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1. INTRODUCTION  

The Highway 404 W-S Ramp is proposed to be re-aligned at the intersection of Major Mackenzie 

Drive. As a result, the re-aligned ramp is expected to cross the existing high pressure watermain 

along Major Mackenzie Drive for a distance of approximately 75 m.  To protect the watermain 

from the traffic load on the re-aligned ramp, it is proposed to construct a concrete slab over the 

watermain.  This technical memorandum documents the assessment of alternative foundations to 

support the proposed concrete slab and provides geotechnical input for the design team to select 

the appropriate type of foundation.    

The site is located at the southwest quadrant of Highway 404 and Major Mackenzie Drive 

interchange in York Region, Ontario.  

This technical memorandum is based on the subsoil information obtained during the foundation 

investigation carried out by PML in November 2016.  

AECOM Canada Limited (AECOM) has retained Peto MacCallum Ltd. (PML) to carry out the 

investigation and preparation of this report on behalf of the Ministry of Transportation of Ontario 

(MTO) as part of the Retainer Assignment task No. 2015-E-0011.  The general terms of reference 

and scope of work for the foundation engineering services are outlined in MTO’s Request for 

Proposal under Work Item No. 2015-E-0011-003, dated June 2016. 

2. INVESTIGATION PROCEDURES 

The site investigation consisted of drilling one (1) borehole designated PP-1 near the buried 

watermain pipe.  This borehole was advanced after accurately proceeding with a vacuum truck 

test pit to locate the alignment. The borehole was drilled at about 1.5 m north of pipe edge.  
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The location of the borehole is appropriately shown on the attached Borehole Location Plan, 

Drawing PP-1 

3. SUBSURFACE CONDITION 

The subsoil in the drilled borehole included 200 mm of topsoil, which extends to elevation 215.8.  

The topsoil is followed by 1.3 m of hard clayey silt fill to 1.5 m depth, elevation 214.5. The “N”-

values measured within this fill ranged from 32 to 41 blows/300 mm, indicating hard consistency.  

The fill is immediately underlain by hard clayey silt till, which extends to the maximum 

investigation depth of 6.2 m, elevation 209.8.  The SPT values in this till deposit range from 68 

blows/300 mm to 50 blows/80 mm, indicating hard consistency. 

The gradation test results indicate that this deposit consists of 3% gravel, 35% sand, 44% silt and 

18% clay. One Atterberg limit test was performed on selected sample and the results are provided 

on Figure PP-PC-1. Based on the Atterberg limit values, the soil may be classified as silts of low 

plasticity (CL-ML) in the Unified Soil Classification System (USCS).  

The borehole was observed to be dry during and upon completion of drilling. The groundwater 

level may be expected to fluctuate due to the influence of precipitation and seasonal changes. 

The subsurface conditions encountered during the course of the investigation, together with the 

field and laboratory test results are shown on the attached Record of Borehole Sheet. 

4. ASSESSMENT OF FOUNDATION ALTERNATIVES  

The proposed concrete slab over the watermain will be constructed between Sta. 4+452.41 and 

Sta. 4+524.84, along the Major Mackenzie Drive.  The chainage referred in this memo are 

measured along the watermain.     

The following two options are suggested for supporting the proposed concrete slab across the 

watermain:   

1. Concrete slab designed as a rigid frame structure and supported on strip footings 

placed below the spring line of the watermain.  

 2. Concrete slab supported by a grade beam frame that is constructed on short 

caissons founded below the bedding of the watermain. 
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The Table 4.0 below compares the advantages, disadvantages, risks / consequences and relative 

costs of each alternative from the foundation perspective: 

 

Table 4.0 – Comparison of Alternatives 

ALTERNATIVE  
DRAINAGE PIPE 
REMEDIATION 

METHOD 

ADVANTAGES DISADVANTAGES 
RISKS/ 

CONSEQUENCES 
RELATIVE COSTS 

1. Strip Footing  - Less complex design  

- Relatively short time  
required for 
construction 

 

- Requires 3.1 m to 
4.8 m deep 
excavation   

- Excavations may 
require shoring 

- Flexibility to adjust 
the elevation of the 
slab is limited  

- May cause damage 
to watermain by the 
movement of heavy 
machinery adjacent 
to pipe 

-  Excavation near the 
watermain may 
induce lateral 
movement  

- Relatively lower 
cost than short 
caisson 

 

 

2. Short Caissons 

- Less disturbance to 
existing subgrade 
below watermain 

- Possibility to 
construct the support 
slab at a higher 
elevation 

- Relatively lesser time  
maybe required for 
construction 

- Safe construction 
process and 
minimize the risk of 
damage to 
watermain  

- Complex design of 
beam on grade and 
supporting caissons  

- Special construction 
equipment required 

 

 

-  Minimal risks causing 
damage to watermain  

-  Higher cost than 
the conventional 
excavation 
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4.1 Strip Footing 

In general, strip footing requires less complex design compared to supporting the slab on 

caissons. The construction of strip footing may require shorter time period and cost less than that 

of caisson.  The depth of excavation for strip footings may range from 3.1 m to 4.8 m and require 

shoring system to support the excavation.   A large amount of soil excavation and replacement will 

be required than using a short caisson and grade beam system.  There will be risk associated with 

the construction of strip footings adjacent to the existing watermain resulting from excavation and 

mobilizing construction equipment.   

4.2 Short Caissons 

Alternatively, the slab over the watermain may be placed on grade beam and supported on short 

caissons. In this method, the short caissons will be installed in pre-augured hole and the grade 

beam will provide support for protection slab. This approach may cost more than the strip footing 

because of the use of special construction equipment, however, the excavation and backfilling of 

the pipe cover material will be minimized. Risk to cause damage to the watermain may also be 

minimised by supporting the slab on caissons, with the control provided by closely spaced 

watermain pipe vacuum test pits.    

This method of construction has the flexibility to adjust the location of the slab above the watermain. 

4.3 Frost Protection 

The depth of frost penetration at this site is approximately 1.2 m. The strip footings or grade beams 

supported on short caissons should be provided with at least 1.2 m of earth cover or equivalent 

thermal insulation as protection against frost action. 

5. FOUNDATION DESIGN RECOMMENDATIONS 

Based on the existing watermain design drawing provided by AECOM, the recommended 

founding elevations and geotechnical resistance for a minimum of 1.0 m wide strip footings are 

summarized below on Table 5A:  



Foundation Design Technical Memorandum  
Watermain Protection Slab, Hwy 404, York Region 
Agreement No. 2015-E-0011-003, GWP No. 2227-09-00, Index No.: 038FTM 
PML Ref.: 16TF018A-WP, January 9, 2017, Page 5 
 

 

 

Table 5A – Geotechnical Resistances - Spread Footings 

STATION 
EXISTING 
GROUND 

ELEVATION 

FOUNDING 
ELEVATION 

SUBGRADE SOILS 

FACTORED 
GEOTECHNICAL 

AXIAL 
RESISTANCE AT 

ULS (kPa) 

GEOTECHNICAL 
AXIAL 

RESISTANCE AT 
SLS (kPa)  

4+430 to 
4+450 

215.1± 212.0 Hard Clayey Silt Till 400 250 

4+450 to 
4+470 

215.5± 211.8 Hard Clayey Silt Till 400 250 

4+470 to 
4+490 

215.7± 211.6 Hard Clayey Silt Till 400 250 

4+490 to 
4+510 

216.0± 211.4 Hard Clayey Silt Till 400 250 

4+510 to 
4+530 

216.0± 211.2 Hard Clayey Silt Till 400 250 

 

The geotechnical resistance recommended at SLS corresponds to a total settlement in the order 

of 10 mm which is considered to be feasible to provide deformation of the compressible material 

over the pipe without transferring added load from the backfill. 

Table 5B below provides the recommendations for the design of a 900 mm diameter and 

minimum of 6.0 m deep caissons:   

Table 5B – Geotechnical Resistances - Caissons 

STATION  
MINIMUM  CAISSON DEPTH 

BELOW EXISTING GRADE (m) (2) 

BEARING RESISTANCE  
(Load) 

FACTORED ULS 
(kN) (3) 

SLS 
(kN) (1) 

4+430 to 4+530 6.0 250 150 

 
(1) The design of caissons should consider the weight of the caisson as a load. 
(2) Elevations are not provided since the levels of roadway are being adjusted for final design. 
(3) The Geotechnical bearing resistance calculated as per 900 mm Reinforced Concrete Caissons. 

The edge of footings as well as the caissons should be placed at least 1.5 m away from the 

springline of the existing watermain.  
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6. CONSTRUCTION CONSIDERATIONS 

6.1 General 

A list of Ontario Provincial Standard Specifications relevant to this report is provided in Appendix 2. 

6.2 Excavation 

Based on the result of the borehole and the anticipated depths of excavation, it is expected that 

the proposed support slab will be constructed by means of conventional open cut or trenching 

method with temporary shoring.  

Seasonal variations in groundwater levels should be anticipated, depending on the timing of 

construction. Excavations should be carried out in accordance with the Occupational Health and 

Safety Act (OHSA) and MTO regulations. 

Based on the borehole data, the excavations for construction of the proposed support slab will be 

advanced through existing clayey silt fill underlain by clayey silt till. For classification purposes, the fill 

materials should be classified as Type 3 soils. The hard clayey silt till materials above the groundwater 

level would be classified as Type 2 soils. In the case of an excavation containing more than one soil 

type, the highest numbered soil type will govern the trench excavation and slope geometry.  

In the event that the required slope cannot be maintained during the excavation, trench support 

systems such as trench boxes may be considered to achieve the founding level, if there is no 

structures adjoining the excavation. The excavation should meet the requirements of OPSS 401 

(Construction Specification for Trenching, Backfilling, and Compacting).  

Trench and excavation slopes should be continually inspected, particularly following periods of 

heavy rainfall, spring thaw, and when the trench has been left open for any extended period of 

time.  Any cobbles or boulders exposed on the excavation slope faces must be removed. 

Cobbles and boulders that may be encountered within the fill material or native deposits may 

hamper the progress of excavation.    
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