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Goals

You will learn:

1. Manitoba Building Code (MBC) requirements 

pertaining to design of deep foundations of housing 

and small (Part 9) buildings.

2. How to identify compliant or non-compliant 

construction drawings.



Outline

1. Overview of foundation design process

2. Shallow foundations

3. Deep foundations

4. Previous design methods

5. History of Limit States Design in the NBC

6. Limit States

7. Limit States Design Philosophy

8. Sample Construction Notes



This is NOT about:

X Teach limit states 

design calculations, structural 

analysis and structural 

design.

… but Limit States 

Design from the 

perspective of building 

code official.



Foundation Design Process



Foundation Types

Division A. 1.4.1.2.(1) Defined Terms



Shallow Foundations



Shallow Foundations

As per Section 9.15. Footings and Foundations

Manitoba Amendments:



Shallow Foundations
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Shallow Foundations



Garage Foundations

“reverse engineering” – not allowed to 

design for other types of buildings



MBC Provisions

No “prescriptive requirements” 

for deep foundations. Only for 

single-family dwelling, a two-

family dwelling or row housing. 



MBC Provisions

What is “prescriptive-based”

Describes in detail 

- the types of materials that can be used, and

- how they must be used.

What is “performance-based”

- describes 

- Acceptable level of performance that an 

assembly, material, or system must meet 

without stating how the item is assembled



MBC Provisions

What is “prescriptive”

1. Based on past experiences

2. Not applicable to all building types

3. With limitations that restrict application

4. When limits are exceeded go to Part 4

5. If all conditions are met, professional design is 

not required.



MBC Provisions



MBC Provisions



MBC Provisions



Common In-Situ Tests

1. Standard Penetration Test (SPT)

2. Dynamic Cone Penetration Test (DCPT)

3. Cone Penetration Test (CPT)

4. Becker Penetration Test (BPI)

5. Field Value Test (FVT)

6. Pressure-meter Test (PMT)

7. Flat Dilatometer Test (DMT)

8. Plate Bearing Test and Screw Plate Test

9. Permeability Test



Geotechnical Report

Good Engineering Practice:

1. Terms of reference of the investigation

2. Scope of the investigation

3. Procedures and equipment used in the investigation

4. Proposed-structure/s

5. Geological setting

6. Topography, vegetation, and other surface features

7. Soil profile and properties

8. Groundwater observations

9. Existing adjacent structures

10. Foundation studies, including alternatives

11. Recommended field instrumentation and monitoring

12. Recommended construction procedures, if appropriate

13. Recommended field services

14. Conclusions and recommendations



MBC Provisions

MB Amendment:

“qualified person responsible to the designer”

4.2.2.3.



Deep Foundations

When to use deep foundations?

 When large concentrated loads 

applied by the structure or when the 

soil near the ground surface is 

unsuitable for shallow foundations. 

 Adequate resistance from a 

combination of:

• shaft friction along the length, and

• end-bearing at the base of the 

piles.



Deep Foundations

Drilled and cast-in-place Driven

Material



Deep Foundations

2010 NBC:

4.2.7. Deep Foundations
4.2.7.1. General

4.2.7.2. Design of Deep Foundations

4.2.7.3. Tolerance in Alignment and Location

4.2.7.4. Incorrect Alignment and Location

4.2.7.5. Installation of Deep Foundations

4.2.7.6. Damaged Deep Foundation Units



Previous Design Methods

• Plastic Design

• Ultimate 

Strength Design

• Working Stress 

Design

a.k.a. Allowable or 

Permissible Stress 

Design

• Limit States Design 

a.k.a. Load and Resistance 

Factor Design (LRFD)

Emphasize only one limit state, usually 

associated with a limiting stress or 

member strength



Working Stress Design (WSD)

• First introduced in the early 1800’s

• Quicker, less on-site engineering

• Single global factor of safety is used

• No soil samples needed to determine soil bearing 

capacity. 

• No Geotechnical Report needed. 

FS = Ru/Sa or     Sa = Ru/FS



 1975 – introduced in NBCC, for 

the steel structures, concrete 

structures, wood, cold-formed 

steel, and masonry, 

 1983 – aluminum structures

 1995 – foundations

 2005 – made LSD mandatory 

for all structural design 

including deep (pile) 

foundations

History of LSD in the NBC



History of LSD in the NBC

Before 2005:
Above-grade  LSD

Below-grade  WSD

WSD

LSD

2005-onwards:
Above-grade  LSD

Below-grade  LSD

LSD



 Conditions under which a structure or its component members 

no longer perform its intended function or purpose

 Based on things that go wrong and do not perform satisfactorily

 Whenever a structure or part of a structure fails to satisfy one 

of its intended performance criteria, it has reached a “limit 

state”

What are “Limit States”

Limit States

Ultimate L.S. Serviceability L.S. Special L.S.



• Collapse or rupture 

e.g. bearing capacity of footings

• Safety concerns

• Things that are dangerous

Ultimate Limit States (ULS)



Failure of Transcona Grain Elevator

Example of ULS failure:

Ultimate Limit States (ULS)



• Things that affect function of structure under expected service 
loads

• Safety of structure not an issue

• Consists of:

– Excessive movements (e.g. settlement, heave, lateral movement, cracking, 
tilt)

– Unacceptable vibrations

– Local damage and deterioration

• Things that make life difficult, but are not necessarily dangerous.

Serviceability Limit States (SLS)



Example of SLS failure:

Palace of Fine Arts in Mexico City has settled more than 3 m than the surrounding 
streets for a period of 50 years and still settling 

Serviceability Limit States (SLS)



Tower of Pisa, Italy

Serviceability Limit States (SLS)

Example of SLS failure:



37

“Other” Limit States:

• Damage or collapse in extreme earthquakes. 

• Structural effects of fire, explosions, or vehicular 

collisions.

• Fatigue Limit States (FLS) resulting from many load 

repetitions (e.g. crane-supporting structures)

Special Limit States



ϕRn ≥ ΣαiSni

Limit States Design (LSD)

Basic Design Equation:



Limit States Design (LSD)

ϕ < 0

α ≥ 1 (usually but not always)

Values are specified in Part 4 NBC

ϕRn ≥ ΣαiSni

Φ and α factors are to account for:

 Uncertainty in loads

 Probability of occurrence

 Variability



Limit States Design (LSD)

Table K-1 of 2010 NBC Structural Commentaries:

Calculation Example:

Rn = 2,500 kN, ultimate axial 

capacity from static pile load 

test

ϕ  = 0.6

ϕRn = 0.6 x 2,500 kN

= 1,500 kN, 

factored axial 

geotechnical resistance 

at ULS



Why use Limit States Design?

• Achieve consistent design approach between 

geotechnical (traditionally WSD) and 

structural engineers (LSD) 

• Economic advantages

• Probability of a Limit State being reached is within 

“acceptable limits”;

• Complete elimination of probability of a Limit 

State being achieved in the service life of a 

structure is impractical 

• Uneconomical designs

• Technical aspects

Limit States Design (LSD)



WSD or LSD?

How do we know 

which calculation 

method was used 

by the engineer?



Working Stress Design (WSD)

Probably WSD, so investigate further.
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Working Stress Design (WSD)

Probably WSD, so investigate further.
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(Deep)

Example:
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(Shallow, just to illustrate Limit States Design)
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(Shallow, just to illustrate Limit States Design)
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Limit States Design (LSD)

(Shallow, just to illustrate Limit States Design)

Example:



Limit States Design (LSD)



OFC Bulletin



OFC Bulletin



EGM Practice Notes
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