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Roller Compacted Concrete 



Use this section to specify requirements for roller compacted concrete (RCC).  In general, this section is developed primarily for RCC spillways and similar facilities, therefore significant modifications will be required for other structures such as RCC dams or other water retention facilities.  

The section specifies that the Contractor is responsible for the RCC mix design.  However since this approach will require significant lead time, and since the properties of RCC are not as predictable as for conventional concrete, the need to consider having the Minister provide the mix designs on a particular Contract, because of schedule or design requirements, should be reviewed with Alberta Transportation.  

This section is also based on the use of a formed RCC facing system, therefore revisions will be required if a different system is contemplated.

Edit this section as required to suit the Contract requirements.
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PART 1
GENERAL

1.1

REFERENCES

.1
Provide roller compacted concrete (RCC) in accordance with the following standards (latest revision) except where specified otherwise.

.2
American Society for Testing and Materials (ASTM).

.1
ASTM C94/C94M
Standard Specification for Ready-Mixed Concrete.

.2
ASTM C114
Standard Test Methods for Chemical Analysis of Hydraulic Cement.
.3
ASTM C171
Standard Specification for Sheet Materials for Curing Concrete.

.4
ASTM C295
Standard Guide for Petrographic Examination of Aggregates for Concrete.

.5
ASTM C494/C494M
Standard Specification for Chemical Admixtures for Concrete.

.6
ASTM C566
Standard Test Method for Total Evaporable Moisture Content of Aggregate by Drying.

.7
ASTM C1040
Standard Test Methods for Density of Unhardened and Hardened Concrete in Place by Nuclear Methods.

.8
ASTM D1557
Standard Test Method for Laboratory Compaction Characteristics of Soil Using Modified Effort.

.9
ASTM D2216
Standard Test Method for Laboratory Determination of Water (Moisture) Content of Soil and Rock by Mass (56,000 ft-lbf/ft3) (2,700 kN-m/m3).

.10
ASTM D3017
Standard Test Method for Water Content of Soil and Rock in Place by Nuclear Methods (Shallow Depth).

.11
ASTM D4791
Standard Test Method for Flat Particles, Elongated Particles, or Flat and Elongated Particles in Coarse Aggregate.

.3
Canadian Standards Association (CSA).

.1
CAN/CSA-A3000
Cementitious Materials Compendium.

.2
CAN/CSA-A23.1
Concrete Materials and Methods of Concrete Construction.

.3
CAN/CSA-A23.2
Methods of Test for Concrete.

1.2
SUBMITTALS

.1
Provide the following submittals.

.2
Cementitious Materials:

.1
Details of the source of cement and manufacturer’s recent test data including total alkali content expressed as Na2O equivalent, prior to constructing the test section.

.2
Details of the source of the fly ash and manufacturer’s recent test data including gradation, loss on ignition, specific gravity, SiO2, Al2O3, Fe2O3 contents, and total alkali content expressed as Na2O equivalent prior to constructing the test section.

.3
Mix Design by the Contractor:  RCC mix designs, including the results of the moisture density tests as specified in clause 1.3.3, immediately following satisfactory completion of the test section.  [Bedding mortar mix design including the results of compressive strength tests at least 15 days prior to its use.]  Have mix designs stamped by a specialist concrete materials engineer registered with the Association of Professional Engineers, Geologists and Geophysicists of Alberta.


.4
RCC Test Section:


.1
Test results for the proposed RCC mix design that will be used for constructing the test section at least 15 days prior to its use. Include proportions of all RCC mix ingredients, and the results of the moisture density and compressive strength tests.


.2
Test results for the RCC mix used to construct the test section after the test section has been completed.  Include proportions of all RCC mix ingredients, and the results of the moisture density tests after placement, and compressive strength tests.  

.5
Aggregates:

.1
The source of aggregates which will be used for the Works for the duration of the Contract within 30 days following the date of the Letter of Acceptance. 

.2
The results of the petrographic analysis, and the results of tests specified in clause 1.3.2 at least 30 days prior to delivering any aggregate to the Site.  
.3
The results of tests conducted during progress of the work within 24 hours after completion of the tests. 

.6
Batch Plant:

.1
A detail description of the RCC batch plant, including location, production capacity, aggregate feed equipment, water supply system, and pug mill mixers, at least 30 days prior to mobilizing the plant to the Site.

.2
Certification by a CSA certified materials engineering and testing company that the batch plant equipment has been calibrated and meets the requirements of CAN/CSA-A23.1 clause 18, at least 15 days prior to any RCC batching operation.

.3
Copy of batch records on a daily basis during batching operations.

.7
Hauling Equipment:

.1
A description of the equipment proposed for transporting the RCC mixture from the batch plant to the placing equipment at least 30 days prior to constructing the test section.

.8
Placing Equipment:

.1
A description of the equipment proposed for the laydown or placing of the RCC mixture, the method of control, and the manufacturer’s literature on the laydown machine (paver), at least 30 days prior to constructing the test section.  Include the manufacturer’s written instructions on adjustments and operating procedures necessary to produce a tight, smooth surface on the RCC.  

.9
Compaction Equipment:

.1
A description of the rollers proposed for use, at least 30 days prior to constructing the test section.  Include the manufacturer’s literature showing the frequency and amplitude of vibration, operating weight, drum dimensions, and kg/mm of the vibratory roller.  Include documentation certifying that the frequency and amplitude requirements have been tested and met, within 4 months of date of commencing placement of RCC at the Site. 

.10
RCC Placement:

.1
Details of the procedures for hot and cold weather placing at least 15 days prior to placement of RCC.

.2
A detailed plan of the proposed paving pattern at least 15 days prior to placement of RCC showing all planned construction joints, means to supply and control run-off of curing water, and protection methods to be used.

.3
A schedule of placement operations at least 15 days prior to commencing placement of RCC.  Update the schedule as required by the Minister.

.4
Delivery tickets at the area of placement as soon as the batch is delivered.
1.3
QUALITY CONTROL
.1
Quality Control Program


.1
Provide a quality control program to confirm that the specified requirements will be consistently attained through out the Work.  Incorporate the specified testing, and any additional testing or measures required by the Contractor.


.2
Provide experienced qualified supervisors to oversee quality control throughout the aggregate production, and batching, placement, compaction, curing, protection, and construction of RCC.

.2
Aggregate Tests by the Contractor:

.1
Perform a petrographic analysis by an experienced qualified petrographer conducted in accordance with ASTM C295 and indicate the acceptability of the aggregate for use in the RCC specified in the Contract Documents prior to commencing the test section.

.2
Perform tests of aggregates during production to confirm that the aggregates meet the specified requirements.

.3
Conduct a minimum of one of each of the following tests prior to constructing the test section.  Perform an additional set of each of the tests for every [5,000 m3] of RCC placed thereafter.


.1
Sieve analysis:  In accordance with CAN/CSA-A23.2–2A.


.2
Clay lumps:  In accordance with CAN/CSA-A23.2–3A.


.3
Low-density materials:  In accordance with CAN/CSA-A23.2–4A.


.4
Materials finer than 80 (m:  In accordance with CAN/CSA-A23.2–5A.


.5
Relative density and absorption of fine aggregate:  In accordance with CAN/CSA-A23.2–6A.


.6
Organic impurities in fine aggregate:  In accordance with CAN/CSA-A23.2–7A.


.7
Soundness:  In accordance with CAN/CSA-A23.2–9A.


.8
Relative density and absorption of coarse aggregate:  In accordance with CAN/CSA-A23.2–12A.


.9
Resistance of degradation by abrasion and impact:  In accordance with CAN/CSA-A23.2–16A and CAN/CSA-A23.2–17A.

.4
At the beginning of each shift, or as otherwise required by the Minister, perform moisture tests on the coarse and fine aggregate in accordance with CAN/CSA-A23.2–11 and ASTM C566.


.3
Mix Design and Testing by the Contractor:


.1
Engage an independent CSA certified materials engineering and testing company to select RCC mix proportions and conduct laboratory testing.


.2
Proportion the RCC mix in accordance with [ACI ______, CSA ____.]  Select proportions to provide the necessary placeability, density, strength, durability, and workability.  


.3
Conduct laboratory testing and construct the test section using mix ingredients obtained from the same source as proposed for the RCC production work.


.4
Conduct tests of the RCC mix design that is proposed for use in constructing the test section including proportions of all RCC mix ingredients, and the results of the moisture density and compressive strength tests.


.5
Conduct tests of the RCC mix that was used to construct the test section including proportions of all RCC mix ingredients, and the results of the moisture density and compressive strength tests.


.6
The Minister will authorize RCC production based on the results of the moisture density tests conducted on the RCC used in test section.  Notwithstanding the Minister’s authorization to proceed with RCC production, the Contractor is responsible for meeting all of the specified requirements.


.4
Test Section by the Contractor


.1
Construct a test section at least [30.0] m long by [4.0] m wide by placing and compacting [3], [300] mm thick lifts, at a location determined by the Minister, at least [10] days prior to the start of RCC production.  A minimum of [2] separate days will be required for the construction of the test section.


.2
Notify the Minister at least 5 days prior to starting construction of the test section.


.3
Involve key supervisory and operating personnel to be employed on the RCC production work in the construction of the test section.


.4
Use the same equipment, materials, and construction techniques as for the RCC production work.


.5
Demonstrate the proposed method of batching, mixing, hauling, placing, spreading, compacting, and curing of the RCC.  Additionally, demonstrate the rolling pattern, joint preparation, lift surface cleaning, and the forming of the downstream facing.


.6
Form the ends and sides of the test section and compact the RCC adjacent to the forms using the same methods as for the RCC production work.


.7
Prior to commencing the test section, calibrate the batch plant.  Perform uniformity tests on samples from the test section.


.8
Construct additional test sections if the initial test section does not produce RCC that meets the specified requirements.


.9
Provide [4], 150 mm diameter full depth cores of RCC from selected areas of each lift, 7 days after completion of the test section.

.5
Calibration Block


.1
During construction of the test section, fabricate a calibration block for the nuclear density gauge at the location authorized by the Minister.  The RCC block is to be 450 mm by 450 mm and at least 50 mm thicker than the specified lift thickness, and be compacted to at least 98% of the target density.  Alternatively, the Contractor may use structural concrete to fabricate the calibration block.  Measure and weigh the block to determine the actual density.  The block will be used to check the calibration of the nuclear density gauge.  Drill a hole in the block to a depth equivalent to the specified lift thickness to accommodate the nuclear gauge probe.

.6
Record the following information on the delivery tickets of each batch of RCC.  
.1
Slip serial number and date.

.2
Cement type and actual batch weights of each mix ingredient.

.3
Time of loading or first mixing of cement, fly ash, and aggregates.

.4
Time when the load arrived at the placement point.

.5
Time when the discharge of the load was started.

.6
Time when the discharge of load was completed.

.7
RCC temperature during placing.

1.4
QUALITY ASSURANCE

.1
Sampling and Testing by the Minister:

.1
Provide the Minister with access to aggregate source and stockpiles, batch plant, and placement locations for the purpose of sampling and inspecting materials.


.2
At the batch plant, provide suitable facilities including platforms, tools, and equipment to permit samples of materials to be readily obtained by the Minister from each of the batchers.  Temporarily stop batching to allow for sampling.

.2
Aggregate Tests by the Minister:

.1
The Minister may sample the aggregates.  Tests may include moisture content, absorption, grain size, organic content colour test, or other tests as required.

.2
The Minister will conduct inspections of aggregate stockpiles to check for segregation and contamination.  Reprocess or remove any material that, in the opinion of the Minister, is unacceptable.

.3
Density Tests by the Minister:

.1
Moisture density tests will be conducted on the initial mixed batches of RCC in accordance with ASTM D1557, and the maximum wet density of the concrete will be determined by the Minister.  The resulting maximum wet density will be used as the “target density.”  The “target density” will be checked on a regular basis during progress of the Work.

.2
Field density tests will be conducted in accordance with ASTM C1040, within 30 minutes after completion of vibratory rolling.  The moisture content will be determined in accordance with ASTM D3017.


.3
Three, full depth nuclear density gauge tests of the calibration block in the direct transmission mode will be performed by the Minister, and the results averaged.  The average nuclear density gauge reading will be compared with the measured unit weight of the block, and the difference used as a correction factor for all readings taken that day.

.4
Uniformity Tests by the Minister:


.1
Uniformity Requirements:

	Test
	Allowable Max. Difference
	Standard

	Water content (% by mass)
	15%
	ASTM D2216

	Coarse aggregate content (% by mass)
	15%
	ASTM C94/C94M

	Unit weight of air–free mortar (kg/m3)
	2%
	ASTM C94/C94M

	Air content
	100%
	CAN/CSA-A23.2–4C

	Wet density
	2%
	CAN/CSA-A23.2–6C



.2
Samples for the uniformity test will be taken from the placement area following spreading of the material.


.3
One uniformity test will consist of the results of testing 3 samples taken at intervals of every 15 m3 of RCC that has been produced. 


.4
The allowable maximum difference equals the maximum value minus the minimum value, divided by the average of the 3 tests.

.5
Compressive Strength Tests by the Minister:
.1
In conjunction with the density tests, compressive strength tests will be conducted on the initial mixed batches of RCC after placement.  Provide the Minister with a total of [        ], 150 mm diameter full depth cores of RCC from selected areas of the lift.  


.2
One RCC compressive strength test will consist of testing 2 cylinders at 28 days after placement.  

.3
RCC compressive strength test results will be evaluated in accordance with CSA-A23.1.

[.4]
Compressive strength testing of bedding mortar will be conducted in accordance with CSA-A23.2-1B.

.6
If RCC [or bedding mortar] placed in the Work fails to meet the specified requirements, the Minister may order that 1 or more of the following courses of action be carried out:

.1
The mix is redesigned. 
.2
Full depth cores are drilled, from the portions of the structure in question, and tested in accordance with CSA-A23.2–14C.

.3
Defective materials are removed and replaced.

.7
Temperature Measurements by the Minister:  By placing a thermometer in the RCC delivered to the placement area.

PART 2
PRODUCTS

2.1
MATERIALS

.1
Provide materials in accordance with the following.

.2
Cement:  Type 50, Sulphate Resistant Portland Cement, in accordance with CAN/CSA-A3000 with a total alkali content (as Na2O equivalent) less than 0.65%.  Provide cement from the same manufacturing source throughout the Contract for consistent quality and compatibility with all RCC materials.

.3
Fly Ash:  Class CI or F fly ash in accordance with CAN/CSA-A3000, with a total alkali content less than [3]% (Na2O equivalent) and an oxide (CaO) content less than [8]%.  Determine the total alkali content and water-soluble alkali content, expressed as Na2O equivalent, in accordance with ASTM C114.  Provide fly ash from the same manufacturing source throughout the Contract for consistent quality and compatibility with all RCC materials.

.4
Admixtures:

.1
From the same manufacturer for compatibility.  Provide liquid type admixtures.  Provide type WN water reducing agent when required.  

.2
Chemical admixtures:  In accordance with ASTM C494/C494M.

.3
Do not use calcium chloride or any admixture formulated with calcium chloride. 

.5
Water:  Clean and free from injurious amounts of oil, silt, soluble chlorides, organic matter, acids, alkalis, and other deleterious substances, and in accordance with CAN/CSA-A23.1.  Obtain permits as required to use water from natural sources.
.6
Fine Aggregates:

.1
In accordance with CAN/CSA‑A23.1, clause 5 and Table 6, consisting of clean, hard, dense, durable, uncoated rock fragments. 

.2
[With a plasticity index less than [5], and the following gradation: 

	Sieve Size
	Percent Passing by Mass

	10 mm
	100

	4.75 mm
	85-100

	1.25 mm
	45-65

	600 (m
	35-50

	150 (m
	10-25

	75 (m
	5-10]



[Gradation FA1 as specified in CAN/CSA-A23.1, Table 4.]  

.3
Fineness modulus to be between [       ] and [       ] and not more than +/-0.20 from the value used in the accepted mix design.

.7
Coarse Aggregates:

.1
In accordance with CAN/CSA-A23.1, clause 5 and Table 6 Class F–1 exposure conditions, consisting of natural gravel, crushed rock, or a combination of both, and be clean, hard, dense, durable, uncoated rock fragments. 

.2
Nominal size of [40-5] in accordance with CAN/CSA-A23.1, Table 5, Group 1.  [Blend the 40–20 material from Group II and the 20–5 material from Group I to achieve the specified gradation]. 

.3
At least 50% by mass of the aggregate portion larger than 10 mm to have 2 or more fractured faces.

.4
Wash coarse aggregates during processing and stockpile separately at the batch plant stockpile areas.  

2.2

MIXES


.1
Provide RCC in accordance with the following:


.1
Total cementitious content (cement and fly ash) of at least [180 kg/m3].   Minimum fly ash content, by mass of cementitious materials, of 25%.



.2
Minimum compressive strength of [28] MPa at 28 days.



.3
Maximum water/cementitious materials ratio of [         ].



.4
Maximum wet density:  In accordance with ASTM D1557.


[.2]
Bedding Mortar:  Sand/cement mortar with a minimum compressive strength of [30 MPa] at 28 days, and a slump between 180 mm and 230 mm.  Incorporate a water-reducing admixture and a retarding admixture as required.  


.3
Structural Concrete:  Refer to Section [           ] – Cast-in-Place Concrete.

[2.3]
[CONTRACTION JOINTS]

.1
[
].

PART 3
EXECUTION

3.1
AGGREGATE
.1
Stockpiling and Handling:
.1
Fine and coarse aggregates stockpiling operations are subject to inspection and authorization by the Minister.

.2
Strip topsoil and undesirable overburden material in the aggregate stockpile areas.  Where stripping fails to expose a suitable granular material for the stockpile base, grade the area to form a 2% slope, and place granular material to a thickness of 300 mm.  Provide surface drainage to prevent any accumulation of water in the area.

.3
Use stockpiling methods that minimize segregation, aggregate breakage, and contamination.

.4
To reduce segregation, separately stockpile coarse aggregates into several size fractions and batch these fractions separately.  Aggregates may be preblended in a separate aggregate feed system which discharges directly into the batch plant.

.5
Maintain a minimum separation distance of 10 m between stockpiles in order to prevent the intermixing of different aggregate sizes.  Provide additional measures as authorized by the Minister to prevent separation of fine aggregates due to wind, and to prevent contamination with blow dirt.

.6
Remove and transfer fine and coarse aggregates from the stockpiles to the batching or conveying equipment by front-end loader machines, power shovels, or similar equipment.  Provide a backup loading unit at the plant in the event of breakdown of the primary unit.  Do not use crawler or pneumatic–tired equipment for pushing coarse aggregate off the stockpiles to the conveying equipment.  

.7
Do not commence production and placement of RCC until at least 50% of the required fine and coarse aggregates have been stockpiled at the batch plant.

.2
Moisture Content:

.1
Provide adequate drainage time prior to transferring aggregates into the batch plant bins.

.2
Maintain the moisture content of the batched aggregates within a range of 1% during any 1 hour of continuous plant operation.  The maximum moisture content of aggregates delivered to the batch plant stockpiles cannot exceed 6% (based on saturated surface dry weights) for fine aggregates and 3% for coarse aggregates.

3.2
RCC PRODUCTION
.1
Provide a batch plant located on Site and no more than 15 minutes haul time from the placement area.  The plant may be either weigh-batch type or continuous type with a minimum capacity of [200 t/h].

.2
Provide separate weigh hoppers for cementitious material and aggregate.

.3
Provide plant storage facilities consisting of a minimum of 5 storage bins (1 cement, 1 fly ash, 1 fine aggregate, 2 coarse aggregate).  Provide bins with sufficient capacity to continuously supply the mixer operating at full capacity.  A single coarse aggregate bin is acceptable, provided that the aggregates are preblended in a separate aggregate feed system which discharges directly into the batch plant.  A single bin for both the cement and fly ash is acceptable, provided that the cement and fly ash are preblended at the cement plant, and mill test certificates certifying that the correct proportions are submitted.  Submit mill test certificates for each 100 tonnes of cementitious material produced, no later than 30 days after the batch plant has been mobilized to the Site.

.4
Verify that the accuracy of weigh scales conforms to the tolerances specified in CAN/CSA-A23.1.

.5
Provide for rapid adjustment for effecting changes in the RCC mix proportions and to compensate for variations in the amounts of moisture in the aggregates.

.6
Equip the fine aggregate bin with a moisture indicator, and make moisture adjustments based on the moisture indicator reading.

.7
Record and print the target weights and actual weights of all batched materials.

.8
Adjust coarse and fine aggregate batches for undersize and oversize aggregate within each aggregate class.

.9
Measure water by weight or by an in-line flow meter.  Provide a control valve for the water capable of gradual adjustment during the mixing process to compensate for varying moisture content in the aggregates, which is automatically controlled, and able to be closed if cement fly ash or aggregate does not enter the mixer at the required rate.

3.3
MIXING AND TRANSPORTING RCC
.1
Mixing:


.1
Provide a stationary mixer of the twin-shaft pug-mill type that is capable of producing a uniform mixture with a discharge hopper having a capacity of at least 1 m3.  Do not use drum mixers or transit mixers for mixing batches.


.2
Provide positive means for controlling and adjusting the mixing time, maintaining a constant time of mixing and maintaining constant speed of pug-mill shafts.


.3
The minimum mixing time for continuous mixing pug-mills or batch type pug‑mills is 10 seconds.


.4
Waste the initial 2 m3 of mix produced by a continuous mix pug-mill at the start of production or after a shutdown, unless the plant has the capability of simultaneously stopping and starting the flow of materials into the mixing chamber.

.5
Maintain the same flow of cement and fly ash from the silo to the feeder for all levels of material in each silo.


.6
Maintain the shaft speed of the pug-mill at the speed recommended by the manufacturer.


.7
Operate the pug-mills at or near their rated capacity.


.8
Do not extend the RCC mill above the tops of the paddles of the pug-mill mixer when the paddles are in the vertical position.


.9
Keep the mixer and mixer paddle surfaces free of hardened concrete and other contamination.


.10
Replace mixer paddles worn down by more than 10% of new paddles with the same type and manufacture.


.11
Proportion RCC discharged from the mixing plant within the following tolerances from the design mix settings.



Cement

+/-2%



Fly ash

+/-2%



Water


+/-3%



Aggregate

+/-3%



Admixture

+/-3%

.2
Uniformity Requirements:


.1
Provide pug-mill mixers capable of producing RCC that is thoroughly and uniformly mixed and of discharging the RCC to meet the specified uniformity requirements.


.2
If the mixing plant fails to satisfy the specified uniformity requirements, increase the mixing time or modify the plant.


.3
Do not resume RCC production until the specified uniformity requirements are achieved.


.3
Transporting:


.1
Provide delivery equipment compatible with the capacities of the mixing plant and the spreading and compaction equipment.


.2
Provide mobile belt conveyors, end dump haul vehicles with special drop control tailgates, or other equipment that can place the RCC mix without excessive segregation.


.3
Do not haul over freshly placed RCC, except as authorized by the Minister.


.4
Maintain haul vehicles free of deleterious materials including oil, grease, dry RCC, soil, and mud.  


.5
Do not drop RCC more than 1.8 m.


.6
Operate haul vehicles in a manner that precludes tight turns, sudden stops, or other procedures that can damage previously placed RCC.  

3.4

RCC TEMPERATURE

.1
The maximum permissible temperature of the RCC at the point of placement is 27°C, and the minimum permissible temperature is 10°C.  

.2
Pre-cooling measures may be required to achieve the maximum permissible RCC temperature and may include one or more of the following:



.1
Introduction of chilled water into the mix.



.2
Cooling coarse aggregate with chilled water using sprinklers or fog spray.



.3
Shading aggregate stockpiles and bins.



.4
Injecting the mix with liquid nitrogen or other authorized methods.


.5
Placing at night.

.3
Heat the mixing water and/or aggregates as required to produce RCC at the specified minimum temperature of 10°C.

3.5

HOT WEATHER REQUIREMENTS

.1
Suspend RCC placement when the temperature of the RCC measured at the point of placement exceeds 27°C or, if a combination of high ambient temperature, solar heating, and wind dries the uncompacted RCC, preventing proper placement and compaction.

.2
Take the following precautions during periods of hot weather when the maximum daily air temperature is forecast to exceed 25°C:


.1
Limit the time between placing succeeding lifts or exposure of a lift of RCC to a maximum of 45 minutes.


.2
Sprinkle the underlying subgrade material with water immediately before placing RCC.


.3
Keep the finished surfaces of newly laid RCC damp by applying a mist using spraying equipment authorized by the Minister.  


.4
Commence compaction once the spreading equipment is ahead of the compaction equipment by 10 m and no more than 20 m, and be complete within 30 minutes from the start of batching the RCC.

.3
If heat or wind results in excessive drying of the RCC, utilize additional measures such as wind screens, mist or fog sprays applied immediately behind the placed RCC. 

.4
If the hot weather precautions do not result in satisfactory placement conditions as determined by the Minister, suspend placement of the RCC. 

3.6

COLD TEMPERATURE REQUIREMENTS

.1
Discontinue placement of RCC when the ambient air temperature reaches 5°C and is falling, and do not resume until the ambient temperature reaches 2°C and is rising.

.2
Do not place RCC on any surface containing frost, frozen material, or with a surface temperature less than 2°C.

3.7

PLACING, SPREADING, AND COMPACTION

.1
Place RCC across the full width of the specified cross section, and in lifts not exceeding [300] mm in thickness, after compaction.

.2
Do not expose more than 2 lift surfaces at any one time.

.3
Place RCC using tracked dozers or pavers.

.4
Maintain lift grade control using laser controlled equipment, grade stakes, or other suitable survey methods.

.5
Place and spread RCC in unsegregated layers. 

.6
Do not operate tracked spreading equipment on compacted RCC surfaces.

.7
Maintain all equipment in good operating condition such that it does not leak oil, grease, or other fluids onto the RCC.

.8
Unless otherwise specified, begin compaction once the spreading equipment is ahead of the placing equipment by at least 10 m and no more than 20 m, and compaction is completed within 45 minutes from the start of batching.

.9
Compact the RCC using self-propelled, double steel drum vibratory rollers having an average mass per drum of at least 2.7 kg/mm of drum and a vibrating frequency of at least 1,500 cycles/minute.

.10
Provide a backup compactor at the placement area in the event of a breakdown of the primary unit.  

.11
Keep surfaces of all compaction drums/wheels clean at all times.

.12
Do not operate compaction equipment in the vibratory mode when stationary.

.13
Compact RCC adjacent to [exterior facings], or other areas that are inaccessible to the larger compaction equipment using small vibratory rollers or plate tampers with a minimum mass of 100 kg. 

.14
Do not operate the compaction equipment at speeds exceeding 2.5 km/h and do not displace the RCC.

.15
Provide a minimum of [4] passes of the specified compaction equipment for each lift where 1 pass means 1 trip across a point with both drums.

.16
Compact RCC lifts to a minimum of 98% of the target density, and to 96% of the target density adjacent to construction joints and formed surfaces (downstream vertical steps).

.17
Re-compact areas of incomplete compaction within the specified time limit.

.18
RCC lifts that have been compacted to less than 98% of the target density will be accepted provided that the moving average of 5 consecutive field density results are not less than 98% of the target density, with no individual test result less than 96% of the target density.

3.8

SURFACE PREPARATION

.1
Prior to placing RCC, clean existing RCC surfaces with compressed air/water to expose but not undercut the aggregate, and to remove laitance and any loose material or contaminants.

.2
Cure and protect lift surfaces as specified in clause 3.13.   Remove and replace surfaces that have dried.

[.3]
Provide and evenly spread a minimum 10 mm thick layer of bedding mortar on the lift surfaces [as specified in the Contract Documents].  Do not allow mortar to dry out.  Cover with the overlying lift of RCC within 45 minutes of placing the bedding mortar.  If the mortar has dried or suffers any degradation that can affect its strength properties, as determined by the Minister, remove the mortar, clean the lift surface, and reapply.

3.9

CONSTRUCTION JOINTS

.1
Provide construction joints at locations specified in the Contract Documents or where the placement of RCC has been suspended due to the end of a work period or for other reasons.

.2
In the areas of the construction joint, form a ramp of 3H:1V or flatter slope by passing over the end of the freshly placed RCC with the compactor. 

.3
Prepare the joint surfaces as specified in clause 3.8, prior to placing fresh RCC. 

3.10
[CONTRACTION JOINTS]

.1
Provide contraction joints at the locations specified in the Contract Documents.


.2
[
].

3.11
FACING FORMWORK

.1
Form the exterior faces of the RCC to provide a finished surface that is within +/-50 mm of the specified lines, slopes, grades, and elevations specified in the Contract Documents.   

.2
Provide and construct forms having sufficient stability and strength to withstand movement and pressures resulting from placement and compaction of the RCC.  Provide temporary bracing, anchors, and other support as required.

.3
Prior to commencing RCC placement, erect formwork including supports to provide uninterrupted placement of RCC.  

3.12
[DRAINPIPES]
.1
Install drainpipes in slots cut into the RCC to the lines, grades, slopes, and elevations specified in the Contract Documents.

.2
Anchor drain pipes to prevent floatation and displacement during encasement with [bedding mortar] [cast-in-place concrete].

.3
Completely fill under the haunches and around the drainpipe with [bedding mortar] [cast-in-place concrete] as specified in the Contract Documents.  

3.13
CURING AND PROTECTION

.1
Do not use membrane curing compounds or polyethylene type sheets for curing RCC. 

.2
Wet cure RCC lifts immediately after compaction has been completed, and keep continuously wet for a period of 7 consecutive days at a temperature above 5°C, or until immediately before placement of the subsequent lift begins.  Remove and replace RCC surfaces that were not wet cured as specified.

.3
Provide wet curing by a fine mist water spray sprinkler system and/or wet burlap or wet geotextile covering all surfaces of the RCC lift.

.4
Burlap or geotextile covering is to consist of 2 or more layers and be properly weighted to prevent displacement in the wind.  Thoroughly wet the coverings before placing, and keep continuously wet and in intimate contact with the surface and edges of the RCC during the entire curing period.

.5
Do not schedule or commence RCC placement during periods where the weather forecast includes a high probability of rain.  Provide adequate quantities of plastic sheeting and other materials on Site to protect RCC from the harmful effects of rain.

.6
If rainfall occurs or is forecast to occur, cover all RCC lifts that are less than 12 hours old with plastic sheeting in accordance with ASTM C171. 

.7
Immediately suspend RCC placement during heavy rains.  If intermittent light rainfall occurs during RCC placement, suspend placement when free water begins to accumulate on the compacted surface; contamination of the RCC, vehicles, and equipment with deleterious materials occurs; or if the rain is adversely affecting any aspect of the RCC quality in the opinion of the Minister. 

.8
Do not permit traffic or equipment on the RCC surface that causes any damage to the surface.

3.14

REPAIR OF RCC

.1
Remove and replace RCC that does not meet the specified requirements. 


.2
Examine RCC surfaces and clearly mark out defective areas to be repaired.  Obtain the Minister’s acceptance of the delineated areas prior to commencing the repairs.

.3
Do not use surface patching or coating procedures and materials to correct defective RCC areas. 

.4
Remove defective RCC by cutting holes the full lift thickness so that the sides are perpendicular and parallel to the joint pattern and the edges are vertical.  Fill the holes with structural concrete or RCC. 

.5
If the RCC surface has not been wet cured as specified or has surface damage, remove the affected RCC to a minimum depth of 150 mm, and replace with structural concrete or RCC.  Surface damage is any damage that would preclude adequate bonding to a subsequent lift of RCC as determined by the Minister.

.6
Following repairs, promptly initiate curing and protection measures.

3.15
ENVIRONMENTAL REQUIREMENTS
.1
Provide dust collecting devices on cement and fly ash silos.

.2
Contain all wastewater including that from washing hauling equipment, in settlement ponds.  Do not release any water from the settlement ponds until it meets the Regulatory Requirements authorities.
.3
Provide disposal bins at the Minister’s site laboratory for collecting waste concrete and other test materials.  Empty the bins when required by the Minister. 

.4
Place rejected RCC and waste materials from settling ponds in waste disposal areas on-Site as authorized by the Minister or off-Site waste disposal facilities.
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