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1.0 INTRODUCTION

This report presents the results of a geotechnical investigation carried out for the proposed
additions to the RCMP Air Services Hangar, located at the Ottawa International Airport. The

work was carried out in general accordance with our proposal number 1224-811159 dated
August 25", 2011.

This report has been prepared specifically and solely for the project described herein. This

report presents the factual resuits of the geotechnical investigation as well as recommendations
for the design and construction of the project.

2.0 PROJECT DESCRIPTION

In 1989, Jacques Whitford Limited (now Stantec) carried out a geotechnical investigation
(Report No. O-19359) for the design of the existing hangar, located at 2000 Research Road,
approximately 600 m west of the Uplands Drive and Airport Parkway interchange. The existing
building is supported with concrete expanded base piles.

itis understood that two additions are planned for the existing facility. The first, a two storey
VIP lounge and passenger access facility, will be located on the east side of the existing hangar.
This addition will have a footprint of 180 m?. The second addition is to consist of a single storay
storage facility, with a footprint of 150 m?, located on the west side of the existing hangar.

Drawing No. 1 in Appendix B illustrates the location of the site. The location of the boreholes is
shown on Drawing No. 2 in Appendix B.

3.0 SCOPE OF WORK

The scope of work for this geotechnical investigation included the following:

o Carry out a field drilling investigation for the proposed additions, consisting of one (1)
borehole at each addition location. Advance one deep borehole to determine the Site
Classification for Seismic Site Response. Advance the second borehole to 8 m (or refusal, if
shallower). Perform standard penetration tests (SPT) while collecting soil samples at
regular intervals. Perform field vane shear tests at regular intervals within cohesive material,
if encountered, to evaluate the undrained shear strength and remoulded shear strength.

» Measure water levels in open boreholes.

* Survey the boreholes relative to a geodetic benchmark provided to us.

» Assess the characteristics of the site soils by laboratory tests, which may include moisture
contents, Atterberg Limits, gradation analyses and sulfate resistance.
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» Prepare an engineering report for the hangar additions with geotechnical recommendations
for the following:

e Soil conditions;

Limit states bearing resistances;

Modulus of subgrade reaction for slab-on-grade construction;

Excavation and backfilling requirements;

Groundwater levels and construction dewatering requirements;

Seismic Site Classification in accordance with 2010 National Building Code of Canada
(NBCC) and assessment of liquefaction potential.

4.0 METHOD OF INVESTIGATION

4.1 FIELD INVESTIGATION

Prior to the commencement of the investigation, Stantec personnel made arrangements to verify
the locations of underground utilities near the proposed borehole locations.

Borehole number BH11-1 was advanced within the footprint of the proposed storage facility to
the west of the existing hangar. Borehole BH11-2 was advanced within the footprint of the
proposed VIP lounge and passenger access facility. The boreholes were drilled between
September 28th and 30th using a truck mounted drill rig. The borehole locations are presented
on Drawing No. 2 in Appendix B.

The boreholes wera drilled to depths of 16.8 m and 32.0 m for BH11-1 and BH11-2,
respectively. Split spoon soil samples were collected at regular intervals during the
performance of Standard Penetration Tests (SPT) and the subsurface stratigraphy encountered
in the boreholes was recorded in the field by our geotechnical personnel. A dynamic cone
penetration test was carried out between 21.9 m and 32.0 m depth (geodetic elevations 91.3 m

and 81.2 m) in BH11-2, Following completion of the tests, it was noted that the rods had bent
during driving.

The water level in each borehole was measured in the open borehole at the completion of
drilling. All boreholes were backfilled with augured material tamped in place; BH11-2 was
topped with cold-patch asphalt. All samples were stored in moisture-proof bags and were
returned to our laboratory for detailed classification and laboratory testing.

4.2 SURVEYING

Borehole locations were established in the field by Stantec personnel reiative to existing site
features and surveyed relative to a benchmark located at the top of spindle of the fire hydrant
located to the north of the existing hangar. The elevation assigned to this benchmark was
113.53 m. The location of this benchmark is shown on Drawing No. 2 in Appendix B.
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4.3 LABORATORY TESTING

All samples raturned to the laboratory were subjected to a detailed visual classification by a
geotechnical engineer. Selected samples were tested for moisture content and gradation

analysis. Tests were also performed to measure the pH, resistivity and soluble sulfate and
chloride content of the soil.

Samples remaining after testing have been placed in storage for a period of one month after

issuance of this report. Following this period, the samples will be discarded unless we are
otherwise directed. '

5.0 RESULTS OF THE INVESTIGATION

The subsurface conditions consisted of a layer of fill over siity sand to sandy silt, overtying till.
Bedrock was not encountered during the course of this investigation.

The subsections below describe the encountered subsurface conditions in the 2011 boreholes
and the results of the investigation. The subsurface conditions observed at the borehole
locations are presented on the Borehole Records in Appendix C, along with an explanation of
the symbols and terms used to describe the Borehole Records.

The borehole records from the 1989 hangar investigation are also provided in Appendix C. The
1989 investigation encountered a layer of Fill over a deposit of sand with varying quantities of
silt and gravel. The 2011 subsurface profile is consistent with the 1989 resulits,

51 EXISTING SITE CONDITIONS
5.1.1 Surficlal Materials

The surface of BH11-1 was grass-covered, underiain by 430 mm of topsoil.

The surface at BH11-2 was paved with 35 mm of asphalt, underfain by 385 mm of grey gravelly
sand fill.

5.1.2 Fi

Fill was encountered beneath the surficial materials in both boreholes. The fill extended to
between 3.1 m and 3.5 m below ground surface, or between elevations 109.9 m and 109.7 m.

Laboratory testing carried out on representative samples of this material indicated moisture
contents ranging from 5% to 16%. A grain size analysis carried out on one sample yielded 8%
gravel, 72% sand and 20% silt- and clay-sized particles. The fill may be classified as a siity

sand (SM) with trace gravel according to the Unified Soil Classification System (USCS). The
test resuits are shown on Figure 3 in Appendix D.
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51.3 Siity Sand (SM)

A layer of silty sand was encountered beneath the fill materials. This material had a varying silt
content, and included several layers of varying color. This soil layer extended to between 12.2

m and 17.3 m below ground surface, or between elevations 100.8 m and 95.9 m. SPT N-values
indicate this material is in a loose to very dense condition.

Laboratory testing carried out on representative samples of this material indicated moisture
contents ranging from 4% to 22%, with an average of 11%. Grain size analysis tests were
carried out on one sample, and are summarized in Table 5.1. This material may be classified
as silty sand (SM) according to the Unified Soil Classification System (USCS). The test resuits
are shown on Figure 2 in Appendix D.

Table 5.1: Grain Size Analysis Results - Siity Sand (SM)

Sample Gravel Sand Silt ] Clay

BH11-1 §813 0% 60% 40%

5.1.4 Sandy Siit (ML)

Within Borehole BH11-1 a layer of brownish grey sandy silt with trace gravel was encountered
within the deposit of silty sand. SPT N-value indicates this material is in a compact to dense
condition.

Grain size analysis tests were carried out on one sample, and are summarized in Table 5.2.
This material may be classified as sandy silt (ML) according to the USCS. The test results are
shown on Figure 2 in Appendix D.

Table 5.2: Grain Size Analysis Resuits - Sandy Siit (ML)

Sample Gravel Sand Silt Clay
BH11-1 SS11 0% 30% 66% 4%
515 Till

A layer of till was encountered underlying the sand deposit. The recorded SPT ‘N’ and Dynamic
Core Penetration test resistance values indicate this material is in a compact to very dense
condition. Several cobbles and large boulders were encountered. Testing terminated in the till at

depths of 16.8 m and 32.0 m (geodetic elevation 96.2 m and 81.2 m) for BH11-1 and BH11-2,
respectively.

Laboratory testing carried out on representative samples of this material indicated moisture
contents ranging from 9% to 17%. A grain size analysis on the till showed it to contain 21%

gravel, 68% sand and 11% silt- and clay-sized particles. The till has been classified as poorty-
graded sand (SP-SM) with gravel and silt according to the USCS.
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51.6 Bedrock

Bedrock was not encountered during the course of this investigation. Soil mapping of the area
shows that it likely consists of limestone.

52 GROUNDWATER

Groundwater levels were measured in the open boreholes at the completion of drilling. The
water level was 12.2 m below ground surface in both boreholes. Fluctuations due to seasonal
variations or precipitation events should be expected.

G0 DISCUSSION AND RECOMMENDATIONS

61 GEOTECHNICAL ASSESSMENT

Based on the borehole information, the subsurface soils in the area of the proposed additions
cansist of a layer of fill over a deposit of sandy silt to silty sand over till.

Tie following geotechnical issues shouid be considered during design activities:

¢ Conventional spread footings founded on native material are appropriate for the design of
structures at this site. A 3.1 m to 3.5 m thick layer fill was encountered. The existing fill
material is not suitable for the support of footings and will require sub-excavation.

» Differential movement between the existing structure and proposed additions may occur.
The connection between the existing building and proposed additions shouid be designed to
accommodata 19 mm of differential settlement.

e Groundwater was encountered at depths lower than the proposed depth of construction. It
is anticipated that surface water run-off and groundwater can be control with sump and
pump methods.

* The recommended Site Classification for Seismic Site Response for the site is Site Class D.
The existing pile foundations will need to be supported/protected during the excavation for

the proposed footings. The location and pile cap elevation of the existing piles should be
confirmed.

62 SITE GRADING AND PREPARATION
62.1 Beneath Spread Footings and Slabs-on-Grade

It 8 recommended that spread footings be placed on native soils or Structural Fill overlying
sutable native soils,

Allvegetation, topsoil, asphalt, existing fill and other deleterious materials should be removed
fran within the influence zone of the foundations. The influence zone is defined by a line drawn
at1 horizontal to 1 vertical outward and downward from the edge of the footings to competent
sal. The exposed subgrade surfaces should be surface compacted to 98% Standard Proctor
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Maximum Dry Density and inspected by geotechnical personnel. The existing building
foundation will need to be supported/protected during excavation.

The existing fill may remain beneath the floor slabs provided:

¢ Topsoil and asphalt are removed.

e The subgrade is surface compacted in the presence of Geotechnical personnel and any
loose or disturbed areas are sub-excavated and replaced.

8.2.2 General Site Preparation

Structural Fill should consist of granular material meeting the requirements of OPSS Granular B
Type | or Type Il. No recycled materials (asphalt, concrets, etc.) should be included in
Structural Fill placed within the addition footprints.

Subgrade Fill should consist of material meeting the requirements of OPSS Select Subgrade
Material. The native soils will be suitable for re-use as Subgrade Fill provided the moisture
content at the time of placement will allow compaction.

Structural Fill should be compacted to at least 98% Standard Proctor maximum dry density
(SPMDD). The degree of compaction may be reduced to 95% SPMDD for Subgrade Fill in
parking areas. Where Subgrade Fill is dissimilar to the existing material on site, the edges of

the existing fill should be graded to slope no steeper than three horizontal to one vertical prior to
placing the new subgrade fill.

Earth removal should be inspected by geotechnical personnel to ensure that all unsuitable
materials are removed prior to placement of Structural/Subgrade Fill. Any soft areas observed
during the inspection should be subexcavated and backfilled as directed by the geotechnical
engineer. Inspection and testing of materials should be conducted to ensure that all fill is placed
and compacted to the required degree.

6.3 SPREAD FOOTINGS

Footings placed on undisturbed native soils or on Structural Fill placed on native soil may be
designed using the design parameters indicated in Table 6.1.

Table 6.1: Geotechnical Bearing Resistances for Shallow Foundations

Foundation Type Footing Dimensions ULS (kPa) ! SLS (kPa)
Strip Footing 08mto10m 510 265
Spread Footing 06mx06mto20mx20m 760 210

The ultimate limit states (ULS) bearing resistance includes a resistance factor of 0.5 and
assumes a minimum footing embedment of 1.8 m. ULS bearing resistances will need to be
reduced if less embedment is provided.
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The serviceability limit states (SLS) bearing resistance corresponds to total settiement of 25
mm. Differential settlement will depend on the foundation sizes, loads and founding elevations
but are generally expected to be less than 19 mm for foundations sized based on the above
bearing resistances. It is estimated that a maximum of 19 mm of differential settlement could

occur between the existing structure and the proposed additions due to the transition from pile
foundations to strip footings.

All perimeter footings and interior footings located within 1 m distance from the exterior walls will
require a minimum frost protection equivalent to a soil cover of 1.5 m for protection against frost
action. Footings in unheated areas or exterior footings such as for retaining walls, signs and

light standards should have a minimum frost protection equivalent to a soil cover of at least 1.8
m for frost protection.

Where construction is undertaken during winter conditions, footing subgrades must be protected
from freezing. Foundation walls and columns should be protected against heave due to soil
adfreeze.

The base of all footing excavations should be inspected by a geotechnical engineer prior to

placing concrete to confirm the resistance and to ensure that there is no disturbance of the
founding soils.

64 SLAB-ON-GRADE

A layer of free draining granular material such as OPSS Granular A at least 200 mm in
thickness should be placed immediately beneath the floor slab for leveling and support
purposes. This material should be compacted to at least 100% SPMDD. Perimeter drains

should be installed at locations where the final grades around the building are higher than the
underside of the siab.

Floor slabs constructed as recommended above may be designed using a soil modulus of
subgrade reaction, k, of 40 MPa/m.

Construction joints should be placed in the floor slab around load bearing walls to allow minor
movements to take place without cracking the siab.

Where construction is undertaken during winter conditions, the floor slab subgrade should be

protected from freezing. Alternatively, the floor slab subgrade should be completely thawed,
then proof rolled prior to placing concrete.

6.5 EXCAVATION AND BACKFILLING

The site sail can be classified as a Type 3 soil as per the Occupational Health and Safety Act
(OHSA) and Regulations for Construction Projects and local regulations. Temporary
excavations in the overburden should be sloped at 1 horizontal to 1 vertical from the base of the

excavation and. Excavations should be inspected reqularly for signs of instability and flattened
as required.
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Groundwater is not anticipated within the proposed depth of excavation. If encountered during
excavation and construction, it is expected that groundwater and any surface run-off water may
be controlled by sump and pumping methods.

Foundation backfill should be placed and compacted in lifts. Foundation backfill within buildings
should consist of Structural Fill placed as described in Section 8.2.2. Exterior foundation backfill
should consist of a Subgrade Fill material as described in Section 8.2.2 and compacted as
described for Subgrade Fill in Section 6.2.2. Care should be taken immediately adjacent to
walls to avoid over compaction of the soil which could result in damage to the walls.

Bedding for utilities should be placed in accordance with the pipe design requirements. It is
recommended that a minimum of 150 mm to 200 mm of OPSS Granular A be placed below the
pipe invert as bedding material. Granular pipe backfill placed above the invert should consist of
Granular A material. A minimum of 300 mm vertical and side cover should be provided. These
materials should be compacted to at least 95% of SPMDD.

Backfill for servica trenches in landscaped areas may consist of excavated material replaced
and compacted in lifts. Where the service trenches extend below paved areas, the trench
should be backfilled with Subgrade Fill material as defined in Section 6.2.2 from the top of the
pipe cover to within 1.2 m of the proposed pavement surface, placed in lits and compacted to at
least 95% of SPMDD. The material used within the upper 1.2 m and below the subgrade line
should be similar to that exposed in the trench walls to prevent differential frost heave, placed in
lifts and compacted to at least 95% of SPMDD. Different abutting materials within this zone will

require a 3 horizontal to 1 vertical frost taper in order to minimize the effects of differential frost
heaving.

6.6 EARTHQUAKE CONSIDERATIONS

An assessment for seismic liquefaction has been caried out for this site. Seismic liquefaction is
the sudden loss in stiffness and strength of soil due to the loading effects of an earthquakae.
Liquefaction can cause significant settiements and structural failure.

The analysis followed was the one set forth in the Canadian Foundation and Engineering
Manual, 2006 (CFEM). For the analysis a magnitude 8.1 eanthquake, typical of the Ottawa area,
was used. A Peak Ground Acceleration (PGA) of 0.32g and an amplification of 1.3 was
assumed. Based on the SPT N values and our design parameter values for the soil plots of
Factor of Safety Against Liquefaction (FSL) with depth were developed for the site. The
analysis indicates that a thin section near the top of the soil profile may be susceptible to
liquefaction (i.e. the Factor of Safety against liquefaction is less than one). However, dua to the
relative thinness of the layer, its liquefaction potential is not considered to have any
considerable impact on settlement at the site. The FSL profile for the site is included in
Appendix E of this report.

As outlined in the 2010 National Building Code of Canada (NBCC), buildings and their
foundations must be designed to resist a minimum earthquake force. In accordance with Table
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4.1.8.4.A of the 2010 NBCC the seismic site response for the site is Site Class D. The site
class is based on the following design parameters:

Table 8.2: Parameters for Seismic Site Classification

Depth Soll Layer ‘Ngo' Value
18m-35m Fill 15
3.5m=-173m Sandy Silt to Silty Sand 30
173m-23.2m Till 40
232m=-318m Till 100
Neo 37

The seismic site class is in general agreement with the City of Ottawa Seismic Site
Classification Map From Combined Geological/Geophysical Data (published by Carleton
University and Natural Resources Canada), which is attached in Appendix E. Data from the
map suggests sites at the Ottawa Airport are typically classed as Site Class C or Site Class D.

6.7 CEMENT TYPE AND CORROSION POTENTIAL

Two representative soil samples (one from each borehole) were submitted to Paracel

Laboratories Ltd. in Ottawa, Ontario, for pH, chloride, sulphate and resistivity testing. The test
results are summarized in Table 6.3.

Table 6.3: pH, Sulphate, Chioride and Resistivity Analysis Results
33&';':?:3. pH Sulphate Resistlvity Chioride
BHS1S 1:;11 7.3 8 ug/g 117 ohmem <5 pa/g
args 11;21 78 36 ug/g 82.4 ohmem 9 ug/g

The soluble sulphate result indicates that a negligible degree of sulphate attack is expected for
concrete in contact with the soil and groundwater. A normal Type GU Portland cement should,
therefore, be suitable for use in concrete at this site.

The pH, resistivity and concentration of chloride are indicators of corrosion potential. These
results should be considered when selecting protective coatings for buried steel objects.
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7.0 CLOSURE

Use of this report is subject to the Statement of General Conditions provided in Appendix A. It
is the responsibility of SNC-Lavalin Operations & Maintenance Inc., who is identified as "the
Client” within the Statement of General Conditions, and its agents to review the conditions and
to notify Stantec Consuiting Ltd. should any of these not be satisfied. The Statement of General
Conditions addresses the following:

Use of the report

Basis of the report

Standard of care

Interpretation of site conditions
Varying or unexpected site conditions
Planning, design or construction

This report has been prepared by Laura Bostwick and reviewed by Chris McGrath.
Respectfully submitted,

STANTEC CONSULTING LTD.

DRAFT

Laura Bostwick, M.Sc. (Eng.), EIT

DRAFT

Chris McGrath, P.Eng.
Associate — Geotechnical Engineering

V 101224\Active\Other_Pc_Projects\140011048\RaportiDraft_Gectech _Report_20111005 Docx
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STATEMENT OF GENERAL CONDITIONS

USE OFTHIS REPORT: This report has besn prepared for the scle benefit of the Client or its

agent anl may not be used by any third paty without the express written consent of Stantec
Consultig Lid. and the Client. Any use which a third party makes of this report is the
responsilility of such third party.

BASIS OF THE REPORT: The information, opinions, and/or recommendations made in this
report are in accordance with Stantec Consulng Ltd.'s present understanding of the site specific
project & described by the Client. The appicability of these is restricted to the site conditions
encountsed at the time of the investigation arstudy. |f the proposed site specific project differs
or is modfied from what is described in this report or if the site conditions are aitered, this report
is no longer valid unless Stantec Consulting ltd. is requested by the Client to review and revise
the repofto reflect the differing or modified pmiect specifics and/or the aitered site conditions.

STANDARD OF CARE: Preparation of this ®port, and all associated work, was carried out in
accordame with the normally accepted standard of care in the state or province of execution for
the speciic professional service provided to the Client. No other warranty is made.

INTERPRETATION OF SITE CONDITIONS Soil, rock, or other material descriptions, and
statemers regarding their condition, made in this report are based on site conditions
encounteed by Stantec Consuiting Ltd. at thetime of the work and at the specific testing and/or
samplinglocations. Classifications and statements of condition have been made in accordance
with normally accepted practices which are juigmental in nature; no specific description should
be consifered exact, but rather reflective of tie anticipated material behavior. Extrapolation of in
situ condlions can only be made to some limied extent beyond the sampling or test points. The

extent dwpends on variability of the soil, rek and groundwater conditions as influenced by
geologicd processes, construction activity, and site use.

VARYI! R_UN D Should any site or subsurface conditions be
encountsed that are different from those dmscribed in this report or encountered at the test

locationg, Stantec Consulting Ltd. must be notified immediately to assess if the varying or
unexpeced conditions are substantial and if reassessments of the report conclusions or
recommandations are required. Stantec Comulting Ltd. will not be responsibie to any party for
damagesincurred as a result of failing to notly Stantec Consuiting Ltd. that differing site or sub-
surface @nditions are present upon becomingaware of such conditions.

PLANNIBG, DESIGN, OR CONSTRUCTION Development or design plans and specifications
should be reviewed by Stantec Consulting Uid., sufficiently ahead of initiating the next project
stage (pmperty acquisition, tender, construdion, etc), to confirm that this report completely
addressa the elaborated project specifics anthat the contents of this report have been property
interpretad.  Specialty quality assurance mervices (field observations and testing) during
construcibn are a necessary part of the evaluation of sub-subsurface conditions and site
preparatan works. Site work relating to the mcommendations included in this report should only

be carrisd out in the presence of a qualifisl geotechnical engineer, Stantec Consulting Ltd.
cannot beresponsible for site work carried outwithout being present.

/3
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Key Plan
Borehole Location Plan
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APPENDIX C

Symbols and Terms Used on the Borehole Records

Borehole Records
Borehole Records from Jacques Whitford Limited 1989 Investigation



SYMBALS AND TERMS USED ONBOREHOLE AND TEST PIT RECORDS
DIL DESCRIPTION

.‘liminolggx describig common soil genesis:

mixture of soil and humus capalle of supporting vegetative growth

mixture of visible and invisible lsgments of decayed organic matter

unstratified glacial deposit whicdmay range from clay to boulders

material below the surface idenifled as placed by humans (excluding buried services)

Topsoil -
Peat -
Tin -
Fill -

hmlnolou ducrimloll structure:
Desiccated having visible signs of weatherisg by oxidization of clay minerals, shrinkage cracks, etc.
Fissured having cracks, and henca a biolty structure
Varved composed of regular altematingiayers of silt and clay
Stratifled composed of alternating succesions of different soil types, e.g. silt and sand
Layer > 75 mm In thickness
Seam 2 mm to 75 mm in thickness
Parting < 2 mm in thickness

Teminology descritisg soil types: ) .

Tie classification of sal types are made on the basis of yain size and plasticity in accordance with the Unified Sail
Chssification System JISCS) (ASTM D 2487 or D 2488} The classification exciudes particles larger than 78 mm
(Binches). The USCSprovides a group symbol (e.g. S and group name (e.g. silty sand) for identification.

Terminology describiag cobbies, boulders, and nonmatrix materials {organic matter or debris):
Teminology describingmaterials outside the USCS, (e.g particles larger than 76 mm, visible organic matter, construction
debris) is based upon Be proportion of these materials pesent:

Trace, or occasiond

Less than 10%

Some

10-20%

Frequent

> 20%

Taminology describilg compactness of coheslonles soils:

The standard terminclgy to describe cohesionless soilsincludes compactness (formerty "relative density"), as determined
bythe Standard Penemtion Test N-Value (also known & N-index). A relationship between compactness condition and

N¥alue is shown in trefollowing table.

Compactness Condition SPT N-Value
Very Loose <4
Loose 4-10
Compact 10-30
Dense 30-50
Very Dense >50

Terminology descritisg consistency of cohesive solix

Tie standard terminolgy to describe cohesive soils incimes the consiste

ameasured by in sitwane tests, penetrometer tests, aunconfined compression tests.

b

Undrained Shear Strength
Consistency Kg/sq.ft ng;"
Very Soft <0.25 <125
L S 035-0.5 125-25
Firm_ B-10 25-50
Stff 10-2.0 50 - 100
Very SUff . 20-40 100 - 200
Hard 1 >4 0 >200

SYSBOLS AND TERMS USED ON BORBHOLE AND TEST PIT RECORDS - MARCH 2009
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Tormlnnlogx duefibing rock suallx.

RQD |  Rock Mass Quality
0-25 Very Poor
2550 Poor
| 5078 ~ Fair
7590 | Good
90-100 Exceilent

Rock quaiity classification is based on a modified core recovery percantage (RQD) in which all pieces of sound core over
100 mm long are counted as recovery. The smaller piecas are considered (o be due ta closa shearing, jointing, faulting,

or weathering in the rock mass and are not counted. RQD was originally intended to be done on NW core; however, it can
be used on different cora sizes if the bulk of the fractures caused by drilling stresses are easily distinguishable from in situ
fractures. The terminclogy describing rock mass quality based on RQD is subjective and is underiain by the presumption

that sound strong rock is of higher engineering value than fractured weak rock.

‘Tormlnoi ducﬂbm_ruck mase:
Spacing (mm) Joint Classification Bedding, Laminations, Bands ‘
> 6000 Extramely Wide -
2000-6000 Very Wide Vary Thick
[~ 600-2000 Wide Thick
200-600 Moderate Medium
60-200 Close Thin
20-60 Very Close Very Thin
<20 Extremely Close Laminated
<6 - Thinly Laminated
Terminol describing rock strength:
Strength Classification Unconfined Compressive Strength (MPa)
Extremely Weak <1
Very Weak 1-5
Weak 5-25
Medium Strong 25-50
Strong 50 - 100
Very Strong 100 - 250
Extremsly srmng > 250
‘Tcrmlnolm ducrlblng rock wnthoring:
Term Description

Fresh

No visible signs of rock weathering. Slight discolouration along major discontinuities

Slightly Westherad

| Moderately Weathered _
| Highly Weathersd

Completely Weathered

Discolouration indicales weathering of rock on discontinuity surfaces. All the rock
material may be discoloured.

Less than half the rock is decomposed and/or disintegrated into soil.

More than haif the rock is decomposed and/or disintegrated into soil.

All the rock material is decomposed and/or disintegrated into soil. The original mass
structure is still largely intact.

SYMBOLS AND TERMS USED ON BOREHOLE AND TEST PIT RECORDS - MARCH 2009
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SRATA PLOT

Swta plots symbolize the soil or bedrock description. They are combimstions of the following basic symbols. The
dmensions within the strala symbols are not indicative of the particle si@, layer thickness, etc.

I ‘ 273 ' 5 e g 1 4
; ' I/ - | =
S . 7 I o o B
Baiders Sand Sit Clay Organics  Asphalt  Conmale igneous Mels- Sedk
Cooles Bedrock  morphic  mentary
Qavel Bedrock Bedrock
SIMPLETYPE
WATER LEVEL MEASUREMENT
ss Split spoon sample (obtained by parforming
___| the Standard Penetration Test) ) .
ST Shelby tube or thin wall tube v m_aaaure:i e,
B Direct-Push sample (small diameter tube G e il s
sampler hydraulically advanced)
Ps Piston sample i
8s Bulk sample N/ inferred
ws Wash sample =
Rock core samples obtained with the use of
90 v, B0, e, standard size diamond coring bits.

Fu soil samples, the recavery is recorded as the length of the soil samgle recovered. For rock core, recovery is defined
asthe total cumulative length of all core recovered in the core bamre! diided by the length drilled and is recorded as a
pecentage on a per run basis.

Nambers in this column are the fiald results of the Standard PenetraticaTest: the number of blows of a 140 pound (64 kg)
hanmer falling 30 inches (760 mm), required to drive a 2 inch (50.8 mn) O.D. split spoon sampler ane foot (305 mm) into
thesoil. For split spoon samples where insufficient peneltration was aclieved and N-values cannot be presented, the
nanber of blows are reported over sampler penetration in millimetres (eg. 50/75). Some design methods make use of N
vilue corrected for various factors such as overburden pressure, energgratio, borehole diameter, etc. No corrections

hwe been applied to the N-values presented on the log.

DENAMIC CONE PENETRATION TEST (DCPT)

Opamic cone peneltration tests are performed using a standard 60 degee apex cone connected to A size drill rods with
thesame standard fall height and weight as the Standard Penstration &st. The OCPT value is the number of blows of the
hanmer required o drive the cone one foot (305 mm) into the soil. TheDCPT is used as a probe to assess soil variability.

CGHERTESTS

S | Sieve analysis - ‘

— - -

| _H | Hydrometer analysis

Single packer permeability test; test
interval from depth shown to bottom

x| Laboralory permeability I | ofborehole NN
Y Lires somight - - ' Double packer permeability test; test
| _G. ___ Specific gravity of soil particles | interval as indicated
| CO | Consolidated drained triaxial Lo ’ i R . =
cu | Consolidated undrained triaxial with pore pressure ; I » = _
| measurements | Falling head permeability test using
L _ ;
| UU | Unconsolidated undrained triaxial ' i
| DS | Direct Shear 7 . e
| _C | Consolidation = B R ‘ Falling head permeability test using it
| Q. | Unconfined compression ) well point or piezometer
| Point Load Index (I, on Borehole Record equals
s | 15(50) in which the index is corracted to a reference
diameter of 50 mm)
Stantec SYMBOLS AND TERMS USED ON BOREMOLE AND TEY PIT RECORDS - MARCH 2009 Page 3 of 3
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BOHEHOLE RECOHD BOREHOLE No BYJ -1
CueNT _Pxblic Works Canada PROJECT Mo 0=19359
LocaTioN _Proposed RCMP Hapgar, Ottawa Ajrport CASING SIZE Auger
DATES. BOAING _1989-08-14 WATER LEVEL 1989-08-18 OATUM Geaderjg
SAMPLES UNDRAINED SHEAR STRENGTH.
ElE] 3 g %
- [ bt - g "
R R : SOIL  DESCRIPTION <ls| ¢ 15| & w2 |32 i : ' =
] HHERE R “;‘§ 8% |waten contEnt & artersemg Laars T W
P 2 E zs OYNAMIC PENETRATION (FST X
(FT )| (m) (md STANDARD PEMETRATION TEST N vaLug ®
L+ 1124 mm 000 0 0 80 0 80 ag 00
ROOTMAT /]
a
- 1 Loose to compacet, Ss| 1 l4as50| 27 L 1
brown, sand, some v' B
u silt and gravel,
trace roots: FILL Ss| 2 l4a25] 18]s #‘ -
- 27 A 8
"a
$s|3 |600] s i
'.F -
I b
~
1089 d | ss{4 |soof 22 H
-:'-. -
4 1 ; q
P Compact, light
brown, SAND, some “4 1ssls |ssol 22 %
L 5] silt, trace gravel i
L} 61
w2 | ss|6 leoo| 26 I i
&0 H
7 4 ' 4
L u ) | 8817 je0o| 24 I g
L 9 ] I I
- 9
8 00|25 §
02.6
R End of Borehole i
-
- 4
—_,'_ ] -




=
b
5

£
I
[

BOREHOLE RECORD
CUENT _Public Works Cinada
d Ha

BOREHOLE Na

DATES: BORNG 1 9B9-0NR-14

LOCATION —Mﬂiu_ﬂﬂ.t!_d_mg,_mw

Mrport

WATER L&EL L989-08-18

89-2

PROJECT no O0-19359
CASING sizE Auper

DATUM _Geoderic
; AMPLES UNDRAINED SHEAR STRENGTH.
. F x z N
iR = 9 2l
LB A 1 ” E Ll 14 + + $ —
¢ : SOIL  DBCRIPTION L a M EMNEE e
o 52 § 3 g§ O |waten cowrtwr & arrenscra unars L .
1 & F ] :':5 DYNAMIC PEMETRATION T¢ST x
(FT )| (m) ( STANDARD PENETRATION TEST N vaLg ®
L L odil2aa om W20 0 0 0 0 0 s o 100
N1OOQmm ROQIMAT A i
Very loose to 1
L - compact, brown, sand )| ssf1 ool 10 l H
some silt and gravel | i s
L trace roots: FILL
S8§2 [575] 3 |
L g ] \ !
ssf3 psalog i
.
2R s TR 1
: SSWk L5012 ’ 4
Compact, light brown | |
| SAND, some sile, " i
4 Lrace grasel \
S5{5 p00| 213 L
ki :
f }-—
il ~
o { f
06 3 =%l | ssfe Jeool 4 : ! :
Very stiff, grey, :/ 1
7 SILTY CLAY /" H
,A[ I i
- 1( H
84104 .1 ] | ss§7 lboo] s s :
t N\ s
Dense, lighr ¥ N, |
brown, S5ABD, some N“
,_9 Sllt \ -d
8 [soof 37 Jr i " I
103 1 i '
— 1 0 Znd of Botehole A
———— 4
———1 1
— ]




BOREHOLE RECORD

BOREHOLE Ng 89-13

CLIENT _Public Yorks Canada PROJECT No 0=19359g
LOCATION ro d RCHMP i r, Ottawa Airport CASING s1Ze Auger
OATES: BORING _1989-08-14 WATLCA LEVEL == DATUM Geoder jic
SAMPLES UNDRAINED SHEAR STRENG TH-
£ )3 3 g |4
a a = g - - . .
818 3 SOIL  DESCRIFTION <lel w [ 2] 2] «f|32 P
3 siEl 2 E 3 §§ OF |waten ComlEnT 4 arrcRBEnG (mwrs ot
=3 z T x‘s DYNAMIC PENETRATION TEST X
(FT) 1 tm) | (m) STANDARD PENETRATION TEST N yaLuE ®
L Ly 112.7 mm 00 0% 60 0 0 99 oo
BO0TMAT
Losse to compact,
- | brewn, sand, some ss| L |500] 23 E
silt and gravel, 4 B
L trace rootsg: FILL
ss| 2 [450| 11 [ !
- 2- )
§S| 3 |600f & ) L
-
L+ 341096
Loose to compacec, SS| 4 1525) 9 "
light brown, fine ]
5 grained SAND, some a2
silt, trace gravel |
- ss| 5 |600| 16 \ 5
\ =
BOrea. N i
N
L 6 4 Dense to very N\
7 ] dense, light brown,
GRAVELLY SAND, 5516 15001 39 i
trace silrc B
7 1 H
ss|7 k7s| 30 ‘1 5
-8 4 ~N
thM
"N vl
“"*.‘ |
|-9 B sl
L A
S
102, 9 S| 8 |Ls0| 84
LAY Bad of Borehole I
r
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CLIENT

BOREHOLE RECORD

Publjic Works Canada

BOREHOLE No

LOCATION d a
DATES BORING 1989-08-14

Jttawa Airport

WATER LEVEL

PROJECT No. Q=19359

CASING SiZg Auger
oDATuM Geodet {¢
—_“'—-_n_—__

SAMPLES UNDRAINED SHEAR STRENGTH.
E |2 5 g |&
8 E r ‘s = slgan + + + .
3 SOIL  DESCRIPTION el o S| sql25 !
- S 3 g§ OF |wAten cowTewr & arteRERG Liats
o |® ¥ zg DYNAMIC PENETRATION TEST
(FTf (m) (m) STANDARD PEMETRATION TEST N vaiue
. 129 m 0 20 % 40 50 &0 10
ROOTMAT
-1 SS 400| 15
loose to compace,
s brown, gravelly sand
some silt, trace Ss 5001 18
-y toots: FILL
5§ 450f{ 13
b -"'3_ /
S5 4501 4
4 108 1
- E h-‘l.
: S8} 51475 13
——-5“
fompact to dense,
light brown, SAND
S A some siit, trace
ravel
' ss| 6 [e0d 22 "
7
B - Ss 574 26
-9
SSs 475] 32
102_95%
1 0 End of Borehole
L
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a2 i}
BOREHOLE RECORD

BOREHOLE Mo _89-5

CLIENT Public Works Canada

PROJECT No. 0-19359
LOCATION Proposed RCMP Hangar, Orrawa Alrport

CASING SIZE _Au
DATES: BORING 1989-08-14 WATER LEVEL == DATUM Geodecic
—£ocetic

SAMPLES UNDRAINED SHEAR STRENGTH.
z P z 5 ‘:
: 2 i i.‘ ‘: - 2 T 4 5 & .
3 3 SOIL DESCRIPTION <lel o [ 5] 51 52|%5 : : i, W
- S":‘ > g é 5§ O= |WATER CONTENT A& ATTERAERD LuwTs '__o__‘t
a1 W :g OYNAMIC PENETRATION TESI X
(Y (m) {m) STANDARD PENETRATION TEST N.vALUE ®
112, 9 0 mn-amwrnsogo,m
F 1+0 )
ROOTMAT ”
SS| L |500] 11 8
Gmpact, brown, B
- sand, some silt ss{21s57s5| 17 s
1 ad gravel, \ |
occasional cobbles:
[ FILL
S5 31600] 26 .
24110.4
tad of Borehole i
- -I"" 7
L 4
L -
.
| E
b o
4
*
4




BOREHOLE RECORD

CLIENT Public YWorks Canada

—

AOREHOLE Ng 8 9- 6

PHOJECT no 019359
LOCATION _Pr a t, Ottawa Airport CASING size Auper
DATES: BORING 1989-08-15 WATER LEVEL ed DATum Geodet {c
SAMPLES UNDRAINED SHEAR STRENG TH.
L 5 5%
g |3 z i w b ok . " & .
= 2 SAL DESCRIPTION slal o | & 13|13 i 3 '_,_ -
3 ‘5 E : g 3 421 5% lwarea comrenr & ATTERGERG LimifS r—o—:"
-3 2 ) <3 DYNAMIC PENETRATION TEST X
(FTH| (m) (m) STAMUARD PENETAATION TEST M.vaLUE ®
b+ o 40 e dl X 40 50 e 10 8 s yn
60mm BDOTHAT ssl 1 15&“ ’H |
3l Compact to dense, 141 |
: brown, sand, some ol
— S 4 1 H
= 1 = silc and gravel S|2 4592
trace roots: FILL g
SS|3 lksd 19 L4
=2 1lln. 9
End of Borehole B
.
A
H
L
1 ] ]
p— =
-
—— N
s




CLIENT

DATES  BOREG

BOREHOLE RECORD

Public Works Canada

&

BOREHOLE No _89-7

1989-08-14

LOCATION d _RC H a Ottawa Alrport

PROJECT No 0-19359

CASING Sizé _Auger

T

WATER LEVEL o= oAaTuM Geodetic
SAMPLES UNDRAINED SHEAR STRENGTH-
£ |:= § 5 |4
Q .E = Q é * FER 1) 4 ¥ i
: SOiL  DESGIPTION < | = | 9o | ¥ ' . ’ :
1 = (E] 3 .i s E wp W Wy
3 AHERE! 3 3§ Q% IWATER COMTENT & ATTERBERG LiMTS [ |
ks z ¥ z’s DYNAMIC PENETRATION TEST x
(m) STANDAND PENETRATION TEST. N vALUE @
R 0 mm 0 20 ) &4 50 50 0 &0 30 100
ROOTMAT 4 50] 18
(1 B
Compact to dense, N, i
‘ brown, sand, some N
- 1+ silt and gravel, 375|135 1
trace roots: FILILL ,r’ b
i
3 400 1S - { s
End of Bore¢hole L
3 ber

L




DATES: BANNG

BOREHOLE RECORD

k a

BOREHOLE No 89 -3

AL Otrawa Ai_rpnrr

PROJECT no 0-193

1989-08-14

CASING SiZE _Augper

WATER LEVEL naTum Geodetic
» SAMPLES UNDRAINED  SHEAR STAENGTII.
= X 8 a
a K i . & N "
2|3 3 SO DSCAIPTION <kl ¢ 15| & |2 5 ' ¥ T
a 3 x § 3 3§ OF |WATER CONTENT & AITERBEMG (neirs —O—"
= P ;*3 z% NYNAMIC PENETAATION TEST X
(m STANUARD PENEIRATION TEST N.vaLLg ®
D 000 00 10 M sg 100
0 0Twm SS|1 WKso l.l. ! :
Compact te dense, T L
erUﬂ y S ilty NH“""L-L‘W i
gravelly sand, trace 5§12 K7s ﬁ' LHF’FFJ'
roats: FILL L i
ss|3 ks il

End of Borehole

=




BOREHOLE RECORD

CLIENT Public orks Canada PROJECT Mo, 0-191359
LOCATION Proposed RCMP dangar, Orrawa Afrpork CASING SiZE Auger -
DATES: BOAING __1989-08-14 —Rer

BOREHOLE No. _B9-9

WATER LEVEL =z DATuM _Geodet {¢
SAMPLES UNDRAINED SHEAR STRENGTH.
|l 5 g [¢
% % = "l - & o + + 1
% SOIL  DESCRIPTION <l Sl 35| 8,1%% T w
3 3| g g 3 g? GF |wATER ComTenr & ATtERBERQ Lnars ’:-O-—V;L
R L ] is OYNAMIC PENETRATION TEST x
(FT )| (m) STANDARD PEMETAATION TEST N.VALUE
m) ®
o 1113.0 mm 00 X090 60 10 80 s g
r L.
ROOTMAT /| SS | 1450 10 M1 i
Compact to dense, THI |
brown, sand, some THL |
& silt and gravel, SS | 2329 48 §
trace roots: FILL 14T B
ss | 3 [ssof 19 ] £
-2 1110.9
End of Borehole -
I\ i
s _‘I-3 —
-
| :
4
= - " B
i
| |
s q- 7
[
s
L
= =




2 | 2
BOREHOLE RECORD

BOREHOLE No 89 -1 0
CLIENT _Public Works Canada

PROJECT no 0-1935
LOCATION _Propssed RCMP Hapnoar Orrawa Afgporyg CASNG size Auger
DATES. 80RING __1989-08-14

WATER LEVA So= DATUM _ _Geoder {¢
—-_-_—'_-ﬁ-
SAMPLES UNCRAINED SHEAR STRENGTH.
£ | X 3 5 |¢
a & = o A . 4
818 3 SOIL  DESCRIPTION < e HEAENEH ' T -
d FHEERE 3 V158 losen comrms & ATTERSERO Ltats L U
L i tg zs OYNAMIC PENETRATION TEST 3
FTm | (m) STANDARD PENETRATION TEST. N.vALUE @
! Lo 2.8 m W0 30 w0 20 s 1 8 99 g
ISmm ROOTMAT / ss| 1ls00| 11 l i
Cimpact, brown, |
ik sand, some silt and 551 21550] 16 |
gravel: FILL "
S51 11550} 15 B
- 21110 3
Fad of Borehole i
L =3 -
i




APPENDIX D

Laboratory Test Results
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APPENDIX E

2010 National Building Code Seismic Hazard Calculation
Factor of Safety Against Liguefaction (FSL) with Depth Profiles
City of Ottawa Seismic Site Classification Map FromCombined Geological/Geophysical

Data



3 2

/ 2010 National BuildingCode Selsmic Hazard Calculation

NFORMATION: Eastern Canade English (BS) 958-8848 franga la (613)9980BN Facain fe(813) 99a-a08
Viaatem Canaca English §50) 383-6800 Facain lle (230) 363-6688 :

Requasied by: Laura Bostwick, StantecConsulting Lid. COctober 05, 2011
Site Coordinatas: 45.3287 North 75.684West
User File Reference: 2000 Research Rd, Ottawa, ON

MNatieal Building Cods ground motions:
2% pobability of exceedancs in 50 yars (0.000404 per annum)

Se{0g) Se(0.5) Se(1.9 Sa(2.0) PGA (g)
053 0308 Bk 0048 0323

Notes Spactral and psak hazard valuss are debesmined for firm ground (NBCC 2010 =oil class C - average
shearmsve vebocity 360-750 m/s). Median (Dth pecentile) values are given in unite of g. 5% damped
apectsi accelsiation (Sa(T), where T |s iha paidd In ssconds) and psak ground acceleration (PGA) valuea
am lamiated, Only 2 sigmiicant igums am iole wed. Thess vaiuss haw beenm inferpolsted from & 10
km smoed grid of points, Depending on tie gredient of the neerby pointe, values st this iocation
calgubled directly froms the hazsrd programmsy vary, RMore than 85 percent of interpolaied valuss
are wibin 3 percant of the ceiculsied velues.

Grousi motions for other probabilities:

Probabiity of exceedancy perannum 0.010 0.002t1 0.001
Probabiity of exceedance in 50 years 40% 10% 5%
Sa(03 0.088 0.247 0.384
Sa(0g 0.043 0121 0.185
Sa(1.§ 0.017 0.058 0.087
Sa(2.9 0.008 0.018 0.028
PGA 0.038 a.121 0.199
Refermces

Natioesa) Bullding Code of Canada 2018 NRCC
no. 5801 sections 4.1.8,9.20.1.2,9.8.10.2,
9.31.62 and6.2.1.3

Appedix C: Climatic Information for M liding
Desicein Canada - table in Appendix C statingon
page 611 of Oivision B, volume 2

Pl .

+3
User's Guide - NBC 2010, Strustural
Comrentazies NRCC no. JO00UX (In premration ).
Commantary J: Oasign for Selsmic Effects

Geoiggical Survey of Canada Open Fllexxxx
Fourthganeration selamic hazard maps of Eanada:
Mapsand grid values to be used with te 2010
Natiorsl Builkiing Code of Canada (in prepaation)

Seoe the websites www.EarthquakesCanadaca and o
www.adonaicodes. ca for mom information

Ause digondie en frangaie




D (P

Santec

CHARACTERIZATION OF
UQUEFACTION RESISTANCE

115.0
114.0

1120
111.0
1100
108.0
108.0
107.0
106.0
105.0
104.0
103.0
102.0
101.0
100.0

Elevation (m)

FSy

0.00 1.00 2.00 3.00 4,00

1130 ¢

99.0
98.0
97.0
26.0
95.0 -

Lx i T ™

a BH11-1
A BH11-2
——=Factor of Safaty = 1

- e e wn m wn o= e o
By

A

A

\ B2
A

4

1
B

A
4

A
Magnitude = 8.1

PGA = 0.41

FS_ = Factor of Safety againstLiquefaction
The Canadian FoundationEngineering Manus defines FS, as the *soil
depoasit's cyclic resistancemtio (CRR)" dividelby the "earthquake
induced cyclic stress ratiocfCSR)*

Assessment Method basafon the Summary Beport from the 1996 and
1998 NCEER/NSF Worksiop on Evaluation d Liquefaction Resistance

of Soils
Job No. 140011048

V:ND1224\amvelother_pe_projects\14001 104@\calculations\N-Wue CRA - CSA (NCEER 1908).xisz
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City of Onawa Seismic Site Classification Map From Combined Geological/lGeophysical Data ‘
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