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Section 31 09 00

Geotechnical Instrumentation
(use this spec only when necessary, such as boring under or adjacent to a building – consult with Msd project manager about when to include.  the drawings shall clearly reference this spec and where geotechnical monitoring is required)
	NOTE:  Options for selection by the specifier are enclosed in brackets ( [  ] ) or braces ( {  } ).  Brackets are used to delineate the following types of options:

A single option where the specifier is to determine if the option is to be retained or removed.

Two or more options where the specifier is to select the option or options to be removed.

Braces delineate a single option or multiple options of equal level where one or more of the options include options delineated by brackets.  The specifier is to select the braced option or options to be removed.  If the braced option to be retained includes bracketed options, the specifier is to select among the bracketed options as well.

Where the specifier is to insert text or numbers such as dimensions, the field where the text is to be inserted is identified by red text or a red underline.  Once selected and typing begins, the text will change to the standard specification font.  Fields where the specifier has not yet entered the required text/number, will remain flagged by the red text or underline.

The specifier tool bar is provided to facilitate editing of the specification.  If an option is to be removed, the specifier is to select the first word in the optional text.  This will select the option, and by clicking on the “Hide” button on the toolbar, the option will be hidden.  The brackets will remain indicating to the specifier that an option has been removed.  Selecting the brackets and clicking on the “Unhide” button will restore the text.  Clicking on the “Show All” button toggles between displaying all hidden text, delineated by a dotted underline, and displaying only unhidden text.  The “Final” button on the toolbar will prepare the final draft by hiding all red brackets and braces as well as specifier notes.  Clicking on the “Draft” button will restore the document with edits intact.  Clicking on the “Client Copy” button will prepare a copy of the specification with all hidden text deleted.  The edited specification file will be saved prior to generation of the Client Copy.  Generation of a Client Copy should be performed only on a file that is not “read only”.  Clicking on the “QC-Print” button will generate a printed copy of the specification showing all the edits that have been made.

All text within the specification can be edited without corrupting the document code.

	Specifier.  This section applies to projects where major facilities such as an existing treatment plant or a large pumping station are to be demolished; where a sizeable amount of equipment is to be salvaged by either Owner or Contractor and reused or removed from the site; or when more details are needed than are customarily indicated in drawing notations.

This section is usually not required for demolition of a basin, a retaining wall, or small amounts of paving, curb and gutter, or piping, for which the limits of removal can easily be indicated on the drawings.  The limits of removal should always be indicated on the drawings or in the specifications, but not in both. 

Materials, piping, and equipment to be removed and reused or turned over to Owner should be listed in the Salvage paragraph of this standard.

This section includes both inch-pound (English) and SI (metric) units of measurement.  Dual units must be used only if required by our contract.  Refer to EM-010.30 for the correct SI nomenclature and to EM-010.31 for the metric conversion factors.


PART 1 -  GENERAL

1.1 SCOPE.

A. This section specifies requirements for furnishing, installing, operating, maintaining, and removing geotechnical instruments, as well as collection and processing of monitoring data required for monitoring ground movement, support of excavation performance, and any ground movement affecting structures such as facilities, underground or overhead utilities, railroads, and roadways before, during, and after construction and construction related activities.  

B. The purpose of geotechnical instrumentation and monitoring is as follows:

1. Document movement of ground and structures occurring during construction activities.

2. Provide early information on interaction of the construction process and its effect on ground and structures.

3. Facilitate timely implementation of remedial procedures, such as change in excavation procedures, increased groundwater control measures, and implementation of other ground support measures to prevent settlement or damage to surface and subsurface features.
4. Provide sufficient resources to allow immediate transfer of information to the CONTRACTOR staff, and reporting instrumentation data gathered from geotechnical instrumentation.
1.2 DEFINITIONS.  Terms used in this section shall have the following 2 meanings: 

A. Geotechnical Instrument.  Any device designed to facilitate measurement of ground or structure response such as movements and stresses due to construction activities. 

B. Instrument Monitoring.  Gathering, analyzing, and reporting data from geotechnical instruments.

C. Optical Surveying.  Measurement of point elevations on ground surface or a structure surface optically using an optical surveying level.

D. Surface Monitoring Point.  Consists of survey PK nail markers driven into pavement and monitored by optical survey methods to measure settlement or heave.

E. Building Monitoring Point.  Consists of survey prism attached to structure and monitored by optical survey methods to measure settlement or heave.

F. Shallow Subsurface Monitoring Point.  Consists of a 5-foot long steel rod inside a pipe sleeve driven 1 foot into undisturbed soil and monitored by optical survey methods to measure settlement or heave of ground surface.

G. Deep Subsurface Monitoring Point.  Consists of a variable length steel rod inside a pipe sleeve driven 1 foot into undisturbed soil, 1 foot above the excavated tunnel crown and  monitored by optical survey methods to measure settlement or heave of ground surface.

H. Track Monitoring Point.  Consists of a scribed mark, nail, or anchored installation and monitored by optical survey methods to measure settlement or heave of railroad tracks.

I. Threshold Values and Maximum Allowable Values.  Threshold values and maximum allowable values are measured differences from initial readings recorded by geotechnical instrumentation and when met or exceeded, the contingency plan must be implemented.  Threshold value shall be 0.25 inch for all instruments.  Maximum allowable value shall be 0.75 inch for all instruments.

J. Contingency Plan.  Modifications and/or additional measures to be implemented  to eliminate the potential for ground movement endangering the stability and integrity of existing structures, facilities, underground or overhead utilities, and roadway during subsequent construction activities.  Contingency measures may include, but not be limited to, installation of additional support of excavation, changing or modifying the control of water system, changing tunnel excavation sequence, measures to rescue the tunneling machine, obstruction removal, and remedial ground support and modification.

1.3 SUBMITTALS.  In accordance with the Submittals section, CONTRACTOR shall submit sufficient detail to allow the CITY to verify that the proposed equipment, materials, and procedures comply with the Contract Documents.  

A. Instrumentation Work Plan.  Provide an instrumentation work plan with details including instrument type, number, location, depth, dimensions, manufacturer specifications, product certifications, installation procedures, maintenance, abandonment, and reporting sample forms, to allow the CITY to determine whether proposed equipment, materials, and procedures meet the requirements of this section.  CONTRACTOR's submittals pertaining to instrumentation across roadways will be submitted to the CITY and appropriate governing authority for review, and will be subject to both approvals.

B. Qualifications.  CONTRACTOR shall submit written documentation of CONTRACTOR personnel qualifications for instrument installation.  At least one of the qualified personnel must subsequently be on-site at all times during tunneling or when the Work may have an impact on movement of ground and structures.
C. Shop Drawings.  Within 30 days of proposed instrument installation, the following shop drawings shall be submitted:

1. Methods of installation.

2. Survey control layout showing benchmarks and baselines.

3. Scaled plans of proposed instrumentation.

D. Reports and Records.  All instrumentation readings shall be in a format and on forms acceptable to the CITY.  Readings shall include a computer-generated graph showing incremental and cumulative displacement, time of reading, position of tunnel face relative to instrument, and indicating any threshold value or maximum allowable value.

1. Instrument Layout and Installation Details.  Within 24 hours after instrument installation, CONTRACTOR shall submit the following:
2. Instrument stations, offsets, and as built elevations.
3. As-built installation details.

4. A statement describing the installation procedures.

5. Initial Readings.  Initial readings for each instrument shall be taken and submitted to the CITY a minimum of 14 days prior to any excavation.
6. Daily Instrumentation Report.  The CONTRACTOR shall submit to the CITY a daily report, within 24 hours of instrument reading, containing the following:

a. The date and time of instrument installation and monitoring.

b. The construction in the vicinity of geotechnical instruments and location of any construction relative to the instrument location.

c. Instrument measurement.

d. Differences from initial reading include both incremental and cumulative.

e. Maximum allowable value for the particular instrument and actions taken if measurements exceed threshold value.

f. A report of any readings showing trends approaching threshold values.

g. The daily instrumentation report shall be signed by the on-site qualified CONTRACTOR personnel.

1.4 Contingency Plan.  The CONTRACTOR shall submit a contingency plan outlining procedures to remediate ground movement exceeding threshold value or maximum allowable value.

A. Threshold Value Exceedance.  The contingency plan shall include measures for threshold value exceedance such as increased reading frequency, a CONTRACTOR-CITY meeting to discuss CONTRACTOR remediation, a CONTRACTOR settlement-heave analysis, and modifications to CONTRACTOR construction procedures to stabilize ongoing or prevent future ground movement.

B. Maximum Allowable Value Exceedance.  The CONTRACTOR shall notify the CITY immediately if the maximum allowable value is exceeded.  The contingency plan shall include measures for maximum allowable value exceedance beyond those for threshold value exceedance, such as immediate ground stabilization efforts (e.g., grouting, shoring, void-fill, and dewatering, emergency utility and or track stabilization operations).  Equipment and materials requirements, availability, and on-call subCONTRACTORs shall be included in the contingency plan for maximum allowable value exceedance.  The contingency plan shall be implemented immediately upon receipt and confirmation of subsidence or heave exceeding maximum allowable value.

1.5 QUALITY ASSURANCE.  The CONTRACTOR shall meet the following requirements to address quality assurance:

A. Engage qualified survey personnel with previous experience in performing types of survey control required.  

B. Assign a State of Ohio Registered Land Surveyor, with a minimum of 5 years experience in supervision of survey parties, to be responsible for survey control.  

C. Engage qualified technicians with a minimum of 3 years experience in installation of and monitoring instruments specified on the Drawings.

D. Provide submittals specified.

E. Conduct a pre-installation meeting at least 5 days prior to instrumentation installation.  Representatives of all concerned parties shall attend including the CITY.

F. Instrumentation installation shall be in accordance with State and local codes and regulations.

G. Follow manufacturer’s instructions for installation and operation of instruments.

H. CITY shall have access to all instruments and the data collected.

I. No excavation shall start prior to acceptance of the instrumentation plan submittal and initial readings.

J. CITY shall have the authority to stop construction and related construction activities if maximum allowable values are exceeded or there is a potential for unstable conditions or safety hazards to occur. 

K. Initial readings shall consist of three separate readings from separate traverses to confirm repeatability.  The initial reading shall be the average of the three initial readings.  

PART 2 -  PRODUCTS

2.1 GENERAL.  Any requests from the CONTRACTOR for consideration of a substitution shall clearly state nature and reason for substitution.  The CONTRACTOR may elect to install a subsurface monitoring point and track monitoring point remote readout system with or without real-time capability, subject to acceptance by the CITY.  

A. Subsurface Monitoring Point (Shallow and Deep).  Utility boxes shall be installed at each instrument and have a secured cover to prevent damage or sediment infiltration into instrument casing.  Subsurface monitoring points shall be as approved by affected property, and accepted by the CITY. 
B. Road Monitoring Points.  Track monitoring points shall be as approved by affected property, and accepted by the CITY. 

C. Building Monitoring Points.  Building monitoring points shall be as approved by affected property , and accepted by the CITY..

D. Surface Monitoring Points.  Surface monitoring points shall be as approved by affected property, and accepted by the CITY. 
2.2 MATERIALS.  Surface monitoring points shall consist of a surveyor’s PK nail firmly attached into the surface of pavement, concrete, or other structure.  Subsurface monitoring points shall be as detailed by CONTRACTOR and accepted by CITY.  Building monitoring points shall be Geoprisms as manufactured by Leica Geosystems, “GMP 104” or equal. 

2.3 DELIVERY, HANDLING, AND STORAGE.  CONTRACTOR shall confirm receipt of sufficient materials to install instrumentation as shown on the Drawings.  Calibration and operational checks shall be performed and documented on each instrument prior to installation.  All materials and instruments shall be free of defects and in acceptable working condition.  CONTRACTOR shall load, transport, unload, and store materials and instruments to keep them clean and free from damage.  All materials and instruments shall be covered to be protected from damage.

PART 3 -  EXECUTION

3.1 GENERAL.  CONTRACTOR shall not commence installation of instruments until all related submittals have been reviewed and survey of existing utility locations has been performed and accepted by the CITY.  CONTRACTOR shall install instruments, and take and submit initial readings a minimum of 14 days prior to commencement of any excavation or tunnel construction related activities.   All instruments shall be installed in the presence of the CITY. 

3.2 SURVEY CONTROL.  CONTRACTOR shall establish vertical and horizontal survey control to accurately locate each instrument and measure geotechnical instruments to the nearest 0.01 foot. 

3.3 PREPARATION.  CONTRACTOR shall provide traffic control during instrument installation and reading operations according to applicable regulations of local municipalities, State, Ohio DOT and CITY.  Existing facilities including, but not limited to, existing structures, existing underground and overhead utilities, Ohio DOT, Springfield Township, and CITY’s facilities shall be protected from damage prior to, during, and subsequent to instrument installation.

3.4 INSTALLATION.  CONTRACTOR shall provide at least 48 hours notice to the CITY prior to commencement of instrument installation.  The geotechnical instruments shall be installed in accordance with local municipalities, State, Ohio DOT and CITY regulations and the manufacturer’s specifications and recommendations as closely as practicable to the directed locations as shown on the Contract Drawings and as approved by the CITY.  

3.5 PROTECTION, MAINTENANCE, AND REPLACEMENT.  CONTRACTOR shall protect and maintain instruments in accordance with the submitted plan.  Damaged or missing instruments shall be immediately reported to the CITY.  Damaged or missing instruments shall be repaired or replaced within 24 hours of observation of damage at no additional cost to the CITY.  Construction shall be stopped until damaged or missing instruments have been replaced and initial readings have been obtained and correlated with readings previously obtained from damaged or missing instrument.

3.6 MONITORING.  

A. Initial Readings.  CONTRACTOR shall obtain initial geotechnical measurements and elevations at least 14 days prior to commencement of any excavation activity.

B. Frequency of Readings.

1. All instrumentation for each trenchless crossing length between jacking and reception shafts within 50 feet of the excavated trenchless crossing face shall be read every four hours when trenchless crossing excavation is in progress, once a day until tunneling is complete, and once a week until contract completion, or monitor as required by facility CITYs or jurisdictional agencies.
2. Should any reading appear erroneous or anomalous, the instrument shall be re-read immediately at no additional cost to the CITY.

3. Readings indicating movement approaching threshold value or maximum allowable value may require increased reading frequency at the direction of the CITY and at no additional cost to the CITY. 
3.7 REPORTING.  The CONTRACTOR shall immediately notify the CITY should any instrument reading exceed threshold value.  If directed by the CITY, the CONTRACTOR shall re-read the instrument to confirm threshold value exceedance at no additional cost to the CITY.

3.8 REMEDIAL MEASURES.  If instrumentation measurements indicate ground movement greater than threshold value and maximum allowable value, the CONTRACTOR shall implement the submitted contingency plan and shall immediately inform the CITY whenever any threshold value or threshold limit is exceeded.  The CONTRACTOR shall be responsible for providing contingency measures in accordance with the contingency plan. 

3.9 REMOVAL OF INSTRUMENTS.  When directed by CITY, CONTRACTOR shall remove and dispose of all instruments in accordance with manufacturer specifications and state and local regulations and codes.  All surfaces shall be restored to the condition prior to instrumentation installation.  Pavement shall be repaired following the requirements of the governing authority.
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