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Section 30-4. Use to incorporate existing materials into new pavement section utilizing Full-Depth Reclamation‑Cement.

Replace section 30-4 with:
30-4  FULL-DEPTH RECLAMATION‑CEMENT
30-4.01  GENERAL
30-4.01A  Summary
1
Section 30-4 includes specifications for constructing a base using full-depth reclamation–cement (FDR–C).
2
FDR–C consists of:
1.	Pulverizing existing asphalt concrete pavement and underlying materials
2.	Mixing with water, cement, and if specified, supplementary aggregate
3.	Grading and compacting the mixture
4.	Applying asphaltic emulsion

30-4.01B  Definitions
3
OMC: Optimum moisture content determined under California Test 216
lot: 1,000 sq yd of FDR–C
30-4.01C  Submittals
30-4.01C(1)  General
4
At least 20 days before starting FDR–C work, submit:
1.	Mix design
2.	QC plan

30-4.01C(2)  Quality Control Plan
5
The QC plan must describe the organization, responsible parties, and procedures you will use for:
1.	QC including sampling, testing, and reporting
2.	Determining action limits when corrective actions are needed
3.	Implementing corrective actions
4.	Ensuring FDR‑C pulverizing, mixing, compacting, grading, and finishing activities are coordinated

6
The QC plan must include copies of the forms that will be used to provide the required inspection records and sampling and testing results. The form for recording and reporting the QC measurements must show the cement and water proportions.
7
The QC plan must include a contingency plan that describes the corrective actions you will take in the event of equipment break down. The corrective actions must include repairing and reopening the roadway to traffic using minor HMA under section 39-1.15.
30-4.01C(3)  Mix Design
8
Submit each FDR‑C mix design on a form you create specifically for FDR–C. Each mix design submittal must be signed and sealed by an engineer who is registered as a civil engineer in the State.
9
You may submit multiple mix designs to optimize the cement content and adjust for varying underlying materials.
10
Each mix design submittal must include:
1.	Area represented by the mix design by beginning and ending stations
2.	Gradation of the mixture before addition of cement
3.	Cement content in percent by weight of the dry mixture and in lb/sq yd surface application rate
4.	Supplementary aggregate in percent by weight of the dry mixture, if supplementary aggregate is specified
5.	Moisture content of the material at the time of mixing, relative to OMC
6.	Test results and any worksheets, photographs, and graphs

30-4.01C(4)  Test Strip
11
Submit a summary of the determinations made from the test strip.
30-4.01C(5)  Quality Control Reporting
12
For each lot, submit a report daily that includes the following items based on the frequencies specified in section 30-4.01D(4):
1.	General Information:
1.1.	Lot number
1.2.	Location description
1.3.	Beginning and ending stations
1.4.	Lane number and offset from centerline
1.5.	Weather:
1.5.1.	Ambient air temperature before starting daily FDR–C activities including time of temperature reading
1.5.2.	Road surface temperature before starting daily FDR–C activities including time of temperature reading
2.	Calculated cement application rate in lb/sq yd and percent of dry weight of FDR–C
3.	Calculated supplementary aggregate application rate in lb/sq yd and percent of dry weight of FDR–C if supplementary aggregate is specified
4.	For FDR–C processing:
4.1.	Depth of cut
4.2.	Average forward speed
5.	FDR–C quality control test results for:
5.1.	Gradation
5.2.	Moisture content
5.3.	Unconfined compressive strength
5.4.	In-place wet density
5.5.	Relative compaction
6.	For asphalt emulsion used on finished FDR–C surface:
6.1.	Emulsion type
6.2.	Emulsion application rate in gal/sq yd
6.3.	Emulsion dilution as the weight ratio of added water to asphaltic emulsion
7.	Note on the daily report the postmile or station limits of any unsuitable materials locations and when the Engineer was notified

13
Update each day's submitted report within 24 hours of obtaining test results. Consolidate all lots completed in a day in one report with each lot reported separately.
30-4.01C(6)  Asphaltic Emulsion
14
With each dilution of asphaltic emulsion used for finishing under section 30-4.03H, submit:
1.	Weight ratio of water to bituminous material in the original asphaltic emulsion
2.	Weight of asphaltic emulsion before diluting
3.	Weight of added water
4.	Final dilution weight ratio of water to asphaltic emulsion

30-4.01D  Quality Control and Assurance
30-4.01D(1)  General
15
Schedule a preoperation conference at a mutually agreed time at the job site to meet with the Engineer. Discuss the project specifications and methods of performing each item of the work. Items discussed must include the processes for:
1.	Determining the mix design
2.	Production
3.	Compacting
4.	Grading
5.	Finishing
6.	Implementing the approved QC plan
7.	Implementing the contingency plan
8.	QC sampling and testing
9.	Acceptance criteria

16
Preoperation conference attendees must sign an attendance sheet provided by the Engineer. The preoperation conference must be attended by your:
1.	Project superintendent
2.	Project manager
3.	QC manager
4.	Workers and your subcontractor's workers, including:
4.1.	Foremen
4.2.	Ground supervisors
4.3.	Representative from testing lab

17
Do not start FDR‑C activities, including test strips, until the listed personnel have attended a preoperation conference.
18
Relative compaction must be determined under California Test 231 and the following:
1.	Test in 0.50-foot depth intervals from the bottom of the FDR-C layer regardless of the layer thickness
2.	Correction for oversize material does not apply
3.	A sample must contain no more than 5 percent retained on the 2-inch sieve and 15 percent retained on the 1-1/2 inch sieve
4.	Use the laboratory wet test maximum density closest in proximity to the lot to determine relative compaction. If the relative compaction for a lot is less than 97 percent, perform California Test 216 and California Test 226 for each noncompliant lot and recalculate the relative compaction

19
Divide the area to receive FDR–C into lots of FDR–C produced except the test strip is the 1st lot and must be at least 2,000 sq yd. A quantity of FDR–C placed at the end of a work shift greater than 500 sq yd is considered 1 lot. If a quantity of FDR–C placed at the end of a work shift is less than 500 sq yd, you may either count this quantity as 1 lot or include the test results for quality control in the previous lot.
20
For any lot including the test strip, stop FDR‑C activities and immediately inform the Engineer whenever:
1.	Any test result shown in the QC Requirements table or the FDR-C Acceptance Criteria Testing table does not comply with the specifications
2.	Visual inspection shows evidence of:
2.1.	Poor dispersion or dry spots
2.2.	Segregation, raveling, and loose material
2.3.	Variance of more than 0.05 foot measured from the lower edge of a 12-foot straightedge
2.4.	Nonuniform surface texture throughout the work limits
2.5.	Repaired areas

21
If FDR‑C activities are stopped, before resuming activities:
1.	Notify the Engineer of the adjustments you will make
2.	Remedy or replace the noncompliant lot until it complies with specifications
3.	Construct a new test strip of FDR‑C with proposed adjustments demonstrating ability to comply with the specifications
4.	Obtain authorization

30-4.01D(2)  Mix Design Sampling and Testing
22. Specify the cement content and dry unit weight indicated by preliminary site investigations or knowledge from previous contracts.
The cement content must be __ percent by dry weight of FDR‑C with a dry unit weight of ___ lb /cu ft, except an increase or decrease in the cement content may be ordered based on your mix design. During progress of the work, if you encounter an isolated area that requires more cement than described in the mix design for that area, notify the Engineer before applying the cement.
23. Insert the minimum 7-day compressive strength, at least 300 psi, that is 50 psi more than the compressive strength used to determine gravel factor in design. Do not specify a minimum greater than 500 psi.
Perform a mix design for each materials sampling location. The mix design must produce FDR‑C with an unconfined compressive strength from __ psi to 600 psi, determined at 7 days under ASTM D 1633, Method A, except:
1.	Test specimens must be compacted under ASTM D 1557, Method A or B.
2.	Test specimens must be cured by sealing each specimen with 2 layers of plastic at least 4-mil thick. The plastic must be tight around the specimen. Seal all seams with duct tape to prevent moisture loss. Sealed specimens must be placed in an oven for 7 days at 100 ± 5 degrees F. At the end of the cure period, specimens must be removed from the oven and air-cooled. Duct tape and plastic wrap must be removed before capping. Specimens must not be soaked before testing.

24
The mix design must include 7-day unconfined compressive strength tests on specimens with 3 cement contents using the proposed cement and optimum mixing moisture content. The cement contents must be -1 percent of specified content, specified content, and +1 percent of specified content by dry weight of FDR‑C. Manufacture 3 specimens for each cement content and average the results for each. Plot the average 7-day compressive strengths on the ordinate versus the cement contents in percent on the abscissa on a graph. Indicate the cement contents from the line corresponding to the minimum and maximum 7-day compressive strengths from the specified range.
25
Based on the mix design test results, you may propose a cement content different from the specified cement content. If you propose a different cement content, your mix design submittal must include data to support (1) the specified cement content will not produce FDR‑C that complies with the specifications or (2) there is variability in the FDR‑C materials resulting in risk of not complying with the specifications. The revised cement content must be authorized. Compensation or deductions for an ordered increase or decrease is specified in section 30-4.04.
26
Notify the Engineer at least 2 business days before sampling. Testing must be performed by an authorized laboratory. Testing personnel for QC must be qualified under the Department's Independent Assurance Program.
27. Fill in the blank with the anticipated number of sampling locations recommended by the District Materials Engineer in the Materials Information Handout.  If test pits are required instead of or in addition to cores, edit.
Obtain and test material from at least __ sampling locations from the existing pavement structure by coring. You may perform additional sampling and testing to optimize the cement content and adjust for varying underlying materials. Determine the exact locations of the sampling locations between wheel paths. Do not sample in the shoulders. Sampling locations must provide sufficient representative material for the mix design.
28
Use materials from the specified FDR‑C mixing depth. If any portion of existing asphalt concrete pavement is to be removed before pulverizing, remove that portion of asphalt concrete pavement from the samples used in the mix design. If additional samples of subgrade material are needed, sampling locations can be excavated outside the edge of pavement to variable dimensions. Characterize and record sampling location features such as layer thicknesses and types, distresses, interlayers, thin or thick areas, digouts, and adhesion to the base. Use the sampled material to determine the mix design represented by the sampling location, according to the proportions of the pavement structure shown.
29
Before opening the mix design sampling locations to traffic, backfill sampling locations by replacing and compacting with an authorized material or minor HMA that complies with section 39-1.15. Backfill and compact to the existing grade and thickness of asphalt concrete pavement, in the Engineer's presence.
30-4.01D(3)  Test Strip
30. Delete "supplementary aggregate" from the 3rd listed item if the District Materials Engineer determines aggregate base is not required.
On the 1st day of FDR‑C activities and using the same equipment and materials that will be used during production, construct a test strip of at least 1,500 feet in a single lane width to determine the:
1.	Equipment, materials, and processes can produce FDR–C in compliance with the specifications
2.	Effect of varying the FDR–C machine's forward speed and drum rotation rate on the consistency of the pulverized material
3.	Optimal proportions of supplementary aggregate, cement, and water. Changes to the mix design must be authorized.
4.	Rolling method and sequence can comply with the compaction and finishing specifications
5.	Application rate of asphaltic emulsion for opening to traffic

31
The Engineer tests each test strip under section 30-4.01D(5). Do not proceed with FDR–C activities until the Engineer informs you the test strip is acceptable. If QC or Engineer's acceptance test results are not available, you may proceed at your own risk.
30-4.01D(4)  Quality Control, Sampling, and Testing
32
Designate a ground supervisor whose sole purpose is to monitor the FDR–C activities, advise project personnel, and interface with the quality control testing personnel. The ground supervisor must not have any sampling or testing duties.
33
Take samples under California Test 125.
34
Perform sampling and testing for each test strip and at the specified frequency for the quality characteristics shown in the following table:
	Quality Control Requirements

	Quality characteristic
	Test method
	Minimum sampling and testing frequency
	Requirement
	Sampling location
	Maximum reporting time allowance

	Water sulfates a
(ppm, max)
	California Test 417
	1 per source
	1,300
	Source
	Before work starts

	Water chlorides a
(ppm, max)
	California Test 422
	1 per source
	650
	Source
	

	Gradation (%, passing)b
Sieve Size
3 inch
2 inch
1-1/2 inch
	California Test 202
	Test strip and 1 per lot
	100
95–100
85–100
	Loose mix after pulverizing and mixing
	24 hours

	Moisture content
(%)
	California Test 226
	Test strip and 2 per day c
	Mix design ± 2 percentage points
	Loose mix after pulverizing and mixing d
	24 hours

	Unconfined compressive strength (psi)
	ASTM D 1633e
	Test strip and 1 per 2 lots
	Specified in section 30-4.01B(2)
	Loose mix after pulverizing and mixing d
	24 hours after testing specimens

	Laboratory maximum wet density (lf/cu ft)
	California Test 216
	Test strip and 2 per day
	Use for relative compaction calculation
	Same location as a California Test 231 test
	24 hours

	Relative compaction
(%, min) (wet density) f
	California Test 231
	Test strip and 1 per lot
	97
	Compacted mix
	24 hours

	a Only required for non-potable water sources.
b Remove solids larger than 3 inches.
c If test fails, minimum test frequency is 1 per lot
d Sample immediately after mixing is complete
e Method A, except:
1.	Test specimens must be compacted under ASTM D 1557, Method A or B.
2.	Test specimens must be cured by sealing each specimen with 2 layers of plastic at least 4-mil thick. The plastic must be tight around the specimen. Seal all seams with duct tape to prevent moisture loss. Sealed specimens must be placed in an oven for 7 days at 100 ± 5 degrees F. At the end of the cure period, specimens must be removed from the oven and air-cooled. Duct tape and plastic wrap must be removed before capping. Specimens must not be soaked before testing.
f Verify the moisture content reading made under California Test 231 with California Test 226.



35
Measure and record the actual cut depth at both ends of the pulverizing drum at least once every 300 feet along the cut length. Take measurements in the Engineer's presence.
30-4.01D(5)  Acceptance Criteria
36
FDR–C acceptance is based on:
1.	Visual inspection for the following:
1.1.	Segregation, raveling, and loose material
1.2.	Variance of more than 0.05 foot measured from the lower edge of a 12-foot straightedge
1.3.	Uniform surface texture throughout the work limits
1.4.	Repaired areas
2.	Compliance with the quality characteristics shown in the following table:

	FDR–C Acceptance Criteria Testing

	Quality Characteristic
	Test Method
	Requirement

	Cement application rate (lb/sq yd)
	Calibrated tray or equal
	Mix design rate ± 5%

	Relative compaction (%, min, wet density)
	California Test 231
	97

	Thickness (ft) a
	Core measurements
	±0.05 of the thickness shown

	a Take 4- or 6-inch diameter cores from random locations the Engineer selects. The Engineer may require 3 locations per lot; coring more than 3 locations per lot is change order work. At time of coring, submit cores to the Engineer for measurement.



30-4.02  MATERIALS
30-4.02A  General
37
Not Used
30-4.02B  Supplementary Aggregate
38. Use if the DME recommends supplementary aggregate.
Supplementary aggregate must comply with the Aggregate Quality table" for Class 2 aggregate base in section 26-1.02B. Supplementary aggregate must not include cinders. Do not use supplementary aggregate if more than 50 percent by volume of reclaimed asphalt concrete is used Supplementary aggregate must weigh at least 105 lb/cu ft determined under California Test 212, Compacted Method (by Rodding).
39. Use if paragraph 38 is not used.
Not Used
30-4.03C  Cement
40
Cement must be Type II or Type V portland cement specified in ASTM C 150/150M.
30-4.03D  Water
41
Notify the Engineer if a water source other than potable water is used and perform testing for chlorides and sulfates.
30-4.03E  Mixed Material
42. Delete ", supplementary aggregate," if supplementary aggregate is not used.
The pulverized mixture of asphalt concrete and underlying material, supplementary aggregate, and cement must comply with the grading requirements for the sieve sizes shown in the following table:
	FDR-C Gradation

	Sieve Size
	Percentage Passing

	3"
	100

	2"
	95‑100

	1.5"
	85‑100



43
The moisture content at the time of mixing must comply with the mix design within 2 percentage points.
30-4.03F  Asphaltic Emulsion
44
Asphaltic emulsion must be Grade SS1h or CSS1h.
45
For dilution, the weight ratio of water added to asphaltic emulsion must not exceed 1 to 1.
30-4.03G  Core Backfill Material
46
Material to fill cored holes for thickness measurements must be packaged rapid-hardening cementitious material under ASTM C 928, Type R2 or R3.
30-4.03  CONSTRUCTION
30-4.03A  General
47
Do not start FDR–C activities if the ambient air temperature is below 40 degrees F or the road surface is below 40 degrees F. If the ambient air temperature falls below 40 degrees F during FDR–C activities, you may only compact and finish FDR–C.
48
Before starting daily FDR–C activities, sweep the FDR–C area constructed the previous day to remove loose material.
30-4.03B  Equipment
49
Do not interrupt traffic while servicing FDR–C equipment.
50
The FDR–C machine must have independent and interlocked systems for water and must include the following:
1.	Digital electronic controller system
2.	Pumping system
3.	Spray bar system

51
Storage equipment for water must not leak and must be attached to the FDR-C machine with a tow bar and hose.
52
Grading and compacting equipment must be self-propelled and reversible. The frequency and amplitude of vibrating rollers must be adjustable and exceed a force of 15 tons in vibratory mode.
53
Grading equipment must be a motor grader with automatic grade controls for profile elevation and cross slope.
30-4.03C  Surface Preparation
54
Before FDR–C activities start, prepare the existing roadway surface by:
1.	Clearing foreign matter including vegetation
2.	Removing standing water
3.	Referencing the profile and cross slope
4.	Marking the proposed longitudinal cut lines on the existing pavement as follows:
4.1.	Cut lines must coincide with points where the existing cross slope changes, approximately at the centerline and edge of traveled way
4.2.	Cut lines must indicate the sequence of the cuts

55
If excess material is to be stored adjacent to the shoulder, clear and dispose of the weeds, grass, and debris from the area.
30-4.03D  Pulverizing
56
Do not pulverize more material than can be mixed with cement and compacted in one day.
57
Do not leave a wedge where the pulverizing drum cuts into the existing material. The 1st cut width must use the full width of the pulverizing drum. Subsequent cuts must overlap at least 4 inches. Do not leave a gap of unpulverized material between cuts. If an overlap is more than 4 inches, immediately adjust. If an overlap is less than 4 inches, immediately back up and pulverize the deviation along the correct cut line.
58
Mark the existing pavement where the center of the pulverizing drum stops. Start the following cut on this alignment at least 2 feet behind the mark.
59
If you encounter unstable subgrade or rocks greater than 4 inches in the roadway section, notify the Engineer. The Engineer determines the extent of the problem and the corrective measures to be taken.
30-4.03E  Spreading Materials
60. Use if supplementary aggregate is used. Edit the spread rate used to develop the quantity of supplementary aggregate.
Spread supplementary aggregate in compliance with the mix design. Spread supplementary aggregate uniformly over the full roadway surface width. The spread rate must be __ lb/sq yd ± 5 percent.
61
Spread cement uniformly over the full roadway surface width. Do not spread cement more than 30 minutes before mixing. Do not apply dry cement in windy conditions that will result in dust outside the FDR–C area. The spread rate must be the mix design rate or the ordered rate in lb/sq yd ± 5 percent.
62
Do not spread cement and supplementary aggregate before pulverizing.
30-4.03F  Mixing
63
The overlap requirements in section 30-4.03D apply to mixing. With each cut, adjust the amount of water proportionally to the actual cut width. If an overlap is less than 4 inches, immediately back up and pulverize the deviation along the correct line without adding water or cement.
64
Water must be injected through the pulverizing machine. The injection rate of mixing water must be sufficient to produce the FDR–C material mixing moisture content described in the mix design.
65
Mark where the center of the pulverizing drum stops. Start the following cut on this alignment at least 2 feet behind the mark.
66
Before compacting, remove solids larger than 3 inches in any dimension by hand.
30-4.03G  Compacting and Grading
67
Immediately after pulverizing and mixing, compact FDR–C to the minimum relative compaction. Do not allow more than 2 hours between final mixing of the pulverized material with cement and completion of compaction with vibratory steel drum rollers.
68
During grading and final compaction with vibratory steel drum rollers, add water to maintain the mixing moisture content as described in the mix design.
69. If profile and cross slope are not shown on the plans, the typical cross sections must specify "match existing" grades.
If the established grade will cause noncompliance with the thickness requirements, notify the Engineer.
30-4.03H  Finishing
70
The finished FDR–C surface must not vary more than 0.05 foot from the lower edge of a 12-foot straight edge laid in directions parallel and perpendicular to the centerline.
71
Immediately after compaction, apply water and roll with pneumatic-tired rollers or steel drum roller with no vibration. The finished surface must be free of ruts, bumps, indentations, segregation, raveling, and any loose material.
72
Keep the compacted surface damp by lightly watering until asphaltic emulsion is applied.
73
During the period from 48 to 72 hours after compaction, microcrack the surface by applying 3 single passes with a 12-ton vibratory steel drum roller at maximum amplitude travelling from 2 to 3 mph, regardless of whether asphaltic emulsion has been applied.
74
Apply a coat of diluted asphaltic emulsion to the finished surface when it is damp but free of standing water. The application rate of asphaltic emulsion must be from 0.13 to 0.25 gal/sq yd. Do not water after applying asphaltic emulsion.  Do not open to traffic without authorization.
75
While open to traffic and before placing HMA, maintain the FDR–C surface free of ruts, bumps, indentations, raveling, and segregation. Repair damaged FDR–C material with minor HMA.
76
Take cores to determine the finished FDR–C thickness before placing HMA.
77
If a core indicates FDR–C thickness is less than the specified thickness by more than 0.05 foot, core in the vicinity of the noncompliant core to determine the extent of the deficient thickness. Remove the FDR–C material deficient in thickness by cold planing to a depth of 0.2 foot below the finished FDR–C grade. Replace the planed FDR–C with the HMA specified for the project and compact under section 39-2.03.
78
Immediately before placing HMA, apply asphaltic emulsion at a rate from 0.03 to 0.05 percent residual binder content.
79
Do not place HMA until authorized.
30-4.04  PAYMENT
80
Full-depth reclamation–cement is measured by the constructed length and width of FDR–C.
81
If an increase or decrease in the specified cement content is ordered, payment for the increase or decrease in cement will be the cost of cement per ton, f.o.b. the cement mill including sales tax plus the freight cost per ton for delivery from the mill to the job site. In determining payment, any cash or trade discount offered or available regardless of whether it was taken by the purchaser will be credited to the Department.
82
Submit evidence of the cost of cement used for an ordered increase or decrease. Maintain records that allow a clear determination of the cement costs associated with the increase or decrease.
83
If your records show an excessive price for the increase or decrease of cement or you furnish inadequate evidence for the cost, the Engineer determines the price to be the lowest wholesale cost that the cement was available in the quantities delivered to the point of production, less any available discounts.
84
The quantity of cement subject to increased or decreased compensation will be the difference between the specified theoretical quantity of cement and the quantity of cement ordered.
85. Use if supplementary aggregate is used.
Supplementary aggregate is measured by weight under section 26.
86
Asphaltic emulsion is measured under section 94. Dilution water is measured either by weight or volume as specified for weighing, measuring, and metering devices under section 9-1.01 or you may use water meters from water districts, cities, or counties. For water measured by volume, a conversion factor must be applied to determine the correct weight.

