
 

 

100-2650 Queensview Drive | Ottawa, Ontario K2B 8H6 | Canada  

t: +1.613.688.1899 | f: +1.613.225.7337 | exp.com 

 

 
Geotechnical Investigation  
Proposed Residential Development 
266 & 268 Carruthers Avenue, Ottawa, Ontario  
 
Client:  
Theberge Homes 
 

Type of Document: 
Final 
 

Project Name: 
Geotechnical Investigation   
 

Project Number: 
OTT-22014692-A0 
 

Prepared By: 
Matt Zammit, M.A.Sc., P.Eng.  
 

Reviewed By: 
Ismail Taki, M.Eng, P.Eng 
 
EXP Services Inc. 
100-2650 Queensview Drive 
Ottawa, Ontario K2B 8H6 
t: +1.613.688.1899 
f: +1.613.225.7337 
 

Date Submitted: 
2022-10-14 

http://www.exp.com/


EXP Services Inc. 

Therberge Homes Inc. 
Geotechnical Investigation  

Proposed Residential Development. 266 & 268 Carruthers Avenue, Ottawa, Ontario  
OTT-22014692-A0 
October 14, 2022 

 

i 

 

 

 
 

Legal Notification 
This report was prepared by EXP Services Inc. for the account of Theberge Homes.  

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, are the responsibility 
of such third parties.  EXP Services Inc. accepts no responsibility for damages, if any, suffered by any third party as a result of 
decisions made or actions based on this project. 
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Executive Summary 
EXP Services Inc. (EXP) is pleased to present the results of the geotechnical investigation completed for the proposed 
residential development to be located at 266 and 268 Carruthers Avenue, Ottawa, Ontario. (Figure 1).  Terms and conditions 
of this assignment were outlined in EXP’s Proposal dated May 30, 2022 and was authorized by Jeremy Silburt of Theberge 
Homes via our signed work authorization form.. 

The proposed residential development will consist of a 3.5 storey residential apartment building with one level of basement.  
The development will share outdoor amenity space, parking lots and landscaped areas with the property of 179 Armstrong 
Street currently under construction by the developer of this project. The elevation of the lowest floor (basement floor), 
ground floor and exterior grades were not available at the time of the preparation of this report. 

Phase One and Two Environmental Site Assessments (ESAs) were undertaken concurrently at this site along with this 
geotechnical investigation by EXP and are presented under separate covers. 

The investigation comprised the drilling of three (3) additional boreholes in the accessible areas of 266 Carruthers Avenue in 
addition to the three boreholes previously drilled in August 2019 and May 2022 at 268 Carruthers. The available borehole 
information has revealed the subsurface conditions to comprise of heterogenous fill underlain by shallow limestone bedrock 
contacted at 0.4 m to 1.6 m depths below the existing grades (Elevation 63.7 m to 62.2 m).   The groundwater level was 
established at depths of 1.7 m to 3.4 m depths (Elevation 62.15 m to 60.62 m).  

As compressible soils were not encountered at the site, there is no restriction to raising the grades at the site from a   
geotechnical point of view. 

The geotechnical investigation has revealed that the subsurface conditions at the site are well suited to supporting the 
proposed building, by strip and spread footings set on the shallow sound limestone bedrock below any weathered and 
fractured/detached zones and designed for a factored geotechnical resistance at ultimate limit state (ULS) of 1000 kPa.  
Settlements of footing designed for the above recommended factored geotechnical resistance at ULS and properly 
constructed are expected to be less than 10 mm. 

As the removal of the bedrock may lead to low areas in certain locations below the design underside of the footings, in such 
cases, 15 MPa lean mix concrete must be used to raise the grades to the design underside of footing. Therefore,  an allowance 
should be made in the contract if such event arise. 

The site is classified as Class C for seismic site response for footings set on limestone bedrock as recommended above. In 
addition, the subsurface soils are not liquefiable during a seismic event. A Site Class of B or A may be available if a multi-
channel analysis shear wave survey is undertaken at the site.   

The lowest level floor slab of the proposed building may be constructed as a slab-on-grade provided it is set on a bed of well 
packed 19 mm clear stone at least 300 mm thick placed on bedrock or on a 300 mm thick engineered fill base set on the 
bedrock surface and compacted to 98 percent standard Proctor maximum dry density (SPMDD).  A perimeter drainage system 
is required for buildings with a basement.  Requirement of any underfloor drainage system will be best established once the 
elevation of the lowest floor of the proposed building is known. 

The finished ground floor slab should be set at least 150 mm higher than the finished exterior grade. The finished exterior 
grade should be sloped away from the building to prevent ponding of surface water close to the exterior walls of the buildings. 

Excavation of the fill may be undertaken using conventional equipment and should be completed in accordance with the 
Occupational health and Safety Act (OHSA), i.e. cut at a slope of 1H: 1V. Excavation of the limestone bedrock may be 
undertaken using a hoe ram for removal of small quantities of the bedrock; however, this process is expected to be very slow.   
Alternatively, the bedrock may be excavated by line drilling and blasting technique.  Contractors bidding on this project should 
decide on their own the most preferred rock removal method; hoe ramming or line drilling and blasting. 



EXP Services Inc. 

Therberge Homes Inc. 
Geotechnical Investigation  

Proposed Residential Development. 266 & 268 Carruthers Avenue, Ottawa, Ontario  
OTT-22014692-A0 
October 14, 2022 

 

v 

 

 

 
 

Vibration monitoring during the rock removal operations should be carried out at the adjacent surrounding structures and 
infrastructure to ensure that the vibration generated by the rock removal activities meets the limiting vibration criteria at all 
times. Blasting operations, if undertaken, should be carried out in accordance with City of Ottawa Special Provisions (S.P.) 
No. F-1201, which also provides limiting vibration criteria.  A pre-construction and pre-blast condition survey of all adjacent 
surrounding structures and infrastructure should be conducted prior to start of blasting. If adjacent structures are deemed 
to be heritage buildings, special limiting vibration criteria is required. 

Excavations may be dewatered by conventional sump pumping techniques.   

It is anticipated that the majority of the material required for backfilling purposes in the interior and exterior of the proposed 
building and in the service trenches will need to be imported and should preferably conform to the specifications provided in 
the attached report. 

The above and other related considerations are discussed in greater detail in the report. 
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1.0 Introduction 

EXP Services Inc. (EXP) is pleased to present the results of the geotechnical investigation completed for the proposed 

residential development to be located at 266 Carruthers Avenue, Ottawa, Ontario. (Figure 1).  Terms and conditions 

of the assignment have been outlined in EXP’s Proposal dated May 30, 2022 and was  authorized by Jeremy Silburt 

of Theberge Homes via our signed work authorization form. 

The proposed residential development will consist of a 3.5 storey residential apartment building with one level of 

basement.  The development will share outdoor amenity space, parking lots and landscaped areas with the property 

of 179 Armstrong Street currently under construction by the developer of this project. The elevation of the lowest 

floor (basement floor), ground floor and exterior grades were not available at the time of the preparation of this 

report. 

This geotechnical investigation was undertaken to: 

a) Establish the subsurface soil, bedrock and groundwater conditions at three (3) boreholes drilled in the 

accessible areas of the site;  

b) Classify the site for seismic site response in accordance with the requirements of the 2012 Ontario Building 

Code (OBC), as amended May 2, 2019 and assess the potential for liquefaction of the subsurface soils during 

a seismic event; 

c) Comment on grade-raise restrictions for the site; 

d) Make recommendations on the most suitable type of foundations, founding depth and bearing pressure at 

Serviceability Limit State (SLS) and factored geotechnical resistance at Ultimate Limit State (ULS) of the 

founding strata and comment on the anticipated total and differential settlements of the recommended 

foundation type;  

e) Comment on slab-on-grade construction and permanent drainage requirements; 

f) Provide lateral earth pressure parameters (for static and seismic conditions) for the subsurface 

(basement) walls of the proposed building; 

g) Discuss excavation conditions and dewatering requirements during construction; 

h) Comment on backfilling requirements and suitability of the on-site soils for backfilling purposes, and; 

i) Comment on subsurface concrete requirements and corrosion potential of subsurface soil and bedrock to 

buried metal structures/members. 

The comments and recommendations given in this report are based on the assumption that the above-described 

design concept will proceed into construction.  If changes are made either in the design phase or during construction, 

this office must be retained to review these modifications.  The result of this review may be a modification of our 

recommendations or it may require additional field or laboratory work to check whether the changes are acceptable 

from a geotechnical viewpoint. 
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Phase One and Two Environmental Site Assessments (ESAs) were undertaken concurrently with this geotechnical 

investigation by EXP and are presented under separate covers. 
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2.0 Site Description 

The subject site is located at 266 and 268 Carruthers Avenue, Ottawa, ON and currently occupied by one (1) single 

family 2.5 storey with one basement level detached residential building which will be demolished to allow the 

construction of the proposed building. The site borders on Carruthers Avenue to the east, and residential properties 

to the north, west, and south.  

 

The site is generally flat with ground surface elevations ranging from approximately Elevation 64.10 m to Elevation 

63.8 m as depicted in the topographic plan of survey of Part of Lots 6 & 7 Registered Plan 83, City of Ottawa prepared 

by Farley, Smith, and Denis Surveying Ltd. 2022. The site generally slopes west to east towards Carruthers Avenue. 
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3.0 Background Information 

EXP has completed previous studies on 177 Armstrong Street, which included boreholes on 268 Carruthers Avenue 

and  the detailed results are presented in our report project number OTT-00252997-B0 dated November 5, 2019, 

and project OTT-00250193-P0 dated June 27, 2022.  Boreholes BH5 and MW6 were completed for a geotechnical 

study in 2019 and borehole MW22-1 was drilled for an environmental assessment in May 2022.  Logs of the previous 

investigations are included in Appendix A and the results are also referenced in this report. 
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4.0 Procedure 

4.1 Fieldwork 

The fieldwork for the geotechnical investigation was undertaken on July 26, 2022 and comprised the drilling of three (3) 

boreholes (BHs 1 to 3) in the accessible areas of the site. The boreholes were advanced to auger refusal and/or termination 

depths ranging from 0.5 m to 4.3 m (Elevation 63.5 m to 59.7 m). The fieldwork was supervised on a full-time basis by a 

representative from EXP. 

The borehole locations were established on site by EXP as shown on Figure No. 2.  Their ground surface elevations were 

estimated from the topographic survey plan prepared for the site by others and provided to exp and therefore are considered 

approximate. Prior to drilling the boreholes, the borehole locations were cleared of any public and private underground 

services by USL-1 Cable Locators.   

The boreholes were drilled by a CME-55 truck-mounted drill rig equipped with continuous flight hollow-stem auger and rock 

coring equipment.  Standard penetration tests (SPTs) were performed in all the boreholes at a 0.75 m depth interval and soil 

samples retrieved by the split-barrel sampler. The presence of the bedrock was proven in Borehole Nos. 1 and 3 by 

conventional coring techniques using an NQ size core barrel.  A record of the wash water return, colour of wash water and 

any sudden drops of the drill rods were kept during rock coring operations.  

Water levels were measured in the open boreholes upon completion of drilling. In addition, long-term groundwater 

monitoring installation consisting of a 19-mm diameter PVC (polyvinyl chloride) standpipe with screened sections were 

installed in Borehole Nos. 1 and 3.  The installation configuration is documented on the respective borehole logs.  All the 

boreholes were backfilled upon completion of the fieldwork. 

4.2 Laboratory Testing Program 

All soil samples were visually examined in the field for textural classification, logged, preserved in plastic bags and identified 

accordingly.  Similarly, all rock cores were placed in core boxes, identified and visually examined and logged.  On completion 

of the fieldwork, all the soil samples and rock cores were transported to the EXP laboratory located in the City of Ottawa.   

The soil samples were classified in accordance with the Unified Soil Classification System (USCS).  The rock cores were visually 

examined and logged in accordance with Section 3.2 of the 2006 Canadian Foundation Engineering Manual (Fourth Edition, 

CFEM) and photographs taken of the rock cores. 

A summary of the soil sample and rock core laboratory testing program is shown in Table I. The laboratory testing program 

for selected soil samples and rock cores were undertaken in accordance with the American Society for Testing and Materials 

(ASTM).  The laboratory testing program for the corrosion analyses was undertaken in accordance with the procedures 

referenced in Appendix B. 
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Table I:  Summary of Laboratory Testing Program 

Type of Test Number of Tests Completed 

Soil Samples  

Moisture Content Determination 7 

Grain Size Analysis 1 

Unit Weight 2 

Bedrock Cores  

Unit Weight Determination  5 

Unconfined Compressive Strength Test 5 

Corrosion Analyses (pH, sulphate, chloride and resistivity) 1 
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5.0 Subsurface Conditions 

A detailed description of the geotechnical conditions encountered in the three (3) boreholes is given on the borehole logs, 

Figure Nos. 3 to 5 inclusive. Boreholes BH5, MW6, and MW22-1 drilled in August 2019 and May 2022 for the property at 268 

Carruthers Ave. are also provided in Appendix B. The borehole logs and related information depict subsurface conditions only 

at the specific locations and times 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 

interpreted to exist at the locations where sampling was conducted.  Boreholes were drilled to provide representation of 

subsurface conditions as part of a geotechnical exploration program and are not intended to provide evidence of potential 

environmental conditions. 

It should be noted that the soil and rock boundaries indicated on the borehole logs are inferred from non-continuous sampling 

and observations during drilling operations. These boundaries are intended to reflect approximate transition zones for the 

purpose of geotechnical design and should not be interpreted as exact planes of geological change.  The “Notes on Sample 

Descriptions” preceding the borehole and monitoring well logs form an integral part of this report and should be read in 

conjunction with this report. 

A review of the borehole logs indicates the following subsurface soil and bedrock conditions with depth and groundwater 

levels. 

5.1 Pavement Structure  

A 25 mm thick asphaltic concrete underlain by 125 mm thick granular base layer was contacted at each of the three boreholes.  

The moisture content of the granular fill is 2 percent to 2.6 percent. 

Grain size analysis was conducted on one (1) sample of the granular fill. The grain size curve is shown in Figure 6 and the 

results are summarized in Table II. 

 

Based on a review of the results from the grain size analysis, the granular fill may be classified as a well graded gravel with 

silt and sand (GW-GM).    

5.2 Fill 

Fill was contacted in all boreholes beneath the pavement structure and consisted of sand and gravel to clayey silt mixed with 

topsoil inclusions, and cobbles. The fill extended to auger refusal depths in all three boreholes ranging from 0.5 m to 1.6 m 

(Elevation 62.2 m to 63.7 m) and is very loose to compact as indicated by the (SPT) N-value of 2 to 18 blows for 300 mm 

penetration of the split spoon sampler. The moisture content of the fill is 11.8 percent to 21 percent. Its unit weight was 

measured to ranged between 18.7 kN/m3 and 19.5 kN/m3. 

Table II:  Summary of Results from Grain-size Analysis – Granular Fill Sample 

Borehole/Monitoring 

Well No. (BH/MW) - 

Sample No. 

Depth (m) 

Grain-size Analysis (%) 

Soil Classification (USCS) 
Gravel Sand 

Fines (Silt and 

Clay)  

BH No. 1 – GS1 0.025 – 0.15 58 35 7 
Well Graded Gravel with Silt and 

Sand (GW-GM) 
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5.3 Limestone Bedrock 

Refusal to augers was met in all the boreholes at depths ranging between 0.4 m to 1.6 m depths (Elevation 63.6 m to 62.2 

m). The presence of the bedrock was confirmed in Borehole Nos. 1 and 3 of this study. It was also confirmed in borehole Nos. 

MW6 and MW22-1 of previous studies. Bedrock was proven to be present at depths of 1.7 m to 0.4 m (Elevation 63.6 m to 

62.2 m).   

Since fill was contacted to the surface of the bedrock in all the boreholes and was found at deeper depth in Borehole No.1 

compared to Borehole Nos. 1 and 3, it is suspected that the relatively deeper depths of bedrock surface contacted at Borehole 

No. 1 is likely caused by previous excavation and therefore the depth of bedrock throughout the remainder of the site is Likely 

present at shallow depths, i..e 0.4 m or shallower in areas not previously excavated. Therefore, this must be accounted for 

by the contractors when estimating the volume of bedrock to be removed from site to allow the construction of the proposed 

development. A summary of the bedrock depth/elevation at each borehole is presented in the Table III below: 

The bedrock geology map (Map 1508A – Generalized Bedrock Geology, Ottawa-Hull, Ontario and Quebec, Geological Survey 

of Canada, printed by the Surveys and Mapping Branch, 1979) indicates the site is underlain by limestone bedrock (with some 

shaley partings) of the Ottawa formation. 

A Total Core Recovery (TCR) and Rock Quality Designation (RQD) of 90 percent to 100 percent and 48 percent to 100 percent 

indicating poor to excellent quality bedrock. Photographs of the rock cores are shown in Appendix B.    

Results of unconfined compressive and unit weight tests conducted on ten (10) selected sections of rock cores, including five 

(5) from previous studies are summarized in Table IV. 

Table III:  Summary of Bedrock Elevations 

Borehole 
Ground Surface 

Elevation 

Refusal Depth 

(m) 
Refusal Elevation  Bedrock Proven by Coring 

BH-1 63.85 1.7 62.30 Yes 

BH-2 63.95 0.5 63.45 No 

BH-3 64.02 0.4 63.62 Yes 

BH-5 64.01 0.4 63.61 No 

MW-6 64.08 0.7 63.38 yes 

MW22-1 63.65 1.5 62.15 yes 
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The unconfined compressive strength test results range from 80 MPa to 179 MPa and the rock may be classified as strong 

to very strong in accordance with the Canadian Foundation Engineering Manual (CFEM), Fourth Edition, 2006.   

5.4 Groundwater Levels 

Groundwater measurements taken in standpipes installed in two of the boreholes on July 29 and August 30, 2022 are 

summarized in Table V below.   

Table V:  Summary of Groundwater Level Measurements  

Borehole/Monitoring 

Well No. (BH/MW)  

Ground Surface 

Elevation (m) 

Date of Measurement (elapsed time in 

days from date of installation) 

Groundwater Depth Below 

Ground Surface (Elevation), 

m 

BH 1 63.85  
July 29,2022 (3 days) 

August 30, 2022 (35 days) 

3.1 (60.75) 

1.7 (62.15) 

BH 3 64.02  
July 29, 2022 (3 days) 

August 30, 2022 (35 days) 

3.4 (60.62) 

3.1 (60.92)  

Water levels were determined in the boreholes at the times and under the conditions stated in the scope of services.  Note 

that fluctuations in the level of groundwater may occur due to a seasonal variation such as precipitation, snowmelt, rainfall 

activities, and other factors not evident at the time of measurement and therefore may be at a higher level during wet 

weather periods. 

 

Table IV:  Results of Unconfined Compressive Tests on Rock Core Samples 

Borehole/Monitoring Well 

No. (BH/MW) 

RUN No. 

Depth (m) 
Compressive Strength 

(MPa) 
Unit Weight of Bedrock (kg/m3) 

BH1 – Run 1 1.9 – 2.0 123 2632 

BH1 – Run 2 3.5 – 3.6 135 2629 

BH3 – Run 1 0.6 – 0.8 112 2638 

BH3 – Run 2 1.4 – 1.5 124 2635 

BH3 – Run 3 3.0 – 3.1 163 2652 

MW6 – Run 1 0.9 – 1.2 80 2665 

MW6 – Run 2 2.0 – 2.1 111 2506 

MW6 – Run 4 2.6 – 2.7 95 2671 

MW6 – Run 5 3.5 – 3.6 140 2681 

MW6 – Run 6 4.9 – 5.0 179 2683 
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6.0 Grade Raise Restrictions  

Since the subsurface soils at the site consist of cohesionless sand and gravel soils that are not susceptible to consolidation 

settlement, there is no restriction to raising the grades at the site from a geotechnical perspective. 
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7.0 Seismic Site Classification and Liquefaction Potential of Subsurface 
Soils 

The subsurface soils at the site comprised of shallow deposit of fill underlain by limestone bedrock contacted at depths of 0.4 

m to 1.7 m below grade (Elevation 63.62 m to 62.15 m). 

It is recommended to support the proposed building on footings on the sound bedrock. In this case and in accordance with 

Table 4.1.8.4 A of the 2012 Ontario Building Code (OBC), the site is classified as Class C for seismic site response. A higher site 

class of B or A may be obtained if a multi-channel analysis shear wave survey is undertaken at the site. 

The subsurface soils are not considered to be liquefiable during a seismic event.   
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8.0 Foundation Considerations 

The geotechnical investigation revealed that the subsurface conditions at the site are well suited to support the proposed 

building by strip and spread footings set on the shallow limestone bedrock contacted at 0.4 m to 1.6 m depths (Elevation 

63.62 m to 62.15 m) in Borehole Nos. 1, 2, and 3, and BH5, MW6, MW22-1 of previous studies, below any weathered or 

fractured zones. 

Strip and spread footings should be set on the sound limestone bedrock below any weathered and fractured/detached zones 

of the bedrock and may be designed for a factored geotechnical resistance at ultimate limit state (ULS) of 1000 kPa.  The 

factored geotechnical resistance value at ULS includes a resistance factor of 0.5.  The Serviceability Limit State (SLS) bearing 

pressure of the bedrock, required to produce 25 mm settlement of the structure will be much larger than the recommended 

value for factored geotechnical resistance at ULS.  Therefore, the factored geotechnical resistance at ULS will govern the 

design.   

Settlements of footing designed for the above recommended factored geotechnical resistance at ULS and properly 

constructed are expected to be less than 10 mm. 

The bedrock depth may vary from that indicated on the borehole and monitoring well logs at the locations of the existing 

buildings on site. For example, the fill thickness and depth to bedrock may be deeper or shallower than shown on the borehole 

locations close to and/or within the footprint of existing buildings and underground service trenches.  Therefore, any 

excavation below the design underside of new footings should be backfilled with 15 MPa lean mix concrete and therefore an 

allowance must be made in the contract for the use of lean mix. 

All the footing beds should be examined by a geotechnical engineer to ensure that the founding surfaces are capable of 

supporting the ULS value and that the footing beds have been properly prepared.   

A minimum of 1.2 m of earth cover for heated structures should be provided to the footings founded on sound bedrock to 

protect them from damage due to frost penetration.  The frost cover should be increased to 1.5 m for unheated structures if 

snow will not be removed from their vicinity. If snow will be removed from the vicinity of the unheated structures, the frost 

cover should be increased to 1.8 m.  Equivalent rigid insulation may be used instead of the required soil cover or a combination 

of rigid insulation and soil cover may be used to achieve the required frost protection. 
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9.0 Floor Slab and Drainage Requirements 

The lowest level floor slab of the proposed building may be constructed as a slab-on-grade provided it is set on a bed of well 

compacted 19 mm clear stone at least 300 mm thick placed on bedrock or on a 300 mm thick engineered fill base set on the 

bedrock surface and compacted to 98 percent standard Proctor maximum dry density (SPMDD).  The clear stone would 

prevent the capillary rise of moisture to the floor slab. Adequate saw cuts should be provided in the floor slab to control 

cracking. 

A perimeter drainage system is required for buildings with a basement.  An underfloor drainage system is likely not required 

since the lowest slab is anticipated to be above the groundwater level.  It is recommended that once the basement floor 

elevation of the proposed buildings is known, EXP be contacted to review and confirm whether or not an underfloor drainage 

system is required. 

The finished ground floor slab however should be set at least 150 mm higher than the finished exterior grade. The finished 

exterior grade should be sloped away from the building to prevent ponding of surface water close to the exterior walls of the 

buildings. 
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10.0 Subsurface Walls 

The subsurface basement walls of the proposed buildings should be backfilled with free draining material, such as Ontario 

Provincial Standard Specification (OPSS) 1010 Granular B Type II and equipped with a perimeter drainage system to prevent 

the buildup of hydrostatic pressure behind the walls.  The walls will be subjected to lateral static and dynamic (seismic) 

earth forces.  The expressions below assume free draining backfill material, a perimeter drainage system, level backfill 

surface behind the wall and vertical face on the back side of the wall. 

For preliminary design purposes, the lateral static earth thrust against the subsurface walls may be computed from the 

following equation: 

 P =  K0 h (½ h +q) 

where P = lateral earth thrust acting on the subsurface wall; kN/m 

 K0 = lateral earth pressure coefficient for ‘at rest’ condition for Granular B Type II backfill 

material = 0.50  

  = unit weight of free draining granular backfill; Granular B Type II = 22 kN/m3 

 h = depth of point of interest below top of backfill, m 

 q = surcharge load stress, kPa 

 

In addition to the lateral static earth thrust, the subsurface walls would be subjected to dynamic thrust from the soil during 

a seismic event.  The soil dynamic thrust (ΔPe) may be computed from the equation given below: 

ΔPe = H2 
𝑎ℎ

𝑔
 Fb 

where ΔPe = dynamic thrust in kN/m of wall 

 H = height of wall, m 

  = unit weight of backfill material = 22 kN/m3 

 𝑎ℎ

𝑔
 = seismic coefficient = 0.32 

 Fb = thrust factor = 1.0 

The dynamic thrust does not take into account the surcharge load.  The resultant force acts approximately at 0.63H above 

the base of the wall. 

All subsurface walls should be waterproofed. 
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11.0 Excavations and Dewatering Requirements 

Excavations for the construction of the proposed buildings are anticipated to extend through the fill and into the limestone 

bedrock. 

Excavation of the fill may be undertaken using conventional equipment capable of removing cobbles, boulders and debris 

within the fill.  All excavation work should be completed in accordance with the Occupational health and Safety Act (OHSA).  

Excavations within the fill soil may be undertaken as open cut provided the sidewalls of the excavation are cut back at 1H:1V 

from the bottom of the excavation. If space restrictions prevent open cut excavations, the excavations may be undertaken 

within the confines of a prefabricated support system (trench box) for the installation of underground services and an 

engineered support system for the proposed building excavations.   

The contractor must review the site plan and surrounding properties to determine if a shoring system for the excavation is 

required for the execution of the construction of the proposed buildings.  The contractor must also determine if underpinning 

of foundations of adjacent existing buildings and infrastructure is required.  The prefabricated support system and engineered 

support system should be designed and installed in accordance with the OHSA and the 2006 Canadian Foundation Engineering 

Manual (Fourth Edition). 

The shoring system as well as adjacent settlement sensitive structures should be monitored for movement on a periodic basis 

prior to, during and following construction operations. 

It is anticipated that test pit excavations at the site may be required to establish the founding level of foundations of some of 

the existing adjacent structures for underpinning/shoring requirements. 

Excavation of the limestone bedrock may be undertaken using a hoe ram for removal of small quantities of the bedrock; 

however, this process is expected to be very slow.  Alternatively, the bedrock may be excavated by line drilling and blasting 

technique.  Contractors bidding on this project should decide on their own the most preferred rock removal method; hoe 

ramming or line drilling and blasting. 

The bedrock is expected to be weathered and fractured in the upper levels.  The weathered/fractured and sound bedrock 

may be excavated at near vertical slope, subject to examination by a geotechnical engineer. Depending on the excavation 

depth within the bedrock, rock slope stabilization measures such as rock bolting in combination with a wire mesh system 

and/or shotcrete may be required. 

To prevent damage to adjacent surrounding structures and infrastructure, the hoe ramming and blasting operations should 

be carefully planned and closely monitored.  For blasting, it is recommended that the blasting contractor should retain the 

services of a blasting specialist to provide a blasting plan.  The contractor should have a licensed blaster on site at all times 

during the blasting operations and a vibration engineer on retainer.   

Vibration monitoring during the blasting operations should be carried out in the adjacent surrounding structures and 

infrastructure to ensure that the blasting meets the limiting vibration criteria at all times. Blasting operations should be 

carried out in accordance with City of Ottawa Special Provisions (S.P.) No. F-1201, which also provides limiting vibration 

criteria. A pre-construction and pre-blast condition survey of all adjacent surrounding structures and infrastructure should be 

conducted prior to start of construction and blasting operations. If adjacent structures are deemed to be heritage buildings, 

special limiting vibration criteria is required. 

Seepage of surface water and subsurface water into the excavations are anticipated.  It should be possible to collect water 

entering the excavations at low points and to remove it by conventional sump pumping techniques. In areas of high infiltration 
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or in areas where more permeable soils may exist, a higher seepage rate should be anticipated.  Therefore, high-capacity 

pumps to keep the excavation dry may be required. 

Many geologic materials deteriorate rapidly upon exposure to meteorological elements.  Unless otherwise specifically 

indicated in this report, walls and floors of excavations must be protected from moisture, desiccation, and frost action 

throughout the course of construction. 

Although this investigation has estimated the groundwater levels at the time of the field work, and commented on de-

watering and general construction problems, conditions may be present that are difficult to establish from standard boring 

techniques. These conditions may affect the type and nature of de-watering procedures used by the contractor. 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 controlled tests using pumped wells 

and observation wells will yield the quantitative data on groundwater volumes and pressures that are necessary to 

adequately engineer construction de-watering systems. 
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12.0 Backfilling Requirements and Suitability of On-Site Soils for Backfilling 
Purposes 

The material to be excavated from the site is anticipated to consist of limited quantity of crushed limestone granular fill, sand 

and gravel to sandy clayey silt fill, and limestone bedrock.  The overburden may be re-used for general grading purposes in 

the general area of the site provided it is free of organics, cobbles, boulders and debris. Any topsoil encountered should be 

removed and discarded. Excavated bedrock is not suitable for use as backfill and should be discarded. management of any 

excess soils generated from the site should be made as per the recommendation of the Phase II ESA completed for the site 

by exp. 

Therefore, it is anticipated that the majority of the material required for backfilling purposes in the interior and exterior of 

the proposed buildings and in the service trenches will need to be imported and should preferably conform to the following 

specifications: 

• Engineered fill, underfloor fill including backfilling in service trenches inside the building - OPSS 1010 (as amended 

by SSP110S13) for Granular B Type II (50 mm minus) placed in 300 mm thick lifts with each lift compacted to 98 

percent SPMDD beneath the floor slab; 

• Backfill against exterior subsurface walls - OPSS 1010 Granular B Type II placed in 300 mm thick lifts and compacted 

to 95 percent SPMDD;  

• Trench backfill outside building area, and fill placement to subgrade level for pavement - OPSS 1010 Select Subgrade 

Material (SSM), free of organics, debris and with a natural moisture content within 2 percent of the optimum 

moisture content. It should be placed in 300 mm thick lifts compacted to minimum 95 percent SPMDD; and 

• Landscaped areas - Clean fill that is free of organics and deleterious material and is placed in 300 mm thick lifts with 

each lift compacted to 92 percent of the SPMDD. 
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13.0 Subsurface Concrete Requirements and Corrosion Potential of 
Subsurface Soils 

Chemical tests limited to pH, sulphate, chloride and electrical conductivity (resistivity) were undertaken on selected 

sections of bedrock cores and the results are shown in Table VI.  The laboratory certificate of analysis is provided in 

Appendix C. 

Table VI:  Corrosion Analyses on Selected Rock Core Samples 

Borehole/Monitoring 

Well No. – Run Number  
Depth (m) pH  Sulphate (%)  Chloride (%) 

Resistivity (ohm-

cm) 

BH1 – Run 2 3.6 - 3.7 8.28 0.0024 0.0078 4370 

The results indicate the limestone bedrock samples have a negligible sulphate attack on subsurface concrete.  The concrete 

mix design should be in accordance with CSA A.23.1-14.  

Based on a review of the resistivity test results, the limestone bedrock samples are considered to be mildly corrosive to bare 

steel as per the National Association of Corrosion Engineers (NACE). Appropriate measures should be undertaken to protect 

buried steel elements from corrosion. 
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14.0 General Comments 
The comments given in this report are intended only for the guidance of the design engineers.  The number of boreholes and 
monitoring wells required to determine the localized underground conditions between boreholes and monitoring wells 
affecting construction costs, techniques, sequencing, equipment, scheduling, etc., would be much greater than has been 
carried out for design purposes.  Contractors bidding on or undertaking the works should in this light, decide on their own 
investigations, as well as their own interpretation of the factual borehole and monitoring well results to draw their own 
conclusions as to how the subsurface conditions may affect them. 

The information contained in this report is not intended to reflect on environmental aspects of the soils.  Reference is made 
to the Phase One and Two Environmental Site Assessment reports completed for this site by EXP and reported under separate 
covers.  

We trust this report will be satisfactory for your purposes.  Should you have any questions, please do not hesitate to contact 
this office. 

 

                                                                                                                 

Matthew Zammit, M.A.Sc., P.Eng. 

Geotechnical Engineer  

Earth and Environment 

Ismail Taki, M.Eng., P.Eng.  

Senior Manager, Eastern Region             2022-10-14 

Earth and Environment                    
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Appendix A: Bedrock Core Photographs 
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Appendix B: Boreholes from Previous Studies on 268 Carruthers 

Avenue 



SS1

ASPHALTIC CONCRETE ~25 mm
GRANULAR FILL ~ 375 mm
Crushed gravel with sand, grey, damp

Auger Refusal at 0.4 m Depth

63.9

63.6

Combustible Vapour Reading

Natural Moisture Content

Atterberg Limits

Split Spoon Sample

Auger Sample

SPT (N) Value

Dynamic Cone Test

Shelby Tube

Undrained Triaxial at
% Strain at Failure

Shear Strength by
Penetrometer Test

Date Drilled:

Drill Type:

Datum:

Logged by: Shear Strength by
Vane Test S

'August 30, 2019

Geodetic Elevation

M.L. Checked by: I.T.

:Location: 177 Armstrong Street and 268 Carruthers Avenue, Ottawa, Ontario

CME-75 Truck Mounted Drill Rig
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NOTES:

1

Natural
Unit Wt.
kN/m3

Depth
(m)

Page.

Water
Level (m)

OTT-00252997-B0

Proposed Residential Development

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value

64.01

Run
No.

20 40 60

Combustible Vapour Reading (ppm)

1

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

0

Completion Dry

Log of Borehole  BH 5

1.Borehole data requires interpretation by EXP before
use by others

2.Borehole backfilled upon completion of drilling.

3.Field work supervised by an EXP representative.

4.See Notes on Sample Descriptions

5.Log to be read with EXP Report OTT-00252997-B0
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SS1

Run 1

Run 2

Run 3

Run 4

Run 5

Run 6

ASPHALTIC CONCRETE ~35 mm
GRANULAR FILL ~ 350 mm
Crushed gravel, grey, damp, (loose)
FILL
Silty sand with gravel and cobbles, brown
and grey, moist
LIMESTONE BEDROCK
Aphanitic to fine grained, occasional
fractures, grey, (very poor to excellent
quality)

Highly fractured with voids from 0.7 m to
2.5 m depths

Void from 1.5 m to 2.1 m depths

Borehole Terminated at 6.1 m Depth

58.43

64.0

63.7

63.4

58.0

Combustible Vapour Reading

Natural Moisture Content

Atterberg Limits

Split Spoon Sample

Auger Sample

SPT (N) Value

Dynamic Cone Test

Shelby Tube

Undrained Triaxial at
% Strain at Failure

Shear Strength by
Penetrometer Test

Date Drilled:

Drill Type:

Datum:

Logged by: Shear Strength by
Vane Test S

'August 30, 2019

Geodetic Elevation

M.L. Checked by: I.T.

:Location: 177 Armstrong Street and 268 Carruthers Avenue, Ottawa, Ontario

CME-75 Truck Mounted Drill Rig
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SOIL DESCRIPTION
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To (m)
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Figure No.
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NOTES:

1

Natural
Unit Wt.
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(m)

Page.

Water
Level (m)

OTT-00252997-B0

Proposed Residential Development

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value

64.08

Run
No.

20 40 60

Combustible Vapour Reading (ppm)

1

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

0
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4
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0
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92
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20 Days 5.7

Log of Borehole  MW 6

1.Borehole data requires interpretation by EXP before
use by others

2.A 32 mm diameter monitoring well with screened
section installed as shown.

3.Field work supervised by an EXP representative.

4.See Notes on Sample Descriptions

5.Log to be read with EXP Report OTT-00252997-B0
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GRANULAR FILL
Crushed Limestone, grey

LIMESTONE BEDROCK
Grey

Borehole Terminated at 6.31 m Depth

57.43

62.2

57.3

Combustible Vapour Reading

Natural Moisture Content

Atterberg Limits

Split Spoon Sample

Auger Sample

SPT (N) Value

Dynamic Cone Test

Shelby Tube

Undrained Triaxial at
% Strain at Failure

Shear Strength by
Penetrometer Test

Date Drilled:

Drill Type:

Datum:

Logged by: Shear Strength by
Vane Test S

'May 11, 2022

Geodetic Elevation

P.O. Checked by: M.M.

:Location: 177 Armstrong Street and 268 Carruthers Avenue, Ottawa, Ontario

Geomachine Drill Rig
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Post Remediation Groundwater Sampling Program

Natural Moisture Content %
Atterberg Limits (% Dry Weight)

Standard Penetration Test N Value
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1

250 500 750

WATER LEVEL RECORDS

Project No:

Project:

0

1

2

3

4

5

6

19

58

25 days 6.2

Log of Borehole  MW22-1
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Elevation
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1.Borehole data requires interpretation by EXP before

use by others

2.A 37 mm diameter monitoring well was installed as
shown.

3.Field work supervised by an EXP representative.

4.See Notes on Sample Descriptions

5.Log to be read with EXP Report OTT-22009213-B0
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Appendix C: Laboratory Certificate of Analysis 



CLIENT NAME: EXP SERVICES INC
2650 QUEENSVIEW DRIVE, UNIT 100
OTTAWA, ON   K2B8H6    
(613) 688-1899

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

Jacky Zhu, Spectroscopy TechnicianSOIL ANALYSIS REVIEWED BY:

DATE REPORTED:

PAGES (INCLUDING COVER): 5

Aug 05, 2022

VERSION*: 1

Should you require any information regarding this analysis please contact your client services representative at (905) 712-5100

*Notes

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days after receipt unless a Long Term Storage Agreement is signed and returned. Some specialty analysis may 

be exempt, please contact your Client Project Manager for details.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This Certificate shall not be reproduced except in full, without the written approval of the laboratory.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the guidelines 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.

22Z926394AGAT WORK ORDER:

ATTENTION TO: Matthew Zammit

PROJECT: OTT-22014692-AO

Laboratories (V1) Page 1 of 5

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory 
Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests listed on the 
scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian 
Association for Laboratory Accreditation Inc. (CALA) for specific drinking water tests. Accreditations 
are location and parameter specific. A complete listing of parameters for each location is available 
from www.cala.ca and/or www.scc.ca. The tests in this report may not necessarily be included in 
the scope of accreditation. Measurement Uncertainty is not taken into consideration when stating 
conformity with a specified requirement.

Association of Professional Engineers and Geoscientists of Alberta 
(APEGA)
Western Enviro-Agricultural Laboratory Association (WEALA)
Environmental Services Association of Alberta (ESAA)

Member of:



BH1 Run 2

11'10"-12'3"SAMPLE DESCRIPTION:

RockSAMPLE TYPE:

2022-07-26DATE SAMPLED:

4148500G / S RDLUnitParameter

78Chloride (2:1) 2µg/g

24Sulphate (2:1) 2µg/g

8.28pH (2:1) NApH Units

4370Resistivity (2:1) (Calculated) 1ohm.cm

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

4148500 EC, pH, Chloride and Sulphate were determined on the extract obtained from the 2:1 leaching procedure (2 parts DI water: 1 part soil). Resistivity is a calculated parameter.

Analysis performed at AGAT Toronto (unless marked by *)

Results relate only to the items tested. Results apply to samples as received.

DATE RECEIVED: 2022-07-28

Certificate of Analysis

ATTENTION TO: Matthew ZammitCLIENT NAME: EXP SERVICES INC

AGAT WORK ORDER: 22Z926394

DATE REPORTED: 2022-08-04

PROJECT: OTT-22014692-AO

(Soil) Inorganics Chemistry

SAMPLED BY:SAMPLING SITE:

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

CERTIFICATE OF ANALYSIS (V1)

Certified By:
Page 2 of 5



(Soil) Inorganics Chemistry

Chloride (2:1) 4149226 3 3 NA < 2 98% 70% 130% 102% 80% 120% 105% 70% 130%

Sulphate (2:1) 4149226 15 15 0.0% < 2 101% 70% 130% 98% 80% 120% 104% 70% 130%

pH (2:1) 4140845 9.71 9.72 0.1% NA 99% 80% 120%

 
Comments: NA signifies Not Applicable.
pH duplicates QA acceptance criteria was met relative as stated in Table 5-15 of Analytical Protocol document.
Duplicate NA: results are under 5X the RDL and will not be calculated.
 

Certified By:

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 22Z926394

Dup #1 RPD
Measured

Value
Recovery Recovery

Quality Assurance

ATTENTION TO: Matthew Zammit

CLIENT NAME: EXP SERVICES INC

PROJECT: OTT-22014692-AO

Soil Analysis

UpperLower

Acceptable
Limits

BatchPARAMETER
Sample

Id
Dup #2

UpperLower

Acceptable
Limits

UpperLower

Acceptable
Limits

MATRIX SPIKEMETHOD BLANK SPIKEDUPLICATERPT Date: REFERENCE MATERIAL

Method
Blank

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

QUALITY ASSURANCE REPORT (V1) Page 3 of 5

AGAT Laboratories is accredited to ISO/IEC 17025 by the Canadian Association for Laboratory Accreditation Inc. (CALA) and/or Standards Council of Canada (SCC) for specific tests 
listed on the scope of accreditation. AGAT Laboratories (Mississauga) is also accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA) for specific drinking water 
tests. Accreditations are location and parameter specific. A complete listing of parameters for each location is available from www.cala.ca and/or www.scc.ca. The tests in this report may 
not necessarily be included in the scope of accreditation. RPDs calculated using raw data. The RPD may not be reflective of duplicate values shown, due to rounding of final results.



Soil Analysis

Chloride (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

Sulphate (2:1) INOR-93-6004 modified from SM 4110 B ION CHROMATOGRAPH

pH (2:1) INOR 93-6031
modified from EPA 9045D and 
MCKEAGUE 3.11

PH METER

Resistivity (2:1) (Calculated) INOR-93-6036
McKeague 4.12, SM 2510 B,SSA #5 
Part 3

CALCULATION

Results relate only to the items tested. Results apply to samples as received.

SAMPLING SITE: SAMPLED BY:

AGAT WORK ORDER: 22Z926394

Method Summary

ATTENTION TO: Matthew Zammit

CLIENT NAME: EXP SERVICES INC

PROJECT: OTT-22014692-AO

AGAT S.O.P ANALYTICAL TECHNIQUELITERATURE REFERENCEPARAMETER

5835 COOPERS AVENUE
MISSISSAUGA, ONTARIO

CANADA L4Z 1Y2
TEL (905)712-5100
FAX (905)712-5122

http://www.agatlabs.com

METHOD SUMMARY (V1) Page 4 of 5
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