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Add to section 19:
19-10  COMPACTION GROUTING
19-10.01  GENERAL
19-10.01A  Summary
Section 19-10 includes specifications for compaction grouting.
19-10-01A  Definitions
Compaction grouting: A process where a very stiff, low slump of 0-2 inches, cement mortar grout is injected under high pressure through a grout pipe into the ground at various elevations or stages to displace and densify in-situ soils.
Compaction grouting cut-off criteria: Criteria to determine when to stop the injection of grout at any given stage
Grout injection point: A point on the pavement or slope surface to designate the location of the pipe insertion for grouting.

19-10.01B  Submittals
Submit a grouting plan outlining the proposed work for compaction grouting. You may submit one plan or separate plans for each grouting operation. Refer to specific field locations by station and offset from baseline using survey techniques. The plan must include:
1 	A list of personnel to be used on the project outlining their experience in compaction grouting
2.	Grout mix design including material specifications
3.	Equipment and methods for measuring and recording stroke and back pressures, including pressure surges at the top of the injection point.
4.	Equipment and methods for measuring and recording pumping rates and grout volumes with calibration procedures and certification of the equipment
5.	Description of:
5.1	The materials and equipment, including size and type
5.2	Methods to be used in each grouting operation, including inclination and depth of grout pipes, and increments in which the grout pipes will be withdrawn
6.	Sample forms for drilling logs, grouting logs and monitoring logs
7.	Detailed description of the proposed monitoring program for ground surface movement and distress to related freeway facilities such as pavement, storm drains, and utility conduits

The Engineer has 7 days to review the grouting plan. If revisions are required, resubmit 3 copies of the grouting plan. The Engineer has 7 days to review the revised plan.
19-10.01C  Quality Control and Assurance
The grouting contractor must have a minimum of 5 years of experience in compaction grouting including placement of grout pipes and mixing and injecting grout. The grouting supervisor must have a minimum of 3 years experience and must be assisted by an experienced grouting foreman on each shift of each grouting operation.
19-10.02  MATERIALS
19-10.02A  General
Reserved
19-10.02B  Cement
Portland cement must be Type I or II and comply with section 90-1.02B (2) Hydraulic cement grout.
Comply with ASTM C 1107.
19-10.02C Grout
Grout must be a combination of Portland cement, fine aggregate, coarse aggregate, and water. A stiff grout mix must be used. Materials must be thoroughly mixed and agitated to provide grout of uniform consistency. The cement content of the grout must not be less than 7 pcf. Water must be added to the grout mix in an amount to provide a slump of 0-2 inches under ASTM C 143. 

19-10.02D  Fine Aggregate
Fine aggregate must comply with section 90-1.02C(3). Fine aggregate must be well graded and have between 10 and 30 percent passing the no. 200 sieve and a minimum of 85 percent of content passing the no 8 sieve. Fine aggregate must be graded to eliminate sand blocking at the grout working pressures.
19-10.02E  Coarse Aggregate
Coarse aggregate must comply with section 90-1.02C(2). Coarse aggregate must be no larger than 3/8 inch and comprise less than 15 percent of the total aggregate.
19-10.02F  Water
Water for mixing must not contain:
1.	Oil
2.	Impurities at concentrations that cause either of the following results when compared to the same test using distilled or deionized water:
2.1.	Change of more than 25 percent in the setting time of cement when tested under ASTM C 191 or ASTM C 266
2.2.	Reduction by more than 5 percent in the mortar compressive strength at 14 days when tested under ASTM C 109
3.	Chlorides as Cl or sulfates as SO4 in excess of the values shown in the following table:

	Type of concrete work
	Maximum chloride as Cla
	Maximum sulfate as SO4b

	Nonreinforced
	2,000 ppm
	1,500 ppm

	aWhen tested under California Test 422
bWhen tested under California Test 417



Water for core drilling operations must be from a local water supply. Water must not contain:
1.	More than 1,000 parts per million of chlorides as CL
2.	More than 1,300 parts per million of sulfates as SO4
3.	Impurities that cause concrete discoloration of surface etching

19-10.03 CONSTRUCTION
You will be provided with a surveyed baseline in each work zone where this work is to be performed. Determine on the ground, the vertical and horizontal projection of the exterior limits of all underground structures including conduits, irrigation systems and storm drains. Determine the location on the ground surface of each grout injection point and the elevation of each injection stage. On the pavement surface the grout injection points must consist of coring holes through the Portland cement concrete pavement.
Equipment used to mix and pump compaction grout must be specifically designed for that purpose.
The mixer must be batch type and equipped with suitable water meters. Sufficient mixer power must be provided to blend the ingredients into zero slump consistencies.
The pump must be capable of displacing zero slump grout and to maintain pressures from 0 to 600 psi with rates of displacement as low as 0.3 cfm. Controls must be provided to enable the operator to vary the rate of displacement over its entire range uniformly while continuously pumping.
Grout pipes must be 2 to 3 inch steel casings with adequate strength to withstand the required jacking and pumping pressures.
The pumping system must be equipped with suitable automatic recording devices that continuously measure and record grout pressures including stroke, back, and surge at the top injection point; pumping rates and grout take for each hole; and total grout take per work shift. Calibrate the instruments for measuring pressures, pumping rates, and volume. Submit 2 copies of the automatic records as informational submittals at the end of each work day.
Holes in pavement must not be cored more than 1 day before grout injection. Drilled holes must not remain open when precipitation is predicted within the following 24 hour period. Use the National Weather Forecast for weather predictions.
Push, drive, or drill the grout pipe to the specified depth of grouting. There must be no voids between the grout pipe and the surrounding soil to prevent grout leakage and premature upward movement of the grout pipes during grouting. If the grout hole is drilled to full depth and the grout pipe can't be advanced to the full depth of grouting, the grout hole must be cleaned and drilled again until the grout pipe can be advanced to the target depth. If the grout hole tends to collapse during drilling, the grout injection pipe must be advanced simultaneously with the drilling operation.
At each grout point, grout pipes must be advanced to the elevation shown.. If refusal is encountered before the specified depth is attained, notify the Engineer. Unless approved, the grout injection point is rejected and a new grout injection point must be drilled adjacent to the rejected hole and the grout pipe advanced to the depth shown. Grouting must be conducted in stages as the grout pipe is withdrawn. The interval between stages must not exceed 2 feet. The grout injection hole must not be greater than 0.4 inches in diameter than the outside diameter of the casing. Once grouting of a hole is started it must be completed in 1 continuous operation during 1 shift. If grouting is terminated for any reason before the full depth is grouted, that grout point is rejected. A new grout injection point must be drilled adjacent to the rejected hole and the grout pipe advanced to the depth shown.
The rate of grout injection must be not more than 10 cfm at an individual grout injection point. Multiple grout injections may be conducted simultaneously.
The grout points must be designated as alternating rows of primary and secondary grout points. Two adjacent primary rows of grout points must be completely grouted before grouting the intermediate secondary row. Compaction grouting cut-off criteria includes:
1.	Cut-off grout pressures or surface movement occurs in conjunction with low grout volumes
2.	Excessive damage to the existing facilities such as pavement heave in excess of 0.125 inches.
3.	Inject up to a maximum of 12 cf of the grout in each stage

During the grouting operation, monitor the existing freeway facilities including concrete pavement, barriers, storm drains, and unpaved embankment soils for indications of movement or distress. Establish and monitor a minimum of 5 survey reference points on the freeway pavement. Monitor overhead poles, electroliers, and structures within 30 feet of active grout points for movement.
Monitor and record the interior of storm drains for signs of distress such as deflection, heaving, or cracking. Distress of storm drainage pipe must trigger grout cut-off at any stage. When grouting stage is within 10 feet of the storm drain, grout pressure must not exceed 245 psi, unless authorized.
After compaction grouting is complete, clean and fill with hydraulic cement grout the voids in the structural section created by the coring operation. You may extend the grout with clean pea gravel according to the grout manufacturer's recommendations. After placement of the hydraulic cement grout, the material, while still plastic, must be troweled smooth to match the pavement surface. The backfill material must not exhibit any evidence of depressions or surplus material above the level surface of the pavement.
Residue from grouting operations must not be allowed to:
1.	Flow across shoulders or lanes occupied by traffic
2.	Flow into gutters or other drainage facilities
3.	Flow beyond the highway
4.	Be left on the surface of the pavement or embankment.

Submit as an informational submittal 2 copies of completed recorded date for drilling and grouting at each injection point. Submit 1 copy immediately after completing the drilling and grouting at each individual grout injection point.
19-10.04  PAYMENT
Not Used

