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4.1.8.3.  General Requirements

1)The building shall be designed to meet the requirements of this subsection and of the design 
standards referenced in Section 4.3.

2)Structures shall be designed with a clearly defined load path, or paths, to transfer the inertial 
forces generated in an earthquake to the supporting ground .

3)The structure shall have a clearly defined Seismic Force Resisting System(s) (SFRS) as 
defined in Article 4.1.8.2.

4)The SFRS shall be designed to resist 100% of the earthquake loads and their effects. 
8)Structural modelling shall be representative of the magnitude and spatial distribution of the 

mass of the building and stiffness of all elements of the SFRS, which includes stiff elements 
that are not separated in accordance with Sentence 4.1.8.3.(6), and shall account for 

a) the effect of cracked sections in reinforced concrete and reinforced masonry elements
b) the effect of the finite size of members and joints
c) sway effects arising from the interaction of gravity loads with the displaced configuration 
of the structure, and
d) other effects which influence the buildings lateral stiffness.
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4.1.8.7. Methods of Analysis

Equivalent Static Force Procedure used
• areas of low seismicity, or
• regular, H<60m and T<2s
• not torsionally irregular, H<20m,T<0.5s
Dynamic Analysis
• default method
• base shear tied back to statically determined
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STRUCTURAL IRREGULARITIES

• Static lateral force method is based on a regular distribution of stiffness 
and mass in structure.

• It becomes less accurate as the structure varies from this assumption.

• Historically – regular buildings perform better in earthquakes than do 
irregular buildings.  Layouts prone to damage are:

- torsionally eccentric ones.

- “in” or “out” of plane offsets of the lateral system.

- cut-off lateral load elements – particularly coming down the 
building.

- those with a weak storey.
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STRUCTURAL IRREGULARITIES

• Irregularities defined in code address:

- mass and/or stiffness irregularities by requiring a dynamic analysis 
for “taller” buildings in “higher” seismic zones (short period buildings 
tend to be first mode dominated – static method not bad).

- offsets etc… treated by requiring a dynamic analysis for “taller” 
buildings and prescribing some system limitations.

- post disaster buildings – limit irregularities (basically in “higher” 
zones – only mass irregularities and non-orthogonal system allowed.

• Irregularities such as “weak” storey are problematic and are treated 
severely in NBCC – more than in FEMA and U.B.C.  Note that “weak” 
storey is not a “soft” storey. The “soft” storey is dealt with in the stiffness 
irregularity section. 
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4.1.8.3.  General Requirements

When:

IE·F·Sa(0.2) > 0.35  (i.e. – about 1/3 of Vancouver 
value) + any one of the 8 irregularity types.

the building is considered as irregular.
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4.1.8.6. Structural Configuration

(5) (7)
Non-orthogonal Systems
A “Non-orthogonal System” irregularity shall be considered to exist when the SFRS is not oriented along a set of orthogonal axes.8

(1) (3) (4) (7)
Torsional Sensitivity- to be considered when diaphragms are not flexible.
Torsional sensitivity shall be considered to exist when the ratio B calculated according to Sentence 4.1.8.11(9) exceeds 1.7.7

(3)

Discontinuity in Capacity - Weak Storey
A weak storey is one in which the storey shear strength is less than that in the storey above. The storey shear strength is the total strength of 

all seismic-resisting elements of the SFRS sharing the storey shear for the direction under consideration.6

(1) (2) (3) (7)
Out-of-Plane Offsets
Discontinuities in a lateral force path, such as out-of-plane offsets of the vertical elements of the SFRS.5

(1) (2) (3) (7)
In-plane Discontinuity in vertical lateral force-resisting element
An in-plane offset of a lateral load-resisting element of the SFRS or a reduction in lateral stiffness of the resisting element in the storey below.4

(1) (2) (3) (7)
Vertical Geometric Irregularity
Vertical geometric irregularity shall be considered to exist where the horizontal dimension of the SFRS in any storey is more than 130 percent 

of that in an adjacent storey. 
3

(1)

Weight (mass) Irregularity
Weight irregularity shall be considered to exist where the weight, Wi, of any storey is more than 150 percent of the weight of an adjacent storey. 

A roof that is lighter than the floor below need not be considered.2

(1) (3) (7)

Vertical Stiffness Irregularity
Vertical stiffness irregularity shall be considered to exist when the lateral stiffness of the SFRS in a storey is less than 70% of the stiffness of 

any adjacent storey, or less than 80% of the average stiffness of the three storeys above or below.1

NotesIrregularity Type and DefinitionType
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1.7
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7  Torsional sensitivity

if the ratio B > 1.7.

B = δmax / δavg

δ calculated for static loads 
applied at ± 0.10 Dn

Plan
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4.1.8.8. Direction of Loading

Earthquake forces shall be assumed to act in any horizontal direction, except that the 
following shall be considered to provide adequate design force levels in the structure:

a) Where components of the SFRS are oriented along a set of orthogonal axes, 
independent analyses about each of the principal axes of the structure shall be 
performed.

b) Where the components of the SFRS are not oriented along a set of orthogonal axes and 
IEFaSa(0.2) is less than 0.35, independent analyses about any two orthogonal axes is 
permitted.

c) When the components of the SFRS are not oriented along a set of orthogonal axes and 
IEFaSa(0.2) is equal to or greater than 0.35, analysis of the structure independently in 
any two orthogonal directions for 100% of the prescribed earthquake loads applied in one 
direction plus 30% of the prescribed earthquake loads in the perpendicular direction with 
the combination requiring the greater element strength being used in the design.

Instructor: Dr. C.E. Ventura
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STRUCTURAL IRREGULARITIES

• Irregularity Type 8 – “Non-orthogonal lateral force resisting 
system”

• If IEFaSa(0.2) > 0.35 (about 1/3 of Vancouver value), then:
– pick any orthogonal set of axes.
– analyse for 100% of base shear along each axis 

concurrent with 30% of the base shear along the other 
axis.
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THREE-DIMENSIONAL COMPUTER MODEL

• Real and accidental torsional effects must be considered for all structures. Therefore, all 
structures must be treated as three-dimensional systems.

• Structures with irregular plans, vertical setbacks or soft stories will cause no additional 
problems if a realistic three-dimensional computer model is created.

• This model should be developed in the very early stages of design because it can be 
used for static wind and vertical loads, as well as dynamic seismic loads.

• Only structural elements with significant stiffness and ductility should be modeled. Non-
structural brittle components can be neglected. However, shearing, axial deformations 
and non-center line dimensions can be considered in all members without a significant 
increase in computational effort by most modern computer programs. 

• The rigid, in-plane approximation of floor systems has been shown to be acceptable for 
most buildings. For the purpose of elastic dynamic analysis, gross concrete sections are 
normally used, neglecting the stiffness of the steel. A cracked section mode should be 
used to check the final design.
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THREE-DIMENSIONAL COMPUTER MODEL

The P-Delta effects should be included in all structural models. The effect of including P-Delta 
displacements in a dynamic analysis results in a small increase in the period of all modes. 

In addition to being more accurate, an additional advantage of automatically including P-Delta 
effects is that the moment magnification factor for all members can be taken as unity in all 
subsequent stress checks.

The mass of the structure can be estimated with a high degree of accuracy. The major 
assumption required is to estimate the amount of live load to be included as added mass. 

The lumped mass approximation  has proven to be accurate. In the case of the rigid 
diaphragm approximation, the rotational mass moment of inertia must be calculated.

The stiffness of the foundation region of most structures can be modeled using massless
structural elements. It is particularly important to model the stiffness of piles and the 
rotational stiffness at the base of shear walls.

The computer model for static loads only should be executed before conducting a dynamic 
analysis. Equilibrium can be checked and various modeling approximations can be verified 
using simple static load patterns. The results of a dynamic analysis are generally very 
complex and the forces obtained from a response spectra analysis are always positive. 
Therefore, dynamic equilibrium is almost impossible to check. However, it is relatively simple 
to check energy balances in both linear and nonlinear analysis.
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2-D versus 3-D Models

• 2D models adequate for structures with reasonably balanced 
mass and stiffness distributions.

2-D Models OK

center of
mass and rigidity

center of
rigidity

center of
mass

3-D Models Required

• If center of mass and center of rigidity do not match, 
torsional response results, so 3D models are needed.
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Analysis Idealizations

Ground Shaking
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3D models:

The current code defines an “irregular structure” as one that has a certain 
geometric shape or in which stiffness and mass discontinuities exist. A far more 
rational definition is that a “regular structure” is one in which there is a minimum 
coupling between the lateral displacements and the torsional rotations for the 
mode shapes associated with the lower frequencies of the system. Therefore, if 
the model is modified and “tuned” by studying the three-dimensional mode 
shapes during the preliminary design phase, it may be possible to convert a 
“geometrically irregular” structure to a “dynamically regular” structure from an 
earthquake-resistant design standpoint.
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Example of 3D analysis
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Three Dimensional 
Base Forces and
Moments
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Three Dimensional 
Participating Mass 
- (percent)
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A-4.1.1.5.(2) Structural Equivalents

Sentence 4.1.1.5.(2) provides for the use of design methods not specified in Part 4 
of the Code. These include full scale testing and model analogues.  Normally this 
provision is used to permit acceptance of new and innovative structures or to permit 
acceptance of model tests such as those used to determine structural behavior or 
snow or wind loads.  Sentence 4.1.1.5.(2) specifically requires a level of safety and 
performance at least equivalent to that provided by design to Part 4 and requires 
loadings and design requirements to conform to Section 4.1.
Sentence 4.1.1.5.(2) and the provisions for alternative solutions in Division A, Clause 
1.2.1.1.(1).(b) are not intended to allow structural design using design standards 
other than those listed in Part 4.  The acceptance of structures that have been 
designed to other design standards would require the designer to prove to the 
appropriate authority that the structure provides the level of performance required by 
Division A, Clause 1.2.1.1.(1).(b). The equivalence of performance can only be 
established by analyzing the structure for the loads and load factors set out in 
Section 4.1. and demonstrating that the structure at least meets the requirements of 
the design standards listed in Sections 4.3. and 4.4.
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Notice 
While the instructors have tried to be as accurate as possible, they cannot be held responsible for the designs of others that might be based 
on the material presented in this course and these notes. The material taught at this course is intended for the use of professional personnel 
competent to evaluate the significance and limitations of its contents and recommendations, and who will accept the responsibility for its 
application. The instructors and the sponsoring organizations disclaim any and all responsibility for the applications of the stated principles 
and for the accuracy of any of the material taught at the course and contained in these notes.
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The end


