
Tetra Tech Canada Inc.
Riverbend Atrium One, 115, 200 Rivercrest Drive SE

Calgary, AB  T2C 2X5  CANADA
Tel 403.203.3355  Fax 403.203.3301

PRESENTED TO 

Corporation of the Presiding Bishop of the Church of Jesus Christ 
of Latter-day Saints 
Meetinghouse Project Management Office 
50 E. North Temple Street, 4WW 
Salt Lake City, UT  84150-0304 

Geotechnical Evaluation Report 
Seton Church 
Southeast Corner of Seton Drive and 48 Street SE  
Calgary, Alberta 
Property Number 5007688 

JUNE 2018 

ISSUED FOR REVIEW 

FILE: 704-ENG.CGEO03437-01 

This “Issued for Review” document is provided solely for the purpose of client review and presents our interim findings and 

recommendations to date. Our usable findings and recommendations are provided only through an “Issued for Use” document, 

which will be issued subsequent to this review. Final design should not be undertaken based on the interim recommendations 

made herein. Once our report is issued for use, the “Issued for Review” document should be either returned to Tetra Tech 

Canada Inc. (Tetra Tech) or destroyed. 



RPT - Geotechnical Evaluation - Seton Church.docx 

This page intentionally left blank. 



GEOTECHNICAL EVALUATION – SETON CHURCH 

FILE: 704-ENG.CGEO03437-01 | JUNE 2018 | ISSUED FOR REVIEW 

i

RPT - Geotechnical Evaluation - Seton Church.docx 

TABLE OF CONTENTS 

1.0 INTRODUCTION .......................................................................................................................... 1

2.0 PROJECT DETAILS .................................................................................................................... 1

3.0 SITE DESCRIPTION .................................................................................................................... 1

3.1 Surface Condition .................................................................................................................................. 1

3.2 Geology .................................................................................................................................................. 2

4.0 FIELD AND LABORATORY WORK ............................................................................................ 2

4.1 Fieldwork ................................................................................................................................................ 2

4.2 Laboratory Work .................................................................................................................................... 2

5.0 SUBSURFACE CONDITIONS ..................................................................................................... 3

5.1 General .................................................................................................................................................. 3

5.2 Fill .......................................................................................................................................................... 3

5.3 Clay Till .................................................................................................................................................. 3

5.4 Sand ....................................................................................................................................................... 4

5.5 Groundwater Conditions ........................................................................................................................ 4

6.0 GEOTECHNICAL RECOMMENDATIONS ................................................................................... 4

6.1 General .................................................................................................................................................. 4

6.2 Site Preparation ..................................................................................................................................... 5

6.2.1 Proof-Rolling ............................................................................................................................. 6

6.3 Foundations ........................................................................................................................................... 6

6.3.1 General ..................................................................................................................................... 6

6.3.2 Geotechnical Resistance Factor ............................................................................................... 7

6.3.3 Shallow Foundations ................................................................................................................ 7

6.3.4 Bored Cast-in-Place Piles ......................................................................................................... 8

6.3.5 Foundation Settlement – SLS Design ...................................................................................... 9

6.3.6 Laterally Loaded Piles (Modulus of Horizontal Subgrade Reaction) ...................................... 11

6.3.7 Pile Group Effects ................................................................................................................... 12

6.4 Seismic Design .................................................................................................................................... 12

6.5 Floor Slabs-on-Grade .......................................................................................................................... 12

6.6 Structural Slab ..................................................................................................................................... 13

6.7 Construction Excavation ...................................................................................................................... 13

6.8 Construction Dewatering ..................................................................................................................... 13

6.9 Site Grading and Drainage .................................................................................................................. 14

6.10 Frost Protection.................................................................................................................................... 14

6.11 Backfill Materials and Compaction ...................................................................................................... 14

6.12 Buried Utilities ...................................................................................................................................... 15

6.13 Concrete Type ..................................................................................................................................... 15

7.0 PAVEMENT DESIGN RECOMMENDATIONS ........................................................................... 15

7.1 Asphalt Concrete Pavement Design .................................................................................................... 16



GEOTECHNICAL EVALUATION – SETON CHURCH 

FILE: 704-ENG.CGEO03437-01 | JUNE 2018 | ISSUED FOR REVIEW 

ii

RPT - Geotechnical Evaluation - Seton Church.docx 

7.1.1 Traffic Analysis ....................................................................................................................... 16

7.1.2 Subgrade Support Characterization ....................................................................................... 16

7.1.3 Pavement Design Methodology .............................................................................................. 16

7.1.4 Design Pavement Structure Recommendations..................................................................... 17

7.2 Portland Cement Concrete Pavement Design ..................................................................................... 17

7.3 Pavement Design and Construction Details ........................................................................................ 18

7.3.1 Subgrade Preparation ............................................................................................................. 18

7.3.2 Subsurface Drainage .............................................................................................................. 18

7.3.3 Granular Base Construction ................................................................................................... 19

7.3.4 Asphalt Concrete Construction ............................................................................................... 19

7.3.5 Portland Cement Concrete Construction ................................................................................ 19

7.3.6 Cold Weather Construction and Frost Mitigation .................................................................... 19

8.0 DESIGN AND CONSTRUCTION GUIDELINES ......................................................................... 19

9.0 REVIEW OF DESIGN AND CONSTRUCTION ........................................................................... 20

10.0 CLOSURE .................................................................................................................................. 21

LIST OF TABLES IN TEXT 

Table 1: Summary of Borehole Information ............................................................................................ 2

Table 2: Geotechnical Resistance Factors for Deep Foundations – 2015 NBCC ................................... 7

Table 3: Shallow Foundations LSD Design Parameters (for Static Loads Only) ..................................... 7

Table 4: Bored Cast-in-Place Pile Design Parameters (for Compressive Loads) ................................... 8

Table 5: AASHTO Pavement Design Inputs ......................................................................................... 17

Table 6: Recommended Design Asphalt Concrete Pavement Structures ............................................. 17

Table 7: Recommended Design Portland Cement Concrete Pavement Structure ................................ 18

APPENDIX SECTIONS 

FIGURES 

Figure 1 Site Location Plan

Figure 2 Borehole Location Plan

APPENDICES 

Appendix A 

Appendix B 

Appendix C 

Appendix D 

Tetra Tech’s Limitations on Use of This Document

Description Sheets and Borehole Logs

Laboratory Test Results

Design and Construction Guidelines



GEOTECHNICAL EVALUATION – SETON CHURCH 

FILE: 704-ENG.CGEO03437-01 | JUNE 2018 | ISSUED FOR REVIEW 

iii

RPT - Geotechnical Evaluation - Seton Church.docx 

LIMITATIONS OF REPORT 

This report and its contents are intended for the sole use of Corporation of the Presiding Bishop of the Church of Jesus Christ 

of Latter-day Saints and their agents. Tetra Tech Canada Inc. (Tetra Tech) does not accept any responsibility for the accuracy 

of any of the data, the analysis, or the recommendations contained or referenced in the report when the report is used or relied 

upon by any party other than Presiding Bishop of the Church of Jesus Christ of Latter-day Saints, or for any Project other than 

the proposed development at the subject site. Any such unauthorized use of this report is at the sole risk of the user. Use of this 

report is subject to the terms and conditions stated in Tetra Tech Canada Inc.’s Services Agreement. Tetra Tech’s Limitations 

on Use of This Document are provided in Appendix A of this report. 

This report has been prepared for the benefit of Presiding Bishop of the Church of Jesus Christ of Latter-day Saints and their 

agents in support of their Development Permit application to The City of Calgary, which report becomes a public document upon 

submission. 

The City of Calgary shall at all times be entitled to fully use and rely on this report, including all attachments, drawings, and 

schedules, for the specific purpose for which the report was prepared, in each case notwithstanding any provision, disclaimer, 

or waiver in the report that reliance is not permitted. 

The City of Calgary shall be entitled to provide copies of the report to City Council, City of Calgary employees, and City of 

Calgary regulatory boards, each of whom shall also be similarly entitled to fully use and rely on the report in their official capacities 

for the specific purpose for which the report was prepared. 

The City of Calgary is at all time entitled to provide copies of the report to Alberta Transportation, adjacent municipalities, and 

any other governmental authorities and regulatory bodies having jurisdiction. The City of Calgary may also contact the author or 

any other parties to the report to request further information respecting the report or to discuss the report further. 

Recommendations presented herein are based on a geotechnical evaluation of the findings in seven geotechnical boreholes 

drilled in 2018. The conditions encountered during the fieldwork are considered to be reasonably representative of the site. If, 

however, conditions other than those reported are noted during subsequent phases of the project, Tetra Tech should be notified 

and given the opportunity to review the current recommendations in light of new findings. Recommendations presented herein 

may not be valid if an adequate level of field review is not provided during construction or if relevant Building Code requirements 

are not met. 

This report has been prepared in accordance with generally accepted soil and foundation engineering practices. No other 

warranty is made, either express or implied. 

Further limitations applicable to this report are listed in the Limitations on Use of This Document in Appendix A.
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1.0 INTRODUCTION 

This report presents the results of the geotechnical evaluation conducted by Tetra Tech Canada Inc. (Tetra Tech) 

for a proposed church development as described in the RFP provided by Mr. Jim Kyle, of The Church of Jesus 

Christ of Latter-Day Saints in an email dated March 14, 2018.  

The project site is located in the southeast corner of the intersection of Seton Drive SE and 48 Street SE in Calgary, 

Alberta. The project site location is presented on Figure 1. The legal land description is Plan 1311598 Block 1 Lot 1. 

The purpose of the geotechnical evaluation is to obtain subsurface (soil and groundwater) information and to 

develop appropriate geotechnical recommendations for the design and construction of the proposed development. 

A total of seven boreholes were drilled to characterize the subsurface soil conditions at the project site. Tetra Tech 

then prepared a geotechnical evaluation report for the site upon completion of the geotechnical field and laboratory 

programs. The report will present the factual results of the field investigation and laboratory testing, together with 

comments and geotechnical engineering recommendations for the proposed development. 

On April 24, 2018, Mr. Kyle provided Tetra Tech written permission to proceed with the geotechnical evaluation as 

presented in Tetra Tech’s Proposal No. PENG.CGEO03437-01. 

2.0 PROJECT DETAILS 

The project site covers an area of 1.3 ha (3.16 acres) and is currently only rough graded. Currently, the site is 

relatively flat.  

It is understood that the proposed church development will include a building approximately ~1,500 m2 (<16,000 ft2) 

in area, constructed at-grade, and surrounded by 201 parking stalls. Structural loads for the building are estimated 

to be between 29,000 N/m and 58,000 N/m (2,000 plf and 4,000 plf) for the wall loads and between 4,500 kg and 

27,000 kg (10,000 lb to 60,000 lb) for the column loads. The proposed building will not include a basement or 

underground parking. It is understood that the geotechnical evaluation will form part of the review for the real estate 

agreement. 

Pursuant to Section 2.2 and Section 2.4 of the 2014 Alberta Building Code (the Building Code), the proposed project 

will require compliance with the professional design and review requirements set out in Section 2.4 of the Building 

Code. These require that a geotechnical engineer be retained as a Registered Professional of Record to provide 

such field reviews as are necessary to ensure compliance with the Building Code and to ensure that the 

geotechnical aspects of the project are constructed so as to substantially comply with the plans and specifications, 

as well as the requirements of this report. Tetra Tech will provide these services if retained to do so. 

3.0 SITE DESCRIPTION 

3.1 Surface Condition 

At the time of Tetra Tech’s initially proposed fieldwork, the project site was covered in more than 0.5 m of snow. 

The geotechnical field program was delayed while general earthworks and underground utility installations were 

carried out in the area. After the construction activities were completed, all the snow had melted leaving the surficial 

soils saturated. The project site was unfenced and site access was available north of the site from Seton Drive SE. 

The project site can generally be described as relatively flat from the rough grading activities previously completed. 

Localized ponded water from the snow melt was seen at the project site. 
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3.2 Geology 

Based on the surficial geology mapping by Moran1, the native soils at the project site were expected to consist of 

pebble loam till. Fill soil from previous site grading activities was also expected at the project site. The subsurface 

conditions obtained from the evaluation were generally consistent with the published data. 

4.0 FIELD AND LABORATORY WORK 

4.1 Fieldwork 

Fieldwork was conducted on May 18, 2018, following utility clearance, using a track-mounted drill rig equipped with 

solid-stem augers contracted from Earth Drilling Co. Ltd., of Calgary, Alberta. Utility clearance was completed by 

Alberta One-Call, DigShaw, and The Utility Locators. 

A total of seven boreholes, designated as Boreholes BH-01 through BH-07, were drilled to depths ranging from 

3.5 m to 8.1 m below the existing ground surface. The borehole locations are presented on Figure 2 with boreholes 

located using a hand-held global positioning system with an accuracy of +-3 m. 

Hand-slotted 25 mm diameter polyvinyl chloride (PVC) monitoring wells were installed in Boreholes BH-01 and 

BH-03 for future short-term monitoring of groundwater levels. The details of the installed monitoring wells are 

provided on the borehole logs in Appendix B.  

Borehole depths and monitoring well depths are summarized in Table 1.  

Table 1: Summary of Borehole Information 

Borehole No. 
Borehole Depth below 

Existing Ground Surface 
(m) 

Diameter of Standpipe 
(mm) 

Standpipe Depth below 
Existing Ground Surface  

(m) 

BH-01 8.1 25 7.0 

BH-02 8.1 Not installed Not installed 

BH-03 8.1 25 7.2 

BH-04 3.5 Not installed Not installed 

BH-05 3.5 Not installed Not installed 

BH-06 3.5 Not installed Not installed 

BH-07 3.5 Not installed Not installed 

Standard Penetration Tests (SPTs) were performed and split-spoon samples were recovered at either 0.75 m or 

1.5 m intervals from the boreholes. Disturbed grab samples were also recovered from the auger flights and from 

the excavated testpits at 1.5 m intervals. The samples were examined visually and classified in the field. Pocket 

penetrometer tests were conducted on cohesive samples at selected depths. Soil stratigraphy was logged, noting 

the depths of stratigraphic boundaries and other significant features. The resulting borehole logs and an explanation 

of the terms and symbols used on the logs are presented in Appendix B. 

4.2 Laboratory Work 

Following the fieldwork program, laboratory testing was performed on selected samples collected from the field 

program to aid in evaluation of their engineering properties. Laboratory tests were limited to the following: 

1Moran, S.R.  1986 Surficial Geology of the Calgary Urban Area, Alberta Research Council. 
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 Moisture content; 

 Grain-size analysis;  

 Atterberg Limit; 

 California Bearing Ratio including proctor; and 

 Soluble sulphate concentration. 

The laboratory test results are presented on the borehole logs in Appendix B and the test result sheets are attached 

in Appendix C. 

5.0 SUBSURFACE CONDITIONS 

5.1 General 

The subsurface conditions across the project site are based on the drilled seven boreholes and are presented in 

the following sections.   

It should be noted that geological conditions are innately variable. Glacial deposits, in particular, are seldom spatially 

uniform. At the time of preparation of this report, information on subsurface stratigraphy was available only at 

discrete borehole locations. In order to develop recommendations from this information, it is necessary to make 

some assumptions concerning conditions other than those present at the borehole locations. Adequate field reviews 

should be provided during construction to check that these assumptions are reasonable. 

The details of the soil and groundwater conditions encountered at each of the boreholes are presented on the 

borehole logs in Appendix B. 

5.2 Fill 

Fill was encountered at the existing ground surface in all boreholes with an approximate thickness of 0.3 m. It should 

be noted that the thickness and consistency of the fill may vary in areas surrounding the boreholes. The fill is 

assumed to have originated out of the site grading completed prior to the geotechnical evaluation. The clay fill soil 

was generally described as silty, sandy, trace gravel, damp, low plastic, and brown.   

The fill should be considered to be uncontrolled fill and treated accordingly if compaction records are not provided 

for review. 

5.3 Clay Till 

Clay till was encountered underlying the fill soil in all boreholes. The clay till varied in thickness from 6.2 m to 6.7 m. 

All shallow boreholes (Boreholes BH-04, BH-05, BH-06, and BH-07) terminated in the clay till at the approximate 

depth of 3.5 m below the existing ground surface.  

The clay till was generally described as silty, some sand to sandy, trace gravel, damp to moist, firm to hard, medium 

plastic, and brown with trace coal specks and oxidation. SPT N values ranged from 8 to 37. 

Sand interbeds, pockets, or lenses were observed in the majority of the boreholes. The sand was described as silty, 

trace clay, fine to medium grained, damp, and brown.  
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As per typical local till strata, sporadically distributed, often saturated sand interbeds, as well as cobbles and/or 

boulders may be encountered in till deposits. 

5.4 Sand 

A sand layer/unit was encountered only in the deeper boreholes (Boreholes BH-01, BH-02, and BH-03) underlying 

the clay till at a depth of approximately 6.7 m and extending to the base of the borehole. The sand was generally 

described as fine grained, silty, trace clay, trace gravel, damp, compact to dense, non-plastic, and brown in colour. 

SPT N values ranged from 15 to 43. 

5.5 Groundwater Conditions 

Groundwater seepage was only noted in Borehole BH-03 at 7.6 m during drilling. Standpipes were installed in 

Boreholes BH-01 and BH-03 to allow for short-term monitoring of groundwater levels. Groundwater levels were 

measured on May 28, 2018, and were both found to be dry. 

There is a possibility that perched groundwater may be encountered within sand interbeds throughout the clay till 

or in the sand layer found at the termination of Boreholes BH-01 to BH-03. Temporary dewatering may be necessary 

in localized areas where the excavation intercepts such saturated interbeds within the till. Groundwater levels should 

be monitored periodically prior to the start of construction. 

6.0 GEOTECHNICAL RECOMMENDATIONS 

6.1 General 

Design and construction recommendations for geotechnical aspects of this project are presented in the following 

sections. The recommendations may offer varying options intended to aid in the development of project aspects 

and specifications. 

The following geotechnical recommendations provided in this report are valid for the project details as discussed in 

Sections 1.0 and 2.0. These recommendations may require revision should project details be altered at a later stage 

of the project. The recommendations are provided on the understanding that the relevant aspects of the final design 

(drawings and specifications) will be reviewed as necessary to ensure compliance with the geotechnical aspects of 

the relevant code, this report, and the final plans and specifications. 

Tetra Tech has no records indicating that the fill soils encountered in the boreholes were placed in a controlled 

manner with adequate compaction. Therefore, the fill soils encountered in the boreholes at the project site cannot 

be considered as engineered fill materials at this stage. In the event that the existing fill at the project site was 

placed with adequate compaction, the compaction density reports should be obtained and reviewed by qualified 

geotechnical personnel to confirm the acceptability of the fill soil as an engineered fill. 

Foundation options for the proposed structures are provided Section 6.3. 

Recommendations for floor slabs-on-grade are presented in Section 6.5. 

Groundwater was not encountered during the drilling at the project site but perched groundwater may be 

encountered during excavation in the sand interbed layers within the till. Such inflows may require dewatering during 

construction. 

Due to the presence of frost-susceptible soils (silty clay), frost protection measures during and after construction 

should be implemented. 



GEOTECHNICAL EVALUATION – SETON CHURCH 

FILE: 704-ENG.CGEO03437-01 | JUNE 2018 | ISSUED FOR REVIEW 

5

RPT - Geotechnical Evaluation - Seton Church.docx 

Pavement design recommendations are included in Section 7.0. 

All foundation design recommendations presented in this report are based on the assumption that an adequate 

level of field review will be provided during construction and that all construction will be carried out by a suitably 

qualified contractor experienced in foundation and earthworks construction. An adequate level of field review is 

considered to be: 

 Observation of all bearing surfaces prior to concrete or mudslab placement for shallow foundations; 

 Full-time observation and design review during construction for deep foundations; 

 Observation of all subgrades prior to fill; and 

 Full-time monitoring and compaction testing for earthworks. 

All such field reviews should be carried out by suitably qualified persons, independent of the contractor. It should 

be noted that failure to provide an adequate level of foundation review may be in contravention of the Building Code 

requirements. 

One purpose of providing an adequate level of field review is to check that recommendations, based on data 

obtained at discrete borehole locations, are relevant to other areas of the site.  

6.2 Site Preparation 

The following provides site preparation recommendations for the proposed development. 

In general, deleterious soils, including any soils containing organics, and any soft/wet/loosened/otherwise disturbed 

portions of native soil and/or fill not placed in a controlled manner are not considered suitable to support 

settlement-sensitive structures.  

Following initial site stripping of deleterious soils and uncontrolled fill, the areas identified for fill placement should 

be proof-rolled (discussed in Section 6.2.1) to identify soft areas. Any soft areas should be over-excavated and 

backfilled to a minimum 98% Standard Proctor Maximum Dry Density (SPMDD) using general engineered fill as 

defined in the construction guidelines provided in Appendix D. 

Should greater than 2.0 m of general engineered fill be required to restore the required subgrade elevation, 

post-construction slab settlements (consolidation settlements) should be anticipated. Post-construction settlement 

should be assessed for such areas by conducting a deep fill study. Tetra Tech can conduct the deep fill study, upon 

request. 

All fill required for the project to raise the subgrade elevation should meet the requirements as defined in “Backfill 

Materials and Compaction,” in Appendix D. 

Full-time monitoring and compaction testing should be provided during any fill placement to ensure suitable 

subgrade conditions are prepared. Qualified persons, independent of the contractor, should complete this 

monitoring. 

Additional recommendations for site grading, if required, may be provided upon request once further project details 

become available. 
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6.2.1 Proof-Rolling 

These guidelines are intended to present standards of good practice and are not intended to represent detailed 

specifications for the construction. 

Proof-rolling is a method of detecting soft areas in an 'as-excavated' subgrade for fill placement, foundations, or 

detecting non-uniformity of compacted fill. The intent is to detect soft areas or areas of low shear strength not 

otherwise revealed by means of test holes, density testing, or visual examination of the site surface and to check 

that any fill placed or subgrade meets the necessary design strength requirements. 

Proof-rolling should be observed by qualified geotechnical personnel. 

Proof-rolling is generally accomplished by the use of a heavy (15 to 60 tonne) rubber-tired roller having four wheels 

abreast on independent axles with high-contact wheel pressures (inflation pressures ranging from 550 kPa (80 psi) 

up to 1030 kPa (150 psi). 

A heavily-loaded tandem axle gravel truck may be used in lieu of the equipment described in the paragraph above. 

The truck should be loaded to approximately 10 tonnes per axle and a minimum tire pressure of 550 kPa (80 psi). 

Ground speed should be maximum 8 km/hr, whereas the recommended speed is 4 km/hr. 

The recommended procedure is two complete coverages with the proof-rolling equipment in one direction and a 

second series of two coverages made at right angles to the first series; one 'coverage' means that every point of 

the proof-rolled surface has been subjected to the tire pressure of a loaded wheel. Less rigorous procedures may 

be acceptable under certain conditions subject to the approval of an engineer. 

Any areas of soft, rutted, or displaced materials detected should either be recompacted with additional fill, or have 

the existing material removed and replaced with general engineered fill, or be properly moisture conditioned as 

necessary. 

The surface of the grade under the action of the proof-roller should be observed, noting visible deflection and 

rebound of the surface, formation of a crack pattern in the compacted surface, or shear failure in the surface of 

granular soils as ridging between wheel tracks. 

If any part of an area indicates significantly more distress than other parts, the cause should be investigated by, for 

example, shallow auger holes. 

6.3 Foundations 

6.3.1 General 

A shallow foundation system consisting of spread and strip footings founded on native stiff clay till may be 

considered for the proposed development provided that certain conditions discussed in this report are met. Any 

uncontrolled fill (approximately 0.3 m in thickness) at the foundation bearing surface will need to be removed and 

backfilled with structural fill. Uncontrolled fill depths may extend deeper in locations away from the boreholes and 

should be addressed similarly. 

Shallow footings must be founded at a suitable depth for frost protection below any uncontrolled/non-engineered fill 

material or disturbed native soils that may exist across the site. Shallow foundations are further discussed in 

Section 6.3.3. 
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Alternatively, a deep foundation system consisting of bored cast-in-place piles founded within the clay till or sand is 

considered feasible to support the proposed development. Based on the subsurface conditions encountered in the 

boreholes and the results of the groundwater monitoring, it is expected that groundwater infiltration will be 

encountered during piling operations. The use of temporary casing to reduce groundwater seepage within the pile 

bore will be likely required during construction. Deep foundation recommendations are discussed further in 

Section 6.3.4. 

As per typical local till strata, sporadically distributed, often saturated sand interbeds, as well as cobbles and/or 

boulders may be encountered in till deposits. Cobbles and boulders may cause drilling or excavation difficulty during 

construction. Such difficulties should be assessed by the relevant contractors.  

6.3.2 Geotechnical Resistance Factor 

The geotechnical resistance factors required to calculate the factored foundation resistance to axial and horizontal 

loads in accordance with the 2015 National Building Code of Canada (NBCC) are presented in Table 2. 

Table 2: Geotechnical Resistance Factors for Deep Foundations – 2015 NBCC 

Description Resistance Factor 

Shallow Foundations 0.5 

Deep Foundations 

Resistance to axial compressive load 

From Semi-Empirical Analysis 0.4 

From Static Loading Test Results 0.6 

From Dynamic Monitoring Results (i.e., 

Pile Driver Analyzer Testing) 

0.5 

Uplift resistance 
From Semi-Empirical Analysis 0.3 

From Loading Test Results 0.4 

Horizontal Load Resistance 0.5 

Under Limit States Design (LSD) methodology, foundations are to be designed considering both the factored 

Ultimate Limit State (ULS) and Serviceability Limit States (SLS). 

6.3.3 Shallow Foundations 

A shallow foundation system consisting of spread and strip footings bearing on the native stiff clay till may be used 

to support the proposed development, dependent on the structural load requirements.  

The ultimate bearing resistance, factored bearing resistance, and foundation soil properties for the design of strip 

and spread footings may be taken as the following, subject to other recommendations in this report (Table 3). 

Table 3: Shallow Foundations LSD Design Parameters (for Static Loads Only) 

Soil Type 
Ultimate Bearing 

Resistance  
(kPa) 

Factored Bearing 
Resistance  

(kPa) 

Foundation Soil 
Unit Weight 

(kN/m3) 

Modulus of 
Subgrade Reaction 

(MPa/m) 

Native stiff clay till 330 165 19 15 

A geotechnical resistance factor of 0.5 was utilized to calculate the ULS factored values of bearing resistance in 

accordance with the Building Code. 
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In order to validate the bearing resistances provided above and to confirm the actual bearing resistance for 

individual structures, a bearing observation will be required during construction. Tetra Tech can provide this service, 

if requested. 

All footing elements should be placed on native clay till. It is preferred that footings be placed on a single-material 

type to reduce the potential for post-construction settlement of foundation elements (differential and consolidation 

settlement). If pockets of uncontrolled fill or soft, loose, or wet soils are encountered at the footing depth, those 

materials should be subexcavated and replaced with structural fill or leancrete concrete or the footing can be 

stepped down. 

Groundwater seepage during footing excavation is not anticipated in the project area based on the observed 

groundwater levels; however, localized perched groundwater may be encountered in the sand interbeds or lenses 

within the clay till. 

It is recommended that a smooth-edge trimming bucket or grade-all be used for final excavation to the foundation 

subgrade elevation to minimize disturbance of the exposed bearing soils.  

The footing subgrades are highly susceptible to weathering and deterioration when exposed and unprotected. 

Footing excavations must be protected at all times from freezing temperatures, rain, the ingress of free water, 

disturbance by construction traffic, and excessive drying. It is recommended that exposed bearing surfaces be 

protected with a mudslab if foundations are not constructed promptly after excavation. 

Recommendations for the minimum depth of cover for footings are presented under Section 6.10.  

Foundations subjected to significantly inclined, eccentric, or dynamic loading require special considerations and 

should be geotechnically assessed on an individual basis. 

Design and construction of the shallow foundations should comply with the relevant Building Code requirements.  

Further recommendations regarding design and construction of shallow foundations are presented in Appendix D. 

6.3.4 Bored Cast-in-Place Piles 

Bored cast-in-place piles founded on or in the native clay till or sand may be designed to resist axial compressive 

loads based on the design parameters provided in Table 4. Additionally, any piles founded in the sand will require 

temporary casing as soil sloughing conditions during geotechnical drilling were encountered. A geotechnical 

resistance factor of 0.4 was used to calculate the ULS values and factored values of shaft and base resistances. 

Table 4: Bored Cast-in-Place Pile Design Parameters (for Compressive Loads) 

Depth below Existing Ground 
Surface 

ULS Ultimate 
Shaft Resistance

(kPa) 

ULS Factored 
Shaft Resistance

(kPa) 

ULS Ultimate 
Base Resistance

(kPa) 

ULS Factored 
Base Resistance

(kPa) 

0 m to 2.0 m 

(fill soils or clay till) 
N/A N/A N/A N/A 

2.0 m to 6.0 m  

(stiff to very stiff clay till) 
45 18 550* 220*

6.0 m to 8.1 m** 

(hard clay till/dense sand) 
75 30 750 300 

Note:  *Base resistance should be applied for piles founded at a minimum depth of 6.0 m below the existing ground surface. 

 **Pile design parameters at deeper depths would need to be confirmed either by drilling to deeper depths or at the time of pile 
installation monitoring during construction. 
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The factored capacities presented in Table 4 are based on the assumption that mechanical cleaning of the pile 

sides and bases will be undertaken during installation. 

Base resistance should only be considered in the design where base cleaning can be verified during construction. 

The pile base should be cleaned by means of a cleaning bucket or “crumb tray” to remove loose and sloughed 

material. This equipment should comprise a bucket with a diameter slightly less than the pile diameter, with a blade 

for scraping the base during rotation.  

Bored piles in unheated areas should have an overall concreted pile length below final grade of no less than 6.0 m 

and a minimum shaft diameter of 400 mm. Longitudinal reinforcement in the piles supporting unheated structures 

should extend a minimum of 6.0 m below the final grade to provide adequate uplift resistance against frost jacking. 

Piles along perimeter of a heated structure should be founded at a minimum depth of 4.5 m below the final grade 

with reinforcement extending to the same depth or deeper.  

General recommendations for the design and construction of the bored cast-in-place piles are provided in 

Appendix D. Additional recommendations for the bored cast-in-place piles are included below. 

The factored side resistance in the upper 2.0 m below the final ground level should be ignored in calculating the 

pile load capacities. 

Bored cast-in-place piles should be spaced no closer than 2.5 times the base diameter (measured centre-to-centre). 

Difficult drilling conditions during the pile installation may arise in the clay till or sand if cobbles or boulders are 

encountered. Such drilling difficulties should be assessed by the piling contractor. 

Under-reaming or belling is not recommended considering the potential of soil sloughing in the pile bell (sand was 

recovered as loose during drilling) and potential presence of cobbles and boulders in the till soils. The feasibility of 

construction of belled piles should be assessed prior to construction by the piling contractor. 

The contractor should have all required and/or reasonably anticipated equipment on site prior to the construction of 

any pile. 

Field adjustments of pile dimensions (i.e., lengths and/or diameter) based on the encountered subsurface conditions 

should be expected and should be included in contract documents. 

Groundwater seepage and sloughing of the pile bore may be encountered if drilling intercepts saturated sand 

interbeds or perched groundwater within the till soils. Casing may be required during pile installation if groundwater 

seepage and sloughing are encountered. The piling contractor should make his own assessment of casing 

requirements and should consider such factors as construction procedures and bore diameter.  

6.3.5 Foundation Settlement – SLS Design 

6.3.5.1 General 

The SLS must also be addressed in addition to analyzing the ULS resistance of a foundation, as discussed in the 

following sections. 

6.3.5.2 Shallow Foundations 

The SLS is an analysis of the amount of settlement that a foundation element would undergo using unfactored 

structural loads. Typically, a settlement of 25 mm is used as a tolerable limit for most structures.  
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Settlement-based criterion from elastic displacement theory is used to assess the SLS design of shallow 

foundations. The following expression should be used to estimate the settlement of shallow foundations under SLS 

conditions, using unfactored structural loads: 

� =
�

��
∗ �

Where: 

S = Foundation settlement (m). 

P = Unfactored structural load (live load plus dead load, kN). 

B = Footing width (m). 

L = Footing length (m). 

E = Elastic modulus of the founding soil (assume 15 MPa for engineered fill and native clay till). 

� = 	 �0.45 ∗ ��
�

�
� + 0.79

The footing dimensions used in the above expression should be the footing width determined from analysis of 

factored ULS structural loads and factored ULS base resistance for each loading case. If the calculated settlement 

is higher than tolerable for the structure, SLS may govern the footing design. Under such conditions, Tetra Tech 

should be contacted to provide further direction regarding suitable methods of settlement control. 

6.3.5.3 Bored Cast-in-Place Piles 

For piles designed on the basis of shaft resistance alone, the ultimate shaft resistance is typically mobilized after a 

relatively small pile displacement (approximately 5 mm to 10 mm). Full mobilization of the shaft resistance occurs 

prior to full mobilization of the base resistance (i.e., additional settlement is required to mobilize the base resistance). 

The displacement of the soil at the base of the pile is assumed to be 5 mm for a pile designed on the basis of shaft 

resistance only.  

For a pile designed with a base resistance accounted for (either alone or in combination with shaft resistance), 

additional displacement of the soil at the base of the pile would be required in order to mobilize the base resistance. 

As such, the use of the simplified assumption of 5 mm displacement of the pile base would not be valid and should 

be replaced by a more detailed assessment of the soil displacement at the base of the pile. Large settlement can 

thus occur prior to a plunging failure of the pile for base resistance. Settlement-based criterion from elastic 

displacement theory is, therefore, used to assess the SLS design of piles that incorporate base resistance 

(i.e., end-bearing). Pile load testing would be required in order to obtain a more accurate estimate of pile settlement. 

For end-bearing piles, the following expression should be used to estimate the settlement of a pile under SLS 

conditions, using unfactored structural loads: 

S = (0.91 x P) / (B x E) 
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Where: 

S = Foundation settlement (m). 

P = Unfactored structural load (live load plus dead load, kN) applied at the pile base. 

B = Pile base diameter (m).  

E = Elastic Modulus of the founding soil; use 15 MPa for piles founded in the stiff to very stiff clay 

till and use 40 MPa for piles founded in the hard clay till/sand. 

For each loading case, the pile base diameter used in the above expression should determine from analysis of 

factored (ULS) structural loads and factored (ULS) base resistance. If the calculated settlement is higher than 

tolerable for the structure, SLS may govern the pile design. Under such conditions, Tetra Tech should be contacted 

to provide further direction regarding suitable methods of settlement control. 

Elastic compression of the pile shaft must be considered, regardless of whether the pile is designed on the basis of 

shaft resistance only, base resistance only, or a combination of the two. The elastic compression of the pile shaft 

is typically small compared to the amount of compression of the soil at the base of the pile that is required to fully 

mobilize either the shaft resistance or base resistance. The pile base displacement must be combined with the 

elastic shaft compression to determine the total pile head settlement. 

6.3.6 Laterally Loaded Piles (Modulus of Horizontal Subgrade Reaction) 

The resistance of vertical piles to horizontal load involves soil structure interaction and is commonly analyzed using 

computer structural analysis software. Lateral pile performance may be analyzed using a modulus of horizontal 

subgrade reaction (ks) and spring constant (K). 

The modulus of the horizontal subgrade reaction has been estimated based on the soil properties at the project 

site. It is recommended that the design ks value increase linearly from zero at the ground surface to the value 

calculated from the formula provided at a depth of 2.0 m below the top of pile. Below this depth, the modulus of 

horizontal subgrade reaction may be assumed to be constant for a given soil layer. 

The SLS modulus of horizontal subgrade reaction for a pile diameter ‘B’ is calculated as follows: 

k� = k��/B (MPa/m) 

Where: 

k's  = Coefficient of horizontal subgrade reaction (MPa). 

= 15 MPa for the in situ soils at depth between 2.0 m to 6.5 m. 

= 40 MPa for the in situ soils at depth greater than 6.5 m. 

B = Pile diameter (m). 

The spring constant (K) for use in modelling lateral pile capacity may be obtained as follows: 

� = �′��		(��/�)
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Where: 

L = Length of pile segment (m). 

6.3.7 Pile Group Effects 

Group load reduction factors do not have to be applied for vertically-loaded piles spaced at a distance greater than 

two and a half times their base diameter, measured centre-to-centre. Group settlement for bored piles can be an 

issue; however, pile spacing and sizes are important factors. This should be evaluated during the detailed design 

stage. Groups of laterally-loaded piles should be evaluated on an individual basis to confirm their performance 

under lateral loads. 

6.4 Seismic Design 

In accordance with the 2015 NBCC and based on the soil stratigraphy, the project site can generally be classified 

as ‘Site Class D’ for seismic response. 

6.5 Floor Slabs-on-Grade 

Slab-on-grade construction is considered feasible, provided certain precautions are undertaken. Uncontrolled fill or 

any loose, wet, or disturbed native soil should be completely subexcavated from the exposed subgrade following 

excavation to the floor slab elevation. The final grade should then be established or restored, as necessary, by 

select engineered fill or structural engineered fill placement. 

The slab subgrade should be proof-rolled and any soft or loose pockets detected should be over-excavated and 

replaced with select engineered fill or structural engineered fill, as necessary. The slab subgrade should be 

approved by qualified geotechnical personnel prior to structural fill or concrete placement. Recommended 

procedures for proof-rolling are presented in Section 6.2.1. Backfill materials and further recommendations for  

slab-on-grade construction are included in Appendix D. 

Should greater than 2.0 m of engineered fill be required to restore the slab subgrade elevation for the proposed 

structure, then post-construction slab settlements (consolidation settlements) should be anticipated. The amount of 

the anticipated settlement may be provided in the deep fill report, if requested as an additional work scope. 

As previously noted, and in Appendix D, select engineered fill or structural engineered fill should be placed in 

compacted lifts not exceeding 150 mm and compacted to no less than 98% of the SPMDD and at a moisture content 

at or slightly above or below optimum. 

Tetra Tech should be given the opportunity to re-evaluate the recommendations for slab-on-grade construction if 

floor slab loading is expected to exceed 15 kPa, if the floor slab is to support vibrating equipment, or if floor slab 

traffic is expected to be high. 

Some relative movement between floor slabs-on-grade and adjacent walls or foundations and differential 

movements within the slabs should be anticipated. Generally, if the recommendations outlined in this report are 

followed, these movements should be acceptably small. It is possible, however, that some cracking of the slab or 

distortion of any internal partition walls supported by the slab may occur. Such damage may be visible, particularly 

if a brittle surface finishing, such as ceramic tiles, is adopted. The risk of such damage should be weighed against 

the additional costs associated with alternative slab support systems, such as structurally supported slabs. 

The above recommendations are based on the assumption that building foundation or other structural loads will not 

be transferred to the slabs. The recommendations will need to be revised/updated if the building foundation or other 

structural loads are required to be supported on slabs.   
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6.6 Structural Slab 

A structurally supported floor slab may be considered as an alternative to slab-on-grade construction if slab 

movement or differential movement between the slab and adjacent walls/foundations cannot be tolerated. 

With any structurally supported floor slab system, there is a risk of movement of the ground beneath the slab relative 

to the slab. This can lead to problems if piping and other utilities that are connected to the slab are embedded within 

the ground beneath the slab. All utilities beneath structurally supported ground floor slabs should be protected from 

the effects of such differential movement. This can be accomplished by suspending the utilities from the structural 

slab and isolating the utilities from contact with the ground using suitable measures. Alternatively, improvement of 

the subsurface soil conditions beneath the structurally supported floor slab may be viable upon further geotechnical 

review. 

6.7 Construction Excavation 

The consistencies of the soils encountered at the site are such that conventional hydraulic excavators should be 

able to remove these materials. 

Sloping of the excavation sides to provide short-term stability will be feasible, and it is recommended that sideslopes 

be trimmed at 1H:1V for temporary excavations up to 3.0 m deep in the in situ very stiff clay till. Sideslopes of 

excavations deeper than 3 m and below groundwater seepage level, if encountered, should be assessed on an 

individual basis during construction by a qualified geotechnical engineer based on the encountered site conditions. 

Temporary surcharge loads, such as construction material or equipment, should not be allowed within 3.0 m of the 

unsupported excavation face. The sideslopes must conform to the Occupational Health and Safety Standards for 

worker entry. 

Temporary slopes generally become less stable as time passes so efforts to minimize the length of time excavations 

are to remain open is recommended. Prior to allowing workers to enter, construction excavations should be carefully 

observed by qualified personnel for evidence of instability, such as cracks, bulging, or soil loss from seepage areas. 

Evidence of excavation instability should be reported to Tetra Tech and corrected prior to allowing worker access. 

Any loose soil blocks, cobbles, and the like should be scaled from the excavation slopes prior to worker entry. 

If sloping of excavation sides is not feasible due to space limitations or other factors, then steep-sided excavations 

greater than 1.5 m deep (limit defined by applicable health and safety legislation) will have to be shored or entered 

only in conjunction with an appropriate safety device (e.g., trench boxes for relatively narrow utility trenches) utilized 

in accordance with the manufacturer’s recommendations. Temporary shoring or underpinning will also have to be 

employed where foundations exist within 1H:1V distance from the bottom of the proposed excavation. 

General recommendations regarding construction excavations are given in Appendix D. 

6.8 Construction Dewatering 

Groundwater seepage is not expected in excavations across the project site based on the groundwater observations 

in the standpipes. Localized water-bearing sand interbeds or lenses/layers as perched groundwater may be 

encountered during construction. A system of ditches leading to sumps equipped with pumps may be required in 

such an event and should be designed to sufficiently dewater excavations depending on the rate of water inflow. 
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6.9 Site Grading and Drainage 

It is recommended that final site grading be provided to direct surface water to areas remote from the proposed 

structures. Minimum landscape gradients of 1.5% are recommended to reduce the risk of runoff ponding in localized 

areas. A minimum gradient of 1% is recommended for paved surfaces. 

Parking lots or landscaping within a zone of approximately 2.0 m of the exterior perimeter of any structure should 

be graded to drain away from the structures at a minimum gradient of 2%. 

Downspouts should be positively directed away from the building or, if local regulations permit, directed into the 

storm drain system. 

6.10 Frost Protection 

Soils beneath and/or surrounding the footing and grade beams, once cast, should be protected from freezing during 

and after construction to prevent the potential of heaving and cracking of the foundation elements.  

For protection against frost action, perimeter footings in heated structures should be extended to such depth as to 

provide a minimum soil cover of 1.4 m. Isolated exterior footings, exterior/unheated slabs, and footings in unheated 

structures should have a minimum soil cover of 2.1 m unless provided with equivalent insulation. 

Interior footings within a heated structure founded on native or engineered fill should be provided with at least 0.6 m 

of soil cover. 

For frost protection, deep foundations supporting the unheated structures should be founded at a minimum depth 

of 6.0 m below the final ground surface and should be provided with full length of reinforcement. Piles along the 

perimeter of a heated structure should be founded at a minimum depth of 4.5 m below the final grade with 

reinforcement extending to the same depth or deeper. 

Grade beams and pile caps should be provided with the same soil cover as for footings. Grade beams that do not 

have adequate soil cover for frost protection should have a minimum of 100 mm void space on the underside of the 

grade beam to reduce the risk of interaction with the underlying soil. 

Pipes buried with less than 2.0 m of soil cover should be protected with insulation to avoid damage or breakage as 

a result of frost action. 

6.11 Backfill Materials and Compaction 

The existing site fill or underlying clay till is considered suitable for use as general engineered fill materials, provided 

certain precautions, as discussed below, are taken. 

The clay fill material should be free of miscellaneous debris and organics. Cobbles and boulders exceeding the 

allowable particle size, as defined in Appendix D for “General Engineered Fill”, should be removed. 

Moisture conditioning may be required to ensure proper compaction. These site soils may be too wet or may be too 

dry at the time of their compaction. Accordingly, the need for moisture conditioning of the site soils should be 

anticipated. Backfill soils should be uniformly conditioned to a suitable moisture content (wetting or drying the fill, 

as necessary) prior to compaction. Soils containing organic matter may be used in the landscape fills. 

Backfill comprising silts and very fine silty sands, as well as silty clay soils to a lesser extent, should be considered 

frost-susceptible and should not be used in areas where it may become frozen and where frost heaving would be 

unacceptable. 
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General engineered fill should be placed and compacted at a minimum of 98% SPMDD and moisture conditioned 

to within 3% above Optimum Moisture Content (OMC) for fine-grained soils and ±3% of OMC for granular soils. 

Maximum compacted lift thicknesses of 150 mm are recommended.  

Full-time monitoring and compaction testing should be provided during fill placement to ensure that suitable 

subgrade conditions are prepared and that the fill is properly moisture-conditioned and compacted. Qualified 

geotechnical personnel, independent of the contractor, should complete this monitoring. 

Further recommendations regarding backfill materials and compaction are contained in Appendix D. 

6.12 Buried Utilities 

Underground utilities installed in the in situ clay till soils on site may be designed according to conventional utility 

line design with no special precautionary measures necessary. Provision should be made to protect buried utilities 

from potential damage due to potential future differential settlement for all utilities to be installed in existing or new 

fill soils. 

Potential groundwater seepage is expected with deep excavations. If encountered, groundwater should be 

dewatered as outlined in the above sections. 

Service connections to buildings should be designed to permit some relative vertical movement. 

6.13 Concrete Type 

Two tests were undertaken to determine the water-soluble sulphate content in the soil samples recovered from the 

project site. 

The test results indicated sulphate concentrations of 0.07% in Borehole BH-01 and 0.06% in Borehole BH-03. The 

result indicated the potential degree of a sulphate attack on the concrete as “negligible” for the clay till. Accordingly, 

sulphate-resistant concrete meeting the requirements of Canadian Standards Association (CSA) A23.1-14 

Exposure Class S-2 is recommended where in contact with site soils results are nearly moderate for sulphate attack. 

Additionally, Tetra Tech’s previous experience with the clay till soils have yielded higher degrees of sulphate attack.  

A more stringent exposure classification may be required due to structural requirements or other exposure 

considerations (CSA A23.1-14, Table 1). 

Any imported fill placed in contact with concrete should be tested for water-soluble sulphate content and the above 

recommendations should be re-evaluated. 

7.0 PAVEMENT DESIGN RECOMMENDATIONS 

The pavement areas at the site are understood to comprise predominantly light vehicle private parking. Main 

entrances and drive lanes will have occasional heavy vehicle traffic for deliveries, waste removal, buses, and 

emergency vehicles. A concrete approach slab is required for the waste pickup area.  

The pavements will be required to accommodate standard City of Calgary Fire Department Apparatus, such as 

engines, aerials, tenders, and rescues, with a maximum weight of 85,000 lbs. The following pavement sections 

have been prepared: 

 Parking Areas; 

 Main Entrances and Drive Lanes; and 
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 Concrete Approach Slab. 

7.1 Asphalt Concrete Pavement Design  

Detailed pavement design was undertaken based on the information provided by the client. The following sections 

provide the structural pavement design including the basis, assumptions, methodology, and analysis utilized for the 

development of the pavement design recommendations.  

7.1.1 Traffic Analysis 

Traffic data utilized in the design was comprised of an assumed Average Annual Daily Traffic (AADT) level of 100 

and a heavy vehicle frequency in the range of 1 to 3 vehicles per day. It is assumed that a combination of heavy 

vehicles would be present, including buses, deliveries, garbage removal, and in the case of emergencies, fire trucks.  

To determine the traffic loading conditions for the design period, the following additional assumptions were used in 

accordance with the project details and The City of Calgary Roads Construction 2015 Standard Specifications, 

Section 308.00.00: 

 Design period of 40 years; 

 2% growth rate; 

 100% heavy traffic in the design lane; 

 100% heavy traffic in each direction; 

 1% to 3% heavy traffic; 

 Combined Load Equivalency Factor of 2.0 for the combination of heavy vehicles; and 

 Maximum vehicle load of 85,000 lbs (City of Calgary Fire Department Aerials).  

Based on these inputs, the design traffic loading in terms of equivalent single axle loads (ESALs) are 45,000 for the 

parking areas and 135,000 for the main entrances and drive lanes over the 40-year design period.  

7.1.2 Subgrade Support Characterization 

Tetra Tech is currently has conducted a laboratory assessment of the subgrade support characteristics by 

completing California bearing ratio (CBR) testing on a sample that was recovered from soils at subgrade elevation 

within the proposed development. Based on the testing, a CBR value of 3.2 at 98% SPMDD has been utilized to 

develop the pavement designs presented below. This translates a subgrade modulus (MR) of 33.0 MPa.  

7.1.3 Pavement Design Methodology 

The pavement structural design is based on the American Association of State Highway and Transportation Officials 

(AASHTO) Guide for Design of Pavement Structures (1993 Edition), as prescribed in The City of Calgary Roads 

Construction 2015 Standard Specifications, Section 308.00.00. In addition to the design traffic loading and subgrade 

support values previously described, the following design inputs have been used. 
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Table 5: AASHTO Pavement Design Inputs 

Criteria Value 

Reliability – 40 year design private roadway 90% 

Initial Serviceability Index (Pi) 4.2 

Terminal Serviceability Index (Pt) 2.5 

Serviceability Loss (ΔPSI) 1.7 

Overall Standard Deviation (So) 0.45 

Structural Layer Coefficients (α) 

Asphalt Concrete Pavement – 0.40 

25 mm minus Granular Base Course – 0.14 

80 mm minis Granular Sub-Base Course – 0.11 

7.1.4 Design Pavement Structure Recommendations 

Based on the design period traffic loading, subgrade support modulus, and the remaining AASHTO design input 

parameters, design pavement structures are presented below.  

Table 6: Recommended Design Asphalt Concrete Pavement Structures 

Pavement Section 

Design Thickness (mm) Total Design 
Pavement Structure 

Thickness 
(mm) 

Asphalt Concrete 
Pavement1

Crushed Granular 
Base  

(25 mm minus) 

Crushed Granular 
Sub-Base  

(80 mm minus) 

Parking Areas 80 100 200 380 

Main Entrances and 

Drive Lanes 
100 100 200 400 

Note: 1See Section 7.3.4 for recommended Asphalt Concrete Pavement type.

The design structural numbers satisfy the minimum required structural numbers for the pavement section. Based 

on the traffic loading, the design pavement structures presented above are expected to provide a serviceable 

pavement life of at least 40 years. 

The pavement structures recommended are in consideration of the adequacy of the prepared subgrade being 

determined by proof-rolling prior to pavement construction. Based on the results of the proof-rolling observed by 

qualified geotechnical personnel, the requirements for geotextile reinforcement should be determined on site. 

Geotextile applications may include the addition of geotextile reinforcement layers or adjustments to the geotextile 

type and/or locations within the pavement structure. 

Alternatively, equivalent pavement sections may be proposed for the project. Tetra Tech should be given the 

opportunity to review the designs to ensure the intent of the pavement designs conducted has been maintained. 

7.2 Portland Cement Concrete Pavement Design 

The recommended Portland cement concrete pavement structure for the concrete approach slabs for waste removal 

is presented below. 
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Table 7: Recommended Design Portland Cement Concrete Pavement Structure 

Pavement Section 

Design Thickness  
(mm) Total Design 

Pavement Structure 
Thickness 

(mm) 

Portland Cement 
Concrete 
Pavement 

Crushed Granular 
Base  

(25 mm minus) 

Crushed Granular 
Sub-Base  

(80 mm minus) 

Concrete Approach 

Slabs 
225 175 0 400 

The concrete apron pavement structure is in accordance with The City of Calgary Roads Construction 2015 

Standard Specifications, Section 312.17.00 for Bus Lay-Bys, and Standard Drawing 454.1012.008. Further details 

regarding the construction of Portland cement concrete pavements is provided in the Pavement Design and 

Construction Details section.  

7.3 Pavement Design and Construction Details 

7.3.1 Subgrade Preparation 

Subgrade preparation must be undertaken prior to pavement construction. The recommended standard for 

subgrade preparation is a minimum of 98% SPMDD to achieve the subgrade support characteristics utilized in the 

pavement designs. Clay soils should be compacted at a moisture content of -1% to +2% of the optimum moisture 

content. A minimum depth of subgrade preparation of 150 mm is in accordance with The City of Calgary Roads 

Construction 2015 Standard Specifications, Section 302.06.00.  

Prior to placement of the granular materials, the subgrade must be proof-rolled to identify any soft areas. Subgrade 

areas, which may be determined to be structurally deficient through proof-rolling, should be strengthened by means 

to be determined in the field. Strengthening procedures can include sub-excavation of the subgrade for increased 

thickness of granular base where only minimal strengthening is required. Where subgrades are weak, installation 

of separation membranes including geotextile reinforcement are utilized to strengthen the subgrade. The geotextiles 

reduce the amount of sub-excavation required and maintain separation the fine-grained subgrade at this site from 

the granular materials of the pavement structure. 

The following are other subgrade considerations for this project: 

 Topsoil or organic material should not be present at the subgrade within the footprint of all the proposed 
roadways; 

 Granular or asphalt materials are not to be placed on frozen material; 

 Any soft or incompetent soils identified during excavation or proof-rolling are to be subexcavated and removed 
from the footprint of the proposed roadway; and 

 The subgrade conditions should be observed by qualified personnel to confirm it can develop an adequate 
strength. 

7.3.2 Subsurface Drainage 

In accordance with The City of Calgary Roads Construction 2015 Standard Specifications, Section 308.01.02, all 

pavement designs shall include provision of longitudinal subdrains along the edge of the pavement structure to 

provide positive subsurface drainage. This requirement may be waived based on the measured groundwater table; 

however, adequate surface drainage of the pavement is required in the form of site grading and catchbasins. 
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For urban sections with storm sewers, it is considered appropriate to provide subsurface drainage in the form of 

longitudinal subdrains along the edge of the pavement structure. Subdrains will provide a means of evacuating 

water that infiltrates the pavement structure, either through cracks and vertical details (e.g., face-of-gutter) or from 

peripheral surface runoff. The subdrain should consist of a perforated flexible plastic drainpipe (100 mm diameter) 

complete with a filter sock. The drain should be placed along the edge of the pavement section in a recessed area 

of the prepared subgrade. Positive outfall of the drains should be provided at catchbasin locations or other 

stormwater outfalls. 

7.3.3 Granular Base Construction 

The granular base/sub-base materials and construction methods should meet the requirements of The City of 

Calgary Roads Construction 2015 Standard Specifications, Section 303.00.00. The granular base and sub-base 

materials should be compacted to a minimum of 98% SPMDD. Granular base designs should include weeper holes 

installed into catchbasin barrels and storm manholes at trapped lows to drain free moisture, which may periodically 

enter the granular base layer. The granular base materials supplied should be prequalified prior to delivery to site. 

7.3.4 Asphalt Concrete Construction 

The asphalt concrete materials and construction methods should meet the requirements of The City of Calgary 

Roads Construction 2015 Standard Specifications, Section 307.00.00. The mixtures shall be compacted to a 

minimum of 93% of maximum relative density (MRD). 

The recommended asphalt concrete mix and binder type for this site is The City of Calgary Mix Type ‘B’ utilizing 

PG 58-31 binder, in accordance with The City of Calgary Roads Construction 2015 Standard Specifications, 

Section 307.00.00. 

7.3.5 Portland Cement Concrete Construction 

The properties of concrete should meet the requirements of The City of Calgary Roads Construction 2015 Standard 

Specifications, Sections 312.03.01 – Mix Properties, Section 312.03.02 – Mix performance, and CSA A23.1-14, 

and CSA exposure class C-2 requirements. The construction methods should follow The City of Calgary Roads 

Construction 2015 Standard Specifications, Section 312.00.00 – Portland Cement Pavement. 

The Portland cement concrete shall include synthetic fibre reinforcement in accordance with The City of Calgary 

Roads Construction 2015 Standard Specifications, Section 310.02.06 1) Synthetic Fibres. The fibre length shall be 

50 mm.  

7.3.6 Cold Weather Construction and Frost Mitigation 

Construction of the subgrade and base layers should not be undertaken when the temperature is, or is projected to 

be, below zero degrees Celsius. Construction of the asphalt concrete pavement surface should shall follow the 

requirements of The City of Calgary Roads Construction 2015 Standard Specifications, Section 307.03.04 4, Hot 

Mix Asphalt Placing Temperature. Any frost present in underlying layers should be addressed by removal of the 

frost layer, heating to thaw frost, or waiting for the frost to naturally dissipate prior to placing subsequent layers. 

8.0 DESIGN AND CONSTRUCTION GUIDELINES 

Recommended general design and construction guidelines are provided in Appendix D under the following 

headings: 

 Shallow Foundations; 
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 Bored Cast-in-Place Piles; 

 Floor Slabs-on-Grade; 

 Construction Excavations; and 

 Backfill Materials and Compaction. 

These guidelines are intended to present standards of good practice. Although supplemental to the main text of this 

report, they should be interpreted as part of the report. Design recommendations presented herein are based on 

the premise that these guidelines will be followed. The design and construction guidelines are not intended to 

represent detailed specifications for the works, although they may prove useful in the preparation of such 

specifications. 

In the event of any discrepancy between the main text of this report and Appendix D, the main text should govern. 

9.0 REVIEW OF DESIGN AND CONSTRUCTION 

Tetra Tech should be given the opportunity to review details of the design and specifications related to the 

geotechnical aspects of this project prior to construction. 

Full-time monitoring and compaction testing should be provided during subgrade preparation and fill placement to 

ensure that suitable subgrade conditions are prepared and that suitable fill materials are placed and properly 

compacted. Qualified persons, independent of the contractor, should complete this monitoring. 

Subgrade preparation for floor slabs-on-grade construction should be monitored and tested by qualified personnel 

during construction. Tetra Tech can provide construction monitoring and compaction testing services, if requested. 

The deep foundation system should be monitored by qualified geotechnical personnel on a full-time basis during 

construction. 
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10.0 CLOSURE 

We trust this report meets your present requirements. If you have any questions or comments, please contact the 

undersigned.  

Respectfully submitted, 
Tetra Tech Canada Inc. 

Prepared by:  Reviewed by: 
Ryan Mateff, P.Eng.  Joseph Yonan, Ph.D., P.Eng. 
Geotechnical Engineer  Principal Consultant 
Engineering Practice  Engineering Practice 
Direct Line: 403.723.1553  Direct Line: 403.723.6885 
ryan.mateff@tetratech.com joseph.yonan@tetratech.com 

Prepared by (Pavements): 
Jadon M. Pickett, B.Sc., P.Eng. 
Project Engineer 
Engineering Practice 
Direct Line: 403.723.1546 
jadon.pickett@tetratech.com 

/blw 
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FIGURES 

Figure 1 Site Location Plan 

Figure 2 Borehole Location Plan 
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GEOTECHNICAL 
 
1.1 USE OF DOCUMENT AND OWNERSHIP 

This document pertains to a specific site, a specific development, and 
a specific scope of work. The document may include plans, drawings, 
profiles and other supporting documents that collectively constitute the 
document (the “Professional Document”). 
The Professional Document is intended for the sole use of TETRA 
TECH’s Client (the “Client”) as specifically identified in the TETRA 
TECH Services Agreement or other Contractual Agreement entered 
into with the Client (either of which is termed the “Contract” herein). 
TETRA TECH does not accept any responsibility for the accuracy of 
any of the data, analyses, recommendations or other contents of the 
Professional Document when it is used or relied upon by any party 
other than the Client, unless authorized in writing by TETRA TECH.  
Any unauthorized use of the Professional Document is at the sole risk 
of the user. TETRA TECH accepts no responsibility whatsoever for any 
loss or damage where such loss or damage is alleged to be or, is in 
fact, caused by the unauthorized use of the Professional Document. 
Where TETRA TECH has expressly authorized the use of the 
Professional Document by a third party (an “Authorized Party”), 
consideration for such authorization is the Authorized Party’s 
acceptance of these Limitations on Use of this Document as well as 
any limitations on liability contained in the Contract with the Client (all 
of which is collectively termed the “Limitations on Liability”). The 
Authorized Party should carefully review both these Limitations on Use 
of this Document and the Contract prior to making any use of the 
Professional Document. Any use made of the Professional Document 
by an Authorized Party constitutes the Authorized Party’s express 
acceptance of, and agreement to, the Limitations on Liability. 
The Professional Document and any other form or type of data or 
documents generated by TETRA TECH during the performance of the 
work are TETRA TECH’s professional work product and shall remain 
the copyright property of TETRA TECH. 
The Professional Document is subject to copyright and shall not be 
reproduced either wholly or in part without the prior, written permission 
of TETRA TECH. Additional copies of the Document, if required, may 
be obtained upon request. 
1.2 ALTERNATIVE DOCUMENT FORMAT 

Where TETRA TECH submits electronic file and/or hard copy versions 
of the Professional Document or any drawings or other project-related 
documents and deliverables (collectively termed TETRA TECH’s 
“Instruments of Professional Service”), only the signed and/or sealed 
versions shall be considered final. The original signed and/or sealed 
electronic file and/or hard copy version archived by TETRA TECH shall 
be deemed to be the original. TETRA TECH will archive a protected 
digital copy of the original signed and/or sealed version for a period of 
10 years. 
Both electronic file and/or hard copy versions of TETRA TECH’s 
Instruments of Professional Service shall not, under any 
circumstances, be altered by any party except TETRA TECH. TETRA 
TECH’s Instruments of Professional Service will be used only and 
exactly as submitted by TETRA TECH. 
Electronic files submitted by TETRA TECH have been prepared and 
submitted using specific software and hardware systems. TETRA 
TECH makes no representation about the compatibility of these files 
with the Client’s current or future software and hardware systems. 

1.3 STANDARD OF CARE 

Services performed by TETRA TECH for the Professional Document 
have been conducted in accordance with the Contract, in a manner 
consistent with the level of skill ordinarily exercised by members of the 
profession currently practicing under similar conditions in the 
jurisdiction in which the services are provided. Professional judgment 
has been applied in developing the conclusions and/or 
recommendations provided in this Professional Document. No warranty 
or guarantee, express or implied, is made concerning the test results, 
comments, recommendations, or any other portion of the Professional 
Document. 
If any error or omission is detected by the Client or an Authorized Party, 
the error or omission must be immediately brought to the attention of 
TETRA TECH. 
1.4 DISCLOSURE OF INFORMATION BY CLIENT 

The Client acknowledges that it has fully cooperated with TETRA TECH 
with respect to the provision of all available information on the past, 
present, and proposed conditions on the site, including historical 
information respecting the use of the site. The Client further 
acknowledges that in order for TETRA TECH to properly provide the 
services contracted for in the Contract, TETRA TECH has relied upon 
the Client with respect to both the full disclosure and accuracy of any 
such information. 
1.5 INFORMATION PROVIDED TO TETRA TECH BY OTHERS 

During the performance of the work and the preparation of this 
Professional Document, TETRA TECH may have relied on information 
provided by third parties other than the Client. 
While TETRA TECH endeavours to verify the accuracy of such 
information, TETRA TECH accepts no responsibility for the accuracy 
or the reliability of such information even where inaccurate or unreliable 
information impacts any recommendations, design or other 
deliverables and causes the Client or an Authorized Party loss or 
damage. 
1.6 GENERAL LIMITATIONS OF DOCUMENT 

This Professional Document is based solely on the conditions 
presented and the data available to TETRA TECH at the time the data 
were collected in the field or gathered from available databases. 
The Client, and any Authorized Party, acknowledges that the 
Professional Document is based on limited data and that the 
conclusions, opinions, and recommendations contained in the 
Professional Document are the result of the application of professional 
judgment to such limited data.  
The Professional Document is not applicable to any other sites, nor 
should it be relied upon for types of development other than those to 
which it refers. Any variation from the site conditions present, or 
variation in assumed conditions which might form the basis of design 
or recommendations as outlined in this document, at or on the 
development proposed as of the date of the Professional Document 
requires a supplementary exploration, investigation, and assessment. 
TETRA TECH is neither qualified to, nor is it making, any 
recommendations with respect to the purchase, sale, investment or 
development of the property, the decisions on which are the sole 
responsibility of the Client. 
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1.7 ENVIRONMENTAL AND REGULATORY ISSUES 

Unless stipulated in the report, TETRA TECH has not been retained to 
explore, address or consider and has not explored, addressed or 
considered any environmental or regulatory issues associated with 
development on the subject site. 
1.8 NATURE AND EXACTNESS OF SOIL AND 

ROCK DESCRIPTIONS 

Classification and identification of soils and rocks are based upon 
commonly accepted systems, methods and standards employed in 
professional geotechnical practice. This report contains descriptions of 
the systems and methods used. Where deviations from the system or 
method prevail, they are specifically mentioned. 
Classification and identification of geological units are judgmental in 
nature as to both type and condition. TETRA TECH does not warrant 
conditions represented herein as exact, but infers accuracy only to the 
extent that is common in practice. 
Where subsurface conditions encountered during development are 
different from those described in this report, qualified geotechnical 
personnel should revisit the site and review recommendations in light 
of the actual conditions encountered. 
1.9 LOGS OF TESTHOLES 

The testhole logs are a compilation of conditions and classification of 
soils and rocks as obtained from field observations and laboratory 
testing of selected samples. Soil and rock zones have been interpreted. 
Change from one geological zone to the other, indicated on the logs as 
a distinct line, can be, in fact, transitional. The extent of transition is 
interpretive. Any circumstance which requires precise definition of soil 
or rock zone transition elevations may require further investigation and 
review. 
1.10 STRATIGRAPHIC AND GEOLOGICAL INFORMATION 

The stratigraphic and geological information indicated on drawings 
contained in this report are inferred from logs of test holes and/or 
soil/rock exposures. Stratigraphy is known only at the locations of the 
test hole or exposure. Actual geology and stratigraphy between test 
holes and/or exposures may vary from that shown on these drawings. 
Natural variations in geological conditions are inherent and are a 
function of the historical environment. TETRA TECH does not 
represent the conditions illustrated as exact but recognizes that 
variations will exist. Where knowledge of more precise locations of 
geological units is necessary, additional exploration and review may be 
necessary. 
1.11 PROTECTION OF EXPOSED GROUND 

Excavation and construction operations expose geological materials to 
climatic elements (freeze/thaw, wet/dry) and/or mechanical disturbance 
which can cause severe deterioration. Unless otherwise specifically 
indicated in this report, the walls and floors of excavations must be 
protected from the elements, particularly moisture, desiccation, frost 
action and construction traffic. 
1.12 SUPPORT OF ADJACENT GROUND AND STRUCTURES 

Unless otherwise specifically advised, support of ground and structures 
adjacent to the anticipated construction and preservation of adjacent 
ground and structures from the adverse impact of construction activity 
is required. 
 
 
 
 

1.13 INFLUENCE OF CONSTRUCTION ACTIVITY 

Construction activity can impact structural performance of adjacent 
buildings and other installations. The influence of all anticipated 
construction activities should be considered by the contractor, owner, 
architect and prime engineer in consultation with a geotechnical 
engineer when the final design and construction techniques, and 
construction sequence are known. 
1.14 OBSERVATIONS DURING CONSTRUCTION 

Because of the nature of geological deposits, the judgmental nature of 
geotechnical engineering, and the potential of adverse circumstances 
arising from construction activity, observations during site preparation, 
excavation and construction should be carried out by a geotechnical 
engineer. These observations may then serve as the basis for 
confirmation and/or alteration of geotechnical recommendations or 
design guidelines presented herein. 
1.15 DRAINAGE SYSTEMS 

Unless otherwise specified, it is a condition of this report that effective 
temporary and permanent drainage systems are required and that they 
must be considered in relation to project purpose and function. Where 
temporary or permanent drainage systems are installed within or 
around a structure, these systems must protect the structure from loss 
of ground due to mechanisms such as internal erosion and must be 
designed so as to assure continued satisfactory performance of the 
drains.  Specific design details regarding the geotechnical aspects of 
such systems (e.g. bedding material, surrounding soil, soil cover, 
geotextile type) should be reviewed by the geotechnical engineer to 
confirm the performance of the system is consistent with the conditions 
used in the geotechnical design. 
1.16 DESIGN PARAMETERS 

Bearing capacities for Limit States or Allowable Stress Design, 
strength/stiffness properties and similar geotechnical design 
parameters quoted in this report relate to a specific soil or rock type 
and condition. Construction activity and environmental circumstances 
can materially change the condition of soil or rock. The elevation at 
which a soil or rock type occurs is variable. It is a requirement of this 
report that structural elements be founded in and/or upon geological 
materials of the type and in the condition used in this report. Sufficient 
observations should be made by qualified geotechnical personnel 
during construction to assure that the soil and/or rock conditions 
considered in this report in fact exist at the site. 
1.17 SAMPLES 

TETRA TECH will retain all soil and rock samples for 30 days after this 
report is issued. Further storage or transfer of samples can be made at 
the Client’s expense upon written request, otherwise samples will be 
discarded.  
1.18 APPLICABLE CODES, STANDARDS, GUIDELINES & BEST 
PRACTICE 

This document has been prepared based on the applicable codes, 
standards, guidelines or best practice as identified in the report. Some 
mandated codes, standards and guidelines (such as ASTM, AASHTO 
Bridge Design/Construction Codes, Canadian Highway Bridge Design 
Code, National/Provincial Building Codes) are routinely updated and 
corrections made. TETRA TECH cannot predict nor be held liable for 
any such future changes, amendments, errors or omissions in these 
documents that may have a bearing on the assessment, design or 
analyses included in this report. 
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APPENDIX B 
DESCRIPTION SHEETS AND BOREHOLE LOGS 





Tt_Borehole Terms_General.cdr

TERMS USED ON BOREHOLE LOGS

COARSE GRAINED SOILS (major portion retained on 0.075mm sieve): Includes (1) clean gravels and sands, and (2) silty or 
clayey gravels and sands. Condition is rated according to relative density, as inferred from laboratory or in situ tests.

FINE GRAINED SOILS (major portion passing 0.075mm sieve): Includes (1) inorganic and organic silts and clays, (2) gravelly, 
sandy, or silty clays, and (3) clayey silts. Consistency is rated according to shearing strength, as estimated from laboratory 
or in situ tests.

DESCRIPTIVE TERM

Very Loose
Loose

Compact
Dense

Very Dense

RELATIVE DENSITY

0 TO 20%
20 TO 40%
40 TO 75%
75 TO 90%
90 TO 100%

N (blows per 0.3m)

0 to 4
4 to 10
10 to 30
30 to 50

greater than 50

The number of blows, N, on a 51mm O.D. split spoon sampler of a 63.5kg weight falling 0.76m, required to drive the 
sampler a distance of 0.3m from 0.15m to 0.45m.

NOTE: Slickensided and fissured clays may have lower unconfined compressive strengths than 
shown above, because of planes of weakness or cracks in the soil.

DESCRIPTIVE TERM

Very Soft
Soft
Firm
Stiff

Very Stiff
Hard

UNCONFINED COMPRESSIVE 
STRENGTH (KPA)

Less than 25
25 to 50
50 to 100
100 to 200
200 to 400

Greater than 400

TERMS DESCRIBING CONSISTENCY OR CONDITION

Slickensided  -  having inclined planes of weakness that are slick and glossy in appearance.
Fissured  -  containing shrinkage cracks, frequently filled with fine sand or silt; usually more or less vertical.
Laminated  -  composed of thin layers of varying colour and texture.
Interbedded  -  composed of alternate layers of different soil types.
Calcareous  -  containing appreciable quantities of calcium carbonate.;
Well graded  -  having wide range in grain sizes and substantial amounts of intermediate particle sizes.
Poorly graded - predominantly of one grain size, or having a range of sizes with some intermediate size missing.

GENERAL DESCRIPTIVE TERMS

Data presented hereon is for the sole use of the stipulated client.  Tetra Tech EBA is not responsible, nor can be held liable, for use made of this report by any other party, with 
or without the knowledge of EBA. The testing services reported herein have been performed to recognized industry standards, unless noted. No other warranty is made. 
These data do not include or represent any interpretation or opinion of specification compliance or material suitability. Should engineering interpretation be required, EBA 
will provide it upon written request.
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B1

S1

B2

S2

B3

S3

B4

S4

B5

S5

B6

S6

CLAY (FILL) - silty, sandy, trace gravel, damp, medium plastic, brown

CLAY (TILL) - silty, some sand, trace gravel, damp, stiff, medium
plastic, brown, trace oxidation, trace coal specks

sulphate content 0.07%

- very stiff, sandy, some gravel
Clay 25%, Silt 37%, Sand 27% Gravel 11%

- stiff, trace sand

- very stiff, considerably more oxidation in SPT sample

SAND - fine grained, silty, trace clay, trace gravel, damp, compact,
light brown

END OF HOLE AT 8.1 m.
Standpipe installed to 7.0 m.
1.1 m of slough upon completion.
Dry upon completion.
Dry when measured on May 28, 2018.
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S1

S2

B1

S3

B2

S4

B3

S5

B4

S6

CLAY (FILL) - silty, some sand, trace gravel, damp, medium plastic,
brown

CLAY (TILL) - silty, some sand, trace gravel, damp, stiff, medium
plastic, brown, trace oxidation, trace coal specks

- pockets of silt/sand

- hard, more oxidation in SPT sample

- sandy

SAND - fine grained, silty, trace clay, trace gravel, damp, dense, light
brown, trace oxidation, trace coal specks

END OF HOLE AT 8.1 m.
1.1 m of slough upon completion.
Backfilled with cuttings.
Dry upon completion.
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S1

S2

B1

S3

B2

S4

B3

S5

B4

S6

CLAY (FILL) - silty, sandy, trace gravel, damp, medium plastic, brown

CLAY (TILL) - silty, some sand, trace gravel, damp, stiff, medium
plastic, brown, trace oxidation, trace coal specks

sulphate content 0.06%

- sand/silt pockets

- increasing oxidation

- very stiff, more oxidation

SAND - fine grained, silty, trace clay, trace gravel, damp, dense, light
brown, trace oxidation

- wet, groundwater seepage

END OF HOLE AT 8.1 m.
Standpipe installed to 7.2 m.
0.9 m of slough upon completion.
Dry upon completion.
Dry when measured on May 28, 2018.
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CLAY (FILL) - silty, sandy, trace gravel, damp, medium plastic, brown

CLAY (TILL) - silty, some sand, trace gravel, damp, stiff, brown, trace
oxidation, trace coal specks

- firm

END OF HOLE AT 3.5 m.
Backfilled with cuttings.
Dry upon completion.

Bulk sample taken from 0.3 to 1.5 m.
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CLAY (FILL) - silty, sandy, trace gravel, damp, medium plastic, brown

CLAY (TILL) - silty, some sand, some gravel, damp, firm, medium
plastic, brown, trace oxidation, trace coal specks

- stiff

- sand pockets

END OF HOLE AT 3.5 m.
Backfilled with cuttings.
Dry upon completion.

Bulk sample taken from 0.3 to 1.5 m.
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CLAY (FILL) - silty, sandy, trace gravel, damp, medium plastic, brown

CLAY (TILL) - silty, some sand, trace gravel, damp, firm, brown, trace
oxidation, trace coal specks

- stiff

- sandy

END OF HOLE AT 3.5 m.
Backfilled with cuttings.
Dry upon completion.

Bulk sample taken from 0.3 to 1.5 m.
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CLAY (FILL) - silty, sandy, trace gravel, damp, medium plastic, brown

CLAY (TILL) - silty, some sand, trace gravel, damp, stiff, medium
plastic, brown, trace oxidation, trace coal specks

END OF HOLE AT 3.5 m.
Backfilled with cuttings.
Dry upon completion.

Bulk sample taken from 0.3 to 1.5 m.
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SHALLOW FOUNDATIONS 
 

Design and construction of shallow foundations should comply with relevant Building Code requirements. 

The term ‘shallow foundations’ includes strip and spread footings, mat slab, and raft foundations. 

Minimum footing dimensions in plan should be in accordance with the applicable design code of the local 
jurisdiction. 

No loose, disturbed or sloughed material should be allowed to remain in open foundation excavations. Hand 
cleaning should be undertaken to prepare an acceptable bearing surface.  

Foundation excavations and bearing surfaces should be protected from rain, snow, freezing temperatures, 
excessive drying, and the ingress of free water before, during, and after footing construction. 

Footing excavations should be carried down into the designated bearing stratum. 

After the bearing surface is approved, a mud slab should be poured to protect the soil against inclement weather 
and provide a working surface for construction.  

All constructed foundations should be placed on unfrozen soils, which should be at all times protected from frost 
penetration. 

All foundation excavations and bearing surfaces should be inspected by a qualified geotechnical engineer to check 
that the recommendations contained in this report have been followed. 

Where over-excavation has been carried out through a weak or unsuitable stratum to reach into a suitable bearing 
stratum or where a foundation pad is to be placed above stripped natural ground surface such over-excavation may 
be backfilled to subgrade elevation utilizing either structural fill or lean-mix concrete. These materials are defined 
below: 

 “Structural engineered fill” should comprise clean, well-graded granular soils. 

 “Lean-mix concrete” should be low strength concrete having a minimum 28-day compressive strength of 
3.5 MPa. 
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BORED CAST-IN-PLACE CONCRETE PILES 
 

Design and construction of piles should comply with relevant Building Code requirements. 

Piles should be installed under full-time inspection of qualified geotechnical personnel. Pile design parameters 
should be reviewed in light of the findings of the initial bored shafts drilled on a site. Further design review may be 
necessary if conditions observed during site construction do not conform to design assumptions. 

Where fill material or lenses or strata of sand, silt or gravel are present within the designed pile depth, these may 
be incompetent and/or water bearing and may cause sloughing. Casing should be on hand before drilling starts and 
be used, if necessary, to seal off water and/or prevent sloughing of the bore. 

If piles are to be underreamed (belled), the underreams should be formed entirely in self-supporting soil and entirely 
within the competent bearing stratum. Where sloughing occurs at design elevation it may be necessary to extend 
the base of the pile bell to a greater depth. Piles may be constructed with bells having outside diameters up to 
approximately three times the diameters of their shafts. Piles with shaft diameters of less than 400 mm should not 
be underreamed due to difficulties associated with ensuring a clean base. 

Prior to pouring concrete, bottoms of pile bells or of straight shaft end bearing piles should be mechanically cleaned 
of all disturbed material. 

Pile bores should be visually inspected after completion to ensure that disturbed materials and/or water are not 
present on the base so that recommended allowable bearing and skin friction parameters may apply. 

Other procedures to inspect the pile shafts may be used where shaft diameters of less than 760 mm (30 inch) are 
constructed, such as, inspection with a light or with the use of a downhole camera. 

For safety reasons, where hand cleaning and/or 'down shaft' inspection by personnel are required, the pile shaft 
must be cased full length prior to personnel entering the shaft. 

Reinforcing steel should be on hand and should be placed as soon as the bore has been completed and approved. 

Longitudinal reinforcing steel is recommended to counteract the possible tensile stresses induced by frost action 
and should extend to a minimum depth of 3.5 m. A minimum steel of 0.5 percent of the gross shaft area is 
recommended or per applicable building code requirements. 

Where a limited quantity of water is present on the pile base (<50 mm), it should be removed. Where significant 
quantities of water are present (>50 mm), and it is impracticable to exclude water from the pile bore, concrete should 
be placed by tremie techniques or a concrete pump. 

A "dry" pile should be poured by "free fall" of concrete only where impact of the concrete against the reinforcing 
cage, which can cause segregation of the concrete, will not occur. A hopper should be used to direct concrete down 
the centre of the pile base and to prevent impact of concrete against reinforcing steel. 

Concrete used for "dry" uncased piles should be self-compacting and should have a target slump of 125 mm. Where 
casing is required to prevent sloughing or seepage, the slump should be increased to 150 mm. The casing should 
be filled with concrete and then the casing should be withdrawn smoothly and continuously. Sufficient concrete 
should be placed to allow for the additional volume of the casing and reduction in level of the concrete as the casing 
is withdrawn. Concrete should not be poured on top of previously poured concrete, after the casing is withdrawn. 
In order to comply with maximum water:cement ratios for the concrete, the use of chemicals (or superplasticizers) 
to temporarily increase the slump may be required. Concrete for each pile should be poured in one continuous 
operation and should be placed immediately after excavation and inspection of piles, to reduce the opportunity for 
the ingress of free water or deterioration of the exposed soil or rock. 
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If piles cannot be formed in dry conditions then the concrete should be placed by tremie tube or concrete pump. 
Concrete placed by tremie should have a slump of not less than 150 mm. A ball or float should be used in the tremie 
tube to separate the initial charge of concrete from the water in the pile bore. The outlet of the tremie tube should 
be maintained at all times 1.0 m to 2.0 m below the surface of the concrete. The diameter of the tremie tube should 
be at least 200 mm. The tube should be water tight and not be made of aluminum. Smaller diameter pipes may be 
used with a concrete pump. The surface of the concrete should be allowed to rise above the cut off level of the pile, 
so that when the temporary casing is withdrawn and the surface level of the concrete adjusts to the new volume, 
the top of the uncontaminated concrete is at or above the cut off level. The concrete should be placed in one 
continuous smooth operation without any halts or delays. Placing the lower portion of the pile by tremie tube and 
placing the upper portion of the pile by "free fall" should not be permitted, to ensure that defects in the pile shaft at 
the top of the tremie concrete do not occur. As the surface of the concrete rises in the pile bore the water in the pile 
bore will be displaced upwards and out of the top of the pile casing. 

When concreting piles by tremie techniques, allowance should be made for the removal of contaminated or 
otherwise defective concrete at the tops of the piles. 

An accurate record of the volume of concrete placed should be maintained as a check that a continuous pile had 
been formed. 

Concrete should not be placed if its temperature is less than 5°C or exceeds 30°C, or if it is more than two hours 
old. 

Where tension, horizontal or bending moment loading on the pile is foreseen, steel reinforcing should be extended 
and tied into the grade beam or pile cap. The steel should be designed to transfer loads to the required depth in the 
pile and to resist resultant bending moments and shear forces. 

Void formers should be placed beneath all grade beams to reduce the risk of damage due to frost effects or soil 
moisture changes. 

Where the drilling operation might affect the concrete in an adjacent pile (i.e., where pile spacing is less than 
approximately three diameters) drilling should not be carried out before the previously poured pile concrete has set 
for at least 24 hours. 

Where a group of four or more piles are used the allowable working load on the piles may need to be modified to 
allow for group effects. 

Piles should be spaced no closer than 2.5 times the pile shaft diameter, measured centre-to-centre. Strict control 
of pile location and verticality should be exercised to provide accurate locations and spacings of piles. In general, 
piles should be constructed within a tolerance of 75 mm plan distance in any direction and within a verticality of 1%. 

A detailed record should be kept of pile construction; the following information should be included, pile number, 
shaft/base diameter, date and time bored, date and time concreted, elevation of piling platform, depths (from piling 
platform level) to pile base and to concrete cut off level, length of casing used, details of reinforcement, details of 
any obstructions, details of any groundwater inflows, brief description of soils encountered in the bore and details 
of any unusual occurrences during construction. 

If a large number of piles are to be installed, it may be possible to optimize the design on the basis of pile load tests 
or conducting high strain dynamic pile testing. 
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FLOOR SLABS-ON-GRADE 
 

All soft, loose or organic material should be removed from beneath slab areas. If any local 'hard spots' such as old 
basement walls or abandoned pile foundation are revealed beneath the slab area, these should be over-excavated 
and removed to not less than 0.9 m below underside of slab level. The exposed soil should be proof-rolled and the 
final grade restored by engineered fill placement. If proof-rolling reveals any soft or loose spots, these should be 
excavated and the desired grade restored by engineered fill placement. The subgrade should be compacted to a 
depth of not less than 0.3 m to a density of not less than 98 percent Standard Proctor Maximum Dry Density (ASTM 
Test Method D698). 

If, for economic reasons, it is considered desirable to leave low quality material in-place, such as existing fills, 
beneath a slab-on-grade, special ground treatment procedures may be considered, Tetra Tech could provide 
additional advice on this aspect if required. 

A levelling course of well graded granular fill (with maximum size of 20 mm), at least 150 mm in compacted 
thickness, is recommended directly beneath all slabs-on-grade. The type of granular fill should be selected based 
on the design floor loadings. Alternatively a minimum thickness of 150 mm of 80 mm pit-run gravel overlain by a 
minimum thickness of 50 mm of 20 mm crushed gravel may be used. Coarse gravel particles larger than 25 mm 
diameter should be avoided directly beneath the slab-on-grade to limit potential stress concentrations within the 
slab. All levelling courses directly under floor slabs should be compacted to 100 percent of Standard Proctor 
Maximum Dry Density (ASTM Test Method D698). 

Engineered fill, pit-run gravel and crushed gravel are defined under the heading 'Backfill Materials and Compaction' 
elsewhere in this Appendix.  

The excavated subgrade beneath slabs-on-grade should be protected at all times from rain, snow, freezing 
temperatures, excessive drying and the ingress of free water. This applies before, during, and after the construction 
period. 
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CONSTRUCTION EXCAVATIONS 
 

Construction should be in accordance with good practice and comply with the requirements of the responsible 
regulatory agencies. 

All excavations greater than 1.5 m deep should be sloped or shored for worker protection. 

Shallow excavations up to about 3 m depth may use temporary sideslopes of 1H:1V. A flatter slope of 2H:1V should 
be used if groundwater is encountered. Localized sloughing can be expected from these slopes. 

Deep excavations or trenches may require temporary support if space limitations or economic considerations 
preclude the use of sloped excavations. 

For excavations greater than 3 m depth, temporary support should be designed by a qualified geotechnical 
engineer. The design and proposed installation and construction procedures should be submitted to Tetra Tech for 
review. 

The construction of a temporary support system should be monitored. Detailed records should be taken of 
installation methods, materials, in situ conditions and the movement of the system. If anchors are used, they should 
be load tested. Tetra Tech can provide further information on monitoring and testing procedures if required. 

Attention should be paid to structures or buried service lines close to the excavation. For structures, a general 
guideline is that if a line projected down, at 45 degrees from the horizontal from the base of foundations of adjacent 
structures intersects the extent of the proposed excavation, these structures may require underpinning or special 
shoring techniques to avoid damaging earth movements. The need for any underpinning or special shoring 
techniques and the scope of monitoring required can be determined when details of the service ducts and vaults, 
foundation configuration of existing buildings and final design excavation levels are known. 

No surface surcharges should be placed closer to the edge of the excavation than a distance equal to the depth of 
the excavation, unless the excavation support system has been designed to accommodate such surcharge. 
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BACKFILL MATERIALS AND COMPACTION (GENERAL) 
 

1.0 DEFINITIONS 
“Landscape fill” is typically used in areas such as berms and grassed areas where settlement of the fill and 
noticeable surface subsidence can be tolerated. “Landscape fill” may comprise soils without regard to engineering 
quality. 

“General engineered fill” is typically used in areas where a moderate potential for subgrade movement is tolerable, 
such as asphalt (i.e., flexible) pavement areas. “General engineered fill” should comprise clean, granular or clay 
soils. 

“Select engineered fill” is typically used below slabs-on-grade or where high volumetric stability is desired, such as 
within the footprint of a building. “Select engineered fill” should comprise clean, well-graded granular soils or 
inorganic low to medium plastic clay soils. 

“Structural engineered fill” is used for supporting structural loads in conjunction with shallow foundations. “Structural 
engineered fill” should comprise clean, well-graded granular soils. 

“Lean-mix concrete” is typically used to protect a subgrade from weather effects including excessive drying or 
wetting. “Lean-mix concrete” can also be used to provide a stable working platform over weak subgrades. “Lean-mix 
concrete” should be low strength concrete having a minimum 28-day compressive strength of 3.5 MPa. 

Standard Proctor Density (SPD) as used herein means Standard Proctor Maximum Dry Density (ASTM Test 
Method D698). Optimum moisture content is defined in ASTM Test Method D698. 

2.0 GENERAL BACKFILL AND COMPACTION RECOMMENDATIONS 
Exterior backfill adjacent to abutment walls, basement walls, grade beams, pile caps and above footings, and below 
highway, street, or parking lot pavement sections should comprise “general engineered fill” materials as defined 
above. 

Exterior backfill adjacent to footings, foundation walls, grade beams and pile caps and within 600 mm of final grade 
should comprise inorganic, cohesive “general engineered fill”. Such backfill should provide a relatively impervious 
surficial zone to reduce seepage into the subsoil against the structure. 

Backfill should not be placed against a foundation structure until the structure has sufficient strength to withstand 
the earth pressures resulting from placement and compaction. During compaction, careful observation of the 
foundation wall for deflection should be carried out continuously. Where deflections are apparent, the compactive 
effort should be reduced accordingly. 

In order to reduce potential compaction induced stresses, only hand-held compaction equipment should be used in 
the compaction of fill within 1 m of retaining walls or basement walls. If compacted fill is to be placed on both sides 
of the wall, they should be filled together so that the level on either side is within 0.5 m of each other. 

All lumps of materials should be broken down during placement. Backfill materials should not be placed in a frozen 
state, or placed on a frozen subgrade. 

Where the maximum-sized particles in any backfill material exceed 50% of the minimum dimension of the 
cross-section to be backfilled (e.g., lift thickness), such particles should be removed and placed at other more 
suitable locations on site or screened off prior to delivery to site. 



CONSTRUCTION GUIDELINE REVISION NO: 02 
BACKFILL MATERIALS AND COMPACTION (GENERAL) LAST REVISED: OCTOBER 2, 2015 
 
 

 2 
 
 

Excavation and construction operations expose materials to climatic elements (freeze/thaw, wet/dry) and/or 
mechanical disturbance which can cause severe deterioration of performance. Unless otherwise specifically 
indicated in this report, the walls and floors of excavations, and stockpiles, must be protected from the elements, 
particularly moisture, desiccation, frost, and construction activities. Should desiccation occur, bonding should be 
provided between backfill lifts. For fine-grained materials the previous lift should be scarified to the base of the 
desiccated layer, moisture-conditioned, and recompacted and bonded thoroughly to the succeeding lift. For granular 
materials, the surface of the previous lift should be scarified to about a 75 mm depth followed by proper 
moisture-conditioning and recompaction. 

3.0 COMPACTION AND MOISTURE CONDITIONING 
“Landscape fill” material should be placed in compacted lifts not exceeding 300 mm and compacted to a density of 
not less than 90% of SPD unless a higher percentage is specified by the jurisdiction. 

“General engineered fill” and “select engineered fill” materials should be placed in layers of 150 mm compacted 
thickness and should be compacted to not less than 98% of SPD. Note that the contract may specify higher 
compaction levels within 300 mm of the design elevation. Cohesive materials placed as “general engineered fill” or 
“select engineered fill” should be compacted at 0 to 2% above the optimum moisture content. Note that there are 
some silty soils which can become quite unstable when compacted above optimum moisture content. Granular 
materials placed as “general engineered fill” or “select engineered fill” should be compacted at slightly below (0 to 
2%) the optimum moisture content. 

“Structural engineered fill” material should be placed in compacted lifts not exceeding 150 mm in thickness and 
compacted to not less than 100% of SPD at slightly below (0 to 2%) the optimum moisture content. 

4.0 “GENERAL ENGINEERED FILL” 
Low to medium plastic clay is considered acceptable for use as “general engineered fill,” assuming this material is 
inorganic and free of deleterious materials. 

Materials meeting the specifications for “select engineered fill” or “structural engineered fill” as described below 
would also be acceptable for use as “general engineered fill.” 

5.0 “SELECT ENGINEERED FILL”  
Low to medium plastic clay with the following range of plasticity properties is generally considered suitable for use 
as “select engineered fill”:  

Liquid Limit = 20 to 40% 

Plastic Limit = 10 to 20% 

Plasticity Index = 10 to 30%  

 

Test results should be considered on a case-by-case basis. 

“Pit-run gravel” and “fill sand” are generally considered acceptable for use as “select engineered fill.” See exact 
project or jurisdiction for specifications. 

The “pit-run gravel” should be free of any form of coating and any gravel or sand containing clay, loam or other 
deleterious materials should be rejected. No material oversize of the specified maximum sieve size should be 
tolerated. This material would typically have a fines content of less than 10%. 

The materials above are also suitable for use as “general engineered fill.” 



CONSTRUCTION GUIDELINE REVISION NO: 02 
BACKFILL MATERIALS AND COMPACTION (GENERAL) LAST REVISED: OCTOBER 2, 2015 
 
 

 3 
 
 

6.0 “STRUCTURAL ENGINEERED FILL”  
Crushed gravel used as “structural engineered fill” should be hard, clean, well graded, crushed aggregate, free of 
organics, coal, clay lumps, coatings of clay, silt, and other deleterious materials. The aggregates should conform to 
the requirement when tested in accordance with ASTM C136 and C117. See exact project or jurisdiction for 
specifications. This material would typically have a fines content of less than 10%. 

In addition to the above, further specification criteria identified below should be met: 

“Structural Engineered Fill” – Additional Material Properties 

Material Type 
Percentage of Material Retained on 

5 mm Sieve having Two or More 
Fractured Faces 

Plasticity Index 
(<400 µm) 

L.A. Abrasion Loss 
(percent Mass) 

Various sized 
Crushed Gravels 

See exact project or jurisdiction for 
specifications 

See exact project or 
jurisdiction for 
specifications 

See exact project or 
jurisdiction for 
specifications 

 

Materials that meet the grading limits and material property criteria are also suitable for use as “select engineered 
fill.” 

7.0 DRAINAGE MATERIALS 
“Coarse gravel” for drainage or weeping tile bedding should be free draining. Free-draining gravel or crushed rock 
generally containing no more than 5% fine-grained soil (particles passing No. 200 sieve) based on the fraction 
passing the 3/4-inch sieve or material with sand equivalent of at least 30. 

“Coarse sand” for drainage should conform to the following grading limits: 

“Coarse Sand” Drainage Material – Percent Passing by Weight 

Sieve Size Coarse Sand* 
10 mm 100 
5 mm 95 – 100 

2.5 mm 80 – 100 
1.25 mm 50 – 90 
630 µm 25 – 65 
315 µm 10 – 35 
160 µm 2 – 10 
80 µm 0 – 3 

* From CSA A23.1-09, Table 10, “Grading Limits for Fine Aggregate”, Class FA1 
 

Note that the “coarse sand” above is also suitable for use as pipe bedding material. See exact project or jurisdiction 
for specifications. 

8.0 BEDDING MATERIALS 
The “Coarse Sand “gradation presented above in Section 7.0 is suitable for use as pipe bedding and as backfill 
within the pipe embedment zone, however see exact project or jurisdiction for specifications.  
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