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The Project

Under MTO Contract 2016-2048,
Dufferin Construction was to install
155 meters of 1219 millimeter steel
casing under Highway 401 for a
new 600 millimeter trunk watermain
to replace an existing main being
affected by the project.

Highway 401 

• AADT volumes in the 300,000 to 
400,000 range, 

• One of the busiest roads in North 
America.

• 10 lane facility with the 
associated N-W ramp and Leslie 
Street has 6 lanes.

• The overpass spans the rail 
tracks, an at-grade parking lot 
and Leslie Street.

Subsurface Conditions

• Fine grained granular materials comprising silty sand to sand with some silt and silt with a trace of clay.
• Standard penetration test “N” values varied from 6 to 11 blows per 0.3 meters and water contents  

ranged  from 3 to 21 per cent.
• A Heuer Tunnelman Soil Classification of  firm or slowly raveling.
• Some boreholes identified the presence of a layer of silt with N values of 4 to 8 blows per 0.3 meters 

and a classification of rapid raveling immediately below the bore profile. 
• Groundwater levels were reported to vary from just above to below the bore invert. 
• Test pit excavations prior to construction confirmed groundwater levels below invert.  

This very challenging project was part of a long-term plan by the Ontario Ministry of Transportation to upgrade the Highway 401 / Leslie Street interchange to improve safety and traffic flows.    It included bridge 
and ramp replacements, utility coordination while maintain traffic flows. Disruption to the GO / Via Rail / Metrolinx facilities had to be avoided.  Such improvements inevitability include installing new or replacement 
underground municipal utilities.

Casing Installation

• Robinson elected to install the 
casing using a guided auger 
boring technology. 

• Conventional McLaughlin and 
Barbco boring machines used.

• Casing advanced in 6.1 meter
lengths with full depth welds 
between each section.

• Bentonite lubrication line 
attached 18 meters behind the 
lead end of the casing.

• Grade and alignment control by 
On Target Steering  (OTS) 
system.

• Alignment and grade monitored 
by electronics, visually and by 
Dutch level.  

The Problem

• Initial 90 meters advanced rapidly without incident.
• After a long weekend delay, casing could not be advanced, thrust exceeded machine capacity and thrust restraint damaged. 

The Solution

• Original bentonite lubricant with the traditional 4.2 kilograms of bentonite per 1000 liters of water 
and polymers replaced with 24 kilograms of bentonite per 1000 liters of water and no polymers. 

• Additional injection ports drilled in each section of casing at 2:00, 4:00, 8:00 and 10:00 o’clock and 
interior feed lines established.

• Following lubricant injection, casing still could not be advanced.
• 2.7 million Joules pipe ramming hammer mobilized to free up casing. 
• Hammering resulted in the development of 2 millimeter coating of lubricant on the casing and 

reduced the thrust required to about 39 kN per meter, consistent with the resistance initially 
expected. 

The Culprit

• During installation of the additional injection ports, some water carrying silt was 
noted. When workers stepped on a thin layer with flat soled boots, they became 
stuck as the silt created a vacuum.

• Textured sole boots did not have the problem as the vacuum could  not form.
• The silt has a very uniform gradation with minimal sand and clay content which was 

contributed to the problem.
• As the casing was advanced, the silt was disturbed, dilated, and created a negative 

pore water pressure causing adherence to the casing. 
• While the mechanism was present from the start, the delay over the long weekend 

allowed the resistance to increase substantially. 

Lessons Learned

• To reduce the impacts of failures, the prompt and resourceful response of the specialist contractor is required.
• Foundation investigations for trenchless projects must include adequate depth boreholes, closely sampled with groundwater monitors drilled in close proximity, typically 2 meters, to the bore location.  
• The “standard” FIR did not adequately define the soil conditions in the bore window. Boreholes were not drilled close enough to the alignment and the profile shown on the contract drawing did not include the one most critical borehole which 

did indicate the silt to be present in the window.
• The Contractor’s methodology selected during tendering did not anticipate the problematic behavior of the silt but a prompt analysis of the problem and a flexible and effective remediation plan resulted in no additional costs or schedule 

delays.
• Silts are well known for being “problem children”. Their behavior should be properly assessed during the engineering design and described in the documents.
• If differing subsurface conditions are encountered, the Contractor is entitled to be compensated via a change order.
• The use of a very thick bentonite lubricant, without polymers, was successful in advancing the casing. Similar lubricants should be considered in such ground conditions .


