Guidelines for Foundation Engineering — Tunnelling Specialty
For Corridor Encroachment Permit Application

General

These guidelines specify MTO requirements for the Foundation Engineering —
Tunnelling Specialty component of submissions from proponents of development within
the Ministry of Transportation’s (MTO) corridor permit control area. The Foundation
Engineering — Tunnelling Specialty component of submissions is a requirement for the
permit application only and does not cover all the design requirements.

All applications containing tunnelling proposals shall be forwarded to the regional
Geotechnical Section for review. Applications containing Low Complexity tunnelling
proposals will typically be reviewed by the regional Geotechnical Section. The
Geotechnical Section will forward applications involving Medium and High Complexity
tunnelling proposals to the Foundation Section of the Structures Office for review.

Foundations Engineering consultants that are registered in the MTO consultant
acquisition system (RAQS) at complexity ratings identified in Table 1 are eligible to
provide Foundations Engineering services for this project. Alternatively, the proponents
may propose a Foundations Engineering consultant that is not registered in RAQS, in
which case, the proponent must submit sufficient documentation to demonstrate that the
consultant's qualifications meet or exceed the RAQS complexity requirements. The
submission for RAQs exemption shall demonstrate that the proponent has successfully
completed tunnelling/trenchless projects on projects of similar scope and complexity.
The proponent shall submit a minimum of three (3) Foundation Investigation and Design
Reports on projects of similar scope and complexity produced in the last five (5) years.
The proponent shall submit any supplementary engineering and construction experience
to demonstrate their qualifications.

For Engineering Materials Testing and Evaluation, the consultant shall be qualified for
Soil and Rock testing of complexity level at least equal to that identified for this project.

Please refer to Table 1 on Page 2 for the Foundation Engineering Complexity of Work
guideline.
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Table 1: Complexity ratings for tunnelling specialty services

Excavation | _350mm | 1m>g>300mm | 2m>g>1m | g>2m
Diameter
(2)
>39 <39

Design >_r%1.5 <15m “and or >3g <39 N/A

Cover* (m) >15m | <15m -

King's Low | Medium | Low | Medium | Medium | High High
Highway

400 Series - ' i i i i
Freeway | WOW | High | Medium | High High | High | High

* Design cover is the proposed vertical distance measured from the lowest ground elevation to the crown
of the tunnel

Site Investigation, Field Testing and Monitoring

General

This section describes requirements for site investigation, field/laboratory testing and
monitoring programs for a proposed tunnelling projects. For low complexity projects,
some or all of these requirements may not be necessary. Foundation field
investigation, laboratory analyses and monitoring for low complexity projects with an
excavation diameter of 300 mm or less will generally only be required on an exception
basis. The applicant’'s Foundation Engineering service can contact MTO Geotechnical
staff for clarification regarding appropriate levels of investigation, testing and monitoring.

Field Testing

A minimum of one borehole is required at each end of tunnel crossing. The boreholes
shall be located outside but within two metres of the tunnel’s excavated footprint.

Spacing between the boreholes shall not exceed 50 m. In case of larger spacing
between the boreholes, additional boreholes shall be advanced except where significant
traffic disruptions might occur and where consistent conditions are evident.

Boreholes shall be advanced to 3 tunnel diameters (excavated diameters) below invert.
If bedrock is encountered earlier, the borehole shall advance to at least 3 m below the
invert of tunnel into the bedrock.
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The investigations, if required, shall be supplemented with additional and deeper
boreholes to verify consistent conditions and existence of boulders within critical
foundation zones.

Sampling and testing, consisting of Standard Penetration Test, thin wall tube sample,
rock cores, and MTO Field Vane Test where appropriate, shall be conducted to develop
a comprehensive subsurface model. Semi-continuous sampling at 0.75m (2.5ft)
intervals is required within overburden; whereas, sampling interval of 1.5m (5.0ft) is
required below the tunnel invert.

Where encountered, the bedrock-soil interface shall be determined by geological
definition and not the by the material properties.

All aspects of implementation of means of subsurface investigations including, but not
limited to, planning, licensing, construction, maintenance, abandonment, and reporting,
shall be in accordance with Ministry of the Environment Regulation 903 and its
amendments (the water well regulation under the OWRA).

Boreholes and piezometer tubes shall be backfilled with a suitable bentonite/cement
mixture. Test pits shall be backfilled with suitable material and either re-vegetated or
otherwise protected from erosion. Temporary open holes shall be adequately covered.
Holes in roads shall be backfilled as required to prevent future settlement and
acceptably patched where pavement surfaces have been damaged. Backfilling
requirements shall be described in the Foundation Investigation and Design Report.

Where encountered, artesian groundwater conditions shall be sealed. Details of the
artesian condition and the sealing operation shall be included in the Foundation
Investigation Report.

Fieldwork, including any Traffic Protection Plans required, shall be carried out in
accordance with the Occupational Health and Safety Act.

Traffic Control in accordance with Ontario Traffic Manual Book 7 shall be provided
during the course of any field investigations. However, where significant traffic
disruptions might occur, boreholes may be relocated or numbers reduced with MTO’s
approval.

The locations and ground surface elevations of all boreholes, test pits and soundings
shall be surveyed and referred to fixed reference points and data. Locations are to be
identified by co-ordinates (Northing and Easting). The vertical accuracy of survey
readings shall be within 0.1m; whereas, horizontal accuracy shall be within 0.5m.

The site investigation shall be of sufficient scope to verify design assumptions and to
provide the contractor with adequate subsurface information for design and construction
planning.
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Sufficient subsurface (factual) information is required to determine the vertical and
horizontal extent of subsurface materials (including both soil and rock) and their
pertinent engineering properties and groundwater conditions.

Subsurface information is usually acquired by advancing boreholes, laboratory testing of

soil samples and rock core samples, performing in-situ tests such as standard
penetration tests, dynamic cone tests, and piezocone tests (CPTU) and test pits.

Minimum Laboratory Testing Requirements

Laboratory testing shall consist of routine testing of 25% of samples. One routine lab
test is defined as natural water content plus Atterberg Limits plus grain size distribution
tests. Complex laboratory testing is defined by all other tests including compressive
strength, shear strength, consolidation, permeability and triaxial testing. Laboratory
testing requirements shall be supplemented with additional routine and complex tests if
required to verify strata boundaries and properties and behaviour of critical subsurface
zones.

A minimum of one (1) soil chemical test shall be conducted at maximum of 100 m
spacing. A soil chemical test includes pH, water soluble sulphate, sulphide, chloride,
resistivity and electrical conductivity analyses.

Borehole Log Preparation and Foundation Drawing

Borehole log sheets, figures and drawings shall be prepared in accordance with MTO
standards. The Foundation Drawing shall consist of a plan showing the locations of all
borings, test pits and soundings and various stratigraphical longitudinal profiles and
stratigraphical cross-sections at each tunnel structure foundation element and
groundwater levels.

Requirements for the Foundation Investigation and Design Report

A Foundation Investigation and Design Report shall consist of the factual subsurface
information (including the field and laboratory test information) and the
recommendations required for foundation design.

Service Provider services shall be in accordance with the most recent editions of the
Canadian Highway Bridge Design Code (CHBDC), and the 'Guideline for Professional
Engineers Providing Geotechnical Engineering Services' published by the Professional
Engineers of Ontario.
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The designated principal contact identified for Foundations Engineering services by
MTO shall sign, and where required, seal, all submissions and correspondence that are
submitted to MTO.

The report shall be signed and sealed by two professional engineers, registered with the
Professional Engineers of Ontario, representing the consulting firm; one of them shall be
the firm's designated principal contact for MTO’s Foundations Engineering projects.

The Foundation Investigation component of the report shall contain:

e Site Description - including topography, vegetation, drainage, existing land use,
and structures.

¢ Investigation Procedures - including site investigation and lab testing procedures.

e Description of Subsurface Conditions - including soil, boulders, rock and
groundwater conditions.

e Miscellaneous Section - that identifies the name of the drilling company, the
laboratory where testing was performed, the persons who carried out the field
supervision, and those who wrote and reviewed the report.

The Foundation Design component of the report shall present discussion and
recommendations for design. The Service Provider shall analyse field data and test
results and make comprehensive and practical recommendations pertaining to
temporary, interim and permanent conditions at the Project.

The Service Provider shall identify and evaluate all reasonable and appropriate
alternatives for the proposed tunnel crossing. Alternatives may include, but not limited to,
jack & bore, pipe jacking using TBM, pipe ramming, micro-tunnelling, utility tunnelling
using TBM (two pass system), Horizontal Directional Drilling (HDD)and cut and cover
methods.

The Service Provider shall identify and present overview assessments of the
advantages, disadvantages, relative costs and risks/consequences of alternative
tunnelling methods in a table. The report should conclude a preferred alternative from
foundation engineering and cost effectiveness perspective.

In the development and design of the preferred alternative, the Service Provider shall, as
applicable, address:

impacts on the land use and property, traffic and transportation, and environment,
length and diameter constraints

control of face stability

capability of boulder excavation

evaluation of temporary and permanent support

alignment control

estimated settlements and heave and management of these deformations
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e special access and egress requirements for TBM’s and other similar equipment
such as those used for the Jack & Bore method including recommendations for
vertical shafts and jacking pits;

shored and un-shored alternatives for open-cut excavation;

groundwater control & dewatering;

the long-term stability of the tunnel,

relative costs; and

traffic management and contractor access for each alternative.

If borehole logs available from previous projects are included to meet the requirements
of field investigations then the accuracy of subsurface information from these boreholes
remains the responsibility of Service Provider except in situations where MTO specify
the use of previous boreholes. Borehole logs from previous studies that are appended to
the report shall be reformatted to meet the MTO’s requirements.

The final foundation recommendations shall detail the geometric, material and strength
properties of the new tunnel crossing plus the liner, bedding and backfill requirements,
and slope and embankment restoration requirements. The invert elevation should be
assessed in view of the subsurface conditions and the anticipated open face stability
control.

The Service Provider is responsible for developing contract documents sufficient to
implement the design. This typically includes:

- Contract specifications for materials and specialized construction activities, and

- Recommendations for methods of overcoming anticipated construction problems, in
particular, those relating to dewatering, boulder excavation, alignment control and the
stability of excavations and embankments.

The Service Provider shall develop a detailed instrumentation and monitoring program
that meets the requirements of these guidelines. (see Appendix for typical settlement
monitoring guidelines).

The Service Provider is responsible for preparing Traffic Control Plans, Traffic Protection
Plans and to obtain approvals and an Encroachment Permit from the Ministry, which are
required for lane closures necessary to install the settlement monitoring points.

The tunnelling Service Provider shall ensure that the foundations engineering component
of the project is adequately reflected in the design drawings, specifications and related
contract documents.

Written confirmation is required from the Proponent and the tunnelling Service Provider
that the design package submitted to MTO have been reviewed by the tunnelling Service
Provider and that all recommendations have been satisfactorily incorporated in the
contract package.
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APPENDIX: SETTLEMENT MONITORING GUIDELINES - TUNNELLING

The purpose of settlement monitoring is to prevent damage to existing utilities and
highway structures along the tunnel alignment. Ground settlement include
settlement due to lost ground and dewatering/drainage.

Daily visual monitoring of the road surface and shoulders shall be carried out for any
evidence of movements (e.g. cracks, bulges, heaves, depressions, ponding, etc.)

Instrumentation Arrays

All measurement points shall be installed and surveyed before the start of excavation to
establish benchmarks/baseline.

Surface Monitoring Points

Surface monitoring points will be installed to cover the whole length of the tunnel with in
the right of way under the jurisdiction of MTO (Figure 1).

Surface monitoring points will be located at not greater than 5m intervals along the tunnel
alignment. The surface monitoring will be identified using paint marks on the pavement.
Surface monitoring points installed on the unpaved right of way shall be founded below
frost penetration depths. The interval and/or marking of the points should be changed with
MTQO’s approval where traffic disruptions might occur.

The final instrumentation plan should be finalised when Contractor's proposed
construction method is available.

Surface settlement
measurement points

Asphalt (Paved)

\|<—55m—~| |<—55m—>|

Embankment (if applicable)

Anchored below —
| frost penetration

Right of Way

[
Vv

Figure not to scale

Figure 1: Typical configuration of surface settlement monitoring points along the tunnel
alignment.
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Condition Survey

A condition survey for the pavement will be carried out prior to commencement of
construction and documented for the purpose of requirement of restoration. The condition
survey shall document visible flaws such as cracks, distortions and deviations, heaves,
and depressions. This surface survey will be completed during the installation of the
monitors and again once the tunnel has been completed.

Reading Frequency
An average of at least two readings shall be taken to establish the initial conditions.

The reading and collection of data from the surface monitoring points shall be read and
recorded by the Contractor during the construction period and after construction for period
of at least 2 weeks provided that further settlement has stopped.

A minimum of three (3) sets of reading be taken daily, provided that movements are within
anticipated limits. Otherwise, the frequencies should increase according to a pre-planned
interval.

Monitoring of movements is required during work stoppages, such as during non-
operation period (off-shifts) or weekends. A minimum of three (3) sets of readings should
be taken daily.

Measurements of the monitoring points shall be reported promptly to MTO for review.
Data Collection and Data Transfer

A procedure is required to be established in consultation with MTO so that the monitoring
data and the interpreted data will reach all parties as soon as necessary. The contract
administrator/Service Provider and the Contractor should interpret monitoring data as
needed for the purpose of on-going construction. The Foundation Engineer should be
contacted for technical support to the prime Service Provider in the interpretation of
ground movements and review of the Contractor’s response when Review and Alert
Levels are reached.

Criteria for Assessment

The acceptable surface settlement (or heave) will be according to criteria as specified
below.

Baseline Reading — A baseline reading of the instrumentation shall be taken prior to
commencement of the work. An average of at least two initial readings shall be recorded
as baseline reading.
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Review Level — A maximum value of 10 mm relative to the baseline readings is suggested
for this project. If this level is reached, the method, rate or sequence of construction, or
ground stabilization measures should be reviewed or modified to mitigate further ground
displacements.

Alert Level — A maximum value of 15mm relative to the baseline readings is suggested for
this project. If this level is reached, the Contractor shall cease construction operations
and to execute pre-planned measures to secure the site, to mitigate further movements
and to assure safety of public and maintain traffic.

Review of Contractor’s Proposed Method

MTO, the Proponent’s prime Service Provider and Foundation Engineer should review the
Contractor’s proposed method of construction. The proposed method should include a
description of the potential loss of ground, and calculation of the maximum settlement in
relation to the Contractor’'s procedure and equipment, alternative/remedial measures
when review level of measurement is reached; and contingency/remedial measures when
alert level of measurement is reached.

Contractor’s Responsibility for Restoration and Warranty Provision

In addition to the monitoring program to assess the adequacy of the
construction method to control potential ground movements and groundwater, the
Contractor is responsible for reinstatement (such as surface paving) should movements
or other surface distress occur, and provide a reasonable warranty period acceptable to
MTO. Remedial measures shall be approved by MTO; however, MTO maintains the right
to perform the maintenance at the proponent’s expense.

Construction Monitoring
The Proponent shall retain a RAQS qualified Geotechnical Service Provider — Medium

Complexity to supervise the installation of surface settlement points on site and to provide
direction, technical input and field inspection on this project.
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