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Geotechnical Investigation
Proposed Distribution Warehouse Centre
1651 Tenth Line Road, City of Cornwall, Ontario

Summary

--A; geotechnical investigation was undertaken at the site of the.
located on the property registered by the street address of 168
Comwall, Ontario. This work was authorized by

It was initially proposed fo locate Phase I of the Distribut
portion of the site. However, the investigation revealed that yf A
silty clay is present in the east part of the site. This silty “@a¥is highly compressible.
Consequemly the proposed structure and the floor slab would have

2c

a1 portion of the site.
However, the relocated building was shifted appfbxi ; he previous location.
' ; iihin the area of the new

building location. This geotechnical in is Bhsed on the information obtained
from all the boreholes drilled at the sjfe

e revealed that the predominant soil in the west half
at cgrtain locations, it is overlain by a surficial

construction of the Pise I of the relocated building on spread and strip footing foundations,
The Serviceability Limit State (SLS) bearing pressure of the fill is 190 kPa. The factored
geotechnical resistance at Ultimate Limit State (ULS) may be taken as 285 kPa. Footings
designed to bear on engineered fill pad compacted as per the recommendations stated in the
report may be designed for SLS and ULS bearing values of 150 and 225 KPa respectively. A
minimum of 1.5 m of earth cover should be provided to the exterior footings of a heated
structure.  Settlements of the structure designed for this SLS bearing pressure and properly

EX-l

sed, Distribution Centre to be.. . ...
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constructed are expected to be within the normally tolerated limifs of 25 mm total and 19 mm
differential movements.

The lowest level floor slab of the proposed Phase I building may be constructed as a slab-on-
grade provided it is set on a well compacted bed of 19 min clear stone at least 300 mm thick
placed on natural undisturbed soil or engineered fill. Perimeter and underfioor drainage system
should be provided for the proposed basementless structure, since the groundwater table at the
site is high.

~Bxcavations at the sile are expecied to-extend a maximum dept] ]
ground surface. These excavations will extend through the syfierat’sil 7 into the underlying
2 er, a ‘base heave’

type of failure of the excavations is not anticipated be ure ofy the till
Excavation sides are expected to be stable for the constructs lope of
1H:1V above the groundwater table and 2H:1V below the g ons,. fgr
the serwce trenches may bc, undertaken within the conﬁn ch box Wlnch méeté (e

The backfill agamst the subsurface walls, in foot trenches inside the
ulldmg should be free draining granular mate to Ontario Provincial
‘Standard Specifications for Granular ‘B’ Ty ' ompacted to 98 percent of

standard Proctor maximum dry density. h / Heitrenches outside the building

areas and the fill to raise grades on acchs ] arcas should be compacted to 95

percent Standard Proctor MaximumgDey: B be excavated from the site will

comprise of silty clay and sﬂiy § : time of year and prevailing weather
conditions, it may b per 1 m of the till from above the groundwater {able
as backfill in s¢ M e sutside of the building areas. The silty clay
and 1111 may b dscaped areas. It is therefore anticipated that

roposed Phase I coficfruction has been classified as Class ‘C’ in accordance with

!!‘V".r

,of the Ontario f8 11dmg Code, 2006. The site classification for Phase II
;. This site & SSJﬁca.tion may improve subsequent to consolidation of the

L e

the requirefu
addition is C
silty clay.

Sy

The pavement structufg 1ess for the access roads and parking areas located in silty clay
subgrade 1o be used bygheavy traffic (frucks) should comprise of 130 mm of asphaltic conerete
underlain by 150 mm“of Granular ‘A’ base and 900 mm of Granular ‘B’, Type II. For parking
areas with silty clay subgrade to be used by light automobile traffic, the pavement structure may
consist of 65 mm of asphaltic concrete underlain by 150 mm of Granular ‘A’ and 450 mm of
Granular ‘B’. Heavy duty access and parking areas with silty sand till subgrade should be
provided with 130 nun of asphaltic concrete underlain by 150 mm of Granular ‘A’ base and 600
mm of Granular® B’ sub-base. Parking arcas on silty sand till subgrade to be used by light
automobile traffic may consist of 65 mm of asphaltic concrete underfain by 150 mum of Grapular

EX-1

elow the existing - - -~
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‘A’ base and 300 mm of Granular ‘B’ sub-base. The grade of the asphalt should be as per the
recommendation of the report.

General Use {(GU) Portland cement may be used in the subsurface concrete at this site.

It is recommended that the area of the future addition (Phase II) should be surcharged fo
consolidate the silty clay present in this area to facilitate construction of the floor of the addition
as slab-on-grade. The quantity of fill required to consolidate the silty clay such that spread and
smp tootmg foundatlons may be feasﬂ)le would be extremely la1gc {to a height of 11 m

end plpe piles are
i ed in the report.
Similarly, cast-in-place concrete piles (Lalssons) are fea
experience difficulties due to cobbles and boulders in the %
table. Therefore, driven piles are to be preferred.

In order to facilitate a slab-on-grade floor construction, 1he area o addition should
be surcharged with 2.2 m of fill (in addition to the ﬁ e) to consolidate
the silty clay, For this purpose, all the topsoil ned soil should be
removed. Engineercd fill, preferably conformig ranular#B’, Type I should be
placed in 300 mm lift and compacted to 98 perfis it or maximum dry density to
the gubgrade level, Surcharge fill may theg Cedds \  thicknesses and nominally

compacted. Consolidation settlements offfhe si ‘/‘ lue tolthe surcharga load were estimated

18y is expected to vary from 24 months
'onal samples of the sﬂty clay should be collecied

EX-I

ended that the - - oo
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1.0 Introduction

A geotechnical investigation was undertaken at the site of the proposed Distribution Warehouse
Centre to be located on 1651 Tenth Line Road in the City of Cornwall, Ontario. This
investigation was authorized by Mr.

It is proposed to construct a Distribution Centre on the subject property which would comprise

of an approxunately I 2 mllhon square foot warehoube R(,clamatmn Bu11d1ng, coniamer storage

structure will be at Elevation 55.55 m approximately to fa
to be located along the north and south exterior walls.

It was originally proposed to locate Phase I of the Distribution

i, in ﬂ% centre and east
portion of the site and future extension (Phase II) west part O

te. However, the

clay and as a result with the proposed grades, A

foundations and a slab-on-grade floor will not
Phase I of the Distribution Centre shouldie rc and central part of the site
] ' Qinis oygitain by a shallow deposit of silty
clay in some arcas. In this portion g site, spreadian p footings set on the silty sand till
undcrlymg the surﬁczal silty clay wi asible. Based on Trow recommendations, the Phase 1
oL Iito the west and central part of the site, However, it

has also been shiffuP by di : ;ﬂ approximately.

..‘\‘

Make recommendations on the most suitable type of foundations, founding depth and
Serviceability and Ultimate Limit States bearing pressures of founding soil for the
proposed addition;

(d)

(e)  Provide comments on anticipated total and differential setilements;
(fy  Discuss floor slab construction and subsurface drainage requirements;

(g) Provide recommendations for pipe bedding for the sewers;
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() Recommend pavement siructure thicknesses for the proposed access roads and surface
parking areas;

(i)  Provide recommendations for subsurface concrete requirements;

(G)  Discuss design and constructiopsaf:stgrm watergnanagement pond; ‘ L

(k) Discuss excavation conditions for instaliation of the sewers and construction of the
proposcd structures mcludmg possxble effects of gloundwater during construction; and,

o

geotechmcal viewpoint.
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2.0 Procedure

The fieldwork for the geotechnical investigation comprised the drilling of 47 boreholes between
July 22, 2010 and August 27, 2010 using a CME-55 frack mounted drill rig equipped with
continuous flight hollow stem auger equipment to depths ranging between 2.3 and 14.5m. In
addition, fourteen test pils were excavated to a depth of 1.5 m each.

Pnor to the cormnencement of the ﬁeldwork the bmeholc 1ocat:ons were estabhshed in ihe ﬁf:ld

S were pero:med in the
amaples of the silty
and 21.

silty clay to establish its undrained shear strength. Undisturbed sh
clay deposit were also obtained from selected depth

0s.2,3,4,6,7,9, 13, 14, 16, 17,
N ring wells were installed in Borehole
Nos 10 and 11 fo ' Yonit nbrof the groundwater at the site. The installation
configaration isgl ¢ Hole logs. All the boreholes were backfilled

All the ; il to the Trow laboratory in the City of Ottawa where they
) sngincer and borehole logs prepared. Laboratory testing
comprised G ontent on all the scil samples and grain size analyses, unit

weight, pH, su ctrical Tesistivity tests on selected soil samples. In addition,
two one dimensions

site,
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3.0 Site Description

The site is located on the north side of Canadian National Railway tracks and Tenth Line East
and West of the City of Comwall Storm Water Management Pond in the City of Cornwall,
Ontario. Industrial Park Drive extends approximately 475 m into the site from the east property
boundary, The site is approximately 140 acres in area. Donihee drain crosses the site from the
north mid property boundary in a southerly direction for a distance of 450 m approximately and
_mthereafter runs in the easterly duecuon to drain mto Grays Cre k., W, ter le 1 elevations in the

site to Elevation 52.7 m approxunateiy close to the cast prperty bour EJ A drainage ditches
runs in northerly direction from the south property bHB ; i
approximately and thereafier traverses in an ecasterly dire 1ain.
ponds are located on the site A fill stockpile measuring ‘appieximat Jmthy 'ff m is

number of ponds and former Iagoons (whtch have since be ba are located at the s1te
nd sfirface at the site

o m"ﬁa
-;-‘,.‘-f "

‘boundary of the
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4.0 Subsurface Soil and Groundwater Conditions

A detailed description of the geotechnical conditions encountered in the forty seven (47)
boreholes and fourteen (14) test pits is given on the borehole/test pit logs, Figure Nos, 2 o 62
inclusive. The borehole and test pit logs and related information depict subsurface conditions
only at the specific locations and fimes indicated. Subsurface conditions and water levels at
other locations may differ from conditions at the locations where sampling was conducted. The
_passage of time also may result in changes in the conditions interpretgd to exist at the locations
where sampling was conducted. o

It should be noted that the soil boundaries indicated onglf it re inferred from
non-continuous sampling and observations during drillin 65 e inténded to
reflect approximate transition zones for the purpose of ged i I
interpreted as exact planes of geological change. The "Notes gt
the borehole logs form an integral part of this report and sbtuld b :
report.

preceding
in copjunction with this

A review of Figures Nos. 2 to 62 inclusive indicafgs

The site contains 50 mm to 410 mm of topsoil.

6, 30 and 31 76- 3.0 mto 7.6 m depth (Elevation 46.1
m depth in the other boreholes (elevation 42.1 m to
was indicated by its undrained shear strength of 14

(3]
S
from Boreholes 19 to ¥ are given on Figures 65 aud 66 These figures indicate that the silty
clay at the site is recofisolidated to 62 kPa to 66 kPa. The overconsolidation pressure of the silty
clay was established as 19 to 35 kPa. The compression and re-compression indices of the silty

clay vary from 1.0 fo 1.06 and 0.059 to 0.065 respectively.

Beneath the silty clay in Boreholes 1 t0 5, 7, 9 and 14 to 21, 32, 36, 44, 46 and 47 and the topsoil
in Boreholes 6, 8, 12, 13,22, 24, 27, 28 and 29, 32 to 35, 37 to 43 and 45 silty sand to siity sand
till extends to the entire depth investigated in all the boreholes i.e. 2.1 m to 14.5 m, Elevation
39.8 m to 54.9 m. The silty sand till contains frequent cobbles and boulders. It is generally
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compact to very dense although some localized loose layers are also present. The natural
moisture content and unit weight of the till varies from 6 to 20 percent and 22.6 to 23.8 kN/m’
respectively.

The results of four grain size analyses are given on Figures 67 to 70. A review of these figures
indicates that the 1ill comprises of 6 to 18 percent clay, 30 to 39 percent silt, 31 to 40 percent
sand and 12 to 30 percent gravel.

Refusal to augering was met at 2.1 mio 14.5 m depth (Elevaiion 39.8 mto 53.9 m) in Borehoies

depﬂ1 (le. 12.1mto 14.5m depth) was likely met on the b ¢ fiee owcver addmonal
drilling would be required to establish the exact depth of ck at

information indicates that the bedrock at the site is liki]
Formation which is interbedded with sandstone.

Water level observations made in the boreholes during the eldw d in st 1dp1pes installed
in some of the boreholes subsequent to completion of the, fieldwork ing

cles at he a1d under the conditions stated

Water levels were made in the exploratory bor y
2 an d Trow jt rpretation of them discussed

in the scope of services. These data wer
in the text of ihc report. Note that ﬂuctu

evident at the time of measureme
periods.
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5.0 Grade Raise Restrictions

It is proposed to set the floor slab of the Distribution Centre at Elevati’@ The existing
ground surface elevations in the vicinity of the proposed new location vary from Elevation 55 m
to 57.2 m approximately. Therefore, the proposed construction will result up to 1.75 m of cut
and fili operation.




... Foolings set in thc silty sand till at a dcpth of 15 m approxim '
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6.0 Foundation Considerations

6.1 Proposed Warehouse

The geotechnical investigation has revealed that it is feasible to construct the proposed Phase 1
Warchouse on spread and strip footings set on the silty sand till.

low J:, > existing ground

P
Bita

State (ULS) may be assumed as 285 kPa It is noted tha : CCAUSE, of

S bearing pressure of 190 kPa. The factored

‘may be assumed as 285 kPa. It is noted that the
7 woufd have to be founded at 3 m depth approximately
ernatively, engineered fill may be used to raise the grade
e design underside of the footings as described in section

jEnis Appiicabie o Both Buiidings

6.3 Additionai@ f

Footings which are togh 4 placed at different elevations should be located such that the higher
footings are set below a line drawn up at 10 horizontal to 7 vertical from the near edge of the
lower footing, as indicated on the following sketch:
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\

Servica french

/M..I A
\WMQ___/ 10 Lower foofing

FOOTINGS WEAR SERVICE TRENCHES OR AT HFFERENT GLEVATIONS

The lower footings should be constructed before the uppifootinggfo prevaat the latter from
being vndermined during subsequent construction. ; \ ; 5

A minimum of 1.5 m of earth cover should be provided tg erior footings ot all heated
structures to protect them from damage due to frost penetration. Thggkarth cover to the footings

the vicinity of the structures. The earth cover gn"ﬁ i if snow will be
L gl 3
removed from the vicinity of the structures.

6.4 Engineered Fill

Saite, the grading fTom the top of the silty sand till to the
inecred fill should comprise of material conforming
Jaced in 300 mm lifts and each lift compacted
Sotings designed to bear on engineered fill pad

All the footing beds s ould be inspected by a geotechnical engineer to ensure that the founding
surfaces are capable of supporting the design bearing pressure and that the footing beds have
been propetly prepared.
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The recommended bearing capacities have been calculated by Trow Associales Inc. from the
borehole information for the design stage only. The investigation and comments are necessarily
on-going as new information of underground conditions becomes available. For example, more
specific information is available with respect to conditions between boreholes, when foundation
construction is underway. The interpretation between boreholes, and the rccommendations of
this report must therefore be checked through field monitoring provided by an experienced
geotechnical engineer to validate the information for use during the construction stage.

Setﬂements of footmgs desxgned fm the SLS bearing pressure recommended and properly

differential movements.

10
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7.0 Floor Siab and Drainage Requirement

The floor slabs of the proposed Warehouse and Reclaim Building B may be construcied as slab-
on-grade prepared as described below.

As part of the preparation of the floor slab construction, all the topsoil and any fill or disturbed
soils should be removed and replaced with well compacted engineered fill. The exposed native
subgrade should be examined by a geotechnical engmeer Following approval, OPSS Granular
‘B’ Type II fill to raise the grade should be placed m 300,485 s’-"ﬁxgbe},»" ess and each lift

compaction of the engineered fill can in this way be unde
level. The floor slabs may be set on beds of 19 mm clea
placed on the engineered fill. The clear stone will prevent thg
subsoil to the floor slab. Alternatively, the clear stone ma;
compacted to 98 percent of standard Proctor maximum dry d&r

The engineered fill should be placed under the full

e hnician working
under the direction of a geotechnical engineer. Iy

ol i otld be undertaken on
each lift of the engineered fill to ensure that i ompacted "prior to placement of
subsequent lifi. ; :

should be sloped away from the building at an mchnatxon
ding close to the exterior walls.

11



rrow

Geotechnical Investigation
Proposed Distribution Warehouse Centre — Boundary Road, City of Cornwali, Ontario OTT-00019403-CO

8.0 Lateral Earth Pressure

Since the exteriar grade will be 1.2 m lower than the finished grade, the subsurface walls of the
proposed structure will be subjected to lateral static earth pressore as well as lateral dynamic
earth pressure during a seismic event. The lateral static earth pressure that the subsurface walls
would be subjected to may be computed from the following equation:

Py = WK,y H
where P, = lateral active force kN
K: = active earth pressure coefficient = 0.4 |
Y = upit weight of backfill = 22 kN/m®
H = height of wall, (m)

The lateral force due to seismic loading may be computed i
APy = 0.1vyH .
where APy = resultant force due to seismi® actis ] .6 I tom the footing base

Y —
i =

12



- Trow
Geotechnical investigation

Proposed Distribution Warehouse Centre — Boundary Road, City of Cornwall, Ontario OTT-00019403-C0

9.0 Excavations

Excavations for the proposed buildings are expected to extend o a maximum depth of 1 m to 3
m whereas excavations for the installation of underground services are expected to extend
somewhat deeper i.e. to approximately 4.0 m below the existing ground surface. These
excavations will be undertaken through the upper silty clay 1o the underlying silty sand till and
are expected (0 be 1 m to 3 m below the groundwater table. However, a ‘base heave’ type of
failure of the excavations is not anticipated due 1o the dense natare of the till.

All excavations should meet the requirements of the latest g
Health and Safety Act and Regulations for Construction j
Open cut excavations may be i.e. cut back at a slope of 1H
Below the proundwater table the excavation s:des are ex

topsoil, organic soils and surficial softened so:ls to a greater depih ] bse elsewhere on
the site. These organic and surficial softened soilss Bls”
underlying natural silty clay or till.

If space restrictions prevent open cut excavalion, the sc nay be installed within the
confines of a prefabricated support systen: itk s desi i
the Ontano Occupatlonal Health and i i Regndlations for Construction Projects,

pactiopFof the engineered ﬁl] in areas where removal of
reqmred

%\ga apidly upon exposure to meteorological elements, Unless
is report wails and floors of axcavahons nrast be protected

1 mg and g,eneral construction problems condltlons may be present
which are difficult to ghtablish from standard boring techniques and which may affect the type
and nature of dewatering procedures used by the contractor in practice. These conditions include
local and seasonal fluctuations in the groundwater table, erratic changes in the soil profile, thin
layers of soil with large or small permeabilities compared with the soil mass, etc. Only carefully
conirolled tesis using purnped wells and observation wells will yield the quantitative data on
groundwater volumes and pressures that are necessary to adequately engineer construction
dewatering systems. It is noted that a permit to take water may be required from Ontario
Ministry of the Environment if the guantity of water to be pumped from the site exceeds 50,000
litres per day. This process may take 3 to 4 months.

13
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10.0 Pipe Bedding Requirements

1t is anticipated that the services will be founded in the silty sand till.

It is recommended that the bedding for the storm and sanitary sewers including material
specifications, thickness of cover material and compaction requirements conform to the Ontario
Provincial Standard Specification November 2005, Drawing Nos. 802.030 to 802.032.

rnmcnded that the
i the on-site soils to
ld be placed in 300

is used in the trenches, frost taper in accordance with OPS
provided to minimize sharp distortions of the pavement.

14
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11.0 Backfilling Requirements and Suitability of On-Site
Soils for Backfilling Purposes

The backfill against the subsurface walls and in footing trenches and in service trenches inside
the building should be free draining granular material conforming to the Ontario Provincial
Standard Specifications (OPSS) for Granular ‘B’ Type II. The backfill in service trenches
exterior Lo the bulldmg and the fill to be placed in parkmg areas should be compactible i.e, free
Gupercent of the optimum
Sidgid Proctor Maximum
niaf Standard Proctor

Dry Densily whereas the exterior backfill may be compac {,-.J to 95 p
Maximum Dry Density. X

The material to be excavated from the site will comprise of st

exception of the upper 1 to 2 m of the silty sand (ill, the sif ill below the groundwater
table and the silty clay are expected 1o be wet for adequate com IR ay be used for
general landscaping purposes. The silty sand till fro table is expected
to be compactible and may be used to backiill he building and in
parking lots. The silty sand till from below the & He compactable if it can
be spread in the sun o dry and provided that [[Bymoighire g hébe maintained within +/~ 2

percent of its optimum value.

The fill should be placed in 300 myf | each¢ Id be compacted to the specified
density.

The silty sand apdesi ) ) d,susceptible to moisture absorption due to
inclement wend ; ition : Puaon. Therefore these soils should be protected

4 purposes which has to be imported should preferably
conform toghe equirements for Granular B Type IL

15
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12.0 Earthquake Considerations

The subsoil and groundwater information at this site has been examined in relation to Section
4.1.8.4 of the OBC 2006. The subsoil in the area of the proposed building generally consisted
of, silty clay underlain by silty sand till or silty sand till. Shear wave velocity of the upper 30 m
of the overburden/bedrock was measured by Geophysics GPR International Inc. using the Multi~
channel Analysis and Surface Waves and the Micro-tremors Array Method. Three geophysical
soundings were undertaken approximately 350 m apart located i in the est, ¢f ntral and east part
of the site. The proposed new location of the building is j o1 west and central
soundings. A review of the geophysical survey report ing verage shear wave
velocity in the upper 30 m of the soil/bedrock varies from mgtliegicy
430.2 m/s in the central part of the site. Therefore, the sitgiht ' Cla ‘C” for
seismic site response in accordance with Table 4.1.8.4A. of th&} )

included in Appendlx A.

The investigation has also revealed that
seismic event.

16
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13.0 Pavement Structure for Proposed Surface Parking
Facility

Pavement structure thicknesses for the proposed light and heavy duty traffic were computed for
the silty clay and silty sand tili subgrades and are shown on Table No. 1. It is noted that the
pavement structure thicknesses required in areas where silty sand will form the subgrade may be
somewhat more than reconmmended for the silty sand till. This would depend on the gradation of
the fill, its degree of compaction etc. and would have to be deteppinediduri ngsconstruction. The
recommended pavement structure is based upon an estimgfistor prade soil properties
detelmmed from visual examination, textural class:ﬁcatlo of the so, cs and ﬁmctional

50 mm SC 50 mm SC
80 mm BC 80 mm BC
{PG 70-34) (PG 70-34)

Asphaltic Concrele

OPSS Granular ‘A’ B 150 150 150
{crushed limeston‘%ﬁ‘@@‘
OPSS GrangSF 5’ Sub- 300 900 600

e fill must be compacl'
ace course asphalifdid should comprlbe of OPSS 1151 12.5 mm Mix

; ,?‘,‘gf should comprise of OPSS 1151 19 mm Mix
6. Category C1 Hi f:oht Duty traffic and Category D for Heavy Duty Truck Traffic

The foregoing design’ ses that consiruction is cartied out during dry periods and that the
subgrade is stable undegfthe load of construction eqmpment If construction is carried out during
wet weather, and heaving or rolling of the subgrade is experienced, additional thickness of
granular material and/or geotextile may be required.

Additional comments on the construction of parking areas are as follows:

I. As part of the subgrade preparation, the proposed parking areas should be sub-
excavated to subgrade level. The subgrade should be properly shaped, crowned, then
proofrolied with a heavy vibratory roller (sheepfoot) in the full-time presence of a
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representative of this office. Any soft or spongy subgrade areas detected should be
subexcavated and properly replaced with suitable approved backfill compacted to
95% SPMDD (ASTM D698).

2. The long term performance of the pavement structure is highly dependent upon the
subgrade support conditions. Stringent construction conirol procedures should be
maintained fo ensure that uniform subgrade moisture and density conditions are
achieved. The necd for adequate drainage cannot be over-emphasized. Sub-drains
must be installed in the proposed parking arca at low pomts and should be
contmuous between catch basms 1o mtercept e

level of thc sewer. The perforauons
stone.

Provincial %f{;{wu ard Spemficat]onq (OPSS) for Granular ‘A’ and Granular ‘B’, Typc,
Il and shoyd be compacted to 100 percent of the standard Proctor maximum dry
density. The asphaltic concrete used and its placement should meet OPSS

requirements. 1t should be compacted to 97 percent of the Marshall Density.

It is recommended that Trow be refained to review the final pavement structure design and
drainage plans prior to construction to ensure that they are consistent with the recommendations
of this report.
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14.0 Subsurface Concrete Requirements

Chemical tests limited to pH and sulphate content were underiaken on seven (7) selected soil
samples and the results are shown on Table No. 1L

16

17 58-64
21 6.2-86.7
26 1.5-2.1

Electrical resistivity measurements indf
corrosive to buried steel, &

The test results indica

This concentrationgf 1 have a negligible potential of sulphate attack on

S

)] i is¥andards of Canada, CAN/CSA - A23.1-04
permits w Se ! : cement in the concrete. The concrete should,
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15.0 Tree Planting

The clay in the Ottawa area is prone to shrinkage on drying. This process is largely not
reversible. Therefore settlement and cracking of the structures can result if trees are planted too
close to the residences. During dry seasons, the tree roots suck moisture from the clay thereby
resulting in the clay drying and shrinking.

Published literature indicates that a good working rule is to pleferab plant a tree no nearer a
building on shrinkable clay than the eventual height to whic g !f,é%xpected to grow.
Obviously, evergreens are better as they have a lower water gt 1duous trees.

In order to assist you in landscaping on the properly, follo e i "‘f ) gommop frees in
order of decreasing water demand. y

e Poplar
* Aspen
* Elm

« Rirch
¢ Beech
e Larch
¢ Tir

e Alder

Maple

)

It is recommendSEEEAL ififormation, an arborist should be consulted.
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16.0 Future Addition (Phase Il Construction)

16.1 Foundation Considerations

The area of the proposed future warchouse expansion is underlain by normally to lightly
overconsolidated silty clay up to 11.5 m thick. The silty clay is therefore susceptible 1o large
settlcments if loaded. The proposed constmctxon would result in placcment of up to 3 m of fill
gading of 25 kPa.

tely excluding the
designed for SLS

bedrmg pressure of 100 kPa, the silty clay would be s- cted ad of 190 kPa.
Consohidation of the silty clay fo enable construction of #f 3 iy ead and
strip footings designed for SLS bearing pressure of 100 kPa & i GinEaREsite with

This process is expected to be expensive and time consuming. If
the proposed addition should be founded on piles
consolidate the silty clay so that a slab-on-grade f]

16.1.1 Pile Foundation

It is recommended that the pmposed Phises] iti archouse should be founded on
‘ DE . Closed end pipe or steel H piles

CUHP3IOX110 1130 1270 1270

HP 310x 125 1270 1430 1430
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Pipe 245 mn1 x 12mm 50

324 mm x 12 mm 55 65
Steel H HP 310 % 79 '

HP310x 110
HP310x 125

The piles are expected to meet refusal on bedrock at 13 m
surface. It is possible that some of the piles may meet refug

boulders present in the till. The Serviceability Limit State load capaony of these piles
may be lower and must be confirmed by testing thesg ; It is
therefore possxble that some additional piles may haffei i - to supplement piles
that ‘hang up’ in the till (a 10 percent allowangé' | es shuld be included in the

It has been assumed that the silty clajisysl] be p ated prior to commencementi of

construction and that the piles will g gf' subjected BilteedtiVe skin friction. Placement of fil]
S, B e

on the site to raise the gxade in consolidati lements of the clay and down-drag

forces on the p1les : peexfor negative skin friction would have to be made to

the Serviceabili "e indieigdaboye if the silty clay is not fully consolidated

prior to com . § should be contacted to compute the negative

e driven in a group. Since the piles would be driven to
tal bearing value of a group of piles may be taken as equal

that some piles mg
the bedrock, the

r,,,(

group. The upI ity of t! 1Ies, driven in a group is lesser of the following two values:

(H Sum of uphft ahce of individual piles m the group; and,
(2) The sum of sh ring resistance mobilized on the surface perimeter of the group plus the
effective weight of soil and piles enclosed in this perimeter,

The proper evaluation of the lateral performance of piles installed in a group requires an
approach that accounts for the soil non-linearity, especially near the ground surface. Computer
programs are available to facilitate the analysis and design of laterally loaded pile groups e.g.
GROUP (Reese and Wong, 1996), PYLATG (EI Naggar and Mustafa, 2001). Computation of
lateral capacity of piles in a group is beyond the scope of this investigation.
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In order to achieve the capacity given previously, the pile driving hammer must seat the pile into
bedrock without overstressing the pile material. For guidance purposes, it is estimated that a
hammer with rated energy of 54 kI to 70 kJ (40,000 to 52,000 ft Ibs) per blow would be required
to drive the piles to practical refusal in the bedrock. Practical refusal is considered to have been
achieved at a set of 5 blows for 6 mm or less of pile penetration. However, the driving criteria
for a particular hammer-pile system must be established at the beginning of the project. This
may be undertaken with the Pile Driving Analyzer.

The site contains sand and gravel and till with cobbles and boulders It is therefore
reconumended that the piles should be equipped with a driving.g] fitus or equivalent
to protect them from damage during driving.

A pumber of test piles should be monitored with the Pilgih
driving and restriking at ihe beginning of the project. &

pile driving analysis, the pile capacity may have to be proven by
cach pile type before production piling begins. i
performed in accordance with ASTM D 1143.

fotal and 19 mm differential movements,

folerated limits of 25 my

16.1.2 Caisson Foundations

An alternative 1o driven pile foundations is to found the proposed structures on caissons socketed
in the sound shale bedrock. However their installation may experience difficultics due to
presence of boulders in the till and high groundwater table at the site. The following
recormendations are provided for the design and installations of caisson foundations;
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The founding level of the caissons in the vicinity of the proposed addition is expected to vary
from Elevation 39 m to 41 m. Caissons socketed at least 1.0 m depth into the sound bedrock
below any fractured/weathered zone may be designed for a Ultimate Limit State (ULS) bearing
pressure of 1.0 MPa (10 tsf) to 3.0 MPa (30 tsf) depending on the amount of inspection and
testing undertaken during construction. If SLS pressure of 1.0 MPa (10 tsf) is used, only visual
inspection of the caisson bases would be required to ensure that the bases have been
satisfactorily prepared. The minimum diameter of the caissons would have to be 0.9 m {o allow
for access by cleaning and inspection personnel.

A hlghcr ULS bearmg value of 2.4 MPa (24 1sf) is avaﬂable
,-_g" ;

ork would require
ice the diameter

R
"Ii\e.«

b

L
O

there are no soft seams or voids in the bedrock 1mmed1ately belowithgsfoundipg level., Visual
inspection of all the caissons would be required tg

ULS bearing pressure values up to 3.0 MPa (3 #pos ) }» ilable at the site but would
require confirmation with a load test. : <

The uplift capacity of 0.9 m diametegfind 2. iame ; ns was computed. The following
assuniptions were made: :

Pl
~: 1&3"‘}& A
% éai"“ o
W»n:*rw

I_

. 1400 | 1850
1.0 3200 4265

It is noted that if the above assumption are not correct, this office should be contacted for
additional recommendations.
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Installation of the caissons will require the use of at least one liner in order to minimize soil
losses when penetrating the water bearing fill and the underlying till. The liner should be driven
to the shale bedrock. It may be necessary to loosen the overburden material by augering through
to the bedrock. The liner may then be advanced through the soil slurry 1o the bedrock. It is
noted that the caissoms would require extensive and confinuous dewatering since the
groundwater table at the site is high. If the caissons cannot be dewatered, concrete may have to
be placed by ‘tremie’ technique.

All caissons must be inspected by a geotechnician working mier the supervision of a

geotechnical engineer in order to confirm the ULS/SLS bearjngipressure offthe founding rock
and to ensure that the caisson bases have been prepared satis

i

The recommended bearing capacities have been calcula W cigles Inc. from the
borehole information for the design stage only. The investigiBnngr g
on-going as new information of underground conditions bec
specific mformation is available with respect to conditions ¥

depth to sound bedrock throughout the site to
installation of piles.
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17.0 Floor Slab Construction

It is proposed to construct a 540,000 sq. ft. future expansion to be located on the east side of the
Phase I Building. The geotechnical investigation has revealed that this area contains normally
consolidated to lightly overconsolidated silty clay which extends up to 11.5 m depth. It was
therefore recommended that this area should be surcharged in order to consolidate the silty clay
such that a slab-on-grade floor will be feasible for the future addition.

y diiouse, up to 3 m of
fill will have to be placed under the floor slab in the area ‘ear'" e propo, dition in addition
the anticipated floor loading will be in the order of 25 e
subjected to a load of 85 kPa excluding the footing load.
surcharge load of 45 kPa would be required i.e. 2.2 m of suré
be placed at the site would therefore be 5.2 m.

The area to be surcharged should extend at least 3 m beyond the p r ofghe structure and
should the fill be sloped at 45 degrees thereafter. noted that pl Pof fill adjacent to
Phase 1 Building construction to consolidate the may resuli*in some differential
settlements of the Phase 1 Building and th 0 gpdef to prevent this, it is
recommended that the foe of the surcharge fill s i 5 m away from the Phase I
Building. Consequently, it will not beios roximately 11 m wide arca
adJacent to Phase I construction, Inor to facility -grade floor construction in this
ea should be sub-excavaled and

The following déd
The area : sof all topsoil and proof rolled in the presence of
geotechibih per: el. . as identified should be sub-excavated and replaced with

well 0 . e fill 1 laced under the floor slab should preferably conform to
OPrsS Gran . . It % ould be placed in 300 mm hift thicknesses and each lift

compacted 0 Proctor maximum dry density. The piaccment and

personne] o ensure :
mamner.  In-place den 4 tcst should be perfonned on each 11f1 to ensure that the Spec1ﬁed
degree of compaction 8 being achieved. The placement and compaction of the engineered fill
for slab-on-grade floor construction can in this way be undertaken to the subgrade level, 2.5 m
surcharge fill should then be placed in 500 mm lift thicknesses and each lift compacted to 90
percent standard Proctor maximum dry density.
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It is recommended that consolidation of the silty clay should be monitored to determine when
settlements will be complete. For this purpose, settlement plates and pneumatic piezometers
should be installed in the surcharge area on approximately 50 m to 60 m grid. Settlerent of the
fill and the pore pressure in the silty clay should be monitored on a regular basis. The surcharge
may be removed when monitoring indicates that 95 percent consolidation of the silty clay is
complete.

It has been estimated that the consolidation settlements of the silty clay would vary from 110
mm to 700 mm dependmg on the t.hlckness of the silty clay and thwkness of the underfloor fill to

mm to 710 mm. It is difficult to accuratety estimate the _;
consolidation of the silty clay since it is a function ofl
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17.0 General Comments

The comments given in this report are intended only for the guidance of design engineers. The
number of boreholes required to determine the localized underground conditions between
boreholes affecting construction costs, techniques, sequencing, equipment, scheduling, etc.,
would be much greater than has been carried out for design porposes. Contractors bidding on or
underiaking the works should, in this light, decide on their own investigations, as well as their
own interpretations of the factual borehole results, so that they may draw their own conclusions
as fo how the subsurface conditions may affect them. )

We trust that this report meets your requirements, should y 1 have anytiEebquestions feel free
to contact this office. P :

Yours truly,

Trow Associates Inc.

L alci, M.Eng., P.Eng.
: FGeotechnical Services
nd Environment

Surinder K. Aggarwal, M.Sc., P.Eng.
Senior Project Engineer ;
Earth and Environment
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Notes On Sample Descriptions

1. All sample descriptions included in this report foliow the Canadian Foundations Engineering Manual soft
classification system. This system follows the standard proposed by the Infernational Soclety for Soll
Mechanics and Foundation Engineering. Laboratory grain size analyses provided by Trow Assoclates Inc,
also follow the same system. Ditferent classification systems may be used by others; one such system is
the Unified Soil Classification. Piease note that, with the exception of those samples where a graln size
analysis has been made, ali samples are classifled visually, Visual classification is not sufficiently accurate
to provide exact grain sizing or precise differentiation between size classification systems,

ISSMFE SOl CLASSIFICATION
faay 1 ST i SAND ] GRAVEL | COBBLES | BOULBERS |
[ FFINE | MEDIIM ™ T COARSE | FINE | MEDIUM ] COARBE | FINE | MEDIUM | COARBE | i

0.q902 0,005 0,02 008 02 04 20 80 20 60 200
| I } | i ] i J | I i

EQUIVALENT GRAIN DIAMETER IN MILLIMETRES

GLAY [PLASTIC) TO I FiNE T MEDIUM 1 ERS, . TFWE T coARSE §
l SILT (NONPLASTIC) 1 SAND 1 GRAVEL 1
UNIFIED SOIL CLASSIFICATION

2. Fil: Where {ill is designated on the borehole log it Is defined as indicated by the sample recovered during
the boring process. The reader is cautioned that fills are helerogeneous in nature and variable in density or
degree of compaction. The borehole description may therefore not be applicable as a general description
of site fill materials. All fils should be expected to contain obstruction such as wood, large concrete pleces
or subsurface basements, floors, tanks, efc., none of these may have been encountered in the boreholes.
Since boreholes cannot accurately define the contents of the flll, test pits are recommended to provide
supplemantary information. Despite the use of test pits, the heterogeneous nature of fill will leave some
ambigulty as to the exact composition of the il Mosi fills contain pocksts, seams, or layers of organically
contaminated scil. This organic material can result in the generation of methane gas andfor significant
ongoing and future setllements. Fill at this site may have been monitored for the presence of methane gas
and, if so, the results are given on the borehole logs. The monitoring process does not indicate the volume
of gas that can be potentially generaied nor does it pinpoint the source of the gas. These readings are to
advise of the presence of gas only, and a delailed study is recommended for sites where any explosive
gasimethane Is detected. Some fill material may be contaminated by toxic/hazardous waste that renders it
unacceptable for deposition in any but designated land fill sites; unless specifically stated the fill on this site
has not been tested for contaminants that may be considered foxic or hazardous. This testing and a
potential hazard study can be undertaken if requested. In most residentialicommercial areas undergoing
reconstruction, buried oil tanks are common and are generally not detected in a conventlonal gectechnical
site investigation. - .

3. Tk The term ! on the borehole logs indicates that the msterial originales from a geolegical process
associated with glaciation. Because of this geclogical process the till must be considered heterogeneous In
composition and as such may contain pockets and/or seams of material such as sand, gravel, silt or clay,
Titt often contalns cobbles (80 to 200 mm) or boulders {over 200 mm). Contractors may therefore
encounter cobbles and boulders during excavation, even If they are not indicated by the borings. it should
be appreclated that nomatl sampling equipment cannot differentiate the size or type of any obstruction.
Because of the horizontal and vertical variabliity of til, the sample description may be applicable to a very
limited zone, caution is therefore essantial when dealing with sensitive excavations or dewatering programs
in tilf materials,
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