	


SECTION 02300

JACKING AND BORING
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1.1	DESCRIPTION

[bookmark: _GoBack]A.	This Section includes requirements for jacking into place a casing pipe, the size, type, and limits, as shown on the Contract Documents, and as authorized by the Engineer.  The Work shall consist of providing jacking and receiving pits, dewatering, furnishing and operating a boring auger rotating within the pipe to remove the spoil, providing for the monitoring of movement of the road above the casing pipe, installing the carrier pipe, and seals at the casing pipe ends, without disturbing the rail, road, waterway, and or bedding above.

B.	Definitions:

1. Carrier pipe is identified on the Contract Documents.

2. Casing pipe is the sleeve through which the carrier pipe will be placed.

3. Jacking and boring is a method of installing a casing pipe by means of cutting, hand mining or boring an opening while simultaneously forcing the casing pipe through the opening with hydraulic jacks.

[bookmark: _Toc753274]1.2	DELIVERY, STORAGE AND HANDLING

Materials shall be unloaded and handled with equipment of adequate capacity, equipped with slings to protect the materials from damage.  Storage of materials on the site shall be in a reasonably level well drained area.  Individual pieces and bundles shall be stored with safe walking space between them to allow full view for inspection purposes.

[bookmark: _Toc753275]1.3	JOB CONDITIONS

A.	General

1.	Jacking and boring construction shall be performed so as not to interfere with, interrupt or endanger surface and activity thereon, and minimize subsidence of the surface, structures, and utilities above and in the vicinity of the casing pipe.  Support the ground continuously in a manner that will prevent loss of ground and keep the perimeters and face of the casing pipe, passages and shafts stable.  The Contractor shall be responsible for all settlement resulting from jack and bore operations and shall repair and restore damaged property to its condition prior to being disturbed at no cost to the Owner or additional cost to the Contract.

2.	The Contractor shall comply with applicable ordinances, codes, statutes, rules and regulations of the Commonwealth of Virginia, applicable County codes, and applicable regulations of the Federal Government, OSHA 29CFR 1926 and applicable criteria of ANSI A1O.16-81, "Safety Requirements for Construction of Tunnel Shafts and Caissons".

B.	Subsurface Investigations

1.	Site soil investigation reports and data obtained for design of the casing pipe may be included in the Geotechnical Report in the appendix (if applicable).  This report is provided for informational purposes only. Interpretation of this material and making his own investigation and determination of the work site soil conditions prior to bidding is the sole responsibility of the Contractor.


1.4	SUBMITTALS

The Contractor shall submit the following to the Authority, for review and approval by the Engineer:

A.	The Contractor may select the tunnel method that he intends to use, including ground water control.  Working drawings and written procedures describing in detail the proposed methods and the entire operation to be used shall be submitted.  This shall include but not be limited to the following:

1.	jacking and receiving pits, backstop, pit base material
2.	size, capacity and arrangement of equipment
3.	method of dewatering and drainage
4.	method of ground stabilization and materials, if proposed, and evidence of experience and competency
5.	Ground Movement Monitoring Plan
6.	method of excavation and removing soils materials, type of cutter head
7.	method of installing the casing pipe
8.	method of monitoring and controlling line and grade
9.	grout and concrete design mix specifications
10.	method and procedure for installing the carrier pipe, supports, and anchors to prevent flotation
11.	method of sealing the casing pipe ends
12.	method of measuring quantity of soil removed from tunnel

If, in the opinion of the Contractor, modifications to the methods are required during construction, revised working drawings shall be submitted for approval, delineating such modifications, including reasons for the modifications.

C.	Certified test reports for casing pipe, and shop drawings and specifications showing sizes, joint welds, and coatings, shall be submitted before delivery of materials.
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2.1	CASING PIPE

A.	The casing pipe shall be as indicated on the Drawings.  The casing pipe shall be smooth-walled steel pipe, and shall have a minimum yield strength of 36,000 psi (ASTM A-1011 Grade 36).  Minimum wall thickness shall be ½-inch or as determined necessary to resist the anticipated jacking forces determined by the Contractor’s Engineer whichever is greater.  Joints shall be fully welded around the circumference of the pipe with a complete penetration weld.  Pipe shall conform to AWWA C-200.

[bookmark: _Toc753279]2.2	GROUT

A.	The cement used for grout shall be in accordance with the latest “Standard Specifications for Portland Cement” ASTM Designation C150 for Type I or Type II.  Certified mill tests shall be furnished for all cement used for grout.  The sand used for grout shall be in accordance with ASTM C404 Size No. 1 Fine Aggregate, or ASTM C33 Fine Aggregate.

B.	Water shall be free from sulfates and other objectionable quantities of silt, organic matter and other impurities.

C.	Design mix for grout shall have a minimum compressive strength of 50 psi attained within 24 hours.  Grout shall be fluid enough to inject through the grout fittings and to fill voids around the casing pipe and the annulus between the carrier and casing pipes.  

1. 
0. 
[bookmark: _Toc753283]2.3	SURFACE SETTLEMENT MARKERS

0. Surface settlement markers within pavement areas shall be P.K. nails.  Surface settlement markers within non-paved areas shall be wooden hubs, steel pipes or rods, or other suitable devices.
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3.1	GROUND MOVEMENT MONITORING

A.	The Contractor shall carry out operations to minimize horizontal displacement, settlement and/or heave of the ground and shall be responsible for all damage due to displacement, settlement consolidation or heave from any construction related activities.

B.	No horizontal displacement, settlement or heave will be permitted at property structures.

C.	The Contractor shall install and maintain a system of instrumentation to monitor the underground excavation operation and to detect movement in the soil, adjacent structures and utilities.

D.	The Contractor shall report any settlement and horizontal movement immediately to the Engineer and take immediate remedial action.

F.	In the event of movement of the ground surface, structure or utility being detected or damage recorded, the Engineer may order that the work be stopped and secured.  Before proceeding, the Contractor shall correct any problems causing or resulting from such movement at no additional cost to the Contract.  If ground settlement or heave occurs which might affect the accuracy of temporary or permanent benchmarks, it is the Contractor's responsibility to monitor and report such movements to the Engineer.

G.	Surface Settlement Markers

The Contractor shall install surface settlement markers placed as specified or as directed by the Engineer.  The settlement markers shall be referenced to bench marks or other controls sufficiently removed from the from the work area so as not to be affected by tunneling operations.  The Contractor shall keep permanent records, and take initial readings prior to the start of dewatering, pit excavation, or tunneling operations.  All elevation measurements shall be made to the nearest 0.01 foot.

a. Surface settlement markers for crossing highways, roads or other areas shall consist of P.K. nails on the paved areas and wood hubs in unpaved areas.  They shall be located with a line of point are directly above the tunnel alignment and a line of points installed 8 feet  on each side of the alignment.  Points spacing shall not be more than 12 feet.

b. The Contractor shall make and record observation measurements on surface settlement markers placed as required herein.  The measurements shall be made twice daily, at a minimum, or on such regular time intervals acceptable to the Engineer.  All readings shall be reported to the Engineer within one hour of the reading.  The Contractor shall immediately cease work and take immediate required action to prevent further settlement or heave and restore surface elevations to that existing prior to start of tunnel operations in the event surface settlement or heave on any marker exceeds 0.05 feet. 

[bookmark: _Toc753289]3.2	CONSTRUCTION OF JACKING AND RECEIVING PITS

A.	Design, construction, maintenance and removal, including any damage attributed to the construction of jacking and receiving pits, is the responsibility of the Contractor.

B.	Jacking and receiving pits shall be constructed in accordance with approved working drawings sealed by a professional engineer registered in the Commonwealth of Virginia.

C.	Excavation, backfill and grading shall be performed to the requirements specified herein.

D.	Approximate locations of jacking and receiving pits are as shown on the Contract Drawings.

E.	The Contractor is responsible for any necessary supporting of utilities for jacking and receiving pits construction.  Utility support shall be at no additional cost to the Contract.

[bookmark: _Toc753291]3.3	VENTILATION AND AIR QUALITY

If necessary, the Contractor shall provide, operate and maintain for the duration of the jacking and boring project a ventilation system suitable for meeting applicable safety requirements for the health of the workers.

3.4	JACKING AND BORING OPERATIONS

The Contractor shall be responsible for extending the line, grade, and elevation in the casing from the jacking pit.  The Contractor shall check the line and grade at the leading edge of the case are directed by the Engineer.   The Engineer shall not request line and grade measurements at the leading edge of the casing more than once per 30 feet of casing installed.  The Engineer may make periodic checks on the lines, grade elevation, etc., established by the Contractor.  The Contractor shall maintain line and grade of the casing pipe to within a tolerance of 2 inches of that indicated on the Drawings. 

B. 	Once the casing has been advanced past the jacking pit, work shall continue on a seven day a week schedule until the full length of casing is installed.  Breaks in work shall not exceed 12 hours. If the jacking and boring operation is suspended, the face or heading shall be completely bulkheaded or supported by positive means.  Qualified personnel shall periodically check conditions that might threaten the stability of the work.

C. 	The front of the pipe shall be provided with mechanical arrangements or devices that will positively prevent the auger from leading the pipe so that there will be no unsupported excavation ahead of the pipe. The face of the cutting head or speed of the auger shall be selected to provide a reasonable obstruction to the free flow of running sand, or soft or poor soil material.  The equipment shall be capable of advancing the casing several feet ahead of the cutter head when loose or running sands are encountered to maintain a soil plug at the end of the casing.

D.	Jack casing pipe with auger rotating within the pipe to remove spoil.  Hand mining is an option for large bore casing pipe provided method is submitted in detail and is acceptable to the Engineer.

E.	The use of water or other liquids to facilitate casing installation and/or spoil removal is prohibited.

F. 	Over-cut of cutting head shall not exceed the outside diameter of the casing pipe by more than one (1)-inch.  

G.	If voids should develop, or if the bored hole diameter is greater than the outside diameter of the pipe plus coating (if any), by more than approximately one inch, grouting or other methods approved by the Engineer shall be implemented to fill the voids.

0. The Contractor shall provide a means of quantifying the volume of soil removed for the tunnel for each 10 feet of the tunnel length.  Muck buckets, temporary storage containers or other measuring device shall be provided by the Contractor.  Spoil from the work shall be disposed of off-site or placed as backfill elsewhere on the project.

[bookmark: _Toc753295]3.5	INSTALLATION OF CARRIER PIPE

0. Install carrier pipes as specified in their respective sections of this Specification and as shown on the Drawings.

0. Pressure-injected grout, meeting the requirements of PART 2, shall fill the annular space between the borehole and casing pipe and any voids outside the limits of the excavation created by caving or collapse of earth cover over the excavation. The Contractor shall furnish and operate suitable equipment for any required grouting operations depending on the condition of the application. The grouting operation shall not damage adjacent utilities or other properties. Grout shall be injected at a pressure that will not distort or imperil any portion of the work or existing installations or structures.

Both ends of the casing pipe shall be sealed with an appropriately sized end seals placed between the casing and carrier pipe.
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