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1.0 INTRODUCTION 

 

A team of geotechnical, environmental, and soils and materials engineering 

consultants from Laboratoires d’Expertises de Québec ltée (hereinafter “L.E.Q. 

ltée”) was contracted by the ARCOP/DFS/STMG consortium of architects to 

conduct a geotechnical study as part of the project to rebuild the Québec City 

Armoury, located at 805 Avenue Wilfrid-Laurier, in Québec City.  

 

A preliminary geotechnical study was conducted by the firm Qualitas in 2009 as 

part of that project. The purpose of this new geotechnical study was therefore to 

examine the nature of the soils on site, to determine some of their physical and 

mechanical properties, and to measure the depth of the underground water table 

and bedrock in order to issue specific recommendations with regard to the 

reconstruction and expansion of the fire-damaged building. 

 

This report provides all of the fieldwork and laboratory results as well as 

comments and recommendations with regard to the project’s integration with the 

types of soil found on the site under study.  
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2.0 RECONNAISSANCE METHOD 

 

2.1 Fieldwork 

 

On-site reconnaissance was carried out by L.E.Q. ltée technical staff on May 23, 

24, 27 and 28, 2013. The borehole program was prepared by representatives of 

BPR Inc.  

 

2.1.1 Boreholes 

 

A total of thirteen boreholes, identified as F-1 to F-13, were drilled to depths that 

varied from 2.70 to 4.58 metres using a track-mounted Envirotrack corer that was 

equipped with all of the accessories required to collect soil and rock samples. More 

specifically, boreholes F-1 to F-8 were drilled inside the building’s main room, 

whereas boreholes F-9 to F-13 were drilled on the existing building’s projected 

expansion site. Drilling was achieved with NW-type tubing and washing. 

 

A standardized 50.8-millimetre (outside diameter) split spoon was used to recover 

soil samples for the purposes of visual description and laboratory analysis. During 

the sampling operations, standard penetration trials were conducted in accordance 

with standard NQ 2501-140. Once the bedrock was reached, samples were collected 

using an NQ-type diamond-toothed corer.  

 

Observation tubes made from bottom-perforated 19-millimetre PVC pipes were 

inserted in boreholes F-1 to F-5 and F-7 to F-13 in order to subsequently measure 

groundwater levels. Borehole F-6 was set up as an observation pit to sample 

groundwater for the environmental component of this study, which is the subject of a 

separate report.  
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2.1.2 Surveying and levelling 

 

The boreholes were positioned by L.E.Q. ltée technical staff based on a 

preliminary location map provided by a BPR Inc. representative on an electronic 

storage device. It should be noted that the position of certain boreholes had to be 

slightly altered in order to avoid interfering with the significant number of 

underground services on the site. The plan’s borehole locations were determined 

on the basis of on-site reference points. Geodetic elevation of the land surface at 

the borehole site was measured by L.E.Q. ltée staff using an elevation benchmark 

identified as 23L1035 located on the front facade of the existing Armoury 

building, which indicated 90.87 metres of elevation. The position of each 

borehole is presented in Location Plan No. 4956-00-01 in Appendix “B”.  

 

2.1.3 Geophysical survey 

 

Multichannel Analysis of Surface Wave (MASW) and seismic refraction surveys 

were conducted on May 21, 2013 by technical staff from Géophysique GPR 

International Inc. in Longueuil, Québec. The purpose of these geophysical 

surveys was to calculate the seismic shear wave velocity for the unconsolidated 

deposit and rock distributions on the site under study in order to determine its Site 

Class, as required by the National Building Code of Canada 2010 to calculate the 

seismic loads in consideration of the building’s reconstruction and expansion.  
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2.2 Laboratory work 

 

All samples collected from the site were taken to our laboratory in Québec City, 

where a visual examination of each sample was conducted by Mr. Louis Morin, 

engineer. Unconfined compressive strength and density were determined for four 

rock samples. 

 

All soil and rock samples not used in the analyses will be kept in storage for a period 

of three months as of the issue date of this report. After this period has expired, the 

samples will be destroyed unless otherwise notified by a representative of the 

ARCOP/DFS/STGM consortium. 

 

2.3 Data presentation 

 

The borehole reports, which are presented in Appendix “A”, contain all of the 

information collected during the fieldwork operations. The location plan in 

Appendix “B” provides the borehole locations. Lastly, the report from 

Géophysique GPR International Inc., which contains results of the geophysical 

survey, is provided in Appendix “C”.   
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3.0 NATURE AND PROPERTIES OF SOILS AND MATERIALS 

 

This section provides a summary of the nature and certain properties of the 

materials encountered in the borehole drilling process. Soil stratigraphy is 

summarized in Table 1 below, and presented in greater detail in each of the 

drilling reports provided in Appendix “A”.  

 

TABLE I 
 

SOIL STRATIGRAPHY SUMMARY 
 

Stratigraphy 
Boreholes and depth (m) 

F-1 F-2 F-3 F-4 F-5 F-6 F-7 

Asphalt 0.00-0.03 0.00-0.03 0.00-0.03 0.00-0.03 0.00-0.03 0.00-0.02 0.00-0.06 

Concrete 0.03-0.40 0.03-0.28 0.03-0.39 0.03-0.37 0.03-0.35 0.02-0.37 0.06-0.18 

Fill 0.40-3.23 0.28-1.93 0.39-1.45 0.37-2.44 0.35-2.14 0.37-2.44 0.18-2.08 

Bedrock 3.23 1.93 1.45 2.44* 2.14 2.44 2.08 

End of the 

borehole 
4.53 3.81 3.05 4.58 4.12 4.12 4.53 

 

* Approximately 300 millimetres of friable rock were found on the bedrock surface. 

 

TABLE I (CONT’D) 
 

SOIL STRATIGRAPHY SUMMARY 
 

Stratigraphy 
Boreholes and depth (m) 

F-8 F-9 F-10 F-11 F-12 F-13 

Asphalt 0.00-0.03 0.00-0.07 0.00-0.08 0.00-0.08 0.00-0.08 0.00-0.09 

Concrete 0.03-0.38 --- --- --- --- --- 

Fill 0.38-0.53 0.07-1.15 0.08-0.61 0.08-0.61 0.08-1.50 0.09-2.02 

Granular soil generated from 

alterations of the bedrock** 
--- --- --- --- --- 2.02-2.32 

Bedrock 0.53 1.15 0.61 0.61 1.50 2.32 

End of the borehole 3.34 3.20 2.70 3.10 3.17 3.80 

 

**Grain size equivalent to sandy silt; a small amount of gravel. 
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Fill material compactness in all boreholes was loose to very dense. Standard “N” 

penetration varied from 4 to 83 strikes to drive the split spoon over a course of 

300 millimetres. Brick and cinder debris were also noted in this material. Olfactory 

evidence of contamination was noted in some areas.  

 

A visual examination of the bedrock has revealed that it is generally composed of 

clayey limestone. In some areas, shale beds less than 1 metre thick were found 

between the limestone banks. Calcite veinlets were also found. The RQD rock 

quality designation index measured along the centerline of the core samples varied 

from 0% to 100%, which indicates that rock quality varies from very poor to 

excellent. Generally speaking, however, the rock is of average quality. It should also 

be noted that, in some areas, the rock was of high quality right from the surface, 

whereas more fractured and lesser quality layers were noted on other surface areas. 

 

The stratification dip measured on the collected rock samples varied from 50° to 

65°. Unconfined compressive strength tests performed on four rock samples yielded 

respective results of 59.7,   95.9,   104.9 and 131.3 MPa, whereas density for those 

four samples was measured respectively at 25.8,   26.5,   27.0 and 27.2 kN/m³. 
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4.0 GROUNDWATER 

 

The depth of the underground water table was measured in the observation tubes or 

pits that had been placed in the boreholes. The values obtained from the most recent 

measurement taken on June 7, 2013 are summarized in Table II below. Geodetic 

elevations for the groundwater level measurements are listed in the right-hand 

column in Table II. 

 

TABLE II 
 

GROUNDWATER DEPTH 
 

Borehole Groundwater depth (m) 
Corresponding geodetic 

elevation (m) 

F-1 > 2.68 < 87.66 

F-2 2.51 87.83 

F-3 1.52 88.83 

F-4 3.33 87.00 

F-5 2.26 88.09 

F-6 > 4.12 < 86.22 

F-7 3.00 87.35 

F-8 1.66 88.70 

F-9 1.81 88.28 

F-10 1.92 87.34 

F-11 2.06 88.17 

F-12 > 3.17 < 89.54 

F-13 2.76 88.61 

 

It should be noted that groundwater levels may vary significantly with the 

seasons, amounts of precipitation and alterations of the physical environment such 

as the topography, the addition of trench drains, etc. It is important to point out 

that the water level measurements presented above probably reflect a buildup of 

drill water in the boreholes (rock), which is a common occurrence with low-

permeability materials. The level of the underground water table is probably much 

deeper that what these measurements would indicate. 
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5.0 SPECIAL CONSIDERATIONS 

 

5.1 Environmental aspect 

 

The environmental characterization of the soils and groundwater was not included 

in this contract. Furthermore, soil and groundwater descriptions are only provided 

to cover the geotechnical aspect of the file, which is an essential consideration in 

the design of plans and technical specifications as well as the project’s execution. 

The soil and groundwater descriptions presented in this report cannot be used to 

draw conclusions from an environmental perspective. A report on the 

environmental aspect of the project, however, will be issued by L.E.Q. ltée in the 

near future. The report will bear identification number 2499-00-01. 

 

5.2 Formation of ochre deposits 

 

The existence of conditions conducive to the formation of iron ochre deposits in 

the groundwater that could block the building’s foundation drain was not 

investigated in this study, as this subject was not included in this contract. It is 

therefore recommended that the owner conduct his own investigation before 

laying the building’s foundations. In this regard, it may be relevant to examine the 

functioning of the existing building’s drainage system before making a decision.   

 

 

 

 

 

 

 

 



 

L.E.Q. File No. 4956-00 9 

6.0 COMMENTS AND RECOMMENDATIONS 

 

6.1 General considerations 

 

Public Works and Government Services Canada (PWGSC) plans to rebuild the 

Québec City Armoury, which was damaged in a fire in 2008. The main room will 

be rebuilt and may include a basement. The building will also be expanded on the 

southern and western sides of the existing building. A one-level underground 

parking garage will be built under the addition to the southern side of the 

building.  

 

Based on the information collected from boreholes F-1 to F-13, under the layer of 

asphalt and/or concrete, the site under study is covered with fill material 0.53 to 

3.23 metres thick. This fill material generally rests directly on the bedrock. In 

some areas, a thin layer of granular soil generated by the rock alteration can be 

found between the fill and bedrock. The rock has been identified as clayey 

limestone, with shale beds less than 1 metre thick, of generally average quality 

but occasionally showing more fractured surface layers of varying thicknesses.  

 

Groundwater depth measurements varied from 1.52 metres to more than 

4.12 metres on June 7, 2013 at geodetic elevations of 86.22 metres to less than 

89.54 metres. The water observed in the observation tubes or pits is most likely a 

buildup of drill water in the boreholes.  

 

The site under study is currently occupied by the existing Armoury, which is no 

longer in use. The outside perimeter of the building consists of a paved (asphalt) 

yard or parking lot. The site’s topography does not show any particular 

differences in levels, other than an ascending 1.5- to 2.5-metre embankment at the 

parking lot located at the site’s westernmost boundary.  
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6.2 Potential rock swelling caused by pyrite 

 

It should be noted that the bedrock is likely to contain pyrite. No chemical 

analyses were conducted in this study to validate this likelihood. However, a high 

swelling potential was determined in the preliminary geotechnical study 

conducted by the firm Qualitas in 2009. Thus, given that the nature of the bedrock 

is the same as that which was identified in the preliminary study, for a concrete 

slab resting near the rock surface (in the case of a basement, for example), 

measures will have to be taken to prevent any reactions that could result in 

heaving caused by pyrite. One measure commonly used is the installation of a 

bituminous membrane directly on the sound bedrock in order to cut off the supply 

of oxygen that is required for rock swelling to occur. The alternative option of 

placing a thin concrete cushion on the bedrock does not seem appropriate because 

of the risk of concrete sulphation caused by the sulphuric acid created by the 

eventual oxidation reaction of the pyrite in the rock.  

 

6.3 Factored geotechnical resistance at ultimate limit states (ULS) 

 

Given the shallow depth of the bedrock, it is very likely that the building’s 

foundations will rest almost completely on the rock surface.  

 

Considering that the foundations of the projected building will rest directly on the 

bedrock, the bearing capacity of the rock was determined in accordance with ULS 

standards based on the results of compression test trials conducted on bedrock 

core samples. 
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Results of the unconfined compressive strength tests varied from 59.7 to 

131.3 MPa. Based on the lowest of those values, geotechnical resistance at ULS 

calculated using the following equation is equal to: 

 

 Qult (ULS) = 3 Ksp x qu 

 = 3 x 0.1 x 59.7 MPa 

 = 17.9 MPa 

 

By introducing a performance factor of 0.5, we obtain: 

 

 Qult (Factored ULS) = 17.9 x 0.5 = 8.95 MPa 

 

We can therefore consider a geotechnical resistance at ULS of 8,950 kPa for a 

foundation footing that is well-seated on the sound bedrock cleared of any loose 

particles with water or air pressure or steel bars. This value appears very high, 

however, and does not take into account the shale beds in the solid bedrock, shale 

being a rock of lesser quality than limestone. For this reason, and based on the 

existing literature, a geotechnical resistance at ULS of 1,000 kPa should be 

considered.  

 

However, based on discussions with a representative of BPR Inc., which is 

responsible for the new building’s design, loads up to 2,000 kPa are applied 

locally on the foundations of the existing Armoury building without affecting its 

integrity. Thus, for that reason and at the designer’s discretion, a geotechnical 

resistance at ULS of 2,000 kPa could be used in the building’s design. This 

opinion is supported by the fact that settlement has been recorded under the 

building’s current loads.  
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6.4 Geotechnical reaction at serviceability limit states (SLS) 

 

In the case of foundation elements resting on the bedrock, the geotechnical 

reaction at SLS, or the admissible bearing capacity, does not apply where an 

admissible settlement of 25 millimetres is considered. Before that much 

settlement occurs in the rock, a rupture would have already occurred. The design 

criterion will therefore be based on the geotechnical resistance at ULS. Any 

settlement below this stress level will be negligible.  

 

Very fractured or very friable rock will have to be excavated; otherwise the 

admissible bearing capacity will have to be reduced to 500 kPa for foundation 

elements of any size and for total and differential settlement of less than 25 and 

19 millimetres respectively.  

 

Where the bedrock is at a lower level than the foundation base, the foundations 

cannot rest on the fill material found at the borehole sites. As a result, this fill 

material will have to be removed from the entire thickness and surface of the 

construction area until the bedrock is cleared. A controlled backfill can then be 

used to bring the land up to the level determined to seat the footings. The backfill 

must be composed of a compactible granular borrow, such as MG-112 sand, as 

defined in standard NQ 2560-114. This material must be applied in layers of no 

more than 300 millimetres, with each layer densified to at least 95% of the full 

density obtained in the modified Proctor (M.P.) test. From a distance of 

300 millimetres from the edge of the footings, we recommend that the controlled 

backfill be given a slope equal to or softer than 1.0 horizontally and 1.0 vertically 

(1.0 H:1.0 V), to ensure adequate distribution of the loads under the footings. A 

controlled backfill built in this manner can provide an admissible bearing capacity of 

150 kPa for total settlement of less than 25 millimetres.  
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Furthermore, on a controlled backfill, footings must rest on an MG-20 granular 

cushion, as defined in standard NQ 2560-114. At a minimum thickness of 

200 millimetres, the cushion must be densified to at least 95% of M.P.  

 

Since the footings could overlap on different materials (rock and controlled 

backfill) in certain areas, it is essential that the transition between the rock and the 

backfill is sufficiently gradual to minimize the impact of differential settlement. In 

addition, the building’s design will have to take into account this settlement, and 

the appropriate structural measures will have to be taken to that effect.  

 

6.5 Site Class 

 

The sector’s Site Class was determined on the basis of Table 4.1.8.4.A of the 

National Building Code of Canada 2010. Based on shear rate measurements, this 

sector belongs to the type “A” Site Class, as defined by Géophysique GPR 

International Inc., on page 4 of their report, which is presented in Appendix “C”.  

 

6.6 Excavation 

 

Based on the observations at the borehole sites, the excavation slopes to observe 

in the unconsolidated deposits must meet the requirements set forth in the Safety 

Code for the construction industry, most recent edition, issued by the Commission 

de la santé et de la sécurité du travail (CSST), on the condition that the bottom of 

the excavations be located above the underground water table.  

 

Should there ever be a need to excavate material beneath the water table, the 

water table should be lowered; otherwise the slopes will have to be softened. The 

bottom of the excavation pits must be kept dry during the entire period required to 

complete the work. Based on the borehole groundwater measurements, despite the 
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fact that the underground water table is probably located much deeper than what 

the measurements indicate, it is not impossible that water trapped in the bedrock 

could seep out during the excavation work. Given that any permeability in a rock 

mass is largely due to cracks, the seepage could be more or less significant 

depending on the size of the crack openings in the rock mass. This seepage must 

be controlled with the appropriate equipment.  

 

Excavations inside the sound bedrock, if need be, could be carried out with a 

slope set at 1.0 horizontally and 10.0 vertically (1.0 H:10.0 V). However, the 

fractured or altered rock may require softening of the slopes to ensure the stability 

of the pit walls. Based on the observations at the borehole sites, the bedrock 

appears to be of sufficiently good quality to make excavation difficult. In our 

opinion, excavation of the bedrock will require the use of a jack hammer or 

explosives. In the event that explosives are required, precautions should be taken 

to avoid damage to surrounding buildings. This point is all the more important 

given the age of the existing building.  

 

As the work is being carried out, periodic inspections of the excavation pits should 

be carried out to ensure the stability of the pit walls. The presence of soft materials 

or permeable layers that allow water to flow locally may affect pit wall stability. The 

appearance of signs of instability, such as cracks in or at the tops of the walls could 

require softening of the slopes, according to the recommendations of a geotechnical 

engineer, and/or the use of a protective casing in the trenches to ensure worker 

safety. It will also be necessary to take into consideration the inclination of the rock 

strata and its orientation with regard to the trench axis in order to prevent the risk of 

rock blocks slipping to the bottom of the trench. According to the geological chart of 

Ministère des Ressources naturelles du Québec for the Québec City region, 

compiled by P. St-Julien in 1995, the stratification orientation in that sector is north 

110°. In addition, the stratification dip measured on the borehole rock samples 
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varied from 50° to 65°. Based on the chart mentioned above, the stratification dip is 

oriented in the northeast direction.  

 

Given that the bedrock will, in all likelihood, serve as the resting point for the 

footings, its surface must be adjusted to provide a horizontal surface that is 

cleared of all loose particles using water or air pressure or a steel bar. The 

footings could then be poured directly onto the cleaned up bedrock.  

 

6.7 Frost protection 

 

In order to provide the foundations with adequate protection against the effects of 

frost, we recommend that they be located at least 1.80 metres below the 

landscaped surface of the property or that they be adequately insulated. 

 

Furthermore, installing a drain with a proper outlet at the resting point of the 

foundations is recommended. In addition, landscaping of the area surrounding the 

building should be designed to keep runoff water from the construction work 

away from the building, thereby reducing the amount of water trickling towards 

the drains.  

 

6.8 Slab on grade 

 

At no time may a slab on grade for the projected building rest on the fill material 

encountered at all of the borehole sites. This material must be excavated to the 

full thickness and surface area of the slab and be replaced with controlled backfill, 

following the exact procedure recommended in section 6.4. 
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Furthermore, the slab on grade must rest on a cushion of MG-20 granular 

material, as defined in standard NQ 2560-114. At a minimum thickness of 

150 millimetres, this material must be compacted to at least 95% of M.P.  

 

6.9 Backfilling 

 

Exterior backfilling of the foundation walls must be carried out by laying a frost-

resistant granular material such as CG-14 sand, in accordance with standard NQ 

2560-114. This material must be placed in successive layers of no more than 

300 millimetres, and each layer must be densified to at least 95% of M.P. under 

the civil engineering structures (slabs, sidewalks, borders, etc.) and at least 90% 

of M.P. under grass-covered surfaces.  

 

6.10 Parking lots 

 

6.10.1 Presence of fill material 

 

The presence of fill material does not impede the construction of a parking lot, as 

long as the nature and compactness of the materials is evaluated. The fill material 

on the site under study could be kept and used for the parking lot, as long as it is 

redensified to at least 90% of M.P. for the infrastructure and of a sufficiently high 

environmental quality for it to be reused.   

 

6.10.2 Road structure 

 

The road structure of the access lanes and parking lots will either rest on fill 

material that may be frost-sensitive in some areas or on the bedrock. According to 

a representative of BPR Inc., the western sector of the site will be used as an 
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unloading dock for heavy vehicles, whereas the other access lanes and parking 

lots will be used by light vehicles.   

 

We would like to emphasize that the soils located below the infrastructure line are 

subject to the effects of frost to a depth of 2.00 metres from the road surface. 

Materials that contain significant proportions of silt and clay are susceptible to 

heaving by their very nature, unless the foundation is insulated or the frost-

sensitive materials are replaced by frost-resistant materials. As a result, an 

adequate transition between two different materials beneath the infrastructure line 

is essential to ensuring proper road surface behaviour to reduce the risk of cracks 

forming in the asphalt and to provide a smooth and comfortable ride for users.  

 

Given the nature of the materials encountered at the borehole sites, we 

recommend that the road structure be built with the various layers detailed in 

Table III below: 

 

TABLE III 
 

PROPOSED ROAD STRUCTURE 
 

Layer Material 
Thickness 

(mm) 

Compactness  

(%) 

Asphalt To be determined by the designer 

Upper base MG-20 crushed aggregate  
200

1
 

300
2
 

98 

Sub-base MG-112 granular material  
300

3
 

600
4
 

95 

 

1- For light traffic; 

2- For heavy traffic; 

3- For infrastructure composed of rock; 

4- For infrastructure composed of fill material. 
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The road structure proposed above is submitted for reference purposes only, and 

was selected on the basis of a general knowledge of the base thicknesses used 

regionally and adjusted to the foundation soils identified. It is recommended that 

this road structure be validated using road design software by factoring in the 

projected traffic density. In the case of the indoor parking garage, since this area 

will be heated, the road structure presented in Table III could be used (without the 

sub-base).  

 

As for the surface of the infrastructure, it should be graded in such a way that would 

allow any water that could penetrate the road structure to drain off.  

 

All materials to be used in the road structure must meet the standards set forth in 

the most recent edition of Tome VII on materials, published by the Ministère des 

Transports du Québec, or the standards prescribed in standards BNQ and NQ that 

apply to this construction.  
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7.0 LIMITATION OF THIS STUDY 

 

This geotechnical study report is intended exclusively for the client for whom it 

was prepared. The information it contains is provided to the best of our 

knowledge and in light of the data available to L.E.Q. ltée at the time it was 

drafted. This report must be considered as a whole and no individual portions may 

be used separately. Any use of this report by a third party, or any decision made 

by a third party on the basis of the content of this report, is the responsibility of 

that third party. 

 

Furthermore, it is important to specify that a geotechnical study is based on spot 

sampling of a given site. As a result, the environmental, geological, 

hydrogeological and/or geotechnical conditions between sampling points may 

differ from the actual conditions obtained from soundings, which provided the 

conditions on the basis of which our comments and recommendations were 

issued. In addition, the time factor must be considered, since from the moment the 

soundings are conducted, conditions may change due to natural facts or direct or 

indirect human intervention on or at some distance from the site.   

 

L.E.Q. ltée requests that it be informed in writing of any changes in the location, 

nature or design of the project in order to assess the situation and, if necessary, 

amend the comments and recommendations presented in this report. In addition, 

as the project is carried out, we recommend that a geotechnical engineer be 

notified and allowed to inspect the excavation pits and, if applicable, adjust the 

comments and recommendations drawn from the soundings conducted in this 

geotechnical study.  




























































