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INTRODUCTION

This report is a summary of results obtained
from a survey sent out to various organizations.
The results reflect practice in Canada_ in a
general way but it should be noted that the
survey is by no means exhaustive. It is reason
able to expect, because of the diversity of soil
conditions and geographical extremities, design
and construction. practices 'are different in
various regionsf The report is divided into two
parts, Part A from Eastern Canada (mainly
Ontario) and Part B from Western Canada. The
most widely used reference is the Canadian
Foundation Manual which contains design conside
rations, analysis and procedure. A new edition
of the manual has recently been published by the
Canadian Geotechnical Society.

PART A

1_._ Region (Eg."City;, Province, Region):

Responses were received from firms
operating in Eastern Canada, primarily
Ontario. The results reflect practices in
Toronto and other cities in the Province.

2. Name and address of person preparing thereport: .
Six (6) responses were received.

3. .Is there widespread occurrence of soft/
loose soil in your region? (Give brief out
line of the geology, soil and groundwater
conditions, engineering properties, etc.)

A wide range of soil types was reported.
Main soil types are of. glacial origin.
These soils vary from soft to hard, jointed
and fissured. Soft clay deposits were
reported from Southwestern Ontario and
areas in Northern and Eastern Ontario.
Deposits of loose sands and non-plastic
silts are present as shallow water deposits
in several areas.

4. Is braced excavation widely used for
underground construction in your region?
Outline the predominant support systems
used (sheet pile or diaphragm wall, soldier
piles and lagging, struts or anchors, etc.)
and comment briefly on specific construc
tion procedures.
- Braced excavations are used wherever

space restrictions dictate.

Most common types, in order of pre
ference are: soldier pile and lagging;
secant piles (caisson walls); sheet
piling; diaphragnlwallsz soil nailing.
Preferred support schemes for the
above systems` are: soil and rock
anchors; rakers; struts (generally for
sewer excavations only).
Specific construction procedures vary,
depending on: soil types and ground
water conditions; maximum movements
that can be tolerated; sensitivity of
adjacent structures.
The preferred schemes are generally
the installation of the support system
as the excavation progresses downward
(ie. lagging, anchors, struts, etc.).

What design procedures are adopted for
braced excavation in your region? (eg. semi
empirical - Terzaghi-Peck) Are analytical
procedures such as finite element methods
used in your design? If so, under what
circumstances?

Braced excavations in this region are for
the most part designed using semi-empirical
methods. The use of the finite element
techniques for braced excavations design
analysis is rare; use would be restricted
to very sensitive installations or legal
situations.

Give a brief outline of the design
procedures with regard to the following:

depth of diaphragm wall/sheet pile - bottom
heave/moment balancing at bottom strut
level/piping considerations, etc.

Depths are a function of soil and ground
water conditions and the specific support
system used.
- In dry loose sands the support system
extends to the bottom of the excavation
(lagging). Penetration of piles is
established by limiting -equilibrium
analysis with appropriate factor of safety.
- In loose sand below the groundwater
table when no dewatering is undertaken,
interlocking sheet piles are driven ahead
of the excavation. Excavation depths
typically extend below the bottom of the
excavation to a depth sufficient to prevent
"piping" (typically a depth equal to the
head of water above the excavation level).
~ Where sheeting is used in soft clays,
the use of two stage excavation and



sheeting (ie. relieving earth pressures
around the excavation) is done;
alternatively, the use off very stiff
caisson wall systems are common.

spacing of struts - vertical and
longitudinal

~ longitudinal spacing of soldier piles
and tiebacks are typically 2.5 to 3 m.
Rakers 4.5 to 6 m.
- vertical support is typically at 2.5 to
3.5 m spacing.

earth pressure distribution above cut depth

~ Apparent earth pressure distribution
above cut depth is typically based on
Terzaghi-Peck (1967). 'Designs include the
effect of street traffic, construction
equipmnt and other surcharge loads. For a
single tieback support a triangular
distribution is usually assumed.

earth pressure distribution below cut depth

~ Earth pressure distribution below cut
depth is generally based on Rankine Theory.

strut load

~ Strut loads depend on pile spacing,
pressure diagrams and allowable movements.
Calculated for various stages of construc
tion.

ground movement - maximum settlement, zone
of influence, etc.

- Ground movement maximum settlements and
zone of influence are predominantly esti
mated by empirical methods (eg. Peck 1969)
and/or by structural analysis of the sup
port system. Arbitrary criterion of 13 mm
limiting lateral movement is usually set
and Settlement assumed togbe related. Site
sensitivity issues are given consideration
in the final analysis.

Are major braced excavations subjected to
instrumentation and performance study?
What measurements are commonly made? Give
reference to relevant publications and
reprints, if any.

~ Where the restriction of ground move
ments in major braced excavation is criti
cal, these excavations are instrumented.
The usual schemes involve horizontal and
vertical precise surveys on target set on
all sides and various strategic levels;
this is usually supplemented by inclino
meter installation.

What types of monitoring programme are
normally adopted to observe the effect of
braced excavation on adjoining structures?

- The effect on adjacent structures is
usually done by some or all of the follow
ing elements: (a) preconstruction surveys
of the buildings plus normal target and
inclinometer measurements of _the shored
face. (b) Crack gauge installations are
done at appropriate points and in some
instances the internal stretch of adjacent
basement floors may also be monitored.

9.

10.

ll.

PART

The

Are there any codes of practice related to
design and construction of braced excava
tion? Give' a complete list with fullreferences. `
° The Canadian Foundation Manual is the
most common guideline for the design of
braced excavations. Other pertinent codes
include: The Ontario Building Code;
CAN/CSA - Sl6.l Steel? CSA W59 - Welding.

Are there any authoritative reports/manuals
that give recommendations for design, con
struction and performance study of braced
cuts (give references).

~ The most frequently used references
include: Canadian Foundation Manual;
NAVFAC DM-7; State-of-the-Art Papers (eg.
Peck 1969 paper); Pile Buck Sheet Piling
Design Manual, Pile Buck Inc.

Provide synopsis of a few important pro
jects that have been carried out using
braced excavations in your region (pre
printed case history data sheets would be
useful).

See, eg., Isherwood (1989), Nilsen and
Walker (1991) and Orpwood and Walker
(1992).

B

numbering in the following paragraphs
generally corresponds with that in Part A.

1&2.

3.

4.

This survey covers the Prairie Region of
Canada from Winnipeg, Manitoba, westward
some 1400 km to the foothills of the Rocky
Mountains, together with the west coast of
British Columbia, Vancouver and the Lower
Fraser Valley. This survey was compiled
from the results of a questionnaire circu
lated to 20 organizations including engi
neering consulting firms, specialist con
tractors and academics, and represents
practice in the principal cities in the
region, namely Winnipeg, Calgary, Edmonton,
Victoria, and Vancouver;

The Prairie region is dominated by a stra
tigraphic sequence of firm to stiff glacial

till,lake clays, fissured clay and silt
and soft cretaceous bedrock. These clays
typically have an overconsolidation ratio

shearthat varies from 1 to 5, undrained
strength from 35 kPa to 100 kPa, plasticity
index 40 to 75, with a variable but often
significant montmorillonite content. The
Victoria area of southern Vancouver island
has deposits of soft normally consolidated
marine clay up to 30 m thick and many of
the fjords along the northwest British
Columbia coastline have extensive deposits
of normally consolidated marine silts and
clays that rise above current sea levels at
their inland end. The Lower Fraser Valley
contains loose deltaic sands and soft silts
often overlain by peat.

Despite an abundance of open space and a
relatively small population, space restric
tions in urban centres have led to wide
spread use of braced excavations with
support using soil and rock anchors to



gether with soldier piles and timber
lagging, or steel mesh and shotcrete fac
ing. Soil nailing is often used in the
denser and stiffer soils and_tills, espe
cially in Vancouver. At present, diaphragm
walls are little used. Steel sheet piles
with tieback anchors are often the preferr
ed system in cohesionless soils or' high
water table situations. Steel H soldier
piles supported by rakers, and timber
lagging, upredominate in Winnipeg. In
Edmonton, braced or tied back H section
soldier piles and timber lagging are stan
dard, with anchored mesh and' shotcrete
becoming progressively more accepted.

Because of the generally modest depth to
dense soils or rock, most excavations are
designed using the semi-empirical earth
pressure envelopes of Terzaghi and Peck
(1967). Some respondents have used finite
element methods, mostly linear elastic soil
models, for deep and complex excavations or
where settlements are critical.

Conventional free earth support and fixed
earth support (equivalent beam) methods are
considered for sheet piling design, as well
as Rowe’s moment reduction method for flex
ible sheet pile walls, Rowe (1957). Methods
presented by Janbu (1954) and NAVFAC DM-7.2
are' used to check base instability and
heave. Anchor and/or soldier pile spacings
are generally in the 1% m to 2 3/4 m range.
Most designers in the Prairie clays adopt a
Terzaghi and Peck-type trapezoidal pressure
distribution above the base of temporary
excavations. -For soldier pile design
Edmonton practice would be to ignore the
'active thrust below the excavation line and
select a suitably conservative bearing
(passive) pressure to limit outward move
ment of the soldier piles. Mostly, strut
or anchor loads are determined from the
contributory area of the semi-empirical
pressure diagram. For some major excava
tions, step-wise finite element methods or
structural finite difference methods have
been used. A variety of methods for the
estimation of ground movement is used
depending on the risk involved, including
elastic closed form solutions, empirical
functions of excavation depth, and the
charts of Peck (1969). Major excavations
and those with unusual geological condi
tions falling outside of conventional
experience, are analyzed using finite
element methods, as for example the
Edmonton Convention Centre (Chan and
Morgenstern, 1987).

Most respondents limit instrumentation to
precise optical surveys of the vertical and
horizontal displacements of the top edge of
the excavation or support system. For
excavations deeper than two rows of anchors
slope indicators would be added. Standpipe
piezometers would be installed in cases
where high groundwater levels and/or base
heaving is a concern.

It is becoming standard practice to under
take pre-excavation surveys of surrounding
buildings to document existing cracks and
provide a positive means of verifying any
damage claims. This type of pre-works

survey would usually include setting survey
monuments on nearby sidewalks, building
foundation walls and any sensitive utility
conduits.

9. The Canadian National Building Code (NBCC
1990) contains a supplement that outlines
requirements for supported and unsupported
excavations and provides simplified earth
pressure distributions and ground movement
estimates for a selection of restraint
systems in granular soils, stiff cohesive
soils, and soft to firm clays.

10. More authoritative references that are in
common use in the region include the
"Canadian Foundation Engineering Manual";
the US Navy publication "Foundations and
Earth Structures - NAVFAC DM-7.2"; the
"Steel Sheet Piling Design Manual" by Pile
Buck Inc.; the U.S. Federal Highway Admini
stration Manual, FHWA/RD-82/047, "Tie
backs"; "Earth Support Systems and Retain
ing Structures" (1992) by Pile Buck Inc.;
and standard texts such as "Foundation
Analysis and Design" 4th Ed., by Bowles and
the ,"Foundation Engineering Handbook"
(1991) by Fang. The ASCE specialty confe
rences, "Lateral Stresses in the Ground and
Design of Earth-Retaining Structures"
Ithaca, N.Y. (1970), and "Performance of
Earth and Earth-Supported Structures",
Purdue, (1972) are still good sources of
case history and state of practice
information.

ll. Some of the more important projects requir
ing braced or tied back excavations (in
cluding, but not limited to soft ground) in
western Canada in recent years include:
Century Place, Edmonton [unpublished]; LRT
Stations, Edmonton [Eisenstein & Madeiros
(1983), and Tweedie et al. (1992)]; Edmon
ton Convention Centre [Balanko (1980)];
Bankers Hall, Calgary [unpublished];
Winnipeg Square Parkade [unpublished];
Winnipeg Floodway Entrance Control Gate,
and Deep Shaft-Southend Pollution Control
Centre [Baracos et al. (1983)]; John Hart
Dam Rehabilitation [unpublished, B.C.
Hydro]; Cathedral Square-` Substation,
Vancouver [Garga et al., (1984)]; Oldman
River Dam Spillway Excavation [unpub
lished]; Vancouver SkyTrain Extension
[unpublished].
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