
Welcome

My name is ###########

The major topic of this presentation is the changes to1 the structural loads in 

Part 4 (Structural Design) and Part 5 (Environmental Separation) in the 

National Building Code of Canada.
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This presentation is part of a series of 13

on the 2010 National Model Construction Codes. 

It is important to note that the model codes, which are developed 

by the Canadian Commission on Building and Fire Codes,

must be adopted by provincial/territorial authorities to become law.

This may mean that code requirements enacted by legislation within 

your province or territory might differ from what is presented here. 

Please check with your local authority.
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The changes related to five sub-topics will be addressed in this presentation:

In NBC Part 4, we have

• live load due to use and occupancy

• the climatic and seismic data used in building design

• earthquake design

• wind loads

and in NBC Part 5, we have

•structural loads used in building envelope design
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To introduce live loads, we need to understand the major categories of 

structural loads.

Lateral loads are those loads that predominantly act or induce loads in the 

horizontal direction, for example, wind and earthquake.

Dead loads are those vertical loads due to the self-weight of the structure and 

building components.

Live loads due to use and occupancy are vertical loads due to the weight of 

occupants, space use, and furnishings.
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Crane loads are a subset of live loads.

It is widely recognized that crane loads were not dealt with adequately in the 

NBC 2005.  Crane loads have generally been considered an area that is 

addressed by specialist designers who have the required knowledge.  However, 

there was some concern that the load combinations in NBC 2005 could be 

unconservative when crane loads are considered in combination with snow. 
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To address these issues, a second load combination table has been added to 

NBC Part 4.  It is to be used when crane loads are taken to be other than zero 

in a building with crane loads.  This table is consistent with guidance on crane 

loads that has been put into the CSA S16 standard (structural design).

The NBC 2005 table of load combinations is retained and is to be used for a 

building that does not have crane loads and for a building that has crane loads 

considered to be zero.
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In NBC 2005, the minimum uniform design live load for grandstands, arenas 

and stadia was set at 4.8 kilopascals.

This load is generally associated with areas where people can congregate 

closely in large numbers.  This was deemed to be excessively high for areas 

with fixed seats with backs, where people cannot physically be spaced closely 

enough to warrant the 4.8 kilopascal load.  For locations with fixed seats with 

backs, the uniform live load has been reduced to 2.9 kilopascals.  For other 

portions of the occupancy, the 4.8 kilo Pascal minimum uniform load is 

applicable. 
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The NBC 2005 used a slightly different philosophy for loads for churches, 

lecture halls and theatres.  If 80% of the area had fixed seats with backs, then 

all of the area could be designed for a minimum live load of 2.4 kilopascals, 

else all of it needed to be designed for 4.8 kilopascals.

The live load principle now established in NBC 2010 for arenas will be extended 

to churches, lecture halls and theatres; that is those portions with fixed seats 

with backs have a minimum design live load of 2.4 kilopascals and other 

portions of 4.8 kilopascals.
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The loading for classrooms remains unchanged from the NBC 2005 2.4 

kilopascal minimum live load.

An appendix note has been added to clarify the difference between classrooms 

and lecture halls, which must be designed for a higher minimum load.  Lecture 

halls are similar in configuration to theatres and may have a writing tablet 

attached to a seat, and classrooms have full sized desks.
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The categorization of the uniform loads for vehicles prescribed in NBC 2005 

were general in nature, using terms such as passenger cars and light trucks.  

These have now been made more explicit by citing vehicle gross weight to 

determine the minimum uniform live load.  The 2.4 kilopascal live load 

previously assigned to passenger cars is not assigned to vehicles exceeding 

4000 kilograms gross weight, which has been determined to include typical 

family vehicles such as SUVs. 
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The same general principle was applied to the minimum concentrated vehicle 

load.

The concentrated load in NBC 2005 was required to be distributed over a 750 

mm x 750 mm area.  This was deemed to be too large an area for vehicle 

wheel loads.  The areas over which the loads are distributed have now been 

revised to more closely represent the wheel contact area.

For the case of  vehicles exceeding 9000 kg gross weight and for driveways 

and sidewalks over areaways and basements, the NBC recommends through 

an appendix note that the designer refer to the CAN/CSA-S6 Highway Bridge 

Design Code, which has more detailed loading data for these heavier vehicles.
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The loads on guards have also been revised.

For grandstands, stadia, arenas and bleachers, NBC 2005 required that the 

guard load for means of egress be designed for a minimum horizontal load of 

3.0 kilonewtons per metre.  The application of this guard load has now been 

expanded to include open viewing stands without fixed seats as incidents of 

people massing against guards in these areas have occurred.

The location of horizontal guard load application has been revised from the top 

of the guard to the required guard height.  This location is more likely to be the 

actual point of load application.

The application restriction for the vehicle guardrail load to storage garages has 

been removed so that the required guardrail load is applied to all locations 

where vehicle guardrails are mandated.
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An appendix note that stated that one of the load combinations that must be 

considered is the principal load acting alone has been moved to the body of the 

code.

A new appendix note has been added that clarifies the distinction between rows 

of seats, aisles and corridors.  The spaces between rows of seats are to be 

designed for the loads of the occupancy they serve.  Corridors are parts of exit 

ways and have a minimum width of 1100 mm.  They are designed for the exit 

loading, typically 4.8 kilopascal.  Aisles have widths less than 1100 mm and are 

designed for the loads of the seats.

13



Next, the climatic and seismic data in Table C-2 of Appendix C of Division B of 

the NBC will be discussed.
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The climatic data in the 2005 NBC was based on field measurements that were 

last collected in the 1970's.  Data has been collected since then, but it had not 

been analyzed for inclusion in the NBC table.  This analysis has now been done 

for the rain, wind and temperature data, and Table C-2 has been updated to 

include these values.  The snow values will be updated for the next version of 

the NBC.
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The seismic data values used in the 2005 NBC were based on quadratic 

relationships developed by Atkinson–Boore derived to fit observational data.

This chart shows the fit of those values against the observational data.
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Since that time, an 8-parameter relationship has been derived that produces a 

better fit to the observational data, particularly in lower earthquake zones in the 

east.  This will result, in general, in a slight lowering of the short period values in 

some locations and a slight increase in others, an increase in the long period 

values of about 20%, and a significant reduction of the Peak Ground 

Acceleration, or PGA, values.
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This chart shows the general impact on the 0.2 second spectral acceleration 

values. The green dots represent increases, while the other dots indicate 

reductions.

I will give you a few seconds to review the information on this map.
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Here you see the impact on the Peak Ground Acceleration values, which 

involves significant reductions as can be seen.

How the PGA reduction beneficially impacts design and construction is 

discussed in a later slide.
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The next topic on the list for discussion are the changes to earthquake design.
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It has now been clarified that Site Classes A and B, hard rock and rock, are not 

to be used if there is more than 3 m of softer materials between the rock and 

the underside of

footing or mat foundations. The appropriate Site Class for such cases is 

determined on the basis of the average properties of the total thickness of the 

softer materials.

A relaxation has been introduced for short period structures, that is with a 

period less than or equal to 0.5 seconds, where they are built on liquefiable 

soils.  For these buildings, the soils factors can be selected as if they were not 

built on liquefiable soils.
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Braced and moment-resisting frames have been exempted from consideration 

as a type 4 Irregularity, relating to the in-plane discontinuity in the vertical lateral 

force resisting system. This is because the connections can adequately transfer 

the horizontal forces.

The NBC 2005 had relaxations on the vertical variation requirements for RdRo

when considering small penthouses structures due to their small impact.  This 

relaxation has now been extended to consideration of all small rooftop 

structures.

The design criteria for post-disaster buildings has been tightened up to not 

allow a decrease in any storey stiffness from the higher levels to the ground.  

These types of irregularities have severe consequences on the behaviour of the 

structure under earthquake that impact negatively on the functionality of the 

building after the earthquake event. 
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The NBC sets limits on the types of lateral force resisting systems and heights 

of buildings based on seismicity.  In NBC 2005, there was no specific 

information for cold-formed steel structures. This meant that they had to use the 

default values and restrictions for "other steel systems", which are quite 

restrictive. Specific values have now been provided for cold-formed steel 

structures, and these have been coordinated with the CAN/CSA-S136 technical 

standard for cold-formed steel structure design.
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For the equivalent static force procedure, in NBC 2005, the design spectrum for 

periods greater than 2 seconds was limited to the 2 second value.  This was 

found to be conservative for wall, coupled-wall and wall-frame systems.  In 

NBC 2010, the spectrum value at 4 seconds that can be used equals one-half 

the 2 second value. The value to be used past 4 seconds is limited to the 4 

second value.  The period limit on the deflection calculation has been adjusted 

accordingly.

24



In the equivalent static force procedure, the NBC 2005 had a cutoff of 2/3 the 

0.2 second value for periods equal to or less than 0.2 seconds.  This has been 

found to be inappropriate for buildings constructed on site class F, that is very 

poor soil.  The limit has been removed from those sites.
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Among other changes:

-to be compatible with the 4 second limit changes to the equivalent static force 

procedure, the higher mode factor, Mv, and the overturning moment factor, J, 

have been revised

-the dynamic analysis procedure has been revised to be compatible with the 

short period cutoff limit for other-than site class F in the equivalent static force 

procedure

-steel roof diaphragms and timber diaphragms are now allowed to yield 

provided they are designed and detailed in accordance with the referenced 

material design standards

- the capacity design cutoff using RdRo = 1.0 has been relaxed to RdRo =  1.3
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The basis for seismic design in NBC 2005 was changed to a 2% in 50 year 

probability of exceedance from 10% in 50 years.  The provisions were then 

adjusted to bring the earthquake design levels back to parity with the NBC 1995 

provisions.  However, site stability is assessed outside of the framework of the 

NBC by geotechnical engineers using the Peak Ground Acceleration values. The 

PGA values are used to assess, among other things, site stability. The 

geotechnical community did not adjust their method of analysis to compensate 

for the change in probability of exceedance. The result was that sites that had 

previously been assessed as stable were no longer stable using the new PGA 

values.  British Columbia formed a task force to make recommendations on this 

issue, and the suggestions of that task force have been incorporated into NBC 

2010  by referencing the report in the Structural Commentaries, and by requiring 

in the NBC that the effects of site stability be assessed.  The methodology 

recommended by the BC task force is a displacement-based approach.  The 

reductions in PGA values due to the 8 parameter equation previously discussed 

should further help the assessment of site stability.
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Next, the revised design for wind provisions in the NBC 2010 will be reviewed.
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The exposure factor for rough terrain has limits on its application.  In NBC 

2005, those limits were that the rough terrain extend upwind from the building 

uninterrupted for at least 1 km or 10 times the building height, whichever is 

greater.  Research has shown that the 10 times height limit was insufficient, 

and this has now been revised to 20 times the height limit.

In the dynamic procedure of the Structural Commentary, there was an exposure 

factor for very rough terrain.  Research has shown that this factor was not valid 

and it has been deleted from the Structural Commentary I. 
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The characteristics of buildings with very short natural frequencies (less than 

1/4 Hertz) are that the dynamic effects dominate the gust components, and that 

vortex excitation, across-wind loading, wake buffeting and channeling are major 

issues.  Consequently, the dynamic approach for wind is not appropriate for 

these structures and the experimental procedure must now be used, typically 

testing or modeling.

NBC 2005 placed a trigger for dynamic analysis on buildings greater than 120 

m high. It is possible that buildings less than 120 m tall could experience 

significant dynamic response, and so the height limit has been revised to 60 m.
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Lastly, we will look at the changes to the structural loads addressed in Part 5 of 

the NBC dealing with the building envelope.
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In the 2005 NBC,  and more precisely in the Subsection 5.2.2. dealing with 

structural loads and design procedures, the wording of Article 5.2.2.1. suggests 

that  Part 5 elements, that is building envelope components, are required to be 

designed for seismic loads and effects. However,  this  has never  been the 

intent for buildings which are not expected to be fully functional after a seismic 

event and may have caused excessive designs and costs.
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In the same Subsection dealing with structural loads and design procedures, 

there are also some inconsistencies. The title of Article 5.2.2.2. refers to wind 

loads and other air pressure loads. However, the article itself refers to wind load 

only. In addition, Sentence 5.2.2.2. (2) singles out two factors (more precisely 

the reference velocity pressure and the gust factor) out of several  factors in the 

referenced Part 4 sentences in the determination of wind load.
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In the 2010 NBC, Article 5.2.2.1. was changed to clarify that only seismic 

effects are to be considered for building envelope components and they are to 

be taken into account in the design of post-disaster buildings only as these 

types of buildings are required to have proper degree of functionality after an 

earthquake. The change will prevent any unintended excessive design costs 

and will  make the application to post disaster building explicit which would 

facilitate enforcement.
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In the 2010 NBC, the inconsistencies in Article 5.2.2.2. were eliminated. In that 

sense, the title of the Article was changed to reflect the issue dealt with in the 

body of the article itself (i.e wind load) and Sentence 5.2.2.2.(2) was changed 

to reference the whole Article 4.1.7.1. from Part 4. This will force designers to 

consider all possible factors in the determination of wind load and choose those 

that apply for the specific elements that they are designing. The changes are 

expected to have minor (if any) cost and enforcement implications as the 

current practice seems to consider all the factors and not the only two singled 

out in the 2005 NBC.
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Thank you, if you have any questions, please e-mail them to …
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