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INTRODUCTION

e promotes best practices

e owner is responsible for implementing the provisions of the BCBC
e Building Code is minimum standards

e field reviews by professionals per BCBC Letters of Assurance

B.b Structural capacity ot electrical components, Including anchorage and seismic restraint
6.6 Clearances from buildings of all electrical utility equipment

6.7 Fire protection of wiring for emergency systems

6.8 Review ! i

GEOTECHNICAL — Temporary
7.1 Excavation

7.2 Shoring

7.3 Underpinning

7.4 Temporary construction dewatering

GEOTECHNICAL — Permanent
8.1 Bearing capacity of the soif
8.2 Geotechnical aspects of deep foundations
8.3 Compaction of engineered filf

8.4 Structural considerations of soil, including slope stability and seismic loading
8.5 Backfill

8.6 Permanent dewatering
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INTRODUCTION

e promotes best practices

e owner is responsible for implementing the provisions of the BCBC
e Building Code is minimum standards

e field reviews by professionals per BCBC Letters of Assurance

e geotechnical engineer may benefit the project team
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RESIDENTIAL PLANNING STAGE

v Consult a local geotechnical
Has site been selected? engineer to avoid selecting
a problematic site

Yes ¢ l

. Consult a local geotechnical
Do any potential geotechnical hazards exist at the site? engineer to carry out a site
' assessment and provide a report

N
@ Don't know

Has the Building Permit been obtained?

@ @ Consult a local
geotechnical engineer
Are geotechnical Letters of Assurance @

required for Building Permit application? Consider consulting a
L | local geotechnical engineer

< if any of the components
BUICOING PERMJ{T SIAGE (—‘ [_)‘( No ) > from !{:igure 1 are Fi:m::ludecl

in the project
Is the proposed foundation conventional? —)@ 4‘

Consult a local geotechnical
' engineer for site investigation and
@ foundation design recommendations

FOUNDATION DESIGN STAGE |

¥ Consult a local geotechnical engineer

Is there sufficient space at the site to carry out safe prior to starting excavation for temporary
excavation slopes per WorkSafe BC requirements? | excavation support recommendations
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EXCAVATION AND FOUNDATION CONSTRUCTION STAGES (with geotechnical field reviews per the
Letters of Assurance, if applicable, and final field review prior to demobilizing equipment from site)

¥
IMPLEMENT BEST PRACTICES FOR SEDIMENT Consult a local geotechnical engineer for recommendations on
AND EROSION CONTROL THROUGHOUT CONSTRUCTION material type, soil testing, and compaction criteria. The
v geotechnical engineer may require density testing and/or field

reviews during Engineered Fill placement and compaction.
Is Engineered Fill required at the site? Contact an environmental consultant to verify that selected

material is not contaminated.
A
Don't know

Did a geotechnical engineer sign off on ltem 4.2 (Site
and Foundation Drainage) on the Letters of Assurance?

Consult with the geotechnical
engineer for recommendations
and field reviews regarding
site and foundation drainage

Yes

IMPLEMENT BEST PRACTICES FOR SITE AND FOUNDATION DRAINAGE
¥ Is the sit dj td |
a - s the site or adjacent downslope area .

Is landscaping required? sloping at >20° (10° in clay), underlain Cons[.llt a I?ca: ge;techplcal
by compressive or expansive soil, have —)— SRQINEGEY Vau T scadp;!'lgl
high groundwater, or located below the recomrr!enda_tflons - d ield

No Flood Construction Level? FViFIrS N FequaTe
* 3
¢ @&
IMPLEMENT BEST PRACTICES FOR LANDSCAPING <
2
Did a geotechnical engineer sign Letters of Notifyv th dachnical
Assurance at the Building Permit stage? encg;i:yeer fhg‘:?h‘:cp:c:j‘i::t
is complete. A final field review
may be required prior to
issuing the Schedule C.

I PROJECT COMPLETION |«
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NATURAL HAZARDS

SURFACE AND FOUNDATION
GROUNDWATER BACKFILL
MANAGEMENT

DRAINAGE
REMEDIATION

FLOOD LEVEL
CONSTRUCTION SEDIMENT AND

EROSION CONTROL
y UNDERSLAB
> DRAINAGE
{a ........... RETAINING | ROADS AND

W FOUNDATION \wai1s | PAVEMENTS

DRAINAGE

STABILITY
ENGINEERED
PERMANENT AND FOUNDATION FILL SEPTIC
TEMPORARY EXCAVATION syBGRADES (AND SYSTEMS
SAFETY AND SHORING pEEP FOUNDATIONS)
(AND UNDERPINNING)
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INTRODUCTION

e promotes best practices

e owner is responsible for implementing the provisions of the BCBC
e Building Code is minimum standards

e field reviews by professionals per BCBC Letters of Assurance

e geotechnical engineer may benefit the project team

e builders can be found legally liable for problems later
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CONSULTANT SELECTION

e APEGBC’s “Advice on Hiring a Professional Engineer or Professional
Geoscientist in British Columbia”

Advice On
HIRING A PROFESSIONAL ENGINEER
OR PROFESSIONAL GEOSCIENTIST

Frufessiona| E/
IN BRITISH COLUMBIA  mi mecama ol
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CONSULTANT SELECTION

e APEGBC’s “Advice on Hiring a Professional Engineer or Professional
Geoscientist in British Columbia”

e APEGBC’s membership directory

4 Member Directories Careers Events News Resources Contact Us

Become a Member For Members Professional Development For Students About Us

Home = Member Directories = APEGBC Membership Directory

APEGBC Membership Directory

Search Criteria

* Limited Licensees and Scopes of Given name begins with Last name begins with Company A19-Geotechnical s || City
Practice

» Discrete Scope Projects

Directory Designations select all clear
» Organizational Quality B Professional Engineer O Engineering Licensee A [0 Engineer in Training
Management Certified ) ) o ] ) o o
Organizations O Professional Geoscientist (P.( O Geoscience Licensee (Geo. O Geoscientist in Training (GIT)
* Professionals for Sewerage O Structural Engineer (Struct
System Regulation
+ Seismic Retrofit Engineering A

®150% v

www.apegd.bc.ca/Member-Directories/ APEGBC-Membership-Directory
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CONSULTANT SELECTION

e APEGBC’s “Advice on Hiring a Professional Engineer or Professional
Geoscientist in British Columbia”

e APEGBC’s membership directory
e Who do you refer owners to when they need a geotechnical engineer?
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
e geology = bedrock and soil (overburden)
e rock types: sedimentary, igneous, metamorphic
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SEDIMENTARY ROCK
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IGNEOUS ROCK (VOLCANIC)
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IGNEOUS ROCK (PLUTONIC)
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METAMORPHIC ROCK

~ HORIZON

ENGINEERING INC




PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
e geology = bedrock and soil (overburden)

e rock types: sedimentary, igneous, metamorphic

e bedrock structure and chemical composition
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PHYSIOGRAPHY, GEOLOGY, AND SOIL CONDITIONS OF BC

e potential geotechnical challenges depend on location, landforms, and geology
e geology = bedrock and soil (overburden)

e rock types: sedimentary, igneous, metamorphic

e bedrock structure and chemical composition

e soil types: glacial, alluvial, aeolian, organic, colluvial, anthropogenic (fill)
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GLACIAL SOIL
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ALLUVIAL SOIL
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AEOLIAN SOIL
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ORGANIC SOIL
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COLLUVIAL SOIL
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COLLUVIAL SOIL
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ANTHROPOGENIC SOIL (FILL)
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ANTHROPOGENIC SOIL (FILL)

TV 1 e
giV i
,.|." N
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Fill materials are typlcally problematlc
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TOPSOIL

WEATHERED STRATUM

"HARDPAN"
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"HARDPAN"

TOPSOIL
WEATHERED STRATUM
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TOPSOIL

"HARDPAN"

WEATHERED STRATUM
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WEATHERED STRATUM
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

LEGEND

P PRINCE GEORGE || FORT ST. JOHN

B = GROUND SETTLEMENT HBCEFGHJ BCDEFGHJK

C =S5LOPE INSTABILITY AND LANDSLIDES T —

D =ERGCSION

E = FLODDING

F = SWELLING CLAYS

G = EXCAVATION SLOPE STABILITY

H=FROST AND PERMAFROST

J= EARTHWORKS DIFFICULT IN WINTER

K = HIGH SULPHATE CONTENT IN
GLACIAL TILLS

L = AMPLIFIED GROUND MOTIONS

KAMLOOPS
BCDEGH

PRINCE RUPERT

ECDEGH SALMON ARM

BCEFGH

VERNON
BCDEFGH

4 KELOWNA AND
WEST KELOWNA
BCDEFGH
CAMPBELL RIVER
ABCEGH
PENTICTON
COURTENAY BCDEFGH
ABCEGH
PORT ALBERNI
ABCEGH Al
_________________ CRANBROOK
NANAIMO BCEGH
ABCDEGH
VANCOUVER AND THE | | SQUAMISH
VICTORIA AND AREA LOWER MAINLAND ABCEGH
BCDEGHL ABCEGH
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC
ik

e liquefaction
e ground settlement
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liguefaction
e ground settlement
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

..

e liguefaction
e ground settlement
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

. . r DIFFERENTIAL
e liquefaction SETTLEMENT

e ground settlement
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liguefaction
e ground settlement
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction
e ground settlement
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction
e ground settlement

|

B
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e Jiguefaction

e ground settlement

e slope instability
and landslides
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides

Two standard deviations

One standard deviation

LEGEND: ORIENTATION = 117°/90° SW

- Pales FRICTION ANGLE = 35°

- Average pole for discontinuity set RESULT:
— -Rockcut Potential toppling failure at set orientations:
—————— - Friction angle - 270°/64°N

- Average plan for discontinuity set - 299°773°NE
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides

® erosion
— natural
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides

® erosion
— natural
— human-caused
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liguefaction

e ground settlement Eegm

e slope instability |
and landslides

® erosion

e flooding

| ===l
Po—
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides

® erosion

e flooding

— sealevelrise
— tsunami hazard
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liguefaction

e ground settlement

e slope instability
and landslides

e erosion

e flooding

e swelling clays
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

liquefaction

e ground settlement

e slope instability
and landslides

® erosion

e flooding

e swelling clays

e excavation slope

stability
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liguefaction

e ground settlement

e slope instability
and landslides

e erosion

e flooding

e swelling clays

e excavation slope
stability
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction

e ground settlement

e slope instability
and landslides

® erosion

e flooding

e swelling clays

e excavation slope
stability
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

Mean Annual Near Surface

e liquefaction Ground Temperature (°C)
e ground settlement o S
e slope instability — :;::i

and landslides B <-5

® erosion

e flooding

e swelling clays

e excavation slope
stability

e frost and permafrost
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POTENTIAL GEOTECHNICAL CHALLENGES IN BC

e liquefaction
e ground settlement
e slope instability
and landslides
® erosion
e flooding
e swelling clays
e excavation slope
stability
e frost and permafrost
e earthworks difficult in winter
e high sulphate content in glacial tills degrades concrete
e amplified seismic ground motions
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SITE SELECTION

e engineers with local experience

- Google Earth L (=] &
Eile Edit View Jools Add Help
i e,

= ag
VRN 90 ¢
a9 ..‘:’ 4

‘S
DASK X

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
014 Google
4 DigitalGlobe
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SITE SELECTION

e engineers with local experience
e aerial photos -

B 30 BCC96079 No. 142

¥
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SITE SELECTION

e engineers with local experience
e aerial photos
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SITE SELECTION

e engineers with local experience
e aerial photos

3 *
|mageieiz0iapigital Globe
X g e
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SITE SELECTION

e engineers with local experience
e aerial photos

Imagere 2014 DigitalGlobe

= - = - _——
3 : - -
Imageilandsat : _-G i [ - h
Imagel©20a4iBrovincelol Britishi€olumbia - fq_ = 998 C ea rt ks
= -~ = - = j - -
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SITE SELECTION

e engineers with local experience
e aerial photos '\

roposea fi
i

LEGEND:
——— Contours
= — —Limt of alluwal fan

1
[——Froposed single family properties
~m— Estimated debris flow vector

—(&:rm centerline
Berm ment endpomts
(See I::r?n design table)

nnnnn
= Approxmate |ocation of berm toe
= Approximate location of swale crest
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SITE SELECTION

e engineers with local experience
e historical aerial photos
® maps

— topographic

0005,

or

FLATTER
% SLOPE

"Lﬂ'

P GULLY OR RAVIiE-))
.-I_\-._

1000
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SITE SELECTION

e engineers with local experience
e historical aerial photos
® maps

— topographic
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SITE SELECTION

e engineers with local experience
e historical aerial photos

® maps &
— topographic o AN T : \ i
— geological

E LT K

R E| PN

v e -
Canadi T
7154

e L
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SITE SELECTION

e engineers with local experience
e historical aerial photos
® maps

— topographic

— geological

== HORIZON

ENGINEERING INC P




SITE SELECTION

e engineers with local experience
e historical aerial photos

e maps e e S
— topographic | Vancouver's Old Streams -

1:20 000 scale
et

— geological T

Cuipin i ——

e
Bbuated s of e path = o o e

— old streams e —

P OEEvesEmee.

b iy
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SITE SELECTION

e engineers with local experience

e historical aerial photos

® maps
— topographic
— geological
— old streams
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SITE SELECTION

e engineers with local experience
e historical aerial photos
® maps

— topographic

— geological

— old streams
— fire insurance
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SITE SELECTION

e engineers with local experience
e historical aerial photos
* maps

— topographic

— geological

— old streams

— fire insurance

e archaeological sites
e Jlocal newspapers
e Land Titles Office

e canvass existing developments
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SITE INVESTIGATION

e best practice is for geotechnical engmeer to determine the type of subsurface
investigation required - " —

e test pits
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required , ‘

e test pits
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required . \ h

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e drilling (auger, sonic, Becker, mud/air rotary)

| | =/
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) A Y.
5 X
e
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<
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
e cone penetration testing (CPT, DCPT, WildCat)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
e cone penetration testing (CPT, DCPT, WildCat)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
e cone penetration testing (CPT, DCPT, WildCat)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
e cone penetration testing (CPT, DCPT, WildCat)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary) §@
e cone penetration testing (CPT, DCPT, WildCat) &
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)
e cone penetration testing (CPT, DCPT, WildCat)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e cone penetration testing (CPT, DCPT, WildCat)
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SITE INVESTIGATION

e best practice is for geotechnical engineer to determine the type of subsurface
investigation required

e test pits
e drilling (auger, sonic, Becker, mud/air rotary)

e cone penetration testing (CPT DCPT, W|IdCat)

e slope profiles : e
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils

e conventional foundations and foundation walls
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils

e conventional foundations and foundation walls
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils
e conventional foundations and foundation walls

— BCBC provides minimum requirements
— frost protection
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils

e conventional foundations and foundation walls
— BCBC provides minimum requirements

— frost protection
— best practice to reinforce foundations
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liqguefiable, or swelling soils

e conventional foundations and foundation walls
— BCBC provides minimum requirements
— frost protection
— best practice to reinforce foundations
— stepping of adjacent foundations
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils

e conventional foundations and foundation walls
— BCBC provides minimum requirements
— frost protection
— best practice to reinforce foundations
— stepping of adjacent foundations
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liqguefiable, or swelling soils

e conventional foundations and foundation walls
— BCBC provides minimum requirements
— frost protection
— best practice to reinforce foundations
— stepping of adjacent foundations
— dowelling foundations into bedrock
— Engineered Fill

BUILDING

INTERIOR
BUILDING EXTERIOR

WITH NON-SETTLEMENT SENSITIVE
LANDSCAPING FINISHES
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liqguefiable, or swelling soils

e conventional foundations and foundation walls
— BCBC provides minimum requirements
— frost protection
— best practice to reinforce foundations
— stepping of adjacent foundations
— dowelling foundations into bedrock
— Engineered Fill
— foundation subgrade preparation
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils

e conventional foundations and foundation walls

e other foundation types
— preloading, raft foundation, weight compensation strategies
— loading history important with compressible soils
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils
e conventional foundations and foundation walls
e other foundation types
— preloading, raft foundation, weight compensation strategies

— loading history important with compressible soils
— piles (timber, steel, helical, micropiles)
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TIMBER PILES
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STEEL PILES
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STEEL PILES
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STEEL PILES
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MICROPILES
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HELICAL PILES

v e

= HORIZON

ENGINEERING INC




~ HORIZON

ENGINEERING INC




~ HORIZON

ENGINEERING INC



FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils

e conventional foundations and foundation walls
e other foundation types
e seismic resistance of foundations
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2010 National Building Code Seismic Hazard Calculation

INFORMATION: Eastern Canada English (613) 995-5548 frangais (613) 995-0600 Facsimile (613) 992-8836
Western Canada English (250) 363-6500 Facsimile (250) 363-6565

Requested by: , March 27, 2013
Site Coordinates: 49.3264 North 123.1216 West
User File Reference: 2035 Fullerton Avenue, North Vancouver, BC

National Building Code ground motions:

2% probability of exceedance in 50 years (0.000404 per annum)

Sa(0.2) Sa(0.5) Sa(1.0) Sa(2.0) PGA (g)

0.883 0.619 0327 0.171 0.433

Notes. Spectral and peak hazard values are determined for firm ground (NBCCZDlUsoiIdassC-Mﬂpe
shear wave velocity 360-750 mis). Median (50th percentile) values are given in units of g. 5% damped
spectral acceleration (Sa(T). MTlsﬂvepenodmseomds)wpenkgmmmm (PGA) values
are tabulated. Only 2 significant figures are to be used. These values have been mﬁupolaﬁedfrmaw

hnspaeedgmlofpmk Dupeﬂdmgonme ient of the y points, values at this locati
lated dis from the h progr may vary. More than 95 p t of infs lated vali
are within 2 p of the calcul. Warning: You are in a region which considers the hazard

from a determinisnc Cascadia subduction event for the National Building Code. Values determined for high
probabilities (0.01 per annum) in this region do not consider the hazard from this type of earthquake.

Ground motions for other probabilities:

Probability of exceedance per annum  0.010 0.0021 0.001
Probability of exceedance in 50 years  40% 10% 5%
Sa(0.2) 0.220 0.468 0635
Sa(0.5) 0.150 0.322 0438
Sa(1.0) 0.078 0.169 0.230
Sa(2.0) 0.039 0.086 0.119
PGA 0.112 0232 0312
References

National Building Code of Canada 2010 NRCC
no. 53301; sections 4.1.8, 9.20.1.2, 9.23.10.2,

93162 and62.13
Appendix C: Climatic Information for Building gﬁ/

in Canada - table in Appendix C starting on
page C-11 of Division B, volume 2

495N yah\

User's Guide - NBC 2010, Structural
Commentaries NRCC no. 53543(in preparation) \
Commentary J: Design for Seismic Effects {7

Geological Survey of Canada Open File xxxx
Fourth generation seismic hazard maps of Canada: 1
Maps and grid values to be used with the 2010 -
National Building Code of Canada (in preparation)

See the websites www. EarthquakesCanada.ca and g, Ui
www.nationalcodes.ca for more information 0

Aussi disponible en frangais 123.5°W 123w
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liquefiable, or swelling soils

e conventional foundations and foundation walls
e other foundation types

e seismic resistance of foundations
— deep subsurface investigation in potentially liquefiable soils
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STRATIGRAPHY (N,)so FROM BDT CSR CRR FACTOR OF SAFETY

V] 10 20 30 40 50015 02 025 03 035 040 02 04 06 080 05 1 15 2 25 3
b RERARERRIRTNRARERRINENE! sl begna b lsng RN NEENE RN RN |||E|H||£I|i||||||||||f||[||
1 ?ﬂgn trace —— PGA=0.3g (2005 NBC)
silt, trace trace cobbles,
PGA =0.454g (2006 BCBC)
2 mw.m?q. .-/%
3
JSAND AND GRAVEL
4 —jmrew coarse graimed 1ana, Tace
5 sl ¥
6 ={SAND
7 _ (Fne fo coarse graned,
P s, tas sl
8 '-'; m.rmdmhamj
9
10 _Jrrace to some gravel _
1 3 | \ o
127F4—————
13 _E coarse wood debris [
"'é"" ] sour gas odowr 11.2-27.1m
wq -
T 15 _;mwm
o 163 | |
Wy 3————- J |
o E LIQUEFACTION
18 , _ IS POSSIBLE
19 3 [ | : IN SATURATED
3 } SOILS TO AT
20 = { f { LEAST29 TO 30
21 =3 | '- METRES
i _ _ _ _ _ | DEPTH BELOW
22 3 fenited so0i retumad during | [l EXISTING GRADE.
23 -] %iling {passibly pushing Doulder) [
244 _ _ _ _ _ | .
25 3 !
26 3 f ..
27 q J '.
= L d soil retumed dul '
28 3 ding (osaiiy g Eouter [ -
29 3 / '
3 f ' >
- ] Test hole terminatad at 20.9m II
31 =

Moge: Daes calculated manually.
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FOUNDATIONS

e best practice to seek advice from geotechnical engineer at sites with potentially
compressible, liqguefiable, or swelling soils

e conventional foundations and foundation walls
e other foundation types

e seismic resistance of foundations
— deep subsurface investigation in potentially liquefiable soils
— foundation repair should be expected following significant earthquakes

e variable subgrade conditions can lead to differential performance of
foundations

e rock bolting of potential rock failures above or below site
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EXCAVATIONS

e WorkSafe BC requirements
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EXCAVATIONS

e WorkSafe BC requirements
e advise geotechnical engineer before starting excavation
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EXCAVATIONS

e WorkSafe BC requirements
e advise geotechnical engineer before starting excavation
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EXCAVATIONS

e WorkSafe BC requirements
e advise geotechnical engineer before starting excavation
e worker safety

T SUITABLE SUBGRADE MATERIAL - /0
ﬁ' HORIZON

ENGINEERING INC




EXCAVATIONS

e WorkSafe BC requirements

e advise geotechnical engineer before starting excavation

e worker safety

e stability of adjacent structures and utilities

e temporary shoring when insufficient space for sloping

e encroachment onto neighbouring property advantageous
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EXCAVATIONS

e WorkSafe BC requirements

e advise geotechnical engineer before starting excavation

e worker safety

e stability of adjacent structures and utilities

e temporary shoring when insufficient space for sloping

e encroachment onto neighbouring property advantageous
e erosion protection
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EXCAVATIONS

e WorkSafe BC requirements

e advise geotechnical engineer before starting excavation

e worker safety

e stability of adjacent structures and utilities

e temporary shoring when insufficient space for sloping

e encroachment onto neighbouring property advantageous
e erosion protection

e field review prior to demobilizing equipment
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EROSION AND SEDIMENT CONTROL

e manage site surface water in a way that minimizes erosion
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EROSION AND SEDIMENT CONTROL

* manage site surface water in a way that minimizes erosion
e Building Permit requirement in many urban areas, often with monitoring

NSTALL SHOTROCK, PAVED TEMPORARY STAGING AREA, SURFACE WATH &° (200mm) THICK LAYER, A
OF &' {IC TROCE, (MAINTAIN REGULAELY), SLOPE, LENGTH AND LAYOUT

TO BE AD JCTION DEFENDING ON TRAFFIC AND WEATHER CONDTIONS,

TRUCKS SHOULD HAVE WHEELS PRESSURE WASHED CLEAN FRIOR TO EXITING THE SITE.

SEDIMENT TRAF: SILT FENCE
WATH HAY BALES OR WATTLES
(SEE DETAL

é KaMm_/\h/\_ =
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EROSION AND SEDIMENT CONTROL

* manage site surface water in a way that minimizes erosion

e Building Permit requirement in many urban areas, often with monitoring

e minimize impacting property, infrastructure, and natural drainage systems
e staging site clearing, mulching, and winnowing

e temporary sediment treatment infrastructure such as settling ponds, filters,
and proprietary systems
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SHOTROCK-PAVED SITE ACCESS
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TRUCK WHEEL WASH
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WITHOUT SHOTROCK-PAVED SITE ACCESS OR WHEEL WASH
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WITHOUT SHOTROCK-PAVED SITE ACCESS OR WHEEL WASH
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CATCH BASIN PROTECTION
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WITHOUT CATCH BASIN PROTECTION
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EROSION PROTECTION
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DUST CONTROL
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PERIMETER PROTECTION
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications

HORIZON

ENGINEERING INC

N ya 102-173 Forester St
7 North Vancouver, BC, V7TH 2M8
N & e ESTING & MONITORING LD info@hetesting.ca
Sieve Analysis Tel: 804-770-1002
Reference Number Fax: 604-770-1004
Client
Horizon Engineering Project: 112-3221 Sample Date: 1-Apr-14
114-2433 Dollarton Hwy Location: 2285 W. 41st Ave., \ . BC Receive Date: 1-Apr-14
North Vancouver, BC, V7H DA1 Sample Label: Sample 2 Collected by: Karen
Data & Results
Technician: Clive Date Tested: 01-Apr-14
Sieve Type: Dry Sieve
1 Gravel | Sand 1 Fre Grain Soll |
Bouder Covple | Coarse Fine Coase]  Medum | Fine | sut Clay ]
8 = g
% bee » + 3 % 3 £ 833 g E §
T T T T7T T r T TT T T T T 1000
: 200
L] [ N8l se0
| 700
60.0
\ - 500
1 400
\ | xs
e H 200
H 1 100
i 0o
1000 100 10 1 o1 001 0.001 0.0001
Particle Size (mm)
Coefficient of Uniformity and Curvature
 — 1L — ) [T LT -
558 0.58 [ 203 1 0.66 | 0.37 1 16.20

Comments

Tested By BT

Passing (%)




ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications
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ENGINEERED FILL AND BACKFILL MATERIALS
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e material specifications
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ENGINEERED FILL AND BACKFILL MATERIALS

102-173 Forester St

. . . . ’ -
e materia | Speci fl cations lﬁrme & MONITORING 1. T

Labortory Compaction Characteristics of Soil

e compaction criteria e

Client
Horizon Engineering Inc. Location: 2261 W. 41st Ave., Vancouver
114-2433 Dollarton Hwy Project: Mixed Use Development
North Vancouver, BC Collected by: cc
V7H DA1 Sample Date: April 24, 2014
Receive Date: April 24, 2014

Test Method Material I.D.
Proctor Type: Standard, ASTM D688 Major Component: Sandy Silt
Protor Number: 1 Size:
Proctor Method: A Rock Type:

4" moid, 3 Layers Sample Name:

25 Blows, Passing No. 4
Preparation Method: Moist Description: Site Spoil
Oversize Correction Method:  ASTM 4718
Data & Results

Technician: cc
Date Tested:  April 25, 2014

2000
. 19%0 \
4 1980 /' \ i
i o / N — 2270 Air
R =
& U0
-
6.0% 7.0% 5.0% 9.0% 100%  110%  120%
‘Water Content %
Moisture Optimum
| wet Density|Dry Density Max Dry Density .
peaPont | pom | somd | SHo™ bomh) | o)
1 2071 1952 6.1% Regular 1808 8.7%
2 2184 1004 0.5% ize C 2089 74%
3 2179 1986 10.9%
4 [oversize P | 77% |
5 Note: Exti Oversize Moisture Content of 1.5% and Specific
Gravity of 265

- |
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications
e compaction criteria
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ENGINEERED FILL AND BACKFILL MATERIALS
e material specifications  § ."“T; “&‘ ,.r* o

e compaction criteria
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ENGINEERED FILL AND BACKFILL MATERIALS
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e material specifications
e compaction criteria
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications
e compaction criteria

— HORIZON

ENGINEERING INC




ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications
e compaction criteria
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ENGINEERED FILL AND BACKFILL MATERIALS

102-173 Forester St
North Vancouver, BC, V7H 2M0

* material specifications li-vesrmeamomronmem. Teraas 70 100
e compaction criteria NucierDensometer Compaction Test

Horizon Engineering inc December 23, 2013

114-2433 Doltarton Highway 110-2711

North Vancouver, BC 1550 W. 49th Ave.

Canada, V7H 0A1 Vancouver, BC

Test Method: Modified Proctor ~ ASTM D1557 Soil Description: Sechelt Sand
Oversize Correction,  ASTM D4718

Max Dry Density: 195 kg/m®

Optimum Moisture Content: 12 %

Corr. Max Dry Density: 1982 g/

Test Report No. 4
Technician: o est Dute- December 19, 2013
Required Compaction: a3% retest est Method:  Direct Transmiszion, ASTM D938
East pevimeter (North end) - final it - Dec. 19-13
|see Sketch 20 | 1s10 50 73 [} 1082 B7% Fail
Isee Sketch w0 | 1927 29 183 [ 1982 3% Pas
3 |see Stetch 200 | 1987 43 1905 0 1982 9% Pazs
Jsee Sxeech 00 | 197 57 1868 [ 1962 sax Pass
East pesimeter (South end) - final lift - Dec. 19-13
5 Jsee siech 00 | 1092 54 1890 1982 o5% Paz
6 JseeSketch w0 | 1975 47 188 1982 95% | Pas
7 |see Stetcn 200 | 1985 a9 189 1982 5% Pass
3 [see Scerch 200 | 1990 1895 1982 9% | Pass
9 |see Sketch w0 | 1973 1862 1982 9e% Pazs
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications
e compaction criteria
e potential settlement
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications

e compaction criteria

e potential settlement

e filter cloth over clear gravels
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications

e compaction criteria

e potential settlement

e filter cloth over clear gravels
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications

e compaction criteria

e potential settlement

e filter cloth over clear gravels

e permission from structural engineer prior to backfilling foundation wal
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications

e compaction criteria

e potential settlement

e filter cloth over clear gravels

e permission from structural engineer prior to backfilling foundation walls
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ENGINEERED FILL AND BACKFILL MATERIALS

e material specifications

e compaction criteria

e potential settlement

e filter cloth over clear gravels

e permission from structural englneer prlor to backflllmg foundation walls
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DRAINAGE

e stormwater management plans often required for building permit application

&

Saa Spactficatrs

Cutiet w21 2.8
42 solid PVC ppo for numkater lsadsr
from the narthern half of the roof to be ook S-i00t ngh
tosmr ™ / mankas

Iniet Imv.£2 ISD—\

f""'"""'!

uﬁ-u
It

i

i

i

Outlee:
22100

et sz 127 — |

L—I‘lmmﬂ -

| — 42 bansport pre

I#4- 2630 Dulrinn
N e, G VT A
e
Fu S0
29 HOPE prevauraad pye
i MR. FRANK MARTENS
Ouet Inv.2200.2 3524 Handerson Avenue{
g Inspecaen chambor North Vencouver, BC
/ \ ket Ine, £209.4' Devel
1410 Kings Avene
40 saiid VG s for rawator beaders —/ 4% pertorstad VG ppo for ponmetar West Vancouver, BC
fram the acuthem hall of the roof to be dranags 1o be connactad to sump (B)
ezmectsd to sump (D) Sinmweter
NOTE: ¥ Y
i’ Ste Plan
- Al pluminng detals shown are for information only, A contractor certhed by the
Distnct of West Vancouver must be retained for plumbing works. The contractor i r-rr Mewis
responsible for quality of plumbing and mechanical details and mstallation, - ™ s
- Ranwater leagiers located at the northem half of the roof to be directed to Sump — 3
A and to Sump (B) for the balance. = H5
»Nlmurdmmgsmwbsdlmdbow Sump (B).
- d g ane for r only. 2 &5
e LM
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DRAINAGE

e stormwater management plans often reqwred for building permit application
e sumps required by BCBC
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DRAINAGE

e stormwater management plans often required for building permit application
e sumps required by BCBC

e obsolete materials:
— asbestos cement pipe
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DRAINAGE

e stormwater management plans often reqwred for building permit application
e sumps required by BCBC -

e oObselete materials:
— asbestos cement pipe
— Big-O pipe
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DRAINAGE

e stormwater management plans often required for building permit application
e sumps required by BCBC

e obselete materials:
— asbestos cement pipe
— Big-O pipe
— clay drain tile
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DRAINAGE

e stormwater management plans often required for building permit application
e sumps required by BCBC

e obselete materials:
— asbestos cement pipe
— Big-O pipe
— clay drain tile
e materials currently in use:

— PVC pipe for drainage systems (best practice is to use perforated for foundation drainage with
perforations facing downward, pipe surrounded by clear gravel)
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DRAINAGE

e stormwater management plans often required for building permit application
e sumps required by BCBC

e obselete materials:
— asbestos cement pipe
— Big-O pipe
— clay drain tile
e materials currently in use:

— PVC pipe for drainage systems (best practice is to use perforated for foundation drainage with
perforations facing downward, pipe surrounded by clear gravel)
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DRAINAGE

e stormwater management plans often required for building permit application
e sumps required by BCBC

e obselete materials:
— asbestos cement pipe
— Big-O pipe
— clay drain tile
e materials currently in use:

— PVC pipe for drainage systems (best practice is to use perforated for foundation drainage with
perforations facing downward, pipe surrounded by clear gravel)

— drainage membrane el 1._J sy “
R LT |,. L
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DRAINAGE

e stormwater management plans often required for building permit application
e sumps required by BCBC

e obselete materials:
— asbestos cement pipe
— Big-O pipe
— clay drain tile
e materials currently in use:

— PVC pipe for drainage systems (best practice is to use perforated for foundation drainage with
perforations facing downward, pipe surrounded by clear gravel)

— drainage membrane
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DRAINAGE

e stormwater management plans often required for building permit application
e sumps required by BCBC

e obselete materials:
— asbestos cement pipe
— Big-O pipe
— clay drain tile
e materials currently in use:

— PVC pipe for drainage systems (best practice is to use perforated for foundation drainage with
perforations facing downward, pipe surrounded by clear gravel)

— drainage membrane
— clear gravel
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DRAINAGE

e stormwater management plans often required for building permit application
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DRAINAGE
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DRAINAGE

e stormwater management plans often required for building permit application
e sumps required by BCBC

e obselete materials:
— asbestos cement pipe
— Big-O pipe
— clay drain tile
e materials currently in use:

— PVC pipe for drainage systems (best practice is to use perforated for foundation drainage with
perforations facing downward, pipe surrounded by clear gravel)

— drainage membrane
— clear gravel
e general recommendations:
— separate systems for roof and foundation drainage
— drainage chimney against foundation walls
— filter fabric between clear gravel and other soil
— clear gravel underslab drainage layer
— weep holes through foundation walls

e drainage remediation expensive, iterative, and frustrating
e structural problems
e try easiest potential solution first
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LANDSCAPING

e consult geotechnical engineer when site slopes more than 20° (10° in clay) or is
below Flood Construction Level
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LANDSCAPING

e consult geotechnical engineer when site slopes more than 20° (10° in clay) or is
below Flood Construction Level
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LANDSCAPING

e consult geotechnical engineer when site slopes more than 20° (10° in clay) or is
below Flood Construction Level
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LANDSCAPING

e consult geotechnical engineer when site slopes more than 20° (10° in clay) or is
below Flood Construction Level

e consult geotechnical engineer when site underlain by organic, compressive, or
expansive soils
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— don’t dump garden debris near crest
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LANDSCAPING
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below Flood Construction Level

e consult geotechnical engineer when site underlain by organic, compressive, or
expansive soils

e slope destabilization

— don’t dump garden debris near crest

— ponds and swimming pools near crest should be reviewed by geotechnical engineer for
landslide hazard

— don’tirrigate near foundations in expansive soil

~ HORIZON

ENGINEERING INC




% HORIZON SLOPE DESTABILIZATION

ENGINEERING INC




SLOPE DESTABILIZATION

ENGINEERING INC

<
O
™
0
O
.=




SLOPE DESTABILIZATION

ENGINEERING INC

HORIZON




SLOPE DESTABILIZATION

ENGINEERING INC

— HORIZON



LANDSCAPING

consult geotechnical engineer when site slopes more than 20° (10° in clay) or is
below Flood Construction Level

consult geotechnical engineer when site underlain by organic, compressive, or
expansive soils

slope destabilization
— don’t dump garden debris near crest

— ponds and swimming pools near crest should be reviewed by geotechnical engineer for
landslide hazard

— don’tirrigate near foundations in expansive soil
retaining walls

— types: concrete cantilever, geogrid-reinforced proprietary block or modular systems (such as
SierraScape, SierraSlope, Allan Block, Keystone, Pisa Stone, etc.), other gravity systems (such as
Lock Block, Maccaferri gabions, or stacked boulders), or anchored systems
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CANTILEVERED CONCRETE RETAINING WALLS
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SIERRASCAPE RETAINING WALLS
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ALLAN BLOCK RETAINING WALLS
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DELTALOCK RETAINING WALLS
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LOCK BLOCK RETAINING WALLS

ENGINEERING INC

— HORIZON



POORLY CONSTRUCTED LOCK BLOCK RETAINING WALL
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GABION RETAINING WALLS

~ HORIZON

ENGINEERING INC




STACKED ROCK RETAINING WALLS
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POORLY CONSTRUCTED STACKED ROCK RETAINING WALL
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STABILIZED STACKED ROCK RETAINING WALL
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FAILING TIMBER RETAINING WALL
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TIED-BACK SHOTCRETE RETAINING WALL
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TIED-BACK SHOTCRETE RETAINING WALL

~ HORIZON

ENGINEERING INC
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TIED-BACK SHOTCRETE RETAINING WALL
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TIMBER RETAINING WALL
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LANDSCAPING

e consult geotechnical engineer when site slopes more than 20° (10° in clay) or is
below Flood Construction Level

e consult geotechnical engineer when site underlain by organic, compressive, or
expansive soils

e slope destabilization
— don’t dump garden debris near crest

— ponds and swimming pools near crest should be reviewed by geotechnical engineer for
landslide hazard

— don’tirrigate near foundations in expansive soil

e retaining walls

— types: concrete cantilever, geogrid-reinforced proprietary block or modular systems (such as
SierraScape, SierraSlope, Allan Block, Keystone, Pisa Stone, etc.), other gravity systems (such as
Lock Block, Maccaferri gabions, or stacked boulders), or anchored systems

— often require geotechnical design when higher than 1.2 metre (4 feet)

— design retaining walls and combinations of retaining walls to resist overturning, sliding,
bearing, and global failures due to retained earth and internal pressures

— terraced retaining walls
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LANDSCAPING

e consult geotechnical engineer when site slopes more than 20° (10° in clay) or is
below Flood Construction Level

e consult geotechnical engineer when site underlain by organic, compressive, or
expansive soils

e slope destabilization
— don’t dump garden debris near crest

— ponds and swimming pools near crest should be reviewed by geotechnical engineer for
landslide hazard

— don’tirrigate near foundations in expansive soil

e retaining walls

— types: concrete cantilever, geogrid-reinforced proprietary block or modular systems (such as
SierraScape, SierraSlope, Allan Block, Keystone, Pisa Stone, etc.), other gravity systems (such as
Lock Block, Maccaferri gabions, or stacked boulders), or anchored systems

— timber retaining walls not recommended
— often require geotechnical design when higher than 1.2 metre (4 feet)

— design retaining walls and combinations of retaining walls to resist overturning, sliding,
bearing, and global failures due to retained earth and internal pressures

— terraced retaining walls
— seismic design of retaining walls
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SURFACE WATER MANAGEMENT

¢ Flood Construction Level
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SURFACE WATER MANAGEMENT

e Flood Construction Level
e Q200 is not the surveyed ‘high water level’

e best practice to consult geotechnical engineer for design of flood-proofing
measures

e grading to provide surface water management
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SURFACE WATER MANAGEMENT

e Flood Construction Level
e Q200 is not the surveyed ‘high water level’

e best practice to consult geotechnical engineer for design of flood-proofing
measures

e grading to provide surface water management
e french drains

e
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SEPTIC SYSTEMS

e septic systems are registered with local health department

e septic systems are designed and constructed by qualified engineers /
practitioners, respectively

e general septic system design
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OTHER GEOTECHNICAL CONSIDERATIONS

e soil gas management systems

e postpone schedule for building component replacement with an adequate
maintenance regimen

e best practice for builder to provide homeowner with an operating and
maintenance manual

e foundations are not expected to require replacement during design life
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DISCLAIMER

e this presentation is intended to present some of what are judged to be current
best practice guidelines according to industry professionals

e emphasize some basic Building Code requirements for geotechnical projects

e recommendations may not be suitable for every project or building site; every
site must be considered on an individual basis

e best practice guidelines in geotechnical engineering are ever-evolving and may
not be considered best practice in the future

e inclusion of a qualified professional geotechnical engineer on the project team
who is current with regard to professional development and industry standards
could be expected to lend to a project’s success
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114 — 2433 Dollarton Highway, North Vancouver
Tel. 604-990-0546 Fax 604-990-0583
www.horizoneng.ca

karen@horizoneng.ca
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