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Use for approach slab and joint seal assembly replacements, and minor bridge deck repairs.

8-2.__  RAPID STRENGTH CONCRETE FOR STRUCTURES

GENERAL

Summary

This section includes specifications for rapid strength concrete (RSC) for structures.  You may only use RSC when specified elsewhere in these special provisions.

2

Definitions

Opening age:  The age at which the concrete will achieve the specified strength for opening to public or construction traffic.

3

Submittals

Mix Design

Submit the RSC mix design at least 10 days before use.  If a trial slab is required, submit the RSC mix design at least 10 days before constructing the trial slab.  Include the following in the submittal:

1.
Compressive strength test results for prequalification of RSC at age of break, at 3 days, and at 28 days

2.
Opening age

3.
Proposed aggregate grading

4.
Mix proportions of cementitious material, aggregate, and water

5.
Types and amounts of chemical admixtures, if used

6.
Range of ambient temperatures over which the mix design will achieve the required minimum compressive strength

7.
Source of materials

4

Volumetric Proportioning

When using volumetric proportioning, submit the following:

1.
Aggregate moisture test results

2.
Log of production data

5

Certificate of Compliance

Submit a Certificate of Compliance under Section 6-1.07, "Certificates of Compliance," of the Standard Specifications with each delivery of aggregate, cementitious material, and admixtures used for calibration tests.  Include certified copies of the weight of each delivery.

6

The Certificate of Compliance must state that the source of materials used for the calibration tests is from the same source as to be used for the planned work.  The Certificate of Compliance must be signed by an authorized representative.

7

Quality Control and Assurance

Prequalification of RSC

Prequalification of a RSC mix design includes determining the opening age and achieving the minimum specified 28-day compressive strength.

8

Prequalify RSC under the specifications for prequalification of concrete specified by compressive strength in Section 90-9.01, "General," of the Standard Specifications.  Determine the opening age as follows:

1.
Fabricate at least 5 test cylinders to be used to determine the age of break.

2.
Immediately after fabrication of the 5 test cylinders, store the cylinders in a temperature medium of 70 ± 3 °F until the cylinders are tested.

8.3.  Use 8.3 MPa for approach slabs.  Increase compressive strength as recommended by the designer for other portions of structures.  Edit if RSC is allowed on both approach slabs and other portions of structures.

3.
Determine the age of break to achieve an average strength of the 5 test cylinders of not less than 8.3 MPa.  Not more than 2 test cylinders shall have a strength of less than 7.9 MPa.

4.
The opening age is the age of break plus 1 hour.

9

Weighmaster Certifications

Weighmaster certificates for RSC, regardless of the proportioning method used, must include all information necessary to trace the manufacturer and manufacturer's lot number for the cement being used.  When proportioned into fabric containers, the weighmaster certificates for the cement must contain the date of proportioning, location of proportioning, and actual net draft weight of the cement.  When proportioned at the job site from a storage silo, the weighmaster certificates must contain the date of proportioning, location of proportioning, and the net draft weight of the cement used in the load.

10

MATERIALS

General

RSC must comply with one of the following:

1.
Concrete made with portland cement concrete and a nonchloride Type C chemical admixture.  The concrete must comply with Section 90, "Portland Cement Concrete," of the Standard Specifications, except that Type III cement may be used.

2.
Concrete made with a proprietary cementitious material.  The concrete must comply with Section 90, "Portland Cement Concrete," of the Standard Specifications, except that:

2.1.
Cementitious material shall meet the definition of hydraulic cement in ASTM C 219, and the following:

	Proprietary Cementitious Material

	Test Description
	Test Method
	Requirement

	Contraction in Air
	California Test 527, w/c ratio = 0.39±0.010
	0.053%, max.

	Mortar Expansion in Water
	ASTM C 1038
	0.04%, max.

	Soluble Chloride*
	California Test 422
	0.05%, max.

	Soluble Sulfate*
	California Test 417
	0.30%, max.

	Thermal Stability
	California Test 553
	90%, min.

	Compressive Strength @ 3 days
	ASTM C 109
	17.2 MPa

	*Test is to be done on a cube specimen fabricated in conformance with the requirements in ASTM C 109, cured at least 14 days, and then pulverized so that 100% passes the No. 50 sieve.


2.2.
Citric acid or borax may be used if requested in writing by the cement manufacturer and a sample is submitted to the Engineer.  Chemical admixtures, if used, shall be included when testing for requirements listed in the table above.

11

RSC must have a minimum 28-day compressive strength of 25 MPa, except that RSC placed in bridge decks must have a minimum 28-day compressive strength of 31 MPa and must comply with the shrinkage limitations as specified for bridge deck concrete in Section 90-1.01, "Description," of the Standard Specifications.

12

Supplementary cementitious material is not required.

13

Penetration requirements of Section 90-6.06, "Amount of Water and Penetration," of the Standard Specifications do not apply.

14

CONSTRUCTION

General

RSC may be proportioned and placed by a volumetric mixer.

15

Volumetric Proportioning

RSC proportioned by a volumetric mixer must comply with the requirements specified herein.

Paras 16 thru 42 from SSP 40-020

16

Proportion liquid admixtures under Section 90-4.10, "Proportioning and Dispensing Liquid Admixtures," of the Standard Specifications, except proportion liquid admixtures with a meter.

17

Batch-mixer trucks must proportion cement, water, aggregate, and additives by volume.  Aggregate feeders must be connected directly to the drive on the cement vane feeder.  The cement feed rate must be tied directly to the feed rate for the aggregate and other ingredients.  Only change the ratio of cement to aggregate by changing the gate opening for the aggregate feed.  The drive shaft of the aggregate feeder must have a revolution counter reading to the nearest full or partial revolution of the aggregate delivery belt.

18

Proportion aggregate with a belt feeder operated with an adjustable cutoff gate delineated to the nearest quarter increment.  The gate opening height must be readily determinable.  Proportion cement by any method that complies with the accuracy tolerance specifications.  Proportion water with a meter under Section 9-1.01, "Measurement of Quantities," of the Standard Specifications.

19

Calibrate the cutoff gate for each batch-mixer truck used and for each aggregate source.  Calibrate batch-mixer trucks at 3 different aggregate gate settings that are commensurate with production needs.  Perform at least 2 calibration runs for each aggregate gate.

20

Individual aggregate delivery rate check-runs must not deviate more than 1.0 percent from the mathematical average of all runs for the same gate and aggregate type.  Each test run must be at least 500 kilograms.

21

At the time of batching, dry and drain aggregates to a stable moisture content.  Do not proportion aggregates with visible separation of water from the aggregate during proportioning.  At the time of batching, the free moisture content of fine aggregate must not exceed 8 percent of its saturated, surface-dry weight.

22

If the proportioning plant has separate supplies of the same size group of aggregate with different moisture content, specific gravity, or surface characteristics affecting workability, exhaust 1 supply before using another supply.

23

Cover rotating and reciprocating equipment on batch-mixer trucks with metal guards.

24

Individual cement delivery rate check-runs must not deviate more than 1.0 percent of the mathematical average of 3 runs of at least 500 kg each.

25

When the water meter operates between 50 percent and 100 percent of production capacity, the indicated mass of water delivered must not differ from the actual mass delivered by more than 1.5 percent for each of 2 runs of 285 liters.  Calibrate the water meter under California Test 109.  The water meter must be equipped with a resettable totalizer and display the operating rate.

26

Conduct calibration tests for aggregate, cement, and water proportioning devices with a platform scale located at the calibration site.  Platform scales for weighing test-run calibration material must have a maximum capacity of 2.5 tonnes with maximum graduations of 0.5 kg.  Error test the platform scale within 8 hours of calibrating the batch-mixer truck proportioning devices.  Perform error-testing with test weights under California Test 109.  Furnish a witness scale that is within 2 graduations of the test weight load.  The witness scale must be available for use at the production site throughout the production period.  Equipment needed for the calibration of proportioning systems must remain available at the production site throughout the production period.

27

The batch-mixer truck must be equipped so that accuracy checks can be made.  Recalibrate proportioning devices every 30 days after production begins or when you change the source or type of any ingredient.

28

A spot calibration is calibration of the cement proportioning system only.  Perform a 2-run spot calibration each time 50 tonnes of cement passes through the batch-mixer truck.  If the spot calibration shows the cement proportioning system does not comply with the specifications, complete a full calibration of the cement proportioning system before you resume production.

29

Locate cement storage immediately before the cement feeder.  Equip the system with a device that automatically shuts down power to the cement feeder and aggregate belt feeder when the cement storage level is less than 20 percent of the total volume.

30

Determine aggregate moisture under California Test 223 at least every 2 hours during proportioning and mixing operations.  Record aggregate moisture determinations and submit them at the end of each production shift.

31

Equip each aggregate bin with a device that automatically shuts down the power to the cement feeder and the aggregate belt feeder when the aggregate discharge rate is less than 95 percent of the scheduled discharge rate.

32

Proportioning device indicators must be in working order before beginning proportioning and mixing operations and must be visible when standing near the batch-mixer truck.

33

Identifying numbers of batch-mixer trucks must be at least 75 mm in height, and be located on the front and rear of the vehicle.

34

Mix volumetric proportioned RSC in a mechanically operated mixer.  You may use auger-type mixers.  Operate mixers uniformly at the mixing speed recommended by the manufacturer.  Do not use mixers that have an accumulation of hard concrete or mortar.

35

Do not mix more material than will permit complete mixing.  Reduce the volume of material in the mixer if complete mixing is not achieved.  Continue mixing until a homogeneous mixture is produced at discharge.  Do not add water to the RSC after discharge.

36

Do not use equipment with components made of aluminum or magnesium alloys that may have contact with plastic concrete during mixing or transporting of RSC.

37

The Engineer determines uniformity of concrete mixtures by differences in penetration measurements made under California Test 533.  Differences in penetration are determined by comparing penetration tests on 2 samples of mixed concrete from the same batch or truck mixer load.  The differences must not exceed 15 mm.  Submit samples of freshly mixed concrete.  Sampling facilities must be safe, accessible, clean, and produce a sample that is representative of production.  Sampling devices and sampling methods must comply with California Test 125.

38

Do not use ice to cool RSC directly.  If ice is used to cool water used in the mix, it must be melted before entering the mixer.

39

Proportion and charge cement into a mixer so that there are no losses of cement due to wind or accumulation on equipment, or other conditions that may vary the required quantity of cement.

40

Each mixer must have metal plates that provide the following information:

1.
Designed usage

2.
Manufacturer's guaranteed mixed concrete volumetric capacity

3.
Rotation speed

41

The device controlling the proportioning of cement, aggregate, and water must produce production data.  The production data must be captured at 15-minute intervals throughout daily production.  Each capture of production data represents production activity at that time and is not a summation of data.  The amount of material represented by each production capture is the amount produced in the period from 7.5 minutes before to 7.5 minutes after the capture time.  Submit the daily production data in electronic or printed media at the end of each production shift.  Report the data including data titles in the following order:

1.
Mass of cement per revolution count

2.
Mass of each aggregate size per revolution count

3.
Gate openings for each used aggregate size

4.
Mass of water added to the concrete per revolution count

5.
Moisture content of each used aggregate size

6.
Individual volume of other admixtures per revolution count

7.
Time of day

8.
Day of week

9.
Production start and stop times

10.
Batch-mixer truck identification

11.
Name of supplier

12.
Specific type of concrete being produced

13.
Source of the individual aggregate sizes

14.
Source, brand, and type of cement

15.
Source, brand and type of individual admixtures

16.
Name and signature of operator

42

You may input production data by hand into a pre-printed form or it may be captured and printed by the proportioning device.  Present electronic media containing recorded production data in a tab delimited format on a CD or DVD.  Each capture of production data must be followed by a line-feed carriage-return with sufficient fields for the specified data.

Curing Concrete

43

For RSC made with a proprietary cement, the curing method must be as recommended by the manufacturer of the cement and as approved by the Engineer.

44

For RSC made using portland cement concrete, you must:

1.
Cure the concrete using the curing compound method under Section 90-7.03, "Curing Structures," of the Standard Specifications.  Fogging of the surface with water after the curing compound has been applied will not be required.

2.
Repair immediately any damage to the film of the curing compound with additional compound.  Do not repair damage to the curing compound after the concrete is opened to public traffic.

3.
Cover the surface with an insulating layer or blanket when the ambient temperature is below 18 °C during the curing period.  The insulation layer or blanket shall have an R-value rating given in the table below.  A heating tent may be used in lieu of or in combination with the insulating layer or blanket:

	R-Value Ratings

	Temperature Range During Curing Period
	R-value, minimum

	13 °C to 18 °C
	1

	7 °C to 13 °C
	2

	4 °C to 7 °C
	3


45.  Use 8.3 MPa for approach slabs.  Increase compressive strength as recommended by the designer for other portions of structures.  Edit if RSC is allowed on both approach slabs and other portions of structures

If compressive strength tests are performed in the field showing that the concrete has achieved 8.3 MPa, you may open the lane to traffic at the age of break.  Perform the compressive strength tests under the provisions for sampling and testing cylinders in Section 90-9.01, "General," of the Standard Specifications.  The decision to use this option must be made in writing to the Engineer before beginning construction.

