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SECTION 02250
DYNAMIC COMPACTION
This specification describes the performance criteria and minimum technical requirements for subsurface improvement by the Dynamic Compaction process.  It is not the intent of this specification to detail all technical requirements and methods, nor to set forth the requirements covered by applicable codes, specifications, and standards that are necessary to achieve the performance standards outlined herein. 

PART 1

GENERAL
1.01
WORK INCLUDED

A. This specification applies to Dynamic Compaction (DC) and appurtenant work for preparation of the [insert project description here].  The work shall be as shown on [insert drawings which the work is based on here].    
B. The DC Contractor shall furnish adequate equipment, materials, and labor as necessary to perform DC in accordance with these specifications to adequately densify the subgrade to the performance criteria specified herein.
C. The
 Site Contractor shall assume that adequate equipment, labor, and materials to perform the necessary earthwork support tasks in accordance with these specifications shall be provided by others.

D. The DC Contractor shall be responsible for compliance with all Federal, State, and local laws, regulations, and ordinances during the progress of his operations.

E. The DC Contractor shall be solely responsible for safety at the site as it relates to the DC operation.

1.02
RELATED
 SECTIONS AND DOCUMENTS
A. Section 02200 – Earthwork

B. Geotechnical Engineering Report, dated X, prepared by X.    

C. Relevant Contract Drawings X through X, dated X, prepared by X. 

1.03
REFERENCE STANADARDS

A. American Society for Testing and Materials (ASTM) – Latest Edition

1. D1586 – Standard Test Method for Standard Penetration Test (SPT)

2. D3441 – Standard Test Method for Mechanical Cone Penetration Tests of Soil

3. D6635 – Standard Test Method for Performing the Flat-Plate Dilatometer 
B. XXXX International Building Code. 

1.04
DEFINITIONS

A. [Insert Owner’s Name Here] shall be herein referred to as the Owner.
B. The selected DC specialty contractor which meets the requirements outlined herein shall be herein referred to as the DC Contractor.
C. The Owner’s Geotechnical Consultant shall herein be referred to as the Geotechnical Engineer.  
D. The Site Contractor shall be the contractor responsible for all earthwork-related activities for the project. 

E. Dynamic Compaction – a ground improvement technique whereby a large weight (usually between 6 and 16 tons) is dropped from a specified height (usually 30 to 60 feet) to compact marginal materials in-place without the need for off-site removal.  The primary goal of DC is to improve a heterogeneous soil into one that has more uniform, reliable engineering properties.  Following DC, soil strength can be increased, and compressibility and settlements are decreased. 

F. Depth of Influence – the maximum depth to which improvements to the soils engineering properties are observed.  

G. Pounder – a steel or concrete object that can withstand repeated impacts with the ground for at least the duration of the project.  Pounders generally have a static contact pressure between 500 and 1,500 pounds per square foot being compacted and the ground response experienced.  

H. Crane – a conventional crane, usually track-mounted, that lifts the pounder to the specified height with a single cable and allows free-fall.  The crane must be manufactured or modified to allow free spooling of the drum. 

I. Grid Spacing – the horizontal distance between the centers of impact locations. 

J. Pass – one coverage of the entire area to be densified with a predetermined portion of planned energy.   

K. Crater – the depression formed in the ground following single or multiple impacts of the pounder.  

L. Foundation Pass – an additional pass of high-energy impacts only at the locations of foundation elements. 
M. Ironing Pass – the application of energy to compact only the upper few feet of disturbed material after the area has been leveled and all other passes are completed.  

N. Treated Area – the area determined to require DC, generally including a 10-foot buffer around all structures. 

1.05
CONTRACTOR’S QUALIFICATIONS

A. The DC Contractor shall be regularly engaged in DC work and have successfully completed projects similar in nature on a performance-specification basis.  Approval of the DC Contractor shall in no way imply acceptance or responsibility by the Owner or Geotechnical Engineer for the DC Contractor’s ability to perform the work.  Prior to the start of work, the DC Contractor shall provide the following: 
1. A written statement shall be provided by the DC Contractor providing proof of at least five years of experience in performance-based DC work, and at least three years’ experience by the person-in-charge of this project.  

2. Documentation demonstrating that the DC Contractor has provided all supervision, labor, material and equipment to successfully densify by DC, a minimum of ten separate projects involving over 100,000 square feet of improved area using pounders between 6 and 16 tons dropped from heights of over 60 feet to improve soils for bearing capacity and mitigation of liquefaction potential.  
3. A minimum of five of the documented, successfully completed projects shall be similar to this project in type of soil to be densified, depth of densification, energy input required and the type of modified cranes to be used.

B. The Owner or Site Contractor shall utilize the services of one of the following pre-qualified DC Contractors: 

1. Densification, Inc. 
40650 Hurley Lane

Paeonian Springs, Virginia 20129

Phone: (540) 882-4404

Contact: Joe Drumheller, President
1.06
SUBMITTALS

A.
The DC Contractor shall submit a technical work plan containing the following information to the Owner and Geotechnical Engineer for review no later than two weeks before the start of any work of this Section:

1. The details of the weight indicating construction, weight, dimensions, and contact pressure.  
2. A shop drawing showing the proposed drop locations to be densified including sequence of drops.

3. The methods of operation and equipment to be used.

4. If the DC Contractor proposes to use DC equipment and procedures (i.e., weight of pounder, height of drop, number of drops per application point, etc.) other than that indicated in these specifications, they shall submit pertinent design calculations, in addition to the submittals specified above, to the Geotechnical Engineer for review and approval, no less than two weeks prior to the start of work.  This submittal shall indicate that their proposed configuration/procedures are equivalent to those specified herein.
5. Proposed quality control program.  

6. A safety plan, outlining general safety requirements, as well as safety requirements specific to the DC operation.  
1.07
AVAILABLE INFORMATION

A. [This section should contain pertinent information from the geotechnical report as it relates to the DC process.  Specifically, the site description, understanding of any site development history, historical structures in the vicinity, the subsurface conditions, etc.]
B. The DC Contractor, by careful examination, shall inform himself as to the nature and location of the work, the nature of the subsurface conditions, the location of the groundwater table, the character, quality and quantity of the materials to be encountered, the character of the equipment and facilities needed preliminary to and during the execution of the work, the conditions of adjacent structures and utilities and all other matters which can in any way effect the work.  
C. The DC Contractor shall be held to have visited the site and to have familiarized himself with the existing conditions of adjoining structures and general location of sensitive nearby utilities. 

D. The DC Contractor shall make his own deductions of the subsurface conditions which may affect the methods or cost of construction of the work hereunder, and he agrees that he will make no claims for damages or compensations, except as are provided under contract, should he find conditions during the progress of the work different from those as calculated and/or anticipated by him.  Additional borings and other exploratory operations may be performed by the DC Contractor at the DC Contractor’s option and following the Owner’s approval.  No change in the Contract Sum will be authorized for such additional exploration undertaken by the DC Contractor.  

E. The DC Contractor shall investigate the conditions of pubic thoroughfares and roads as to availability, clearances, loads, limits, restrictions, and other limitations affecting transportation to, ingress and egress of the site of the work.  The DC Contractor shall conform to all State, Federal, and Local regulations concerning the transportation of materials to and from and at the job site and shall secure in advance such permits as may be required. 
1.08
QUALITY ASSURANCE 

A. Prior
 to initiation of DC work, a pre-construction survey of adjacent structures and utilities shall be conducted by the Geotechnical Engineer, as required.  

B. Inspection
 of the DC shall be performed by the Geotechnical Engineer on behalf of the Owner.

C. The Geotechnical Engineer will log the number of impacts, the crater depth, and any areas exhibiting unusual soil behavior for all drop points.

D. The Geotechnical Engineer will evaluate the penetration of the pounder into the ground.  If, in the opinion of the Geotechnical Engineer, the pounder is not penetrating the ground satisfactorily, or is penetrating the ground excessively, at a particular application point, the DC Contractor shall proceed at the Geotechnical Engineer’s direction.  This may include adjusting the drop height or increasing the number of drops or passes. 
E. Lifts and drops which do not, in the opinion of the Geotechnical Engineer, meet all the requirements of these specifications shall not be included in calculating the number of adequate drops per application point.

F. The Geotechnical Engineer will monitor and record the vibrations adjacent to the property line and site utilities during the DC program.  Vibration monitoring does not relieve the DC Contractor of its responsibility to maintain the specified vibration levels or to protect the adjacent structures from damage.  It is the DC Contractor’s sole responsibility to comply with the maximum vibration amplitudes as specified in Part 1.09 and to protect adjacent structures from damage.

G. The
 Geotechnical Engineer shall retain and direct a drilling subcontractor to perform Standard Penetration Test (SPT) tests at selected locations after the DC work has been completed.  This work shall commence no sooner than two weeks following the completion of the DC work and no later than four weeks following the completion of the DC work in a given area.    
H. If, in the opinion of the Geotechnical Engineer, weather or field conditions are such that proceeding with DC will worsen the soil subgrade, the Geotechnical Engineer may temporarily stop work until conditions improve.
1.09
PERFORMANCE CRITERIA

A. The
 DC Contractor shall perform DC to adequately densify the top XX-ft of subgrade soil within the improvement area.  After DC, the soil within these limits shall have an average SPT (Standard Penetration Test) N-value in each boring of at least XX blows/ft and no individual N-values less than XX blows/ft.  This criterion shall be verified by test borings performed by the Geotechnical Engineer.
B. The
 DC induced vibration shall not exceed X inch/sec at the property line.  The level of vibrations will be monitored, however, the vibration monitoring program will in no way relieve the DC Contractor from damage to adjacent structures or surface features as a result of vibrations.  This criterion shall be verified by vibration monitoring points established and monitored by the Geotechnical Engineer.  
PART 2

PRODUCTS
2.01
EQUIPMENT

A. The DC Contractor shall furnish the following minimum equipment subject to the approval of the Geotechnical Engineer.

1. The
 minimum weight of the pounder shall be XX tons with a maximum diameter of X feet.  The pounder shall be sturdily constructed so that it will last throughout the job and leave an approximately rounded or square footprint.

2. Free
 spool type single cable crane capable of lifting a XX-ton weight to a height of at least XX ft. The crane shall be capable of dropping a weight in a free fall without restraint from the crane mechanism, except for natural friction, such as between the line and drum.

PART 3

EXECUTION

3.01
Site Preparation for Dynamic Compaction
A. The following tasks are to be completed by the DC Contractor prior to proceeding with DC work: 
1. Prior to commencing DC, the DC Contractor shall visit the site and examine areas delineated on the drawings to be compacted by DC and report to the Owner and Geotechnical Engineer in writing of any adverse conditions.  The compaction shall not begin until such corrections have been made. 

2. The DC Contractor shall accurately layout the proposed application points using wire flags or in any manner acceptable to the Geotechnical Engineer.  

3. The DC Contractor shall supply and operate free spool type single cable crane.  The DC Contractor shall connect the pounder to the crane cable, and may use an energy absorbing connection.
B. The
 following tasks are to be completed by the Site Contractor prior to mobilization to the site by the DC Contractor, and are specifically excluded as part of the DC scope of work: 

1. Strip the proposed DC area of existing topsoil/vegetation, and demolish and clear existing building or utilities in a manner which meets the Earthwork and Demolition specifications and Contract Documents.  

2. All the utilities in the proposed building area shall be terminated or relocated by the Owner prior to start of DC.  It is the Site Contractor’s responsibility to verify the relocation and termination of the existing utilities prior to commencement of DC.  
3. The locations of pipes and utilities shall be verified in the field by the Site Contractor prior to commencing DC.

4. The Site Contractor shall provide for the diversion and removal of rainfall and other surface water by means of ditching, pumping or other suitable means deemed acceptable to the Geotechnical Engineer.  All water shall discharge in accordance with the Soil Erosion/Sediment Control plan for the project.
5. Provide a level and dry working platform with no more than 1% slope for the crane.  Also provide a level and dry area with adequate ground stability at least 75 feet by 150 feet with access from the construction entrance for assembly of the crane.     

6. Establish and maintain horizontal and vertical ground control throughout the DC operation.  

7. The Site Contractor shall provide for all necessary vibration control measures (i.e. seismic cut-off trenches) that are deemed necessary by the Geotechnical Engineer. The locations of vibration measures shall be based on vibration monitoring during DC work.  
3.02
METHOD FOR DYNAMIC COMPACTION

A. It is the DC Contractor’s responsibility to achieve the performance criteria specified in Section 1.09. The procedures and parameters provided herein shall be considered as the minimum requirements.

B. The DC Contractor shall accurately layout the application point locations using wire flags or in any other manner acceptable to the Geotechnical Engineer.

C. The DC Contractor shall control the limits of crane “boom and swing” to accurately achieve the required drop height and location.

D. This method of soil compaction shall consist of lifting and dropping a pounder having a minimum weight of XX tons from a minimum height of XX feet from the bottom face of the pounder to the ground.  The DC Contractor shall not change the weight and the dropping height without approval from the Geotechnical Engineer.

E. A total of two passes shall be made as described below:

1. Pass
 1:  A square grid of drop points with XX-foot center-to-center spacing, with a minimum of X drops at each location.

2. Pass 2:  A square grid of drop points with XX-foot center-to-center spacing, offset X-feet from each of the previous locations,   with a minimum of 4 drops at each location.  

F. Upon
 completion of the two passes outlined above, the entire limits of the DC area shall be surface compacted by the Site Contractor with at least six passes of a smooth drum vibratory roller having a minimum static drum weight of at least 7-tons.  Any soft areas identified during this process shall be corrected as outlined in Section 3.04.  
G. Craters shall be leveled on a daily basis by the Site Contractor or as directed by the Geotechnical Engineer to prevent collection of water in crater bottoms.  Any standing water in craters shall be removed by the Site Contractor as directed by the Geotechnical Engineer prior to leveling/backfilling of the craters.  Unsuitable or deleterious materials shall be removed from craters by the Site Contractor as directed by the Geotechnical Engineer prior to leveling.

H. When
 a crater of more than four feet in depth is reached before four adequate drops have been made, the crater shall be re-leveled by the Site Contractor and pounded again until a total of four adequate drops have been made.  An adequate drop is one in which the energy of the pounder is not dissipated by hitting the side of the crater or by being otherwise dampened and the allowable distance from the geometric center of the impacted pounder to the grid point does not exceed 12 inches.

I. Existing
 Obstructions and Soft Areas

1. Records of the site indicate that placement of the existing fill was uncontrolled and undocumented. Buried foundations, obstructions, or other deleterious materials may exist within the fill and may be encountered during the DC procedure.  Based on the Geotechnical Engineer’s evaluation, the Geotechnical Engineer may direct the DC Contractor to proceed with one or more of the following:

a. Pound on the existing obstruction when encountered.

b. Allow for removal of the obstruction and backfilling with compacted backfill in accordance with Part 3.04.  This would be done by the Site Contractor.

c. Allow for excavation of soft and unstable soils and backfilling with compacted backfill in accordance with Part 3.04, if deemed necessary by the Geotechnical Engineer.  This would be done by the Site Contractor.

J. No sooner than two weeks 
after the DC is complete in the area to be tested, the Geotechnical Engineer shall conduct test borings at selected locations to verify that the performance criterion has been achieved.  The Geotechnical Engineer may select the same locations as the borings drilled prior to the DC work, or other locations where the Geotechnical Engineer deems necessary. The drilling operation shall be done under the full time inspection of the Geotechnical Engineer.  If the borings indicate inadequate compaction, the DC Contractor shall perform additional compaction at the selected locations, in accordance with the Geotechnical Engineer’s recommendations.
3.03
VIBRATION MONITORING AND CONSTRUCTION PRECAUTIONS

A. To ensure the vibration impact on the surrounding buildings and utilities is less than the criteria established in 1.09, the DC Contractor shall start the DC away from the vibration sensitive areas and proceed towards these locations.

B. The Geotechnical Engineer will inform the DC Contractor if the above-specified criterion is being exceeded. The DC Contractor shall then submit an alternate procedure to the Geotechnical Engineer for reducing the peak particle velocity to within the specified limit.  This may be accomplished by reducing the drop height, pounder weight, etc. and correspondingly increasing the number of applications per location.  The Geotechnical Engineer will review the alternative procedure and determine if it is acceptable.  Upon acceptance, the DC Contractor shall continue the DC using the modified procedure until vibration monitoring indicates it is safe to revert to the original procedure, as indicated by the Geotechnical Engineer.

C. The DC Contractor shall include provisions to minimize the effect of flying debris as a result of impacting the ground with the pounder.  If deemed necessary in the opinion of the Geotechnical Engineer, the DC Contractor shall provide a barrier to prevent damage to site features as a result of flying debris.  All applicable OSHA safety standards should be strictly adhered to and followed.

3.04 Backfill of Craters and Soft Areas
A. The Site Contractor shall level and proof roll all crater locations at the end of each work day.  Additionally, proofrolling during post-improvement surface compaction shall identify any soft spots at the site.  The proofrolling shall consist of a minimum of 6 passes of a vibratory roller having a minimum static drum weight of at least 7-tons to the satisfaction of the Geotechnical Engineer.
B. Any soft areas will be excavated as directed by the Geotechnical Engineer and backfilled accordingly.  Available on-site soil, recycled concrete material, or other imported granular fill material that is determined to be acceptable to the Geotechnical Engineering shall be placed in maximum 12-inch thick lifts and compacted with at least 6 passes of a smooth drum vibratory roller having a minimum static drum weight of 5-tons.  Granular fill shall be compacted to at least 95% of the Modified Proctor maximum dry density.  If acceptable on-site materials are not available, imported fill meeting the criteria of Item 3.04C shall be used.  
C. If
 imported fill is required, the imported fill should be free-draining, granular soil containing less than 12% fines and no particles greater than 6 inches in any direction. The fill should be free from all organics, roots, or other deleterious material.   
PART 4
METHOD OF PAYMENT
A. The method of payment for the work included in this specification section shall be per square foot of improved area, in addition to a mobilization charge.
B. Unit pricing shall be provided for additional drops at each location and additional passes.

END OF SECTION 02250
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�This should be very clearly defined at the bid process.  Most often, the Dynamic Compaction contractor will not provide earthwork for a project, but rather act as a subcontractor to either the General Contractor, Owner, or Site Contractor.  


�Should the site be environmentally impacted, this could also include specifications for any material handling activities that would need to occur at the site.  


�The scope and extent of pre-construction survey work shall be determined by the Geotechnical Engineer.  


�This is typically how this works, however, the roles of all team members should be clear prior to bidding. 


�This is another job specific item.  The verification program can be undertaken by either the Geotechnical Engineer, or the Contractor, it simply needs to be determined prior to bidding.  Additionally, the specifics of the verification program to be implemented, i.e. SPT, CPT, Dilatometer, or Full-Scale Embankment Load testing, as well as the timeframe for doing so, shall be specified by the Geotechnical Engineer. 


�Performance criteria to be specified by the Geotechnical Engineer.  


�Acceptable vibration levels at the property line and adjacent structures/utilities is to be specified by the Geotechnical Engineer.  


�The size and dimensions of the weight to be used is to be specified by the Geotechnical Engineer. 


�The size of the crane specified should be consistent with the proposed drop height/weight. 


�The scope of services to be provided by the DC Contractor and the Site Contractor should be spelled out clearly in the specifications prior to bid.  


�The number of passes, spacing, and drops per location is to be specified by the Geotechnical Engineer.  Likewise, if a third pass at foundation locations is required, that should be specified herein.  


�An ironing pass could be completed here in lieu of proofrolling.  


�This section should be tailored to the specific site based on the anticipated number of drops, etc. 


�This section should be tailored to the site by the Geotechnical Engineer based on the known site conditions. 


�This time frame is to be evaluated and specified by the Geotechnical Engineer. 


�Any state-specific environmental requirements should be specified here. 
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