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Abstract

Rounded Dovetail Joints (RDJ) are a viable connection concept that can be successfully applied
in heavy timber construction in North America given appropriate design guidelines.
Experimental and numerical research provided input data to develop design guidance. This
Technical Bulletin covers the fundamentals and gives some practical advice on reinforcing RDJ.

Introduction

Rounded Dovetail Joints (RDJs), named after the rounded shape similar to a dovetail, as
illustrated in Figure 1 (left), are a versatile concept for connecting structural timber members,
with the most common application being the joist-to-beam connection. A variety of dovetail
configurations were employed throughout Europe and Asia with their design usually governed
by practical considerations. High labor costs and inefficiencies due to overly conservative
designs rendered these joints uncompetitive. Developments in CNC wood processing machines
re-established the cost effectiveness for carpentry type wood-to-wood joints. While RDJs were
originally adapted to be CNC produced, new hand-routing systems allow small scale companies
to produce and use RDJs.

A number of experimental studies on RDJs indicated that geometric features, summarized in
Figure 1 (right), govern the load transfer mechanism in the joints [1-7]. These studies highlight
the fact that failure of RDJs under shear loading is typically brittle, as illustrated in Figure 2, and
occurs in the elastic range of the load-deformation curve. The influence of manufacturing
parameters, including moisture content, was investigated demonstrating that joints manufactured
and tested with low and constant moisture content outperform those manufactured and tested
under other conditions.
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Figure 1 — Rounded Dovetail Joint: photo (left) and geometric parameters (right)

Figure 2 — Brittle failure Rounded Dovetail Joint: joist (left) and main beam (right)

Minimum distances for spacing RDJ need to be considered [4]:

e Main beam width for joints on one side: t + 2 in;

e Main beam width for joints on both sides: 2:t + 4 in;

e Distance between two joist connecting to one main beam: 20 in;
¢ Distance between RDJ and main beam end: 20 in.
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Design of Rounded Dovetail Joints

The joists of RDJs behave similar to end notched beams - both details represent situations where
brittle fracture via crack propagation is an issue. The allowable load of the dovetail joist member
can be estimated by reducing the allowable shear stresses acting on the dovetail area:

. 2 .
Vr,JZE'Ai'FV'kV (1)

where: V., =allowable load for joist, Ibf
A; = dovetail area, in?
F, = shear strength parallel to grain, psi,
ky = reduction factor due to stress concentration

Individual manufacturers obtained product approvals, one of them, “baukunst philipphaus” [8],
provides a simplified calculation of the effective dovetail area, Ay, as follows:

A =b-(d,-r) (2)

where: b, = dovetail width, in
r, = dovetail radius, in,
d; = dovetail height, in

As can be seen from equation 2, neither the dovetail angle, k, the flange angle, a, nor the flange
length, t, have any direct impact on the allowable load for the joist. Commonly as a result of the
cutting tool geometry, a and t are approx. 15° and 2 in, respectively, and k results from the ratio
of b to b;.

Analytical approaches based on linear elastic fracture mechanics are now given in design
standards such as Eurocode 5 [9]. For simplicity, the NDS approach for end notches [10] that
computes ky as the ratio of dovetail height, di, to beam height, d, can be used:

o =[%] ®

As design criterion for the main beam, an empirical formula that estimates the design load based
on the expected location of the crack that develops on the mortise base can be used:

V= 514-[dM —d, +%j (4)

where: V., = allowable load for main beam, Ibf

dwv = main beam height, in
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Reinforcing Rounded Dovetail Joints

Depending on connection accuracy, small loads are sufficient to cause significant initial
alignment behaviour of RDJ, see Figure 4. Therefore joints should be tight fitting and
manufactured using timber that has a moisture content close to the equilibrium moisture content
that the timber will achieve in use. Further, significant relative vertical deformation between
members may occur at loads as low as 30% of the joint capacity. As a consequence,
reinforcements are a promising possibility to improve the structural performance of RDJs. Self-
tapping screws (STS) do usually not require pre-drilling and are therefore faster to install than
traditional lag screws or wood screws, making them a cost efficient connector appropriate for
many timber structures [11]. STS with continuous threads are hardened to produce a high yield
moment, tensile, and torsional strength. The cutting thread and surface coating are designed to
avoid the need for pre-drilling, thereby ensuring easy assembly.

In one project [6], three reinforcement methods for RDJs (d = 10.8 in; b=4.9in; d; = 8.0 in;
b; = 2.0 in) using STS with continuous threads and a diameter of 1/3 in were evaluated:
e R1:joist reinforcement with STS at an angle of 90° between the screw axis and the wood
grain of the joist (Layout 1 in Figure 3; blue curves in Figure 4 left);
e R2: reinforcement of joist and main beam with STS at an angle of 55° between the screw
axis and the wood grain of the joist (Layout 2 in Figure 3; green curves in Figure 4 left);
e R3: reinforcement of joist and main beam with angled STS crossing each other (Layout 3
in Figure 3; red curves in Figure 4 left).

All three reinforcement methods significantly increased RDJ capacity compared to non-
reinforced RDJ (black curves in Figure 4 left), and stiffness was significantly higher when main
beam and the joist were reinforced with STS and ductility was slightly higher, see Figure 4 left.
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Figure 3 — Layouts of RDJ reinforcements
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Figure 4 — Load-deformation curves illustrating reinforcement effects

Subsequent work from Switzerland [7] studied further reinforcement methods on smaller RDJs
(d=4.7in;b=3.1in; d; =3.1in; by = 2.0 in) to improve their stiffness:
e S1: oversizing the tenon width by approx. 1/10 in to create a tighter initial fit;
e S2: reinforcement of joist and main beam with STS (STS with continuous threads and a
diameter of 1/4 in placed at an angle of 45°were used);
e S3: reinforcement with an adhesive layer (a stiff and brittle two-component epoxy —
SikaDur330 — was used) between joist and beam; and
e S4: reinforcement with a combination of self-tapping screws and adhesive layer.

The research allowed drawing the following conclusions, as illustrated by the average load-
deformation curves in Figure 4 right:

e The structural performance of these joints can be significantly improved by simple and
economic means of reinforcements.

e The relative vertical joint deformation can be decreased by oversizing the tenon by
approx. 1/10 in to create a tight fitting joint, or by the use of STS. Within the parameters
investigated, these methods did not increase joint capacity.

e Applying an adhesive layer further increases the joint stiffness and eliminated the relative
vertical displacement between joist and beam

e A combination of both methods (adhesive layer and STS) did not provide further
improvements compared to the adhesive layer by itself.
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