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Detailing of timber structures in
seismic areas

Objective
To give guidelines for the design and evaluation of structural details for timber
construction in seismic zones.

Summary

Structural detailing is a very important issue for earthquake resistant buildings. This
is particularly true in the case of timber structures where the conception of the
structural behaviour as a whole and of single joints play fundamental roles. In this
lecture particular attention is therefore paid to the structural form and to the
ductility and dissipation properties of joints that can be reached only if details are
properly conceived. The intention is not to present an exhaustive list of possible
cases but to give the key for a better understanding of real needs. Examples are
taken also from ancient constructions in order to enable modern designers to learn
from past experience about earthquake-safe constructions, when calculation codes
were not yet available.

Introduction

In the design process of construction in seismic zones great attention is always paid
to the calculation of the load-bearing elements: codes dedicate a large space to it.
Nevertheless designers must be aware that the diligent application of the calculation
rules will not be enough for the success of the construction. The reality is that
constructional arrangements and details are also important. In other words
calculation per se is not sufficient without good detailing. Eventually the opposite
may be true; i.e. for constructions of small dimensions, regularly arranged in plan
and in height, with some minimum dimensioning of element sections, few
guidelines about bracing and connections had been in general sufficient, as shown
by experience, to resist earthquakes. Therefore in many seismic codes around the
world a list of minimum dimensions and requirements with structural examples are
given for small structures which do not need to be calculated (Ceccotti, 1989).

In the present version of the European Seismic Design Code (Eurocode 8) a similar
possibility has been not considered because of the diversity of construction
techniques through different countries of the European Union. Anyway in Eurocode
8 in addition to calculation criteria a lot of detailing rules are given in order to:

. assure compliance with some very important hypotheses which form the basis
of the calculation methods and to give at the same time advice against the
most dangerous mistakes;

- assure the attainment of the required ductility level and, consequently, of the
relevant "behaviour factor" used for the evaluation of the inertia forces. For
example in part 1.3, chapter 5 - "Timber Structures” - of Eurocode 8 some
detailing rules are given in order to assure good ductility behaviour of the
mechanical joints.

Actually, in order to avoid limiting the building activity with timber, Eurocode 8
is a performance-based code and in principle any joint may be acceptable if it fulfils
some ductility performance test requirements (see STEP lecture C17), but in most
current cases a few detailing rules are sufficient to avoid tests.
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Nailed shear panel systems have given excellent ductile behaviour, much better than
any diagonal bracing system. For that reason in the connection of sheeting to the
timber framing, in Eurocode 8 it is stated that for proper ductility it is sufficient that
the sheeting material is wood-based and the thickness ¢, of the sheeting material is
at least 4 d, where d, the nail diameter, does not exceed 3,1 mm. This is valid
provided that the wood-based materials meet one of the following conditions:
particleboard-panels with a density of at least 650 kg/m®, plywood-sheeting at least
9 mm thick, or particleboard and fibreboard sheeting at least 13 mm thick. Smooth
nails and staples are still suitable in diaphragms when connecting sheeting materials
to the timber frame. A point side penetration ¢, of 4-6 times the sheeting thickness
is appropriate. However in the general case smooth nails are not recommended
without additional provisions against withdrawal, e.g. by coating or clenching.

Figure 10  Basic detailing requirements in Eurocode 8.

Besides Eurocode 8 considers that dowelled and nailed timber-to-timber and steel-
to-timber joints, when the minimum thickness of the connected members is at least
8 d and the dowel diameter does not exceed 12 mm, are sufficiently ductile. The
reason why this applies is that for the best performance under cyclic load a mode
III failure of the joint is desirable (that means thick timbers and slender dowels).
Now, referring to the diagrams in STEP lecture C3 (see Figures 11 and 12) it is
easy to recognise that the fields corresponding to the desirable behaviour are

characterised by values of ¢, / ‘/My | f, dand ¢, [ VM, | J, d ratios bigger than

about 3,5. Therefore with reference to the usual values of timber embedding
strength and fastener steel yielding strength it is possible to state that the minimum
thickness of the connected timbers -8 d- is very much on the safe side, in ductility
terms.

If a designer wants to propose different fastener arrangements or different materials,
it is allowed, provided it can be demonstrated by tests that the EC8 performance
requirements under cyclic loading of the joint are fulfilled (see STEP lecture C17).
Obviously before proposing new arrangements it is important to have clearly in
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mind that the basic idea is to try to obtain a mode III failure in order to couple the
dissipation due to the embedding of the timber with the dissipation due to the

plasticity of the fastener’s steel.

Note: it is evident that some detailing rules given by Eurocode 8 are thought to
achieve the necessary ductility level. But what about the case when the designer
chooses to design the structure without making reference to ductile and dissipative
behaviour, i.e. with ¢ = 1? In principle it is not essential, for example, to use
slender dowels, but the use of slender dowels will for certain give to the structure
a reserve of ductility that is always very welcome, without any extra cost. So the
suggestion of the authors is to follow as much as possible the detailing for ductile
and dissipative behaviour even for structures calculated as non dissipative.

Concluding summary
Structural detailing is very important in timber structures in seismic areas in order

to guarantee the flow of the efforts through the entire resistant structure from
foundations and ground to roofing and vice versa (structural form and continuity);
and to ensure a sufficient resistance reserve (ductility and dissipation of energy).
Codes and experience can give guidelines for proper detailing but the designer has
the challenge to find for each case the most appropriate solution.
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