thickness of a tooth,
determined by the thickness of the steel plate (workpiece); b, — equivalent width.
According to [4] the solution of equation (4) EI(x) = const is the following:

Px Px . Px P Px . Px
y(x) = ez (Clcosﬁ + Czsm\/—i) +e V2 (630055 + C4smﬁ>, (5)

where C;, C, Cs; C,; — integration constants determined from the boundary
conditions; P — expression replacement for convenience of calculation, P = %/C/EI.

When a claw is operating in the elastic stage (before the formation of a
plastic hinge), the boundary conditions can be written as:

(4)

d d3 N
x=0- Z=0u-2=——;
dx dx3 EI (6)
x=h —>d2y— I/Idsy_o
— tooth dx2 dx3 ~

where hyo — tooth height, mm.

With the following subscription P/v/2 = A, arbitrary integration constants
can be found as follows:

Cl = —N 3
8EI'A
C, = NeA" sin Ah—2Ne~4" cos Ah+Ne~4"sin Ah .
2 843ElIeANl cos Ah(eAh+e—Ah) ! (7)
C3 = _Cl’
C, = — Ne4" cos Ah+Ne~4" sin Ah+Ne~4"sin Ah
4 — ’

8A3ElIeAN cos Ah(eAh+e—4h)

where N — load applied to the washer tooth, kN.
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In order to describe the process of wood deformation in a dowel socket of the
contact zone, we use the well-known expression:

y(0) =12 (8)
The total deformation of the socket wood A, in the tooth base (x = 0)is
determined by the expression:

hq(x) _ -Q(0) _ N
A=y fR==R=C ©
When a claw is located at an angle to the vector of the applied load N

(0°<0<90°), proper allowance must be made for the stress components of N applied
through the length and breadth of the claw plane.

We used generally accepted formula [5, 9, 19] in this study, taking into
account the wood anisotropy in order to express the bedding values when bearing
stress at any angle to the wood fibers y:

clemp — G ___ 10
Y 1+(CCT°0—1)sin3y ( )
where C‘femp —short-term coefficient of wood thickness when crushed at the y angle

to the fibers; Co, Coo — bedding values when wood bearing at an angle of y = 0° and
v = 90° respectively, determined depending on the following dependeces [12]:
C™ = (—0.14b, + 2.289)R,;
Ce™ = (—0.094b,. + 0.826)R,,
where €™ and Cie™™— short-term bed coefficients of wood when crushed at
angles of 0° and 90°, kN/m®; b, — width of the creasing side of the tooth, m;
R. — calculated resistance of wood to compression along the fibers, kPa.
The calculation is made for each washer tooth of all presented options. The

criterion of strength of each tooth is the force causing the ultimate deformation of a
tooth Ay = 2 mm.

(11)

Results and discussion

Consider a single-section connection operating at longitudinal shear
(Fig. 4). Conditionally, we believe that the resulting spreader impacts on a bolt, the
work of which on shear along with the claw washer is not conditionally taken into
account.

Deformation of the claw

and the socket y
F' T1TTT
A % N-cosp
Bolt for X
extinction of spreader ! y v
\"‘ SRS, . SR R——
s f
The direction of
the fibers
A
F A

Fig. 4. Scheme of a single-section connection at longitudinal shear (on the left) and the
structural design of a washer claw (on the right)
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The bearing capacity of the washer is determined in the following sequence:

1. It is assumed that a single force N = 1 acts on each washer claw parallel to
the direction of the wood fibers.

2. The force is decomposed into components normal to the frontal and lateral
surfaces of the claw, which form the angles o and 3 with the direction of the force
N and the direction of the fibers.

3. While solving the equations (4) and (9), determine the moving direction of
the claw according to the force component vector N (A, and Agp in the normal
direction of the front and lateral surfaces of the claw, respectively).

4. Determine the ultimate force, taken by the claw, according to the equation:

Nult,c = (Ault/Acr,a) cosa + (Ault/Acr,B) cos 3, (12)
where Ay; — maximum allowable displacement, A,; =2 mm.

5. Bearing capacity of a double-sided claw washer N.,, is determined as the
sum of the supporting abilities of all claws based on the maximum strain of the
joint:

Nuitw = 0.5X Nuie e, (13)
where 0.5 — coefficient that takes into account the bearing of wood on both sides of
the washer.

The calculation results are summarized in Table 2. The dependence of the
bearing capacity of the washers on the thickness is shown in Fig. 5.

Table 2

The bearing capacity of the claw washers depending on the cutting pattern
and the workpiece thickness

Washer cutting pattern Bearing capacity of the washer Ny, kN,
(by the number of teeth depending on the thickness of a workpiece, mm
on one side, pcs) 1.0 1.1 1.2 1.3 14 15
n=28 3.06 3.33 3.54 3.73 3.88 4.01
n=9 3.45 3.67 3.86 4.02 4.16 4.27
n=10 3.72 3.93 4.10 4.24 4.36 4.47
n=11 3.81 3.99 4.16 4.31 4.43 4.54
n=12 4.22 4.38 4,52 4.64 4,74 4.83
5.0
_ X
K
A x

4.5 AT

Fig. 5. Dependence of bearing capacity (Nyw)
on thickness of the plate (t)

The bearing capacity of the washer, kN

1.0 1.1 1.2 13 14 15
Thickness of the plate, mm
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The bearing capacity of a claw washer N, stamped from a plate of the
same diameter can vary significantly (up to 54 %). When varying the thickness of
the plate-workpiece within 1-1.5 mm, an increase of Ny, varies within the limits
of 15-31 %; with an increase in the total number of teeth the influence of thickness
decreases.

With a total number of teeth in the range of 8-12 pcs, the increase in bearing
capacity is 20-38 %, the largest difference is common for the washers stamped out
of a plate 1 mm thickness.

Cutting pattern of a double-sided claw washer with 12 teeth on each side was
found to be the most effective option. Considering small height of teeth (hon =
= 4.9 mm) of the washers of this configuration, they can be recommended for use
only with pre-dried timber, since the extraction of teeth from the sockets when
shrinkage will adversely affect the operation of the claw connection. In wet timber,
the most rational option is the claw washer with 9 tooth and 6.7 mm height.

Conclusions

1. The presented calculation procedure allows theoretical determining the
bearing capacity of the connections of elements of wooden structures on the claw
washers under the short-term loading, as well as determining the rational cutting
parameters for one-sided and two-sided washers of arbitrary diameter.

2. The most effective cutting parameters for a double-sided claw washer
made of 1-1.5 mm thick steel plate are determined according to the condition of
ultimate deformation in the connection of wood elements during longitudinal
shearing.

3. The effect of the diameter of a steel workpiece, the loading duration, and
the species composition of the core elements of wooden structures on the bearing
capacity of the washers requires additional studies.
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IIpy OpPOEKTHUPOBAHMHM, H3TOTOBIEHMHM W OKCIIyaTallMd M3ACIMH W3 JPEBECHHBI H
9JIEMEHTOB JIEPEBSIHHBIX KOHCTPYKILMH HEOOXOJIUMO pelIeHHe IPOoOJIeMbl 0OecreyeHus
pacyeTHOM NPOYHOCTH, >KECTKOCTH W HX HECYIIEH CHOCOOHOCTH, YTO aKTYaJIbHO IIpH
PEKOHCTPYKINH U B HOBOM JIEPEBSIHHOM JIOMOCTPOEHHH, TaK KaK OT MPaBHIBHOTO BBIOOpA
BHUJA COEIMHEHHUS 3aBUCUT TEXHUYECKas BO3MOXKHOCTh MCIHOJIB30BAHUS JIPEBECUHBI B
JJIeMEHTax KOHCTPYKUUil. [l 95TOro NPUMEHSIOT pas3iU4HblE THUIBl CIELHUAIbHBIX
COCIMHHUTENCH B BHJIE KOTTEBBIX INai0, KOJBIIEBHIX IIMOHOK, HATEJIBbHBIX TPYIH H JIp.
CymecTBYIOIMI COPTAMEHT KOITEBBIX A0 I0JIpa3yMeBaeT pas3iM4yHbIe JHaMETpBhI,
TOJIIMHBI ¥ KOH(QUTYPALHMIO KOTTEH B 3aBUCHMOCTH OT TpeOyeMOl Hecyllel ClIocOOHOCTH 1
pasMepoB CeueHHi muoMarepuanos. IIpunaTas Monenab IpEBECHHBI — TPAHCTPOITHOE TEIIO.
VYeunua, mnepenaromyecs B COSAMHEHHUAX OJEMEHTOB  JIEPEBSAHHBIX  KOHCTPYKLHUH,
BOCIIPUHHUMAIOTCSI CYMMAapHOW KOHTAKTHOM IOBEPXHOCTBIO COMNPSIKEHHBIX AIIEMEHTOB.
Opnnako paboTa OTAETBHBIX 3yObEB KOTTEBBIX MIA0 M3ydeHa HEZOCTATOYHO: OTCYTCTBYIOT
HCCIICOBAHUS BIUSHUS TEOMETPUUYECKUX XaPaKTEPUCTHK 3y0a Ha HECYIIYyI0 CIOCOOHOCTh
KOHHEKTOPA, HE OIIEHMBACTCS N3MEHEHNE TOJIIMHBI COSIMHUTENS 1 Ip. B kauecTBe 00BbeKTa
WCCIICIOBAHMSl TPUHAT NPOTOTUII — JBYXCTOPOHHss KorTeBas miaiba tuma «Bulldog»
quamerpoM 50 MM. PaccMOTpeHBI pasnUYHBIE CXEMBI PAcKposl IIaiObl, B KOTOPOH
TIpeIoTIpeiesieHbl pa3Mepsl (IIMpHHA U BBICOTA) 3y0a TpeyroiabHoi (opmbl. OueHuBaercs
BIMSHHE Ha HECYNIYI0 CIIOCOOHOCTh TONIIMHBI IIaiOBl (3arOTOBKM) B TIpejenax
1,0...1,5 MMm. OCHOBHBIM KpHTEpHEM BBIOPAHHBIX CXEM PACKpOsS SIBJISIETCS BO3MOXKHOCTB
W3TOTOBJICHHS A0 OJHOYJapHOM IITaMIOBKOW 0€3 IOMOJHMUTEIBHOW IOJPE3KH.
HccnenoBano 5 BapHaHTOB ABYXCTOPOHHHMX KOTTEBBIX A0 € KOJMYECTBOM 3yObeB
8-12 mwT. ¢ Kax0i CTOpPOHBL. B kauecTBe MaTeMaTHuecKoi MojaeIn padoThl 3yda MPUHATO
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muddepennmansHoe ypaBHeHHE 4-rO TOpsi/IKa, OIMUCHIBAIOLIEE IOBEJACHUE Hareias Ha
YOpYyroM OCHOBAaHWHM C TIOCTOSHHBIM 3HA4YeHHEM W3THOHON >kecTkoctH El, mepexonm x
KOTOPOMY OCYIIECTBISZICS OT TMepeMeHHoro 3Hauenmst El = f(X) myrem mowmcka
SKBUBAJIEHTHOW LIMPHHBI CEUCHUSI U3 YCJIOBHS M3rHOa dJIEMEHTa TPEYroJbHOIO CEUCHMs
MIpY TIOMOIIM TIEPEMEHHOM, HampaBIeHHOW HOPMAbHO K (POHTAIBHON MOBEPXHOCTH, H
MTOCTOSTHHOM, HANPaBJIEHHOW HOPMaJbHO K OOKOBOH TTOBEPXHOCTH.
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