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1 INTRODUCTION 
Wood-frame construction has generally performed well to date in moderate to strong 
earthquakes. Such performance is primarily due to the low mass of the structure combined with 
its ability to undergo non-linear deformation without inducing collapse of the structure. Although 
North American style wood-frame structures typically do not collapse in moderate to strong 
earthquakes, the inelastic response is generally associated with significant structural and non-
structural damage that may be costly to repair. In the 1994 Northridge Earthquake, although 
wood-frame structures were regarded as performing well (Rainer and Karacabeyli, 1999) and 
achieved the objective of life safety according to the building code, it has been estimated that 
there was in excess of $20 billion worth of structural and non-structural damage to such 
structures (Kircher et al., 1997). 
 
To address the economic losses after an earthquake, the latest developments in seismic design 
philosophy have moved towards development of low or no damage structural systems. Such 
systems would reduce the damage to the structure while offering the same or higher levels of 
life safety to occupants as previously. There are several ways to avoid significant damage in 
buildings in strong earthquakes. Design engineers can:  

a) increase the design strength of the building so that damage will be minimal,  
b) design the building so that damage will be restricted only to easily replaceable sacrificial 

components, or the damage is minimized by incorporating energy dissipating components 
that do not need replacement, and  

c) isolate the building so that the response of building to earthquakes is dramatically 
reduced.  

 
The first option is the conventional approach and usually results in uneconomical solutions, and 
can result in severe consequences when the ‘mean’ design earthquake is exceeded (such as 
Kobe, Japan where some robust ‘elastic’ strength-based designs for reinforced concrete 
columns supporting elevated viaducts and battered piles failed catastrophically for a ‘higher than 
code’ level earthquake). The second option that incurs little damage despite undergoing large 
deformation during strong ground shaking has gained significant momentum in the last decade. 
For timber structures, one such system is the controlled rocking with post-tensioning and 
supplemental energy dissipating devices developed by the University of Canterbury in 
Christchurch, New Zealand. The third option can be achieved through the use of seismic 
isolation (also known as base isolation), with high inherent damping, sometimes combined with 
further supplemental energy dissipating devices.  By preventing most of the horizontal ground 
motion from being transmitted to the building above the isolation plane, this results in a 
significant reduction in floor accelerations and inter-storey drifts, thereby providing greatly 
enhanced protection to the building contents and components. The intent of most seismic 
isolation designs is to keep all structural components elastic. 
 
Although there has been a steady growth in the application of seismic isolation in concrete and 
steel structures that are designed to have low or no damage under major earthquake events, 
the application in wood structures is essentially stagnant around the world. To prepare for the 
change of seismic design philosophy towards low or no damage structural systems, study of 
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seismic isolation for wood buildings is needed. This will help the industry to maintain the existing 
market and also to explore new opportunities for applications such as hospitals, schools, 
assisted living and elderly care buildings for which “operational” or “fully operational” state after 
a major earthquake is the expected or preferred level of performance. 
 
In this report, a preliminary study has been carried out to review the available seismic isolation 
systems, the current practice of using seismic isolation, the type of buildings where seismic 
isolation has been used, the cost implications, and their feasibility for timber structures.  
 

2 SEISMIC ISOLATION 
As the name implies, the principle of seismic isolation is to decouple the structure from the 
damaging effects of horizontal ground motion in the event of an earthquake. The key elements 
of seismic isolation are listed below:  

• Period-shifting of structure: Seismic isolator is a more flexible device compared to the 
stiffness of the structure. Thus, adding isolators increases the flexibility of the total 
isolated structural system. In this way, this technique increases the structures 
fundamental period thus reducing the demand as determined from design response 
spectra. 

• Mode of vibration: The fundamental mode of vibration (first mode shape) is altered from 
continuous cantilever type structure to an almost non-deforming superstructure with 
deformations concentrated at the isolation level. 

• Damping: all isolators typically have high effective inherent damping, which absorbs a 
significant portion of the potentially-transmitted earthquake energy and reduces demand 
as determined per a ‘modified’ design response spectra. Other supplemental energy 
dissipating devices (dampers) can be installed to augment isolators, if higher levels of 
damping are required.  

• stiffness for low lateral loads: It provides a minimum required stiffness to low level 
service loads such as wind or minor earthquake loads; the isolator behaves essentially 
as an elastic component with minimal deformation or as a non-deforming component for 
such loads. 

 
Building response to earthquakes with and without seismic isolation is illustrated schematically 
in Figure 1.  One of the biggest advantages of using seismic isolation is the reduction or 
elimination of non-structural and building content damage. There are two primary mechanisms 
that cause non-structural and building content damage. The first is related to inter-storey drift 
between floors, and the second to floor accelerations. With fixed base structures, it is almost 
impossible to reduce both the inter-storey drift and accelerations of the building at the same 
time. Seismically isolated buildings have very small inter-storey drift, and much lower floor 
accelerations in comparison to fixed base structures. 
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Figure 1 Earthquake response of (a) regular building and (b) seismically isolated building  

 
Seismic isolation is most suitable for low-rise and mid-rise buildings of which the fundamental 
period without seismic isolation is typically less than 1 sec. The natural period of a building 
generally increases with increasing height. For taller buildings, where the natural period is high 
already resulting in low earthquake forces, seismic isolation is usually not effective.  
 
The soil condition also has an impact on seismic isolation. In general, seismic isolation is more 
effective on stiff soil. If the soil underlying the structure is very soft, the high frequency content of 
the motion may be filtered out, and the soil may produce long period motions. This could 
actually worsen the building response as the buildings with seismic isolation may resonate to 
the earthquake motion.   
 
As discussed above, the seismic isolation system must be able to resist other lateral loads, such 
as wind, without yielding in order to avoid unacceptable displacements. Therefore, if these 
lateral loads exceed about 10% of the structure’s weight, special consideration is required to 
determine if the building should or should not be isolated.  
 
A variety of seismic isolation bearings have been developed and implemented around the world. 
In general, there are two basic types of seismic isolation systems: elastomeric bearing isolators 
and sliding bearing isolators. Some of the most popular seismic isolation systems are provided 
below.  
 
2.1 Laminated Rubber Bearing Isolator 
The laminated rubber bearing isolator (LRB) represents the most commonly used elastomeric 
isolation system. LRB is composed of alternating layers of natural, or synthetic, rubber bonded 
to intermediate steel shim plates, as shown in Figure 2.  In general, the LRB is characterized 
with high damping capacity, horizontal flexibility and high vertical stiffness. The relatively low 
shear stiffness in the horizontal plane is provided by the rubber, and the high vertical stiffness is 
provided by steel shims to control the bouncing effect on the structure due to vertical 
acceleration and vibration caused by the earthquake. The steel shims also help to confine the 
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rubber from bulging out. The damping of the system varies considerably with the strain level of 
the bearing and the type of rubber used. There are “high damping” rubber bearings being 
redeveloped currently, to be more effective and competitive with the lead core rubber bearing 
discussed below. 

 

Figure 2 Laminated rubber bearing isolator 

 
2.2 Lead Core Rubber Bearing Isolator 
The lead core rubber bearing isolator is similar to the LRB except that a central lead-core is 
used. A sketch of the bearing is shown in Figure 3. Invented in New Zealand in the late 1970s, 
the lead core rubber bearing isolator has been widely used for seismic isolation around the 
world. With the addition of a lead-plug in the middle of the bearing, the lead core rubber bearing 
isolator provides additional means of energy dissipation (more damping), and higher initial 
stiffness against minor earthquakes and winds. The lead-plug reduces the isolation level 
displacement by virtue of its energy absorbing capacity and high damping characteristics. 

 

Figure 3 Lead core rubber bearing isolator 

 
2.3 Sliding bearing isolator 
The sliding interface is designed with a low coefficient of friction, which limits the resistance to 
horizontal forces. The simplest sliding bearing isolator is the flat sliding isolator, consisting of a 
stainless steel plate and a low friction interface material such as polytetrafluorethylene (PTFE). 
As a flat sliding isolator has no self-centering feature, restoring force is provided either by added 
springs or through combination with LRBs or with Friction Pendulum (FP) bearings. 
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2.4 Friction Pendulum bearing isolator 
The Friction Pendulum bearing (FP) or derivatives such as the multi-spherical Friction 
Pendulum bearing (illustrated in Figure 4) are among the most widely used seismic isolation 
bearings in the United States (Warn and Ryan, 2012). The single FP typically consists of a 
base-plate (ductile iron), an articulated slider (ductile iron with bonded PTFE type bearing 
material) and a spherical concave dish (cast steel with stainless steel overlay). Under horizontal 
motion the spherical concave dish displaces horizontally relative to the articulated slider and 
base-plate. Friction between the PTFE type material and stainless steel surface provides 
frictional resistance and energy dissipation, whereas the radius of curvature of the spherical 
concave dish provides a restoring force. 

 

a) Single friction pendulum bearing 

 

b) Triple friction pendulum bearing 

Figure 4 Friction pendulum bearing isolators 

 

3 CURRENT PRACTICE IN ENGINEERING CONSTRUCTION  
The first known use of rubber for seismic isolation was in an elementary school in Skopje, 
Macedonia. Completed in 1969, the building is a three-storey concrete structure that rests on 
large blocks of natural rubber. Research and testing on a variety of isolation systems was 
carried out in the 1970’s. The use of seismic isolation for significant projects started in the 
1980’s, with the first major project attributed to New Zealand. Since the 1980’s the use of 
seismic isolation has continued to increase worldwide, especially in countries after they 
experienced a damaging earthquake; for example this was evident in Japan following the 1995 
Kobe earthquake, in Italy following the 2009 L’Aquila earthquake, and in Chile following their 
2010 earthquake, where in all cases the use of seismic isolation increased significantly after 
such events (Martelli and Forni, 2010). 
 
Today the use of seismic isolation for both seismic upgrades and new buildings is used in 
countries such as United States, New Zealand, Chile, Italy, Peru, Japan, China, Taiwan, Turkey, 
India, Greece and Colombia; approximately 20 countries in total have seismically isolated 
buildings with a total of over 10,000 isolated buildings so far.  The primary use of seismic 
isolation in new buildings is for facilities that are expected to be fully operational after the design 
level earthquake, or contain contents of value significantly more than the building itself; these 
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include hospitals, emergency response centers, data centers, major communications buildings, 
and museums.  However, in countries such as Japan, seismic isolation is becoming more 
common in residential buildings and commercial buildings, where the selling price of such 
buildings can be higher than conventional fixed base buildings; the public is willing to pay a 
small premium to purchase such buildings (or units in such buildings) with the knowledge that 
post-earthquake occupancy and/or business continuity is much more likely than in conventional 
buildings. 
  
Up until the fall of 2016 there were no seismically isolated institutional or commercial structures 
in Canada; the seismic upgrade of one heritage building at Lord Strathcona Elementary School 
in Vancouver, completed in the fall of 2016, was the first significant building to implement 
seismic isolation in Canada.  (note:  regarding early adoption of seismic isolation on a small 
scale in Canada, refer to seismic isolation of single family house (1991) discussed in the 
Literature Survey on Seismic Isolation in Wood Structures later in this report) 
 
One of the main reasons for lack of implementation of seismic isolation in new structures (or in 
seismic upgrades) in Canada to date was the lack of provisions in the National Building Code of 
Canada (NBCC), provincial building codes or municipal by-laws.  All seismic isolation designs 
would have to have been considered as ‘alternative’ designs that most designers shy away 
from.  While seismic isolation was very briefly covered in the NBCC Commentary, the 
Commentary is not a legally binding portion of the code, and the guidance for designers was 
limited. 
 
The 2015 edition of NBCC was the first edition to have provisions for seismic isolation in the 
body of the code; these provisions are found in Article 4.1.8.19 Seismic Isolation and Article 
4.1.8.20 Seismic Isolation Design. Furthermore, the Commentary to the NBCC 2015 (not yet 
released at the time of this report) has additional guidance to the designer on seismic isolation, 
plus guidance on ground motion time history selection and scaling that is critical for the analysis 
of seismically isolated buildings.  It is expected that provinces and municipalities will adopt the 
majority of NBCC 2015 into their codes in the very near future, including the provisions for 
seismic isolation. 
 
Some key aspects of the design provisions for seismic isolation per NBCC 2015 are as follows: 

• a 3D non-linear dynamic analysis (NLDA) of the structure is required 
• in the analysis, the non-linear force-deformation characteristics of the isolators are to be 

modeled 
• the intent is that all structural components, other than the isolators, are to remain elastic; 

and all such components to be modeled as such 
• a suitable number of ground motion time histories, appropriately scaled relative to the 

target response spectra for the site, are to be used in the analysis; it is recommended to 
follow the guidance in this regard in the Commentary (note: for BC, this includes suitable 
records to capture the three different scenario earthquakes – subduction intraslab, 
shallow crustal, and subduction interface) 

• The component design is based on the most critical of the following effects: 



Use of Seismic Isolation in Timber Structures - A Preliminary Study 
Project No. 301012397 
  

 
 
FPInnovations  Page 10 of 18 

o Mean plus Importance Factor times the standard deviation of all the NLDA 
results, or 

o Square root of the Importance Factor times the mean of  all the NLDA results 
o (Note: this requires significant post-processing of the NLDA, which with current 

software can be readily accomplished) 
• The diaphragm immediately above the isolators shall be continuous and stiff enough to 

transmit non-uniform ground motions from one part of the structure to the other 
• During design, two full scale prototypes of the isolator to be tested to validate the force-

deformation characteristics and damping 
• A representative sample (but typically all) production isolators to be installed in the 

building to be tested to validate the force-deformation characteristics and damping 
• Although all structural components other than the isolators are to remain elastic, they are 

to be detailed per applicable CSA Standards for Rd ≥ 1.5 for buildings other than code 
designated ‘post-disaster’ buildings and for Rd ≥ 2.0 for post-disaster buildings. 

• The isolators to have zero or minimal elastic deformation for code design wind loads 
 
It should be noted that an isolation plane beneath the basement will require a ‘moat’ all around 
the structure to accommodate the predicted movement above the isolation plane; this adds to 
complexity, but is commonly done.  Details at grade to bridge the gap at the top of the moat are 
well developed in the industry. A plane above grade requires no moat, thus simplifying the 
design details. It is recommended that the isolation plane be placed as low in the structure as 
possible, therefore providing the most benefit with regards to reduction of demand on all 
structural components. For podium structures, having the isolation plane at the top of the 
podium and below the remainder of the upper structure is another good option.  
 
All architectural components and mechanical/electrical services crossing the isolation plane 
must be able to accommodate the lateral movements at the plane, and remain fully functional. 
Such details are now well developed in the industry.  Furthermore, recent developments in 
Japan now enable elevators to operate and travel across the isolation plane, to service the 
structure both below and above the plane with one elevator. 
 

4 MARKET STUDY AND COST ANALYSIS  
The market study focuses on the high seismic areas such as British Columbia, the US West 
Coast (Pacific Northwest/PNW and California), and Japan.  As with the geographic area, the 
market analysis will focus on the feasibility of seismic base isolation on wood buildings versus 
concrete buildings without base isolation.  Building types are divided into two large groups as 
Tier 1: Resilient Infrastructure and Tier 2: Secondary Market.  Tier 1 will be the primary target 
market as the use of seismic base isolation is crucial in maintaining civil order and safety in an 
event of a seismic activity.  Tier 1 buildings will include clinics/care, hospitals, police/fire 
stations, and schools.  Tier 2 will be the secondary market and encompasses both single and 
multifamily homes.  Together, Tier 1 and Tier 2 represent a market size of 1.16 billion square 
feet (Table 1).   
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Table 1 Market area (000’s sqft) 

 
 Source: FPI, details in endnotes 
 
In regards to costing, Sancin et al. (2013) and Lashgari (2014) have shown that the use of base 
isolation on average will increase initial construction costs up to 6% and possibly vary according 
to economies of scale.  Adoption and feasibility of the seismic base isolation is dependent on 
the additional initial construction costs versus the benefits of reduced structural damages, 
injuries and deaths after a seismic event.  
 
Aside from ascertaining the construction costs involved with base isolation, qualitative aspects, 
such as preserving civil order and ensuring the safety of vulnerable occupants in the Tier 1 
(Resilient Infrastructure) buildings becomes a more important factor than construction costs in 
the 99.2 million sqft market (Table 1).  However, when construction costs are compared 
between wood-based buildings with base isolation (adding the maximum premium of 6%) 
versus conventional concrete-based buildings, wood buildings mostly maintain a competitive 
price advantage per square feet of floor area.   
 
According to the compiled data, wood clinic/care buildings costs an average of $171USD/sqft 
versus concrete at $240USD/sqft, creating an allowance for the addition of the base isolation 
which is at 6% or $10.26USD/sqft.  According to Moretti et al. (2014), equipping hospitals with 
base isolation is highly beneficial as it was been proven to decrease repair costs an average 
85% after a seismic activity. On the other hand, wood-based hospitals in Japan are more 
common - than North America - where it averages $168USD/sqft and adding base isolation 
($10.08USD/sqft) totals to $178USD/sqft, lower than concrete-based construction without base 
isolation at $249USD/sqft.  Since most wood-based buildings with the base isolation in Tier 1 
maintain a competitive price advantage over concrete, it also opens up the market to single and 
low-rise multifamily homes or Tier 2 (Secondary Market).    
 
The market of 1.06 billion sqft (Table 1) for the Tier 2 (Secondary Market) or 91% of the total 
market area presents an opportunity despite the lower adoption rates and decreased feasibility.  
According to van de Lindt et al. (2008), the low adoption rate may be due to lower feasibility of 
base isolation in low to mid-valued single and multifamily homes due to the smaller project scale 
leading to smaller gains from economies of scale and the complexities involved in base 
isolation.  However, high-valued single family homes and larger scaled multifamily projects are 

Tiers Building Type BC PNW CA Japan TOTAL

Clinics/Care 227 588 1,005 36,376 38,196

Hospitals 18 51 62 24,893 25,024

Police/Fire 46 102 148

Schools 229 159 711 34,765 35,864

Total 474 844 1,880 96,034 99,232

Single Family 24,470 79,713 122,217 536,939 763,339

Multifamily 8,277 10,841 20,777 253,781 293,676

Total 32,747 90,554 142,994 790,720 1,057,015

TOTAL 33,221 91,398 144,874 886,754 1,156,247

Tier 1: 
Resilient 

Infrastructure

Tier 2: 
Secondary 

Market

  (  q )
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more capable in absorbing the construction costs, particularly in small geographical pockets of 
high-valued homes prominent in the large metropolitan areas of Vancouver BC, Seattle WA, 
San Francisco CA, and Los Angeles CA.  
 

5 GEOGRAPHIC ANALYSIS 
Aside from the Tier 1 and 2 buildings, a closer look into the potential geographical markets in 
British Columbia, US West Coast and Japan can help identify specific market trends in the high 
seismic activity region.  
 
British Columbia and the US West Coast has a market of 33.2 million sqft and 236.3 million sqft, 
respectively.  In British Columbia, seismic base isolation will be more economically feasible in 
wood construction of low-rise multifamily and schools, where the average cost of wood 
construction with base isolation ($USD/sqft) is lower than concrete-based construction.   
 
In the US West Coast, California accounts for 61% of the market area or 144.9 million sqft. For 
the most part, wood construction with base isolation of multifamily homes, police/fire, 
clinics/care and schools are at a price advantage (USD$/sqft) versus concrete; with California 
already utilizing the use of seismic base isolations primarily in hospitals.  
 
According to Walters (2015), Japan has accumulated a total of 7800 buildings with base 
isolation, with 4800 single family homes in 2015.  Japan presents a large market at 886.8 million 
sqft, with 99.0 million sqft in Tier 1 (Resilient Infrastructure) and 790.7 million sqft in Tier 2 
(Secondary market).  Wood-based construction across the specific building types shows 
construction cost advantages that can readily afford to include the seismic base isolation 
system, while still maintaining its price competitiveness against concrete-based construction. 
 

6 LITERATURE SURVEY ON SEISMIC ISOLATION IN WOOD 
STRUCTURES 

Studies on seismically isolated wood structures are limited. Symans et al. (2002) conducted a 
literature review on the application of seismic isolation and supplemental damping systems for 
wood structures. The review reveals that both elastomeric bearings and sliding bearings have 
been considered for implementation in wood-frame buildings. Although there are a number of 
impediments to the implementation of seismic isolation systems, the literature review 
demonstrated that the seismic isolation systems offer promise for enabling wood-frame 
structures to resist major earthquakes with minimal damage. 
 
Delfosse (1982) demonstrated that it is feasible to utilize an elastomeric seismic isolation 
system for a single-storey wood-framed house. The house is rectangular in plan (12 m x 10 m) 
with a seismic mass of 29,770 kg. The elastomeric seismic isolation system is designed to 
protect the structure when it is subjected to a 5%-damped design spectrum corresponding to an 
earthquake of magnitude 8 on Richter Scale, with a peak ground acceleration of 0.5 g. The 
design is intended to limit the spectral acceleration to 0.33 g so as to produce essentially elastic 
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behavior of the structure and thus ensuring the life-safety of the occupants and protecting the 
building contents. The design results in a natural period of 1.4 sec for the seismically isolated 
building.  
 
Reed and Kircher (1986) studied seismic isolation of an existing five-storey wood-frame 
building. The building, constructed in 1886, is part of the Naval Postgraduate School in 
Monterey, California, and has both historical and architectural significance to the U.S. Navy. 
Both elastomeric bearings and flat sliding bearings were used in the study.  A horizontal steel 
truss system was used to provide in-plane rigidity to the first floor diaphragm and to transfer 
loads between the isolation system and the wood-frame building. The seismically isolated 
building was designed to limit the forces transferred into the structure to 7% of the gravity load 
for the design spectrum which has a peak ground acceleration of 0.27 g. The fundamental 
natural period of the isolated structure was 2.3 seconds with elastomeric bearings. The structure 
with the flat sliding system is characterized by a sliding coefficient of friction of about 1%. A lock-
up hydraulic-jack system is used to provide wind restraint. When ground motion corresponding 
to a significant earthquake is sensed, the jacks are released and the building slides on the low-
friction surface. Numerical analyses of the existing and retrofitted (seismically-isolated) 
structures involving three earthquake time-histories, scaled to match the peak ground 
acceleration of the design spectrum, produced peak base shear response reductions ranging 
from 74% to 98%.  
 
Sakamoto et al. (1990) presented study of an experimental seismically isolated two-storey 
wood-frame building. The building is 7.28 m in x 10.92 m in plan and the total weight is 549 kN. 
Three different types of bearings (high damping rubber bearings, multi-stage rubber bearings, 
and lead-rubber bearings) were used in the study. All of the bearing types were designed to 
accommodate a deflection up to 25 mm. For bearing displacements larger than 15 cm, a fail-
safe support mechanism was activated in which the bottom of the first floor contacted the top of 
a rigid pedestal. A comparison was made between the actual response of the base isolated 
building and the simulated response of a fixed base model. The effect of the seismic isolation 
was found to be effective.  
 
Pall and Pall (1991) built a base isolated two-storey wood-frame house in Montreal, Canada. 
The house has two stories above grade and a basement below grade. The basement walls are 
reinforced concrete and the superstructure consists of wood-frame construction with brick 
veneer cladding. A total of 15 flat sliding bearings were installed along the perimeter of the 
basement wall. The coefficient of friction associated with the sliding interface of the bearings is 
0.2. Numerical analysis of the base-isolated house was performed with artificial earthquake 
records, generated to match the design response spectrum of the 1990 edition of National 
Building Code of Canada. Analysis for the house was done for earthquake intensities of 0.1, 
0.18, 0.33 and 0.5 g. At earthquake intensity of 0.1 g, the friction base isolators did not slide and 
the base isolated house acted like a fixed base house. At earthquake intensity of 0.5 g, the 
maximum bearing displacement is 18 mm and permanent displacement is 7 mm. The 
accelerations at the top of the friction base isolated structure are about 70% less than those on 
the top of the fixed base structure.  
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Zayas and Low (1997) presented a case study of using seismic isolation in a four-storey wood-
framed apartment building in San Francisco, California. The building consists of three stories of 
apartments above a garage level. Severely damaged during the 1989 Lorna Prieta earthquake, 
it was retrofitted using Friction Pendulum seismic isolators at the bases of new steel frame  
installed at the garage level. The isolators achieved substantial reductions in drift and ductility 
demands on the building.  Nonlinear dynamic analysis results indicated that the isolated building 
could withstand a local magnitude 7 earthquake (with a peak ground acceleration of 1.0 g) on 
the nearby San Andreas fault with minimal damage to the structure and interior architectural 
finishes. Use of isolation saved the cost of adding shear walls for the full height of the building 
and the cost and disruption associated with tearing down and replacing the ornate finish 
materials in the upper stories, and will effectively minimize potential damage during future major 
earthquakes.  
 
Sancin et al (2013) compared the seismic performance and cost of a base isolated and a fixed 
base three-storey light-frame timber building. The building, 12.35 m x 28.32 m in plan, was first 
designed without seismic isolation and then with Friction Pendulum Isolators. A total of 16 
isolators were used in the base isolated building. Non-linear time history analyses were 
performed on both buildings. The results show that the fixed base building would undergo large 
deformation, especially at the first floor. The base isolated building would remain elastic and be 
“fully operational” after the earthquake.  The results indicated that the whole displacement was 
concentrated in the isolation units, which dramatically reduced the accelerations in the 
superstructure. The cost difference noted between the base isolated and the fixed base three-
storey building is approximately €11,000 , which corresponds to a 0.75% increase relative to the 
total cost of the fixed base building. 
 

7 IMPEDIMENTS TO THE USE OF SEISMIC ISOLATION IN WOOD 
STRUCTURES  

The use of seismic isolation in wood-frame construction has been limited. So far, it has been 
primarily used for retrofitting of the old structures where the aesthetic, architectural and heritage 
value is required to be maintained intact. Below are some of the impediments to the use of 
seismic isolation in wood structures.  
 
7.1 Seismic design requirements in building codes  
Currently the seismic design philosophy in building codes is to resist: a) minor earthquakes 
without damage, b) resist moderate earthquakes without structural damage but with some non-
structural damage, and c) resist major earthquakes without collapse but with structural and non-
structural damage (where structural damage could be extensive). As wood-frame construction 
has generally performed well during major earthquakes by just meeting the building code design 
criteria, it could be challenge to convince the developer and/or the building owner of the value of 
the seismic isolation system relative to its cost. Unless seismic design philosophy is changed 
towards low or no damage structural systems, it is expected that the use of seismic isolation in 



Use of Seismic Isolation in Timber Structures - A Preliminary Study 
Project No. 301012397 
  

 
 
FPInnovations  Page 15 of 18 

wood buildings will be limited. Having said that, study of seismically isolated wood structures 
would help industry to explore new opportunities such as hospitals, schools, assisted living and 
elderly care buildings for which “operational” or “fully operational” performance after a major 
earthquake is required, which the code implies for hospitals, but recommends a specific study to 
determine actual performance. 
 
7.2 Rigid base for wood-frame superstructure  
With seismic isolation, the gravity loads of the structure are no longer transferred to the 
foundation over continuous sill plates but rather are transferred at the discrete locations of the 
bearings. This requires the introduction of a stiff base slab at the first floor of the wood-frame 
superstructure. The base slab should be stiff in both in-plane and out-of-plane directions so that 
loads from the wood-frame building can be transferred to the isolation system and structural 
integrity of the wood-frame superstructure is maintained. This in fact can be achieved with 
podium structures where a 4-5 storey wood superstructure is supported by a 1-2 storey 
concrete or steel podium sub-structure. 
 
7.3 Cost for base isolated wood-frame buildings  
Compared to a fixed based structure, a base isolated structure may save cost on structural 
members, but with more cost for the stiff base and base isolation components. Pall et al. (1991) 
found that the cost of materials for construction of the two-storey wood-frame house was not 
reduced because standard size materials were used. The additional cost of 15 sliding bearings 
was $8,000. Sancin et al. (2013) conducted a case study and found that a base isolated three-
storey wood-frame construction costs 0.75% more than a base fixed three-storey wood-frame 
construction with the same floor plan.  
 
One could argue that the economic benefits of seismic isolation should not be viewed in terms 
of its initial installment but over the design life of the structure during which it is expected to 
experience major earthquakes. After an earthquake, the repair of structure, and loss of non-
structural components may be more costly than installing seismic isolation.  
 
7.4 Light mass of wood-frame structure 
According to Delfosse (1982), design of an elastomeric bearing isolation system for light 
structures may be problematic due to the low mass of such structures.  For structures with low 
mass, the stiffness must be low enough to achieve the desired range of natural periods of base 
isolated structures. Assuming that a light structure supported on an isolation system behaves as 
a rigid body having mass m, the stiffness to mass ratios should be within 2.5 to 17.5 if the target 
natural period of the isolated structure is from 1.5 to 4 seconds (Delfosse, 1982). For isolation 
systems employing elastomeric bearings, the requirement for low stiffness tends to result in 
slender elastomeric bearings that may be prone to excessive shear strain and buckling. This 
can be addressed with the use of friction pendulum system as the natural period is independent 
of the weight supported by the bearings. Some other proprietary systems are also available to 
meet these requirements. The mass of some wood structures (e.g. multi-family and hotel 
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buildings) are generally increased because of the added concrete mass on floors due to 
acoustic reasons.  This added mass is expected to partially alleviate the issue of light mass in 
wood structures. 
 
7.5 Uplift and overturning 
Due to the light seismic mass of wood structures, uplift force usually occurs at the edges of 
shear walls or the columns in braced or moment-resisting frames. In conventional design this 
uplift force is resisted by hold-downs which are connected to foundations. For a structure 
isolated on elastomeric bearings, the effects of uplift must be examined more carefully, since 
the elastomeric bearing is not suitable for resisting large tensile loads. Therefore, if uplift is 
indicated in an isolated structure, testing of the isolator for such conditions should be carried out 
to verify adequate performance. The optimum strategy is to avoid or minimize uplift. This can be 
done by careful configuration of the height-to-width ratio of the overall building above the 
isolation plane, the height-to-width ratio of the lateral load-resisting elements, the amount of 
gravity load carried by these elements, and the weight and stiffness of the base slab to help 
avoiding tension loads developing in the isolators. The added mass (concrete topping) for 
improved sound performance, combined with reduced lateral load due to base isolation, is also 
expected to partially alleviate this problem. 
 

8 SUMMARY AND CONCLUSIONS  
Seismic isolation is a method to decouple the structure from the damaging effects of horizontal 
ground motion in the event of an earthquake. This is achieved through the lengthening of the 
natural period of the structure, and adding damping, thus reducing the demand as determined 
from the typical 5% damped design response spectra. As seismically isolated buildings have 
very small inter-storey drift, and much lower floor accelerations in comparison to fixed base 
structures, seismic isolation is often used in buildings that are expected to be “operational” or 
“fully operational” after a major earthquake. 
 
Since the 1970’s the use of seismic isolation has continued to increase worldwide, especially in 
countries after they experienced a damaging earthquake; for example this was evident in Japan 
following the 1995 Kobe earthquake, in Italy following the 2009 L’Aquila earthquake, and in 
Chile following their 2010 earthquake, where in all cases the use of seismic isolation increased 
significantly after such events. In Canada, implementation of seismic isolation in buildings has 
been limited so far. This is due to the lack of provisions in the National Building Code of Canada 
(NBCC), provincial building codes or municipal by-laws. The 2015 edition of NBCC is the first 
one to include provisions for seismic isolation in the body of the code. It is expected that more 
base isolated buildings will be used once provinces and municipalities adopt the NBCC 2015 
into their codes in the very near future, including the provisions for seismic isolation. 
 
Although there has been a steady growth in the application of seismic isolation in concrete and 
steel structures (outside of Canada) that are designed to have low or no damage under major 
earthquake events, the application in wood structures is essentially stagnant in North America. 
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There are a number of impediments to the implementation of base isolation in wood structures. 
It is perceived that a base isolated building may cost much more than a conventional wood 
building. As wood-frame construction has generally performed well during major earthquakes by 
just meeting the building code design criteria, it could be challenge to convince the developer 
and/or the building owner of the value of the seismic isolation system relative to its cost. In 
addition, the installation of a seismic isolation system requires the introduction of a stiff base 
slab at the first floor of the wood-frame superstructure, so that loads from the wood-frame 
building can be transferred to the isolation system and structural integrity of the wood-frame 
superstructure is maintained. While this can be an additional requirement for wood buildings, it 
can be accommodated in podium buildings where a wood super-structures is supported by a 
concrete or steel sub-structure.  Also, isolators are usually not suitable for resisting large tensile 
loads, which usually occurs at the edges of shear walls or the columns in braced or moment-
resisting frames due to the light seismic mass of wood structures. The effects of uplift must be 
carefully examined and evaluated. The added mass that is necessitated to improve the 
acoustical performance does increase the mass of the wood structures, hemce partiallt alleviate 
the issues of large tensile and overturning forces. 
 
Market study and cost analysis show that the use of base isolation on average will increase 
initial construction costs up to 6% and possibly vary according to economies of scale.  However, 
when construction costs are compared between wood-based buildings with base isolation 
(adding the maximum premium of 6%) versus conventional concrete-based buildings, wood 
buildings mostly maintain a competitive price advantage per square feet of floor area.   
 
Therefore, there seems to be a potential for base isolated timber structures to be economically 
viable options for building construction.  Further studies and research, however, are needed to 
address the identified impediments in order to allow wide-spread adoption of seismic isolation 
on wood buildings.  Carrying out the studies and research now would help to prepare for the 
future if and when the seismic design philosophy in the building code moves towards the stricter 
criterion of low and no damage for all buildings and not just the essential “post-disaster” 
buildings. Given the generally light weights of wood structures and the need for a rigid base for 
wood-frame superstructures, one main focus of future research would be on development of 
new isolation systems that could accommodate these properties. 
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