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Use of timber as a construction material has entered a period of renaissance since the development of high-performance
engineered wood products, enabling larger and taller buildings to be built. In addition, due to substantial contribution of the
building sector to global energy use, greenhouse gas emissions and waste production, sustainable solutions are needed,
for which timber has shown a great potential as a sustainable, resilient and renewable building alternative, not only for
single family homes but also for mid-rise and high-rise buildings. Both recent technological developments in timber
engineering and exponentially increased use of engineered wood products and wood composites reflect in deficiency of
current timber codes and standards. This paper presents an overview of some of the current challenges and emerging
trends in the field of seismic design of timber buildings. Currently existing building codes and the development of new
generation of European building codes are presented. Ongoing studies on a variety topics within seismic timber
engineering are presented, including tall timber and hybrid buildings, composites with timber and seismic retrofitting with
timber. Crucial challenges, key research needs and opportunities are addressed and critically discussed.
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| 1. Introduction

In the past century, extensive demand for steel, concrete and masonry as construction materials pushed the development
and significant advancement of building codes, standards and guidelines for structural systems based on these materials
WEE, |n seismically-prone areas around the globe special attention had to be paid to ensuring seismic resistance of
structures as well. Seismic design of structures differs from "regular" structural design in several aspects; structural
response to strong earthquakes is dynamic, nonlinear and random, whilst almost all the rest actions and responses are
static, linear and deterministic. Due to globalization, seismic design of structures has recently become part of the regular
structural engineering curriculum and practice, even in the areas where earthquakes are not so relevant. Past, present
and future trends in analyses in seismic provisions for buildings are very well explained by Fajfar [,

On the other hand, although serious studies on earthquakes and seismic activity began about a century ago, intense
research in the field of seismic design of timber structures started only a couple of decades ago, with the advancement of
engineered wood products (EWP), which enabled more complex and ambitious timber construction. Global tendency
towards more sustainable, energy efficient and environmentally-friendly building solutions has further popularized timber
as principle structural material.

Wood in its nature differs significantly from concrete, masonry and steel, as it is considerably lighter compared to them
and it is an anisotropic natural material, while the other ones are isotropic man-made materials. These material
characteristics influence significantly the overall structural and seismic performance of timber buildings. Recent
technological developments and exponentially increased use of engineered wood products and wood composites
reflected in deficiency of current timber norms and standards. This paper focuses on some open questions and recent
developments in timber engineering regarding the use of timber in seismically active regions, on seismic design of timber
structures and normative acts in Europe, and especially on the lack of information in the Eurocode 8.

Recently completed COST Action FP1402 has contributed to a better understanding and overview of broadly available
scientific results and the specific information needed by the code-writers, authorities, designers and end-users in the safe,
durable and efficient use of timber in structures and, consequently, increase its acceptance and use in the design of
buildings. Significant progress has been made with respect to the cross-laminated timber (CLT) structures EI6IZI8IE]
timber—concrete composites LALLIL2] 3nd understanding of the connections in timber structures L3IL4IILSII6] A5 3 result,
input data for the improvement and future development of EN 1995 are given L4, However, several topics on seismic
design of timber structures still need further investigation 18!,



| 2. Timber Buildings—Future Trends and Challenges in Seismic Design

Due to the rapid advancement in the development of engineered wood products (EWP) and structural connections,
presented earlier in this paper, more and more new applications of EWPs in timber engineering and other engineering
fields have emerged. These applications extend from possibilities of building taller timber buildings, to combining timber
structural systems with structural systems based on other materials such as concrete and steel, forming so called hybrid
timber buildings, exhibiting even higher potential for high-rise construction but also additional challenges to overcome.
Further, a combination of advanced EWPs and structural connections can also serve for new composite load-bearing
assemblies, such as timber—glass composite wall systems. Finally, advanced EWPs have also been proposed for seismic
retrofitting of existing buildings, not only for existing buildings with timber structure, but also existing buildings with stone,
masonry and concrete frame structure. Based on the current state-of-the art, key future research and development needs
and trends in these selected topics are identified and presented.

2.1. Tall Timber Buildings

Building with timber, in recent years, has become a huge trend among the construction sector around the world. With
products like CLT, the possibilities are enormous. It is obvious that the market is changing and wood as a structural
material will become more relevant and more in use in the following years. It is now well understood that the concrete and
steel industries are highly energy intensive and contribute to a significant portion of global carbon emissions, and wood is
becoming an obvious solution to reduce it. If sustainably sourced, timber is undoubtedly one of the most environmentally-
friendly materials currently available, being a natural carbon sink and truly renewable 12

Tall timber buildings are built almost on a monthly rate and more and more are planned in the near future. Short overview
of the existing tall timber building and buildings under construction are given in the Figure 1 and one erected building is
shown in Figure 2.
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Figure 1. Tall timber buildings around the world—combined data 291241(22],
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Figure 2. Tall hybrid timber building Brock Commons, Vancouver, Canada.



2.2. Hybrid Systems with Timber

Combining timber with other materials, to achieve composite action, enables the strength of timber to be enhanced and its
shortcomings to be strengthened or eliminated. Timber is most commonly combined with concrete and steel, but recently
also with glass and polymers. Pre-stressed timber buildings 23, timber—steel hybrid systems [24[25] and timber—concrete
hybrid systems 28 are already in use and are proven as earthquake-resistant structural systems. Nevertheless, due to
tendency towards taller and larger timber construction, and consequently higher structural performance demand, these
topics continue to be furtherly explored in terms of experimental, numerical and analytical studies 21281291 |n this paper,
hybrid systems with structural glass will be briefly addressed. While timber—concrete and timber—steel hybrid structural
systems are already widely applied to mid-rise construction in practice, the timber—glass hybrid structural system is still
emerging. In this section, current state-of-the-art of this hybrid structural system is presented and key open questions and
challenges for its future possible launch to the construction market are discussed.

2.3. Seismic Retrofitting with Timber

Seismic retrofitting can be defined as the modification of existing structures to make them more resistant to seismic
activity, ground motion or soil failure due to earthquakes. Seismic retrofit strategies have been developed in the past few
decades following the introduction of new seismic provisions and the availability of advanced materials. Different
techniques and methods are applied for a seismic retrofitting of different structures (e.g., concrete structures [BA[E1E2]
timber structures B3lB435] historical and heritage structures [B8IE7E8] and especially masonry structures EIE220][41]y

The state-of-the-art research have; therefore, shown that a CLT seismic strengthening system has the potential to be used
in design practice, but currently there is still a lot of "unknowns" and further research is needed. A holistic approach should
be applied—seismic and energy retrofitting—as both are very important. In addition to the currently existing regulation on
energy certificates of buildings, which are informing the general public, owners and potential buyers as to which condition
a building is regarding the energy consumption, a similar concept shall be established for seismic evaluation of buildings
—"seismic certificates". This will, on one hand raise awareness of current owners about the seismic health of the buildings
where they live, and on the other hand additionally define and position a real estate worth on the market, and; therefore,
influence the demand on the seismic retrofit of existing buildings in order to be competitive on the market.

| 3. Conclusion

New technologies and knowledge in timber engineering opened many new possibilities in timber application, not only for
new timber buildings, but also in combination with other conventional building materials forming hybrid and composite
assemblies and structural systems, and also for retrofitting of existing buildings. Here, in addition to an overview of some
of the current challenges and emerging trends of seismic behavior of timber structures, the focus was set on three topics
of advanced engineered wood products applications (tall timber buildings, composites with timber and seismic retrofitting
with timber), which are representing new trends of timber engineering and push the boundaries of timber for the use in
sustainable construction. All three discussed topics have shown lots of potential for their application in seismic areas, yet
there are still several research challenges which need to be addressed in terms of seismic performance and seismic
design.
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