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UNDERSTANDING THE SEISMIC PROVISIONS OF THE 2015 NATIONAL 

BUILDING CODE OF CANADA (CNBC) – COMPUTING FORCES 

  

The determination of the design forces used to evaluate restraint capacity in the 2015 CNBC is 

quite different from the methods used in the IBC Based, U.S. Codes.  For people who need to 

work with the Canadian code, in particular those who might also work with the IBC these 

differences can cause confusion. 

 

The basic design equation used in the CNBC looks like this: 

 

    Vp = 0.3 * Fa * Sa(0.2) * IE * Sp * Wp 

Where: 

 

Vp is the horizontal design force to be used for a particular component or piece of equipment 

 

0.3 is a constant used to tailor the Sa(0.2) acceleration data 

 

Fa is the Soil Factor for a 0.2 second period 

 

Sa(0.2) is the local ground acceleration for a 0.2 second period 

 

IE is the building Importance Factor 

 

Sp is a compilation of a number of factors all dealing with equipment/location specific 

parameters 

 

Wp is the equipment/components weight 

 

In an effort to make this simple, we can look at the terms one at a time.  
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The 0.3 is a factor that is used to better tailor the Sa(0.2) acceleration data to the kinds of 

dynamic response that one might expect for mechanical equipment.  The Sa(0.2) data is the 

highest frequency data routinely collected for earthquakes and in general, for building 

structural design, the longer periods are appropriate.  Unfortunately, equipment dynamics tend 

to be at an even higher frequency so the Sa(0.2) data must be factored to account for that. 

 

For a particular site, the make-up of the actual ground on which the structure is being built will 

have a significant impact on the design acceleration.  To account for this, a soil factor is drawn 

from Table 4.1.8.4 B (0.2 period data).  These factors link the soil type to the PGA (Peak Ground 

Acceleration) data as indicated in Division B, Appendix C, Table C-3.  This table lists all towns of 

significance in Canada and identifies the PGA value for each location.   When using Table 4.1.8.4 

B the output numbers are permitted to be interpolated to match the actual PGA level at the 

site.  The resulting number is to be multiplied by the location’s Sa(0.2) value to obtain the actual 

ground level acceleration term.  The listed value for PGA is in fractions of g (gravity). 

 

Ground acceleration data (Sa(0.2)) in the CNBC is also drawn from data listed in Division B, 

Appendix C, Table C-3.  Besides the PGA, this table also identifies design ground acceleration 

data at different frequencies (actually the periods are listed which is the reciprocal).  For non-

structural components, the column that is of interest is the Sa(0.2) or 5 hz column.  The listed 

value here is also in fractions of g (gravity). 

 

IE is the Building Importance factor.  Unlike the IBC, the non-structural components are all 

assumed to have the same Importance Factor as does the structure itself.  These factors vary 

from 0.8 to 1.5 based on the criticality of the structure with the options being found in Table 

4.1.8.5.     

 

 The Sp factor is a compilation of a number of additional factors as follows: 

 

    Sp = Cp* Ar * Ax / Rp 

Where: 

 

Cp = Component factor 
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Ar = Force amplification factor 

 

Ax = Height factor 

 

Rp = Response modification factor 

  

Again, looking at these factors one number at a time: 

 

Cp is the seismic coefficient for mechanical equipment and it is based on dynamic 

characteristics of different types of components.  This data can be found on Table 4.1.8.18. 

 

Ar is the force amplification factor and it is linked to the flexibility of a non-structural 

component and how it might move relative to the building at its mounting point. This data can 

also be found on Table 4.1.8.18. 

 

Ax = (1 + 2 * component elevation / roof elevation)  is the height factor and it offers a way to 

address the documented evidence that the closer to the roof a component gets, the more the 

ground level accelerations are amplified. 

 

Rp is the component response modification factor and it is linked to the durability of a non-

structural component. This data can also be found on Table 4.1.8.18. 

 

Combining all of these factors will result in a single force that is to be applied horizontally in the 

direction that will generate the greatest loads at the restraints and anchorage components. 

 

For equipment and distribution system anchorage, there is no requirement to consider 

externally generated uplift loads in conjunction with the horizontal loads when working with 

the CNBC code.  Uplift at the various restraint locations that is generated by overturning loads 

due to the geometry of the equipment must, however, be accounted for. 

 

Other Design Factors 

 

If a component or the attachment hardware is considered “Ductile”, the above load can be 

used as is for evaluating the components. 
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If the restraint component is ductile and the attachment method is non-ductile (ie: involves the 

use of concrete anchors) then the loads used to analyze the restraint components can be 

considered as above, but the loads used to analyze the anchorage should be double that value. 

 

If the restraint component is non-ductile then the tabulated values for Cp and Rp should not be 

used and instead, Cp should be set to 2.0 and Rp to 1.0 prior to computing the design forces.  

This would supercede the 2:1 increase indicated in the paragraph above. 
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