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SECTION 310179 — SEALING LEAKS

PART 1 - GENERAL

1.1 SUMMARY

A.  Section includes the requirements for furnishing equipment, labor and sealing material and
installation or injection as required to seal water leaks into the Straits Tunnel, North Straits Shaft
and Mackinaw Station Portal.

B.  Related Requirements:

1.

Section 033000 “Cast-In-Place Concrete” for placing cast-in-place concrete, including for
temporary and permanent support of excavation and for installing waterstops and
regroutable hoses.

Section 034106 “Precast Structural Concrete Access Tunnel” for providing precast
permanent access tunnel units and limits on groundwater inflow in the access tunnel.
Section 315600 “Diaphragm Walls” for construction of concrete diaphragm (slurry) walls
using to provide a temporary and permanent watertight support of excavation and limits on
groundwater inflow through the walls.

Section 317117 “Backfill Grouting” for performing backfill grouting and check grouting
during tunneling.

Section 317119 “Excavation by Tunnel Boring Machine” for completion of the bored
tunnel with the use of a Pressurized Face Tunnel Boring Machine (TBM), including
installing the permanent tunnel lining consisting of gasketed precast concrete segments and
limits on groundwater inflow through the tunnel lining.

Section 317416 "Precast Concrete Tunnel Lining" for manufacturing, handling,
transporting and installing gasketed precast concrete tunnel lining (PCTL) segments, and
for repair of damage to the segments other than leaks.

1.2 DEFINITIONS

A.  Leak Sealing: Installation or injection of materials to seal leaks, stopping any soil transport and
minimizing groundwater flow through the PCTL and the North Straits Shaft and Mackinaw
Station Portal permanent structures.

B.  Regroutable Hose: Hose which can be positioned in construction joint and which can be grouted,
flushed and regrouted to seal leaks.

1.3 REFERENCES

A.  American Concrete Institute (ACI):

L.

ACI 224.1R Causes, Evaluation, and Repair of Cracks in Concrete Structures.

B.  ASTM International (ASTM):
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1. ASTM C321 Standard Test Method for Bond Strength of Chemical-Resistant Mortars.
2. ASTM D93 Standard Test Methods for Flash Point by Pensky-Martens Closed Cup Tester.
3. ASTM D638 Standard Test Method for Tensile Properties of Plastics.
4. ASTM D695 Standard Test Method for Compressive Properties of Rigid Plastics.
5. ASTM D790 Standard Test Methods for Flexural Properties of Unreinforced and

Reinforced Plastics and Electrical Insulating Materials.

6. ASTM D1042 Standard Test Method for Linear Dimensional Changes of Plastics Caused
by Exposure to Heat and Moisture.

7. ASTM D1638 Methods of Testing Urethane Foam Isocyanate Raw Materials.

ASTM D2240 Standard Test Method for Rubber Property — Durometer Hardness.

9. ASTM D3574 Standard Test Methods for Flexible Cellular Materials — Slab, Bonded, and
Molded Urethane Foams.

o

C.  Federal Highway Administration (FHWA):
1. FHWA (2005) Highway and Rail Transit Maintenance and Rehabilitation Manual, FHWA-
IF-05-017.

1.4 PRECONSTRUCTION MEETINGS

A.  Conduct pre-installation meeting after the submittals required to perform the work have been
approved, and at least 48 hours prior to starting leak sealing operations.

B.  Pre-construction meeting to be attended by representatives from the Company, Contractor and
Designer.
C.  As aminimum, review the following:
1. Health, safety and environmental hazards.
2. Emergency plans and response protocols.
3. Material safety data sheets (MSDS) sheets.
4. Specifications.
5. Work plan and construction methods.
6. QC plan.
7. Procedure for initial leak sealing operations, review of effectiveness and modifications to
work plan.
8. Reporting requirements.
9 Key personnel involved with the work.

10.  Testing and monitoring requirements.
11.  Contingency plans.

1.5 ACTION SUBMITTALS

A.  Product Data: MSDS, material certificates of compliance and documentation showing that the
proposed materials have a history of demonstrable satisfactory performance and are compatible
with adjacent materials.

1. Leak sealing materials.

B.  Workplan: A description of the leak sealing approach, demonstrating the approach to meeting the

specification approach for water inflows, including:
L. Detailed procedure for all leaks to be sealed.
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2. Manufacturer's documented procedure for testing and inspection activities.

3. Requirements for the storage, handling, and installation of the products.

4. Details associated with grouting and cleaning regroutable hoses.

5. Updated and resubmitted workplan if grouting methods change.

C.  Shop Drawings:

1. Steel plate for sealing over grout socket.

1.6 INFORMATIONAL SUBMITTALS

A.  Qualifications:

1. Grouting Manager.

2. Leak Sealing Specialist.

B. Certifications:

1. Weekly calibration certificates for pressure gauges and flow meters.

2. Certification that all admixtures are noncorrosive.

C.  Provide leak survey information and grouting records, including location, approach taken,
whether sealing is first time or subsequent attempt, hole depth and orientation, sealant used,
volume used, time spent, notes on performance and acceptance criteria used to consider sealing
work completed in Segment Tracking Database specified in Section 317416 “Precast Concrete
Tunnel Lining”.

1.7 QUALITY ASSURANCE

A.  Qualifications:

1. Grouting Manager: Minimum of 10 years of related work experience on similar projects to
manage the grouting program by designing, testing, and overseeing the injection of grout
mixes of the type required.

2. Leak Sealing Specialist: Minimum of 10 years of related work experience.

1.8 PRECONSTRUCTION TESTING

A.  Notused.

1.9 DELIVERY, STORAGE, AND HANDLING

A.  Not used.

1.10 FIELD CONDITIONS
A.  Not used.
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PART 2 - PRODUCTS

2.1

2.2

GENERAL

Sealants for use for remedial repairs shall demonstrate a 100-year design life and strength
requirements appropriate to the specific repair.

In addition to the sealants specified in the Section, propose additional sealants as needed for
approval by the Company, meeting the applicable durability and strength requirements to suit
specific leak conditions.

SINGLE COMPONENT POLYURETHANE

Sealant suitable for use for remedial repairs of flush construction joints and shrinkage cracks up
to 0.012 inches (0.3mm) wide: A single component polyurethane hydrophilic polymer; which
reacts with water to form a tough, expansive, elastic, durable gel with adhesive properties in its
cured form. When used without water for crack filling, the material will form a tough, dense,
rubbery sealer. Provide a product that exhibits the physical requirements listed in Table 1, or as
approved by the Designer.

Table 1: Single Component Polyurethane Physical Requirements

Property | Requirement | Standard
UNCURED
Solids 83 percent
Viscosity 650 to 800 CPS ASTM D1638
Color Pale Yellow
Density 8.7t09.2 LBS/GL ASTM D1638
Flashpoint 225 degrees F ASTM D93
Reaction Time 1/1 W/ WATER 20 SEC.
CURED
Tensile Strength 380 psi
Elongation 400 percent ASTM D3574
Bond Strength 250 to 300 psi ASTM D3574
Shrinkage less than 10 percent ASTM D1042
Toxicity Non-Toxic
B. Cure Time: As required based on the application.
C.  Chemical Compatibility: Provide gel that forms successfully in the presence of the chemicals in
the groundwater per the Geotechnical Baseline Report (GBR).
D.  Material: No change in linear dimension more than 18 percent when subjected to wet and dry

cycles.
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23 TWO COMPONENT 100% SOLIDS EPOXY RESIN

A.  Sealant suitable for use for the repair of the construction joints, shrinkage cracks, and hair line
structural cracks wet or dry up to 0.016 inches (0.4mm) alone, and up to 0.032 inches (0.8mm)
with the addition of sand: A two component 100% solids, anime, or polyester epoxy resin
injection.

B.  Meet or exceed the physical properties in Table 2, or as approved by the Designer:
Table 2: Two Component 100% Solids Epoxy Resin Physical Requirements

Property Requirement

Temperature Range

40 to 100 degrees F

Consistency Liquid
Viscosity Part A at 77 degrees F plus or minus 3 degrees F
60 cps max
Brookfield RVT Spindle No. 2 @ 20 rpm
Viscosity Part B at 77 degrees F plus or minus 3 degrees F
25 cps max
Brookfield RVT Spindle No. 2 @ 20 rpm
Pot Life (60gm.mass) 77 degrees F plus or minus 3 degrees F
60 min.
Compressive Yield ASTM D695

Strength 12,500 psi min.

7 days at 77 degrees F plus or minus 3 degrees F
Tensile Strength 10,000 psi ASTM D638
Bond Strength 600 psi at 28 days ASTM C321
(dry concrete)
Shore Hardness 80 ASTM D2240
Elongation 2 to 5 percent ASTM D638
Mix Ratio 2:1 by volume (A:B)

24 SWELLING POLYURETHANE SEALANT

A.  Sealant suitable for use for sealing leaks at precast segment joints up to 0.012 inches (0.3mm)
wide.

B.  Swelling water reactive polyurethane polymer sealant with the properties listed in Table 3, or as
approved by the Designer:
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Table 3: Swelling Polyurethane Sealant Physical Requirements
Property Requirement | Standard
UNCURED
Viscosity Gel/Paste
Solids 100 percent
Specific Gravity 1.57 ASTM D1638
Vertical Slump 0.12 inches (3 mm)
Tack Free 12 hours
Flashpoint 265 degrees F
CURED
Shore Hardness 40A ASTM D2240
Tensile Strength 265 psi ASTM D3574
Elongation 600 percent ASTM D3574
Tear Strength 170 psi ASTM D790
Expansion (in water) 250 percent
Toxicity Non-Toxic

2.5 GROUT FOR REGROUTABLE HOSES
A.  Remedial grout for use in the regroutable hoses: Sika® Injection 306 or Company-approved
equal.
2.6 REPAIR MATERIALS

A.  Repair materials for filled holes drilled into concrete: In accordance with Section 317416 “Precast

Concrete Tunnel Lining.”

2.7 INJECTION EQUIPMENT

A.  Asrecommended by manufacturer.

2.8 SOURCE QUALITY CONTROL
A. At aminimum, include the following items in the Inspection and Test Plan:

1. Surveillance:
a. Not used.

2. Review:
a. Leak sealing materials product data sheets.
b. Manufacturer recommended installation method.

3. Verification:
a. Products comply with specified standards.

4. Witness Point:
a. Not used.

SEALING LEAKS
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5. Hold Point:
a. Not used.

PART 3 - EXECUTION

3.1

32

A.

GENERAL

Conduct leak surveys and classify categories of leaks based upon width, length, and amount of
water infiltration through the structure. Include results of leak survey in Segment Tracking
Database specified in Section 317416 “Precast Concrete Tunnel Lining”.

Seal concrete leaks in accordance with ACI 224.1R.

Seal leaks in the Straits Tunnel if the water ingress limits are in excess of those specified in
Section 317119 “Excavation by Tunnel Boring Machine”.

Seal leaks in the North Straits Shaft if the water ingress limits are in excess of those specified in
Section 315600 “Diaphragm Walls”.

Seal leaks in the Mackinaw Station Portal if the water ingress limits are in excess of those
specified in Section 315600 “Diaphragm Walls” for leakage through diaphragm walls and Section
034106 “Precast Structural Concrete Access Tunnel” for leakage into the precast permanent
access tunnel.

Acceptance criteria for the leak sealing is compliance with the specified water ingress limits at
completion of construction.

Trial each method defined in the work plan on the first leaks to be sealed. Regularly evaluate
effectiveness of sealing methods and update as needed to suit project conditions.

Perform repairs, including curing time, at a minimum temperature of 50 degrees F unless
otherwise approved by Designer, and in accordance with any other temperature limits in
manufacturer’s requirements.

SEALING CRACKS
Choose sealant product to suit the particular application and field conditions.

Use a drill bit of a size appropriate for the injector probe to drill directly into a crack or
construction joint, or drill from one side and intersect the crack or joint at approximately one-half
the thickness of the concrete structure. Space holes at approximately one-half the thickness of the
concrete. Determine the exact approach taken based on field conditions.

Flush grout hole by injection with water. Remove leaching deposits from cracks by abrasive
blasting, or wire brushing. Flush cracks with water by pressure through injection ports. Wash out
concrete laitance or contaminants through the crack. Remove free water by blowing air under
pressure through the crack after flushing.
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D.

33

34

3.5

Inject the sealant into the crack or segment to be sealed starting at the lowest point and working
up to the highest point, working both sides of the crack or joint simultaneously, move to the next
injection point after observing grout return from next packer.

Insert the applicator injection probe; pack with approved hydraulic cement or use a short plastic
tube as a gasket.

Pump sealant until the crack or joint is sealed, back pressure is encountered and a grout return is
noted at the crack or joint to be grouted. Follow manufacturer's recommendations.

Repeat procedure along full length of the crack or joint until leak is sealed. Split the hole spacing
and re-seal as necessary to seal the leak.

Mark crack tips on completion of repair to allow crack growth to be evaluated if leakage reoccurs.

SEALING SEGMENT JOINTS

For locations where leakage is occurring through the intrados gasket or through bolt hole:

1. Drill a minimum of two approximately 0.7 inch diameter holes on the joint through the
concrete to the nearest face of the gasket, located at the lowest and highest extents of the
compartment formed by the intrados, extrados and cross gaskets.

2. Insert a drilling needle of 0.15 inch diameter through the gasket, displacing the gasket and
not removing any of the gasket material.

3. Loosen segment bolt to allow flow of sealant through bolt hole.

4. Choose sealant product to suit the particular application and field conditions.

5. Insert sealant at low pressure into lower hole until a grout return is seen in the bolt hole,
and then tighten bolt to seal bolt hole.

6. Continue grouting until a grout return is seen in the upper hole.

SEALING SEGMENT GROUT SOCKETS

For locations where leakage is occurring through or around a grout socket that has been used for
check grouting, follow procedure for sealing cracks and construction joints by injecting around
circumference of grout socket.

If unsuccessful with crack sealing methods:

1. Fabricate and bolt a 12 inch by 12 inch steel plate 0.25 inches thick over the grout socket.

2 Include a grouting and relief port in the plate sized to be positioned over the grout socket.

3. Seal the contact between the segment and the plate with an approved repair material.

4 Once seal has gained strength, grout behind plate with swelling polyurethane sealant until
the maximum pressure for check grouting in Section 317117 “Backfill Grouting” is
reached.

SEALING CAST-IN-PLACE CONCRETE JOINTS

For joints or other locations where a regroutable hose is located and leakage in excess of the
criteria is occurring:
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1. Grout all regroutable hoses after concrete has obtained the required strength. Determine
injection pressure by means of on-site demonstration; do not exceed structural capacity of
the structure.

2. Clean hoses and pipes after grouting.

3. Repeat grouting operation if leakage continues to be higher than the criteria.

B.  For construction joints where there is no regroutable hose, follow the procedure for sealing cracks.

3.6 OTHER REPAIRS
A.  For other types of leaks, repair in accordance with FHW A Highway and Rail Transit Maintenance
and Rehabilitation Manual and ACI 244.1R, as appropriate and accepted by the Designer.
3.7 SURFACE CLEANUP AND FINISH
A.  Finish the surface of sealed leaks flush with adjacent concrete surface without indentation or other

evidence of port fittings. Point the leak surface flush with an approved repair material and remove
excess material from adjacent surfaces; produce a smooth joint.

3.8 FIELD QUALITY CONTROL
A. At aminimum, include the following items in the Inspection and Test Plan:
1. Surveillance:
a. Leak sealing.
b. Surface cleanup and finishing.
2. Review:
a. Leak surveys.
3. Verification:
a. Leak surveys.
b. Leak survey in Segment Tracking Database.
C. Grouting records in Segment Tracking Database.
4. Witness Point:
a. Leak surveys.
b. Grouting of regroutable hoses.
C. Cleaning of regroutable hoses after grouting.

5. Hold Point:
a. Not used.

END OF SECTION 310179
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