


[bookmark: _Toc291518777]90-4  PRECAST CONCRETE
[bookmark: _Toc291518778]90-4.01  GENERAL
[bookmark: _Toc291518779]90-4.01A  Summary
Section 90-4 includes specifications for furnishing and curing PC concrete.
The specifications for shrinkage in section 90-1.02A do not apply.
[bookmark: _Toc291518780]90-4.01B  Definitions
Reserved
[bookmark: _Toc291518781]90-4.01C  Submittals
[bookmark: _Toc291518782]90-4.01C(1)  General
For reports and logs, type or clearly print the name next to the signature.
Submit expansion test data under section 90-4.02, if required.
90-4.01C(2)  Certificates of Compliance
Submit a certificate of compliance for the cementitious material used in PC concrete products that you purchase. The certificate must be signed by the PC concrete product manufacturer.
Submit a certificate of compliance for each PC concrete member. The certificate of compliance for tier 1 and tier 2 members must be signed by the QC manager. The certificate of compliance for tier 3 members must be signed by the QC Inspector.
[bookmark: _Toc288311356]90-4.01C(3)  Precast Concrete Quality Control Plan
Before performing any precasting activities, submit 3 copies of the project-specific QC plan for the PC plant. The project-specific QC plan must supplement the information from the authorized facility audit. Submit a separate QC plan for each plant. Allow 25 days for review.
Each project-specific QC plan must include:
1.	Name of the precasting plant, concrete plants, and any testing laboratory to be used.
2.	Manual prepared by the precasting plant that includes:
2.1.	Equipment description
2.2.	Testing procedures
2.3.	Safety plan
2.4.	Personnel names, qualifications, and copies of certifications
3.	QC manager and QC inspector names, qualifications, and copies of certifications.
4.	Organizational chart showing QC personnel and their assigned QC responsibilities.
5.	Methods and frequencies for performing QC procedures including inspections, material testing, and any survey performed for all components of PC concrete members. Components include prestressing, concrete, grout, reinforcement, steel, miscellaneous metal, and formwork.
6.	System for reporting noncompliant PC concrete members to the Engineer.
7.	System for identification and tracking repairs and repair methods.
8.	Procedure for the reinspection of repaired PC concrete members.
9.	Forms for certificates of compliance, daily production logs, and daily reports.

Submit a revised QC plan for any changes to:
1.	Concrete plants
2.	Material sources
3.	Material testing procedures
4.	Testing laboratory
5.	Procedures and equipment
6.	Updated systems for tracking and identifying PC concrete members
7.	QC personnel

After authorization, submit 7 copies of each authorized QC plan and make 1 copy available at each location where work is performed.
[bookmark: _Toc288311357]Allow 7 days for review of a revised QC plan.
90-4.01C(4)  Daily Production Log
The QC inspector must provide reports to the QC manager for each day that precasting activities are performed.
The QC manager must maintain a daily production log of PC activities for each day's precasting. PC activities include setting forms, placing reinforcement, setting prestressing steel, casting, curing, post tensioning, and form release. This daily log must be available at the precasting plant. The daily log must include:
1.	Plant location
2.	Specific description of casting or related activities
3.	Any problems or deficiencies discovered
4.	Any testing or repair work performed
5.	Names of QC inspectors and the specific QC inspections they performed that day
6.	Reports for that day's precasting activities from each QC inspector including before, during, and after precast inspections

Immediately notify the Engineer when any precasting problems or deficiencies are discovered, and submit the proposed repair or process changes necessary to correct them.
[bookmark: _Toc288311358]90-4.01C(5)  Precast Concrete Report
Before shipping, submit a PC concrete report. The report must include:
1.	Reports of all material tests and any survey checks
2.	Documentation that:
2.1.	You have evaluated all tests
2.2.	You corrected all rejected deficiencies
2.3.	Repairs have been reexamined with the required tests and found acceptable
3.	Daily production logs
4.	Certificates of compliance
5.	Documentation of inspections

Each person who performs a material test or survey check must sign the corresponding report and submit the report directly to the QC manager.
90-4.01D  Quality Control and Assurance
[bookmark: _Toc288311351]90-4.01D(1)  General
Quality control and assurance for PC concrete includes:
1.	Your QC program
2.	Department's acceptance of PC concrete members

PC concrete members are categorized into the following 4 tiers:
1.	Tier 1 consists of:
1.1.	Components of bridge structures, including girders, deck panels, bent caps, abutments, slabs, closure wall panels, and piling
1.2.	Prestressed pavement
2.	Tier 2 consists of:
2.1.	Components of earth retaining systems
2.2.	Wingwalls
2.3.	Types A, B, and C pipe culvert headwalls, endwalls, and wingwalls
2.4.	Pavement
2.5.	Box culverts
2.6.	Sound wall panels and supports
3.	Tier 3 consists of:
3.1.	Pipes
3.2.	Pipe drainage facilities
3.3.	Straight and "L" pipe culvert headwalls except those listed under tier 2
3.4.	Drainage Inlets
3.5. 	Flared end sections
4.	Tier 4 consists of any member not described as tier 1, tier 2, or tier 3

90-4.01D(2)  Quality Control
90-4.01D(2)(a)  General
For tier 1 and tier 2 PC concrete members:
1.	Fabricate PC concrete members at a plant on the Authorized Facility Audit List
2.	Assign a PC concrete QC manager to the plant
3.	Assign a QC inspector who is either registered as a civil engineer in the State or:
3.1.	For tier 1, has a Plant Quality Personnel Level II certification from the Precast/Prestressed Concrete Institute
3.2.	For tier 2, has a Plant Quality Personnel Level I certification from the Precast/Prestressed Concrete Institute
4.	Prepare a PC concrete QC plan
5.	Perform PC concrete materials testing
6.	Maintain a daily production log
7.	Prepare a PC concrete report
8.	Prepare a certificate of compliance

For tier 3 PC concrete members:
1.	Assign a QC inspector who has one of the following qualifications:
1.1.	Registration as a civil engineer in the State.
1.2.	Plant Quality Personnel, Level I certification from the Precast/Prestressed Concrete Institute.
1.3.	Competency to perform inspection of PC operations. An inspector is competent if the individual has completed training or has experience in PC operations and inspection.
2.	Prepare a certificate of compliance

For tier 4 PC concrete members, prepare a certificate of compliance.
For each ASTM test method specified in this section, the materials test requirement must comply with the requirements specified for the comparable test in section 90 unless otherwise specified.
If curing compound is used, provide Certificate of Compliance as specified in section 90-1.01C(5).

If PC concrete is manufactured at an established PC concrete plant, a trial batch and prequalification of the materials, mix proportions, mixing equipment, and procedures under section 90-1.01D(5)(b) are not required.
90-4.01D(2)(b)  Quality Control Meeting
After submitting the PC concrete QC plan, hold a meeting to discuss the requirements for PC concrete QC. The meeting attendees must include the Engineer, the PC concrete QC manager, and a representative from each plant performing PC concrete activities for the Contract.
90-4.01D(2)(c)  Sampling, Testing, and Inspecting
The QC laboratory testing personnel or the QC inspector must witness sampling. The QC laboratory testing personnel must perform testing.
QC laboratory testing personnel must have the following certifications, as applicable:
1.	ACI Strength Testing Technician
2.	ACI Concrete Laboratory Testing Technician Level 1
3.	ACI Aggregate Testing Technician Level 2

The QC Inspector must perform inspections before, during, and after casting is complete.
QC field testing and inspection personnel must have an ACI Concrete Field Testing Technician, Grade I certification.
For each mix design used for tier 1 and tier 2 PC concrete members, perform sampling and testing at the minimum frequencies shown in the following tables:
	Aggregate QC Tests

	Property
	Test method
	Minimum testing frequency

	Aggregate gradation
	ASTM C136
	Once per 400 cu yd of concrete cast or once a week, whichever is more frequent

	Sand equivalent
	ASTM D2419
	

	Percent fines under 75 micronsa
	ASTM C117
	

	Moisture content of aggregate

	ASTM C566, or electronically actuated moisture meterb
	1–2 times per each day of pour,
depending on conditions

	aPercent fines under 75 microns test replaces the cleanness test in section 90-1.02C with the requirements of 1.5 percent maximum for "Operating Range" and 2.0 percent maximum for "Contract Compliance." The 5th paragraph of section 90-1.02C(2) does not apply.
bElectronically actuated moisture meter must be calibrated once per week per ASTM C566.
 



	Concrete QC Tests

	Property
	Test method
	Minimum testing frequency

	Compressive strengthb
	ASTM C172/C172M,
ASTM C31/C31M, and
ASTM C39/C39M
	Once per 100 cu yd of concrete cast, or every day of casting, whichever is more frequent

	Slump
	ASTM C143/C143M

	

	Temperature
	ASTM C1064/C1064M
	

	Density
	ASTM C138
	Once per 600 cu yd of concrete cast or each week of batching, whichever is more frequent

	Air content
	ASTM C231/C231M or ASTM C173/C173Ma
	If concrete is air entrained, once for each set of cylinders, and when conditions warrant

	aASTM C173/C173M must be used for lightweight concrete.
bCylinders must be 6 by 12 inches.



If concrete is batched at more than 1 plant, perform the tests at each plant.
Cylinders for determining time of prestressing loading must be cured in the same manner as the concrete in the member. Cylinders for determining compliance with 28-day strength requirements must be cured in the same manner as the member until completion of the steam curing process and then transferred to a water bath or moist room at 60 degrees F to 80 degrees F until tested.
For PC concrete that is steam cured, concrete designated by compressive strength is acceptable if its compressive strength reaches the described 28-day compressive strength in no more than the maximum number of days specified or allowed after the concrete is cast.
90-4.01D(3)  Quality Assurance
For PC concrete that is steam cured, the Engineer evaluates the compressive strength based on individual tests representing specific portions of production.

[bookmark: _Toc291518783]90-4.02  MATERIALS
You may use Type III portland cement in PC concrete.
[bookmark: _GoBack]PC portland cement based repair material must be on the Authorized Material List. 
Water for PC concrete may be municipally supplied potable water. The Engineer may require testing if quality or appearance of water becomes questionable.
The specifications for SCM content in section 90-1.02B(3) do not apply to PC concrete.
For PC concrete, the SCM content must comply with one of the following:
1.	Any combination of portland cement and SCM satisfying the following equation:

Equation 1:

[(25 x UF) + (12 x FA) + (10 x FB) + (6 x SL)]/TCX

where:
UF = silica fume, metakaolin, or UFFA, including the quantity in blended cement, lb/cu yd
FA = natural pozzolan or fly ash complying with AASHTO M 295, Class F or N, with a CaO content of up to 10 percent, including the quantity in blended cement, lb/cu yd
FB = natural pozzolan or fly ash complying with AASHTO M 295, Class F or N, with a CaO content of greater than 10 percent and up to 15 percent, including the quantity in blended cement, lb/cu yd
SL = GGBFS, including the quantity in blended cement, lb/cu yd
TC = total quantity of cementitious material, lb/cu yd
X = 0.0 for innocuous aggregate, 3.0 for all other aggregate

2.	15 percent Class F fly ash with at least 48 oz of LiNO3 solution added per 100 lb of portland cement. The CaO content of the fly ash must not exceed 15 percent.
3.	Any combination of SCM and portland cement for which the expansion of cementitious material and aggregate does not exceed 0.10 percent when tested under ASTM C 1567. Submit test data with each mix design. Test data authorized by the Department no more than 3 years before the 1st day of the Contract is authorized for the entire Contract. The test data must be for the same concrete mix and must use the same materials and material sources to be used on the Contract.

[bookmark: _Toc291518784]90-4.03  CONSTRUCTION
Cure PC concrete using steam curing or any of the methods specified in section 90-1.03B. Cure for the minimum time specified for each method or until the concrete reaches its design strength, whichever is less.
Dimension tolerances for PC concrete members must comply with the tolerances specified by the Precast Concrete Institute Tolerance Manual.

Steam curing must comply with the following:
1.	After placing the concrete, hold it for a 4-hour minimum presteaming period. If the ambient air temperature is below 50 degrees F, apply steam during the presteaming period to hold the air surrounding the concrete at a temperature of from 50 to 90 degrees F.
2.	To prevent moisture loss on the exposed surfaces during the presteaming period, cover the concrete as soon as possible after casting or keep the exposed surfaces wet by fog spray, curing compound or wet blankets.
3.	Enclosures for steam curing must allow free circulation of steam around the concrete and must be constructed to contain the live steam with a minimum moisture loss. The use of tarpaulins or similar flexible covers is allowed if they are kept in good repair and secured in such a way that prevents the loss of steam and moisture.
4.	Steam at the jets must be at low pressure and in a saturated condition. Steam jets must not impinge directly on the concrete, test cylinders, or forms. During application of the steam, the temperature rise within the enclosure must not exceed 40 degrees F per hour. The curing temperature throughout the enclosure must not exceed 150 degrees F and must be maintained at a constant level for the time necessary to develop the required transfer strength. Cover control cylinders to prevent moisture loss and place them in a location where the temperature is representative of the average enclosure temperature.
5.	Use a minimum of 1 temperature recording device per 200 feet of continuous bed length for checking the temperature. Temperature recording devices must provide an accurate, continuous, permanent record of the curing temperature.
6.	Detension the concrete in pretension beds immediately after the steam curing is completed while the concrete and forms are still warm, or maintain the temperature under the enclosure above 60 degrees F until the stress is transferred to the concrete.
7.	Curing is complete at the end of the steam curing cycle.

[bookmark: _Toc291518785]90-4.04  PAYMENT
Not Used



