GUIDE 
TECHNICAL SPECIFICATIONS 
SOIL MIXING 
  
(This technical specification is to be used to guide the writer in the contract requirements for Soil Mixing (SM) construction for a specific site.  Included are _______to be filled in with project specific data.  Also included are [ ] which denote options to be considered for specific design requirements.  Parenthetic remarks ( ) are included when appropriate to provide the writer with additional, non-essential information.) 
  
(NOTE: Soil Mixing is used for a variety applications and known by a number of different names:  This specification is geared to soil mixing that uses a single large diameter mixing tool to treat soils up to 100 ft deep without excavation. Typical applications include: soil or sludge stabilization, waste treatment, retaining walls, soil improvement, dewatering, foundation improvement, etc. Other names for soil mixing include: auger mixing, deep/shallow soil mixing, insitu soil mixing, deep mixing method, soil cement columns/piles, SMW, cement soil mixing, Trevimix, rotary mixing, etc.) 
  
  
1.0  SCOPE OF WORK
  
This section of the specifications includes requirements for Soil Mixing and related work as indicated on the drawings and as hereinafter specified.  The work consists of furnishing all plant, labor, equipment, and materials and of performing all operations as required to construct the [treated area] (retaining wall, sludge stabilization, soil improvement, etc.) using the soil mixing method. 
  
1.1.  Reference Standards 
  
Following is a list of standards, which will be referenced in this specification.  Such referenced standards shall be considered part of these specifications as if fully repeated herein. 
  
	REFERENCE
	TITLE OR DESCRIPTION 

	API Spec 13A 
	API Specification for Oil-Well Drilling-Fluid Materials 

	API RP 13B-1 
	API Recommended Practice Standard Procedure for Field Testing Water-Based Drilling Fluids 

	ASTM C 150 
	Specification for Portland Cement 

	ASTM D 422 
	Particle-Size Analysis of Soils 

	ASTM D 1633 
	Unconfined Compressive Strength of Soil-Cement 

	ASTM D 4380 
	Density of Bentonite Slurries 

	ASTM D 4832 
	Preparation and Testing of Soil-Cement Slurry Test Cylinders 

	ASTM D 5084 
	Hydraulic Conductivity Using a Flexible Wall Permeameter 


  
1.2  Abbreviations and Definitions 
  
	A. 
	API - American Petroleum Institute 

	B. 
	ASTM - American Society for Testing and Materials 

	C. 
	Owner - The Owner as referred to herein is ___________________. 

	D.
	Owner's Representative - The Owner's Representative or the Engineer is ________________________ (or individuals) designated by the Owner to act on its behalf in the execution of these specifications.

	E.
	Soil Mixing Specialist - An individual who has had proven and successful experience in soil mixing construction.

	F.
	Grout - A stable colloidal suspension of powdered cement, bentonite, additives and/or
other similar materials in water.  The terms "grout" and "slurry" is used 
interchangeably in these specifications.

	G.
	Injection Ratio - A volumetric ratio of grout to soils (e.g. 100 gal/cubic yard) to be mixed in a SM column.  The grout injection ratio is determined for each column based on the column dimensions, soil density, pattern of treatment, and desired application rate.

	H. 
	SM Column - One completed insertion, injection and mixing of the soil with the mixing auger to the design depth.  This creates a column of treated soil the same diameter as the mixing auger. The column may be primary (through virgin soils) or secondary (connecting primary columns) or tertiary, etc. 

	I. 
	Working Platform - The working platform is the leveled, surface of stable soils from which the SM equipment operates. 

	J.
	Overlap Ratio – The ratio between the overlap distance (measured along the column diameter) and the diameter of the column.  For example; a pattern of columns with a 15% overlap ratio has an overlap of 1.2 ft between two 8 ft. diameter columns.

	K.
	Mixing Pass – Operation of the mixing auger/tool from the top of the column to the bottom.  Generally, a number of passes are required to completely mix a SM column.

	L.
	 Mixing Auger/Tool - The special tool that attaches to the Kelly bar and is inserted into the ground to mix the soils.  The tool may be fitted with ports for injecting grout, mixing paddles, auger blades, etc.

	
M.
	Soil Mixing (SM) – A soil improvement technique used to construct insitu soil structures or treat soils in place, without excavation or dewatering.  Soil mixing uses a large, crane-mounted turntable to insert a large diameter {typically 8 ft diameter} tool into the ground while injecting and mixing a grout with the soil.  Stabilized soil columns are created that may be joined together to by overlapping to form retaining walls, foundation elements or to treat a large block of soil or sludge.

	N.
	Swell – The excess material resulting from adding grout to the insitu soils.  The swell is typically a mixture of soil and grout similar to the materials in the SM column.


 

 

2.0  SUBMITTALS 
  

The following information shall be submitted at least [4 weeks] prior to construction. 
  
2.1
Qualification of Contractor

  
The Contractor or his subcontractor or consulting advisor shall submit evidence that he is experienced and competent to construct the project using the Soil Mixing method.  The evidence shall include references from at least five similar and successful projects constructed over the last 10 years.  [An experienced engineer with at least ten years of experience in SM construction on at least ten similar projects shall plan and direct the methods of the work.]   Project descriptions shall include at a minimum the dimensions of work, type of grout, and equipment description.  This evidence will insure that the Contractor will have sufficient competent experienced personnel and proven methods and equipment to carry out the operations specified. 
  
In particular, a SM specialist shall supervise the construction, grout preparation, column mixing, and quality control.  This individual shall be knowledgeable of: (1) the proper mixing methods employed to mix, control and test grout, (2) SM construction equipment and tools,  (3) insitu mixing injection ratios, overlaps and overlap ratios, and  (4) testing for SM quality control.  The SM specialist shall have at least [five years] of experience and [five] projects in the successful construction of Soil Mixing.
  

The company name, key contact, and qualifications of the Contractor’s off-site laboratory shall be submitted.  The laboratory will have previous experience with soil mixed materials, experienced laboratory technicians, and modern laboratory testing equipment.
  

2.2

Work Plan 
  


The Contractor shall submit a detailed operating plan describing his proposed construction equipment, procedures, and schedules.  This shall include, but not be limited to, the Contractor's plan for: 
  
	A.
	Listing of supervisory personnel: Name and experience of the various persons, their role and primary responsibilities.

	B. 
	Equipment set-up and site use layout: including storage areas, grout mixing plant location, haul roads, and work platform. 

	C. 
	Soil Mixing equipment specifications, including maximum depth capability of SM machine, dimensions of the mixing auger/tool and capacity of grout mixing plant, 

	D.
	Construction means and methods: Listing of equipment and capabilities, construction steps, handling of excess grout and swell, layout, overlap control, control of drainage, spills, wastes, etc.

	E.
	A layout drawing showing the geometry, overlaps, and dimensions of the column overlapping pattern.

	F. 
	A quality control plan describing all testing, sampling, reporting forms, methods, responsible persons, non-conformance procedures, and all other means to ensure the quality of the work. 

	G. 
	Schedule:  A bar chart schedule showing all major activities and durations. 


 

 

2.3

[Design Mix  (A pre-construction, laboratory design mix program is required to determine appropriate materials and material proportions for the required SM performance.  In the case of contaminated sites, a contaminate stabilization (e.g. SPLP, TCLP, etc) may also be required.) 
  
In addition to the Work Plan, the following specific information shall be submitted prior to the start of SM construction: 
 

	A. 
	



[Sampling Plan.  A description of the methods and locations of all samples used in the design mix testing.]  (Generally, test borings and/or test pits are used to obtain soils samples.  Mixing water, [leachate,] cement, bentonite clay, etc. should also be obtained and tested.) 

	B. 
	
[Contaminate Stabilization testing report, including the results of [SPLP, TCLP, ANS 16.1, or other leachate generation test]. 

	C.
	Laboratory SM grout mix and SM soil mixtures, including grout ingredients, soils mixed, and injection ratios. The SM mixture submittal shall report moisture content and unconfined compressive strength [and hydraulic conductivity] on at least [4] samples of each proposed design mix.  (Note: laboratory testing may required 45 to 90 days to complete)

	D. 
	Source of all imported material, including, mix water, cement, bentonite and any additives.  Shipment of materials to the site shall be accompanied by the vendor's written certification of the quality or specification of the material and MSDS. 


 

 

(Note: Due to the time and uncertainty in laboratory testing, it is often advised that the owner or Engineer subcontract this work to an experienced soil mixing technical advisor early in the project schedule to avoid delays and uncertainty in construction)]
  
  
3.0  MATERIALS
  
3.1  Grout 
  
Grout shall consist of a stable colloidal suspension of cement, bentonite or other additives in water.  The purpose of the grout is to assist in loosening the soils for mixing and to modify the soils for better strength [permeability, reduced leachate generation, etc].  The grout shall be pumpable and workable with the SM injection equipment. 
3.2
Cement    
Cement used in preparing grout shall conform to ASTM C 150.  The cement shall be
adequately protected from moisture and contamination in storage on the jobsite.  Reclaimed cement or cement containing lumps or deleterious matter shall not be used. 
3.3  Water  
  
Fresh water, free of excessive amounts of deleterious substances that adversely affect the properties of the grout shall be used to manufacturer grout.  It is the responsibility of the Contractor that the grout resulting from the water shall always meet the standards of this specification. 
  
3.4
Additives  
  
Admixtures may be used to enhance the workability or final properties of the treated soil.  (Common additives include bentonite, fly ash, lime, set retarder, etc.).  Additives may be added to the water or the grout.  Propriety chemicals may be approved based on the results of pre-construction tests.   The owner’s representative shall approve all additives used. 
  
3.5
SM Material 
 

The material formed by mixing the grout with the insitu soil shall have an unconfined compressive strength of [typically 25 to 150 psi minimum] at 28 days [and a permeability of [1 x10-6 cm/sec (and SPLP, TCLP or other required properties)]. 
  
  
4.0  SM CONSTRUCTION
  
The [treated area] shall be constructed using SM to the lines, grades, and cross sections indicated on the drawings.  The SM structure shall be essentially vertical with a pattern of overlapping columns and shall extend through the overburden [and key [1] ft into the designated layer or] [to refusal] [or a minimum depth of ________.]     A generalized description of the soil profile through which the SM is to be constructed is provided on the boring logs attached to this specification. 
  
4.1
Tolerances 
 

The following tolerances shall apply to the SM dimensions and construction. 
  
	A. 
	The SM columns shall be essentially vertical.  The working platform and/or crane shall be leveled to be plumb within [1%] of vertical and/or the Kelly bar shall be measured to be within [1%] of vertical. 

	B.
	The depth of the SM columns shall be measured or surveyed to within [6 inches] of the desired elevation.  The depth shall be measured from the surface to the bottom of the mixing auger/tool.

	C.
	The SM wall shall follow the designed alignment within 1 ft of the centerline.  The SM wall may vary from the designed alignment to accommodate equipment limitations if approved by the Engineer.

	D.
	The SM pattern of overlaps shall be surveyed and staked to ensure that the overlap ratio is constructed as designed.  The center of each SM column shall be constructed within [6] inches of the designated location.

	E. 
	Construction will not be permitted when the air temperature is below [20oF] or when severe weather conditions may compromise the quality of the work. 

	F. 
	The injection ratio shall be calculated and checked for each SM column.  The injection ratio may be corrected for previous overlaps in the same column.  In all cases, the minimum injection ratio shall be observed.  There shall be no maximum injection ratio. 


 

 

5.0 EQUIPMENT
  
5.1  SM Machine 
The SM machine consists of a crane-mounted drive table (turntable) that turns a hollow Kelly bar. The top of the Kelly bar is attached to a grout swivel to permit the injection of grout through the bar, and the bottom of the Kelly bar is attached to the mixing auger/tool.  The mixing tool has a series of holes or jets to permit the discharge of grout into the soil.  The mixing tool may be configured with mixing paddles or special teeth to be capable of blending the soil and grout into a homogeneous mixture.  The power source for the drive table shall be sufficient to maintain the required penetration rate and mixing speed from a stopped position at the depths specified. 
  
5.2  Grout Mixing Plant 
  
The grout mixing plant shall include the necessary equipment including a high shear mixer capable of producing a colloidal suspension of cement and additives in water and pumps, valves, hoes, supply lines, and all other equipment as required to adequately supply grout to the mixing tool.  Positive displacement grout pumps shall be used to transfer the grout to the mixing/auger. The grout pump shall be capable of pumping the required distance and elevations to provide an adequate supply of grout to the mixing tool.  The plant shall be equipped to accept dry or liquid additives in measured amounts.    Storage tanks [or ponds] shall be provided [as needed] to store to allow for an adequate supply of batches or continuously mixed grout to the SM machine. Grout shall be agitated until fully mixed and recirculated in the storage tanks to maintain a homogeneous mix and prevent flash set.  Grout meters or calibrated tanks shall be provided to measure injection volumes. 
  
5.3

Insitu Sampling Tool 
  
A special sampling tool will be provided by the contractor for obtaining samples of the wet, mixed soil, at depth in the SM column.  The sampler shall consist of a weighted chamber, which can be opened and closed from the surface to obtain mixed soil and grout.  The sampler may be attached to the SM machine or supported by a second machine.



  
  
6.0  EXECUTION OF THE WORK
  
6.1 
Alignment 
 

	A.
	
The [contractor or engineer] shall accurately stake the alignment of the proposed soil mix construction, as shown on the drawings.

	
B.
	Two sets of control lines (e.g. east-west and north-south) shall be established by survey outside the limits of the work.  The center of each SM column shall be measured (or established by string lines between the control lines) from these control lines based on a drawing of the overlap pattern.  [Alternately, a multiple laser grid system or other remote survey device may be used].  The SM work shall advance stepwise, using primary, secondary, etc. column and overlapping portions of previously completed columns to ensure a proper overlap and continuity.


 

 

6.2
Column Depth 
 

	A.
	The depth of the SM columns wall shall be determined by the lines and grades shown on the Drawings and based on pre-construction soil borings.  The Engineer may observe the power usage of the SM machine as an aid in verifying the proper depth.

	B.
	The total depth of penetration shall be measured and recorded on each column.  The depth may be observed by pre-measured marks on the Kelly bar or survey of a fixed point on the Kelly bar.
The depth of each column shall be measured from the bottom of the auger.


 

  

6.3
Obstructions 
  
If obstructions including boulders, bedrock or other potentially damaging materials are encountered the SM operator shall stop drilling until the nature of the obstruction is known.  Obstructions, which cannot be penetrated, may be remediated by removal, grouting or other acceptable means.  Obstructions, which reduce the drilling rate to less than one foot of penetration per minute for at least five minutes, may be acceptable as refusal upon approval of the owner’s representative. 
  
6.4

Grout Plant 
  
The grout plant shall consist of a slurry mixer, transfer pumps, storage tanks, metering, proportioning (or weighing) equipment and other equipment, as needed.  The proportioning equipment may use meters, weights or weight-volumes to ensure proper proportions.  The density [and viscosity] of the grout shall be monitored and recorded, as per the quality control plan to verify grout proportion.  Weighing equipment shall be calibrated to with 2% at the beginning of the project and verified monthly thereafter. 
  
6.5
Soil Mixing and Penetration 
  
Each soil column shall be penetrated while simultaneously injecting grout and then mixed by repeated passes of the mixing auger.  The number of mixing passes shall be monitored and optimized [and recorded] for each column to ensure adequate mixing.  The mixing rotation speed shall be adjusted to accommodate drilling conditions based on the degree of drilling difficulty.  Additional mixing or passes may be required to evenly distribute the grout throughout the column. After the initial penetration, the rotation speed shall be increased to maximize mixing.  
  
6.6 
Injection Rate 
  
The grout injection rate shall be monitored and recorded for each column and adjusted as necessary for minimum drilling resistance and to accommodate the design mix.  The minimum injection rate shall be calculated for each stroke based on the volume of unmixed soil in the column (whether primary or secondary, etc.), the density of the soil, and the volume of grout required to achieve the design mix proportions.  The flow of grout through Kelly bar shall be verified prior to each stroke by observing the flow out of the mixing auger it is suspended in the air above column.  Any blockage in mixing auger or Kelly bar shall be cleared prior to injection and mixing.
  
6.7
Swell Management 
 

The contractor shall place, regrade, and otherwise manage excess materials resulting from the SM treatment.  These materials shall be placed over the SM materials (or other designated area) in a manner so that the final SM material properties are [acceptable to the owner (e.g. stable, able to drain, etc.].  The owner shall not be responsible for retreatment of swell that is improperly managed.
 

 

7.0

CLEAN-UP AND TREATMENT FOR TOP OF SM CONSTRUCTION
 

Upon completion of the SM construction, the surface shall be covered in accordance with the capping details shown on the Drawings. (Note: typical cap for a soil-cement SM wall is a layer of soil, but if the strength is adequate, the SM may be left uncovered.)  After completion of the capping, all remaining grout and SM swell shall be leveled and the surface shall be cleaned as directed by the owner’s representative. 
  
  
8.0  QUALITY CONTROL
  
The Contractor shall maintain his own quality control for the SM wall construction under the direction of the SM Specialist.  Testing requirements are summarized specified herein. 
  
8.1
SM Wall Continuity and Depth 
  
The Contractor shall be responsible for demonstrating to the satisfaction of the Engineer that the work is continuous and the minimum specified depth.  The owner’s representative will be available onsite to verify these measurements.  SM continuity shall be assured by an overlapping pattern of the SM columns constructed in accordance with these specifications. 
  
8.2
Materials 
 

All permanent materials shall be certified by the manufacturer to comply with the specified standard. Certificates of Compliance with the specification shall accompany each truckload of materials received on site. 
  
8.3
Grout 
 

A series of tests shall be conducted at the mixer or holding tank containing fresh grout ready for injection into the soil.  Tests shall include density [viscosity, pH, etc] [or weight of each material] to ensure that the specified design mix is properly prepared for injection into the soils. 
  
8.4.
Soil Mixed Material 
  
Samples of the soil mixed materials shall be obtained with the insitu sampler, formed into test cylinders, cured and tested. A series of test cylinders shall be made once every [day or 500 cubic yards]. The soil mixed material shall be tested at 7 and 28 days after sampling and exhibit an unconfined compressive strength of [25 to 150] psi at 28 days [and a permeability of 1 x 10 -6 cm/sec and SPLP/TCLP or other required properties].
 

8.5  Documentation 
 

All quality control records, test, and inspections shall be documented by the contractor and available for review by the owner’s representative.  The contractor shall record all measurements and test results for submittal to the owner’s representative each day. 
 

9.0 9.0       MEASUREMENT AND PAYMENT 
 

The treated area (structure, retaining wall, improved soil, stabilized soil, etc.) shall be measured based on the actual volume of soil mixing constructed.  Measurements shall be made of the area and depth of the constructed works from the working platform as approved by the owner’s representative during construction.  Separate payment will be made for the remediation of obstructions removed during the soil mixing construction.  Payment for the Soil Mixing shall be made at the contract unit price ($/cy) for the treated area (structure, retaining wall, improved soil, stabilized soil, etc.).  Payment for obstructions removed shall be made at the contract hourly rate ($/hr). 
