SECTION 02205

REMOVAL AND RESTORATION OF EXISTING FACILITIES

PART 1 - GENERAL

1.01

1.02

1.03

DESCRIPTION:

A. This section specifies removing, restoring and reinstalling miscellaneous facilities on public
and private property which are removed during construction.

B. Related Work Specified Elsewhere:

Demolition: Section 02220.

Grading, excavating and backfilling: Section 02320.
Base for pavements: Section 02725.

Bituminous pavement: Section 02740.

Concrete pavement: Section 02750.

Curbs, gutters and walks: Section 02772.

Fencing: Section 02820.

Topsoil, seeding and sodding: Section 02920.
Landscaping: Section 02930.

10. Concrete formwork: Section 03100.

11. Concrete reinforcement: Section 03200.

12. Cast-in-place structural concrete: Section 03300.

C. Definitions:

1. Miscellaneous facilities include, but are not limited to, the following: Store fronts,
alarm and sprinkler systems, bay windows, cornices, signs, fire escapes, canopies,
awnings, security grilles, heating, cooling and electrical facilities, vaults, entrance
walkways, steps, sidewalks, curbs, walls, railings, fences, planter boxes, shrubs,
lawns and trees.

2. Definitions pertaining to trees, shrubs and other plants: ANSI Z60.1.

3. .Salvage: To remove and store material and equipment for reuse in this or other
Authority contracts.

D. Salvage:

1. Clean salvaged items of foreign material and store in accordance with the General
Requirements at accessible points within right-of-way unless otherwise shown,
approved or directed.

2. Repair or replace salvaged items which are damaged or destroyed.

3. Unless otherwise specified items removed but not to be salvaged will become the
property of the Contractor.

SUBMITTALS:
A. Submit the following for approval in accordance with the General Requirements and with the

additional requirements as specified for each:

1.

Working Drawings:

a. Complete details of proposed reconstruction of store fronts and shop
windows.
b. Complete details of temporary signs including method of reinstalling existing

permanent signs. Submit prior to removing signs.

QUALITY ASSURANCE:
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Codes, Regulations, Reference Standards and Specifications:

1. Comply with codes and regulations of the jurisdictional authorities.

2. ANSI: Z60.1.

3. ASTM: CA4.

4. ICNCP (International Commission for the Nomenclature of Cultivated Plants):

International Code of Nomenclature for Cultivated Plants.

PART 2 - PRODUCTS

2.01

MATERIALS:

A. Materials for Restoration: New materials, unless otherwise approved, conforming to existing
undisturbed materials in quality, color and finish.

B. Topsoil: Section 02920.

C. Seeding and Sodding: Section 02920.

D. Trees, Shrubs and Other Plants: Same species as that removed, unless otherwise specified,
and identified in accordance with the International Code of Nomenclature for Cultivated
Plants.

E. Clay Drain Tile: ASTM C4.

PART 3 - EXECUTION

3.01

3.02

3.03

REMOVALS:

A

Remove work to extent shown minimizing damage to work which is to remain in place.

STORE FRONTS, BAY WINDOWS AND CORNICES:

A

Store Fronts:

1. Rebuild store fronts at or behind building line to match existing fronts insofar as
practicable.

2. Complete restoration in accordance with approved working drawings.

Bay Windows:

1.Rebuild bay windows at or behind building line as window walls.

Cornices:

1. Do not replace cornices which have been removed.

2. Parge areas disturbed by removal with cement plaster.

ALARM AND SPRINKLER SYSTEMS AND FIRE ESCAPES:

A

Alarm Systems:

1. Maintain existing alarm systems in operating condition. On completion of
construction, reinstall components to provide same degree of protection as original
system.
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3.04

3.05

3.06

3.07

3.08

B. Sprinkler Systems:

1. Maintain existing sprinkler systems fully operative in areas temporarily occupied for
construction purposes.
2. Protect system from freezing where exposed to open-air conditions.
3. Restore sprinkler system to provide same degree of protection as original system.
C. Fire Escapes:
1. Relocate fire escapes temporarily and maintain safe egress.
2. Replace fire escapes in original location as soon as practicable.

CANOPIES, AWNINGS AND GRILLES:

A. Canopies and Awnings:
1. Store canopies and awnings during construction.
2. Reinstall as soon as construction permits.
B. Grilles:
1. Remove and reinstall security grilles concurrently with building modifications.
VAULTS:
A. Perform work on vaults as specified in Section 02320.

HEATING, COOLING AND ELECTRICAL FACILITIES:

A. Heating and Cooling Facilities:
1. Remove and rebuild heating and air-conditioning facilities as necessary to provide
service.
B. Electrical Facilities:
1. Remove and reconstruct electrical facilities to extent necessary to provide electrical

service inside building line.

SIGNS, FLAGPOLES, RAILINGS AND FENCES:
A. Salvage signs, flagpoles, railings and fences where shown.

B. Provide temporary sign for each permanent sign removed in accordance with approved
working drawings. Remove on completion of construction.

C. Reinstall items in their original locations or in other locations shown. Reinstall or replace
chain-link fences in accordance with Section 02820.

D. Repair existing surfaces, damaged during the work, by cleaning and restoration to match
existing.

STEPS, WALLS AND COPINGS:

A. Salvage steps and copings of wall components where shown and rebuild them to match
existing.
B. Where new reinforcing steel and concrete construction is necessary, provide such items in

accordance with Sections 03100, 03200 and 03300 so as to maintain continuity of quality and
appearance between existing and new construction.
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3.09

3.10

3.1

SIDEWALKS AND CURBS:

A. Salvage components of sidewalks and curbs where shown. Dispose of six-inch granite curb.
It will not be reused.

B. Restore sidewalks and curbs to line and grades which existed originally or new lines and
grades shown.

C. Restore asphalt and concrete sidewalks and curbs using new asphalt and concrete of equal
quality to existing and to match lines, grades, thickness and construction existing prior to
removal. Perform work in accordance with Sections 02725, 02740, 02750 and 02772.

PARKING AREAS AND DRIVEWAY PAVEMENTS:

A. Restore parking area and driveway pavements to lines, grades, thickness and construction
existing prior to removal. Perform work in accordance with Section 02725, 02740 and 02750.

LANDSCAPING:

A. Tree Preservation:

1.

Repair injuries, abrasions or other damage to planting by cleanly removing broken

members, loose or torn bark and shape edges in order to permit drainage of rain

water from wounds. Perform pruning in accordance with Section 02930.

a. Where depth of soil over root system of existing plantings is to be modified
by final grading, provide the following:

1) Where increase of one foot or more in elevation is shown, spread
continuous layer of rock aggregate, graded 1/4 inch to two inches,
six inches deep from trunk to drip line of branches prior to
installation of fill.

2) Provide proper aeration by installing, within perimeter of spread,
system of four-inch clay drain tile, vertically from soil surface into
aggregate fill.

3) Construct stone wells around trunks as shown, detailed or as

approved. Extend stone work from rock fill layer to final grade,
allowing sufficient space for trunk growth.

4) Protect trees, shrubs, groundcovers and features such as
landforms, walls, wells, coping and similar items that are to remain.
Exercise special precautions and provide treatment for retention
and protection of such landscape items in preference to removal.

B. Tree Removal and Replacement:

1.

Where existing trees are to be removed and replaced by others at present locations,
use replacement trees of comparable species and size up to four inches maximum
caliper, except that the jurisdictional authorities have the right to specify alternate
tree species or varieties of comparable size and cost, if such are readily available.
Do not replant or relocate trees over 12 inches in caliper, except in cases of
historical significance, rarity of type, excellence of form or other special
considerations.

Replace trees of minimum three-inch caliper, removed by construction, on the basis
of diameter inch for diameter inch, up to four-inch maximum caliper, and on total
diameterinches removed, so that planting can be complete and uniform throughout.
Use replacement trees of prime specimen quality, field selected and seal-tagged.
Measure, grade, install and maintain plants in accordance with ANSI Z60.1, except
for National Park Service lands where trees are to be measured for diameter by
taking the average of two trunk caliper measurements at right angles, six inches
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above the root crown.

4. Replace shrubs removed with same species and varieties and of same size in height
or width or substitute at locations designated by the Engineer a number of plants of
same species and variety whose total measurements equal measurement of plant
or plants to be replaced

Plant maintenance and replacements:

1. For 18 months after completion of plant installation, maintain planting and incidental
work by replacing plants, watering, weeding, cultivating, fertilizing, remulching,
pruning, controlling insects and diseases, reguying, rewrapping and by performing
other maintenance operations for promotion of root growth and plant life so that work
is in satisfactory condition at completion of Contract and throughout maintenance

period.

2. Water and weed root system of plants at regular intervals and keep surrounding soil
in condition for promotion of root growth and plant life.

3. Provide planting and planting materials that will be in a condition acceptable to the
Engineer at end of maintenance period.

4. During next planting season, replace trees, ground cover, vines and shrubs which

are discovered during and at end of maintenance period to be dead or in unhealthy,
unsightly or badly impaired condition. Replace with healthy plants of same kinds and
sizes as originally specified.

5. The Contractor will not be held responsible or liable for damages to plants and
planting materials by animals, malicious or careless damage by human agencies
over which he has no control, or by fire and storm damage following completion and
acceptance of original planting.

Topsoil:
1. Provide and place topsoil in tree spaces and areas to be seeded in accordance with
Section 02920.

Grassed Areas:
1. Unless otherwise shown, provide seed in accordance with Section 02920. If sodding
is required, provide in accordance with Section 02920.

Replace landscaping, trees and grassed areas, inside and outside limits of work, if removed
or damaged.

3.12 JOINTS BETWEEN EXISTING AND RESTORED WORK:

A.

B.
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Make joints between existing and restored work as inconspicuous as practicable.
Use saw to cut straight line at joint between existing and new concrete surfaces.

Make joints between existing and restored work at least equal structurally to original
undisturbed items.

END OF SECTION
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SECTION 02220

DEMOLITION
PART 1 - GENERAL
1.01 DESCRIPTION:
A. This section specifies demolition work.

1. Related Work Specified Elsewhere:

2. Clearing, grubbing, removal and protection of trees and shrubs: Section 02230.

3 Removal of concrete and masonry walls and foundations 12 inches below existing
grade: Section 02320.

4, Removal and restoration of miscellaneous facilities: Section 02205.

B. Definitions:

1. Demolition: Complete removal and disposal of existing facilities from areas to be
cleared and grubbed and from other areas shown.

2. Existing facilities include, but are not restricted to, buildings, sheds, streetcar tracks,
pavements, sidewalks, curbs and gutters, signs, posts, fences, drainage, sewage
and other utility facilities located in the area to be cleared and grubbed.

3. Salvage: Section 02205.

1.02 SUBMITTALS:
A. Submit the following for approval in accordance with the General Requirements and with the
additional requirements as specified for each:

1. Certification:

a. Submit copy of request to utility companies owning or agency controlling
services and appurtenances affected by demolition work for discontinuance
of services along with certificates of severance.

2. Documentation:

a. Demolition permit from the jurisdictional agency or owner.

b. Permits and releases from each owner of property where demolition debris
will be deposited absolving the Authority of responsibility in connection with
such disposal.

1.03 QUALITY ASSURANCE:
A. Codes, Regulations, Reference Standards and Specifications:
1. Comply with codes and regulations of the jurisdictional authorities.
1.04 JOB CONDITIONS:
A. Buildings:
1. Demolish buildings in place.
B. Street and Road Closures:

1. Make arrangements with appropriate jurisdictional agency for temporary closing of
public streets or highways to traffic as necessary.

2. Arrange with the appropriate agency for the rerouting of traffic and comply with its
regulations.

3. Furnish and maintain temporary signs, barricades, flashing lights and flag persons

necessitated by the work and remove same upon completion of work.

1X000 (03/03) 02220 -1



C. Maintenance of Traffic:
1. Construct, maintain and remove on completion of work, temporary canopies and
other structures for protection of the public in accordance with applicable codes to
ensure continuous safety of traffic.

2. Bridge cuts in traffic areas with steel plates or by other approved means.
3. Keep traffic areas free from debris and spillage of materials.
4. When demolition work interferes with bus loading facilities, provide and maintain

surfaced areas at alternative locations or arrange rerouting with appropriate
authorities for duration of work.

D. Protection and Restoration:
1. Prevent damage to pipes, conduits, wires, cables and structures above and below
ground which are not designated for removal. Repair or replace damaged items.
PART 2 - PRODUCTS
Not Used.
PART 3 - EXECUTION
3.01 PRESERVATION OF REFERENCES:

A. Prior to removal, record location and designation of survey markers and monuments located
within demolition area. Store markers and monuments during period of work. Restore
survey markers and monuments upon completion of work.

3.02 BUILDING DEMOLITION:

A. Undertake rodent control and extermination program in demolition areas.

B. Take possession of building materials, fixtures and equipment in, attached to or belonging
to, buildings and structures.

C. Proceed with demolition of building or structure and appurtenances.
D. Party Walls:

1. Where building wall being demolished is a party wall with another building not to be
demolished, prevent damage to other building and avoid interference with its
occupants.

2. Restore and waterproof exposed party walls in accordance with applicable building
code for exterior walls of particular type of construction involved.

3. Should party wall become unsafe or dangerous because of demolition, effect

remedial measures for anchoring, bracing or buttressing. If such work does not
correct unsafe or dangerous conditions, remove and replace wall and perform
necessary work to properly enclose structure that is to remain standing, at no cost
to the owner of such property.

E. Cellars and Foundation Walls:

1. Break concrete and masonry cellar floors into pieces not exceeding four cubic feet
in volume or, where approved, punch holes of not less than one-square-foot area
through full thickness of floor approximately at 10-foot centers.

2. Remove wooden cellar floors.

3. Remove foundation and cellar walls 12 inches minimum below final grade.
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After breaking or removing cellar floors, fill cellar spaces with durable free-draining
fill material, consisting of particles no one of which exceeds eight inches in its
greatest dimension. Use masonry rubble obtained from demolition work if it meets
this requirement. Place fill material in layers each of 12-inch maximum thickness,
compact each layer and fill voids in each lift with approved coarse sand.

Correct subsidence in filled areas by placing and compacting additional fill.

The Engineer may waive the requirement to fill cellar voids where cellar structures
will be subsequently excavated for construction.

3.03 REMOVAL OF STREETCAR TRACKS, PAVEMENTS, SIDEWALK, CURBS AND GUTTERS:

A

D.

3.04 DISPOSAL:

A.

B.
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Removal of Streetcar Tracks:

1.

Regardless of depth, totally remove and dispose of rails, slot rails, yokes, switches,
turnouts, ties, manholes, concrete and masonry encasements, cables, insulators and
other related parts and accessories of track installation located within boundaries
drawn two feet outside outer rails. Remove materials within such boundaries
horizontally and from existing street grade to yoke encasement subgrade, vertically.
In double track installations, remove materials in intervening space between inner
rails of each track.

Known locations of streetcar tracks are shown.

Remove streetcar tracks as necessitated by the work and as directed, whether
tracks are shown or encountered during excavation.

Transport from the site removed or excavated track accessories or parts thereof
which will become the property of the Contractor.

Methods of removal and disposal will be at the Contractor's option, subject to
approval and meeting the requirements of the Construction Sequence and
Maintenance of Traffic Schedule.

Demolish pavement, sidewalks, curbs and gutters within demolition area shown to underside
of pavement and dispose of resulting debris. Remove and salvage stone curbing where
shown. Dispose of six-inch granite curb.

Fill resulting excavations, holes and depressions to existing grade or alternative grade as
shown, using fill material conforming to requirements of Section 02320.

Adequately drain resulting surfaces.

Remove debris resulting from demolition work to locations outside Authority's right-of-way.

Dispose of debris off site only with permission of property owner where such debris is to be
deposited and in accordance with codes and regulations of the jurisdictional authorities.
Do not burn debris at demolition site.

END OF SECTION
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SECTION 02230
SITE CLEARING
PART 1 - GENERAL
1.01 DESCRIPTION:

A. This Section includes the following:

Protecting existing trees and vegetation to remain.

Removing trees and other vegetation.

Clearing and grubbing.

Topsoil stripping.

Removing above-grade site improvements.

Disconnecting, capping or sealing, and abandoning site facilities in place.
Disconnecting, capping or sealing, and removing site facilities.

Nookrwh =

B. Related Sections include the following:

1. Demolition: Section 02220.

2. Topsoil, seeding and sodding: Section 02920.

3. Landscaping: Section 02930.

4 Construction Facilities and Temporary Controls- Div 1

C. Definitions

1. Topsoil: Natural or cultivated surface-soil layer containing organic matter and
sand, silt, and clay particles; friable, pervious, and black or a darker shade of
brown, gray, or red than underlying subsoil; reasonably free of subsoil, clay
lumps, gravel, and other objects more than 2 inches in diameter; and free of
weeds, roots, and other deleterious materials.

2. Facility: Utility structures and system components belonging to utility company
including service lines which are used to provide service to utility's customers and
product which these facilities convey.

3. Utility: Company, agency, owner or operator of facility concerned.

1.02 SUBMITTALS:

A. Submit the following for approval in accordance with the General Requirements and with
the additional requirements as specified for each:
1. Documentation:
a. Permits and releases from each owner of property where debris will be
deposited absolving the Authority of responsibility in connection with such
disposal.

1.03 QUALITY ASSURANCE:

A. Codes, Regulations, Reference Standards and Specifications:
1. Comply with codes and regulations of the jurisdictional authorities.

PART 2 - PRODUCTS
2.01 MATERIALS:

A. Requirements for satisfactory soil materials are specified in Division 2 Section
"Earthwork."
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1. Obtain approved borrow soil materials off-site when satisfactory soil materials are
not available on-site.

Standard Wood Tree Guards: As shown on W.M.A.T.A. Standard Drawing ST-C-16,
consisting of the following:

1. Wood posts: Two inches square.

2. Wood stringers: Two inches by four inches.

Standard Chain-Link Tree Guards: As shown on W.M.A.T.A. Standard Drawing ST-C-16,
consisting of the following:

1. Chain-link fencing: Nine gauge, two-inch mesh.

2. Posts: 2.7 Ibs. per foot “H” or 1-1/2 inches inside diameter.
3. Brace rails: 1-5/8 inches outside diameter.

4. Stretcher bars: 1/4-inch by 3/4-inch.

Temporary Enclosures and Wrapping: Contractor's option.

Tree Wound Paint: Standard bituminous product.

PART 3 - EXECUTION

3.01 PREPARATION

A

Protect and maintain benchmarks and survey control points from disturbance during
construction.

Provide erosion-control measures to prevent soil erosion and discharge of soil-bearing
water runoff or airborne dust to adjacent properties and walkways

Locate and clearly flag trees and vegetation to remain or to be relocated.
Protect existing site improvements to remain from damage during construction.

1. Restore damaged improvements to their original condition, as acceptable to
Owner.

3.02 TREE PROTECTION

A

Erect and maintain temporary enclosures or wrappings around drip line of individual trees
or around perimeter drip line of groups of trees to remain. Remove enclosures or
wrapping when construction is complete.

1. Do not store construction materials, debris, or excavated material within drip line
of remaining trees.

2. Do not permit vehicles, equipment, or foot traffic within drip line of remaining
trees.

Protect trees shown on the drawing with standard wood or chain link tree guards.

Nurture protected and replaced trees, shrubs and plants during the period of this
Contract.

Do not excavate within drip line of trees, unless otherwise indicated.
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Where excavation for new construction is required within drip line of trees, hand clear and
excavate to minimize damage to root systems. Use narrow-tine spading forks, comb soil
to expose roots, and cleanly cut roots as close to excavation as possible.

1. Cover exposed roots with burlap and water regularly.

2. Temporarily support and protect roots from damage until they are permanently
relocated and covered with soil.

3. Coat cut faces of roots more than 1-1/2 inches in diameter with an emulsified
asphalt or other approved coating formulated for use on damaged plant tissues.

4, Cover exposed roots with wet burlap to prevent roots from drying out. Backfill

with soil as soon as possible.

Repair or replace trees and vegetation indicated to remain that are damaged by
construction operations, in a manner approved by Architect.

1. Employ a qualified arborist, licensed in jurisdiction where Project is located, to
submit details of proposed repairs and to repair damage to trees and shrubs.
2. Replace trees that cannot be repaired and restored to full-growth status, as

determined by the qualified arborist.

3.03  UTILITY FACILITIES

A

Locate, identify, disconnect, and seal or cap off facilities indicated to be removed.
1. Owner will arrange to shut off indicated facilities when requested by Contractor.

Existing Facilities: Do not interrupt facility service to building connections occupied by
Owner or others unless permitted under the following conditions and then only after
arranging to provide temporary utility services according to requirements indicated:

1. Notify Engineer not less than two days in advance of proposed facility
interruptions.
2. Do not proceed with facilities interruptions without Engineer’s written permission.

Excavate for and remove underground facilities indicated to be removed.

3.04 CLEARING AND GRUBBING

A

Remove obstructions, trees, shrubs, grass, and other vegetation to permit installation of
new construction. Removal includes digging out stumps and obstructions and grubbing
roots.

1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be
relocated.

2. Cut minor roots and branches of trees indicated to remain in a clean and careful
manner where such roots and branches obstruct installation of new construction.

3. Completely remove stumps, roots, obstructions, and debris extending to a depth
of 18 inches below exposed subgrade.

4. Use only hand methods for grubbing within drip line of remaining trees.

Fill depressions caused by clearing and grubbing operations with satisfactory soil

material, unless further excavation or earthwork is indicated

1. Place fill material in horizontal layers not exceeding 8-inch loose depth, and
compact each layer to a density equal to adjacent original ground.

3.05 TOPSOIL STRIPPING

A
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Remove sod and grass before stripping topsoil.
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3.06

3.07

3.08

Strip topsoil to whatever depths are encountered in a manner to prevent intermingling with

underlying subsoil or other waste materials.

1. Strip surface soil of unsuitable topsoil, including trash, debris, weeds, roots, and
other waste materials.

Stockpile topsoil materials away from edge of excavations without intermixing with
subsoil. Grade and shape stockpiles to drain surface water. Cover to prevent windblown
dust.

1. Limit height of topsoil stockpiles to 72 inches.
2. Do not stockpile topsoil within drip line of remaining trees.
3. Stockpile surplus topsoil and allow for respreading deeper topsoil.

REMOVAL OF TREE BRANCHES:

A

Remove tree branches which extend over structure neat lines and are less than 20 feet
above top of rail or existing surface whichever is higher.

Remove tree branches which create a hazardous condition.
Remove branches so as to present balanced appearance of tree.

Treat scars resulting from removal of tree branches with heavy coat of tree wound paint

SITE IMPROVEMENTS

A. Remove existing above- and below-grade improvements as indicated and as necessary
to facilitate new construction.

B. Remove slabs, paving, curbs, gutters, and aggregate base as indicated.

1. Unless existing full-depth joints coincide with line of demolition, neatly saw-cut
length of existing pavement to remain before removing existing pavement.
Saw-cut faces vertically.

DISPOSAL

A. Disposal: Remove surplus soil material, unsuitable topsoil, obstructions, demolished
materials, and waste materials, including trash and debris, and legally dispose of them off
Owner's property.

B. Dispose of debris off site only with permission of property owner where such debris is to
be deposited and in accordance with codes and regulations of the jurisdictional
authorities.

C. Burning and burying debris on site is prohibited.

END OF SECTION

02230 - 4 1X0000 (03/03)



SECTION 02240

DEWATERING
PART 1 - GENERAL
1.01 DESCRIPTION:
A. This section specifies general dewatering systems for control of groundwater and removal

of surface water during construction.

1.02 QUALITY ASSURANCE:

A. Codes, Regulations, Reference Standards and Specifications:
1. Comply with codes and regulations of the jurisdictional authorities.
2. ASTM:
a. D2466 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe
Fittings, Schedule 40
b. D1785 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe,
Schedules 40, 80, and 120
c. D2564 - Standard Specification for Solvent Cements for Poly(Vinyl
Chloride) (PVC) Plastic Piping Systems
d.
B. Qualifications:
1. For mined earth tunnels, have the design, implementation, evaluation, and

maintenance of the dewatering system under the supervision of a specialist with a
minimum of five years experience in responsible control of work similar to that

proposed.
C. Design Criteria:
1. Provide dewatering system which will reduce hydrostatic pressure and lower

groundwater levels below excavation levels excluding mined tunnels, as necessary
for safe and proper prosecution of the work and which will result in obtaining stable,
substantially dry subgrade for prosecution of subsequent operations.

2. For mined earth tunnels, provide dewatering system which will reduce hydrostatic
pressure and control groundwater in soil surrounding each tunnel to prevent the
following:

a. Heaving of the invert, hazardous seepage, and flow of soil in tunnel face.
b. Loss of ground and surface subsidence.

3. For mined earth tunnels in pervious soils, lower groundwater to two feet below invert
or reduce hydrostatic pressure to a point where tunneling proceeds without
groundwater related delay and loss of ground.

4. For mined earth tunnels where impervious soils extend above invert, lower
groundwater level to two feet above top of lowest impervious soil layer or reduce
hydrostatic pressure to a point where tunneling proceeds without groundwater
related delay and loss of ground.

1.02 SUBMITTALS:

A. Submit the following for approval in accordance with the General Requirements and with the
additional requirements as specified for each:
1. Working Drawings:
a. Type of dewatering system proposed, showing arrangement, location and
depths of proposed system, complete description of equipment and
materials to be used, installation procedure, well and piezometer
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development procedures, maintenance plan for dewatering system and
piezometers, standby equipment and standby power supply (if required),
and proposed location of points of discharge of water and settlement
measuring procedure.

b. Obtain approval of jurisdictional agencies prior to installation of system.
Documentation:
a. Observe and record average flow rate and time of operation of each pump

used in dewatering system. Provide appropriate devices, such as totalizing
flow meters for observing flow rates.Provide interior dewatering well drop
tube and exterior filter piezometer to observe and record operating levels
and filter levels. Submit data on approved form and in approved format
during period dewatering system is in operation.

b. Observe and record elevation of groundwater in the piezometers, including
those previously installed, on approved form and in approved format, during
the period that dewatering system is in operation. Sound depth to bottom
of each piezometer monthly to ensure that soil particles are not building up
in standpipe. Submit observation records promptly, regularly and as

directed.

C. During dewatering, make observations daily. After dewatering levels have
stabilized, observations frequency may be reduced as approved.

d. Submit maintenance schedule for piezometers and dewatering system.

Record and submit maintenance records for each piezometer and
dewatering well or dewatering system component weekly or as approved

e. Provide drill logs and installation details of all dewatering system
components, and piezometers, 24-hours after installation.

1.03 JOB CONDITIONS:

A. Subsurface Conditions:

1.

Reports of subsurface investigations are available as listed in the General
Requirements.

B. Permits:

1.

Prior to discharging water, obtain permit from jurisdictional agency.

2. Control discharge of water in accordance with the General Requirements, if

specified.
C. Responsibilities:

1. Design and install dewatering system to accomplish groundwater control as
specified.

2. Monitor, and report as required, discharge from dewatering system to determine if
water quality meets the requirements of jurisdictional agency. Modify dewatering
system as necessary to meet the requirements of jurisdictional agency.

3. Measure to determine if movement occurs in adjacent areas by dewatering
operations; take approved measures to minimize movement and prevent damage
to affected properties, buildings, structures, utilities or facilities. Establish criteria for
acceptable tolerances.

4. Take measures to prevent damage to properties, buildings, structures, utilities and
facilities resulting from groundwater pumping.

5. Modify system if it causes, or threatens to cause, damage to properties, buildings,
structures, utilities or facilities.

6. Repair as approved, damage, disruption or interference to properties, buildings,
structures, utilities or facilities resulting from dewatering operations.

7. Contract Drawings may designate locations where lowering of groundwater will not

be permitted.

02240 - 2 1X0000 (03/03)



8. Locations of dewatering system elements and piezometers may be adjusted in field
to suit job conditions, as approved.

9. Operate dewatering system without interruption until directed otherwise.
D. Coordination with Other Contractors:

1. The Contract Specifications govern requirements for access to areas outside
Contract limits.

2. Coordinate installation and operation of dewatering system and piezometers with
others concerned and with other Authority contractors if applicable.

3. If an adjoining Authority contract requires installation of portions of the adjoining
contract dewatering system or piezometers within Contract limits, allow access for
installation.

PART 2- PRODUCTS

2.01 PIEZOMETERS:

A. See Soil & Geological Standard Drawing Piezometer Details as shown.
B. Piezometer construction shall use ASTM-specified materials and procedures (D2466, D1785,
and D2564) .

PART 3 - EXECUTION
3.01 SURFACE DRAINAGE:

A. Intercept and divert surface drainage away from excavations, piezometers and dewatering
wells by use of dikes, curb walls, ditches, pipes, sumps or other means.

B. Design surface drainage systems to prevent erosion.
C. Remove surface drainage system when no longer required.
D. Remove debris and restore site to original conditions.

3.02 DRAINAGE OF EXCAVATED AREAS:

A. Provide and maintain ditches of adequate size to collect surface and subsurface water and
divert it into sump for draining or pumping into channels or storm sewers, as approved.

B. Install settling basins, tanks or other approved apparatus as necessary to bring the discharge
into compliance with permit requirements.

C. When no longer necessary, backfill and seal drainage ditches, sumps and settling basins with
approved material.

3.03 DEWATERING:
A. Coordinate dewatering installation to prevent conflict with other construction activities.
B. Install dewatering system in accordance with approved drawings and procedures. If site

conditions require modification of the dewatering system, implement modifications to achieve
specified design criteria prior to excavation.
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3.04

3.05

3.06

Demonstrate by approved methods that discharged sand content from each well meets the
design criteria specified above under Quality Assurance.

Discharge subsurface water clear of the work area.

Maintain continuous and complete effectiveness of the installation through regularly
scheduled maintenance of well screens, pumps, piezometers, electrical and piping systems.

Maintain water level so that no damage to structure can occur.
During backfill operations, the extent of dewatering may be reduced when approved,
provided water level does not result in uplift pressure in excess of 80 percent of downward
pressure produced by weight of structure and backfill in place.

At locations of piezometers in mined earth tunnel sections, reduce water level to specified
criteria at least 48 hours in advance of tunnel excavation.

Maintain dewatering operations until permanent tunnel lining has been installed.

PIEZOMETERS:

A

Prior to dewatering operations, install piezometers at locations shown or as approved and to
the depths shown or approved.

Verify installed piezometer tip elevation. Reinstall piezometers which do not comply with
requirements at no additional cost to the Authority.

48 hours after completion of each piezometer installation, prove proper functioning of
piezometer by performing Falling Head Tests. Submit test records within 24 hours of test
completion.
While dewatering system is in operation, prove continued proper functioning of each
piezometer by performing rising head tests. Submit test records within 24 hours of test
completion.

Take static water level readings prior to energizing dewatering system. Submit water level
readings within 24 hours of observation.

Operate dewatering system so that groundwater level in piezometers is maintained
continuously within prescribed limits.

Protect and maintain piezometers in good operating condition until completion of Contract.
Replace promptly any piezometer or dewatering well that is damaged or destroyed.

Terminate piezometer readings when approved.

PORTIONS OF SYSTEM TO BE LEFT IN PLACE:

A

When specified, leave portions of dewatering system in place.

PORTIONS OF SYSTEM TO BE REMOVED:

A

Upon completion of Contract, remove piezometers and well casings, unless otherwise
specified, to a depth of two feet minimum below ground surface.
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B. Backfill voids, well and piezometer casings with bentonite-cement grout.

C. Backfill remaining space with compacted earth and restore ground surface to its original
condition.

END OF SECTION
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PART 1 - GENERAL

1.01 DESCRIPTION:

A

B.

SECTION 02255

UNDERPINNING, SUPPORT AND RESTORATION OF STRUCTURES

This section specifies underpinning, supporting and restoring of structures.

Definitions:

1.

Underpinning: Permanent supporting structure designed to transmit foundation
loads to lower bearing levels necessary to securely maintain structure being
underpinned. Also includes temporary support necessary to safely perform
underpinning work and restoration of structure upon completion of work.

a. Temporary support: Construction required and designed to support
structures during underpinning or other construction work.
b. Restoration: Correction by repair or replacement of structure which is

damaged, removed or altered by the Contractor in furtherance of his
operation equivalent to condition existing prior to start of Contract work
unless otherwise shown or specified.

Structure categories:

a. Category 1 structures: Structures for which underpinning is necessary and
has been designed.
b. Category 2 structures: Structures which, because they are likely to be

affected by construction operations, the Contractor has the option of
supporting temporarily, underpinning or both. The decision rests solely with
the Contractor who is entirely responsible for results.

Related Work Specified Elsewhere:

ONoOORWN =

Grading, excavation and backfilling: Section 02320.
Dewatering: Section 02240.

Support of excavation: Section 02260.

Decking: Section 01530.

Piles: Section 02460.

Concrete work: Sections 03100, 03200 and 03300.
Structural steel: Section 05120.

Geotechnical instrumentation: Section 02291.

1.02 QUALITY ASSURANCE:

A

1.02 SUBMITTALS:

A

1X0000 (03/03)

Codes, Regulations, Reference Standards and Specifications:

1.
2.

Comply with codes and regulations of the jurisdictional authorities.
ASTM: D1056, D1149, D1692.

Submit the following for approval in accordance with the General Requirements and with the
additional requirements as specified for each:

1.

Working Drawings:

a. Verify by field investigation foundation loads, locations, sizes and conditions
of existing structures and footings requiring underpinning and temporary
protection.
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b. Prepare working drawings showing method, staging and necessary details,
including computations for construction of underpinning and temporary
support of each structure on which work is to be accomplished as well as
method of transferring structural load to piles.

C. Have drawings and computations certified by a registered professional
engineer who is licensed to practice in the jurisdiction where the work is to
be performed and who is qualified to substantiate extent and design of
underpinning work.

Documentation:

a. Submit written understandings with each structure owner with owner's
signature signifying his agreement.

1.04 JOB CONDITIONS:

A. Consents, Permits and Approvals:

1.

2.

The Authority will obtain necessary rights from owner for Contractor to occupy
construction areas for Category 1 Structures as shown.

The Contractor is responsible for obtaining in his own name, other agreements,
rights, permits and consents necessary to effect underpinning work, which are to
provide for and constitute agreement as to interdependent unitized system of
underpinning support, when such system is feasible in the Contractors' opinion.
Obtain permits required by jurisdictional agencies. Permits to name property owner
and the Authority as co-applicants, when applicable, and the Contractor as their
agent. Transmit copies of these instruments to the Engineer before starting work on
each affected structure.

Additional requirements for permits, consents and approvals are contained in the
General Provisions. Where plans for existing structures are available, they may be
reviewed as specified in the General Requirements.

B. Responsibilities:

1.

2.

3.

4.

Maintain safety, stability and integrity of structures of whatever nature regardless of
location which may be affected by the work.

Repair damage to structures caused by work necessary to restore structures to
condition existing prior to start of work.

Perform underpinning operations in accordance with applicable codes and
regulations of the jurisdictional agencies.

Perform underpinning operations with qualified personnel under continuous
supervision of a registered professional engineer experienced in such work.

C. Coordination with Structure Owners:

1.

PART 2 - PRODUCTS

Prior to starting work on structure, confer with owner or his authorized representative

and obtain concurrence with underpinning procedures and sequence of operations

including:

a. Means of access to the construction area.

b. Permitted areas of operations.

C. Time restrictions for performance of work which may disturb occupants.

d. Scheduling of time and durations of outages of utilities and other services
to premises as well as of operation of systems within premises.

Notify the Engineer three days prior to intended conferences with owner.

2.01 PRODUCTS AND MATERIALS:

1X0000 (03/03)
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Piling: Section 02460.

Concrete: Section 03300, Class 3500 or better.
Reinforcement: Section 03200.

Structural Steel: Section 05120.
Vibration-Isolation Materials:

1. Closed-cell neoprene isolation board conforming to ASTM D1056, Grade 2C5.

2. Self-extinguishing when tested in accordance with ASTM D1692.

3. No cracks after exposure to air containing 100 ppm of ozone for 100 hours at 104F
with samples under 20 percent strain tested in accordance with ASTM D1149.

4. Water absorption: Not exceeding one percent by weight.

Bonding Adhesive: As recommended by the vibration-isolation material manufacturer.

PART 3 - EXECUTION

3.01 DETECTION OF MOVEMENT:

A

In accordance with the General Requirements, provide, install and maintain monitoring
equipment to detect horizontal or vertical movement of structures as specified in Section
02291.

Inscribe or firmly affix on each column, pile cap, or wall to be underpinned or supported and
at additional locations directed by the Engineer, visual methods of determining movements.
Method used is optional but to be capable of being read to within 0.005 foot.

Take readings daily or more often if necessary during progress of underpinning or support
operations and for a period of four weeks after completion of such operations. Frequency
of readings may be reduced at specific location(s) with prior approval.

3.02 TEMPORARY PARTITIONS AND CLOSURES:

A

Build where shown and as required by property owner, closed, dustproof, weatherproof and
burglarproof temporary partitions and closures of suitable materials to isolate work site from
remainder of the structure. Comply with local building code requirements.

Provide emergency exits, with appropriate hardware.

Provide temporary protection against dust and damage from underpinning operations.

Remove temporary protective installations upon completion of work and restore area to
original condition.

3.03 INSTALLATION:

A

B.

1X0000 (03/03)

Excavation:

1. Excavate underpinning pits in accordance with Section 02320.

2. Support excavated surfaces in accordance with Section 02260.

3. Provide and maintain protective fencing and decking in accordance with Section
01530.

4. Dewatering: In accordance with Section 02240.

Underpinning:
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1. Perform needling, shoring, cribbing and posting as necessary to ensure that
movements damaging to the structure do not occur prior to and during underpinning

operations.

2. Place dry pack mortar, concrete and reinforcing steel in accordance with Sections
03100, 03200 and 03300.

3. Install structural steel shapes in accordance with Section 05120.

4. Install piling where shown in accordance with Section 02460.

5. When jacking piles, establish adequate controls to detect movement of structure

being underpinned. Maintain suitable equipment and methods continuously
available to contain movement should it occur.

6. Remove obstructions encountered when installing steel shell piling by drilling or
spudding. Blasting is prohibited.

7. Test installed piling where shown and take remedial action necessary to obtain

loading.

Use underpinning piles for underpinning purposes only, unless approved.

Transfer structural load to piles in accordance with approved procedures.

0. When transfer of loading has been completed and approved, clean pits of foreign

matter.

S ©®

Vibration Isolation:

1. Place vibration-isolation material where shown using boards supplied in lengths
sufficient for one-piece installation. Apply bonding adhesive at rate recommended
by manufacturer of board.

Backfill:
1. Place concrete backfill to limits shown.
2. Place and compact earth backfill in accordance with Section 02320.

Restore ground and building surfaces to their original condition.

Remove debris and construction materials. Leave site in a neat presentable condition.

END OF SECTION
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PART 1 - GENERAL

1.01 DESCRIPTION:

A

SECTION 02260

SUPPORT OF EXCAVATION

This section specifies support for cut-and-cover, open-cut excavation, trench excavation and

shafts.

Related Work Specified Elsewhere:

PN WN =

Grading, excavating and backfilling: Section 02320.

Maintenance, support and restoration of utility facilities: Section 02270.
Decking: Section 01530.

Rock reinforcement: Section 02420.

Drilling: Section 02431.

Concrete reinforcement: Section 03200.

Cast-in-place structural concrete: Section 03300.

Steel bars, steel strand, anchorages, couplings for ground anchors, grout: Section
03415.

Structural steel: Section 05120.

Grounding and bonding of soldier piles: Section 16060.

Geotechnical instrumentation: Section 02291.

Contractor's Optibns:

1.

System of support to consist of soldier piles and lagging, sheet-piling or slurry-trench
concrete walls, secured in place by means of bracing members such as wales,
struts, shores and ground anchors. Other methods of support permitted only when
approved.

1.02 QUALITY ASSURANCE:

A

1X0000 (03/03)

Codes, Regulations, Reference Standard and Specifications:

PoN~

2.

Comply with codes and regulations of the jurisdictional authorities.
API: 13A, 13B-1.

ASTM: A36, A709, A722.

EPA.

Design Criteria:
1

Design support of excavation in accordance with design criteria shown and specified.
Criteria are the minimum acceptable.

Design component members of system to support temporary decking system, earth
and rock pressures, unrelieved hydrostatic pressures, utility loads, applicable traffic
and construction loads and other surcharge loads. Use loading combinations
shown. Prepare design for staged removal of bracing to suit sequence of concrete
placement.

Design support system for nonpenetration of station and entrance surfaces visible
to public. Temporary penetration permitted only where location of penetration is
eventually to be hidden by elements such as acoustical panels or similar items
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1.02 SUBMITTALS:

Design sheeting and bracing for sides of excavations for underground structures in
a manner permitting safe and expeditious construction of permanent structures,
minimizing movement or settlement of the ground and preventing damage to
adjacent buildings, structures and utility facilities. Locate and design the bracing
system such that it will not interfere with the reinforcement and construction of the
permanent structure.

For support systems in which struts are installed between opposite sides of the
excavation, design and construct support of both sides to obtain comparable rigidity.
Choose location of soldier piles to allow for expected deviations from true line during
driving procedure without encroaching on future permanent structures.

Approval of Contractor's plans and methods of construction does not relieve the
Contractor of the responsibility for adequacy of support.

A. Submit the following for approval in accordance with the General Requirements and with the
additional requirements as specified for each:

1.

Working Drawings:

a. Details, arrangement and method of assembly of proposed system,
including construction sequence.

b. Method of preloading and bracing.

C. Elevations and sections showing full excavation depth from top grade to

bottom of soldier piles or subgrade, whichever is deeper.
Loads for various stages of bracing removal and concrete placement.
e. Anticipated equipment load.

o

f. Maximum design load to be carried by various members of support system
and preloads.

g. Depths below main excavation to which support system will be installed.

h. Methods of resolving difficulties arising from misalignment of soldier piles
exposed during excavation and criteria for implementation of those
procedures.

i. Methods of controlling and monitoring vibrations caused by driving of soldier
piles to prevent damage to structures and utility facilities.

j. If proposed support system includes tieback anchors, show geologic profile
or section for which each anchor is intended, design load for full depth of the
excavation, maximum design and proof load and criteria proposed for
deformations under proof loads.

k. Ground anchors and rock bolts:

1) Prior to starting work, submit support system tieback and rock bolt
details including design calculations, installation and load test
procedures, grouting materials, grouting methods and detailed
working drawings of the proposed rock bolt system.

2) Show geologic profile or section for which each ground anchor or
rock bolt is intended and design load of ground anchor and rock
bolt for full excavation condition.

Include design calculations and maximum theoretical deflections of support

members.
1) The maximum allowable deflections of support members are as
follows:
Soldier beams 1/2-inch
Walers 1/4-inch
This does not include the movement of support due to creep in tieback.
m. Include existing utility facilities. After checking their locations by field

investigations, revise drawings to show actual locations of facilities, location
of excavation supports, interference with proposed work and measures
proposed to overcome such interferences.
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2. Documentation:
a. Where proposed system of tieback anchors or rock bolts projects beyond
vertical projection of property lines shown onto adjoining property, obtain
permission of owner in writing.

b. Submit copies of permits with drawings.
C. Calculations:
1) Design calculations as applicable.
2) Do not proceed with work prior to approval.

1.04 JOB CONDITIONS:

A.

Provision for Contingencies:

1. Monitor performance of components of support system, both vertical and horizontal
movement in accordance with Section 02291, atregular intervals not to exceed three
days.

2. Provide contingency plan or alternative procedures to be implemented if unfavorable
performance is evidenced.

3. Keep on hand materials and equipment necessary to implement contingency plan.

Proceed with caution in areas of utility facilities; expose them by hand excavation or other
methods acceptable to utility owner.

If existing utility facilities interfere with proposed method of support, modify or relocate such
facilities with the approval of the appropriate utility owner. If relocation of the utility is not
possible, obtain Engineer’s approval for field changes to the approved support scheme of the
excavation.

Do not splice elements of support system unless approved.

PART 2 - PRODUCTS

2.01 MATERIALS:

A

o o w

m
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Steel Sheet Piles: Continuous interlocking type with cross section selected for intended use.
Cast-In-Place Structural Concrete: Section 03300, Class 3500 unless otherwise shown.
Timber Lagging: Structural grade, minimum allowable flexural stress of 1,100 psi.
Concrete Reinforcement: Section 03200.

Structural Steel: Section 05120; ASTM A36 or ASTM A709, Grade 36, minimum.

Rock Bolts: Section 02420.

Ground Anchors:

1. Steel bars: ASTM A722 and Section 03415.

2. Steel strand: Section 03415.

Anchorages and Couplings for Ground Anchors: Section 03415.

Grout: Section 03415.

Bentonite Powder: API 13A.
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2.02 MIXES:

PART 3 - EXEC

Other Materials: Those best suited for intended use, and as approved.

Lean Concrete: Portland cement and mineral or soil aggregate proportioned so that concrete
retains its shape during excavation operations.

Concrete for Slurry Trench Walls:

1. Tremie concrete of 3500 psi strength or higher if necessitated by design, with the
following additional requirements:

Minimum cement factor: Seven bags per cubic yard.

Water-cement ratio: As necessary for strength and durability.

Sand proportion: As necessary to produce optimum results.

Rounded gravel aggregate: 1-1/2 inch maximum.

Slump: Six inches plus-or-minus one inch.

With water-reducing or fluidizing agents as necessary.

ubmit mix design for approval.

wreao T

2.

Bentonite Slurry:

1. Stable suspension of powdered bentonite, or equal, and natural silts and clays in
water.

Density: 64 pcf minimum, 85 pcf maximum.

Marsh funnel flow rate: 40 seconds minimum, 80 seconds maximum viscosity.
Fluid loss: 25-cc maximum in 30 minutes.

pH: 7.0to0 11.0

Shear strength:

a. By shearometer: 1.4 to 10 N/M.

b. By fan viscometer: 4.0 to 400 N/M.

ok wN

UTION

3.01  SHEETING, SHORING AND PILING:

A

Install soldier piles by driving, preboring or other pre-excavation methods. Drive soldier piles
only in those areas where shown or approved. Install piles vertically within tolerance of one
foot per each 100 feet for full depth of each pile.

Where piles are installed by preboring or other pre-excavation methods, take appropriate
measures to stabilize excavation to preclude loss of ground.

Provide prebored holes for soldier piles adequate to accommodate pile section shown on
approved working drawings. Extend hole to necessary depth below top of subgrade.

Carry bottom of support system to depth below main excavation, adequate to prevent lateral
movement. In areas where additional excavation is required below main excavation
subgrade, make provisions to prevent movement of main excavation supports.

Multiple-Layered Horizontal Bracing:

1. At locations where top of weathered bedrock is above the subgrade of main
excavation, install soldier piles so that tips are at least two feet below top of
subgrade.

2. At locations where top of weathered bedrock is five feet or more below subgrade of

main excavation, install soldier piles so that lower tip is at least five feet below
bottom of excavation.
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3. If weathered bedrock is encountered at elevation between subgrade elevation and
five feet below subgrade, install soldier piles so that lower tip is five feet below
subgrade or two feet into rock, whichever is higher.

After seating soldier piles in pre-excavated holes, encase piles with Class 3500 concrete up
to lowest point of excavation adjacent to pile location. Fill remainder of hole with lean
concrete, completely encasing pile.

Use timber lagging, steel sheeting or precast reinforced concrete members secured in place
for sheeting of excavations.

Follow excavation closely with placement of sheeting and lagging. Do not allow maximum
height of unsheeted or unlagged face of excavation to exceed five feet in rock or
predominantly clayey soils and three feet in sandy soils.

Do not permit height of unlagged face to exceed 15 inches if water flows from face of
excavation or if soil in face moves toward excavation area.

Carefully perform excavation for installation of sheeting to minimize formation of voids.
Separate sheeting members only to extent necessary to permit packing behind them.

Pack behind sheeting as installation progresses to establish tight contact between excavation
face and sheeting. Pack openings between sheeting members with straw or other suitable
material to allow free drainage of water without loss of soil or sand packing.

If unstable material is encountered during excavation, take suitable measures to contain it
in place and prevent ground displacement which may cause damage.

Maintain sufficient quantity of material on hand for sheeting, shoring, bracing and other
operations for protection of work and for use in case of accident or emergency.

Support System For Vertical Shafts Which Penetrate Soil/Rock Interface:
1. Soldier piles:

a. If shaft excavation is supported by soldier piles, locate piling at least five feet
in a horizontal direction from outer face of shaft wall. Install lower tip of
piling at least ten feet below top of unweathered bedrock.

b. Procedure for establishing tip elevations:

1) Make three pilot core borings at equal spacing along soldier pile
line. Borings may be washed through overburden, but must be
cored through bedrock to a depth of 20 feet into unweathered rock
as determined by the Engineer. Advance holes in rock by rotary
drilling methods and recover 2-1/8 inch diameter (NX) size rock
cores using Series M double-tube core barrel. Drill in conformance
to applicable portions of Section 02431. Place cores in wooden
boxes as specified in Section 02431 and deliver to storage site as

directed.

2) Install soldier piles to obtain tip elevations established by the
Engineer's examination of coring results.

3) For shafts where pilot core borings indicate top of unweathered

bedrock varies by more than three feet in elevation, set tips of
soldier piles at least ten feet below lowest point of top of
unweathered bedrock.

4) In drilling soldier pile holes, use equipment capable of penetrating
hard igneous and metamorphic rock that has an average
unconfined compressive strength of six to eight kips per square
inch and that may reach even greater values in some locations.
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Ring beams and lagging or liner plate:

a. If shaft excavation is supported by ring beams or liner plates, install rings or
liner plate to at least ten feet below average elevation of top of unweathered
bedrock, which will be determined by the Engineer from examination of the
rock in the advancing excavation.

3.02 SLURRY WALLS:

A

Slurry Trench Equipment:

1.

Use equipment capable of removing from trench foreign materials embedded in soil
as well as natural materials, including boulders, where necessary. Arrange
equipment to permit free vertical passage of slurry within trench and to prevent
development of suction or pressure.

Furnish trench inspection tools adequate to ensure that trench has been excavated
to dimensions shown on approved working drawings and that cuttings and foreign
material have been removed.

Use slurry mixing equipment capable of producing, with mechanical agitation, a
stable suspension of bentonite and water. Transport slurry to panels by temporary
pipe line or other approved methods.

Furnish slurry circulation equipment to provide circulation and agitation of the slurry
throughout full depth of excavated panels. Do not agitate slurry by air

Use slurry reclaiming equipment which will remove detrimental quantities of
excavated material from slurry to ensure use of clean slurry in trenches. Recirculate
reclaimed slurry to trenches in a continuous operation regardless of slurry density.
Monitor slurry and control its capability of retaining solid particles in suspension.

Field Quality Control:

1.

2.

Make tests on samples of in-place slurry to determine density, viscosity, filtration and
sand content in accordance with API 13B-1.

Maintain quality of bentonite slurry compatible with soil characteristics of trench
walls.

Construction:

1.

2.

3.

Perform preparatory work to discover, protect, maintain, relocate and restore utility
facilities and other obstructions in vicinity of slurry walls.

Construct slurry trench walls by displacement of bentonite slurry with tremie
concrete.

Construct walls of reinforced concrete or plain concrete embedded with structural
steel. Where soldier piles are used in construction of walls, it is permissible to
consider piles as reinforcement.

Provide sufficient embedment of walls below subgrade of excavation to prevent loss
of ground due to piping under wall or lateral movement of wall.

Use construction methods ensuring that slurry materials employed during trench
excavation and placing of tremie concrete are contained and controlled to prevent
leakage and spillage of slurry and excavated materials into basements, vaults,
utilities and other facilities.

Excavate slurry wall trenches in panels of width and depth shown on approved
working drawings with maximum panel length of 18 feet. Reduce panel length when
excavating adjacent to facilities sensitive to settlement.

Maintain level of slurry in panels no more than five feet below top of trench during
excavation operations and until tremie placement is essentially completed.
Progress construction with no less than one unexcavated panel and one tremie-filled
panel with concrete cured at least 72 hours, between two slurry panels under active
excavation.

Keep slurry circulated or agitated during drilling and excavating and immediately
prior to concreting. Continuously maintain slurry requirements even during
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

nonworking periods and stoppages. If stoppage occurs in the operation causing
slurry in panel to remain uncirculated and unagitated for more than 24 hours, backfill
panel until operation can be resumed.

Place concrete by tremie methods either by gravity flow or by pumping. As soon as
possible after placement of concrete is commenced, position bottom of pipe not less
than five feet below upper surface of concrete being placed and maintain it in this
position throughout operation. Equip tremie pipe with bottom valve or other device
to prevent mixing of slurry with concrete inside tremie pipe. Aluminum pipe is
prohibited.

Inspect trenching in the presence of the Engineer prior to concreting. Ensure that
settled cuttings and excavated material have been removed.

Start placement of concrete in panels within 12 hours after completion of panel
excavation and proceed continuously until concreting is completed.

When wales are used, obtain tight bearing between wales and wall and ample
bearing area with wedges and dry pack for load transfer.

Preload braces at each level to computed maximum compressive force to be
encountered at that level. Base calculations of this computed force upon pressure
diagrams shown. Take into consideration increased strut loads that may develop
because of removal of bracing as structure is built.

Accomplish preloading by approved procedures. Transfer load by jacking applied
symmetrically to braces without introducing eccentricity.

Introduce jacking load into braces immediately after each tier of braces has been
installed and before excavation has progressed more than two feet below bottom of
bracing tier. Make provision to fix preload into each brace by shim plates, wedges,
blocking or other approved device.

After concrete invert slab has been placed and attains sufficient strength to receive
loads from slurry walls, remove tiers of bracing above invert level, provided the
following conditions exist:

a. Remaining tiers are capable of resisting total load calculated from
trapezoidal pressure diagrams shown.
b. Calculated deflection of the walls between tiers of bracing, assuming forces

indicated by the trapezoidal pressure diagrams, does not exceed 1/2 inch.
Construct tight joints between adjacent pours of concrete in slurry wall to minimize
loss of fines from retained earth. Take necessary care to accomplish this in terms
of properly excavating trench and cleaning abutting face of hardened concrete or
surfaces of structural members if used. Provide approved method of water stopping.
Seal leaks encountered in walls as excavation progresses, if leaks are of sufficient
size to permit penetration of fines and loss of ground. Procedures may include
grouting outside or through wall.
Dispose of unsuitable excavated material and debris in accordance with Section
02320.
Dispose of slurry waste offsite by means of sealed tanks and in accordance with
EPA regulations.

3.03 PRIMARY SUPPORT:

A

1X0000 (03/03)

Use wales, struts, tieback anchors and rock anchors as necessary to provide primary support
of excavation faces retained by soldier piles, sheeting, sheet piles or concrete slurry walls.
For excavation depths greater than eight feet, primary support or supports are required.

Provide struts with intermediate bracing as needed to enable them to carry maximum design
load without distortion or buckling.

Provide diagonal bracing as needed to maintain stability of system.
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3.04

Include web stiffeners, plates or angles as needed to prevent rotation, crippling or buckling
of connections and points of bearing between structural steel members. Allow for
eccentricities caused by field fabrication and assembly.

Install and maintain primary support members in tight contact with each other and with
surface being supported.

Design primary support members to support maximum loads occurring during excavation or
removal stages.

Preloading:

1. Except for ground anchors and slurry wall bracing, preload primary bracing members
including struts, shores, wales carrying axial load, and similar members at
installation to 50 percent of design load, which for this purpose is maximum load that
bracing member will have to carry. Preload tiebacks and slurry walls as specified for
those installations.

2. Use procedures that produce uniform loading of bracing member without appreciable
eccentricities or overstressing and distortion of members of wall system.
3. Make provisions for permanently fixing load in each member using steel shims or

wedges welded into place.

Accomplish preloading by jacking support in place against soldier piles or wales.
Do not use wooden wedges to preload bracing member.

Include in preloading system means to determine within five percent amount of
preload induced into bracing members.

2

If decking beams are not required or if decking beams are not designed for support of
excavation loads, install uppermost tier of bracing at vertical distance of not more than six
feet below top of excavation.

Install tiers of primary support with no greater vertical distance between them than 16 feet

Reduce maximum vertical distance to 12 feet at locations where ground movement and
settlement must be minimized to prevent damage, where shown and as directed.

Excavate to no more than two feet below point of support about to be placed. Install support
and preload immediately after installation and prior to continuing excavation.

SUPPORT SYSTEM WITH TIEBACKS:

A

Install tieback system in accordance with approved working drawings. Install anchorage in
soil no closer than a plane extending upward at an angle of 45 degrees to the horizontal from
outer limit of lowest depth of excavation.

Stress tiebacks to proof loads equal to 140 percent of maximum design load and maintain
proof load for 30 minutes prior to reducing to design load. Reject tiebacks which lose more
than five percent of proof load during 30-minute period.

Apply proof loads in increments of five tons at one-minute intervals and provide means to
measure load application within accuracy of plus-or-minus five percent.

After reducing tieback load to design load, encase anchors in grout maintaining design load
until anchors are fixed in place.

In transfer of loads from jacks to support system, use fixation method which will limit load
loss to no more than five percent of design load.

02260-8 1X0000 (03/03)



Provide and maintain convenient access and appropriate means to accomplish these
observations.

Preliminary And Creep Tests On Tiebacks:

1. Reapply proof loads equal to 140 percent of design load at each level of support in
excavation on first installation on each side of excavation at horizontal intervals not
exceeding 500 feet and wherever there is significant difference in soil in which
tiebacks are installed.

2. As specified for proof loading, apply proof loads in increments of five tons at one-
minute intervals. Provide means to measure load applications with an accuracy of
plus-or-minus five percent of design load. Maintain proof load for 24 hours prior to
reducing it to design load.

3. Make records of axial movement with incremental applications of load as well as
amount and time of load fall-off with no pumping of jack or axial movement during
24-hour period that proof load on tieback is maintained. If during 24-hour period
axial deformation of tieback system exceeds 0.02 inch or decrease in jack pressure
without pumping is more than five percent after correcting for temperature changes
during the test period, redesign tieback system to satisfy requirements.

Rock Bolts:

1. Tension rock bolts to their design load as approved to permit checking of each
loading by the Engineer.

2. If grouted rock bolts are used, after loading has been approved, pressure-grouteach

permanent rock bolt in place using methods and equipment which will ensure
elimination of air from bolt hole.

3. If fully resin-encapsulated bolts are used, use slow-setting resin to allow Engineer
sufficient time to approve loading prior to gelation.

Vertical Support System With Tiebacks:

1. nstall piles or other vertical support system members incorporated in a system
utilizing tiebacks so that they are capable of resisting vertical components of tieback
loads without significant settlement during excavation and construction.

2. Install vertical support members so that settlements will not be caused by
construction. In general, install members to be end bearing in stratum below
maximum depth of excavation and capable of carrying total vertical loads without
assistance of skin friction at depth of excavation.

3.05 LAGGING:

A

B.

Unless otherwise shown or specified, provide timber lagging of three inches minimum
thickness where it spans soldier piles placed at distances five to seven feet on centers and
for excavation depths up to 25 feet. Increase minimum lagging thickness to four inches for
excavation below 25 feet in depth.

For other conditions and types of lagging, submit design details for approval.

3.06 TRENCH EXCAVATION:

A

Perform sheeting, shoring and bracing for trench excavation for utility facilities and other
purposes in accordance with specified safety requirements.

Provide sheeting, shoring and bracing for trench excavation in subgrade of subway
excavation to prevent movement of main excavation support system.

3.07 SUPPORT OF EXCAVATION AT INTERFACES:

1X0000 (03/03)
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Design, construct, maintain and remove all or parts of support system at limits of the Contract
at interface with the Authority's adjacent contracts, as may be necessitated by construction
schedules and sequence of operations of respective contracts.

In the event excavation is commenced at an interface prior to the commencement of
excavation on adjacent contract, design, construct and maintain end support system making
provisions as follows:

1. Install near face of cofferdam on line separating contracts. Allow no part of support
system to project into the next contract except thickness of supporting wall, e.g.
soldier piles and lagging, and tiebacks if approved.

2. Provide support system adequate to support backfill and restoration loads with
installation of a reasonable bracing system by adjacent contractor during excavation
for his contract.

3. Design and construct support system so that it will be supported against vertical
settlement when adjacent contractor removes lower portion of the cofferdam to
effect connection of structures at juncture of two contracts.

If excavation has commenced on adjacent contract at interface prior to excavation on this

Contract, make provisions as follows:

1. Coordinate removal of such portions of cofferdam which have been installed in
adjacent contract and support and maintain remainder as necessary to effect
juncture of contracts.

3.08 FIELD QUALITY CONTROL:

A

C.

Tests:

1. Where system of tiebacks or rock bolts is proposed in conjunction with or in lieu of
struts, bracing and shores, undertake approved number of on-site tests to
demonstrate adequacy of tiebacks or rock bolts for typical subsurface conditions.

2. Conduct tests and obtain approval prior to use of tieback system for excavation
support.

3. The Engineer may furnish and install certain instruments to monitor performance of

tieback or rock-bolt system.

Remove components of support system which inadvertently penetrate or encroach on
permanent structure without endangering stability of support.

Welding: In accordance with Section 05120.

3.09 REMOVAL OF SUPPORTING SYSTEM:

A

When removing support of excavation system, wholly or in part, do not disturb or damage
adjacent buildings, structures, construction or utility facilities. Fill voids immediately with lean
concrete or with approved backfill compacted to density specified in Section 02320.

During strut removal stages, design soldier piles or slurry walls for increased vertical spacing
of supports. For the removal of the first level support immediately above the invert slab, the
slab can be considered a support for the soldier piles or slurry walls if it is poured directly
against the sheeting and shoring and the invert slab is in place for at least 48 hours and is
adequate to safely support the support of excavation, adjacent structures and the works.
Leave supportimmediately above top of intermediate structure element, such as walls, slabs,
or other horizontal members, until they are placed and are in place for at least seven days
and are adequate to carry the loads from the support of excavation and other loads imposed
on them. Leave supportimmediately above top of roof slabs of structure in place for at least
seven days after placement of roof slab concrete.
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Remove other supports above roof structure only after backfill has been placed and
compacted to required density to within three feet of bottom of support.

Except as specified below, remove supporting system to a depth of six feet below surface.
Remove supporting systems of intersections of streets and at temporary access ramps to a
depth of eight feet.

Where top of Authority structure extends into six-foot or eight-foot limit, remove adjacent
supporting systems to a depth flush with top of the Authority structure or one-foot below
surface, whichever is greater. Increase removal depths where necessary to accomplish work
in this Contract.

Remove material of supporting system from site immediately.

END OF SECTION
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SECTION 02270

MAINTENANCE, SUPPORT AND RESTORATION OF UTILITY FACILITIES

PART 1 - GENERAL

1.01 DESCRIPTION:

A

1X0000 (08/01)

This section specifies protecting, supporting, maintaining and reconstructing existing utility
facilities affected by construction, including but not limited to the following:

©CoNoOORrWN =

2
3
4.
5.
6
7
8

© ¢

Storm, sanitary and combined sewer facilities.

Water distribution and service

Gas distribution and services.

Electric light and power facilities and services.

Telephone, telegraph and GSA communication facilities and services.
Police and fire alarm systems.

Traffic signals and street lighting, temporary and permanent.

Steam distribution facilities.

Parking meter installations.

Related Work Specified Elsewhere:
1

Selective Demolition: Section 02220.
Grading, excavating and backfilling: Section 02320.
Dewatering: Section 02240.
Support of excavation: Section 02260.
Sanitary Sewer: Section 02535.
Storm Sewer: Section 02635
Water distribution system: Section 02515.
Ducts, manholes and handholes: Section 02585.
Removal and restoration of existing facilities: Section 02205.
Concrete reinforcement: Section 03200.
Concrete: Sections 03100 and 03300.
Decking: Section 01530.

Work by Others:

1. Gas distribution and services: Gas company will do its own work.

Definitions:

1. Facility: Utility structures and system components belonging to utility company
including service lines which are used to provide service to utility's customers and
product which these facilities convey.

2. Utility: Company, agency, owner or operator of facility concerned.

3. Abandoned: Use of facilities shown as existing has been discontinued by the owners
and operators. Demolish or remove such facilities to extent they conflict with
proposed work.

4. To be abandoned: Particular facility will be removed from operation and/ or replaced
by other facilities after written notice has been received that service is no longer
required. Maintain service for as long as required, including temporary support,
rerouting, substitution of temporary facility or other measures, as directed by the
Engineer. Demolish or remove such facilities to extent they conflict with proposed
work.

5. Maintenance: Ensuring continuous and satisfactory service during construction.

6. Proposed facility:

a. New facility constructed and, if necessary, temporarily supported in place,
by the Contractor.
b. Temporary facility constructed, supported in place and ultimately removed
and new facility constructed, by the Contractor.
C. New facility constructed as part of rapid transit construction.
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1.02

1.03

SUBMITTALS

A

10.

1.

12.

13.

Temporary facility: Facility provided by the Contractor in lieu of existing or proposed

facility, to ensure continuity of service.

Maintain complete-in-place: Support and maintenance in serviceable condition, of

existing facilities during construction, which may include constructing permanent

support, temporary support or other measures necessary to maintain continuous

service of existing facility.

Expose and maintain existing cables and replace ducts and manholes: Remove

existing duct and manhole structures, construct temporary manholes, place existing

cables in split conduits and replace spare ducts with whole conduit. Maintain this

system during construction. Reconstruct permanent concrete manholes and encase

conduits in concrete as specified. Cables for electric power and telephone facilities

shall be exposed, separated and supported under supervision of electric power and

telephone companies.

Maintain service and replace:

a. Construct new facility in same location and support it in place.

b. Provide temporary facility and ultimately remove it, and construct permanent
replacement facility in its original location.

C. Temporarily support original facility and ultimately replace it with new facility.

Remove and replace: Remove existing facility without providing temporary

replacement and reconstruct new facility in same location during execution of

contract.

Local Jurisdictional Authority: Agency responsible for acceptance and approval of

work on storm, sanitary and water distribution facilities.

Salvage: Remove and store material and equipment for reuse in this or other

Authority contracts.

Schedule of Work on Utility Facilities:

1.

Submit to the Utilities and the Engineer a detailed sequence of work, with starting
and ending dates for each interruption of utility services, and method of coordination
for shutoff, capping and continuation of utility services.

Give notice at least two weeks prior to date of intended commencement of
operations to parties having surface, subsurface or overhead structures in the
construction area.Provide copies of notices to the Engineer.

Do not commence work until written approval has been received from the Utility and
the Engineer.

Record Documents:

1.

Show actual location of existing facilities, interference which these facilities present
to new work, proposed method of proceeding with actual construction and details of
proposed support systems.

Show actual location of settlement measurement points for facilities as indicated on
the drawings. Submit copies of readings and measurements within 24 hours after
such readings are taken.

Prior to construction, submit two copies of records of inspection of sewers, one copy
tolocaljurisdictional authority and one copy to the Engineer. On completion of
tunneling and cut-and-cover and prior to paving or other construction over sewers,
submit to local jurisdictional authority and the Engineer one copy each of the
inspection records of sewers, including video-tape records of television inspections
and coordinated logs, photographs and other records as specified by local
jurisdictional authority for visual walk-through inspections. Obtain and submit
a written approval and acceptance from local jurisdictional authority of the inspection
records of preconstruction and post-construction conditions of affected storm and
sanitary sewers.

QUALITY ASSURANCE:

A.

Codes, Regulations, and Standards: Comply with codes and regulations of the jurisdictional
authorities, published standards of owning utility agency, and ASTM: C136.
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Inspection Of Sewers:

1.

Employ a sewer inspection company which has been regularly engaged in television

sewer inspections and which is acceptable to local jurisdictional authority to perform

preconstruction and post-construction inspections of sewers 36 inches and smaller

indiameter. Submitto Local jurisdictional authority for prior approval one sample
of the cassettes to be used.

Conduct preconstruction and post-construction inspections under conditions as

nearly identical as practical and using the same company.

1.04 DELIVERY, STORAGE, AND HANDLING

A

B.

Coordinate with utilities who are furnishing materials for the work to determine availability,
locations and required methods of storage and care of materials prior to incorporation into
the work.

Transport store and handle materials in accordance with the requirements of the utilities.

1.05 PROJECT CONDITIONS:

A

1.06 Coordination:

A.

1X0000 (08/01)

Existing Facilities:

1.

2.

Locations of existing facilities shown are plotted from available records; however,
these locations are not guaranteed.

Verify by field investigation and “Miss Utility” utility locating service, locations of
facilities within and adjacent to limits of project which may be affected by
construction operations. Avoid damage or disruption of facilities during operation.
Upon encountering existing facility which is not shown or upon ascertaining that
facility differs from that shown, determine ownership, use and disposition of such
facility and proceed as follows:

a. If facility is abandoned or is to be abandoned, perform necessary work for
either condition as specified.
b. If facility is to remain in service, perform support and restoration work in

accordance with these Specifications and the CHANGES article of the
General Provisions.

Temporary Service:

1.

2.

7.

Do notinterrupt facility service to building connections unless permitted in writing by
Engineer, and then only after arranging to provide temporary service as required..
Notify the Engineer and the Utility of damage to facilities caused by construction
operations. Repair such damage, except that damaged cables will be repaired or
replaced only by the Utility.

Provide access for inspection of facilities and for emergencies involving utility
services as specified in Section 01530.

Permit free and clear access to utility personnel for purposes of inspection,
maintenance, providing additional service and construction of new facilities.

When approved working or shop drawings show temporary facility provided for the
Contractor's benefit, supply necessary materials and perform necessary work.
Pay utility directly if, as an aid to the Contractor's construction, the utility performs
work not shown.

Items supplied by the utility companies are as listed and as shown.

Establish through the Engineer direct and continuous contact with respective utilities and
cooperate with them in all phases of the work.

ontact utility early enough to allow them sufficient time to accomplish the work. Give special
consideration to lead times required for cable work. Provide schedule of utility relocation to
the utility to permit coordination with Authority's construction sequence.
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C. To locate buried telephone cables, call the local telephone company's Buried Cable Location
Service at least 48 hours prior to starting excavation.

D. Comply with printed standards and practices of utilities available from the Engineer.

E. Aerial facilities shown to be relocated by others will be relocated by facility owner. The
Contractor is responsible for coordinating relocation work with utility owner as far as possible
in advance of required time of relocation. A minimum three-month lead time is required by
utility owner when facility serves only one utility. When facility to be relocated is shared by
more than one utility agency or when a street light is included in the relocation, a minimum
four-month lead time is required

PART - PRODUCTS
2.01 MATERIALS:

A. Refer to individual Division 2 Storm, Combined And Sanitary Sewer, Water Distribution and
Services, Ducts and Manholes Sections for pipe, tubing, fittings and appurtenances, and for
joining and installation methods.

B. Refer to individual Division 3 Concrete and Reinforcement Sections for materials and
installation methods.

C. Sand Backfill Around High Voltage Conduits And Pipes:
1. Thermal Resistivity Value (RHO) of not more than 70 and the following sieve
analysis when tested in accordance with ASTM C136:
Sieve Size Percent Passing
4 94 - 100
8 80 - 90
16 60 - 80
30 35-60
50 31-35
100 3-13
200 1-5
2. The power company, through the Engineer, will inform the Contractor of approved

sources for this material.

PART 3 - EXECUTION

3.01 Salvage:
A. Salvage and clean material shown to be salvaged.
B. Maintain adequate records and storage facilities for salvaged items as specified in the

General Requirements. Make available for inspection a detailed record including signed
vouchers and receipts.

C. Reuse salvaged items after inspection and approval for reuse has been given by the Utility

D. Return salvaged materials which are not reused to the Utility.
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3.02 SETTLEMENT OR MOVEMENT:

A

Where settlement or movement monitoring system is shown, comply with the following:

1. Provide series of settlement measurement points along each facility and make
regular readings to detect movements.

2. Use approved painted marks, metal marker plugs or pins as settlement
measurement points.

3. Prior to subsurface work, make initial survey to establish elevations of installed

settlement measurement points utilizing permanent, established bench marks
outside 100-foot line.

4. Take readings weekly on settlement points until completion of this Contract. Take
readings daily during work which may affect facilities.

5. Make readings to an accuracy of 0.01 foot.

6. Take immediate remedial measures to correct conditions causing settlement or

other movement and to repair damages thus caused.

3.03 EXCAVATION AND BACKFILLING OF UTILITY TRENCHES:

A

Excavate and backfill utility facility trenches in accordance with Sections 02320, 02240 and
02260.

Proceed with caution in areas of utility facilities; expose them by hand excavation or other
methods acceptable to facility owner.

3.04 SURFACE RESTORATION:

A

o o w

m

Remove pavements, sidewalks, lawns, landscaping , curbs and gutters where necessitated
by utility trenches in accordance with Section 02220.

Replace pavements, sidewalks, curbs and gutters in accordance with Section 02205.
Place temporary pavements where necessitated by sequence of operations.
Replace lawns and landscaping in accordance with Sections 02920 and 02930.

Provide erosion control measures to prevent erosion or displacement of soils and discharge
of sediment bearing water or airborne dust from the site.

3.05 UNSAFE AND UNSUITABLE UTILITY STRUCTURES:

A

B.

1X0000 (08/01)

General Requirements:

1. If upon exposure, condition or location of facility to be supported in place is found to
be unsafe for maintenance or support, replace or reconstruct facility as required after
receiving prior approval of the Engineer and Utility Owner.

2. Maintain continuity of existing utility facilities. Protect, support, relocate and
reconstruct such facilities, regardless of jurisdictional control.

Electric, Communication and Similar Type Facilities:

1. If structures containing electrical, communication and similar types of cables shown
to be maintained complete in place are found upon exposure to be incapable of
being maintained in place because of condition, location or both, replace such
structures with timber enclosures or split ducts after prior approval of the Engineer
and the utility owner.

2. When service box, manhole or conduit structure containing electrical or
communication cables is broken away, replace it immediately with temporary
structure having facilities for racking and supporting cables equivalent to existing
facilities.
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3. Exercise care when working in vicinity of telephone structures containing coaxial
cable which cannot withstand movement.

4, Give timber enclosures one interior and one exterior coat of fire-retardant paint of
type specified by owners and operators.
5. Replace temporary timber enclosures with permanent structures in accordance with

details shown and restore facilities to the satisfaction of the Engineer and utilities
prior to completion of work. Remove materials of temporary nature after completion
of permanent installation.

C. Procedures for payment of costs of work on unsafe and unsuitable utility structures are
governed by the CHANGES article of the General Provisions.

END OF SECTION
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SECTION 02291

GEOTECHNICAL INSTRUMENTATION

PART 1 - GENERAL

1.01 DESCRIPTION:

A

This section specifies the design, installation, maintenance, and removal of geotechnical
instrumentation to monitor soil, rock, and structure movements during construction. This
section also includes specifications for reading, analyzing, and reporting instrumentation
monitoring results.

Design Criteria:

1. Provide a system of geotechnical instrumentation which will allow monitoring of soll,
rock, and excavation support elements, as well as adjacent structures and utilities
to ensure safety and stability, confirm design assumptions, and provide a basis for
establishing compliance with Contract requirements.

Definitions:

1. Geotechnical Instrumentation - Any device designed to determine change in the
position or state of stress of soil, rock, and structures.

2. Instrument Monitoring - The procurement of data obtained from the repeated optical,
mechanical, or electronic observations of geotechnical instruments.

3. Frequency of Monitoring - The number of readings obtained from a geotechnical
instrument with respect to time.

4. Initial reading- The first stable reading set obtained after instrument installation, but
prior to excavation, to which all subsequent readings will be compared.

5. Threshold Limit Values Level 1 and Level 2 - Designer-specified limits for

geotechnical instrumentation which if exceeded require (1) notification of the
Authority and increased monitoring frequency and (2) implementation of the
contingency plan.

1.02 QUALITY ASSURANCE:

A

B.

1X000 (08/01)

Comply with codes and regulations of the jurisdictional authorities.

Permits - Prior to instrumentation installation obtain any permits from the responsible
jurisdiction and pay permit costs and any associated fees at no additional cost to the
Authority.

Qualifications of Personnel:

1. Instrumentation Selection, Design, Layout, and Data Analysis shall be performed by
a registered Professional Engineer specializing in geotechnical engineering with 5
years experience in soil stability and geotechnical design

2. Instrumentation installation shall be performed under the supervision of qualified
technicians with at least one year experience in the installation of instruments of the
type specified.

3. Instrumentation monitoring shall be performed by qualified technicians with at least
one year experience in the reading of instruments of the type specified.

Continuously maintain all geotechnical instrumentation in proper working condition and within
manufacturer’s specifications. Immediately repair or replace malfunctioning equipment. All
instrumentation readout devices to be periodically tested and recalibrated within schedule as
recommended by the instrument manufacturer or as approved by the Authority..
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1.03

1.04

SUBMITTALS:

A. Submit the following for approval prior to proceeding with work:

1.

Type of instrumentation system proposed, showing arrangement, location and
depths of proposed system.

2. Manufacturer’s literature including descriptions and installation recommendations for
all instruments, software, and read-out devices proposed for use.

3. Instrumentation installation schedule and monitoring schedule.

4. Resumes listing the qualifications of the Professional Engineer and Technicians
specified in 1.02.C.

B. Instrument Installation Data:

1. Record of installation details including date and time of installation, general soil
condition at instrument site, adjacent construction activities, and remarks of unusual
conditions observed during installation.

2. As-built location and elevation of installed instruments including coordinates and
distance referenced to Outbound track centerline. Supply location data within 48
hours of instrument installation.

C. Instrumentation Monitoring Data:

1. Analyzed data to be submitted on forms approved by the Authority within 48 hours
after instrument monitoring. Supply copies of field notes if requested.

2. Immediately report to the Authority movements exceeding Level 1 limits.

3. Shift Reports of Construction Activities:

a. For each shift in which work is taking place, submit a report within 24 hours

containing the following:

1) Detailed excavation and tunneling status at time of instrument
reading.

2) Excavation subgrade elevation and tunnel face station at time of
instrument reading.

3) Incidents of ground loss, groundwater flow, excavation support
instability, or any other unusual event.

4) General construction activity in the vicinity of the instruments.

5) Duration and cause of delays to construction activities.

6) Weather conditions.

D. Contingency Plans:

1. Submit contingency plans to stabilize soil, rock, and structures affected by adverse
movements detected by instrumentation. Submit contingency plans at least one
month prior to start of excavation or tunneling. Ata minimum, include the following:
a. Names, telephone numbers, and locations of persons responsible for

implementation of contingency plans.
b. Materials and equipment required to implement contingency plans.
C. Location onsite of all required materials and equipment to implement
contingency plans.
d. Step-by-step procedure for performing work involved in implementation of
the contingency plans.
e. Threshold limit Level 1 and Level 2 values for all instruments.
f. Clear identification of objectives of contingency plans and methods to
measure plan success.
JOB CONDITIONS:
A. Do not disclose to third parties or publish monitoring data without the approval of the
Authority.
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The Authority may monitor any geotechnical instrument at any time. Provide and facilitate
access to instruments for the Authority.

The instrumentation monitoring data shall be continuously reviewed and interpreted by the
responsible instrumentation specialist.

During construction, additional instrumentation may be required beyond that proposed in the
initial design. Modifications to the instrumentation plan, including proposed instrument
locations, may be required due to site conditions and instrumentation results.

Ensure that all instrumentation installations are continuously protected and are not damaged
by construction activities, including blasting. Replace or repair as necessary any instrument
damaged by construction activities or adverse soll, rock, or structure movement.

PART 2- PRODUCTS

2.01 INSTRUMENT TYPES:

A

Specify instrument types and locations in accordance with design criteria indicated in Section
1.01 B.1. and as approved by the Authority.

PART 3 - EXECUTION

3.01 INSTRUMENT INSTALLATION SCHEDULE:

A

Install and obtain initial readings for all surface instrumentation prior to excavation, chemical
grout operations, or dewatering activities, in accordance with approved schedule. In areas
to receive chemical grout, delay installation of instruments which might be damaged by
chemical grout until completion of this activity.

For all instrumentation located within excavated areas, install and obtain initial reading as
soon as practical after excavation or passage of tunnel heading in accordance with approved
schedule.

3.02 INSTRUMENT LOCATIONS:

A

Install instruments as close as practical to locations submitted and approved. Actual
conditions in field may require location adjustment. Obtain Authority approval for location
adjustments.

After instrument installation, submit reports showing location and installation details of each
instrument as specified in Section 1.03.B.

Ensure that all proposed instrument locations will not result in damage to utilities or other
structures. Coordinate proposed instrument locations with Miss Utility and any other affected
owners prior to instrument installation.

3.03 INSTRUMENTATION MONITORING:

A

1X000 (08/01)

Initial Reading:

1. At time of initial reading, verify that instrument is functioning and has been installed
in accordance with contract specifications and manufacturer's recommendations.

2. Replace at no additional cost to the Authority any instrument which does not meet

specification requirements.
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C.

3. Obtain at least three separate and complete sets of initial readings on each
instrument which yield consistent results.

4. Should inconsistent initial readings be obtained on any instrument, reread until
correct and repeatable readings are obtained.

Monitoring Frequency:

1. Monitoring frequency to be in accordance with schedule submitted and approved as
specified in Section 1.3 A.3.
2. Instrument readings which show significant change from previous readings shall be

reread immediately.

Instrumentation Monitoring Threshold Values:

1. Instrumentation system design shall establish threshold limit values for each
instrument.
a. Level 1 Limit values if exceeded require notification of the Authority within

24 hours and notification of individuals listed within the contingency plan.
Monitoring frequency of affected instruments which exceed Level 1 limit will
be increased to frequency as approved within the contingency plan.

b. Level 2 limit values if exceeded require immediate notification of the
Authority and implementation of the contingency plan. Instruments which
exceed Level Il limits will be monitored continuously until stability is
achieved.

3.04 INSTRUMENT PROTECTION, MAINTENANCE, AND REPLACEMENT:

A

D.

Protect and maintain instruments. Divert surface water from instrument covers. Flush debris
from instrument installations. Maintain access to all instruments.

Provide barriers as required to protect instrument.

Install and maintain instruments and instrument access covers in a manner which protects
workers and ensures public safety.

Repair or replace damaged instruments within 5 days at no additional cost to the Authority.

3.05 REMOVAL OF INSTRUMENTS:

A.

Prior to final acceptance of work and subject to Authority approval, remove and dispose of
all instrumentation.

1. Remove surface instrument installations to 2 feet below ground surface. Backfill
voids and casing with cement grout.
2. Restore ground surface to original condition.

Fill holes in masonry with portland cement mortar. Restore structure surfaces to original
condition.

SEE ENDNOTES BELOW. THEY ARE AN ESSENTIAL PART OF THIS SECTION UNTIL EDITED BY THE

DESIGNER.

ENDNOTES:

1. The Designer must specify the level 1 and 2 threshold values before finalizing the
contract-specific specifications.
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END OF SECTION
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PART 1 - GENERAL

1.01

1.02

1X0000 (03/03)

DESCRIPTION:

A

SECTION 02320

GRADING, EXCAVATING AND BACKFILLING

This section specifies grading, excavating and backfilling for structures and utility facilities.

B. Related Work Specified Elsewhere:

1. Removal of existing construction and facilities: Section 02220.

2. Clearing and grubbing: Section 02230.

3. Dewatering: Section 02240.

4. Support of excavation: Section 02260.

5. Underpinning, support and restoration of structures: Section 02255.

6. Maintenance, support and restoration of utility facilities: Section 02270.

7. Rock tunneling: Section 02410.

8. Earth tunneling: Section 02415.

9. Rock reinforcement: Section 02420.

C. Definitions:

1. Grading: Shaping earth and rock through the removal or filling of earth and rock
materials.

2. Earth Excavation: Excavation of materials of whatever nature, except rock as
defined below.

3. Rock Excavation: Excavation of material in place which cannot be loosened or
broken down by ripping using earth excavating equipment and which requires
blasting or rock excavating equipment for its removal.

4. Approved Material: Earth which meets specified measurable requirements for use
as embankment, fill or backfill.

5. Surplus Excavated Material: Approved excavated material which is not used in
embankments or as fill on site.

6. Unsuitable Material: Material which does not meet specified requirements for use
in situ or as embankment, fill or backfill and is prohibited for use in the work.

7. Authorized Excavation: Excavating to neat lines and limits shown and specified;
excavating unsuitable material.

8. Unauthorized Excavation: Excavating materials which would otherwise be left in
place; excavation which is not specified as authorized excavation, such as
excavation beyond neat lines and bottoms of footings as shown.

9. Excess Excavation: Excavating materials beyond or below cross section shown, as
well as unavoidable over breakage in rock.

10. Controlled Low Strength Materials (CLSM): Fill.

B. Salvage:

1. Materials shown to be salvaged in accordance with Section 02205 and the General

Requirements.
SUBMITTALS:
A. Submit the following for approval in accordance with the General Requirements and the

additional requirements as specified for each:

1.

Samples:

a. Submit sample 21 days in advance of desired date of approval. Two one-
cubic-foot samples are required of each material proposed for fill, backfill
and embankments.
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b. Obtain, identify and ship soil and aggregate samples in accordance with

ASTM D75.
2. Documentation:
a. Permits for disposal of excavated material:

1) Obtain written permits and releases from owners of property where
material will be deposited.

2) Each permit and release from each property owner will absolve the
Authority from responsibility in connection with such disposal of the
material.

b. Blasting plan:
1) Submit a blasting plan in accordance with Section 02410.
C. Plan for tunneling or jacking of utility facilities:

1) Prior to tunneling, submit a tunneling plan.

(a) Include in the plan the location of the facility, the method of
construction, the types of equipment and the procedures
proposed.

(b) Procedure for field determination of soil bearing capacity,
including description of the equipment to be used, and any
calibration curves for the various soil types to be
encountered, details of field test procedures, forms for
reporting of test data/results and details of minimum
number of tests required for each footing/base area

3. Certification:
a. With samples of materials proposed for fill, backfill and embankment,

submitcertified test reports of tests performed by an approved Independent
Testing Agency for all tests required to demonstrate compliance with
specified requirements.

1.03 QUALITY ASSURANCE:

A

Codes, Regulations, Reference Standards and Specifications:

1. Comply with codes and regulations of the jurisdictional authorities.
2. AASHTO: M147.
3. ASTM: C33, D75, D698, D2487, D2922, D3017, D4318.

1.04 JOB CONDITIONS:

B.

Existing Drainage:

1. Preserve, protect and maintain existing operable drains and sewers during grading
operations.

2. Keep excavations dry.

Blasting:

1. Control blasting in accordance with Section 02410.

2. Exercise care in drilling and blasting operations so that the remaining rock remains

stable and overbreak is minimized. Use controlled blasting in areas where concrete
for walls and arches of structures is to be placed against rock.

Accident Prevention and Safety:
1. Perform work in accordance with specified safety requirements and PROTECTIVE
DEVICES article of the General Requirements.

Location of Underground Facilities and Structures:

1. Locations shown for utility facilities are approximate.
2. Utility facility locations and site investigations are listed in the General Requirements.
3. Contact Miss Utility to have utilities located before beginning excavation.

02320 - 2 1X0000 (03/03)



Toxic and Combustible Substances:

1.

During excavation, provide detection and testing equipment and carry out necessary
tests to detect the presence of toxic and combustible substances.

Take action to safeguard persons and property in accordance with the rules and
regulations of the jurisdictional agencies and utility owners.

Promptly notify utility owners when problems concerning their facilities become
apparent.

Construct temporary ramps as necessary to provide access to work area.

Locate such access ramps in Contractor's storage, operations and access areas or
within excavation for subway structure and maintain traffic as specified.

Support ramp excavation in accordance with Section 02260.

When ramps are in use, station flag persons equipped with red flags at ramp
entrances to keep unauthorized vehicles or persons from entering work area.
When work necessitating entrance or exit of vehicles via ramps is not being
performed, protect entrances and exits of ramps by warning signs, barricades and
fences in accordance with the General Requirements.

Upon completion of the work needing ramps, remove the ramps in accordance with
Section 02260; backfill excavated ramp areas, if necessary.

Excavation Near Buildings:

1.

PART 2 - PRODUCTS:

2.01 MATERIALS:

A

B.

1X0000 (03/03)

Control excavation in areas near buildings or structures to maintain stability of
buildings or structures. If underpinning is necessary, perform excavation work in
accordance with Section 02255, so that condition of surrounding area remains
unimpaired.

Embankment, Fill or Backfill Materials:

1.

Composition:

a. Well-graded soil-aggregate mixture, as defined by ASTM D2487, comprised
of stone, gravel, sand, silt, clay or combinations of such materials.

b. Prohibited material: Organic matter, debris, cinders and frozen material.

Additional requirements:

a. Particle size: Fourinches maximum, but not exceeding one inch within one
foot of finished grade.

b. Liquid limit: Forty maximum, determined in accordance with ASTM D4318.

C. Plasticity index: Ten maximum, determined in accordance with ASTM
D4318.

d. Maximum dry density: Not less than 100 pounds per cubic foot.

Select Material: AASHTO M147, with the following gradation requirements:

THIS SPACE NOT USED.
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D.

Sieve Designation Percentage Passing By Weight
Two inch 100
One inch 70 - 95
3/8 inch 35-75
Size 4 25 -60
Size 10 15 - 45
Size 40 10 - 30
Size 200 0-15
Pervious Material:
1. Natural, clean, free draining sand conforming to the requirements of ASTM C33
except the following:
a. Material passing Size 100 sieve not to exceed eight percent.
b. Material passing Size 200 sieve not to exceed five percent.
2. Drainage Material: Clean, crushed, rock, gravel, with 1-1/2 inch maximum particle
size and maximum two percent by weight passing Size 4 sieve.
3. Below concrete walks and slabs: ASTM C33, Size No. 67, except maximum two

percent by weight passing Size 4 sieve.

Impervious Material:
1. Silt-clay material minimum 35 percent by weight passing Size 200 sieve.
2. Plasticity index: 11 minimum, determined in accordance with ASTM D4318

2.02 SOURCE OF MATERIALS:

A

Use materials for embankment, fill or backfill from this Contract if they meet specified
requirements. If sufficient material meeting these requirements is not available from this
Contract, obtain material meeting specified requirements.

Use only material whose quality, source and zone of placement in the fill have been
approved.

Dress and shape borrow areas provided by the Authority to ensure positive drainage when
borrow operations are completed.

PART 3 - EXECUTION

3.01 EQUIPMENT:

A

Use appropriate equipment in sufficient quantity and sizes to perform the work as specified
and shown.

3.02 EARTH EXCAVATION:

A

Excavate in sequences and stages as specified, and in a manner which will not impair
permanent or temporary structures, installations or surfaces.

Excavate to neat lines or set back lines for mixed face conditions and grades shown. If
approved, slopes may be flattened as a matter of expediency.
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Support sides of excavation as specified in Section 02260.
Protect, support and maintain utility facilities as specified in Section 02270.

Proceed with caution in areas of utility facilities; expose them by hand excavation or other
methods acceptable to the facility owner.

Control runoff so that water does not run through excavation area. Keep excavation free of
water.

Remove excavated materials to fill, embankment, stockpile or disposal locations. Keep haul
routes clean in accordance with the General Requirements.

Fill excess excavations with approved materials and compact as specified.

Unauthorized excavation for the purpose of obtaining materials for resale or for use at
another job site is prohibited unless otherwise approved by the Engineer.

3.03 ROCKEXCAVATION:

A

Perform rock excavation to neat lines shown and so as to produce surfaces free of loose
rock.

Install rock reinforcement in accordance with Section 02420.

Remove loose, semi-detached and unsound fragments from blasted surfaces. Remove
standing water, debris, oil and other objectionable coatings from surfaces of rock upon or
against which concrete or porous fill material is to be placed.

Repair shattered or loosened rock surfaces outside neat lines shown, which in the opinion
of the Engineer would be detrimental to subway structure or would adversely affect subway
drainage system.

Where directed, grout rock surfaces which have not been shattered but are naturally
permeable.

Remove excavated rock to approved fill locations or disposal locations.
Fill excess excavation with concrete or other approved material.

If flowing or seeping water is encountered during excavation, install approved drainage
system in accordance with Section 02240.

3.04 REMOVAL OF SUBSURFACE OBSTRUCTIONS:

C.

Permanent Closure walls:

Prior to removal of parts of vaults or areaways which extend into Contract limits, build

permanent closure walls where shown in such vaults or areaways to separate areas to be

left intact from areas to be removed.

1. Obtain the Engineer's approval of permanent closure wall design prior to its
installation.

Remove vaults, areaways and foundation walls as shown.

3.05 EMBANKMENT, FILL AND BACKEFILL.:

1X0000 (03/03)
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3.06

3.07

Place embankment, fill and backfill in eight-inch loose layers, unless otherwise shown, for
entire width so that each layer can be uniformly and properly compacted.

Avoid accumulation of large pieces of material at one location. Fill voids and interstices with
finer materials.

In confined areas, use approved power-actuated compactors to achieve required density.

Prior to compaction, adjust moisture content of material within required limits by drying or
watering either at material source or on fill.

Leave struts, braces, lagging and timber sheathing in place as long as needed to support
excavation and adjacent facilities and structures.

Where utility facilities and structures are supported in place, use special equipment and
techniques as required to achieve specified compaction under and around them.

Do not place backfill on subway structures until requirements for curing and waterproofing
have been complied with and, if required, until test cylinders for particular structure indicate
that concrete has attained specified compressive strength.

When backfilling against structures, place material approximately simultaneously on both
sides of structures to equalize opposing horizontal pressures.

When backfilling on tops of structures, place material in six-inch lifts over full area.

Under concrete floor and other slabs on grade, place drainage material directly on prepared
subgrade which meets density and elevation requirements. Compact with hand-operated
plate-type vibratory compactor.

Prior to placing embankment against slope greater than one vertical to four horizontal, cut
benches into existing slope. Height of bench not to exceed two feet unless otherwise
approved.

Maintain embankment, fill and backfill in stable, well-drained condition.

Where approved, dispose of surplus excavated material by widening embankments and
flattening slopes.

Where pervious material will be exposed to erosion, cover it with 12-inch layer of approved
impervious material compacted in place.

COMPACTION ADJACENT TO STRUCTURES:

A

B.

C.

Compact embankment, fill or backfill materials within five feet of retaining walls, abutments
or other structures using lightweight compactors.

Do not overstress structures.

Backfilling against new structures without approval is prohibited.

EXCAVATION OF UNSUITABLE MATERIALS:

A.

B.

Remove unsuitable materials from the site.

Replace unsuitable material with approved material and compact as specified.
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3.08

3.09

3.10

3.11

PREPARATION OF GROUND AS SUBGRADE:

A. Where the subgrade is on original ground or in cut or where embankment or fill is less than
one foot, fulfill compaction requirement for 12 inches minimum below final subgrade.

B. If necessary, scarify original ground and adjust moisture content prior to compacting.

FIELD QUALITY CONTROL:

A. Allowable Tolerances:
1. Construct finished subgrade to vary not more than 0.05-foot above or 0.10-foot
below elevation shown.
2. Complete embankment slopes to plus-or-minus 0.5 foot of slope line shown.
3. Maintain moisture content of embankment, fill or backfill material within plus-or-
minus three percent of optimum moisture content of material.
4. Compact each layer of embankment, fill or backfill to 95 percent of maximum dry

density as determined in accordance with ASTM D698, at moisture content within

tolerance specified, except the following:

a. From upper surface of fill or backfill to a plane 12 inches below subbase
level of vehicular pavement, sidewalks, trackbeds and structural foundations
to 100 percent of maximum dry density at moisture content within tolerance
specified.

b. In areas of 95-percent compaction where utility facilities are located in fill
and are not supported on concrete cradles, compact material for a depth of
one foot directly below bottom of facility to 100 percent of maximum dry
density at moisture content within tolerance specified.

B. Test Method:
1. Determine the maximum dry density and the optimum moisture content in
accordance with ASTM D698.
2. Determine in-place density and moisture content in accordance with ASTMD2922

and ASTM D3017 respectively, or other test methods acceptable to the Engineer.

TUNNELING FOR OR JACKING OF UTILITY FACILITIES:

A. Location of facility, method of construction, type of equipment and procedures: As approved.

FINISHING:

A. On completion of work, clean ditches and channels.

B. Slope and shape borrow areas to provide positive drainage.

C. Remove unsuitable and surplus excavated materials to locations outside the Authority's right-
of-way.

D. Leave site in neat, presentable condition.

END OF SECTION
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PART 1 - GENERAL

1.01 DESCRIPTION:

A

1X0000 (03/03)

SECTION 02410

ROCK TUNNELING

This section specifies the following:

1.

2.

Rock tunneling for running sections, stations, pilot drifts through stations, side drifts,
crossover and transition sections, vaults, adits, auxiliary tunnels, escalator ways and
cross-passages.

Tunnel linings.

Related Work Specified Elsewhere:

1. Grading, excavating and backfilling: Section 02320.

2. Dewatering: Section 02240.

3. Subway drainage system: Section 02625.

4, Earth tunneling: Section 02415.

5. Rock reinforcement: Section 02420.

6. Drilling and pressure grouting for rock tunnels: Section 02431.

7. NATM excavation (rock): Section 02411.

8. Concrete work: Sections 03100, 03200 and 03300.

9. Shotcrete: Section 03370.

10. Structural steel: Section 05120.

11. Epoxy injection: Section 07125.

12. Bentonite slurry: Section 07170.

13. Piping systems: Section 15205. ™

Definitions:

1. Rock tunneling: Excavation of natural rock, which requires use of rock excavation
methods, such as drilling and blasting, channeling, wedging or barring, or rock
tunneling machines.

2. Controlled blasting: Excavation of rock in which the various elements of the blast,
i.e., hole size, depth, spacing, burden, charge size, distribution, delay sequence, are
carefully balanced and controlled to provide a distribution of charge which will
excavate rock to required contours with smooth surface to minimize overbreak,
stressing and fracturing of the rock beyond the contour line. Smooth-wall blasting,
presplitting, cushion blasting and line drilling are examples of operations included in
the term controlled blasting.

3. Initial support:

a. Elements designed, furnished and installed by the Contractor for stability
and safety during construction and not shown.
b. To the extent elements of permanent lining shown are effective in providing

initial support, such elements may be utilized to provide initial support. If
permanent lining must be augmented by initial support to ensure stability
and safety during construction, provide elements of such initial support.

C. Elements of initial support may be in the form of additional rock bolts,
shotcrete, plain concrete, reinforced concrete, timber or steel members
which may be temporary or permanent if compatible with permanent lining
shown. Plain or reinforced concrete may consist of elements such as wall
girders, carrier beams or supplementary foot blocks for temporary posting.
Timber may consist of elements such as posts, struts and cross beams.
Steel members may consist of such elements as steel sets, straps, spiling,
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crown bars, carrier beams, girders, brackets, posts, struts, shores or needle
beams. Design and provide these or other alternative elements, singly or
in combination, to ensure stability and safety during construction. Install
initial support to transfer loads to rock so as to ensure stability and safety
during construction.

4. Permanent lining: Tunnel lining elements and support as shown.

1.02 QUALITY ASSURANCE:

A.

Codes, Regulations, Reference Standards and Specifications:

orWON~

Comply with codes and regulations of the jurisdictional authorities.
Appendix G of the General Requirements: Geotechnical Design Report.
MS: MIL-P-26915 (USAF).

ASTM: C171, D638, D1304.

ASTM: C171, D638, D1304, D1785, D2464, D2564.

Blasting Consultant:
1. Engage the services of approved, qualified independent, professional blasting
consultant to design, review, evaluate and modify blasting operations.

Allowable Tolerances:
1. Steel rib bending tolerance:

a.

Conformance to true template:

1) Wide-flange sections up to 14 inches deep weighing 150 pounds
per foot: Rib segments to conform to true template at butt plates;
intermediate points may depart from true template up to 3/8 inch,
providing no point departs more than 1/8 inch from three-foot
template section.

2) Wide flange sections heavier than 150 pounds per foot:
Intermediate departure not exceeding 5/8 inch from true template;
deviation from three-foot template section not exceeding 3/16 inch.

b. Bending curvature uniform.
C. After bending:

1) Outer flange will be permitted to droop 1/8-inch maximum toward
inner flange for radii of bend equal to or greater than 14 times rib
depth; 1/4-inch maximum droop will be permitted for radii of bend
which are less than 14 times rib depth.

2) Rib depth at not less than theoretical depth minus 1/4 inch.

2. Steel rib fabrication tolerances:
a. Chord, out-to-out of butt, foot plates or both measured on centerline of rib:

Theoretical length plus-or-minus 1/16 inch.

b. Face of butt or foot plates: Within plus-or-minus 1/16 inch of theoretical
plane.

C. Gap between ends of ribs and butt or foot plates prior to welding not
exceeding 1/16 inch for at least 75 percent of cross sectional area of rib.

Where gaps are in excess of 1/16 inch, fill by additional steel-shim welding.

d. Tie rod holes in rib webs: Within plus-or-minus 3/8 inch of locations shown
on approved shop drawings.

e. Width or length of sheared plates: Within theoretical dimension plus-or-
minus 1/8 inch.

f. Center-to-center of bolt hole dimensions on butt or splice plates:

Theoretical dimension plus-or-minus 3/64 inch.
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1.03

g. Bolt hole groups in butt or splice plates after fabrication: Within plus-or-
minus 1/16 inch of theoretical location regardless of variations in rib
resulting from other tolerances.

h. Holes in butt plates welded to ribs: Within plus-or-minus 1/16 inch of
theoretical location.
3. Precast-concrete segment tolerances: As shown.
4. Watertightness criteria: Section 03300.
SUBMITTALS:
A. Submit the following for approval in accordance with the General Requirements and with the
additional requirements as specified for each:
1. Working Drawings:
a. Prior to using tunneling machines, submit drawings showing design,
specification, method of operation and other pertinent data.
1) Drawings and pertinent data for shielded tunnel-boring machine

(TBM). Show dust-suppression system. If precast-concrete tunnel-

lining segments are used, show the following:

(a) That machine can develop forward thrust independently of
installed precast-concrete tunnel lining, if this lining is to be
used.

(b) That machine is equipped to handle and erect precast-
concrete segments behind cutter head within tail shield,
including auxiliary equipment necessary for erection.

(c) Descriptions, data or calculations of proposed facilities,
equipment to be utilized and method of construction. Items
include, but are not limited to, the following: Hoisting plant,
tunnel ventilation, lighting and drainage; groundwater-
control methods; temporary shafts, cuts, ramps and
tunnels; breakouts; cross passages; bulkheads; details of
initial support; details of placing concrete and erection
procedures for the installation of precast-concrete tunnel
lining.

b. For excavation of tunnels and stations, submit drawings, calculations,
descriptions and specifications for the following:
1) Number, size, location, orientation and direction of excavation of

drifts and benches including those excavated previously and
temporary drifts.

2) Sequence and timing of excavating drifts and benches including
stagger of advance of heading in adjacent drifts or benches and
anticipated rate of advance.

3) Blasting program including length of round and charge distribution
for each drift.
4) Initial support elements, including when and where they will be

installed in relation to excavation plan and sequence and design
calculation and assumptions.
5) Permanent lining elements relationship to initial support elements
and to the plan and sequence of excavation and support.
6) Construction equipment and capacities.
7) Assumptions used in arriving at above items, including:
(a) Thickness and condition of various zones of rock,
decomposed rock and overburden.
(b) Incidence, orientation and extent of rock discontinuities
including foliation, joints, shears, fractures, faulting, folding,
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2.

depth and degree of weathering, condition of discontinuities
(open, tightly closed, gouge-filled).

(c) Relationship of excavation and initial support to rock
discontinuities.
(d) Design load conditions and design mechanical properties

of rock and discontinuities used for determining initial
support requirements.
(e) Stability of sidewall and vertical rock faces with respect to
excavation dimensions, sequence and rock discontinuities.
(f) Groundwater.

Certification:

a. Certified test report of properties of electrical insulative coating.
Documentation:

a. Blasting plan:

1) Not less than 30 days prior to starting a new phase of work, submit
the following data concerning proposed blasting operations:

2) Location, depth, area, anticipated neat lines and relationship to
adjacent excavations and structures.

3) Diameter, spacing, burden, depth, pattern and inclination of blast
holes.

4) Type, strength, amount in terms of weight and cartridges of
explosives to be used in each hole, on each delay and total for each
blast.

5) Distribution of charge in each hole and priming of each hole.

6) Type, sequence and number of delays, delay pattern; wiring
diagram for blast; size and type of hookup lines, and lead lines; type
and capacity of firing source; type, size and location of safety
switches, lightning gaps.

7) Scaled range or distance used to calculate scaled range if blast will
exceed vibration limits.

8) Stemming of holes and matting or covering of blast area.

9) Qualifications of person directly responsible for supervising loading
of shot and for firing it.

10) Complete, maintain and submit permanent blast reports including

b.

logs of each blast. Complete reports after each blast to include the

following:

(a) Date, time and limits of blast by station.

(b) Amount of explosives used by weight and number of
cartridges.

(c) Total number of delays used and number of holes used for
each delay period.

(d) On a diagram of approved blast pattern indicate each hole

not drilled, drilled but not loaded, changes in spacing or in
pattern of delays or in loading of holes.

(e) Total number of holes, maximum charge per hole and
corresponding delay number.
(f) Evaluation of blast indicating tights, areas of significant

overbreak and recommended adjustments for next blast.

Permits for disposal of excavated material:

1)

Arrange for disposal of excavated materials at locations outside the
Authority's right-of-way, and obtain written permits from owners of
property where excavated material will be deposited.
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2) Submit each permit and release from each property owner
absolving the Authority from responsibility in connection with
disposal of such material.

3) Details of temporary ventilation:

4) In the event it is planned to use equipment not covered by the
SAFETY REQUIREMENTS article of the General Requirements,
submit details of such equipment.

5) Approval of the use of alternative equipment will depend on
submitted research information concerning performance in
accordance with applicable standards in common use.

a. Air-quality reports:

b. Daily reports of tests for dust, toxic and hazardous gases and other
atmospheric impurities in the working environment during construction.

C. Leak repair work plan:
1) Include proposed application methods, equipment details and

schedule, as well as complete manufacturer's literature, data,
instructions and recommendations.
2) Submit prior to beginning leak repair work.

PART 2 - PRODUCTS

2.01 MATERIALS:

A

B.
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Formwork: Section 03100.
Reinforcing Steel: Section 03200.

Concrete: Section 03300, Class 3500; Class 2500 concrete backfill where specified for rock
trench for track drain.

Contact Grouting: Section 02431.
Structural Steel, Ribs, Beams, Channels and Plates: Section 05120.
Bolts: ASTM A325, unless otherwise shown or specified.

Timber for Blocking, Lagging, Foot Blocks and Cribbing: Sound, well-seasoned, hardwood
timber of rectangular cross section.

Track Drainage: Section 02625.

Porous Subgrade Material: Section 02625.

Pea Gravel: Smooth, rounded pieces of gravel, clean and free from objectionable materials
such as soft particles, coal and lignite particles or friable particles, graded from 1/4 to 3/8 inch

in size.

Sand: Section 03300, fine aggregate, except 100-percent passing U.S. Standard Sieve Size
16.

Precast Concrete Tunnel Lining Segments: Section 02425.

Impervious Membrane: Polyethylene, ASTM C171, clear or opaque, 0.006-inch thickness.
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Epoxy Injection Material: Section 07125.
Bentonite Slurry for Repair of Leaks: Section 07170.
Epoxy Mortar:

1 Two-component, solventless epoxy-resin system, with 100-percent solids, workable
in temperature range of 50F to 60F when mixed with sand in specified proportions.

2. Epoxy-resin system: FX-775, Fox Industries, Incorporated; Sikadur 31, Hi-Mod Gel,
Sika Chemical Corporation or approved equal.

3. Sand for use with epoxy resin: Three parts No. 16 sand to one part No. 90 sand.
High-silica type, dry and bagged.

4. Add sand to epoxy paste as necessary to provide best workability characteristics up

to one part sand per one part epoxy.

Electrical Insulative Coating: Approved moisture-insensitive coating, 100-percent solids,
containing no solvents for use on dry or damp concrete or steel surfaces, with the following
additional requirements:

1. Properties:
a. Minimum tensile strength: ASTM D638, 5,000 psi in 14 days.
b. Dielectric strength: ASTM D1304, 440-465 volts per mil.
C. Dielectric constant: ASTM D1304 as follows:
1) 60 Hertz: 3.4-3.5.
2) 1,000 Hertz: 3.3-3.4.
d. Power factor: ASTM D1304 as follows:
1) 60 Hertz: 0.006-0.007.
2) 1,000 Hertz: 0.03-0.04.
e. Viscosity: 6,000 centipoises plus-or-minus 1,000 centipoises, as
determined by Brookfield Viscometer using No. 6 spindle at 50 rpm.
2. Primer: Zinc-rich primer, MS MIL-P-26915 (USAF) Type 1, Class B.

Hydrostatic-Pressure Relief System: ™

Plastic pipe: PVC, Schedule 40, ASTM D1785.
Plastic fittings: PVC, Schedule 40, ASTM D2464.
Solvent cement: ASTM D2564.

Galvanized steel pipe and fittings: Section 15205.

el

2.02 FABRICATION:

A

B.

Fabricate steel supports in accordance with Section 05120.

The following operations are not required:

1. Portions of bearing members such as butt and foot plates, straightened, planed and
connected after fabrication.

Grinding to remove nicks resulting from flame-cutting.

Planing and facing of sheared edges or bearing surfaces.

Subpunching or subdrilling of bolt holes.

Inspection of groove and fillet welds by other than visual inspection.

arownN

PART 3 - EXECUTION

3.01 TEMPORARY VENTILATION:

A.

Provide, operate and maintain for duration of project temporary ventilation system which
conforms to specified safety requirements and those of jurisdictional authorities. Remove
system from site when work is completed.
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3.02 SAFETY REQUIREMENTS:

A

Perform work so as to minimize safety hazards and exposure of men and equipment to
hazardous and potentially hazardous conditions in accordance with specified safety
requirements.

In case of emergency or work stoppage likely to endanger excavation or adjacent structures,
continuously maintain full work force 24 hours per day including weekends and holidays until
emergency or hazardous conditions no longer jeopardize stability and safety of the work.

3.03 DISTANCE BETWEEN HEADINGS:

A

Maintain longitudinal distance of no less than 150 feet between two adjacent tunnel faces
being simultaneously excavated unless otherwise shown or approved in writing.

Where tunnel heading is being advanced adjacent to previously excavated tunnel, ensure
that initial support in first tunnel is completely installed and is adequate to withstand
construction of second tunnel.

3.04 DETECTION OF MOVEMENT:

A

In accordance with the General Requirements and as shown, install, maintain and make
observations of a system of detection of vertical and horizontal movement of ground, tunnel
support, permanent lining and utilities adjacent to the work.

Special Instruments:

1. Provide instrumentation as specified and where shown.

2. Provide such facilities as directed for monitoring these instruments and take
appropriate action to arrest movement revealed by resulting observations.

3.05 FIELD QUALITY CONTROL:

A.

Allowable Tolerances:

1. Excavate to accommodate tunnel cross section and minimum thickness of lining
selected to within one inch of alignment and grade shown.
2. When steel ribs are used for initial support, do not permit any portion of lagging

except clips or bolts used to attach lagging to ribs to extend into tunnel within
concrete design line as shown nor any portion of steel rib including bracing to extend
further than three inches into concrete design line.

3. Place cast-in-place tunnel concrete to the following tolerances:
a. Tunnel lining:
1) Departure of tunnel from line or grade shown as measured from
working point of tunnel: One inch.
2) Variation in thickness of lining at any point: Minus zero inch.
3) Variation in internal diameter at any point: One inch.
b. Invert: As specified in Section 03300.
C. Safety walk: As specified in Section 03300.
4. Install precast concrete segment lining to tolerances shown.

3.06 EXCAVATION:

A
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Excavate to lines, grades, dimensions and tolerances as shown and specified to
accommodate initial support and permanent lining.
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E.

Tunneling Machine:

1.

When excavating with tunneling machine, use equipment which includes dust-control
system with spray system and dust shroud. Keep intake end of fan suction line as
close to machine as possible without interfering with other operations.

Use equipment which permits installation of initial support no further than ten feet
from tail. Use hood if necessary. Install initial support in accordance with approved
working drawings.

In order to exercise option for using circular permanent lining comprised of precast
segments, excavate tunnel and erect the segments by means of TBM. If, during
machine boring, material is encountered in reaches of tunnel that cannot be
excavated satisfactorily by TBM, excavate such reaches by other approved methods.
Provide necessary initial support and cast-in-place concrete permanent lining as
shown for such conditions.

Air Quality:

1.

Perform drilling and tunneling operations by methods and with equipment which will
positively control dust, fumes, vapors, gases, fibers, fogs, mists or other atmospheric
impurities in accordance with specified safety requirements.

Provide approved instruments for testing quality of tunnel atmosphere; take samples
under working conditions at prescribed intervals. Submit results of the quality tests.

Drilling and Blasting:

1.

2.

Perform blasting in accordance with the General Requirements and approved
blasting plan.
Have the blasting consultant design initial blasts as well as supervise and conduct
test blasts, if required, until regular production controlled blast patterns are
developed that produce desired rate of excavation while meeting requirements for
vibration and air-blast control. Have consultant periodically, or when requested by
the Engineer, review blasting operations and direct such changes in blasting
operations as necessary to produce a controlled blasting operation meeting specified
requirements.

a. Before blasting within 50 feet of cured concrete, except shotcrete, submit
and obtain approval of plan showing relative positions of concrete, area to
be blasted and blasting technique to be employed.

b. Protect concrete work and structures in vicinity of blasting by limiting size of
blasts, by covering blasts and by other means until it is certain that there is
no danger of damage by shock waves or flying rock.

C. Use controlled blasting techniques. Modify blasting round as necessary to
achieve best obtainable results and to keep vibrations and noise within limits
specified.

d. As excavation proceeds and immediately after each blast, test the roofs and

walls; scale loose and shattered rock which is likely to fall. Carry out similar
checks on previously excavated sections at least every 48 hours; recheck
support system and tighten, lagging, blocking and rock bolts as necessary.

e. When so directed, drill feeler or pilot holes no less than 1-1/2 inch diameter
ahead of excavation to predetermine nature and condition of materials to be
excavated. Number of holes, location, direction and length, minimum 15
feet and maximum 30 feet: As directed.

f. Install initial support in accordance with approved working drawings.

Vibration and Air-Blast Control:

1.

Control operations in accordance with the following:
a. Peak particle velocity:
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3.07

A
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Not to exceed two inches per second (ips) measured in or at any
adjacent existing structure outside limits of construction site.

2) Peak particle velocity at structural concrete not to exceed the
following limits dependent on age of freshly-placed concrete and
powder charge per delay:

Concrete Maximum Peak
Age Particle Velocity (ips)
Less than
three 0.2
days
Between three
and seven 2.0
days
Over
seven 4.0
days

3) Calculate values of maximum powder charge per delay permissible
at specified intervals of distance between point of detonation and
critical structure and submit for approval.

4) exceed 140-dB peak sound-pressure level measured at edges of
shafts or portals of tunnels.

2. Peak particle velocity is defined as maximum of three velocity components of a

vibration measured at any point in three mutually perpendicular directions by an
appropriate instrument.

3. Peak sound-pressure level is the peak level measured on the A-scale of a standard
sound-level meter at slow response.

4. The Engineer may make measurements to determine if the Contractor's operations
are exceeding such requirements. This data will be available to the Contractor.

5. If data indicates that specified requirements are not being met, take necessary

measures including reducing size of charge, covering or matting blasts to reduce
noise and vibrations to acceptable levels.

Dispose of excavated materials as specified.

Drain excavated areas as necessary in accordance with requirements of Section 02240.

If initial support is necessary, keep its installation within three feet of excavated face; do not
leave tunnel unsupported without full initial support for longer than three hours after
excavation. Stabilize face if necessary.

STRUCTURAL STEEL SUPPORT FOR PERMANENT LINING:

Install structural steel supports true to lines and grades, blocked, braced and wedged against
rock surface or against initial layers of shotcrete placed on rock surface.

Install supports as soon as possible after initial layers of shotcrete are placed or as soon as
possible after exposing rock by excavation and as close to headings as work will permit.

For support at base of steel ribs, use steel foot plates resting on smooth bearing surface
formed by precast concrete or low slump, dry-packed concrete.
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3.08

K.

Position joints to facilitate steel-rib installation as necessary and as approved.

Wedge and brace blocking and cribbing solidly between rock surface or initial shotcrete layer
and steel supports. Check blocking and cribbing and retighten after every blast or more
frequently as necessary to maintain it in a secure condition.

Use no greater amount of wedging, blocking, timber lagging and cribbing than necessary to
support ground safely and to distribute load to structural-steel supports.

Do not cover more than 25 percent of rock surface abovespring line with wedging, blocking,
timber lagging and cribbing nor more than 25 percent of projected rock surface of walls below
spring line. 25-percent criterion applies along any 10 feet of horizontal underground
excavation and between any two adjacent steel ribs placed less than 10 feet on center.

Limit spacing of blocking and wedging points on outside flange of steel set to 48 inches
maximum, unless otherwise shown.

Steel lagging may be used in any amount in any underground excavation providing it permits
ready placement of shotcrete and flow of concrete around it.

Place wedging, blocking, lagging and cribbing in an open arrangement to permit ready
placement of shotcrete and flow of concrete through and around them.

Repair or replace structural steel supports placed improperly or damaged.

PERMANENT LINING:

A

Cast-In-Place Concrete:

1. Invert:

a. Prior to installing drainage system and constructing invert slab, clean off
loose material.

b. Install drainage pipes and place porous subgrade material as shown and in
accordance with Section 02625.

C. Place impervious membrane over subgrade layer and extend it continuously
up sides of invert and above top of expansion-joint material, taking care to
prevent puncturing and tearing it. Tape laps and repair tears or punctures
in membrane with material recommended by membrane manufacturer.

2. Permanent lining: In accordance with Sections 03100, 03200 and 03300 and as
follows:

a. Prior to placement of concrete, remove timber blocks or wedges extending

into concrete design line by such means as to not endanger stability of
surrounding ground.

b. Place concrete for lining upper portion of tunnel by mechanical or pneumatic
methods through pipes which discharge as nearly as practicable to highest
point of structure. Do not use pneumatic equipment with high-velocity
delivery, unless it has velocity-discharge control and unless its discharge
line is continuously embedded at least four feet in fresh concrete

C. Fill spaces around posts, ribs and lagging beyond limits of concrete lining.
Use concrete, grout or mortar as best suited to conditions at particular
locations.

d. Fill enlargements of tunnel excavation beyond dimensions shown with
concrete or grouted prepacking.

e. Force concrete into contact with lagging and ribs
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C.

f. After concrete has attained its design strength, perform contact grouting to
fill voids in accordance with Section 02431.

g. For sections in which permanent lining includes steel ribs, comply with
sequence of operations and details shown.

h. Starter walls:
1) Construction of starter walls, 18 inches minimum height, permitted

as separate pour after supporting concrete has attained strength to
support starter wall forms.
i. Tolerances for cast-in-place permanent tunnel lining are based on design
alignment, not on actual alignment. Locate initial support with sufficient
allowance for permanent lining without violating clearance requirements.

Precast-Concrete Tunnel Lining:

1.

2.

3.

ok

10.

Hydrostatic-Pressure Relief System.

1.

Install tunnel lining so as to prevent damage to lining and coating. Use taper rings
on curves.

When installing segments ensure that edges are clean and free from materials that
could interfere with proper bearing of segments.

Place invert segment over properly shaped bed of pea gravel providing full and even
bearing.

Alternate erection of side segments to prevent shifting of invert segment.

Erect precast-concrete segments immediately behind tunneling-machine cutter head
and inside tail shield of TBM.

Complete ring of precast-concrete segments, without dislodging or damaging gasket.
Lubricate gasket of last segment of each ring prior to its installation.

Backpack solidly each completed ring of precast-concrete segments with pea gravel
and grout. Place pea gravel so as to ensure complete filling of space between lining
and excavated surface of tunnel. Do not install more than two completed rings
without filling space between lining and excavated surface of tunnel. Proceed with
backfill grouting from bottom holes to top holes of completed rings. Use bulkheads
as necessary to complete filling of space behind segments. Grouting pressure: 20-
psi minimum, 30-psi maximum.

Continuously hold last six completed rings from heading by sufficient force to prevent
separation of rings. Gap between adjacent rings not to exceed 1/8 inch.

Perform necessary remedial work. Damaged precast-concrete segments may be
removed, repaired and reinstalled if approved.

Fill grout holes with portland-cement grout after backfill grouting is completed for
each ring.

5

Install hydrostatic-pressure relief system as shown.

3.09 INSTALLATION OF ELECTRICAL INSULATIVE COATING:

A

1X0000 (03/03)

Apply coating prior to placement of invert and safety-walk concrete on precast segmented
lining. Do not apply in tunnels where full circumference water proofing membrane is sown
or specified.

Surface Preparation:

1. Remove dirt, grease and heavy laitance by wet sandblasting, water blasting or wire
brushing.

Application:

1. Apply in two coats of equal thickness totaling 20 mils minimum dry-film thickness

(DFT) in accordance with recommendations of coating manufacturer.
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3.10

3.11

3.12

3.13

3.14

TUNNEL CONNECTIONS AND TERMINATIONS AND TEMPORARY BULKHEADS:

A. Connect new tunnels to existing structures by removing existing bulkheads and constructing
junction as shown.

B. By means of temporary bulkheads, seal terminations of tunnels which are not connected to
existing structures.

C. Design temporary waterproof bulkheads where and when necessary, capable of resisting
lateral pressures and capable of removal without damaging permanent lining. Obtain
approval of design prior to construction.

TEMPORARY WORKSHAFTS AND OTHER OPENINGS:

A. Excavate and support temporary workshafts and other openings in accordance with Sections
02320 and 02260.

B. Seal such openings when no longer necessary.

C. Form and place Class 2500 concrete, two feet thick, in shafts over tunnels to prevent
damage to tunnel shape. When concrete has attained design strength, backfill remaining
void in accordance with Section 02320.

DEFECTIVE LINING:

A. Precast concrete segmented tunnel lining will be considered defective unless it is watertight,
properly finished and within specified tolerances and has undamaged edges and joints.

B. Watertightness Criteria: Section 03300.
CORRECTIVE WORK:
A. Repair of Concrete Segments: Repair segments which have minor chipping of edges and

corners, using epoxy mortar having surface color and texture closely matching adjacent
concrete surfaces. As directed, repair or replace with new segments those cracked
segments which the Engineer determines will impair structural integrity of tunnel lining.

1. Ensure that surfaces to be repaired are clean, dry, free from dirt, dust, oil, water and
other contaminants.
2. Mix and place epoxy mortar as recommended by manufacturer of epoxy resin.

Grind rough or raised projections smooth and flush with adjacent surfaces.
LEAK REMEDIATION:
A. If water leakage into tunnel exceeds specified allowable limit, undertake remedial measures

such as injection of epoxy, bentonite slurry, chemical grout, cement or a combination thereof
in accordance with Sections 07125 and 07170.

B. Prior to beginning work, submit leak-remediation plan.
C. If possible, use existing grout holes for injecting material.
D. Establish injection pressure by means of on-site demonstration; do not exceed structural

capacity of lining.
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SEE ENDNOTES BELOW. THEY ARE AN ESSENTIAL PART OF THIS SECTION UNTIL EDITED BY
SECTION DESIGNER.

.

2.

*3.

*4.

*5.

Add Article 1.1 B.13. for contracts where hydrostatic-pressure relief system work is directed to be
performed.

For contracts where hydrostatic-pressure relief systems work is not directed to be performed.
Modification for contracts where hydrostatic-pressure relief systems work is directed to be performed.

Add 2.1 R. including 1.-4. for contracts where hydrostatic-pressure relief system work is directed to
be performed.

Add 3.8 C. including 1. for contracts where hydrostatic-pressure relief system work is directed to be
performed.

END OF SECTION
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PART 1 - GENERAL

1.01 DESCRIPTION:

A
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SECTION 02415

EARTH TUNNELING

This section specifies the following:

prOONM~

Earth tunneling for running sections, side drifts, adits and auxiliary tunnels.
Installing tunnel linings.

Concrete filled voids.

The references in this section to steel ribs and lagging are restricted to the following:
a. Misalignment correction.

b. Stabilizing excessive deformations occurring in the precast segments.

Related Work Specified Elsewhere:

©CoNoOO R~ WN =

10.
1.
12.

Grading, excavating and backfilling: Section 02320.
Dewatering: Section 02240.

Support of excavation: Section 02260.

Underpinning, support and restoration of structures: Section 02255.
Subway drainage system: Section 02625.

Rock tunneling: Section 02410.

Earth (EPBM) tunneling: Section 02416.
Precast-concrete tunnel-lining: Section 02425.

Concrete work: Sections 03100, 03200 and 03300.
Membrane waterproofing: Section 07125.

Bentonite waterproofing: Section 07170.

Tunnel waterproofing (two-pass system): Section 07137.

Definitions:

1.

Earth tunneling: Mined excavation in earth. The following, among others, are

classified as excavation in earth: Mixed-face, filled ground including rock fill,

boulders, concrete or stone masonry, buried trees, timbers or plankings, conduits,

pipes or drains, wood, concrete or steel piles and sheeting and soft decomposed or

disintegrated rock.

Mixed-face tunneling: Mined excavation of earth and rock materials both in the

same heading at the same time.

Initial support: Elements designed, furnished and installed by the Contractor for

stability and safety during construction preparatory to the construction of permanent

lining.

Permanent lining:

a. For single-pass system precast concrete tunnel lining elements as shown.

b. For the two-pass system there are two layers of linings, the initial and the
final. The initial lining consists of precast concrete segments which are
either jacked in place and retained by dutchmen and filled with concrete or
grout to form the ring, or gasketed and bolted segments to form the ring.

Final liner is a cast-in-place concrete liner.

1) Concrete filled voids: Voids or chimneys which develop as the
result of run-in of soil into the tunnel and which extend entirely or
partially to the surface. These voids are then filled with lean
concrete.
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1.02

QUALITY ASSURANCE:

A

Codes, Regulations, Reference Standards and Specifications.

1. Comply with codes and regulations of the jurisdictional authorities.

2. Geotechnical Design Summary Report (GDSR) included as Appendix G to the
General Requirements.

©NOoO O~ W

AASHTO: M33, SDMS.

MS: MIL-P-26915.

FS: TT-S-230, TT-W-261.

ASTM: A36, A325, A709, C109, C144, C150, D638, D1056, D1304, D2240.
FGCC: Standards and Specifications for Geodetic Control Networks.
OSHA: Standard 1926.800(k)(2) AND (3), CFR 1910720, CFR 1926.800.

Watertightness Criteria: Section 03300.
1. Survey Control:

a. Provide qualified survey personnel in accordance with the General
Requirements pertaining to Layout of Work.
2. Establish a secondary survey control system consisting of horizontal and vertical

reference points for driving the tunnels and placing concrete lining. Install horizontal
control points either as a brass disc or lead and tack. Install vertical control points
either as a brass disk or a 1/2-inch diameter by minimum three-inch long anchor bolt
with nut and washer.

a.

Employ survey procedures and equipment in accordance with FGCC
Standards and Specifications for Geodetic Control Networks, using Second
Order, Class 1 specifications for horizontal control work and Second Order,
Class 1 specifications for vertical control work.
Make tunnel horizontal transverses closed loops and adjusted by the least
squares method. Make tunnel vertical traverses closed loops and adjusted
by distributing the error of closure equally through the turning points.
Provide the Engineer with traverse adjustment results within 24 hours.
Advance and verify underground tunnel control after each 500 feet of tunnel
lining placement.
Install vertical control points maximum 300 feet on center throughout tunnel.
Install inter-visible theodolite instrument platform mounting brackets in the
shotcrete lining, at or below the springline, at maximum intervals of 500 feet
on center throughout the tunnel, for the purpose of maintaining the
secondary horizontal control system. Install additional platform mounting
brackets where tunnel alignment curvature does not allow for intervisibility
between instrument locations.

See Part 2 - Products for bracket and surveyor platform specifications.

Survey Data Collection:

1) Provide and maintain equipment and software necessary to record
secondary survey control measurement observations. Assemble
measurement observations in digital data collection files and
provide data to the Engineer in a format that is compatible and in
accordance with the AASHTO Survey Data Management System
(SDMS) technical specification for survey data.

2) Survey data collection files transmitted to the Engineer are to
contain a time and date stamp for each observation, original field
measurements, and the correctly computed coordinates/elevations
in addition to the survey data tags necessary to recompute the file
if required.

3) Preserve original unedited data collection files and provide one
copy of each file to the Engineer.
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h. Survey Equipment Adjustment and Calibration:

1)

1.03 SUBMITTALS:

A

1X0000 (03/03)

Adjust instrument for collimation error every six months or
whenever difference between direct and reverse readings of
theodolite depart from 180 degrees by more than 15 seconds.
Readjust cross hairs and level bubble whenever their
misalignments affect instrument reading by amount of least count.
The National Geodetic Survey (NGS) has established specific
calibration baselines for the purpose of comparing survey
equipment to known monumentation to verify correct instrument
operation and verification of compliance with manufacturer’s
specifications. Service every six months and check frequently the
electronic distance measuring instruments (EDMI's) and
retroreflectors over lines of known distance at an approved NGS
baseline. Recalibrate an EDMI if physical damage is incurred.
Compute calibration results using procedures in NOS NGS-10 Use
of Calibration Base Lines. Record actual measurements, apply
atmospheric corrections and then adjust by least squares to
compute a constant, as well as a relative correction factor (scale
correction). Calibrate prisms at the same facility.

Forward results of this calibration to the Engineer. Post correction
factors in Contractor’s office for computing area and apply them as
required to maintain specified accuracy.

Immediately remove and repair, or replace instruments found to be
in disrepair or misalignment.

Provide a certification of adjustment to the Engineer for instruments
to be utilized before commencement of survey work.

Provide and maintain the ability in-house to check and adjust
tribrachs for eccentricity. Perform adjustment checks at least once
a week. Keep a record of adjustments to tribrachs current and
made available to the Engineer monthly or upon request. Number
and tag each tribrach with date of last adjustment.

Submit the following for approval in accordance with the General Requirements and with the
additional requirements as specified for each:

1. Shop Drawings:
a. Design, specifications, method of operation and other data pertaining to
tunnel shields and tunnel machine.
b. Manufacturers’ printed literature for the products, equipment and

instrumentation proposed for use in the work, annotated clearly to indicate
exact items to be used
2. Working Drawings:

1)

Detailed description, data or calculations of proposed facilities,
equipment to be utilized and method of construction, including but
not limited to, the following: Method of operation and other data
pertaining to tunnel shields and tunnel machine, hoisting plant,
tunnel ventilation, lighting and drainage; ground water control
methods; pre-support (chemical) grouting methods; temporary
shafts, cuts, ramps and tunnels; breakouts; cross passages;
bulkheads; initial support; method of construction including details
of installation of initial support and permanent lining; method of
controlling line and grade of shield and lining; details of rib and
segment ring movement measurement; details of method and
procedure for the expansion of initial lining including jack pressures

02415 -3



and test for completion of expansion; details of method and
procedure for preventing the expansion jacks and dutchmen from
dropping out from construction induced loads or vibrations; details
of method procedure for filling expansion gaps with concrete and
grout behind the initial tunnel support system.
Have drawings and computations certified by a professional engineer
experienced in earth tunneling and registered in the jurisdiction in which the
work is to be performed.
Details of temporary ventilation:

1) In the event it is planned to use equipment not covered by Section
101, Article VII.A., Safety Requirements, submit details of such
equipment.

2) Approval of the use of alternative equipment will depend on

submitted research information concerning performance in
accordance with applicable standards in common use.

Leak-remediation plan:

1) Include proposed application method, equipment details and
schedule, as well as complete manufacturer's literature, data,
instructions and recommendations.

2) Submit prior to beginning leak-remediation work.

Tunnel shield guidance system: Equipment and software details and

operation. Include specific information concerning the method of controlling

line and grade of Tunnel Boring Machine.

Contingency expansion or installation plans for initial lining: Submit in

anticipation of the possibility that initial lining expansion or installation

procedure is not successful.

Survey Control:

1) Type and location of horizontal and vertical control monuments to
be set.

2) Survey procedures and equipment.

3) Design and location of theodolite instrument platform mounting

bracket, bracing support hardware, method of attachment to initial
liner, brass mounting screw and standing platform underneath
instrument mounting bracket.

4) Survey data collection equipment and software; and traverse
reduction and adjustment software.

5) Survey equipment certification of adjustment; and calibration results
of electronic distance measuring instruments (EDMI's) and prisms.

6) Tribrach adjustment method and equipment.

Certification: Certified test report from the independent testing agency verifying that
properties of concrete or non-shrink cement grout are as specified.

Documentation:

a.

Permits for disposal of excavated material: Each permit and release from
each property owner where excavated materials will be deposited absolving
the Authority from responsibility in connection with the disposal of such
materials.

Air quality reports: Reports of tests for dust, toxic and hazardous gases and
other atmospheric impurities in working environment.

Qualifications of the following:

1) Survey personnel.

2) Specialists in responsible charge of groundwater control.
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3) Operators in responsible charge of operating the shield or the
tunnel machine.

4) Specialists in responsible charge of pre-support (chemical) grouting
program.
5) Independent testing agency.
5. Samples:
a. Premolded circumferential filler: Two, each two feet square.
b. Asphalt-saturated felt filler: Two, each two feet square.

1.04 PRODUCT DELIVERY, STORAGE AND HANDLING:

A. Maintain an adequate supply of straight and tapered precast concrete segments for tunnel
lining on site.

B. Avoid damage to surfaces and undue strain on segments during handling.

C. Chemical Grout: Transport, store and handle chemical grout, catalysts, inhibitors, additives

and buffers in accordance with manufacturer's instructions.

1.05 JOB CONDITIONS:

A. Groundwater Control:

1. Control groundwater along the tunnel alignment and within the tunnel heading to
prevent the following:
a. Heaving of invert, boiling conditions, hazardous seepage and sudden inflow

of soil at the tunnel face and at the tail of the tunnel shield.

b. Loss of ground and surface subsidence.

2. Accomplish groundwater control by, but not limited to, the following:
a. Lower the water table in accordance with Section 02240.
b. Underpin and support structures in accordance with Section 02255.

PART 2 - PRODUCTS

2.01 MATERIALS:

A. Precast-Concrete Tunnel Lining Segments: Section 02425.
B. Reinforcing Steel: Section 03200.

C. Concrete: Section 03300.

D. Track Drainage: Section 02625.

E. Grout: Ingredients that are compatible, noncorrosive to steel and free from calcium chloride.

1. Cement: ASTM C150, Type .

2. Sand: ASTM C144.

3. Water: Potable.

4, Admixtures and additives: Fly ash or other pozzolanic materials; fluidifiers;
accelerating, retarding, and water-reducing agents; and bentonite may be used if
approved.

F. Non-Shrink Cement Grout:
G. Chemical Grout: Gel-type as follows:
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1. Self-supporting gel grout using a soluble polyacrylamide, producing no toxic hazard
and which can be mixed in such proportions that dilute aqueous solutions, when
properly catalyzed, will form stiff gels and yield true solutions at concentrations
sufficiently high to accomplish soil solidification.

2. Polymer solution mixed using formulations and procedures to provide variable gel
times in accordance with the manufacturer's recommendations.
3. Source: Chem G-9 by Polymer Chemicals, Incorporated or equal.

Ribs, Beams, Channels, Plates and Retainers: ASTM A36.

Timber for Blocking, Lagging, Foot Blocks and Cribbing: Sound, well-seasoned hardwood
timber of rectangular cross section.

Pea Gravel: Smooth, rounded pieces of gravel, clean and free from objectionable material,
such as soft particles, coal and lignite particles or friable particles, graded from 1/4 to 3/8 inch
in size.

Sand: Section 03300, fine aggregate, except with 100-percent passing U.S. Standard Size
16 sieve.

Sealant and Back-Up Rod:

1. Siloxane-polymer sealant: FS TT-S-230.

2. Back-up rod: 5/8-inch diameter polyethylene.

White Lead (for Coating Grout-Plug Threads): FS TT-W-261.

Bentonite Slurry: Stable suspension of powdered bentonite in water.

Epoxy Mortar: Two-component, epoxy-resin and sand system without solvents; containing
100-percent solids, workable from 50F to 60F.

1. Sand grading: Three parts No. 16 sand to one part No. 90 sieve sand, high-silica
content, dry and bagged.
2. Mortar mix: One part epoxy to maximum of one part sand.

Premolded Circumferential Filler:

1. Closed-cell neoprene, ASTM D1056, Grade SCE-45.

2. Water absorption: No increase in weight in excess of two percent when tested in
accordance with ASTM D1056 and completely immersed in water for 70 hours at
65F to 95F.

3. Hardness: 50 plus-or-minus five on the Shore A durometer as measured by
procedures given in ASTM D2240.

4. Size: One-inch thick, width and length as shown.

Asphalt-Saturated Felt Filler: AASHTO M33.

Electrical Insulative Coating:

1. Properties: Moisture-insensitive coating, 100-percent solids, containing no solvents,
for use on dry or damp concrete or steel surfaces, with the following additional
requirements:

a. Minimum tensile strength: ASTM D638, 5,000 psi in 14 days.
b. Dielectric strength: ASTM D1304, 440-465 volts per mil.
C. Dielectric constant: ASTM D1304 as follows:

1) 60 Hertz: 3.4-3.5.

2) 1,000 Hertz: ~ 3.3-3.4.
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d. Power factor: ASTM D1304 as follows:

1) 60 Hertz: 0.006-0.007.
2) 1,000 Hertz: 0.03-0.04.
e. Viscosity: 6,000 centipoises plus-or-minus 1,000 centipoises, as determined
by Brookfield Viscometer using No. 6 spindle at 50 rpm.
2. Primer: Zinc-rich, MS MIL-P-26915 (USAF) Type 1, Class B.

2.02 GROUT MIX DESIGN:

A.

B.

Stage | Mix: To develop compressive strength of 100 to 120 psi at 24 hours.

1. Mix sand and cement dry.

2. Add minimum water to achieve water-cement ratio compatible with pumping and
placing requirements.

Mix in high-speed mixer for minimum of three minutes.

Prepare batches so that standing time does not exceed 45 minutes.

Prepare trial mixes for laboratory testing.

Perform tests of compressive strength in accordance with ASTM C109.

L

Stage Il Mix: Neat cement and water.

2.03 INSTRUMENT PLATFORM MOUNTING BRACKETS:

A

Construction: Steel, minimum 1/8-inch thick, having a smooth finish where instrument
attaches. Make bracket rigid enough to resist deflection or movement when a theodolite is
mounted and operated on top of it. If deflection or movement is apparent, add bracing
supports as directed by the Engineer.

Bracket Supports: Attach bracket supports to the underside of platform mounting bracket to
provide a clear and unobstructed working area at and above platform.

Size: Sufficient length and width to allow efficient set-up and operation of various theodolite

and electronic distance measuring instruments (EDMI).

1. Minimum width: Nine inches.

2. Minimum length: Sufficient to allow a mounted instrument a at least one foot
clearance from tunnel lining.

Install platform mounting brackets to a level plane within the adjustment limits of a standard
tribrach.

Forced Centering Hole: Provide each platform mounting bracket with a forced centering hole
to accept a brass instrument mounting screw (standard 5/8-inch by 11-inch thread) for
securing a standard tribrach.

1. Provide a brass mounting screw that is hollowed and of sufficient diameter to allow
the instrument operator to site below platform mounting bracket with a nadir optical
plummet.

2. Mill force centering hole and brass mounting screw to match each other within 0.001
inch tolerance.

3. Provide the Engineer with three mounting screws for duration of the Contract.

Surveyor Platform: Provide a platform underneath each instrument mounting bracket for the
purpose of supporting a surveyor during measurement observation process from wither side
of instrument.

PART 3 - EXECUTION

1X0000 (03/03)
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3.01

3.02

3.03

3.04

TEMPORARY VENTILATION:

A

Provide, operate and maintain for duration of project a temporary ventilation system which
conforms to specified safety requirements and those of jurisdictional authorities, and is
capable of providing twice the required volume and velocity of air flow as specified in OSHA
Standard 1926.800(k)(2) AND (3). Assume that other conditions likely to produce harmful
vapors or gases may be present at portions of the alignment. Remove system from site when
work is completed.

Use equipment which is adequate to maintain sufficient supply of fresh air in underground
work areas.

SAFETY REQUIREMENTS:

A

Perform work so as to maximize safety and reduce exposure of men and equipment to
hazardous and potentially hazardous conditions in accordance with specified safety
requirements.

Emergencies:

1. In case of emergency or work stoppage likely to endanger excavation or adjacent
structures, continuously maintain full work force 24 hours per day including
weekends and holidays until emergency or hazardous conditions no longer
jeopardize stability and safety of the work.

2. For emergency purposes, have always on-site and ready for use a minimum of 12
steel rib rings and lagging sufficient to support 25 feet of tunnel.

Perform tunnel construction so as to minimize ground movement in front of and surrounding
tunnel and prevent subsidence of surface, structures and utilities above and in vicinity of
tunnel.

Support ground continuously so as to prevent loss of ground and keep perimeters and
maintain stability of tunnel faces, passages and bottoms of shafts.

If the Environmental Property Assessment Reports required in Section 101, indicate the
potential for encountering contaminated groundwater or contaminated soil along the
alignment, have electrical equipment in the tunnel and shafts comply with OSHA regulations
CFR 1910720 and CFR 1926.800. Provide toxic and explosive gas sensors in the shafts,
running tunnels and on the shield at the tunnel face to monitor the presence of potentially
toxic or combustible materials.

BLASTING:

A

Whenever material requiring blasting is encountered, perform the work in accordance with
Section 02410 and Section 101.

DISTANCE BETWEEN HEADINGS:

Maintain longitudinal distance of no less than 150 feet between adjacent tunnel headings
being simultaneously excavated.

Where tunnel heading is being advanced adjacent to previously excavated tunnel, ensure

that initial support in first tunnel is completely installed and that voids behind lining are filled
and tendency of lining to distort is minimized before commencing work on second tunnel.
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C.

Where two adjacent tunnels are to be installed at different levels, complete and support lower
level tunnel first as specified for previously excavated adjacent tunnel.

3.05 SURVEILLANCE OF HEADINGS:

A

If tunnel invert is below groundwater level, maintain qualified personnel on duty to monitor
conditions that might threaten stability of heading whenever tunnel excavation is suspended
or shut down.

Use of monitoring devices, such as closed-circuit television, which permit continuous
monitoring of conditions at face by qualified observers from outside tunnel is permitted
subject to approval.

3.06 AIR QUALITY:

A.

Conduct drilling and tunneling operations by methods and with equipment which ensure
control of dust, fumes, vapors, gases, fibers, fogs, mists or other atmospheric impurities in
accordance with specified safety requirements.

Provide instrumentation for testing quality of tunnel atmosphere and obtain samples under
working conditions at prescribed intervals. Submit results of quality tests.

3.07 DISPOSAL OF EXCAVATED MATERIAL.:

A

Dispose of excavated materials at locations outside the Authority's right-of-way.

3.08 DETECTION OF MOVEMENT:

A.

1X0000 (03/03)

Rib and Segment Ring Movement:

1. Monitor dimensions and elevations of ribs and segmental rings as follows:
a. Measure width of each rib and segmented ring at spring line to within plus-
or-minus 0.01 foot.
b. Measure height of each rib and segmented ring from crown to invert or foot
block to within plus-or-minus 0.01 foot.
C. Measure crown elevation of each rib and segmented ring and elevation of
each footblock to within plus-or-minus 0.01 foot.
2. Take measurements of width and height of each rib and crown elevation of each rib

and each segmented ring within one hour after each rib or segmented ring is
expanded or emerges from tail of machine.

3. Take measurement of width and crown elevation of each segmented ring within 12
hours after each segmented ring is expanded or emerges from tail of machine.
4. Following such initial readings, the Engineer will select one segmented ring in each

12-foot section of tunnel for additional measurements. Take measurements of width,
height and crown elevation of each segmented ring on selected sets of ribs or rings
three days after selected ring erected, and at monthly intervals thereafter until they
are concreted in.

5. If impracticable to obtain these measurements because of design of tunneling
equipment or method of construction, use alternative methods of measurement as
approved.

6. If measurements indicate excessive deformations are occurring, take corrective

measures, such as installation of ribs, and additional measurements on selected
elements and on additional elements as directed.
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B.
3.09 CONCRETE FILLED VOID:

A.

3.10 FIELD QUALITY CONTROL:

A

3.11 EQUIPMENT:

A

Ground Movement: Install, maintain and make observations of instrumentation shown..

Should run-in of the soil produce a concrete filled void as defined above, stop tunneling
operations immediately and notify the Engineer. Secure the tunnel and construct a temporary
bulkhead to prevent further run-ins. Provide a bulkhead which is capable of resisting lateral
earth and hydrostatic pressure, waterproof and capable of removal without damage to the

tunnel liner.

Fill the void from the surface with lean concrete.

Resume tunneling operations after a minimum of 48 hours has passed after filling the voids
with lean concrete and after approval of the Engineer.

Allowable Tolerances:
1.

Cast-in-place tunnel concrete: Place cast-in-place tunnel concrete to the following

tolerances:
a.
1)
2)
3)
4)
3)
b.
C.

Tunnel lining:

Departure of tunnel from line or grade shown as measured from
working point of tunnel: One inch.

Variation in thickness of lining at any point: Minus zero inch.
Variation in internal diameter at any point: Plus-or-minus one inch.
For two-pass system where final cast-in-place liner is less than 12
inches but equal to or greater than nine inches, provide additional
reinforcing as shown on the Contingency Reinforcement Drawing,
at no additional cost to the Authority.

No final liner wall thickness less than nine inches will be accepted.
Tunnel remining necessary to maintain the allowable final liner
thickness is at no additional cost to the Authority.

Invert: Section 03300.

Safety walk: Section 03300.

Precast concrete segmented tunnel lining: Install precast concrete segmented
tunnel lining to tolerances shown.

General: Use shields and machines which can be controlled to desired line and grade and
minimize over excavation and loss of ground and provide for erection of specified tunnel

linings.

Tunnel Shields:
1.

Use tunnel shields suitable for work conforming to shape of tunnel and having
uniform exterior surface from leading edge of head or poling plates to rear edge of
tail and free of projections. Horseshoe-shaped shield may have closed or open
bottom; circular shield to have closed bottom. Permanent poling plats incorporated
in the hood of the shield are prohibited.

On shield, provide substantially proportioned hood, which projects not less than two
feet, nor more than two feet six inches, beyond shield bottom and rear overhang or
tail long enough to provide at least 12 inches of overlap beyond last installed element
of lining when shield has been pushed forward to fullest extent possible. Ensure that
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10.

11.

annular space between tail and lining is in accordance with current practice butin no
case greater than 1-1/2 inches.

Provide a shield with either a suitably designed hydraulically operated breasting
system with tight breast boards, with breast-jacks or breast-tables or both, and such
other means necessary to accomplish the same results. Hinged or “orange peel
plates” as the sole means of face support will not be approved. In addition, provide
such means as necessary to continuously support the face of the tunnel without loss
of ground through a continuous grouting operation where necessary.

Make the pattern of breast-jacks and soldier beams to fully support the upper 50
percent of the tunnel face in order to provide direct face support. Provide the forward
bulkhead with reaction points for trench jacks to support the upper half moon breast
boards.

Mechanical excavators may be used provided that they can be retracted and do not
interfere with the capability of breasting. Do not allow excavation to extend beyond
the leading edge of the hood.

Design breasting system to do the following:

a. Permit drilling and soil sampling from the exploratory holes for grouting from
the face of the shield.

b. Provide space and facilities for grouting for ground stabilization.

C. Provide capability to install probes ahead of the excavation face.

Include propulsion system on shield capable of moving shield in forward direction,
while maintaining construction tolerances with respect to line, grade and direction.
Design propulsion system so that in event of failure of propulsion-system elements
there is no over stressing and distortion of lining, and there is no movement
backward.

Jack loads: For precast-concrete tunnel lining, use shields and machines in which
each jack load is applied uniformly at centerline of longitudinal rib of segment and
over area equivalent to cross section of longitudinal rib. Use a minimum of 18 jacks
each of 150-ton capacity, or 24 jacks each of 125-ton capacity, located at centerline
of each longitudinal rib of lining.

Incorporate seal in tail of each shield to prevent leakage of grout into tunnel space
between shield and lining.

Erection system: Equip shield with erector arm or erection system capable of
handling largest sizes of lining and of erecting sections of lining to tolerances shown
without damage to lining.

a. Use erection system that allows for prompt expansion of the segment
against the soil when segment emerges from tail of the shield.

b. Use erection system that is fully integrated with the tunnel machine and
capable of erecting the pre-cast liners in a smooth operation.

C. Have previously installed segments in a ring supported prior to installation
of ring expansion jacks.

d. Have the erector arm equipped with a hydraulic system which prevents

sudden movement of the liner during erection and which provides a fail-safe
system should hydraulic pressure be lost in order to prevent accidental
segment droppage.
Provide an adequate expansion system to include the following:
Capability to start expansion as soon as clearances permit.
Reaction for expansion jacks independent of shield and shield movement.
Expansion system expanding outward and upward.
A minimum capacity expansion of two 100-ton hydraulic jacks.
If required because of insufficient expansion, ability to modify the system by
increasing the jack capacity, adding more jacks and points of expansion, or
by other means in accordance with a plan subject to the Engineer’s
approval.

®Po0TO
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12.

13.

Tunnel

Tunnel guidance: Provide a tunnel shield guidance system for automatic
computation of curved axis coordinates to maintain proper tunnel line and grade
within specified tolerances.

a. Use guidance system capable of calculating and displaying the position and
attitude of the tunnel shield or boring machine (TBM) relative to the
designed tunnel axis at each point, including predicted points at the face of
the shield or some specified distance ahead of the shield.

b. Include in the tunnel shield guidance the following features:

1) The parts and equipment necessary to continually and automatically
measure horizontal, vertical, and axial displacement as well as
horizontal, vertical, and main axis rotation.

2) A control unit capable of storing the design tunnel alignment using
a three-dimensional coordinate system and displaying the present
position and attitude of the shield or the TBM and its predicted
deviation from the design axis of the tunnel.

3) Motorized electronic theodolite with electronic distance measuring
instrument (EDMI) and laser. Have the laser directed through the
eyepiece of the theodolite, used to automatically update laser beam
directional information. Use the EDMI to automatically update the
shield or TBM drive distance.

4) An above-ground computer which enables entry, modification and
verification of the designed tunnel axis coordinates.

a) Have the above-ground computer display, print and digitally
store the information available at the control unit and to
document the position and progress of the tunnel drive
without leaving the office. Make this information available
to the Engineer upon request or at the end of each shift.

b) Have the above-ground computer electronically connected
to the equipment underground via cable or modem.
C. Source for guidance system: Subject to the requirements, use ZED-260 or

equal.
Equip shield with permissible electrical systems equipped with toxic gas and
combustible gas sensors. Have toxic gas and combustible gas sensors linked to the
machine operation to automatically shut the machine down should measured
gaseous concentrations exceed established safety threshold values.

Machines: Use tunnel machines which minimize loss of ground ahead of and around

machine and provide for erection of specified tunnel linings within machine. Use machines

which h

ave same features as shields except for face-support requirement. For tunneling with

Earth Pressure Balance Machines (EPBM) see Section 02416.

Groutin
1.

g Equipment:

For pumping grout, use pump capable of developing specified uniform pressure at
grout hole connection and hoses with minimum inside diameter of 1-1/2 inches.
Provide automatic recording of volumes and pressures during grouting operations.
Provide mixing equipment with capacity to fill voids outside last ring after each
advancement of tunnel shield.

Provide automatic shutoff control to prevent grouting pressure from exceeding that
specified

Keep equipment lines clean by constant circulation of grout and by periodic flushing
with water.

Use equipment that allows flushing with grout-intake valve closed, water-supply
valve open and grout pump running at full speed.
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6. Provide two pressure gauges, one at the pump and other on manifold hookup at
collar of hole being grouted. Use pressure-gauge ranges as necessary for each part
of grouting program.

7. Provide suitable stop valves at collar of hole to maintain necessary pressure until
grout has set.

8. Provide grouting equipment with means of accurately determining amount of grout
injected.

9. Furnish accurately calibrated, high-precision pressure gauge to periodically check

accuracy of pressure gauges.

3.12 OPERATIONS BY TUNNEL SHIELDS AND MACHINES:

A.

On initial setup, properly support tunnel shields or tunneling machines on concrete cradle at
lines and grades which permit correct installation of tunnel lining. Based on design or
existing soil conditions or both, pre-support grouting or dewatering or both may be required.

During forward movement of shield, provide sufficient support at excavation face to prevent
movement of materials, except such materials as are physically displaced by elements of
shield itself.

Control face efficiently using appropriate support procedures and methods, such as

breasting, poling, face jacks, slide tables, singly or in combination.

1. No tunnel advance will be permitted until the crown has been grouted, and it has
been determined by the Engineer that additional pre-support grouting is not required,
to provide a stable soil mass into which to tunnel.

2. Perform pre-support grouting from existing ground surface locations shown. Extend
the grouted arch at least two tunnel diameters in front of the shield when grouting
from the surface and one tunnel diameter in front of the shield when grouting from
within the tunnel prior to an advance of the tunnel face. The minimum required
thickness of the grouted arch is five feet.

3. Additional pre-support (chemical) grouting will be required if, in the judgement of the
Engineer, the ground conditions in advance of the excavation require it.
4, During probing, identify substantially cohesive deposits (such as Tl, P1/P3 soils —

See Appendix G, Geotechnical Design Report, of the General Requirements) which
are continuous and occupy essentially the upper 50 percent of the face. Additionally,
the observed performance of the excavation with respect to surface settlement and
lateral deformation determined from the geotechnical instrumentation monitoring
program will be evaluated in conjunction with the probe data.

5. More extensive pre-support ground control other than grouting may be required
depending on the effectiveness of the dewatering system, the pre-support grouting
and the data obtained from the geotechnical instrumentation program.

Dispose of excavated materials as required.
During shutdown periods, support face of excavation by positive means such as breasting

of face. Do not rely solely on support by hydraulic pressure. Provide surveillance as
specified above.

3.13 INSTALLATION OF TUNNEL LININGS:

A
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Lining of One-Pass System or Bolted Initial Liner of Two-Pass System:
1. Install tunnel lining so as not to damage lining or coating. Use taper rings on curves.
Develop and submit the details of taper rings not shown.
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No

10.

11.

12.
13.

14.

15.
16.

When installing segments, ensure that edges are clean and free from material that
could interfere with proper bearing.

Install bolted connections consisting of one bolt, one nut, two grommets and two
washers arranged and conforming to sizes as shown. Tighten bolts in accordance
with AISC requirements for structural joints. After each advance of shield or
tunneling machine, check tension of bolts on last two rings and retighten or replace
if necessary those bolts which do not meet requirements.

Replace grommets at bolts which show signs of leakage.

Staggering Longitudinal Joints:

a. For metallic lining, stagger longitudinal joints in adjacent rings by one half
of segment length, but in no case by less than 25 percent of segment length.

b. For precast concrete segmented lining, stagger joints in adjacent rings by
one third of segment length. One joint between adjacent rings may be
continuous.

After approval of bolted connections, clean out caulking recesses.

Insert metallic lead caulking in metallic lining or sealant with backup rod in precast-

concrete lining so that it completely fills recess and forms tight and continuous plug

providing watertight joint.

Recaulk joints which are leaking.

After each advance of shield or tunneling machine, fill voids between lining and

excavated surfaces with grout. Where approved, pea gravel followed by neat

portland-cement grout or one-to-one sand-cement grout may be used to fill voids in
lieu of two-stage grouting. For special purposes, finer sand may be used. Do not
exceed 30 psi at grout hole.

Perform grouting in two stages as follows:

a. First stage: Perform immediately after each forward thrust of equipment, at
nozzle pressure which will not cause movement of soil or lining nor damage
to lining, but not exceeding pressure specified. Keep topmost hole in liner
open as air vent. Assist Engineer in checking adequacy of first stage
grouting.

b. Prior to performing Stage Il grouting, completely drill out previously filled
grout holes and prepare for regrouting. When grouting of ring is completed
and grout has set, clean threads of holes and plugs, coat plug threads with
white lead, and screw plugs completely and tightly into holes.

C. Second stage: Fill soft spots or voids which may be detected, no later than
24 hours nor more than 50 feet behind first stage grouting. Use nozzle
pressures specified.

Avoid spillage or leakage of grout into tunnel. Clean up spillage promptly and

remove it from tunnel.

Complete electrical bonding of segments as shown.

Install corrosion test rods through grout holes where shown, ensuring full contact

with surrounding earth. Use insulating bushing in grout holes.

Support trailing edge of last installed ring by means of horizontal tie rod or vertical

strutinserted before shield or tunneling machine is advanced. Keep supportin place

until grouting around lining has been completed and the tendency of lining to distort
or surrounding ground to move has been overcome.

Repair or replace as directed damaged segments in previously placed ring.

Completely seal area of tunnel roof described by arch of approximately 45 degrees

each side of tunnel's vertical centerline to at least one-foot beyond outside face of

contact rail and on opposite side of track to one-foot beyond outside face of running
rail. Perform such work in accordance with manufacturer's recommendations.

Expanded (Jacked) Initial Liner of the Two-Pass System:

1.

Install tunnel lining so as not to cause damage to lining or coating. Use taper rings
on curves as necessary. Develop and submit the details of taper ring not shown.
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10.

1.

When installing segments, ensure that edges are clean and free from material that
could interfere with proper bearing.
Ensure that reach ring is positioned properly and that each segment is supported in
a secure position during erection within the shield, shoving of the shield expansion
of the ring. Expand the rings with the use of jacking rings (or other approved
equivalent measures). However, to provide proper bearing at the joints of the
segments, use two 100-ton capacity hydraulic jacks in the circumferential “gap” in the
segmented precast concrete ring and maintain pressure in these jacks. Install a
plywood board on the outside of the initial liner at the “gap” to prevent ground loss
during further expansion and installation of the liner ring.
Immediately after leaving the shield, expand initial liner segments outwards and
radially using hydraulic jacks with jacking rings (or other approved equivalent
measures) and hydraulic jacks in the “gap” so that the segments are in good contact
with the ground. After the initial liner segments are fully expanded, install the steel
dutchmen in the “gap” of the segmented ring and ensure proper bearing with the use
of shims if necessary, and secure these dutchmen to prevent movement or loss of
support.

First Stage Contact Grout (cement-sand grout):

a. Perform the First Stage Contact Grout on the outside of the initial tunnel
liner to fill the annular space between the initial liner and the excavated
surface within 16 hours after initial tunnel support ring installation, but not
more than the installation of four rings, or when directed by the Engineer.
Use nozzle pressure that will not cause movement of soil or lining nor
damage to the lining, and not exceeding 30 psi at the grout hole.

b. Subject to the Engineer’s approval, perform the First Stage Contact Grout
on the outside of the initial tunnel liner to fill the annular space between the
initial liner and the excavated surface after each advance of the tunnel
machine. Use nozzle pressure that will not cause movement of soil or lining
nor damage to the lining, and not exceeding 30 psi at the grout hole.

After the installation of the dutchmen in the “gap” and the removal of the jacks from

the “gap”, dry pack the “gap” with non-shrink grout after the heading has advanced

no further than 150 feet past the ring, or within 48 hours from the time of the initial
ring expansion.

After expansion and initial deformation of initial liner ring has occurred, if

measurements indicate excessive deformations or indicate additional “squat” of more

than one inch at the crown, install internal bracing to arrest additional deformation.

Place contact grout behind the initial precast liner.

Seal leaking joints.

Avoid spillage or leakage of grout into tunnel. Clean up spillage promptly and

remove from tunnel.

Supportlastinstalled ring by means of an erection arm, expansion system, horizontal

tie rod or vertical strut inserted before shield or tunneling machine is advanced.

Keep support in place until the tendency of lining to distort, or surrounding ground

to move, has been overcome.

Repair or replace as directed damaged segments in previously installed rings

3.14 INSTALLATION OF ELECTRICAL INSULATIVE COATING:

A.
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Apply coating prior to placement of invert and safety-walk concrete on precast segmented

lining.

Surface Preparation: Remove dirt, grease and heavy laitance by wet sandblasting, water
blasting or wire brushing.
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3.15

3.16

3.17

C.

Application: Apply intwo coats of equal thickness totaling 20 mils minimum dry-film thickness
in accordance with recommendations of coating manufacturer.

CONCRETE CONSTRUCTION:

A. Prior to construction of the permanent liner, install the tunnel waterproofing with water
barriers as shown. See Section 07137.

B. Complete electrical bonding of lining and invert shown. Electrically bond the invert of the final
lining at each end of each unit.

C. Install corrosion test rods where shown, ensuring full contact with surrounding earth. Use
bushing in grout holes.

D. Perform cast-in-place concrete work in accordance with Sections 03100, 03200 and 03300.

E. Place concrete for lining upper portion of tunnel by mechanical or pneumatic methods
through pipes which discharge as nearly as practicable to highest point of structure.

F. Prior to placement of concrete, remove timber blocks or wedges extending within concrete
design line so as to avoid compromising stability of initial support and surrounding ground.

G. Fill enlargements of tunnel excavation beyond dimensions shown with concrete or grouted
prepacking as approved.

H. Schedule erection of concrete tunnel lining so that no concrete is placed closer than 500 feet

from tunnel excavation heading, unless otherwise approved.

Perform contact grouting through grout nipples, in such quantity and at sufficient pressure to
fill voids. Use grouting pressure shown.

TUNNEL CONNECTIONS AND TERMINATIONS AND TEMPORARY BULKHEADS:

A

D.

Connect new tunnels to existing structures by removing existing bulkheads if necessary and
sealing junction as shown.

Provide temporary bulkheads to seal terminations of tunnels which are not connected to
permanent structures.

Design temporary bulkheads where and when necessary. Obtain approval of design prior
to construction. Provide bulkhead which is capable of resisting lateral earth and hydrostatic
pressures, waterproof and capable of removal without damage to permanent liner.

Provide portal transitions as shown.

TEMPORARY WORKSHAFTS AND OTHER OPENINGS:

A.

Excavate and support temporary workshafts and other openings in accordance with Sections
02320, 02240 and 02260.

Seal such openings when no longer necessary.
Form and place Class 2500 concrete, two feet thick, in shafts over tunnels to prevent damage

to tunnel shape. When concrete has achieved design strength, backfill remaining void in
accordance with Section 02320.
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3.18 DEFECTIVE LINING:

A

Precast concrete segmented bolted tunnel lining will be considered defective unless it is
watertight, properly finished, within specified tolerances and has undamaged edges and
joints.

Watertightness Criteria: Section 03300.

Precast concrete expanded or jacked tunnel initial liner is considered defective unless it is
properly finished, within specified tolerances and has undamaged edges and joints.

Defective concrete criteria for cast-in-place final liner for the two-pass system: Section
03300.

3.19 CORRECTIVE WORK:

A

Repair of Precast Concrete Segments: Repair segments which have minor chipping of
edges and corners, using epoxy mortar having surface color and texture closely matching
adjacent concrete surfaces. As directed, repair or replace with new segments those cracked
segments which impair structural integrity of tunnel lining as determined by the Engineer.

1. Ensure that surfaces to be repaired are clean, dry, free from dirt, dust, oil, water and
other contaminants.
2. Mix and place epoxy mortar as recommended by manufacturer. Grind rough or

raised projections smooth and flush with adjacent surfaces.

Contingency Reinforcement: When tunneling misalignment results in a final liner thickness
of less than 12 inches but greater than or equal to nine inches, install contingency
reinforcement as shown. Furnish and install contingency reinforcement when required at no
additional cost to the Authority.

Correction of Misalignment: In the case of misalignment which will result in a final thickness
ofless than nine inches, enlarge the tunnel excavation by remining or as otherwise approved.
Provide additional materials and redesign required due to misalignment at no additional cost
to the Authority.

3.20 LEAKREMEDIATION:

A.
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If water leakage into tunnel exceeds specified allowable limit, undertake remedial measures
such as injection of bentonite slurry, cement, chemical grout or combination thereof in
accordance with Section 07125 and 07170.

Prior to beginning work, submit leak-remediation plan.

If possible, use existing grout holes for injecting material.

Establish injection pressure by means of on-site demonstration. Do not exceed structural
capacity of lining.

END OF SECTION
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PART 1 - GENERAL

1.01 DESCRIPTION:

A

SECTION 02416

EARTH (EPBM) TUNNELING

This section specifies the following:

1.
2.

Earth tunneling for running sections, side drifts, adits and auxiliary tunnels.
Installing tunnel linings.

Related Work Specified Elsewhere:

1. Excavation and backfilling: Section 02320.

2. Dewatering: Section 02240.

3. Support of excavation: Section 02260.

4. Maintenance, support and restoration of utility facilities: Section 02270.

5. Underpinning, support and restoration structures: Section 02255.

6. Subway drainage system: Section 02625.

7. Pre-cast concrete tunnel lining: Section 02425.

8. Concrete formwork: Section 03100.

9. Concrete reinforcement: Section 03200.

10. Cast-in-place structural concrete: Section 03300.

11. Structural steel: Section 05120.

12. Tunnel waterproofing: Section 07137.

13. Geotechnical instrumentation: Section 02291.

Definitions:

1. Earth tunneling: Mined excavation in earth, including but not limited to filled ground,
rock fill, boulders, concrete or stone masonry, buried trees, timbers or plankings,
conduits, pipes or drains, wood, concrete or steel pipes and sheeting, soft
decomposed or disintegrated rock, concretionary rock-like material in lenses or
layers, cemented sands, unconsolidated lignitized wood deposits, and naturally
occurring gravel, cobbles and boulders.

2. Mixed-face tunneling: Mind excavation of soil strata with a face exposing more than
one type of soil or material including rock and hard rock in the same heading at the
same time.

3. Initial lining: Precast concrete elements furnished and installed by the Contractor for
stability and safety during construction preparatory to the construction of final lining.

4. Finallining: Cast-in-place concrete lining and waterproofing membrane placed after
installation of initial lining.

5. Precast concrete lining: For single pass system precast elements, per Contract
Drawings to carry both short term and long term loads and adequate provision to
exclude water into tunnel by use of gaskets.

6. EPBM: Earth pressure balance machine.

1.02 QUALITY ASSURANCE:
Codes, Regulations, Reference Standards and Specifications:

A

1X0000 (03/03)

1.
2.

3.
4.

Comply with codes and regulations of the jurisdictional authorities.

Geotechnical Design Summary Report (GDSR), included as Appendix G to the
General Requirements.

ASTM: C109, C144, C150.

FGCC: Standards and Specifications for Geodetic Control Networks.
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B. Watertightness Criteria: Section 03300.

C. Personnel qualifications: Have the Earth Pressure Balance Machine (EPBM) operated only
by personnel who have had successful experience in similar work.

D. Survey control: Provide qualified survey personnel in accordance with General Requirements
Article titled Layout of Work.

1.03 SUBMITTALS:

A. Submit the following for approval in accordance with the General Requirements and with the
following additional requirements as specified for each:
1. Working Drawings:

a.

General: Detailed descriptions, design, specifications, data and calculations
of proposed facilities, equipment to be used and, method of construction,
including, but not limited to, the following:

1) Method of operation and other data pertaining to the EPBM.

2) Hoisting plant tunnel ventilation, lighting and drainage, groundwater
control methods, temporary shafts, cuts, ramps and tunnels,
breakouts, cross passages, bulkheads; initial support, methods of
construction including details of installation of initial support; final
lining and waterproofing membrane, method of controlling line and
grade of shield and lining and, details for segment ring movement
measurement.

3) Have drawings and computations certified by a professional
engineer experienced in earth tunneling and registered in the
jurisdiction in which the work is to be performed.

Details of temporary ventilation: Details of equipment not covered by the

Safety Requirements article of the General Requirements. Approval of the

use of alternative equipment depends on submitted research information

concerning performance in accordance with applicable standards in
common use.

Water inflow control, initial lining:

1) Submit proposed method, equipment details and schedule, as well
as complete manufacturer’s literature, data, instructions and
recommendations.

2) Submit prior to beginning tunnel excavation.

Leak remediation plan, final lining: Include proposed application method,
equipment details and schedule, as well as complete manufacturer’s
literature, data, instructions and recommendations.

Contact grouting:

1) Grouting procedure: Detailed description of proposed grouting
equipment and layout, and the proposed order of grouting.
2) Grout mix: Details for materials, grout mix proportions, and the

results of trial mixes and test specimens for sand-cement grout.
3) Records:

a) Maintain and submit weekly a record of drill holes, the time
of each change of grouting operations, pressures, rates of
pumping, amount of cement for each change in water-
cement ratio, admixtures, and other such data required by
the Engineer.
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f.
1)
2)
3)
4)
3)
6)
7)

Documentation:

a.

b.

C.

d.

b) Maintain and submit daily records of grout take for each
liner ring and the time performed. Have records available
the following day for on-site review by the Engineer.

Earth pressure balance machine (EPBM):

Provide a complete technical description of the EPBM and backup
equipment, including the cutters and cutterhead, thrust and steering
systems, drive system, muck system, machine and tail seals,
segment erector, machine-liner interface, guidance system, grout
hole drilling system, ventilation system, and muck transport system.
Make the level of detail in the submittal sufficient to clearly
demonstrate that aspects of the specification requirements are met,
including design for the maximum hydrostatic pressure specified.
Have the technical description include drawings from the EPBM
manufacturer showing details of the EPBM and backup equipment,
the cutterhead assembly, muck system, thrust and steering system,
drive system, machine and tail seals. grout hole drilling system,
segment erector and the interface of the EPBM with the precast
segmental lining system elements. Have the drawings show the
relation between the excavated tunnel size, the ground support
system and the tolerances specified. Submit equipment, software
and operation details for the EPBM guidance system and include
specific information on the method of controlling and correcting line
and grade of the EPBM.

Have the proposed EPBM manufacturer certify in writing that the
EPBM and backup equipment meet the requirements of this
section.

Written certification from the EPBM manufacturer of design
coordination between the EPBM manufacturer and the liner
manufacturer.  Include in the certification a statement of
compatibility between the EPBM and liner system.

Description of EPBM spare parts required in paragraph 2.3.B.4.d
giving storage location and condition.

A method statement covering the intended machine parameters to
achieve earth pressure balance mode at the tunnel face for each of
the expected ground conditions described in the Geotechnical
Design Summary Report (GDSR) as Appendix G to the General
Requirements. Have this include, but not be limited to, cutterhead
rotation speed and torque, EPBM thrust, screw conveyor rotation
speed and torque, discharger rate, rate of EPBM advance, muck
conditioning materials and methods, and mix quantities and
volumetric control of the screw conveyor discharge.

A method statement covering the start-u of the EPBM and the
launch of the EPBM into the ground through the portal and shaft
structure.

A method statement covering the disassembly and removal of the
EPBM and back-up equipment.

Permits for disposal of excavated material: Each permit and release form
from each property owner where excavated materials will be deposited,
absolving the Authority from responsibility in connection with the disposal of
such materials.

Air quality reports: Reports of tests for dust, toxic and hazardous gases and
other atmospheric impurities in working environment.

Qualifications of personnel operating the EPBM.

Description of Contractor's experience with an EPBM similar to that
specified for this work, operated in similar tunneling conditions. The

02416 - 3



1.04

experience record si to demonstrate a successful completion of atleast one
project using a similar EPBMi in similar conditions. Include descriptions of
the following in the information:

1) Features of EPBM used.

2) Lengths and diameters of tunnels, geologic conditions, and ground
support systems installed.
3) EPBM performance, including average daily advance, average

EPBM penetration or excavation rate, utilization, and description of
any major machine-related delays.

3. Schedule Information:
a.

b.

Contractor’s estimated average daily advance for tunnel excavation in feet
per day, average EPBM penetration or excavation rate in feet per hour,
linear erection rate in minutes per ring and utilization, and average muck
system and cutter wear in either parts, cost per cubic yards excavated per
change.

Schedule for the design, manufacturing or rebuilding of EPBM, shop testing,
dismantling and shipment to site.

4, EPBM Quality Assurance Submittals: Submit continuous monitoring data of EPBM
performance on a weekly basis for the duration of the EPBM excavation.
Accomplish data collection by either automatic recording systems or manually.
Include the following in the data to be collected:

a. For every shove or stroke of the EPBM, the date, time and tunnel station at
start of shove; duration and length of shove; average drive motor current
and thrust and propel cylinder pressure; number of operating motors; mode
of operation and cutterhead chamber pressure.

b. Description of delays longer than 15 minutes, water inflow, incidence of
ground loss or other unusual events.

C. Cutter and muck system components changes, including time and date of
replacement, cutter position and number.

5. Survey Quality Assurance Submittals:

a. Survey personnel qualifications.

b. Type and location of horizontal and vertical control monuments to be set.

C. Survey procedures and equipment.

d Design and location of theodolite instrument platform mounting bracket,
bracing support hardware, method of attachment to initial liner, brass
mounting screw and standing platform underneath instrument mounting
bracket.

e. Survey data collection equipment and software; and traverse reduction and
adjustment software.

f. Survey equipment certification of adjustment; and calibration results of
electronic distance measuring instruments (EDMI’'s) and prisms.

g. Tribrach adjustment method and equipment.

PRODUCT DELIVERY, STORAGE AND HANDLING:

A. Maintain adequate supply of straight and tapered precast initial lining segments on site.

B. Avoid damage to surfaces and undue strain on segments during handling. The Engineer
retains the right to reject damaged segments resulting from improper fabrication, handling,
storing, transporting or erection.

PART 2 - PRODUCTS

2.01

MATERIALS:
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2.02

2.03

1X0000 (03/03)
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Track drainage: Section 02625.

Precast concrete tunnel lining: Section 02425.

Reinforcing steel: Section 03200.

Final lining, working slab, invert slab and safety walk concrete: Section 03300, Class 4000.

Grout: Ingredients that are compatible, noncorrosive to steel, and free from calcium chloride.

1. Cement: ASTM C150, Type Il

2. Sand: ASTM C144.

3. Water: Potable.

4. Admixture and additives: Fly ash or other pozzolanic materials; fluidifiers;

accelerating, retarding, and water-reducing agents; and bentonite may be used if
approved.

Sand: Section 03300, fine aggregate, except that 100 percent passes US Standard Size 16
sieve.

Epoxy mortar: Two-component, solventless, epoxy-resin system, containing 100 percent

solids, workable from 50 degrees F to 60 degrees F when one part epoxy is mixed with

maximum of one part sand graded as follows:

1. Three parts No. 16 sieve sand to one part No. 90 sieve sand, high-silica content, dry
and bagged.

Shrinkage-compensating grout: Section 03300.

Gasket lubricant: As recommended by gasket manufacturer.

Gasket: Section 02425.

GROUT MIX DESIGN:

A. Contact Grouting Stage One Mix: To develop compressive strength of 100 to 120 psi at 24
hours.

1. Mix sand and cement dry.

2. Add minimum water to achieve water-cement ratio compatible with pumping and
pacing requirements.

3. Mix in high speed mixer for minimum of three minutes.

4. Prepare batches so that standing time does not exceed 45 minutes.

5. Prepare trial mixes for laboratory testing.

6. Perform tests of compressive strength in accordance with ASTM C109.

B. Contact grouting stage Two mix: Neat cement and water.
EQUIPMENT:
A. General Requirements:

1. Use an excavation machine that can be controlled to desired line and grade,
minimize over excavation and loss of ground and provide for erection of specified
tunnel linings.

B. Earth pressure balance machine (EPBM):

1. General:

02416 -5



h.

The EPBM is to be a full face earth pressure balance machine designed for
the excavation of saturated soils under maximum hydrostatic pressure
described in the GDSR.

Soil type, density, gradation, strength and abrasivity, and the maximum
hydrostatic pressure for the various tunnel reaches, as well as the ground
conditions expected, are presented in the GDSR. Design the EPBM to
operate in all the ground conditions, including running or flowing sands and
clay, and combination thereof indicated in the GDSR.

The EPBM shall be designed to operate in either open (unpressurized) or
closed (pressurized) mode using a muck disposal system fitted with a
pressure lock out system. Accomplish switching from open to close mode
within one minute or less.

The average width of the annular space between outside surface of the
tunnel liner segments and excavated soil surface is not to exceed 2.5
inches.

Equip the EPBM with overcutters not more than 3/4-inch thick.

Equip the EPBM with a grouting system to allow soil grouting ahead of face
of excavation.

Design the EPBM to maintain heading (face) stability at all times under all
conditions described in the GSDR during excavation and periods of EPBM
shutdown.

The EPBM is to have provisions for removal of boulders 12 inches in
diameter and larger, and other obstructions as described in the GDSR.

Cutters and Cutterhead:

a.

b.

C.

The EPBM shall be Design the EPBM to pass up to 12-inch size cobbles
through the head without special procedures.

Design the EPBM with the capacity to use other techniques such as
grouting, slurry, or foam injection to control the tunnel face, maintain tunnel
integrity and mucking operations.

Make cutters serviceable and replaceable from behind the cutterhead of the
EPBM.

Thrust System and Steering:

a.

Designed the EPBM to provide forward thrust by thrust cylinders reacting
against the installed segmental liner for the full range and combination of
ground conditions described in the GSDR.

Thrust system capacity is to exceed the combined reaction from maximum
hydrostatic pressure, shield friction and face stabilization load.

Provide symmetrically arranged thrust cylinders which have individual
actuation, synchronized actuation for cylinders or for groups of cylinders as
necessary for EPBM steering, and individual maximum thrust control.
Thrust cylinders are not to exert forces when idle, but are to resist
displacements.

The shield is to be articulated if the total length exceeds 90 percent of the
tunnel outside diameter. Shield length is measured from the last gauge
cutter to the back of the tail.

Drive System:

a.

The EPBM is to have sufficient drive motor power, such that the machine is
not torque limited when operating in earth pressure balance mode for the full
range and combination of ground conditions described in the GDSR.

The EPBM is to have the ability to start the cutterhead with at least rated full
load torque. Provide clutches or hydraulic assist with an electric drive, or a
variable speed hydraulic drive system may be used.

The EPBM design shall permit the replacement of the main bearings and
cutterhead seals from within the tunnel.

One spare main bearing assembly and seals, and one spare main drive
gear are be available for replacement of the corresponding parts, and
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e.

f.

provided with the EPBM in the event that those parts fail. Make the spare
parts available for the duration of the EPBM excavation and make them
deliverable to the site within 36 hours notice. The spare parts may be used,
provided they are in like-new condition, as certified in writing by the EPBM
manufacturer.

Make the EPBM drive system operate the cutterhead such that it is fully
operational in either direction or rotation.

Make the EPBM configured to provide access to the head of the machine
for maintenance, repair or obstacle removal.

Muck System:

a.

c.
d.

Fit the EPBM with a screw conveyor for controlled muck removal from the
cutterhead chamber. Design the screw conveyor for operation in the soils
described in the GDSR and for efficient replacement from within the tunnel.
Design the screw conveyor to be closed and sealed against maximum
hydrostatic pressure at both the front and rear.

Fit the EPBM with a pressure lock out system, such as a piston discharger,
rotary discharger or equivalent, to separate the high pressure groundwater
and muck within the screw conveyor from the atmospheric pressure at the
muck discharge point of the tunnel.

Design the discharge for the controlled release of muck under maximum
hydrostatic pressure and readily maintained or replaced. Make the
discharger operate in ground conditions described in the GDSR.

Design the muck systems for operation in either an open mode
(unpressurized cutterhead chamber) or a closed mode (pressurized
chamber).

For operations in the open mode, design the muck system capacity for
continuous operation. Design the muck system such that changing from
closed to open mode, or open mode to closed mode, takes less than four
12-hour shifts.

Muck transport in the tunnel may be by conveyor, rail or slurry system.
Design the system selected for abrasive fines and high water content muck.
Design the EPBM for water, polymer, or slurry foam injections to facilitate
mucking operations through the control of muck consistency.

Provide high pressure seals designed for maximum hydrostatic pressure,
as indicated in the GDSR, at the cutterhead drive and main bearings, the
articulation joint, the tail shield, and probe and injection grout drill hole
points.

Design and equip the EPBM with a suitable tail seal capable of handling the
anticipated ground conditions and hydrostatic pressures. Also consider the
influence of liner grouting in seal design.

Make tail seals replaceable from within the tunnel.

Employ a grout deal located at the rear of the tail shield to limit grout
migration along the shield toward the cutterhead.

Segment Erector and Erection Ring:

a.

Make the segment erector and erection ring compatible with the machine
and the liner system and gasket selected to ensure safe and efficient
segment installation and closing the ring.

Actuate the erector in the axial, radial, and circumferential directions and in
the three articulation angles corresponding to the six degrees of freedom of
the liner segments to grip and erect the segments properly such that they
are positioned accurately, gaskets are aligned within the required
tolerances, and no damage or distortion of the segments or gaskets occur
and that the gasket is fully compressed when the ring is closed.

Once gripped by the erector, make it not possible for the segment to
relocate with the erector under external loads or under the dead load of the
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f.

segment, in the axial direction as well as in the direction of the articulation
angles, when corresponding actuators are idle.

Have the erector include a suitable gripping device for gripping the
segments. Make segment design consistent with the chosen method of
gripping.

For smooth and continuous operation, proportional valves are required on
hydraulic actuators, or variable speed motors are required on electric
actuators.

Equip the EPBM with measurement devices to indicate correct radial and
circumferential positioning of the segments.

Machine-liner interface:

a.

oo

—h

Do not exceed 1800 psi maximum bearing pressure at any point and at any
time on the liner segment unless otherwise submitted and reviewed by the
Engineer.

Equip the thrust cylinder with a jacking ring or shoes and pads to equally
distribute the jacking forces to the liner. Make the design of thrust cylinder
jacking ring or shoes and pads consistent with segment and segment joint
design.

Do not bear jacking ring, shoes and pads on gaskets at any time.

Start contact grouting as soon as the grout holes are clear of the last tail
seal. Do not install the next ring of segments in the tail shield until grouting
is complete.

Coordinate the tail seal and the liner system to ensure a competent seal.
For tail seals requiring grease or other liquid sealants, make the sealant
compatible with the liner system gaskets. Use inert materials which will not
contaminate the surrounding ground or cause the long term deterioration of
the liner concrete, the joint connector, the gaskets or joint packers.

Guidance System and Alignment Control:

a.

Provide the DYWIDAG-Leica, ZED-260 or approved equivalent tunneling

machine guidance system for automatic computation of curved axis

coordinates to maintain proper tunnel line and grade within specified
tolerances.

Make the guidance system capable of calculating and displaying the position

and attitude of the EPBM relative to the designed tunnel axis at all points,

including predicted points at the face of the shield or some specified
distance ahead of the shield.

Have the EPBM guidance system include the following salient features:

1) The parts and equipment necessary to continually and automatically
measure horizontal, vertical, and axial displacement as well as
horizontal, vertical and main axis rotation

2) A control unit that is capable of storing the design tunnel alignment
using a three-dimensional coordinate system and displaying the
present position and the attitude of the EPBM and its predicted
deviation from the design of the tunnel.

3) Motorized electronic theodolite with electronic distance measuring
instrument (EDMI) and laser. Direct the laser through the eyepiece
of the theodolite that is used to automatically update laser beam
directional information. Use the EDMI to automatically update the
EPBM drive distance.

4) An above-ground computer which enables entry, modification and
verification of the designed tunnel axis coordinates.

a) Have the above-ground computer display, print and digitally
store the information available at the control unit to
document the position and progress of the tunnel drive
without leaving the office. Make the information available
to the Engineer upon request, or at the end of each shift.
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PART 3 - EXECUTION

10.

b) Electronically connect the above-ground computer to the
equipment underground via cable or modem.

5) Design the EPBM and backup equipment to negotiate curves in the
alignment with minimum radius as shown, and meet the specified
alignment tolerances.

Other Features:

a. Equip the EPBM with a fire suppression system and hand operated fire
extinguishers.
b. Design the EPBM to control the ground at the heading and flow of ground

water through the tail seal by grouting during abnormal conditions,
construction removal or EPBM maintenance. Store at the site equipment
and materials necessary to control the excavation during conditions
described above, tested and ready to use when needed.

C. Provide and maintain a stock of spare parts and consumables on site.

d. Use fire resistant hydraulic fluids throughout the EPBM.

Contact Grouting Equipment:

1.

For pumping grout, use approved pump capable of developing specified uniform
pressure at grout hole connection and hoses with minimum inside diameter of 1-1/2
inches.

Provide mixing equipment with capacity to fill voids and annual space, outside last
ring after each advancement of the EPBM.

Provide automatic shutoff control to prevent grouting pressure from exceeding that
specified.

Use equipment that allows flushing with grout intake valve closed, water-supply valve
open and grout pump running at full speed.

Provide two pressure gauges, one at the pump and a second on the manifold
hookup at the collar of hole being grouted. Use pressure-gauge ranges as
necessary for each part of grouting program.

Provide suitable stop valves at collar of hole to maintain necessary pressure until
grout has set.

Provide grouting equipment with means of accurately determining amount of grout
injected.

Furnish accurately calibrated, high-precision pressure gauge to periodically check
accuracy of pressure gauges.

3.01 TEMPORARY VENTILATION AND AIR QUALITY:

A

1X0000 (03/03)

For the duration of the project, provide, operate and maintain a temporary ventilation system
which conforms to specified safety requirements and those of jurisdictional authorities.
Remove system from site when work is completed.

Use equipment which is adequate to maintain sufficient supply of fresh air in underground
work areas.

Conduct drilling and tunneling operations by methods, and with equipment, which ensure
control of dust, fumes, vapors, gases, fibers, fogs, mists or other atmospheric impurities, in
accordance with specified safety requirements.

Provide approved instrumentation for testing quality of tunnel atmosphere and obtain
samples under working conditions at prescribed intervals. Submit results of quality tests.
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3.02

3.03

3.04

3.05

TEMPORARY WORKSHAFTS AND OTHER OPENINGS:

A

Excavate and support temporary workshafts and other openings in accordance with Sections
02320 and 02260.

Seal such openings when no longer necessary.
Form and place Class 2500 concrete, two-feet-thick, in shafts over tunnels to prevent

damage to tunnel shape. When concrete has achieved design strength, backfill remaining
void in accordance with Section 02320.

SAFETY REQUIREMENTS:

A.

Perform work to maximize safety and reduce exposure of personnel and equipment to
hazardous and potentially hazardous conditions in accordance with specified safety
requirements.

In case of emergency or work stoppage likely to endanger excavation or adjacent structures,
continuously maintain fullwork force 24 hours per day, including weekends and holidays, until
emergency or hazardous conditions no longer jeopardize the stability and safety of the work.
In addition to rib rings and lagging needed for planned work and shown on Contract
Drawings, have on site and ready for use in emergencies a minimum of 12 steel rib rings (W8
x 40 or larger) and lagging sufficient to support 25 feet of tunnel.

Perform tunnel construction to minimize ground movement in front of, and surrounding,
tunnel and minimize subsidence if surface, structures and utilities above and in vicinity of
tunnel for the ground conditions encountered.

Support ground continuously at the excavation face and surrounding tunnel perimeter to
prevent loss of ground and to maintain stability of tunnel faces, passages and bottoms of
shafts.

DISTANCE BETWEEN HEADINGS:

A

Maintain longitudinal distance of no less than 150 feet between adjacent tunnel headings
being simultaneously excavated.

Where a tunnel heading is being advanced adjacent to a previously excavated tunnel, ensure
initial support in first tunnel is completely installed, that voids behind linings are completely
filled, and that the tendency of the lining to distort is minimized before commencing work on
the second tunnel.

SURVEILLANCE OF HEADINGS:

A

If tunnel invert is below groundwater level, maintain qualified personnel on duty to monitor
conditions that might threaten stability of heading whenever tunnel excavation is suspended
or shut down.

Use of approved monitoring devices, such as closed-circuit television, which permit
continuous monitoring of conditions at the face by qualified observers from outside the tunnel
is permitted.

At the first indication of misalignment exceeding the bull’s eye limitin the tunnel heading, stop
the work and notify the Engineer immediately.
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3.06 DETECTION OF MOVEMENT:

A

Segment Ring Movement:

1.

Monitor dimensions and elevations of segmental rings as follows:

a. Measure width of each segmented ring to within plus-or-minus 0.01 foot.

b. Measure height of each segmented ring from crown to invert to within plus-
or-minus 0.01 foot.

C. Measure crown elevation of each segmented ring to within plus-or-minus
0.01 foot.

Take measurements of width and height of each segmented ring within one hour
after each segmented ring emerges from the tail of the machine.

Take measurement of width and crown elevation of each segmented ring within 12
hours after each segmented ring emerges from the tail of the machine.

Following such initial readings, Engineer will select one segmented ring in each 25-
foot section of tunnel for additional measurements. Take measurements of width,
height and crown elevation of each segmented ring on selected sets of rings daily
after each selected ring erected and within 250 feet of the trailing gear; monitor
tunneling weekly between 250 feet and 1,000 feet, and at monthly intervals
thereafter until the cast-in-place liner is installed.

If measurements indicate excessive deformations are occurring, take corrective
measures and additional measurements on selected elements and on additional
elements as directed by the Engineer.

Ground Movement:

1.

Install, maintain and make observations as specified of instrumentation shown on
the Contract Drawings and/or as specified in Section 02291.

3.07 FIELD QUALITY CONTROL:

A.

1X0000 (03/03)

Place cast-in-place tunnel concrete to the following tolerances:

1.

2.
3.

Tunnel lining:

a. Departure of tunnel from line or grade shown as measured from working
point of tunnel: one inch.

b. Variation in internal diameter at any point: plus-or-minus one inch.

C. Where thickness of cast-in-place tunnel lining is less than 12 inches but

greater or equal to nine inches, provide additional reinforcing as shown, at
no additional cost to the Authority.

d. No final lining thickness below nine inches will be accepted. Tunnel
remining necessary to maintain the allowable final lining thickness is at no
additional cost to the Authority.

Invert: Section 03300.

Safety walk: Section 03300.

Install initial precast concrete segmental tunnel lining to tolerances shown on the Contract
Drawings.

Contact Grouting:

1.

Keep workers aware that tunnel grouting is one of a series of linked tunneling
processes, each one depending for its proper performance on the proper
performance of the others; adverse consequences are likely to result for inadequate
performance of tunnel grouting.

Provide facilities and assistance necessary for the Engineer to inspect the grouted
initial lining to ensure complete filling of voids, including assistance in drilling,
probing, or sounding through the grout hole.
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An inspection will be made by the Engineer not later than 24 hours after, nor more
than 60 feet behind, the initial injection. Have voids, as determined by the Engineer,
completely grouted by an additional injection performed immediately after this
inspection.

From time to time, the Engineer may require the drilling through grout holes in
precast segments, and up to one foot into surrounding ground, not to exceed one
every 100 feet of tunnel on the average. If regrouting is required, drill additional
check holes. Fill check holes flush with surface using epoxy mortar.

3.08 FIELD SURVEY CONTROL.:

A. Secondary Survey Control System:

1.

Establish a secondary survey control system consisting of horizontal and vertical

reference points for driving the EPBM and placing final liner concrete. Install

horizontal control points either as a brass disc or lead and tack. Install vertical
control points either as a brass disc or 1/2-inch diameter by a minimum three-inch-
long anchor bolt with nut and washer.

Employ survey procedures and equipment in accordance with FGCC Standards and

Specifications for Geodetic Control Networks using Second Order, Class 1

specifications for horizontal control work and Second Order, Class 1 specifications

for vertical control work.

Construct tunnel horizontal traverses as closed loops adjusted by the least squares

method. Tunnel vertical traverses are to be closed loops and adjusted by distributing

the error of closure equally through the turning points. Furnish the Engineer with
traverse adjustment results within 24 hours.

Advance and verify underground tunnel control after every 300 feet maximum of

tunnel lining placement.

Install vertical control points maximum 300 feet on center throughout tunnel.

Platform mounting brackets:

a. Install inter-visible theodolite instrument platform mounting brackets in the
tunnel initial liner, at or below springline, at maximum intervals of 500 feet
on center throughout the tunnel, for the purpose of maintaining the
secondary horizontal control system. Install additional platform mounting
brackets where tunnel alignment curvature does not allow for intervisibility
between instrument locations. Fabricate platform mounting bracket from
steel, having a smooth finish where the instrument attaches. Make brackets
rigid enough to resist deflection or movement when a theodolite is mounted
and operated on top of it. If deflection or movement is apparent then add
bracing supports to sufficiently stabilize the platform mounting bracket and
install additional bracing supports as directed by the Engineer. Use
minimum 1/8-inch-thick steel for brackets. Attach bracket supports to the
underside of platform, mounting bracket to provide a clear and unobstructed
working area at and above platform. The platform mounting bracket shall
be of sufficient length and width to allow efficient set-up and operation of
theodolite and electronic distance measuring instrument (EDMI). Minimum
width of platform mounting bracket is nine inches; minimum length of
platform mounting bracket is equal to a distance sufficient to allow a
mounted instrument a minimum one foot of clearance from tunnel lining.
Install platform mounting brackets to a level plane within the adjustment
limits of a standard tribrach.

b. Provide each platform mounting bracket with a forced centering hole that
can accept a brass instrument mounting screw (standard 5/8-inch by 11-
inch thread) for securing a standard tribrach. Mill force centering hole and
brass mounting screw to match each other within 0.001 inch. Make the
brass mounting screw hollow and of sufficient diameter to allow the
instrument operator to site below platform mounting bracket with a nadir
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optical plummet. Provide the Engineer with three mounting screws for the
duration of the Contract. Construct and install a platform underneath the
instrument mounting bracket for the purpose of supporting a surveyor during
measurement observation process from either side of instrument.

Survey Data Collection:

1.

Provide and maintain equipment and software necessary to record secondary survey
control measurement observations. Assemble measurement observations in digital
data collection files and provide data to the Engineer in a format that is compatible
and in accordance with the AASHTO Survey Data Management System (SDMS)
technical specification for survey data.

Have the survey data collection files transmitted to the Engineer contain: atime and
date stamp for each observation, original field measurements, and the correctly
computed coordinates and elevations in addition to the survey data tags necessary
to recompute the file if required.

Preserve original unedited data collection files and provide one copy of each file to
the Engineer.

Survey Equipment Adjustment and Calibration:

1.

Adjust instrument for collimation error every six months, or whenever difference
between reverse and direct readings of theodolite depart from 180 degrees by more
than 15 seconds. Readjust cross hairs and level bubble whenever their
misalignments affect instrument readings by amount of least count.

The National Geodetic Survey (NGS) has established specific calibration baselines
for the purpose of comparing survey equipment to known monumentation to verify
correct instrument operation and verification of compliance with manufacturer’s
specifications. Service every six months and check frequently the electronic
distance measuring instruments (EDMI’s) and retroreflectors over lines of known
distances at an approved NGS baseline. Recalibrate EDMI if physical damage is
incurred.

Compute calibration results using procedures in NOS NGS-10, Use of Calibration
Base Lines. Record actual measurements, apply atmospheric corrections and then
adjust by least squares to compute a constant, as well as a relative correction factor
(scale correction). Calibrate prisms at the same facility.

Forward results of this calibration to the Engineer. Post correction factors in
Contractor’s office for computing area and apply them as required to maintain
specific accuracy.

Immediately remove and repair, or replace instruments found to be in disrepair or
misalignment.

Provide a certification of adjustment to the Engineer for instruments to be utilized
before commencement of survey work.

Provide and maintain the ability in-house to check and adjust tribrachs for
eccentricity. Perform adjustment checks at least once a week. Keep a record of
adjustments to tribrachs current and made available to the Engineer monthly, or
upon request. Number and tag each tribrach with date of last adjustment.

3.09 OPERATION BY THE EPBM:

A

1X0000 (03/03)

On initial setup, support the EPBM on concrete cradle properly at lines and grades which will
permit correct installation of tunnel lining.

During forward movement of the EPBM, provide sufficient support at excavation face to
prevent movement of materials, except such materials as are physically displaced by
elements of shield itself.

Control face efficiently using appropriate support procedures and methods.
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3.10

Dispose of excavated materials as specified.

During shutdown periods, due to abnormal conditions, obstruction removal, EPBM
maintenance or other reasons, ensure stability of the tunnel with appropriate support
measures. In areas where the tunnel face stability cannot be maintained directly by the
EPBM, support face of excavation by other means, such as grouting.

In the event of EPBM stoppage for more than 12 hours, inject bentonite slurry into gap
between tail of shield and foil to facilitate resuming of EPBM advancement.

INSTALLATION OF INITIAL LINING:

A.

Support segments as necessary to prevent damage or undue strain. During handling of
segments, wire ropes, keep chains or hooks from direct contact with concrete or gaskets.
Ship tapered segments in units of complete rings, properly identified.

Inspect segments with gaskets before taking them underground and just prior to erection.
Damaged segments shall not be installed in the tunnel. Damaged segments shall be
repaired or replaced as directed, at no additional cost to the Authority.

Install the segmented tunnel lining system to the specified dimensions and tolerances for line
and grade, within the design tolerances for joint and structural performance. Projection or
lipping (abrupt surface irregularity) of a segment with respect to the adjoining segment will
is not allowed in excess of that shown on the Contact Drawings under Tolerances.

Assemble and mechanically connect each ring of segments inside the tunneling shield. Keep
the invert of the EPBM free of excavated material prior to erection of each ring. Hose clean
the joint surfaces of each segment with clean water immediately prior to erection. Attime of
erection, make joint and gasket surfaces free of material that could interfere with proper
bearing and watertightness. Lubricate gasket along cross joints of key segments prior to key
segment installation.

Prior to jacking the EPBM have mechanical connectors across joints in place ahead of the
segment ring and tightened sufficiently to provide joint closure pressure as specified in
Section 02425. Maintain the design tolerances on joint closure during erection of
subsequent rings. If necessary, retighten the mechanical connectors of the last
circumferential joint prior to retracting jacking rings or shoes.

Do not apply loads or eccentricities to the segments that are detrimental to the lining system

as a result of the erection sequence. Do not permit jacking rings or shoes and pads to bear
on the circumferential joint gaskets.

Use tapered rings on curves and elsewhere as necessary to maintain line and grade
tolerances. In no case is compression packing to be added to or removed from the
circumferential joints to adjust line and grade.

Stagger longitudinal joints in adjacent rings.

Perform contact grouting behind each ring and shall begin as soon as segment grout holes
are clear of the tail seal.
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L.

Hangars for utility lines necessary for construction of the tunnel may be connected to
concrete segments, but may not interfere with proper erection of each ring. Cast or drilled
holes or embedded anchorages may be used for this purpose, if approved by the Engineer.

Support trailing edge of last installed ring by means of horizontal tie rod or vertical strut
inserted before EPBM is advanced. Keep support in place until grouting around lining has
been completed and tendency of lining to distort, or surrounding ground to move, has been
overcome.

Repair or replace, as directed, damaged segments in previously placed ring.

3.11  WATERTIGHTNESS:

A

Watertightness of Initial Lining (of Two-Pass System):

1.

2.

o oA

Provide clean, dewatered conditions during waterproofing membrane placementand
installation of final lining.

Prior to beginning work, submit plan for control of water entering tunnel through the
initial lining. Include capacity of proposed water pumps.

If water leakage into tunnel exceeds capacity of the proposed water pumps,
undertake remedial measures, such as injection of bentonite slurry, cement,
chemical grout or combination thereof.

Repair visible leaks.

If possible, use existing grout holes for injecting materials.

Establish injection pressure by means of on-site demonstration. Do not exceed
structural capacity of the lining, or combined hydrostatic and soil overburden
pressure as determined for construction conditions.

Watertightness of Precast Concrete Lining (of Single-Pass System):

1.

Comply with Leak Remediation, specified above.

3.12 CONCRETE CONSTRUCTION:

A
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For Two-Pass System:

1.
2.

3.

8.

Perform concrete work in accordance with Sections 03100, 03200 and 03300.
Clean and roughen working slab surface to expose aggregates prior to placing invert
slab concrete.

Place concrete for lining upper portion of tunnel by mechanical or pneumatic
methods through pipes which discharge as nearly as practicable to highest point of
structure.

Do not perform concreting of final lining of the first tunnel excavated until excavation
of the second tunnel has progressed at least 100 feet beyond the limits of active
concreting, unless otherwise approved.

Schedule erection of concrete lining of the second tunnel so that no concrete is
placed closer than 500 feet from tunnel excavation heading, unless otherwise
approved.

Perform contact grouting through grout nipples, in such quantity and at sufficient
pressure to completely fill voids. Use grouting pressure as specified.

Drill and grout safety walk reinforcement into final lining using shrinkage-
compensating grout. Exercise care during drilling operation not to impair
waterproofing membrane.

Install remaining reinforcing steel in the safety wells and pour concrete.

For Single-Pass System:

1.
2.

Perform concrete work in accordance with Sections 03100, 03200 and 03300.
Place invert slab concrete on the cleared liner or over the insulative coating, if used.
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Do not place the invert in the first tunnel excavated until excavation of the second
tunnel has progressed at least 100 feet beyond the limits of active concreting, unless
otherwise approved.

Schedule placement of the invert of the second tunnel so that no concrete is placed
closer than 400 feet from tunnel excavation heading unless otherwise approved.
Install safety walk dowels per Contract Drawings, provide remaining reinforcing steel
and place concrete in the safety walks.

3.13 CONTACT GROUTING:

A

First Stage-Precast Concrete Initial Lining (for Two-Pass System) and Precast Concrete
Lining (for One-Pass System):

1

Perform cement-sand grouting behind initial tunnel support to fill the annular space
between the initial support system and the excavated surface. Use nozzle pressure
that will not cause movement of soil or lining nor damage to lining, and not exceed
30 psi at the grout hole. Keep topmost hole in liner open as air vent. Assist
Engineer in checking adequacy of first stage grouting.

Consider grouting of a hole complete when the hole refuses grout for 60 seconds at
90 percent of highest pressure stipulated for conditions at that hole location. After
the grouting of a hole is completed, maintain pressure by means of a stop cock or
other suitable device until the grout has set sufficiently to be retained in the hole.
After grout has set, remove valves and fittings. Fill grout holes with epoxy mortar at
completion of the grouting operations to have a smooth finished surface acceptable
to the Engineer.

Second Stage-Cast-in-Place Concrete Final Lining (for Two-Pass System Only):

1.

Place grout pipes or connections in the concrete lining or concrete pipe shown on
the Drawings and as specified herein. Place grout pipes in the lining at a nominal
25 foot spacing. Place pipes behind the concrete forms and held securely in
position. Suitably plug grout pipe perforations to prevent the entrance of concrete.
Drilled holes may not be used in lieu of cast-in-place grout pipes

Ensure that concrete lining has reached 28-day strength prior to commencement of
grouting operations.

Use nozzle pressure which will not puncture or otherwise injure waterproofing
membrane.

Make connections by threaded fittings of ample strength and tightness to prevent
leakage or with approved packers, and provide each with a straightway cock or
valve. Remove plugs on ends of adjacent ungrouted pipes to ensure escape of air
and water and filling of spaces with grout. Replace plugs as required to prevent loss
of grout. The general direction of advance is to be from lower elevations to higher
elevations.

Prior to injection of grout, inspect each grout pipe to ensure that the pipe is clear and
open. Hook-up and pump grout at each grout pipe.

Operate and control grout pumps so that the grout is delivered uniformly and
steadily. Inject grout in a sequential side-to-side progression along the tunnel to fill
voids with grout.

Grouting at each grout pipe connection will be considered complete when no more
grout of the required mix and consistency can be injected at the specified pressure
or when clean grout appears at the next hole.

Exercise care to prevent the setting of escaped grout on exposed surfaces. Remove
such grout and restore surfaces to their original conditions.

Upon completion of the grouting at each connection, close the valve and leave it in
place until the grout has set, after which remove the valves and fitting. Remove
grout supply connections from the embedded grout pipe to a minimum depth of two
inches, and fill the hole with epoxy mortar to give a smooth finished surface.
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3.14

3.15

3.16

3.17

C. Keep equipment lines clean by constant circulation of grout and by periodic flushing with
water.

DEFECTIVE LINING:

A. Precast concrete segmented tunnel lining will be considered defective unless it is properly
finished, and within specified tolerances and has undamaged edges and joints.

CORRECTIVE WORK:

A. Repair of Concrete Segments: Repair segments which have chips, spaces, or formed
depressions meeting the conditions set forth in Section 07137, Tunnel Waterproofing. As
directed, repair or replace with new segments those cracked segments which impair
structural integrity of tunnel lining as determined by the Engineer.

1. Ensure that surfaces to be repaired are clean, dry, free from dirt, dust, oils, water
and other contaminants.
2. Mix and place epoxy mortar as recommended by manufacturer. Grind rough or

raised projections smooth and flush with adjacent surfaces.

LEAK REMEDIATION:
A. For Two-Pass System:
1. If water leakage into tunnel after placement of final cast-in-place concrete lining

exceeds specified allowable limit, undertake remedial measures such as injection
of bentonite slurry, cement, chemical grout or combination thereof.

2. Prior to beginning work, submit leak-remediation plan.

3. If possible, use existing grout holes for injecting material.

4. Establish injection pressure by means of on-site demonstrations. Do not exceed
structural capacity of lining.

B. For Single-Pass System:

1. If water leakage into tunnel exceeds specified allowable limits, undertake remedial
measures such as injection of bentonite slurry, cement, chemical grout, or
combination thereof.

2. Prior to beginning work, submit leak-remediation plan.

3. If possible, use existing grout holes for injecting material.

4. Establish injection pressure by means of on-site demonstration. Do not exceed

structural capacity of lining.
DISPOSAL OF EXCAVATED MATERIAL:

A. Dispose of excavated materials at locations outside of the Authority’s right-of-way.

END OF SECTION
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PART 1 - GENERAL

1.01 DESCRIPTION:

A
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SECTION 02417

NATM EXCAVATION
( SOFT GROUND )

This section specifies the excavation and support of the NATM tunnels (center drift, middle
drifts, side drifts, shafts and station, as applicable) in accordance with the construction
sequences and limits of excavation shown for the NATM.™

1.

2.

Stations indicating limits of typical excavation and support types, pre-support types,
and of concrete lining are approximate only and may vary due to geological and
hydrological conditions actually encountered in the field.

Stations are outbound stations; apply inbound stations accordingly.

Related Work Specified Elsewhere:

1. Grading, excavating and backfilling: Section 02320.

2. Dewatering: Section 02240.

3. Support of excavation: Section 02260.

4. Subway drainage system: Section 02625.

5. NATM shotcrete lining: Section 02426.

6. Concrete work: Sections 03100, 03200, and 03300.

7. NATM concrete lining: Section 02427.

8. Shotcrete: Section 03370.

9. Tunnel waterproofing (NATM system): Section 07138.

10. Geotechnical instrumentation: Section 02291.

Definitions:

1. Excavation Line: Theoretical line of excavation inside of which no earth or
surrounding ground may protrude.

2. NATM Excavation in Soft Ground: Mined excavation in earth by the New Austrian
Tunneling Method (NATM). The following, among others, are classified as
excavation in earth: Filled ground including rock fill, boulders, concrete or stone
masonry, buried trees, timbers or plankings, conduits, pipes or drains, wood,
concrete or steel piles and sheeting, and shotcrete applied for protecting heading or
as support for previously excavated drift, and soil pretreated by grouting.

3. Mixed-face Excavation: Mined excavation of soil strata with a face exposing more
than one type of soil or material, including rock and hard rock, in the same heading
at the same time.

4. NATM Portal Wall: A temporary, rigid structure that supports a mass of soil and
from which NATM excavation can begin.

5. Support: Support for NATM construction includes those measures necessary to
maintain the inherent strength of the ground surrounding the tunnel openings while
preventing unnecessary loosening and enhancing the stress redistribution process.
This function of support is enhanced by installation of pre-support and local support
where required by ground conditions.

6. Pre-support: Systematic measures including chemical grout arch installed by

directional drilling, grouted pipe spiling and rebar spiling installed as shown prior to
or during NATM tunnel excavation.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Local Support: Grouted pipe spiling and rebar spiling installed in a non-systematic
manner, dowels, face shotcrete, and face stabilization wedge installed individually
or otherwise in addition to specified pre-support, for local stabilization and safety
during tunneling.

Rebar Spiling: Rebars without end hardware installed at the tunnel heading ahead
of excavation as a means to pre-support the ground.

Grouted Pipe Spiling: Perforated steel pipes installed at the tunnel heading ahead
of excavation and grouted as a means to pre-support the ground.

Shotcrete of Initial Lining: Shotcrete layer of a minimum seven inches thickness
reinforced with welded wire fabric, lattice girders, splice bars and splice clip.
Concrete or Final Lining: Cast-in-place concrete placed after installation of shotcrete
lining and waterproofing.

Excavation and Support Type: Prescribed excavation sequence, support and local
support based on the type of host material in both top heading and bench/invert
encountered as well as by the anticipated response and behavior of the host material
during excavation.

Break-Out: Support installed at support of excavation walls prior to and during the
start-up of NATM tunneling including reinforced shotcrete collar, dowels, and
thickened shotcrete lining.

Chemical Grout Arch: Zone of soil improved by chemical grouting above the tunnel
roof and reinforced longitudinally by minimum two-inch ID tube-a-manchette steel
pipes through which grout has been injected. Steel pipes installed in drill holes
drilled by means of directional drilling.

Directional Drilling: Soil stabilization, for sandy and other running soil, chemical
grouting by installing continuous horizontal grouting pipes. Directional drilling is also
used for horizontal dewatering pipes. If it is necessary to use horizontal directional
drilling for additional geologic investigation, have adequate records and logs
maintained during the entire drilling operation.™

Dowels: Injection bore anchors with end hardware installed at break-outs as shown
to tie the shotcrete collar to the ground and pre-support the loosened ground where
required.

Length of Round: Length of the unsupported span of exposed ground opened up
during one round of excavation. Excavation to be immediately followed by the
installation of support as shown.

Flash-crete: Minimum one-inch thick layer of unreinforced shotcrete placed
immediately after excavation on exposed surface to seal and protect the material
from deterioration and initial loosening. Itis not part of the structural shotcrete lining
as shown and specified.

Face Stabilization Wedge: Unexcavated portion of the heading temporarily left in
place to enhance face stability.

Vacuum Lances: Slotted PVC or other approved temporary pipes with filter fabric
inserted into the ground from within the tunnel for the purpose of performing local
dewatering and removing perched water using vacuum pressure during excavation.
Drain Pipes: Slotted PVC pipes, or other pipes approved by the Engineer, with filter
fabric inserted into the ground from within the tunnel to drain water and perched
water by gravity during excavation.

Water Sheet and Drain Hose: PVC-sheet and PVC-hose or similar materials as
approved by the Engineer. Use watersheet and drain hose to collect and drain off
ground water from areas at either the excavated ground surface before applying
shotcrete lining to prevent hydrostatic pressure build-up behind the shotcrete lining
and/or for dewatering of seepage through the shotcrete lining. Use drain hose
individually applied to drain off water ingress at localized spots behind the shotcrete
lining.
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23. Geologic Overbreak: The amount of ground dislocated beyond the theoretical
excavation line primarily due to running or flowing in materials, like P2 material, and
falling out of blocks along fissures in materials, like P1 material..

1.02 QUALITY ASSURANCE:

A. Codes, Regulations, Reference Standards and Specifications:
1. Comply with codes and regulations of the jurisdictional authorities.
2. Geotechnical Design Summary Report (GDSR) in the Appendix G of the General

Requirements.

3. AASHTO: Survey Data Management System
4. ASTM: A36, A53, A325, A615, C109, C144, C150, D638, D1304, D2240.
5. MS: MIL-P-26915
6. FGCC: Standards and Specifications for Geodetic Control Networks.
B. NATM Engineer: Have field staff include a civil engineer (NATM engineer) meeting the

following requirements:
Education: Graduate civil engineer from an accredited college or university, foreign

or domestic.
2. Experience: Field and design experience in soft ground NATM tunnel engineering.
3. Proficient in spoken and written English.
4. Do not commence field work until NATM engineer has been approved in writing by
the Authority.
5. Have approved engineer report for work at the site at least six weeks prior to

commencement of NATM excavation-related work, including installation of chemical
grout arch, and remain at the site for four weeks after completion of the excavation

work.
6. Duties include the following:

a. Supervising excavation to ensure safety of construction.

b. Coordinating preventative and remedial measures when ground loss at
tunnel heading or instability of tunnel occurs, or when they appear likely.

C. Preparing daily written interpretation of instrumentation measurement
readings during excavation.

d. Holding daily discussion with the Engineer at the tunnel face regarding

ground conditions and corresponding Excavation and Support Type and
other supports and keeping written records thereof.

e. Submitting a weekly report on geologic conditions as encountered during
excavation for the Engineer’s use including record of daily discussion. Have
the geologic report include geologic mapping of the face for a frequency
recommended for various Excavation and Support types.™

f. Participating in pertinent coordination meetings with the Engineer, and
providing minutes of each meeting to the Authority within one
week.Preparing final reports on geologic conditions encountered, ground
control measures taken, problems encountered and geometrical

measurements.
7. Be always available to report to the site.
C. Survey Control:
1. Provide qualified survey personnel in accordance with the General Requirements
pertaini