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Goals

@4

Learning Objectives

You will learn:

1.

Manitoba Building Code (MBC) requirements
pertaining to design of deep foundations of housing
and small (Part 9) buildings.

How to identify compliant or non-compliant
construction drawings.
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Overview of foundation design process
Shallow foundations

Deep foundations

Previous design methods

History of Limit States Design in the NBC
Limit States

Limit States Design Philosophy

Sample Construction Notes




This 1Is NOT about:

X Teach limit states  but Limit States
design calculations, structural Design from the
analysis and structural perspective of building
design. code official.

Building Department
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Foundation Design Process
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FIGURE 7.1 Components of foundation design and role of codes of practice
(after Ovesen 1981, 1993 and Becker 1996a).
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Foundation Types

Division A. 1.4.1.2.(1) Defined Terms

Foundaton means asystem or arrangement of pundation units through which the loads
from a building are transferred to supporting soil or rock.

Foundaton unit means one of the structural members of the foundation of a building
such as a footing, raft or pile.

=p Shallow foundation means a foundation unit that derives its support from seil or rock
located close to the lowest part of the building that it supports.
= Deep foundation means a foundation unit that provides support for a building by
transferring loads either by end-bearing to soil or rock at considerable depth below
the building, or by adhesmn or friction, or both, in the seil or rock in whidh it is
placed. Piles are the most common type of deep foundation.

Pile means a slender deep foundation unit made of materials such as wood, steel or
concrete or a combination thereof, that is either prem anufactured and placed by
driving, jacking, jetting or screwing, or cast-in-place in a hole formed by driving,
excavating or boring (Cast-in-place bored piles are often referred to as caissons in
Canada.)
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Shallow Foundations

(a) Pad Footing (b) Strip Footing (c) Raft Footing

column pad footing




Shallow Foundations

As per Section 9.15. Footings and Foundations

Manitoba Amendments:
2(55) Sentence 9.15.1.1.(1) is replaced with the following:

1) This section applies to_foundations designed and constructed for a single-family
dwelling. a two-family dwelling or row housing. (See Section 9.35. for small garages and
carports. and Part 4 for other buildings.)

2(56) The following is added after Article 9.15.2.4.:
9.15.2.5. Design Requirements

1) Footings. foundations. foundation walls or basement walls shall conform to
Table 9.15.2.5. and this section.
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Shallow Foundations

Table 9.13.2.3.
Footings, Foundations, Foundation Walls and Basement Walls
Forming Part of Sentence 9.15.2.5.(1)

Design Requirements

Type of Construction

Type of Soil Materials Footings and Foundation Walls
Foundations and Basement Walls
Concrete Table 9.15.3.4 Table 9.15.4.2.A.
Table 9.15.4.2.B.
Coarse Gran' Masonry Not Permitted Table 9.15.4.2.A,
le.g. sand, gravel. Table 9.15.4.2.B.
cobbles, boulders]
Precast Concrete, Steel Section 4.2. Section 4.3.
Wood Article 9.15.2.4, Article 9.15.2.4.
Concrete (cast in place) |Fig. 9.15.2.5.A. Laterally supported walls — One
Storey
Fig. 9.15.2.5.B. Laterally supported walls — Two
Storey
Fig. 9.15.2.5.C. Laterallv unsupported walls
Fine Crain F?g. 9.1? 2. .? D. Piers @ 2.5 metres O.C. Maximum
(e.g. clays. silt. shale) Fig. 9.15.2. 2. .E. Piers @ 3 meires O.C. Maximum
Fig. 9.15.2.5.F. Attached garage foundation

Masonry Not permitted

Appropriate Section of
Section 4.2. of Part 4 Part 4 of this Code =

All other materials of this Code

Organic (muskeg.

top soil) filled All materials
ground
Designed by a professional engineer
Permafrost
[known or All materials

suspected areas)

Notes to Table 9.13.2.5.

Soils with an allowable bearing of 75 kPa or greater.
Installation of foundation walls. other than case-in-place concrete in regions with fine grain soils. subject
to approval of the autherity having jurisdiction.

1




Shallow Foundations

9.4.4. Foundation Conditions
9.4.4.1. Allowable Bearing Pressures

1) Footing sizes for shallow foundations shall be
a) determined in accordance with Section 9.15., or
b) designed in accordance with Section 4.2. using
i) the maximum allowable bearing pressures in Table 9.4.4.1,,
or
ii) allowable bearing pressures determined from subsurface
investigation.
Table 9.4.4.1.

Allowable Bearing Pressure for Soil or Rock
Forming Part of Sentence 9.4.4.1.(1)

Type and Conditon of Soif or Rock Maxm;nr;lsulo:v;liigaﬁeang
Dense or compact sand or gravel™ 130
Loose sand or gravel 50
Dense or compact silt" 100
Stiff day® 150
Firm day™ 7
Soft clay( 40
Til 200
Clay shale 300
Sound rock 500
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Shallow Foundations

Figure 9.15.2.5.A. . Figure 9.15.2..5.3. .
Forming part of subsection 9.15.2.5.(1) Forming part of subsection 9.15.2.5.(1]

MINIMUM REINFORCEMENT FOR

MINIMUM REINFORCEMENT FOR LATERALLY SUPPORTED FOUNDATION WALLS

LATERALLY SUPPORTED FOUNDATION WALLS

Up to 12 metres in length and in fine-grain soils . . e . .
k gt e Up to 12 metres in length and in fine-grain soils

T
X Y —
1 Top of concrete wall L ||__ |
I
| — i i 15 T Top of concrete wall
'*|~H 20 M Top bar continuous T ==+ 1
™ ahove windows ~
.J = ... 20 M Top bar continuous -
2 : +
5 = above windows 5
Grade | 2Smm = by
..... _ | = ol 25 mm =
o * ‘ 10 M Vertical Bar @ 900 mm Q.C. | ¥ Grade g
s | located on inner side of wall o T [ ) _ E
E with 25 mm cover minimum g | ~10 M Vertical bar @ 900 mm Q.C. o
= { £ = / located on inner side of wall E
; | 20 M Middle bar below windows E = with 25 mm cover minimum =
= A E Z _~20 M Middle bar below windows z
E = 3 1 o
E E = B
2 ‘}‘—--__ 200 mm Reinforced concrete wall = - “I =
— (min. 20 MPa concrete) E = -l 200 mm Reinforced concrete wall =
o | g = | (min. 20 Mpa concrete) g
o 200 mm o o} B=]
E ‘ | 3 o - 1+ — 200 mm | $
E 2] ~ | o3
E ’ | 10 M Dowel 750 mm @ 900 mm 0.4, g —‘ _
= I Z [ /10 M Dowel 750 mm @ 900 mm O.C. |
E ﬁ _~ 20 M Bottom bar continuous | = ! |
E g i = 20 M-Bottom bar continuous
e | - S g g
@ { E I !
T L T . 2 |
! £ = dz
— - S = — =
Bottom of footing ~ - “4 H
~~  Bottom of footing ;
e 7i0mm |
600 mm —
ONE STOREY TWO STOREY
NOTES: NOTES:
1) Walls over 12 metres in length shall be designed by a prafessional engineer. 1) Walls over 12 metres in length shall be designed by a professional engineer.
2) Minimum interior column footing size 7530 mm = 750 mm = 250 mm. 2) Minimum interior column footing size 900 mm x 900 mm x 300 mm.
3) "M means Metric bar. 3] "M" means Metric bar.
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Shallow Foundations

Figure 9.15.2.5.C.
Forming part of subsection 9.15.2.5(1)
MINIMUM REINFORCEMENT FOR
LATERALLY UNSUFPPORTED FOUNDATION WALLS
UP TO 12 METRES IN LENGTH AND IN FINE-GRAINED SOILS

250 min

N—

BOTTOM OF FOOTING

=
GRADE 4 .‘?"‘“-u-..__‘___
T — - e T aR==aI: e 2 - 15 M TOP BARS CONTINUOQUS

10MVERTICAL BAR ar 900 mm O.C
50 mm FROM COUTSIDE FACE

g 230 mmy (MINIMUM 20 MPa CONCRETE)

g 20 M EOTTOM BAR CONTINUOUS

= | 150 mm | 50 mm /

3 ./ /

: /

= T

§

750 mm

NOTES:
1) walls over 12 metres in length shall be designed by a professional engineer,
2) "M" means Metric bar




Shallow Foundations

Figure 9.15.2.5.D. Figure 9.15.2.5.E. . .
Forming part of subsection 9.15.2.5.(1) Forming part of subsection 9.15.2.5.(1)

MINIMUM REINFORCEMENT FOR

) R N CE — PIERS AND PERIMETER GRADE BEAMS IN FINE-GRAIN SOILS
PIERS AND PERIMETER GRADE BEAMS IN FINE-GRAIN SOILS O (BTTTE. ST I CeE (R IT e
FOR ONE STOREY FRAME DWELLINGS
A
U
ZE |
o B |
[T Je—] ——
. I L 1
Grade £ _ 15 M Top bar continuous ) |
S g = 10 M Ties @ 600 mm O.C. Grade ;!‘
o 2| — 5
2 2 | 15 M Bottom bar continuous i c 5, 20 M Top bar continuous
<+ =]
W @ -4
- 2995250 0,900 2 77710 M Ties @ 600 mm O.C.
2 150 mm Void form = E
-é between piers 2 20 M Bottom bar continunous
= : ©
___' i g
g Reinforced concrete pier ,5 i | ‘ Bzeone
=] (min. 20 MPa concrete) 230 mm El -h»f| ‘ EEEEE G
~ - //_ a8
o g 150 mm Void form
1 E between piers 230 mm
T o
- g -
20 M 2} ——
= |
Reinforced concrete pier -~ HH_‘H
(min. 20 MFa concrete) 20 M
I
=}
Y Pottomofpad _ - 24 .
.! | 1 Eottomofpad - &
I..—..|r 750mm ¥ 750 mm X 250 mm .
TE0mm ¥ 730mm x 250 mm
750 mm
750 mm P ——— _J
NOTES: PIERS @ 2.5 metres 0.C. MAXIMUM NOTES: PIERS @ 3.0 metres 0.C. MAXIMUM
1) Maximum supported joist length of 2.44 metres. 1) Maximum supported joist length of 3.05 metres.
2) "M" means Metric bar.

2) "M" means Metric bar.
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arage Foundations

Figure 9.15.2.6.F.
Forming part of subsection 9.15.2.5.(1)

MINIMUM REINFORCEMENT FOR
ONE STOREY ATTACHED GARAGE GRADE BEAMS
IN FINE-GRAINED SOILS

200 zam
(8 in. ) —
T : " GRADE BEAM GRADE BEAM GRADE BEAM
= TOP: 2 - 15 M TOP: 2-20 M TOP:2-20M
9 s TIES: 10 M at 500 mm O.C. TIES: 10 M at 600 mm O.C.
= TIES: 10 M at 500 fun O.C. (24 in. 0.C.) (24'in. O.C.)
g
v =y = = ¥
ol 4 - o0
B =1 BOTTOM: 2-15 M g %y ‘ ” [ BOTTOM: 2-20M | 21! | “ ‘ BOTTOM: 2-20M
5 © H— o B L le g| o W e
g 150 mm (6 in.) E 150 mm (6 in.) =) 150 mm (6 in.]
z | VOID FORM by VOID FORM g EOIgECHAT
= 5 z
g - E - =
= 1-20M = 1-20M = ] 1-20M
= g o ““"—-’.n.___‘__‘
® < & ~
= = o T
in 250 mm (10 in.) DIAM. @ bl
N g E
o . - 7 =
= k] = 400 mm (16 in.) DIAM. =
= LS ’T‘ o
i L ¥ 250 mm (10in.) E = - =
= ‘
le =l 400 mm (16 in.) DIAM.
750 mm (2 ft. 6in.) y
SQUARE A
/ J ' J
L] O N L
b .|
900 mm (3 ft. 0 in.)
DIAMETER
PIER and PAD BELLED PILE FRICTION PILE
Maximum spacing: 2.44 m O.C. (8 ft. O in. O.C.) Maximum spacing: 3.66 m O.C. (12 ft. 0 in. 0.C.) Maximum spacing: 3.66 m O.C. (12 ft. O in. O.C.)

“reverse engineering” — not allowed to
design for other types of buildings

Manitoba 9%




MBC Provisions

9.4.1. Structural Design Requirements and Application
Limitations
9.4.1.1. General

(See Note A-9.4.1.1)

1) Subiject to the application limitations defined elsewhere in this Part, structural
members and their conne ctions shall
a) conform to requirements provided elsewhere in this Part,
b) be designed according to g ood engineering practice such as that provided in
CWC 2014, “Engineering Guide for Wood Frame Construction,” or
c) be designed according to Part 4 using the loads and defle ction and vibration
limits spedified in
1) Part9, or
1) Part 4.

No “prescriptive requirements”
for deep foundations. Only for
single-family dwelling, a two-
family dwelling or row housing.
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MBC Provisions

What is “prescriptive-based”
Describes in detall

- 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

Manitoba 9%



MBC Provisions

What is “prescriptive”
Based on past experiences

Not applicable to all building types

With limitations that restrict application

When limits are exceeded —>go to Part 4

If all conditions are met, professional design is

not required.

bk owbE




MBC Provisions

4.2.7.2. Design of Deep Foundations

1) Deep pundations shall be designed in conformance with Subsection 4.2.4. and
this Subsection.

4.2.4. Design Requirements
4.2.4.1. Design Basis

1) The design of foundations, excavations and soil- and rock-retaining structures shall
be based on a subsurface investigation carried outin conformance with the requirements
of this Section, and on any of the following, as appropriate:

a) application of generally accepted geotechnical and dvil engineering

principles by a PI'OIESE.IDH al engineer espedally qualified in this field of
work, as provided in this Section and other Sections of Part 4,

b) established local practice, where such practice includes successful

exg:erien ce both with soils and rocks of similar type and condition and with
undation or excavation of similar type, construction method, size and
depth, or

¢) insitu testing of foundation units, such as the load testing of piles, anchors or

footings, carried out by a person competent in this field of work.
(See Note A-42.4.1.(1).)

2) The foundations of a building shall be capable of resisting all the loads stipulated
in Section 4.1., in accordance with limit states design in Subsection 4.13.
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MBC Provisions

4.2.4. Design Requirements
4.2.4.1. Design Basis

3) For the purpose of the application of the load combinations given in
Table 4.1.3.2.-A, the geotechnical components of loads and the factored geotechnical
resistances at ULS shall be determined by a suitably qualified and ex perienced
professional engineer. (See Note A-42.4.1.(3).)

4) Geotechnical com ponents of service loads and geotechnical reactions for SLS
shall be determ ined by a suitably qualified and experienced professional engineer.

5) The foundation of a building shall be designed to satisfy SLS requirements within
the lim its that the building is designed to accommodate, including total settlement and
differential settlement, heave, lateral m ovement, tilt or rotation. (See Note A-4.2.4.1.(5).)

6) Communication, interaction and coordination between the designer and the
professional engineer responsible for the geotechnical aspects of the project shall take
place to a degree commensurate with the complexity and requirements of the project.
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MBC Provisions

Subsurface investigation means the appraisal of the general subsurface conditions at ¥, Mk S Y
abuilding site by mmlysis of information gained by such methods as ge ological _
surveys, in situ testing, sampling, visual inspection, laboratory testing of samples of
the subsurface materials and groundwater observations and measurements.

4.2.2.1. Subsurface Investigation

1) A subsurface investigation, including groundwater conditions, shall be carried out
by or under the direction of aprofessi-::mal engineer having knowledge and experience
in planning and exe cuting such investigations to a degree appropriate for the building
and its use, the ground and the surrounding site conditions. (See Appendix A.)

A-4.2.2.1.(1) Subsurface Investigation. Where acceptable information on subsurface conditions
alre ady exists, the investigation may not require further physical subsurface exploration or testing.

Log of Borehole:
ProjectNo.:
Project:
Ciient: Enclosure: 1
Location: ProjectMamger:
SUBSURFACE PROFILE SAMPLE
& = Well Completion Details
= k3 Deseription [ 5| s U
= E S| E|2]|8] s
g | & HIEREIEAE:
[
T 102
Ground Surface_| 101
T 3
I 2 2
Fill 1 a0 | 180 =
Sand and gravel fill, some organic 2
e debris 98 2 3
ERl '|| Sandy Sit I 2 30 |220 | 2 &
| Moist, brown to grey sandy silt 3
w |! with embedded gravel a5 z
E ;| Sand @
Ei Medium to fine sand, accasional 3 75 | 380 S
73 | clay lenses. Strong &
E hydrocarbon odour 53

4 “ B0 | 450

13 b %15 ” 55 | 315
E| 3

¥
ottled brown and grey silty dlay.

133 orme sandy lenses.
3 i & | @ | I 80 | 210
:| sana iE] x
{| compact, coarse to medium 2
| sand shell fragments 5 | ] P e 8
..... E
ol [ a2 g 4
ER
Driied By: Hole Size:12"
Drill Method: Dam: Local

Drili Date: Sheer: 1of 1




Common In-Situ Tests

©00NOOGhWNE

Standard Penetration Test (SPT)
Dynamic Cone Penetration Test (DCPT)
Cone Penetration Test (CPT)

Becker Penetration Test (BPI)

Field Value Test (FVT)

Pressure-meter Test (PMT)

Flat Dilatometer Test (DMT)

Plate Bearing Test and Screw Plate Test
Permeability Test

Electrical Resistivity
(Wenner Array)

i

Object




Geotechnical Report

Good Engineering Practice:

Terms of reference of the investigation

Scope of the investigation

Procedures and equipment used in the investigation
Proposed-structure/s

Geological setting

Topography, vegetation, and other surface features
Soil profile and properties

Groundwater observations

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

©COoNOGkWNE




4.2.2.3. MB Amendment:

Field Review “qualified person responsible to the designer”

‘I) A field review shall be carried out by the designer or by another-suitably
to ascertain that the subsurfac‘e conditions are consistent w:Lth the
design and that construction is carried out in accordance with the design and good
engineering practice. (See Note A-4223.(1).)

2) The review required by Sentence (1) shall be carried out X
a) on a continuous basis
i) during the construction of all deep foundation units with all
pertinent information recorded for each foundation unit,
ii) during the installation and removal of retaining structures
and related backfilling operations, and
iii) during the placement of engineered fills that are to be used
to support the foundation units, and
b) asrequired, unless otherwise directed by the authority having jurisdiction,
i) in the construction of all shallow foundation units, and
ii) in excavating, dewatering and other related works.
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Deep Foundations

When to use deep foundations?

» When large concentrated loads
applied by the structure or when the
soll 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

R Material

N

END BEARING PILE

CAISSON
SOCKETED CAISSO
FRICTION PILE




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 * Limit States Design
* Ultimate : | }; a.k.a. Load and Resistance
Strength Design 1 Factor Design (LRFD)
 Working Stress |
Design |

a.k.a. Allowable or
Permissible Stress
Design

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=R/S, or S,=R/FS




History of LSD in the NBC

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

National Building Code of Canada 2005
- Volumes -




History of LSD in the NBC

Before 2005: 2005-onwards:
Above-grade - LSD Above-grade - LSD
Below-grade > WSD Below-grade - LSD

LSD

LSD




What are “Limit States”

> 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”
( Limit States >
(Ultimate L.S> Gerviceability L.S> <Special L.S.>




Ultimate Limit

Collapse or rupture
e.g. bearing capacity of footings

Safety concerns

Things that are dangerous

States (ULS)

S¥
: 2, S —» —
“‘\M/I CPZZ7L
- b) Sliding

/ b
L) 4 '\_J 4 d) Large deformation of

foundation resulting in

c) Uplift an ultimate limit state
of superstructure
Reduction in bearing capacity
“« 5 / due to proximity to slope crest

Global slope stability

e) Overturning f) Loss of overall stability
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Ultimate Limit States (ULS)

Example of ULS failure:

Failure of Transcona Grain Elevator
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Serviceability Limit States (SLS)

* Things that affect function of structure under expected service
loads

e Safety of structure not an issue

e 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
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Serviceability Limit States (SLS)

Example of SLS failure:

Tower of Pisa, Italy




Special Limit States

“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)




Limit States Design (LSD)

Basic Design Equation:

RESISTANCES LOAD EFFECTS

Unfactored  Unfactored Factored Factored Characteristic
Strength —>(nominal) —> (i.e. Reduced)> (i.e. Increased) ¢— (nominal)
Parameters  Resistance Resistance Load Effects Load Effects,
(c, ) R, for Design for Design, Sp

R (I)Rn aSn

n
DR, oSy &
MODEL RESISTANCE LOAD 4
c,p —» X KR - <« FACTORS, X
) QJ (0




Limit States Design (LSD)

OR,, > Zo;S,,;

$<0

o > 1 (usually but not always)
Values are specified in Part 4 NBC

MEAN SAFETY
MAHGIN R-S

MEANFS=R/S
NOMINAL FS = R,/ Sp,

R
M

® and o factors are to account for:

v" Uncertainty in loads
v Probability of occurrence

v Variability

RESISTANCE OR LOADS (R, S)




Limit States Design (LSD)

Table K-1 of 2010 NBC Structural Commentaries:

Ry Resistance
Description J Factor, ® .

1. | Shallow foundation Calculation Example:
(@) Vertical bearing resistance from semi-empirical analysis using laboratory and 0.5

in-situ test data ’ . .

R, = 2,500 kN, ultimate axial

(b) | Sliding : : :

@  based on friction (c = 0) 0% capacity from static pile load

(ii) based on cohesion/adhesion (tan ¢ = 0) 0.6 test
2. | Deep foundation
(a) | Resistance to axial load =06

(i) semi-empirical analysis using laboratory and in-situ test data 0.4 . ¢ - Y

(ii) analysis using static loading test results 0.6

(iii) analysis using dynamic monitoring results 0.5

(iv) uplift resistance by semi-empirical analysis 0.3 (I)Rn = 0.6 X 2,500 kN

(v) uplift resistance using loading test results 0.4

= 1,500 kN,

(b) | Horizontal load resistance : 0.5

factored axial
geotechnical resistance
at ULS
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Limit States Design (LSD)

Why use Limit States Design?

Achieve consistent design approach between
geotechnical (traditionally WSD) and
structural engineers (LSD)

Economic advantages

e Probability of a Limit State being reached is within
“acceptable limits”;

e Complete elimination of probability of a Limit
State being achieved in the service life of a
structure is impractical

e Uneconomical designs

Technical aspects




WSD or LSD?

How do we know
which calculation
method was used
by the engineer?




Working Stress Design (WSD)

\Ys“ % Probably WSD, so investigate further.

CAST-IN-PLACE CONCRETE PILE NOTES

- CONCRETE SHALL BE A (TYPE 50) CONCRETE IN ACCORDANCE WITH AMERICAN
CONCRETE INSTITUTE (ACI) 301, AND 318

-CAST-IN-PLACE PILES ARE DESIGNED FOR AN ASSUMED SKIN FRICTION OF 300 PSF

- CONCRETE SHALL BE NORMAL WEIGHT UNLESS OTHERWISE SPECIFIED AND SHALL
OBTAIN 28 DAY COMPRESSIVE STRENGTHS AS FOLLOWS

- CONC. PILE 35MPA

- AGGREGATE SIZE ——-—— 1" MAX.

- CONC. SLUMP —esmeem e - 3" MAX.

- AIR ENTRAINMENT ———— 4-6%

- VIBERATION TO A DEPTH OF 10' (FT)

- PILES SHALL BE NO MORE THAN 2% OUT OF PLUMB AND NOT MORE THAN 2" (INCH)
OUT OF ALIGNMENT

- PILE REINFORCING TO BE 2 LENGTHS OF 15M REBAR AND SHALL EXTEND FROM THE
BOTTOM OF THE PILE TO A MIN OF 2" (FT) INTO THE GRADE BEAM / WALL

- ALL REINFORCING STEEL USED SHALL BE CLEAN BILLET FREE OF LOOSE RUST, DIRT ,
OR OTHER CONTAMINANTS THAT WOULD REDUCE BONDING STRENGTH AND SHALL
BE AS FOLLOWS

-15M G30.18-09 400MPA
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Working Stress Design (WSD)

\Y%\ ,/ % Probably WSD, so investigate further.

FOUNDATION NOTES:

ALL STRAIGHT SHAFT CONCRETE PILES ARE DESIGNED AS CAST-IN-PLACE FRICTION ELEMENTS IN FIRM
UNDISTURBED MATERIAL WITH AN ALLOWWBLE FRICTION APACITY OF 300 PSF. FOOTINGS SHALL BE FOUNDED ON
FIRM DRY UNDISTURBED SOIL (EXCLUDING SILT) CAPABLE OF PROVIDING AN ALLOWABLE BEARING CAPACITY OF
1500 PSF. ALL BELLED PILES ARE DESIGNED AS END BEARING ELEMENTS FOUNDED ON FIRM DRY UNDISTURBED
SOIL (EXCLUDING SILT) CAPABLE OF PROVIDING AN ALLOWABLE BEARING CAPACITY OF 2500 PSF. THE OWNER

/ CONTRACTOR IS RESPONSIBLE FOR VERIFYING THESE ASSUMPTIONS WITH A SOILS INVESTIGATION. STEINER
DRAFTING & DESIGN, ACCEPTS NO LIABILITY FOR THESE ASSUMTIONS OR FOR ANY REDESIGN OF THE FOUNDATION

RESULTING FROM THE CONTRARY SOILS CONDITIONS.




Working Stress Design (WSD)
‘&&L\ﬁ //7/ % Probably WSD, so investigate further.

FOUNDATION

1. Foundation has been designed as bearing end cast in place piles
2. Piles working capacities as follows:

450 mm/18" - 400 kips / 1800 kN,

400 mm/16" - 265 kips / 1200 kN

3. All piles shall be made with sulphate resistant cement type 50 with a concrete strength of 35
MPa.

4. Piles shall be no more than 2% out of the plum and 2" / 50mm out of alignment.
5. Defective or piles which are damaged in construction will not be accepted. Additional piles shall
be substituted by the piling contractor at no extra cost to the owner.




Worklng Stress Design (WSD)

Probably WSD, so investigate further.




Worklng Stress Design (WSD)

Probably WSD, so investigate further.




Working Stress Design (WSD)

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

% Probably WSD, so investigate further.
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Limit States Design (LSD)

Example: PRECAST CONCRETE DRIVEN PILES

1. THE CONTRACTOR SHALL CONFIRM THE LOCATION OF SUB-GRADE SERVICES PRIOR TO
COMMENCING DRILLING FOR PILES,

2 PRECAST CONCRETE PILES SHOULD BE PRE-DRILLED AND DRIVEN TO PRACTICAL REFUSAL IN
ACCORDANCE WITH GEOTECHNICAL REPORT.

3. FOUNDATION CONTRACTOR SHALL VERIFY THE LENGTH OF PRECAST PILES REQUIRED AT
THIS SITE.

4, PILES DRIVEN WITHIN FIVE PILE DIAMETERS ON CENTER SHALL BE MONITORED FOR HEAVE
AND WHERE IT IS OBSERVED, THE PILES SHALL BE RE-DRIVEN TO THE AFOREMENTIONED
REFUSAL CRITERIA.

5, ALL FOUNDATIONS SHALL BE INSTALLED IN ACCORDANCE WITH THE GEOTECHNICAL REPORT
THAT HAS BEEN PREPARED FOR THIS PROJECT. PILE INSTALLATION SHALL BE PROVIDED
UNDER FULL TIME INSPECTION OF A QUALIFIED PROFESSIONAL GEOTECHNICAL ENGINEER
REGISTERED IN THE FROVINCE OF MANITOBA, AND HOLDS A CURRENT CERTIFICATE OF

AUTHORIZATION OF APEGM.

6. MAINTAIN AN ACCURATE RECORD OF EACH PILE. SUSMIT A COPY OF THIS RECCRD TO THE
DESIGN ENGINEER.

7. ALL PRECAST DRIVEN PILES DRIVEN TO REFUSAL ARE DESIGNED FOR THE CAPACITIES
SHOWN:

- 356mm DIAMETER HEXAGONAL: SLS = 825kN, FACTORED ULS = 780kN
. 408mm DIAMETER HEXAGONAL' SLS = 800N, FACTORED ULS = 1000kN
8 UNFACTORED DOWN DRAG LOADS ON PRECAST DRIVEN PILES:
- 356mm DIAMETER HEXAGONAL: 800kN
- 405mm DIAMETER HEXAGONAL: 690kN
ALOAD FACTOR OF 1,25 1S USED FOR DOWN DRAG LOADS WHEN EVALUATING THE
STRUCTURAL CAPACITY OF THE PILES,

(Deep) Manitoba ¥




Limit States Design (LSD)

Example:

PRECAST CONCRETE DRIVEN PILES

L THE CONTRACTOR SHALL CONFIRM THE LOCATION OF SUB-GRADE SERVICES PRIOR TO
COMMENCING DRILLING FOR PILES.

2. PRECAST CONCRETE PILES SHOULD BE PRE-DRILLED AND DRIVEN TO PRACTICAL REFUSAL IN
ACCORDANCE WITH GEOTECHNICAL REPORT.

FOUNDATION CONTRACTOR SHALL VERIFY THE LENGTH OF PRECAST PILES REQUIRED AT THIS SITE

4, PILES DRIVEN WITHIN FIVE PILE DIAMETERS ON CENTER SHALL BE MONITORED FOR HEAVE AND
WHERE |IT IS OBSERVED, THE PILES SHALL BE RE-DRIVEN TO THE AFOREMENTIONED REFUSAL
CRITERIA.

S ALL FOUNDATIONS SHALL BE INSTALLED IN ACCORDANCE WITH THE GEOTECHNICAL REPORT THAT
HAS BEEN PREPARED FOR THIS PROJECT. PILE INSTALLATION SHALL BE PROVIDED UNDER FULL TIME
INSPECTION OF A QUALIFIED PROFESSIONAL GEOTECHNICAL ENGINEER,

6. MAINTAIN AN ACCURATE RECORD OF EACH PILE. SUBMIT A COPY OF THIS RECORD TO THE DESIGN

ENGINEER.
7. ALL PRECAST DRIVEN PILES DRIVEN TO REFUSAL ARE DESIGNED FOR THE CAPACITIES SHOWN:
- 127 (300MM) DIAMETER HEXAGONAL SLS = 445KN, FACTORED ULS = 660KN

- 147 (350MM) DIAMETER HEXAGONAL - 625 KN (140 KIPS) SLS = 625KN, FACTORED ULS = 936KN
- 167 (400MM) DIAMETER HEXAGONAL - 800 KN (180 KIPS) SLS = 800KN, FACTORED ULS = 1200KN

(Deep) Manitoba 9
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Limit States Design (LSD)

Example:

FOUNDATION NOTES:

ALL STRAIGHT SHAFT CONCRETE PILES ARE DESIGNED AS CAST-IN-PLACE FRICTION ELEMENTS IN FIRM

UNDISTURBED MATERIAL WITH AN ALLOWWBLE FRICTION APACITY OF 300 PSF.. ULS VALUES FOR TELEPOSTS ON PILES
=450 PSF AND ALL OTHER PILES ULS =450 PSF. THE DESIGN OF THE FRICTION PILES IS NOT HIGHLY TECHNICAL. THE
CONTRACTOR SHALL PROVIDE A FIELD REVIEW TO ASCERTAIN THAT THE SUBSURFACE CONDITIONS ARE CONSISTANT
WITH THE DESIGN AND THAT CONSTRUCTION IS CARRIED OUT IN ACCORDANCE WITH THE DESIGN AND GOOD
ENGINEERING PRACTICE. DURING THE CONSTRUCTION AND FIELD REVIEW OF THE CAST-IN-PLACE FRICTION PILES THE
CONTRACTOR SHALL RECORD ALL PERTANENT INFORMATION FOR EACH PILE. NOTE: ALLOWABLE LOADS GOVERN THE

DESIGN.

(Deep)
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Limit States Design (LSD)

Example:

March 5, 2018

Office of the Fire Commissioner

Building & Fire Safety Engineer,

508-401 York Ave Winnipeg, MB R3C 0P8
Attention: Norman A. Garcia, P.Eng.,

Dear Mr. Garcia:

Re:
Permit #:
1. The contractor shall locate all site services prior to piling.
2. Sleeves shall be placed through any soil that may slough during construction of the pile.
3. Center all piles under beams or walls unless otherwise noted.
4. All steel pipe piles are designed as end bearing elements on sounds bedrock with an assumed

ULS capacity 0.33Fy and an assumed SLS capacity of 0.3Fy.

Trusting that this is satisfactory,

(Deep) Manitoba ¥
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Example:

(Deep)
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Example:
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Example:
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Example:
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Limit States Design (LSD)

Example:

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

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

(Shallow, just to illustrate Limit States Design) Mo,mtobah
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OFC Bulletin

January 5, 2017

Dear Stakeholder:

On December 20, 2017, the Office of the Fire Commissioner released bulletin OFC 17-
002 “Limit States Design for Housing and Small Buildings". A PDF copy of the bulletin
is attached to this e-mail, and is available for viewing and download at:
http://www.firecomm.gov.mb.ca/docs/ofc 17 002 limits states design.pdf

The purpose of the bulletin is to provide information about the Manitoba Building Code
requirements pertaining to housing and small buildings that require the construction of
deep foundations.

If you have any questions about the bulletin, please contact the Building and Fire Safety
Section at 204-945-3322 (Toll Free at 1-800-282-8069) or via e-mail at \

firecomm@gov.mb.ca.

Sincerely,

Candace Russell Summers
Chief Building Official

508 Norquay Building = 401 York Avenue * Winnipeg, Manitoba « Canada + R3C 0P8 L]
Telephone: 204-945-3322 « Fax: 204-948-2089 « Website: www.firecomm.gov.mb.ca




OFC Bulletin

Office of the Fire Commissioner
Building and Fire Safety

Date |szued: December 20, 27
OFC 17002

Lt StaTESs DESIGN ForR HousiNg AND SmaLL BuiLDing s

The purpose of this bulletin is to provide information about the Manitoba Building Code
requirements pertaining to housing and small buildings that require the construction of desp
foundafions.

Limit States Design

Limit States Design (LSD) is a structural design method used for the design of steel, concrete,
wood, masonry, and foundation structures under the Manitoba Building Code (MBC). LSD
must be used for the design of deep foundations. The MEBC requires that:

9.4.1.1. General

1) Subject to the application limitations defined elzewhers in

this Part, structural members and their connections shall

a) conform to the reguirements provided elsewhers in this

Part,

b) be designed according to good enginesring practice such
as that provided in CWC 2008, “Engineering Guide for
‘Wood Frame Construction,” or
be designed according to Part 4 using the leads and
deflection and vibration limits specified in
i) Partg, or
i) Part 4,

[4

—

4.2.4.1. Design Basis
1) The foundations of a building shall be capable of resisting
all the loads sfipulated in Section 4.1., in accordance with
limit states design in Subsection 4.1.3.

Deep Foundation

D=ep foundation means a fo ot wnit that provides support for a building by transferring
loads either by end-bearing o soil or rock at conziderable depth below the building, or by
adhesion or friction, or both, in the soil or rock in which it iz placed.

Pilzs are the most common type of deep foundation. Pile means a slender deep foundafion
unit made of materials such as wood, steel or concrete or a combination thersof, that is either
pre-manufactured and placed by driving, jacking, jetting or screwing, or cast-in-place in a hole
formed by driving, excavating or boring. Cast-in-place bored pifes are often referred to as
caigsons in Canada.

Design
The design of deep foundations must mest the objectives of Part 4 of the MBC and be basad

on the site subsurface conditions. The design must be camied out by & professional enginser
licensed to practice in the Province of Manitoba and skilled in the area of work concemed.

Subsurface Investigation

Subsurface condifions must be taken into consideration by the professional enginesr
completing a deep foundation design under Part 4 of the MBC. The MBC requires that:

4.2.2.1. Subsurface Investigation
A subsurface invesiigation, including grovndwater conditions shall be
carrizd out by or under the direction of a professional engineer having
knowledge and experience in planning and executing such investigationsto a
degree appropriate for the building and its use, the ground and the
surrounding zite condifions. (See Appendix A)

A-4.2.2.1.(1) Subsurface Ir tigation. Where plable information on subsurface
conditions already exists, the investigation may not require further physical subsurface
exploration or testing.

Field Review

A field review must be undertaken to confirm that the design is consistent with the subsurface
conditions. Part 4 provides clear direction about the field review process as follows:

4.2.2.3. Field Review
1) A field review shall be camied out by the designer or by ancther gualified
person responsible to the designer to ascertain that the subsurface
conditions are consistent with the design and that construction is carmied
out in accordance with the design and good engineering practice. (see
Appendix A).

2) The review required in Sentence (1) shall be camied out
a) on a continuous basis
i) during the construction of all deep foundation units with all pertinent
information recorded for each unit,
i} during the installation and remaoval of retaining structures and related
backfilling cperations, and
b} as required, unless otherwize directed by the authority having jurisdiction,
i) in the construction of all shallow foundation units, and
ii} in excavating, dewatering and other related works.

4.2.2.4 Altered Subsurface Condition
13 If, during construction, the soil, rock or groundwater is found not to be of the
type or in the condition used in design and as indicated on the drawings,
the design shall be reassessed by the designer.

2) If, during construction, climatic or any other conditions change the
properties of the soil, rock or groundwater, the design shall be
reassessed by the designer.

Loads that may be applied to a deep foundation depend nat only on the properties of the
foundation as & structural unit, but also on the properies of the foundation soil (or rock) and of
the soilffoundation system. Gectechnical criteria are determined on the basis of site
investigations and geotechnical analyses.

Further information Pleaze contact the Building and Fire Safety Section at 204-945-3322
with any questions or for clarifications.

£08 - 401 York Avenue
‘Winnipeg Manitcba R3C 0P3
T: 204 245-3222

F: 204 845-2058

Toll Free: 1-500-252-5068 fin Manitoba caly) Manitoba h
Website: waw firecomm. pow.mi.ca
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EGM Practice Notes

FOR PROFESSIONALS > PRACTICE NOTES I = ENGINEERS
i |
FOR PROFESSIONALS —— GEOSCIENTISTS
MANITOBA

Practice Notes

You should be aware of the following information, and use it in your practice:

April 26, 2018

Limit States Design - Foundations

It has come to the attention of the Engineers Geoscientists Manitoba's Investigation Committee that some members have
attempted to design foundations for buildings using a methodology that falls below the acceptable standard of
professional engineering. The methodology in question relies on analyzing the prescriptive aspects of the Manitoba
Building Code (MBC) found in section 8.15.2.5, which includes a prescriptive description of piles acceptable for single-
storey attached garages. The methodology, which the IC does not condone, involves the calculation and prediction of soil
capacities based on reverse-engineering these prescriptive details.

All of Engineers Geoscientists Manitoba's practitioners must employ Limit States Design (LSD) methodology for the
design of foundations of buildings that fall under the MBC. The prescriptive details illustrated in the figures presented in
9.15.2.5 are only appropriate for the specific use described in each detail. Therefore, the design of piles other than those
for single-storey attached garages must include an appropriate establishment of soil capacities for the site in question.

Some Authorities Having Jurisdiction (AHJ) may have established soil capacity values that can be used for ULS and SLS
foundation designs for specific Part 9 structures in their jurisdiction. These AHJ's may be consulted in the absence of site
specific geotechnical information.

Engineers Geoscientists Manitoba's Investigation Commitiee wishes to further provide direction regarding sentence
9.4.1.1.b ofthe MBC. This sentence allows for "structural members and their connections” to "be designed according to
good engineering practice such as that provided in CWC 2009, Engineering Guide for Wood Frame Construction”. 1t is
not 'good engineering practice’ to rely on this sentence as justification to use Working Stress Design methodology for the
design of foundations.

The Investigation Committee encourages all of Engineers Geoscientists Manitoba's practitioners to embrace Limit States
Design as the only acceptable methodology for the engineered design of all building structural elements (including

foundations).
Manitoba 9
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