
 

  

 

Seismic Analysis of Wood-Frame Buildings 
on Concrete Podium  

BC Advisory Group on Advanced Wood Design Solutions 

Edited by:  Marjan Popovski 

 

 

fpinnovations.ca 

A 
  see Appendix I for background 

Last Revised  November 20, 2015 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONTRIBUTOR(S) 
Grant Newfield, B.Sc, M.Eng, P.Eng., Struct.Eng 
Read Jones Christoffersen Ltd. 

 

NOTICE TO USERS OF THIS 
DOCUMENT 
By using this document, you understand and agree 
to the following: 

1. This guide is not a code and is not meant to 
replace any applicable codes. 

2. This document is intended to be used by 
practitioners having experience with and 
knowledge of wood frame construction, fire 
protection engineering, and any other relevant and 
related disciplines.   

3. Examples given in this guide are provided 
primarily to assist illustrating the concepts behind 
the solutions presented.  The examples shown are 
not necessarily the appropriate or the only solution. 

4. The content has been developed with the 
guidance of the British Columbia Advisory Group 
on Advanced Wood Design Solutions (AGW).  
Although every reasonable effort has been made 
to make this work accurate and authoritative, 
FPInnovations and members of the AGW do not 
warrant and assume no liability for the accuracy or 
completeness of the information or its suitability for 
any particular purpose or application. 

5. It is the responsibility of users of this 
document to exercise professional knowledge and 
judgement in the use of the information. 

 

© 2015 FPInnovations. All rights reserved. Unauthorized copying or redistribution prohibited. 

Disclosure for Commercial Application: If you require assistance to implement these findings, please contact 
FPInnovations at info@fpinnovations.ca 

 

FPInnovations is a not-for-profit world 

leader that specializes in the creation of 

scientific solutions in support of the 

Canadian forest sector’s global 

competitiveness and responds to the 

priority needs of its industry members and 

government partners. It is ideally 

positioned to perform research, innovate, 

and deliver state-of-the-art solutions for 

every area of the sector’s value chain, 

from forest operations to consumer and 

industrial products. FPInnovations’ staff 

numbers more than 525. Its R&D 

laboratories are located in Québec City, 

Ottawa, Montréal, Thunder Bay, 

Edmonton and Vancouver, and it has 

technology transfer offices across 

Canada. For more information about 

FPInnovations, visit: 

www.fpinnovations.ca. 

 

Follow us on: 

http://www.fpinnovations.ca/
https://twitter.com/fpinnovations_f
https://www.facebook.com/fpinnovations


Seismic Analysis of Wood-Frame Buildings on Concrete Podium  

FPInnovations  BC Advisory Group on Advanced Wood Design Solutions  Page | 3 

ACKNOWLEDGEMENT 

The financial contribution from Forestry Innovation Investment (FII) through its Wood First Program for 
the testing and the initial preparation of this guide is acknowledged.  Additional support was provided by 
the Province of British Columbia, Ministry of Technology, Innovation and Citizens’ Services. 

 

  



Seismic Analysis of Wood-Frame Buildings on Concrete Podium  

FPInnovations  BC Advisory Group on Advanced Wood Design Solutions   Page | 4 

 

 

 



Seismic Analysis of Wood-Frame Buildings on Concrete Podium  

FPInnovations  BC Advisory Group on Advanced Wood Design Solutions  Page | 5 

SUMMARY 

Wood-frame podium structures are becoming more popular in British Columbia especially after the 
height limit from 4 to 6-storeys was raised in 2009. Since the height limit is now raised in the upcoming 
2015 National Building code of Canada (NBCC), they are expected to be widely used across the 
country. They have already been used to a greater extent on the west coast of the United States. 
These midrise buildings usually have mixed-use occupancies with commercial use (retail, restaurants, 
offices, etc.) on the first one or two storeys that are generally built of concrete construction. The rest of 
the building is four or five storeys of wood-frame residential construction. These buildings have inherent 
irregularities in their design, and according to the current building codes in Canada would require use of 
a dynamic analysis for their seismic design. However, dynamic analysis of wood-frame structures has 
been limited mostly to academic studies due to the complexity of modeling of the properties of the 
wood-frame elements (shearwalls). Consequently, a much simpler 2-stage Equivalent Static Force 
Procedure (ESFP) is usually employed. In such case the upper portion of the building is analysed as a 
separate building and the resulting forces are transferred to the podium portion that is also analysed as 
a separate structure. The NBCC 2010 commentary and the main body of the ASCE7-10 in the US 
provide recommendations for when a 2-stage analysis using the ESFP method can be used.  

The main objective of the research in this report is to: (a) review the current seismic design provisions 
for wood-frame podium structures; (b) suggest a new method for determining when the simplified 2-
stage ESFP can be used instead of a dynamic analysis; (c) develop a modification factor which allows 
the simplified 2-stage ESFP to be used as outlined in the 2010 NBCC commentary in lieu of performing 
a dynamic analysis when such analysis would be required; and (d) discuss the benefits of performing a 
dynamic analysis. 

The results from this study have shown that the current code / commentary recommendations Canada 
and the US may potentially lead to un-conservative designs. Simply relying on stiffness and period 
recommendations alone does not appear to capture the real threshold levels for when a 2-stage ESFP 
approach can lead to satisfactory design. Based on studying the dynamic response of a range of 
podium buildings with different ratios of the mass of the podium vs. that of the wood-frame 
superstructure, new threshold limits for when a 2-stage ESFP can be used were developed.  
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1 INTRODUCTION 

In 2009, the government of British Columbia amended the 2006 British Columbia Building Code 
(BCBC) allowing for wood-framed structures up to 6 storeys in height; this is 2 storeys over the 
previous limit.  As part of this change, Part 4 of the BCBC was amended to include 3 new provisions for 
wood-framed shear walls, which require: 

1. For buildings constructed with more than 4 storeys of continuous wood construction and where 
𝐼𝐸𝐹𝑎𝑆𝑎(0.2) is ≥ 0.35, the SFRS of shear walls with continuous wood-based panels shall not 
have Type 4 irregularities (in-plane discontinuity of the SFRS) or Type 5 irregularities (out of 
plane offsets). In other words designers shall ensure that shear walls line up over the entire 
height of the building in moderate and high seismic zones; 

2. Where the fundamental lateral period of the building, 𝑇𝑎 , is determined using methods of 
mechanics or using structural models, the obtained lateral earthquake force, 𝑉 , shall be 
multiplied by 1.2, but need not exceed the value determined by the 2/3 cut-offs. In other words 
the design base shear 𝑉 is increased by 20% when a period higher than the code defined 
period is used. 

3. Where the fundamental lateral period, 𝑇𝑎 , is determined using methods of mechanics or 
structural models, the design base shear, 𝑉𝑑, shall be taken as the larger of the 100% of the 
design base shear 𝑉  obtained using Equivalent Static Force Procedure (ESFP), or the one 
obtained from dynamic analysis as: 𝑉𝑑 = 𝑉𝑒𝑒

𝑅𝑒𝑅𝑜
 𝐼 . In other words this requires scaling of the 

design force to the higher of the ESFP base shear or the Dynamic base shear, when a dynamic 
analysis is used. 

Concurrently, the Association of Professional Engineers and Geoscientists of BC (APEGBC) formed a 
task group that developed a Technical and Practice Bulletin: Structural, Fire Protection and Building 
Envelope Professional Engineering Services for 5- and 6-Storey Wood Frame Residential Building 
Projects (APEGBC, 2015). As obvious from the name, this bulletin includes best practices and 
guidelines to address the fire, structural and building envelope aspects of the mid-rise (up to 6 storeys) 
wood-frame construction. This guideline was first introduced in 2009, shortly after the code amendment 
was introduced. It has been modified several times since, with the latest version at time of preparation 
of this document being April 2015. The structural portion of the guidelines includes a section 
recommending that building drifts under seismic and wind loads be calculated and included on the 
drawings. The guideline also includes an approach for calculating deflections (and stiffness) of wood-
frame shearwalls based on a mechanics-based approach. This approach, first of its kind in Canada, 
introduces a concept that accounts for the increased storey drift due to the effects of rotation of the 
shear walls in the lower storeys. At that time, the CWC Wood Design Handbook (CWC, 2010) only 
included a 4-part equation for determining the deflection of a single-storey shear wall.  The main reason 
behind the task group recommendation was the fact that they were of the opinion that the serviceability 
checks for both wind and seismic drifts and deflections needed to be accounted for in the design, 
particularly since the height limit was increased.  Since then, the Canada’s Standard for Engineering 
Design in Wood CSAO86 (CSA, 2014) has introduced similar concept in its Appendix. 
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In 2012, BC issued a new building code (BCBC, 2012) based on the 2010 NBCC (NRC, 2010) model 
code.  The main difference in Part 4 (the structural section) was that the 2012 BCBC included the 
3 provisions allowing for 6-storey wood-framed structures, while they were not allowed in NBCC. Since 
then the 5- and 6-storey wood-frame structures have been finally allowed in the 2015 edition of NBCC 
with similar requirements as in the 2012 BCBC.  

With the code changes in place, mid-rise wood-frame buildings would typically include 6-storey wood 
structures, 5 storeys of wood on one concrete, or 4 wood storeys on two concrete.  The latter two are 
generally referred to as “Podium Structures”.  Although not defined within the code, “Podium 
Structures” is a term used to describe structures that have a podium base (generally a stiffer structure) 
with a relatively flexible structure above it.  In case of wood-frame construction, the podium is usually 
constructed of concrete with the top concrete slab supporting several levels of wood-frame above. 
Consequently, for the purpose of this paper, wood-frame podium buildings can generally be described 
as having: (a) Five (5) storeys of wood-frame construction on one above-grade concrete storey, or 
(b) Four (4) storeys of wood-frame construction on two above-grade concrete storeys. The concrete 
podium has to be significantly stiffened in terms of lateral load resistance than the wood-frame structure 
above. The Seismic Force Resisting System (SFRS) of the entire building includes wood-frame shear 
walls (𝑅𝑑 = 3.0,𝑅𝑜 = 1.7, so 𝑅𝑑𝑅𝑜 = 5.1)  above the podium supported on concrete shear walls 
below (𝑅𝑑𝑅𝑜 = 1.95 𝑜𝑜 3.1).  The wood structure lateral forces are generally transferred to the concrete 
structure by a concrete transfer/diaphragm slab. 

According to the seismic provisions of 2012 BCBC, 2010 NBCC and 2015 NBCC, podium structures 
would have the following irregularities according to Clause 4.1.8.6(1).  

• Type 1 – Vertical Stiffness Irregularity  (Footnotes 2,3,4) 

• Type 2 – Weight Irregularity    (Footnote 2) 

• Type 3 – Vertical Geometry    (Footnotes 2,3,4,5) 

• Type 4 – In-Plane Irregularity    (Footnotes 2,3,4,5) 

• Type 5 – Out-of-Plane Irregularity   (Footnotes 2,3,4,5) 

Although, type 4 and 5 irregularities were addressed within the wood frame section under the new 
provisions, such irregularities still exist between the concrete and wood structure as the two lateral 
systems would typically be independent with the wood portion of the building transferring the forces to 
the concrete level(s) below. As a result of such irregularities, Code footnotes 2, 3, 4, and 5 mentioned 
above require that some additional provisions be considered: 

• Footnote 2 –  Specifies the method of analysis to be used under clause 4.1.8.7 with dynamic 
analysis being required for irregularity types 1,2,3,4,5,6 and 8 for structures 20m 
or less in height, which have a fundamental period greater than 0.5s. 

• Footnote 3 –  Imposes additional system restrictions under clause 4.1.8.10. 

• Footnote 4 –  Refers readers to the Commentary which describes the irregularities. 
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• Footnote 5 –  Refers readers to 4.1.8.15 requiring that capacity design be used in high seismic 
zones for discontinuous walls (sub-clause 4 in BCBC 2012, and sub-clause 5 in 
2015 NBCC), and where structures include vertical variation in 𝑅𝑑𝑅𝑜 
(sub-clause 5 in BCBC 2012) that satisfy clause 4.1.8.9 (4). 

Based on the above, a dynamic analysis would be required by the code for a podium structure and not 
an Equivalent Static Force Procedure (ESFP).  The reason is that the ESFP is a simplified method that 
is based on the response of regular structures. This method may not adequately capture the proper 
shear force demand along the building height as a result of the interaction of the stiff and heavy podium 
with that of the lighter and more flexible wood-frame structure above. Simply making the assumption 
that the two structures can be treated independently versus a more rigorous dynamic analysis could 
potentially lead to underestimating the seismic demand on the building.  

Recognizing that dynamic analysis is not the norm for wood-frame structures, the 2012 BCBC and 
2010 NBCC commentary addressed clauses 4.1.8.7, 4.1.8.9(4) and 4.1.8.15 (4) and (5) under 
commentary clause 150 (d) and 151 (2). The commentary suggests that an optional method by which 
one could separate the two structures vertically (the stiff podium and more flexible upper wood-frame 
structure) allowing them to be treated separately provided that the stiffness of the lower storeys (the 
podium) is at least three times the stiffness of each of the upper storeys. However, such restrictions are 
based on limited research and analysis at the time the commentary is written.  

Consequently, the purpose of this report is to specifically review the current design provisions for wood 
podium structures and suggest new provisions that provide:  

1. A method for determining when the simplified 2-stage ESFP as outlined in the 2010 NBCC 
commentary clause 151 (2) can lead to adequate design versus running a dynamic analysis; 

2. A modification factor which allows the simplified 2-stage Equivalent Static Force Procedure to 
be used as outlined in the 2010 NBCC commentary in lieu of performing a dynamic analysis 
when such analysis would be required; 

3. A discussion on the benefits of performing a dynamic analysis. 

It is important to note that the following provisions are suggested to address podium structures based 
on the seismic loads prescribed in 2012 BCBC which is based on the 2010 NBCC.  The more recent 
2015 NBCC allows use of 5-and 6-storey wood-frame construction (combustible construction) and 
includes, in a similar form, the three provisions provided in the 2012 BCBC that were presented earlier.  
It should be noted, however, that the 2015 NBCC also includes changes in the seismic hazard and 
design spectra for most locations in the country, along with some changes on the seismic force cut-offs, 
so the provisions provided in this document may not apply for buildings designed in conjunction with the 
2015 NBCC provisions.  

2 CURRENT DESIGN PROVISIONS FOR PODIUM STRUCTURES 

This section discusses the current design provisions for podium-type structures and structures with 
different properties of the SFRS along the height of the building in North America. Two building Codes 
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are included in the discussion, the 2010 edition of ASCE-7 in the US, and the 2010 NBCC and its 
Commentary J. 

2.1 ASCE 7-10 

The 2010 edition of ASCE-7 (ASCE 2010) addresses podium structures under Clause 12.2.3.2 entitled 
“Two Stage Analysis Procedure”. The Clause states that a two-stage equivalent lateral force procedure 
is permitted to be used for structures having a flexible upper portion above a rigid lower portion, 
provided the design of the structure complies with ALL of the following: (a) The stiffness of the lower 
portion shall be at least 10 times the stiffness of the upper portion; (b) The period of the entire structure 
shall not be greater than 1.1 times the period of the upper portion considered as a separate structure 
supported at the transition from the upper to the lower portion; and (c) The upper portion shall be 
designed as a separate structure using the appropriate values of 𝑅  and 𝜌, where 𝑅  is the seismic 
response modification coefficient for the flexible upper portion of the SFRS and ρ is a redundancy factor 
based on the extent of the structural redundancy present in the upper SFRS; (d) The lower portion shall 
be designed as a separate structure using the appropriate values of 𝑅 and 𝜌. The reactions from the 
upper portion shall be those determined from the analysis of the upper portion amplified by the ratio of 
the 𝑅 𝜌  ⁄ of the upper portion over 𝑅 𝜌⁄  of the lower portion. This ratio shall not be less than 1.0; and 
(e) The upper portion to be analyzed using ESFP or modal response spectrum procedure, while the 
lower portion to be analyzed using ESFP.  

2.2 NBCC 2010 and Commentary J 

In a similar manner, the 2010 NBCC (NRC, 2010) and its commentary J discuss the 2-stage ESFP 
design approach. Clause 4.1.8.9 (4) of NBCC allows for vertically mixed 𝑅𝑑𝑅𝑜 structures to be used 
provided that the 𝑅𝑑𝑅𝑜  of the upper structure is greater than the 𝑅𝑑𝑅𝑜  of the lower structure.  
Commentary J note 150(d) gives the example of such structure being a ductile wood-frame shear wall 
structure above a stiff, nominally ductile one- or two-storey concrete structure. 

Note 151 of Commentary J suggests that it is not appropriate to simply use a linear static or dynamic 
analysis load distribution based on 𝑅𝑑𝑅𝑜 = 1.0 and divide the upper storey loads by the larger 𝑅𝑑𝑅𝑜 
value and the lower storey loads in the distribution by the smaller 𝑅𝑑𝑅𝑜 values.  For these cases, it is 
suggested that a non-linear analysis is used. A simple, approximate and conservative linear approach 
can be used for structures that have the same characteristics as described in note 150 (d) (such as 
wood-frame walls above stiff podiums) and for which the stiffness of the lower storey(s) is greater than 
three times that of each of the upper storeys. For such structures one should: 

(a) Use a Response Spectrum Dynamic Analysis procedure and then design the upper part of the 
structure for the forces calculated using the larger 𝑅𝑑𝑅𝑜 value and the lower part of the structure 
for the forces from the entire structure calculated using the smaller 𝑅𝑑𝑅𝑜 value, or 

(b) Where permitted, use the Equivalent Static Force Procedure and idealize the upper structure as 
a separate building with a fixed base starting at the top of the lower structure. Analyze this 
structure for the forces calculated using the larger 𝑅𝑑𝑅𝑜 value and the appropriate period for its 
height. Idealize the lower structure as a separate “short” building with a period appropriate for its 
height. Analyze this short period building and divide the linear forces by the smaller 𝑅𝑑𝑅𝑜 
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values. Add to these forces the forces generated from the flexible portion of the building and 
apply them to the top of the lower portion. 

2.3 Challenges for the Designers 

Performing a dynamic analysis of a wood-frame structure is a challenging process and for this reason it 
is still not a common design practice across Canada.  The 2-stage approaches summarized in 
Sections 2.1 and 2.2 were an attempt to address the issue associated with podium structures.  In the 
past, designers have had to make their own assumptions in designing podium structures that would 
have, at most, included 3 wood-frame storeys above 1 concrete storey.  However, with the changes to 
include 6-storey wood-frame construction in BCBC in 2009, and more recently in the Building Codes of 
Quebec, Ontario, Alberta and finally, in the 2015 NBCC, there will be an increased number of buildings 
that have 5 storeys of wood-frame on 1 concrete, which may warrant a more rigorous analysis.  With 
the 2-stage methods presented only being applicable to a certain range of buildings, designers will 
need to perform a dynamic analysis if they did not meet the stiffness threshold or period ratios. In 
addition, it has only been recently that designers have started to perform more detailed calculations to 
determine the lateral drifts and stiffness properties of wood-frame buildings as a result of the code 
changes and recent publications on this topic.  

This report tries to help designers by providing a simplified method that determines when a dynamic 
analysis should be performed. It also alternatively provides a base shear modification factor that may 
be employed in ESFP in lieu of performing a dynamic analysis. However, it is imperative that drift 
calculations are still checked for compliance even if they are not used during the strength design. It 
should be noted that this solution may lead to an over conservative structure that would more 
appropriately have been designed with a more rigorous analysis provided future codes allow for 
reductions in base shear when performing a dynamic analysis. 

3 BACKGROUND ANALYSIS 

The following section provides the background analysis in support of a proposed method for 
determining: 

• A threshold for determining when a dynamic analysis should be used versus using the 2-stage 
simplified ESFP approach with no base shear modifications. 

• A base shear modification factor which may be used as an alternative method to performing a 
dynamic analysis when such an analysis is required. 

3.1 Sample Building 

In developing the proposed drift ratio limitations and suitable base shear modifiers to be used in the 
2-stage approach, an example of 5-storey wood structure on a 1 level concrete podium was analyzed. 
This structure was selected as a representative of what is being constructed under the new code 
provisions.  For the 5-storey wood portion, it was assumed the floors and roof are platform framed and 
include a light-weight concrete topping and a light exterior wall system. The concrete slab at Level 2 
(the podium) is a concrete slab and slab band system which has an average thickness of 330mm.  The 
upper wood-frame portion is laterally braced using a wood-frame shearwall system that is continuous 
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over its height, and transfers the load down to the concrete level.  The one storey concrete podium is 
braced by concrete shear walls.  The podium is approximately 40% larger in plan than the wood frame 
structure above and includes some landscaping at the exterior.  The city of Vancouver was utilized as a 
location for the building for its relatively high seismic zone. Based on the above, the seismic parameters 
for the design of the building are as follows: 

• Building Code: BCBC 2012 

• Sa(0.2) = 0.94  Sa(0.5) = 0.64 Sa(1.0) = 0.33 Sa (2.0) = 0.17  I = 1.0  

• 𝑅𝑑𝑅𝑜  (wood) = 3 x 1.7 = 5.1  (ductile wood-frame shear walls) 

• 𝑅𝑑𝑅𝑜 (concrete)  = 1.5 x 1.3 = 1.95 (limited ductile concrete shear walls) 

• Typical wood floor and roof is 650 m² and the podium (Levels 1 and 2) is 900 m² 

• The mass (weight) of the concrete podium (𝑊𝑐 ) is 9000 kN. The mass (weight of the wood 
portion (𝑊𝑤) is 6000 kN. So their ratio is 9000kN / 6000kN = 1.5 

Table 1 Building height and seismic mass 

Level 
Storey 
Height 

[m] 

Total 
Height 

[m] 

Height of Wood 
Structure 

[m] 

Floor or 
Roof Area 

[m²] 
Weight 
[kPa] 

Total 
Weight 

[kN] 

Roof – Wood  17.66 14.0 650 1.23 800 

6 – Wood 2.8 14.86 11.2 650 2 1300 

5 – Wood 2.8 12.06 8.4 650 2 1300 

4 – Wood 2.8 9.26 5.6 650 2 1300 

3 – Wood 2.8 6.46 2.8 650 2 1300 
2 – Concrete with wood 

     above 2.8 3.66 0 900 10 9000 

1 – Concrete 3.66 0 0 900 0 0 
 

The height and seismic mass attributed to each level are shown in Table 1. A preliminary analysis was 
performed to determine an initial wall stiffness based on meeting the shear and bending demands.  It 
was assumed that the structure included 10 wood shear walls, all 6m in length, which equally shared 
the load.  For this initial analysis, a period of 2𝑇𝑎 was assumed, with 𝑇𝑎 being the code determined 
period of 0.36s using the available formula for shearwalls. For more on building periods please refer to 
Section 3.3. Table 2 summarizes the properties of a single wood-frame shearwall that is part of the 
wood-frame SFRS. 
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Table 2 Initial shear wall properties for a 6m long wall (D. fir plywood, and D. fir framing) 

Level 

Shear Wall Construction Equivalent Wood Properties2 

Compression Studs 
Number and Size 

[Each end] 
Tie Down  
System1 

D. Fir 
Plywood 
thickness 

[mm] 

Nail 
length 

[inch] and 
spacing 

[mm] 

Ew 
[MPa] 

Gw 
[MPa] 

tw 
[mm] 

6 – Roof 4 – 2x6” ATS - SR5 3/8 2.5”@150 3000 314 9.35 

5-6 4 – 2x6” ATS - SR5 3/8 2.5”@100 3000 284 10.82 

4-5 4- 2x6” ATS - SR5 3/8 2.5”@75 3000 297 10.82 

3-4 6- 2x6” ATS - SR7 1/2 2.5”@75 3000 208 19.79 

2-3 6- 2x6” ATS - SR9 1/2 2.5”@75 3000 146 26.58 

1 – Tie down system based on Simpson Strong Tie specifications 
2 – Equivalent wood properties based on transformed section properties and wall construction. 𝐸𝑤 is the MOE of the wall, 𝐺𝑤 

is the shear modulus of the wall, and 𝑡𝑤 is the thickness of the wall 
 
Further calculations confirmed that the period of this 14m high shearwall is approximately 1.2s thus 
justifying the use of 2𝑇𝑎 in the initial design.  To compare the wood SFRS with varying periods to that of 
the concrete, the period of this wall was adjusted by a single factor applied to the thickness at each 
level to obtain a period of 0.35s, 0.5s, 0.72s, 1s and 1.5s.  Table 3 summarizes the stiffness values 
used to obtain the different building (wall) periods based on summing up the stiffness values of the 10 – 
6m long walls. 

Table 3 Equivalent properties for the 5 storey wall for varying periods 

Level Ew  
[MPa] 

Gw 
 [MPa] 

Wall Period [s] 
0.35 0.5 0.72 1.0 1.2 1.5 

Equivalent Thickness Multiplier 
11.2 5.48 2.63 1.37 1.0 0.6 

Equivalent Wall Thickness [mm] 
6-roof 3000 314 1047.2 512.4 245.9 128.1 93.5 56.1 

5-6 3000 284 1211.8 592.9 284.6 148.2 108.2 64.9 

4-5 3000 297 1211.8 592.9 284.6 148.2 108.2 64.9 

3-4 3000 208 2216.5 1084.5 520.5 271.1 197.9 118.7 

2-3 3000 146 2977.0 1456.6 699.0 364.1 265.8 159.5 
 

For the concrete structure, based on an assumed height of 3.66m (12’), the thickness was tuned to 
provide the periods of 0.1s and 0.2s based on the value for Wc (Table 4). The mass of the podium was 
varied, and the combined weight of the podium and wood frame was used in determining the thickness 
to arrive at the period range selected.  
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Table 4 Concrete wall parameters for various periods 

Data Set Period 
Tc [s] Ww [kN] Wc [kN] Wc Ww⁄  Concrete  

thickness t [mm] 

1 0.1s 6000 9000 1.5 387 

2 0.2s 6000 9000 1.5 99 

3 0.1s 6000 18000 3 785 

Where – 𝑇𝑐 = podium period based on mass 𝑊𝑤 +  𝑊𝑐 and height = 3.6m 
   𝑊𝑤 = Mass of wood structure for seismic calculation 
   𝑊𝑐 = Mass of concrete podium for seismic calculation 
   𝑡 = thickness of concrete required for corresponding period 

 

3.2 Structural Models  

Podium structures as described in Section 3.1 generally include ductile wood shear walls laid out in two 
directions utilizing the party walls, corridor walls, and sometimes exterior walls of the wood structure.  
These walls transfer their shear loads to the concrete podium.  The moments in the walls which cause 
tension or compression forces at the ends of the shear walls are transferred to the concrete slabs which 
are designed accordingly.  The concrete structure is then analyzed for the appropriate seismic mass of 
the podium in addition to the appropriate shear force from the wood structure.  Generally, the moments 
from the wood shear walls are not added to the concrete walls below as the wood and concrete wall 
usually do not line up.  The concrete shear walls are therefore designed for the seismic shear force 
generated from the podium plus the seismic force generated from the wood frame structure above.  A 
discussion on how these forces are added using capacity design for the concrete structure is discussed 
in commentary J of NBCC.  The representative models considered for the analysis are shown in 
Figures 1a to 1c below. 

 

Figure 1 Representative models considered for the analyses 
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Figure 1a represents the actual building model along with building masses.  Figure 1b represents the 
simplified structure that would be used in a 2-stage approach, as discussed above.  Figure 1c 
represents the structural model used for the dynamic analysis.  The base of the wood includes a 
member with infinite bending rigidity and zero shear stiffness which keeps the base fixed at Level 2 for 
the wood frame but allows the shear force to be transferred to the one-storey concrete shear wall on 
the right side of the model.  Due to the fact that the shear walls between the wood and concrete 
structure do not align, this model will give a better structural representation of the two systems as 
opposed to the model represented in Figure 1a.  In reality, the wood shear wall moments are taken out 
by the concrete transfer slab in bending resulting from the tension / compression forces accumulated at 
the ends of the wood shear walls. 

3.3 Building Periods for the Wood-Frame and the Concrete Parts 

The NBCC equations for determining seismic loads require that the building period be determined as 
one of the parameters for determining the base shear.  NBCC provides a set of equations for building 
periods based on the type of SFRS used (i.e., shear walls or moment frames).  For cantilevered wood 
or concrete shear wall systems, the code provides the equation 𝑇𝑎 = 0.05ℎ𝑛

0.75 where ℎ𝑛 is the overall 
height of the shear wall in meters.  Alternatively, the code allows the period 𝑇 to be calculated by other 
acceptable means for use in determining the base shear provided it does not exceed 2𝑇𝑎 for shear 
walls.  Therefore, the designer must initially select 𝑇𝑎 or can assume up to 2𝑇𝑎 provided the use of the 
higher value is later verified. 

Based on the height of the wood frame (Table 1), the code period 𝑇𝑎 for the wood structure treated 
separately is 𝑇𝑎 = 0.05 × 140.75 = 0.36𝑠.  The upper limit for 𝑇 calculated by other acceptable methods 
would be limited to 2𝑇𝑎 = 0.72𝑠. For the concrete structure, the code period would be 
 𝑇𝑎 =  0.05 ×  3.660.75 =  0.13𝑠 . Different heights of podium would see a practical range between 2.8m 
to 6m high resulting in a period range from 0.1s to 0.14s. 

It is interesting to note, that based on the total height of structure at 17.66m, the code 
period 𝑇𝑎 =  0.05 × 17.660.75 =  0.43𝑠.  However, if one were to combine the period of 0.13s for the 
podium and the 0.36s for the wood-frame superstructure using the Square Root of the Sum of the 
Squares (SRSS) method, the combined period would be 0.38s. Later on, we will see that this combined 
period of 0.38s would be more appropriate to use than the 0.43s period, which underestimates the 
forces. 

3.4 ESFP for the Wood Structure Considered Separately 

The NBCC includes an Equivalent Static Force Procedure (ESFP), which is a simplified method for 
calculating building seismic forces.  It was originally developed based on results from several Dynamic 
Analyses on a fairly regular structure. Although dynamic analysis is the code default analysis 
procedure, the ESFP provides a simplified method that can be used if the structure is generally regular 
and does not include the defined building irregularities that may otherwise require a dynamic analysis.  
Certainly, podium structures include several irregularities which would require a dynamic analysis, but, 
as mentioned before, running such analysis has not been common practice in the past.  If we initially 
assume that a 2-stage approach can be used for podium buildings, one can calculate the forces and 
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thus design the structure, after which drifts and stiffness values can be calculated to check for the 
thresholds which allow the 2-stage approach to yield a satisfactory design. 

Assuming the wood structure can be treated separately from the concrete podium, the seismic forces 
can be determined at each level for the wood portion of structure in Figure 1b using the ESFP for each 
site Class A through E from NBCC, for both 𝑇𝑎  and 2𝑇𝑎  (see Section 3.3).  Site Class F was not 
included in this study as it requires a site-specific analysis.  In applying the ESFP, the following code 
clauses need to be considered for calculating the base shear: 

• Application of the 2/3 cut-off to 𝑉, where applicable; 

• Increasing the base shear by 20% where 𝑇 > 𝑇𝑎  is considered as per 2009 BCBC and 
2015 NBCC requirements; 

• Applying 𝐹𝑡  at the top for structures where 𝑇 > 0.7𝑠 

Figure 2 shows the response spectrum for Vancouver BC Site Classes A to E.  It should be noted that: 

• Seismic forces for Site Classes A to E all show an increased force levels (with class A having the 
lowest and Class E having the highest seismic demand) until the 2/3 cut-off limit is reached. For 
Site Class E, the 2/3 cut-off places the seismic demand for this site class lower than all other site 
classes, except the class A; 

• The typical design period range allowed by the code for the wood-frame portion of the structure 
treated separately would be between 0.36s to 0.72s.  The yellow area in Figure 2 shows the 
effect of the 20% force increase as required by the Code for Site Class A as an example once 
the building has a period above 0.36s. This would have to be applied to all other site classes in 
this range where the 2/3 cut-off does not apply; 

• The range of 𝑇  up to 2s was included to illustrate that the forces significantly decrease 
particularly in the 0.5s to 1s range.  However, for good reason, the code places an upper limit of 
2𝑇𝑎 as a cut-off. 
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Figure 2 Spectral acceleration for Site Classes A to E for location of Vancouver, BC (Granville 
street and 41st Ave.) and for importance factor I=1.0 

Based on Figure 2, it is apparent that both, the 2/3 cut-off and the 20% increase when using 𝑇 > 𝑇𝑎, 
significantly affect the design forces, as shown for the site class A. Also, the 2/3 cut-off for Site Class E 
affects the forces completely through the 0.36s to 0.72s period range. 

Table 5 provides a summary of the base shear forces generated for the separate 5-storey wood 
structure and identifies the governing case.  
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Table 5 Storey shear forces as a fraction of the total weight 𝑾 for the 5-storey wood-frame structure for 
Site Classes A to E using Equivalent Static Force Procedure (Commentary 151(2)(b)) 

 

 

Utilizing the ESFP equation for distributing the base shear over the height, one can determine the force 
𝑉 × 𝑅𝑑𝑅𝑜 at each level of the structure. This force was used for comparison (to leave everything in 
terms of 𝑅𝑑𝑅𝑜 = 1) so that we can compare these values with the results from the dynamic analysis in 
Section 3.5.  Table 6a to Table 6c provide a summary of the storey shear forces calculated using the 
ESFP for the 5-storey building treated as a separate structure according to NBCC 2010 commentary 
note 151(b). 

The base shear forces per Table 6 for 𝑇 = 0.36𝑠 and 𝑇 = 0.72𝑠 were plotted in Figure 3 and Figure 4 
for each site class such that they could be compared to the results from the linear dynamic analyses 
later on.  

  

5 Story Equivalent Static A B C D E
T = .362 VTa=.362 0.1057 0.1349 0.1545 0.174 0.175
2/3 cutoff Vmax = 2/3 S(.2) cutoff (A to E) 0.0993 0.1217 0.1242 0.1366 0.1167
T= .362 Min (VT=.36,Vmax) 0.0993 0.1217 0.1242 0.1366 0.1167
T = .5 V T=.5  (with no 1.2x) 0.0688 0.0943 0.1274 0.1478 0.1751

1.2  VT=.5 0.08256 0.11316 0.15288 0.17736 0.21012
2/3 cutoff Vmax = 2/3 S(.2) cutoff (A to E) 0.0993 0.1217 0.1242 0.1366 0.1167
T = .5 Min ( 1.2V2T=.5,Vmax) 0.08256 0.11316 0.1242 0.1366 0.1167
T = .724  V 2Ta (Only used to get 1.2 V 2T ) 0.0541 0.0741 0.1 0.1162 0.151

1.2 VT=.724 0.065 0.089 0.120 0.139 0.181
2/3 cutoff Vmax = 2/3 S(.2) cutoff (A to E) 0.0993 0.1217 0.1242 0.1366 0.1167
T = .724 Min (1.2VT=.724 = 2T,Vmax) 0.065 0.089 0.120 0.1366 0.1167

 Shaded values indicate governing desing

   y          y g q    y  ( )( )
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Table 6 Storey shear forces for 5-storey wood-frame structures with different periods 

 

 

Site Class A Site Class B Site Class C Site Class D Site Class E 
V / W 0.0993 0.1217 0.1242 0.1366 0.1167
Ft  (kN) 0 0 0 0 0
Level VxRdRo VxRdRo VxRdRo VxRdRo VxRdRo
6 714.8 876.0 894.0 983.3 840.0
5 1644.1 2014.9 2056.3 2261.6 1932.1
4 2341.3 2869.5 2928.4 3220.8 2751.6
3 2805.8 3438.7 3509.3 3859.7 3297.4
2 3038.2 3723.5 3800.0 4179.4 3570.5
1 7601.2 9304.4 9503.8 10444.7 8923.3

Site Class A Site Class B Site Class C Site Class D Site Class E 
V / W 0.08256 0.11316 0.1242 0.1366 0.1167
Ft  (kN) 0 0 0 0 0
Level VxRdRo VxRdRo VxRdRo VxRdRo VxRdRo
6 594.3 814.6 894.0 983.3 840.0
5 1366.9 1873.5 2056.3 2261.6 1932.1
4 1946.6 2668.1 2928.4 3220.8 2751.6
3 2332.8 3197.4 3509.3 3859.7 3297.4
2 2526.0 3462.2 3800.0 4179.4 3570.5
1 7089.0 9043.1 9503.8 10444.7 8923.3

Site Class A Site Class B Site Class C Site Class D Site Class E 
V / W 0.065 0.089 0.12 0.1366 0.1167
Ft  (kN) 19.8 27.1 36.56 0 0
Level VxRdRo VxRdRo VxRdRo VxRdRo VxRdRo
6 546.3 748.0 1008.5 983.3 840.0
5 1125.1 1540.5 2077.1 2261.6 1932.1
4 1559.4 2135.1 2878.8 3220.8 2751.6
3 1848.8 2531.4 3413.1 3859.7 3297.4
2 1993.3 2729.3 3680.0 4179.4 3570.5
1 6556.3 8310.2 9383.7 10444.7 8923.3

Blue Shading Indicates 2/3 Cutoff Governs Base Shear
Grey Shading Indicates 1.2VT Governs Base Shear

TABLE 6C - Story Shear - V x RdRo for T = 0.762

 TABLE 6A - Story Shear - V x RdRo for T = 0.362

TABLE 6B - Story Shear - V x RdRo for T = 0.5
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3.5 Dynamic Analyses of the Entire Structure 

This section contains the results of the dynamic analyses of the entire structure. For Site Classes A to 
E, dynamic analyses were performed utilizing the model described in Figure 1c for various building 
periods including 0.35s, 0.5s, 0.72s, 1s and 1.5s.  For the one storey concrete structure, a period 
of 0.1s was used and the one storey concrete shear wall was tuned to this period utilizing the podium 
mass of 9000 kN. A preliminary design was also performed for the separate 5-storey wood shear wall 
based on Section 3.3 to develop the stiffness values for the various storeys and their storey-to-storey 
ratios. These stiffness values and ratios were then prorated for each level to tune the 5-storey wood 
structure to the five selected periods.  The results of the dynamic analyses for the entire structure, 
along with the results from of the 5-storey wood frame structure treated separately using the ESFP 
(Section 3.4) are presented in Figure 3 and Figure 4.  

The solid black and dashed black lines represent the results from ESFP applied to the 5-storey wood 
structure treated as a separate structure, for periods of 𝑇𝑎 and 2𝑇𝑎, respectively. The dashed colour 
lines represent results from dynamic analyses performed for the 5-storey wood structure treated as 
separate.  The solid coloured lines represent the dynamic analysis performed for the combined 6-storey 
structure that includes the concrete podium using the model shown in Figure 1c. The differences 
between the coloured solid and dashes lines indicate the effect that the podium mass has on the 
response of the upper structure. 

Figure 3 includes the unscaled storey shear forces from the dynamic analyses of 6-storey (5+1) 
structures and 5-storey wood only structures, for different periods, and is just provided for reference. 
Figure 4 includes the scaled storey shear forces from the dynamic analyses that were determined 
based on the building code requirements.  In other words, the values in Figure 4 for the 6-storey (5+1) 
combined structure were scaled to the 2/3 code cut-off, and then up to the base shear calculated using 
the ESFP for the corresponding period if the ESFP resulted in a higher force. Figure 3 and Figure 4 
show the results from the buildings located on Site (soil) Class A and for a concrete podium with a 
period of 0.1s. Similar graphs were developed for all other Site Classes B to E but are not shown in this 
report.  

In total, three different sets of data (basic building models) for Site Classes A to E were developed and 
analysed to determine the sensitivity of obtained shear forces due to a change in the podium period 
(Data Set 2), and the effect of the ratio of the podium mass 𝑊𝑐  relative to the mass of the wood 
superstructure mass 𝑊𝑤 (Data Set 3), as per Table 4: 

Data Set 1 –   𝑇𝑐 = 0.1𝑠, 𝑊𝑐 = 9000𝑘𝑘 𝑊𝑐 𝑊𝑤⁄ = 1.5 

Data Set 2 –  𝑇𝑐 = 0.2𝑠, 𝑊𝑐 = 9000𝑘𝑘 𝑊𝑐 𝑊𝑤 = 1.5⁄  

Data Set 3 –  𝑇𝑐 = 0.1𝑠, 𝑊𝑐 = 18000𝑘𝑘 𝑊𝑐 𝑊𝑤⁄ = 3.0 
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Figure 3 Unscaled storey shear forces from the dynamic analyses of 6-storey (5+1) structures and 
5-storey wood only structures for different periods 
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Figure 4 Scaled storey shear forces from the dynamic analyses of 6-storey (5+1) structures and 5-
storey wood only structures for different periods 

Based on Figure 4, one can estimate the minimum period at which the combined building period for the 
scaled dynamic analysis would result in a shear force demand that is less than the one obtained from 
the ESFP for the corresponding period.  For the data presented in Figure 4, one can also interpolate 
between the solid green line (𝑇 = 0.35𝑠) and the solid yellow line (𝑇 = 0.5𝑠) and between the ESFP for 
the 5-storey structure between 𝑇𝑎 and 2𝑇𝑎 to determine where this minimum period exists. In addition, 
one can review where any of the periods for the dynamic analysis for the 6-storey structure are greater 
than the ESFP for the 5-storey separate structure at the corresponding period.  Such an occurrence 
indicates that the ESFP seismic loads should be increased by the ratio of the two to ensure adequate 
design. 

For example, in Figure 4, the solid green line representing the 6-storey combined dynamic analysis for 
𝑇 = 0.35𝑠 structure on Site Class A indicates a 30% increase in the base shear demand over the 
demand obtained from the ESFP for a structure with corresponding period. Similarly, values were 
determined for each Data Set for Site Classes A to E and are presented in Tables 7a through 7c. 
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Table 7a Modification factors for ESFP shear forces for buildings of the Data Set 1 for Site Classes A to E 

 

 

  

Tc Tw Tc/Tw T srss T etabs A B C D E
0.1 0.35 3.5 0.364 0.359 1.3 1.36 1.43 1.45 1.6
0.1 0.4 4 0.412 1.15 1.18 1.35 1.38 1.53
0.1 0.45 4.5 0.461 1 1 1.28 1.31 1.46
0.1 0.5 5 0.510 0.506 1 1 1.21 1.25 1.5
0.1 0.55 5.5 0.559 1 1 1.1 1.19 1.43
0.1 0.6 6 0.608 1 1 1 1.12 1.37
0.1 0.65 6.5 0.658 1 1 1 1.06 1.31
0.1 0.72 7.2 0.727 0.736 1 1 1 1 1.25
0.1 0.75 7.5 0.757 1 1 1 1 1.21
0.1 0.8 8 0.806 1 1 1 1 1.17
0.1 0.85 8.5 0.856 1 1 1 1 1.13
0.1 0.9 9 0.906 1 1 1 1 1.08
0.1 0.95 9.5 0.955 1 1 1 1 1.05
0.1 1 10 1.005 1.003 1 1 1 1 1

SOIL SITE CLASSPERIODS

TABLE 7A - Data Set 1 - Tc=0.1, Wc = 9000, Wc/Ww = 1.5
Modification Factor for ESFP Shear Forces Applied to Wood Structure based on Simplified Method 

Numbers Interpreted from Graphs
Numbers in-between linearly interpreted.

Wc = Mass associated with Concrete Podium (for seismic calculations)
Ww = Mass associated with wood structure (for seismic calculations)
Tc = Period for concrete podium treated separately with seismic mass Wc (1 story)
Tw = Period for wood structure treated separately with seismic mass Ww(5 story)

Period for Tw should be a lower bound including the gypsum in the stiffness calculation
1 Values of 1 within the dark line may benefit from performing a dynamic analysis.
"---------- Limit of Code applicability at 2xTa
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Table 7b Modification factors for ESFP shear forces for buildings of the Data Set 2 for Site Classes A to E 

 

 

Table 7c Modification factors for ESFP shear forces for buildings of the Data Set 1 for Site Classes A to E 

 

  

Tc Tw Tc/Tw T etabs A B C D E
0.2 0.35 1.75 0.403 0.391 1.26 1.3 1.4 1.41 1.5
0.2 0.4 2 0.447 1.13 1.15 1.33 1.33 1.48
0.2 0.45 2.25 0.492 1 1 1.27 1.27 1.46
0.2 0.5 2.5 0.539 0.524 1 1 1.2 1.21 1.45
0.2 0.55 2.75 0.585 1 1 1.13 1.17 1.45
0.2 0.6 3 0.632 1 1 1.07 1.13 1.45
0.2 0.65 3.25 0.680 1 1 1 1.08 1.45
0.2 0.72 3.6 0.747 0.736 1 1 1 1.04 1.44
0.2 0.75 3.75 0.776 1 1 1 1 1.4
0.2 0.8 4 0.825 1 1 1 1 1.36
0.2 0.85 4.25 0.873 1 1 1 1 1.33
0.2 0.9 4.5 0.922 1 1 1 1 1.28
0.2 0.95 4.75 0.971 1 1 1 1 1.25
0.2 1 5 1.020 1.011 1 1 1 1 1.21
0.2 1.05 5.25 1.069 1 1 1 1 1.175
0.2 1.1 5.5 1.118 1 1 1 1 1.14
0.2 1.15 5.75 1.167 1 1 1 1 1.1
0.2 1.2 6 1.217 1 1 1 1 1.07
0.2 1.25 6.25 1.266 1 1 1 1 1.035
0.2 1.3 6.5 1.315 1 1 1 1 1

Modification Factor for ESFP Shear Forces Applied to Wood Structure based on Simplified Method 
PERIODS SOIL SITE CLASS

TABLE 7B - Data Set 2 - Tc=0.2, Wc = 9000, Wc/Ww = 1.5

Tc Tw Tc/Tw Tsrss T etabs A B C D E
0.1 0.35 3.5 0.364 0.355 1.2 1.22 1.46 1.36 1.5
0.1 0.4 4 0.412 1 1 1.31 1.24 1.44
0.1 0.45 4.5 0.461 1 1 1.15 1.12 1.38
0.1 0.5 5 0.510 0.503 1 1 1 1 1.33
0.1 0.55 5.5 0.559 1 1 1 1.26
0.1 0.6 6 0.608 1 1 1 1.19
0.1 0.65 6.5 0.658 1 1 1 1 1.12
0.1 0.72 7.2 0.727 0.723 1 1 1 1 1.05
0.1 0.75 7.5 0.757 1 1 1 1 1
0.1 0.8 8 0.806 1 1 1 1 1
0.1 0.85 8.5 0.856 1 1 1 1 1
0.1 0.9 9 0.906 1 1 1 1 1
0.1 0.95 9.5 0.955 1 1 1 1 1
0.1 1 10 1.005 1.020 1 1 1 1 1

TABLE 7C - Data Set 3 - Tc=0.1, Wc = 18000, Wc/Ww = 3
Modification Factor for ESFP Shear Forces Applied to Wood Structure based on Simplified Method 

PERIODS SOIL SITE CLASS
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Based on Table 7a through Table 7c, the first value at which the EFSP is conservative to use without 
modification is the period at which first modification factor reaches 1.0.  Table 8 below indicates the 
value based on each data set. 

Table 8 Minimum period T (s) for combined structure at which shear modification factors are not 
required 

 

3.6 Review of Drift Ratios 

For the 5-storey wood-frame building on 1-storey concrete podium, drift (stiffness) ratios were 
calculated to compare them with the North American Code requirements as specified in Sections 2.1 
and 2.2. According to the ASCE7-10 the 2-stage approach is allowed provided the average storey 
stiffness of the lower portion is at least 10 times the average storey stiffness of the upper portion and 
the period of the entire structure is not greater than 1.1 times the period of the upper portion when 
considered as a separate structure fixed at the base. According to the NBCC commentary, the 2-stage 
approach is allowed provided the stiffness of the lower storey(s) is greater than three times that of each 
of the upper storeys.   

For Data Sets 1 to 3, a unit load was applied to the structure shown in Figure 1c.  The total deflection 
was obtained and is presented in Table 9 to Table 11. The structure was then broken into six different 
structures representing each level with its respective properties per Table 3.  Each structure was fixed 
at its base and a unit load was applied to the top to determine the deflection ∆ and the stiffness 𝐾, 
calculated as 1 ∆⁄ , for each level.  Table 9 to Table 11 provide both the deflection and stiffness values.  
At the bottom of each table, the stiffness of the podium relative to the average stiffness of the storeys 
above is shown, as well as, the podium stiffness relative to the highest stiffness of the wood structure 
above (Level 1 chosen although similar but slightly less than Level 2). 

 

  

A B C D E
1 0.1 1.500 0.46 0.46 0.61 0.73 1
2 0.2 1.500 0.49 0.49 0.68 0.78 1.3
3 0.1 3.000 0.41 0.41 0.51 0.51 0.76

                

SOIL SITE CLASS
DATA SET Tc Wc/Ww
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Table 9 Deflection and stiffness values and ratios for buildings from Data Set 1: Wc/Ww=1.5, Tc=0.1s 

 

Table 10 Deflection and stiffness values and ratios for buildings from Data Set 2: Wc/Ww=1.5, Tc=0.2s 

 

Table 11 Deflection and stiffness values and ratios for buildings from Data Set 3: Wc/Ww=3.0, Tc=0.1s 

 

Based on the ASCE-7 method utilizing a ten times stiffness ratio threshold (not considering the period), 
a minimum period of 0.5s for the wood structure based on Table 9 would be required for Data Set 1.  
While this would be acceptable for Site Classes A and B as per Table 7, it would not be for Site 
Classes C to E.  Based on Data Set 2, a minimum period of 1s for the wood structure based on 
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Table 10 would be required.  While this would satisfy Site Classes A to D, the design forces may be 
significantly higher than those obtained by a dynamic analysis for the stiffer soils, and they may be un-
conservative for Site Class E.  Based on Data Set 3 (Table 11), a minimum period of 0.35s for the wood 
structure would be required.  This would tend to be un-conservative for Site Classes A through E based 
on Table 7c. 

Similarly, for the NBCC method utilizing a 3 times the stiffness ratio, this threshold would be met for a 
wood structure with a period of 0.35s, 0.72s and 0.35s for Data Sets 1 to 3, respectively, and would 
tend to be un-conservative for the other cases. 

Based on the findings mentioned above, it appears that for the range of podium masses, building 
periods, and range of site classes analysed, both the ASCE7-10 and NBCC thresholds of stiffness may 
lead to un-conservative designs in some cases. Consequently, an alternative approach was developed 
and it is presented in Section 4 of this report. 

4 PROPOSED NEW APPROACH 

Based on Table 8, which summarizes the threshold limits from Table 7a to Table 7c, the following 
approach is suggested for determining the threshold level for which a 2-stage analysis may be used 
versus a dynamic analysis. To use the simplified 2-stage approach, the following two criteria must be 
satisfied, provided that the period of the podium (based on the total mass of the podium and wood 
structure) is between 0.1s and 0.2s, and the mass of the podium is between 1.5 to 3 times that of the 
wood structure above: 

1. For Site Classes A and B  𝑇 > 0.5𝑠 
 For Site Classes C and D  𝑇 > 0.72𝑠 
 For Site Class E     𝑇 > 1.3𝑠 

2. 𝑇 𝑇𝑤 ≥ 1.1⁄  

where:  𝑇 = Period for the combined wood and podium structure 
𝑇𝑤 = Period for the wood structure alone 

 

Provided the period of the podium is between 0.1s and 0.2s, and the ratio of the mass of the podium 
substructure vs the wood superstructure is between 1.5 and 3.0, one can interpolate between the 
tables to determine which design would be satisfactory.  

For structures not meeting the criteria above, a dynamic analysis should be used, or alternatively, one 
could use the 2-stage approach provided the ESFP base shear is scaled up based on the modification 
factors presented in Tables 7a to 7c. 

It is of interest to note that the minimum base shear in Table 7a to Table 7c was set at the minimum 
value obtained from the ESFP according to 2012 BCBC including all factors specific to wood structures.  
For several cases, the dynamic base shear modification factor was less than 1, which would suggest 
that a further reduction in forces may be appropriate. Thus, until which time further studies have 
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concluded that some scaling down of the static base shear (to an 80% limit) is appropriate, the base 
shear is to be limited to 100% of the ESFP. 

5 THE BENEFITS OF DYNAMIC ANALYSIS 

Performing a dynamic analysis as suggested in Section 4 may have the benefits of reducing the base 
shear, provided it is appropriately scaled to the minimum base shear prescribed in the code. For regular 
structures, the code currently sets a minimum base shear of 80% of the ESFP. Table 10 indicates the 
potential benefits that may be realized for structures from the Data Set 1, located on Site Class A, if a 
dynamic analysis were performed. Similar values could be provided for soils B to E. If the wood 
structure were assumed to be regular, and one could apply up to the 80% minimum ESFP based on 
running a dynamic analysis, one can see that benefits would be provided when the period of the wood 
structure is greater than 0.55s. It is therefore recommend that future code work consider allowing the 
benefits of performing a dynamic analysis. Currently, the limit of 100% of ESFP was recommended 
based on limited studies that attempted to minimize the potential development of a soft storey failure. 
However, future work that is proposed to further study soft storey mechanisms should consider whether 
the potential benefits of performing a dynamic analysis can be considered in the design. 

Table 12 Potential benefits of conducting dynamic analysis: Data Set 1 – Tc=0.1, Wc = 9000, Wc/Ww = 1.5 

 

6 CONCLUSION 

Inherent in their design, wood-frame on concrete podium buildings have several structural irregularities, 
which according to the current building codes, would require that they be analyzed utilizing a dynamic 
analysis. However, dynamic analysis of wood-frame structures has been limited mostly to academic 
studies due to the complexity of modeling the properties of the wood-frame elements (shearwalls, 

Tc Tw Tc/Tw T srss T etabs A B C D E
0.1 0.35 3.5 0.364 0.359 1.3 1.36 1.43 1.45 1.6
0.1 0.4 4 0.412 1.15 1.18 1.35 1.38 1.53
0.1 0.45 4.5 0.461 1 1 1.28 1.31 1.46
0.1 0.5 5 0.510 0.506 1 1 1.21 1.25 1.5
0.1 0.55 5.5 0.559 0.82 1 1.1 1.19 1.43
0.1 0.6 6 0.608 0.81 1 1 1.12 1.37
0.1 0.65 6.5 0.658 0.81 1 1 1.06 1.31
0.1 0.72 7.2 0.727 0.736 0.8 1 1 1 1.25
0.1 0.75 7.5 0.757 0.76 1 1 1 1.21
0.1 0.8 8 0.806 0.71 1 1 1 1.17
0.1 0.85 8.5 0.856 0.67 1 1 1 1.13
0.1 0.9 9 0.906 0.62 1 1 1 1.08
0.1 0.95 9.5 0.955 0.58 1 1 1 1.05
0.1 1 10 1.005 1.003 0.54 1 1 1 1

SOIL SITE CLASSPERIODS

             
Modification Factor for ESFP Shear Forces Applied to Wood Structure based on Simplified Method 
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diaphragms, etc.). The NBCC 2010 commentary and the body of the ASCE7-10 in the US provide 
guidelines on stiffness and period requirements (thresholds) for when a 2-stage analysis using the 
ESFP method can be used with a vertically irregular structure. Based on the results from this study, it is 
apparent, that the current code / commentary recommendations in both, Canada and the US, may 
potentially lead to un-conservative designs. Simply relying on stiffness and period alone does not 
appear to capture the threshold levels of when a 2-stage ESFP approach can be used.  Based on 
studying the dynamic response of a range of podium buildings, as well as, different ratios of podium vs. 
wood-frame superstructure masses, threshold limits for when a 2-stage ESFP can lead to an adequate 
seismic design are recommended.  

To use the simplified 2-stage approach, a structure that has a period of the podium (based on the total 
mass of the podium and wood structure) between 0.1s and 0.2s, and the mass of the podium is 
between 1.5 to 3 times that of the wood superstructure, the following two criteria should be satisfied: 

1. For Site Classes A and B  𝑇 > 0.5𝑠 
 For Site Classes C and D  𝑇 > 0.72𝑠 
 For Site Class E     𝑇 > 1.3𝑠 

2. 𝑇 𝑇𝑤 ≥ 1.1⁄  

where:  𝑇 = Period for the combined wood and podium structure 
𝑇𝑤 = Period for the wood structure alone 
 

Provided the period of the podium is between 0.1s and 0.2s, and the ratio of the mass of the podium 
substructure vs the wood superstructure is between 1.5 and 3.0, one can interpolate between the table 
values to determine which design would be satisfactory. Furthermore, it is suggested that the code 
considers linearly increasing the base shear from 0 to 20% as when one uses the building period 𝑇 
between the values of 𝑇𝑎 and 2𝑇𝑎 as the current clause causes and abrupt jump in shear forces. 

For several of the cases studied, reduction in forces may be appropriate. This and future studies to 
review soft storey effects, as well asthe benefits of running a dynamic analysis should be considered. 
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Appendix I Guideline Review Ranking System1 
The following ranking system has been developed to monitor the status of the wood building design 
guidelines2 maintained by the BC Advisory Group on Advanced Wood Design Solutions (AGW):  

RANK DEFINITION 

# This is a draft document this is being circulated for review and comments. 

A This guideline is new and represents the best available evidence at this time.  It will 
be periodically reviewed to determine if it remains current. 

B This guideline was last reviewed on the date indicated and there have been new 
studies published since the guideline was developed.  However, the AGW 
determined that these studies are not sufficient to warrant changing the guideline.  
The information contained in this guideline provides the user with the best evidence 
available at the time the guideline was published.  Readers are encouraged to 
search the current literature as a supplement to using this guideline. 

C This guideline was last reviewed on the date indicated.  As a result of that review, 
the AGW determined that new studies have been published that warrant an update 
of the chapter/section of this practice guideline.  The AGW also determined that the 
remainder of the chapters/sections does not require updating and these 
recommendations remain current. 

D This guideline was last reviewed on the date indicated.  As a result of that review, 
the AGW determined that new data are available that are sufficient to potentially 
change guideline recommend and a full revision is warranted. 

E This guideline was last reviewed on the date indicated.  As a result of that review, 
the AGW decided it is outdated; however, it has been retained for historical and/or 
educational purposes.  These guidelines should be used with caution for design 
purposes. 

 

 

 

 

                                                 

1 This list was adapted from the Canadian Thoracic Society Policy and Evidence-Based Medicine, and the 
American College of Chest Physicians (ACCP) Guidelines Ranking System. 
2 Check fpinnovations.ca for the latest edition. 

https://d.docs.live.net/ad2b425c02eac006/Documents/FPInnovations%20Work/_Active/FII%202014-15/Closure%20Penetration%20Guide/fpinnovations.ca
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