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Cast-in-Place Concrete [Major Projects]



Use this section to specify requirements for cast-in-place concrete for major Contracts where a significant quantity of concrete is required.

Within this section, specification items that refer to sections, clauses, tables, figures or tests from CAN/CSA-A23.1/A23.2 are based on the September 2000 edition.  Therefore the applicability of these references should be reviewed and confirmed if a later revision of the CAN/CSA-A23.1/A23.2 has been published.

Edit this section to suit the Contract requirements.

For smaller projects, consider using Section 03305 – Cast-in-Place Concrete.
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PART 1
GENERAL

1.1
FORMS

.1
The following form is appended hereto and forms part of this section.



Number
Title



03300.01
Concrete Pour Release Form

1.2
REFERENCES
.1
Provide cast-in-place concrete work in accordance with the following standards (latest revision) except where specified otherwise.

.2
American Concrete Institute (ACI).

.1
ACI 211.1
Standard Practice for Selecting Proportions for Normal, Heavyweight, and Mass Concrete.
.2
ACI 304R
Guide for Measuring, Mixing, Transporting, and Placing Concrete.

.3
American Society for Testing and Materials (ASTM).

.1
ASTM C260
Standard Specification for Air-Entraining Admixtures for Concrete.

.2
ASTM C295
Standard Guide for Petrographic Examination of Aggregates for Concrete.

.3
ASTM C309
Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete.

.4
ASTM C494/C494M
Standard Specification for Chemical Admixtures for Concrete.

.4
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.
.4
CSA-A23.3
Design of Concrete Structures. 
1.3
SUBMITTALS


.1
Provide the following submittals.

.2
Cementitious Materials:

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

.2
Details of the source of fly ash and the 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 the trial mix program.

.3
Mix Design by the Contractor:  Mix designs including the results of the trial mix program as specified in clause 1.4.3, at least 10 days prior to placement of concrete.  Have mix designs stamped by a specialist concrete materials engineer registered with the Association of Professional Engineers, Geologists and Geophysicists of Alberta.

.4
Aggregates:

.1
The source of concrete aggregates which will be used for the Work 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 1.4.1 prior to commencing the trial mix program and delivering any aggregate to the Site.  Results of tests conducted during progress of the work within 24 hours after completion of the tests. 

.5
Batch Plant:

.1
A detailed description of the proposed batch plant including location, equipment and layout, production capacity, measures for pre-cooling concrete, delivery equipment, and water supply system 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, Section 18, at least 15 days prior to any concrete batching operations. 

.3
Computerized batch records including the mass or volume of each material batched per cycle upon completion of concrete placement for each pour, or upon request by the Minister.

.6
Concrete Placement:
.1
Details of procedures and equipment for hot and cold weather concreting at least 15 days prior to concrete placement.

.2
Shop Drawings of hoarding structures for “Record Purposes Only” at least 15 days prior to undertaking such work.  Where required by Regulatory Requirements, have the hoarding structure design Shop Drawings stamped by a Professional Engineer registered with the Association of Professional Engineers, Geologists and Geophysicists of Alberta.

.3
A concrete placing schedule at least 15 days prior to concrete placement.  Update the schedule as required by the Minister during the project.

.4
Delivery tickets at the point of placement as soon as the batch is delivered.

.7
Concrete Finishing and Repairs:

.1
A detailed description of the proposed equipment and procedure for placing, consolidating, and finishing concrete at least 15 days prior to concrete placement.

.2
A detailed description of the proposed procedure and materials for repairing defects in the concrete at least 48 hours prior to undertaking repairs.

.8
Concrete Pour Release Forms:  Completed concrete pour release forms at least 24 hours prior to ordering concrete.

1.4
QUALITY CONTROL
.1
Quality Control Program


.1
Provide a quality control program to confirm that the specified requirements will be consistently attained throughout 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 and protection, and repair of concrete.

.2
Aggregate Tests by the Contractor:

.1
Perform a petrographic analysis by an experienced qualified petrographer in accordance with ASTM C295, and indicate the acceptability of the aggregate for use in concrete specified in the Contract Documents based on Figure 1 of CAN/CSA-A23.2–27A, prior to commencing the trial mix program.

.2
Test the concrete aggregates during production to confirm that it meets the specified requirements.

.3
Conduct a minimum of 1 of each of the following tests prior to the trial mix program.

.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 material:  In accordance with CAN/CSA-A23.2–4A.

.4
Material 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 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 to degradation by abrasion and impact:  In accordance with CAN/CSA-A23.2–16A and CAN/CSA-A23.2–17A.

.3
Mix Designs and Testing by the Contractor:

.1
Engage an independent CSA certified materials engineering and testing company to select concrete mix proportions and conduct a trial mix program using the batch plant that will be used for concrete production for the Work.
.2
Proportion concrete mixes in accordance with ACI 211.1.  Select proportions to provide the necessary placeability, density, strength, durability, and workability, and to limit the heat generated during hydration.  Do not allow the total alkali content of concrete, determined by multiplying the cement content of the concrete mix expressed as kg/m3 by the total alkali content of the cement, and from admixtures to exceed [3] kg/m3.
.3
Where placement by pumping is permitted by the Contract Documents, obtain a pumpable concrete mix by using the appropriate gradations of fine and coarse aggregates, admixtures, and properly sized pumping equipment rather than by increasing the volume of fine aggregate as compared to an equivalent non–pumped mix proportioned in accordance with ACI 211.1. 

.4
Conduct a trial mix program for each class of concrete using a range of ingredient proportions.  Obtain cement, fly ash, admixtures, and aggregates for the trial mixes from the same source that will be used for concrete production for the Work.

.5
Conduct tests on the trial mixes to verify that the admixtures are compatible with all mix ingredients.

.6
Conduct tests on the proposed mix design including those required to determine the proportions of ingredients, slump, unit mass, yield, air content, 7–day and 28–day compressive strengths, workability, and the calculated adiabatic temperature rise.  [After the 28–day compressive strength test, provide a plot of the compressive strength versus log time including the projected 90–day strength.]  

.7
The Minister will authorize concrete production based on the results of satisfactory compressive strength test plots.  Notwithstanding the Minister’s authorization to proceed with concrete production, the Contractor is responsible for meeting all of the specified requirements.

.4
Complete Concrete Pour Release Forms specified in clause 1.1 for review by the Minister.  Obtain the Minister’s authorization to proceed prior to ordering concrete.

.5
Record the following information on the delivery tickets of each batch of concrete from the batching plant.  

.1
Slip serial number and date.

.2
Class of concrete.

.3
Specified 28–day [or 90–day strength].
.4
Type of cement and a list of all admixtures.
.5
Time of loading or first mixing of cement, fly ash, and aggregate.
.6
Time the load arrived at the placement point.

.7
Time the discharge of load was started.

.8
Time the discharge of load was completed.
.9
Concrete temperature during placing.


[.6]
Have a technical representative from the curing compound manufacturer on-Site to demonstrate the concrete surface requirements and application techniques.  Advise the Minister at least 24 hours prior to the demonstration.

1.5
QUALITY ASSURANCE
.1
Sampling by the Minister


.1
Provide the Minister with access to aggregate source, stockpiles, and batch plant 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.


.3
The Minister will sample plastic concrete in accordance with CAN/CSA-A23.2-1C.  Wet sieving will be used where concrete contains aggregate sizes larger than appropriate for the size of moulds or testing apparatus.

.2
Compressive Strength Tests by the Minister:

.1
Compressive strength test cylinders will be nominal 150 mm diameter by 300 mm or as otherwise required by the Minister.  Plastic concrete for casting test cylinders will be obtained at the point of placement.

.2
One compressive strength test will consist of testing [6] cylinders of which 2 will be tested at 7 days, 2 at 28 days, [and 2 at 90 days].  Not less than 1 strength test will be made for each 40 m3, or portion thereof, of each class of concrete placed in any given day.

.3
Specified concrete compressive strength will be based on 28–day strengths [for Class    ] [and 90–day strengths for Class   ] concrete.  Test results will be evaluated in accordance with CAN/CSA-A23.1.

.4
If concrete placed in the Work fails to meet any of the requirements set out herein, the Minister may order that 1 or more of the following courses of action be carried out:

.1
The mix that failed is redesigned, and other mix designs are reviewed. 
.2
Cores are drilled from the portions of the structure in question and tested in accordance with CAN/CSA-A23.2–14C.

.3
The structure or structural elements in question are load tested in accordance with CSA-A23.3.

.4
In-place strength tests are conducted using non-destructive methods.

.5
Defective concrete is removed and replaced.

.5
When the results of 7–day strength tests for concrete placed in the Work indicate that the compressive strength may fall below the specified strength, the Minister may require that changes be made in the mix proportions.

.3
Other Concrete and Aggregate Tests by the Minster:

.1
Air Content Tests:  Prior to concrete placement, in accordance with either CAN/CSA-A23.2–4C or A23.2–7C, for the initial batches of each class of concrete until consistent results meeting the specified requirements are obtained, and whenever strength test cylinders are taken.  The samples will be taken at the point of placement.

.2
Slump Tests:  Prior to concrete placement, in accordance with CAN/CSA-A23.2–5C, for the initial batches of each class of concrete until consistent results meeting the specified requirements are obtained, and whenever a strength test or air content test is taken.  The samples will be taken at the point of placement.

.3
Concrete Temperature Measurements:  By placing a thermometer in the concrete after sampling at the point of placement. 


.4
Aggregate Tests:  Regular inspections of aggregate stockpiles to check for segregation and contamination.  Reprocess or remove any material that, in the opinion of the Minister, is unsuitable. 

PART 2
PRODUCTS

2.1
MATERIALS

.1
Provide materials in accordance with the following.

.2
Cement: [Type 10, Normal Portland Cement] [Type 50, Sulphate Resistant Portland Cement], in accordance with CAN/CSA-A3000, with a total alkali content less than 0.65% (Na2O equivalent).  Provide cement from 1 manufacturing source throughout the Contract for consistent quality and compatibility with all concrete 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]%.   Provide fly ash from the same source throughout the Contract for consistent quality and compatibility with all concrete materials.

.4
Admixtures:

.1
From the same manufacturer for compatibility between air–entraining agent, superplasticizer, and water-reducing agent.  Conduct tests and trial mixes to verify that admixtures are compatible with all mix ingredients.  Provide liquid type admixtures.  Provide type WN water reducing agent when required.  

.2
Air-entraining admixture:  In accordance with ASTM C260.

.3
Chemical admixtures:  In accordance with ASTM C494/C494M.

.4
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 a natural source.

.6
Curing Compound:  Do not use curing compound unless authorized by the Minister.  When authorized, provide a [clear] [white pigmented] compound in accordance with ASTM C309 Type 1.

.7
Fine Aggregates:

.1
In accordance with CAN/CSA-A23.1 Section 5 consisting of clean, hard, dense, durable, uncoated rock fragments.
.2
Gradation FA1 as specified in CAN/CSA-A23.1, Table 4.  No more than 45% of the material is to be retained between any 2 consecutive sieves.
[.3]
Where placement by pumping is permitted by the Contract Documents, the percentage passing the 315(m sieve is to be between 15% and 30%, and between 5% and 10% for the 160(m sieve.

.4
Fineness modulus is to be between 2.3 and 3.1 and must not vary more than +/-0.20 from the value used in the accepted mix design.

.8
Coarse Aggregates:
.1
In accordance with CAN/CSA-A23.1 consisting of natural gravel, crushed rock, or a combination of both, and to consist of clean, hard, dense, durable, uncoated rock fragments.
.2
Provide [40–5 nominal size of aggregate as specified in CAN/CSA-A23.1, Table 5, Group I].
To prevent segregation, stockpile and batch coarse aggregates in 2 or more separate sizes selected from CAN/CSA-A23.1 Table 5, Groups I and II.  Provide [40–5 aggregate consisting of a blend of 20–5 aggregate from Group I and 40–20 aggregate from Group II].

.3
Wash coarse aggregates during processing and stockpile separately at the batch plant stockpile areas.  

2.2
CONCRETE MIXES

.1
Provide the classes of concrete as follows, at the locations specified in the Contract Documents.

	Class of Concrete
	Specified Compressive Strength (MPa)
	Fly Ash by Mass of Cementitious Materials
(%)
	Nominal Size of Coarse Aggregate (mm)
	Maximum Water/
Cementing Materials Ratio
	Air Content
(%)
	Specified Slump 
(mm)
	General Location

	Structural Concrete Class A1
	30 @ 28 days


	[(25]
	40–5
	0.45
	4–7
	60 +/- 20
	[             ]

	Structural Concrete Class B1
	30 @ 90 days


	[(25]
	40–5
	0.45
	4–7
	60 +/- 20
	[             ]

	Foundation Concrete
	15 @ 28 days
	[(25]
	40–5
	0.60
	4–7
	Max. 100
	[Between foundation soils and structural concrete.]


Notes:  Cementitious materials consist of cement and fly ash.

PART 3
EXECUTION

3.1
AGGREGATES
.1
Stockpiling and Handling:

.1
Fine and coarse aggregates stockpiling operations are subject to review 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. 

.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.  Work the stockpiles from bottom to top.

.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.

.23
CONCRETE PRODUCTION

.1
General

.1
Produce concrete in accordance with CAN/CSA-A23.1 unless specified otherwise.

.2
During progress of the Work, review the mixes and make necessary adjustments if mixes are found to provide unsatisfactory results.
.3
Do not commence production of concrete for any pour unless there are sufficient quantities of mix ingredients at the batch plant to complete the entire pour.  Do not commence with concrete production for any pour until satisfactory evidence that this condition has been met has been provided, and only after authorization to proceed has been provided by the Minister.


.2
Batching Plant

.1
Provide a batching plant meeting the following requirements.

.2
Semi-automatic weigh batching system as defined in ACI 304R [at the Site], or [within a 30 km maximum haul distance from the Site].  

.3
A manufacturers rated capacity of [40] m3 per hour or greater.

.4
Out of tolerance alarms that are activated if an over or under weight occurs in any mix material.

.5
Computerized batching system capable of automatically recording and printing any adjustments along with the target mass; the actual mass; and, any out of tolerance alarms, of individual materials for each batch; and stopping the batching sequence if an out of tolerance alarm occurs. 

.6
Weigh scales that are accurate within the tolerances specified in CAN/CSA-A23.1.  Arrange weigh scales so that they are clearly visible to the plant operator at all times during the batch and discharge cycles.

.7
Interlocked batching controls that prevent a new batching cycle from beginning until all batchers are completely empty, the scales register zero, and the discharge gates are closed.  The filling and discharge valves of the water batching device are interlocked so that the discharge valve cannot be operated until the filling valve is fully closed.  Provide valves that do not leak.

.8
Permits rapid adjustments for making changes in the mix proportions, and compensates for variations in the moisture content of the aggregates.
.9
Control system that can accommodate a minimum of [3] preset mixes and permits changing from one mix to another with minimum delay. 

.10
Heated control room supported independently from the plant to reduce vibrations, dust, and noise.

.11
Heated enclosure that can maintain a minimum temperature of 7°C to house the mixing and batching equipment, water heaters, and the water and admixture storage tanks, and to protect the weighing and measuring devices from wind, rain, and snow.

.12
In-plant storage facilities consisting of a minimum of [5 storage bins (1 cement, 1 flyash, 1 fine aggregate, and 2 coarse aggregate)], located above ground level.  Bins are constructed so that material does not hang up or spill from one bin into another, and are equipped with clamshell or undercut radial type bin gates that discharge or convey aggregate into the weight batcher.

.13
Heating equipment with sufficient capacities to heat the water and, if necessary, the aggregates so that the concrete will meet the specified temperature requirements.


.3
Batch Plant Operation

.1
Do not charge the batch plant with frozen aggregates.  Maintain the temperature of aggregates in bins at the batching plant above 0°C at all times.  

.2
Separately weigh or measure materials into individual weigh hoppers or measuring dispensers.  Do not use cumulative weighing unless the batch plant has computerized batch adjustment capabilities. 

.3
Adjust coarse and fine aggregate batches for undersize and oversize aggregate within each aggregate class.

.4
Maintain the temperature of the concrete admixtures above freezing.  Agitate the liquid admixtures to prevent settling and to ensure uniformity.  Provide admixture-measuring devices with sufficient capacity to measure the full quantity required for each batch.

3.3
MIXING AND TRANSPORTING CONCRETE
.1
Mix and transport concrete in accordance with CAN/CSA-A23.1, clauses 18.3 and 18.4 unless specified otherwise.

.2
Use mixers that are capable of producing concrete of a thoroughly mixed and uniform mass, and of discharging the concrete so that the uniformity requirements of CAN/CSA-A23.1, clause 18.3.5 are met.  Replace any mixer that does not produce concrete of the specified uniformity. 

.3
Use mixers or agitating equipment to deliver concrete from the batch plant to the point of placement.  Use agitating speeds recommended by the agitating equipment manufacturer.

.4
Provide sufficient numbers of truck mixers and monitor and schedule their departure times from the batch plant and their arrival times at the point of placement to avoid waiting periods or delay in arrival.  Provide equipment for direct communication between the Contractor’s personnel at the job site and the batching plant during concrete placement. 
3.4
CONCRETE TEMPERATURE
.1
The permissible concrete temperature at the point of placement is as follows.  For structure sections of varying thickness, use the maximum thickness to determine temperature requirements.

	Thickness of 
Structure Section (m)
	 Permissible Concrete Temperature at the Point of Placement  ((C)

	
	Minimum
	Maximum

	< 0.3
	10
	25

	0.3 to ( 1
	10
	25

	> 1 to ( 2
	5
	20

	> 2
	5
	15


.2
Do not use concrete that fails to meet the permissible temperatures at the point of placement.

.3
Devise and provide all necessary measures for pre-cooling concrete to achieve the permissible concrete temperature, at the point of placement.

.4
Pre-cooling measures may include 1 or more of the following:

.1
Chilling the mixing water by refrigeration or ice.

.2
Cooling of coarse aggregates by shading stockpiles and storage bins, by evaporation through vacuum, by inundation with chilled water, or by blowing chilled air through batching bins.

.5
To avoid cracking of the concrete due to sudden temperature change, do not remove weather protection measures until the concrete has cooled to the temperature differential specified in CAN/CSA-A23.1, Table 18.

3.5

HOT WEATHER REQUIREMENTS
.1
Hot weather requirements apply when the air temperature is at or above 25(C, or is forecast to rise to 25(C within 24 hours of placement. 

.2
Protect formwork, reinforcement, and concrete equipment from the direct rays of the sun, or cool by fogging and evaporation.  Dampen subgrade surfaces prior to concrete placement.

.3
Provide adequate personnel and equipment to transport, place, consolidate, and finish the concrete at the fastest possible rate.  Obtain prior authorization from the Minister for the proposed equipment and procedures for hot weather concreting.

.4
Provide protection from drying in accordance with CAN/CSA-A23.1, clause 21.2.2.3.

3.6

COLD WEATHER REQUIREMENTS

.1
Cold weather requirements apply when the air temperature is at or below 5(C, or is forecast to fall below 5(C within 24 hours of placing.

.2
When concrete is to be placed in cold weather, have all materials and equipment needed for adequate protection and curing on hand and ready for use before concrete placement is started.  Obtain prior authorization from the Minister for the proposed enclosures, equipment, and procedures for cold weather concreting.

.3
Do not place concrete against any surface that has a temperature of less than 5(C.  Remove all snow and ice.  Preheat such surfaces for 24 hours or as required to obtain surface temperatures of 5(C minimum, whichever is longer, prior to placing concrete.  

.4
Design and construct heating and hoarding protection measures including heated enclosures, coverings, insulation, or a suitable combination of these methods in accordance with CAN/CSA-A23.1, clause 21.2.3.4.

.5
Inspect heating and hoarding measures at least every 4 hours and verify that enclosures, coverings, and insulation are in place, there is adequate heater fuel, and the specified temperatures are being maintained.

.6
Provide a sufficient number of adequately sized and properly vented heaters.  Do not place heaters at locations that may cause rapid drying of freshly placed concrete.  Use fans to constantly circulate warm air within the enclosure.  Do not use tiger torches or other open flame burners as heaters.
3.7

PLACING OF CONCRETE

.1
General

.1
Place concrete in accordance with CAN/CSA-A23.1, clause 19 [except that the placement of concrete by pumping methods is only permitted as specified in clause 3.7.2]. 

.2
Do not schedule or place concrete during periods that have a high probability of rain.  Provide adequate materials on-Site to protect concrete from the harmful effects of rain or snow during placement.

.3
Convey concrete from the point of supply to its final position as rapidly as practicable, by methods that will prevent segregation, loss of ingredients, or damage by exposure to the elements.

.4
Completely discharge and place concrete within the forms no later than 90 minutes after the cement has been mixed with the water or aggregates.  Reduce the time between batching and complete discharge to 60 minutes when the ambient air temperature exceeds 25(C.

.5
Place the concrete in a continuous operation until the unit section is completed.  Use a concrete placing rate that ensures each layer is placed while the previous layer is soft or plastic; the two layers become monolithic by penetration of the vibrators; and cold joints are not produced.

.6
Do not place concrete faster than the rate for which the forms have been designed or at which the concrete can be properly consolidated.  Regulate the deposition of concrete such that it is properly consolidated in horizontal layers 500 mm in thickness with minimum lateral movement.  

.7
Use placing equipment of such size, design, and condition so as to steadily supply concrete at the point of placement.  Provide equipment that has devices necessary to permit the prompt and complete discharge of concrete without segregation and with the required slump.  If bottom-dump buckets are used, provide a positive means of regulating the amount and rate of concrete deposition in each dumping position.

.8
Limit the unrestricted drop of concrete to less than 1500 mm.  If the drop of concrete is in excess of 1500 mm, use chutes or trunks to prevent segregation of the materials.

.9
Maintain all placing equipment free from hardened concrete and foreign materials and clean such equipment at frequent intervals.  Do not use conveying equipment made from aluminum alloys.

.10
Place and finish each unit section in a continuous full width operation between the specified construction joints.  Do not pour concrete against a previously poured concrete monolith until the existing monolith is at least 7 days old.

.11
If concrete is to be placed at night, supply a lighting system that will illuminate the inside of the forms, and provide a safe workplace.

.12
Do not perform concreting under water unless authorized by the Minister.

[.2]
Placing Concrete by Pumping:


.1
Placing concrete by pumping methods will only be permitted [for vertical walls].


.2
Supply pumping equipment that is capable of pumping the specified concrete without adjustment to the accepted mix designs.  Conduct full-scale field tests to demonstrate that the equipment can consistently deliver the concrete from the pump location to the point of deposition at the required rate and with the specified quality requirements prior to using such equipment for concrete placement.  The pipeline set-up, including lengths, fittings, and booms used in the tests, is to be representative of the maximum height and distance to be encountered during placement.  Do not use aluminum piping for concrete pumping.


.3
Precede each pumping operation by pumping sufficient mortar to fully lubricate the pump, pipes, hoppers, and other equipment through which concrete will pass.  The mortar is to consist of the concrete mix being placed without the coarse aggregate.  Do not place the mortar in the Work.


.4
Supply concrete at a rate that provides for continuous pumping.  Commence placement at the farthest point from the pump.


.5
Whenever concrete is being placed by pumping, provide a standby concrete pump unit or other appropriate placement equipment at the Site as authorized by the Minister.
3.8

CONSOLIDATING CONCRETE 

.1
Uniformly and thoroughly compact concrete as it is being placed.  Use vibrators of the proper size, frequency and amplitude, supplemented by hand spading and tamping when required, to secure a dense, homogeneous concrete, a good bond with the reinforcing steel and embedded items, and a smooth formed surface free of air pockets and surface blemishes.

.2
Use the following for choosing internal vibrators:

	Application
	Head Diameter
(mm)
	Frequency
(VPM)
	Amplitude
(mm)

	Slabs and Walls Less Than 
400 mm Thick

All Other Construction
	30 – 65


50 – 90
	8500 – 12500


8000 – 12000
	0.5 – 1.0


0.6 – 1.3


.3
Do not use concrete vibrators for moving concrete laterally.  Thoroughly and systematically vibrate concrete in the previously placed layer before placing the overlying layer.

.4
Operate vibrators in a vertical position and allow the vibrating head to penetrate the top portion of the underlying concrete at a uniform spacing over the entire area of placement.  Maintain the distance between insertions at approximately 12 times the radius of action of the vibrator such that the area under vibration overlaps the just-vibrated area by several centimetres.  Do not allow segregation of the ingredients or laitance to appear on the surface.

.5
Do not allow vibrators to disturb embedded parts [or instrumentation].

.6
Provide spare vibrators at the point of placement to maintain production.

3.9

CONSTRUCTION JOINTS
.1
Protect waterstop and other items prior to preparing construction joints.  Prepare construction joints to provide an adequate bond between successive and adjacent lifts of concrete.  Roughen the construction joint interface to an amplitude of 5 mm.  Use air-water cutting, sandblasting, high pressure water jets, or other authorized means to remove all laitance, unsound mortar, and inferior surface concrete, and to expose clean, sound, fine aggregate without undercutting the edges of coarse aggregate particles. 

.2
Use air-water cutting on horizontal construction joints only.  Allow concrete to harden sufficiently to prevent undercutting.  Cut the surface with a strong jet of air-water at approximately 0.7 MPa.  After cutting, wash and rinse the surface until cloudiness of the wash water is removed.  Wash or air-blow the surface again just prior to placing the succeeding lift.  Where necessary to remove accumulated laitance, coatings, stains, debris, and other foreign material, sandblast before placing the next lift.

.3
Sandblast the surface after the concrete has hardened and just before forms are erected for the next placement.  Wash or air-blow the concrete surface after sandblasting and just prior to placing the succeeding lift to remove all dirt, debris, or other foreign material.

.4
Use a high-pressure water jet with a minimum pressure of 20 MPa.  Delay the use of the high-pressure water jet until the concrete is sufficiently hard.  Wash or air-blow the surfaces to remove all dirt, debris, or other foreign material just prior to placing the succeeding lift.  If the water jet is incapable of a satisfactory cleaning, clean the surface by sandblasting.

.5
Dispose of wastewater employed in cutting, washing, and rinsing of concrete surfaces such that the wastewater does not stain, discolour, or affect exposed surfaces of the structures, or damage the environment. 

.6
Provide a clean concrete joint that is saturated surface dry at the time new concrete is placed on it.
3.10

CONCRETE FINISHING
.1
General:

.1
Construct completed concrete work within the specified surface finish tolerances, or within the structural tolerance specified in Section 03110 – Concrete Formwork, whichever is more stringent.  Provide a finished surface that is smooth, uniform in texture, and free from streaks, discoloration, or other imperfections.

.2
If the completed concrete work fails to meet the specified surface finish tolerances, modify the properties of concrete, placement and consolidation methods, formwork materials and design, and surface finishing techniques to achieve the specified finish tolerances.  Submit details of such modifications for review and authorization by the Minister.  Repair completed work to meet the specified tolerances, unless otherwise authorized by the Minister.

.2
Classification of Surface Irregularities:

.1
Local surface irregularities are classified as “abrupt” or “gradual.”

.2
Abrupt irregularities mean offsets or fins caused by displaced or misplaced form sheeting, lining, or form sections or by defective form lumber, or improper screeding or trowelling.  Abrupt irregularities also include any isolated irregularity in which the maximum dimension of the irregularity perpendicular to the surface is greater than the maximum dimension of the irregularity in the plane of the surface.

.3
Gradual irregularities mean bulges or depressions resulting in gradual changes in the concrete surface.

.3
Measuring Surface Irregularities:

.1
Measure irregularities as deviations from a surface, with a straightedge or shaped template authorized by the Minister.  Move the position of the straightedge about the irregularity as necessary to locate the point where the maximum height and slope exists.  Provide 3 m long straightedges for taking measurements.

.2
For irregularities protruding above the surface, place 1 end of the straightedge on top of the irregularity.  The height of the irregularity is determined by measuring the gap perpendicular to the straightedge.  The length of the irregularity is determined by measuring the distance along the straightedge from the gap to the point of contact at the top of the irregularity.  The slope of the irregularity is the ratio of the height to length.

.3
For irregularities extending below the surface, place the straightedge across the irregularity.  The height of the irregularity is determined by measuring the gap between the straightedge and the surface.  The length of the irregularity is the distance along the straightedge from the gap to the point of contact with the surface.  The slope of the irregularity is the ratio of the height to length.

.4
Check finished concrete surfaces immediately after final working, and again at the end of the curing period and verify their compliance with the specified tolerances.

.4
Classification of Concrete Finishes:

.1
Concrete finishes are designated as follows:

.1
F1, F2, and F3 for formed surfaces.

.2
U1, U2, U3, and U4 for unformed surfaces.

.2
Finishes for Formed Surfaces:

.1
F1:

.1
Applies to permanently concealed, formed surfaces upon or against which fill or concrete is to be placed.  

.2
F1 surfaces require no treatment beyond the repair of defective concrete and dry packing of tie-rod holes.  Cut back form ties to a minimum depth of 25 mm from the concrete surface.

.2
F2:

.1
Applies to permanently exposed, formed surfaces except where a F3 finish is required.

.2
Limit the height of abrupt surface irregularities to no more than [6 mm].  Limit the height of gradual surface irregularities to no more than [12 mm] and the ratio of height to length to no steeper than [1:8].

.3
Immediately after removing forms, dry pack tie-rod holes and surface voids in excess of 10 mm diameter.  Cut back form ties to a minimum depth of 25 mm from the concrete surface.  Repair defective and damaged areas.

.3
F3:

.1
Applies to formed surfaces exposed to water flow.

.2
Limit the height of abrupt irregularities to no more than [3 mm].  Limit the height of gradual irregularities to no more than 6 mm and the ratio of height to length to no steeper than [1:16.]

.3
Immediately after removing forms, dry pack tie-rod holes and surface voids that exceed 10 mm in diameter.  Cut back form ties to a minimum depth of 25 mm from the concrete surface. Repair defective and damaged areas.
.3
Finishes for Unformed Surfaces:

.1
U1:

.1
Applies to permanently concealed unformed surfaces that will be covered by fill or concrete.  It is also the first stage for U2 and U3 finishes.

.2
Level and screed the concrete surface to produce a uniform surface.

.2
U2:

.1
Applies to permanently exposed unformed surfaces except where U3 finish is required.  It is also the second stage for a U3 finish.

.2
Level and screed the concrete surface followed by floating to produce a surface that is uniform in texture and free of screed marks.

.3
Limit the height of abrupt irregularities to no more than [6 mm].  Limit the height of gradual irregularities to no more than [12 mm] and the ratio of height to length to no steeper than [1:8.]

.3
U3:

.1
Applies to unformed surfaces exposed to water flow.

.2
Level and screed the concrete surface followed by floating and applying a steel trowel finish to produce a dense uniform surface, free of blemishes, ripples, and trowel marks to the required lines, slopes, and elevations.

.3
Limit the height of abrupt irregularities to no more than [3 mm].  Limit the height of gradual irregularities to no more than [6 mm] and the ratio of height to length to no steeper than [1:16.]

.4
U4:

.1
Applies to unformed surfaces where pedestrian traffic is expected.

.2
Level and screed the concrete surface followed by floating and applying a steel trowel finish to produce a dense uniform surface, free of blemishes, ripples, and trowel marks to the required lines, slopes, and elevations.  After first trowelling, provide a non-slip surface finish by brooming.

.3
Limit the height of abrupt irregularities to no more than [3 mm].  Limit the height of gradual irregularities to no more than [6 mm] and the ratio of height to length to no steeper than [1:16.]

3.11
CURING AND PROTECTION
.1
Maintain all material and equipment required for curing and protection on hand at the Site prior to placing any concrete.  

.2
Do not commence curing until after finishing.

.3
Commence curing of exposed surfaces as soon as the concrete has hardened sufficiently to prevent surface damage.
.4
Continuously moist cure all concrete for a minimum duration of 7 consecutive days at an ambient temperature maintained above 10(C. 

.5
Continuously moist cure concrete by covering with absorptive mat or fabric kept wet by using a system of perforated pipes, mechanical sprinklers, porous hoses, or by other methods that keep all surfaces continuously wet.  Initially cure formed surfaces by leaving forms in position and keeping such forms continuously wet.

.6
Do not use curing water that is more than 11(C cooler than the concrete temperature.

[.7]
Do not use curing compound [except on slabs as specified in the Contract Documents.]

[.8]
If authorized by the Minister, apply curing compounds at a uniform rate by mechanical application methods.  Provide complete coverage by applying 2 coats at right angles to each other.  Minimum coverage is 0.20 L/m2.  Apply curing compound immediately after finishing and as soon as the free water on the surface has disappeared and no water sheen is visible, but not so late that the compound will be absorbed into the concrete.  

3.12
REPAIR OF CONCRETE
.1
Examine all concrete surfaces and clearly mark out defective areas to be repaired.  Obtain the Minister’s authorization of the delineated repair areas and the proposed method and equipment to be used for the repairs prior to commencing with the work.

.2
Completely remove all damaged, deteriorated, loosened, or unbonded concrete down to sound concrete.  Remove microfractured surfaces resulting from the initial concrete removal process. 

.3
Sawcut the perimeter of areas requiring concrete removal and replacement perpendicular to the surface to a minimum depth of 25 mm.  Do not use any repair method that produces a featheredge.

.4
Prior to filling, provide a repair area that is clean and saturated surface dry except where the repair technique requires a dry surface.  

.5
Use dry-pack mortar for filling holes left by the removal of form ties, for narrow grooves cut for repair of cracks, and for repair of small honeycombed areas where lateral restraint can be obtained.  Pre-soak the repair area, allow the area to attain a saturated surface dry condition, and apply a cement paste bond coat prior to filling with mortar.  Dry-pack mortar is to consist of 1 part Portland Cement to 2.5 parts sand, by mass.
.6
Mortar filling with a polymerized mortar placed under pressure by use of a mortar gun or head box may be used for repairing defects that are too wide for dry-pack filling, too shallow for concrete placement, and no deeper than the far side of the reinforcement that is nearest the surface.  [Treat the surface of the concrete to be repaired with a compatible acrylic bonding agent as authorized by the Minister prior to mortar filling.]

.7
Completely remove honeycombed areas down to sound concrete or to the required depth behind the reinforcing steel, whichever is greater.  The depth required beyond the reinforcing steel is 1.5 times the maximum aggregate size of the replacement concrete or 25 mm, whichever is greater.  [Treat the surface of the concrete to be repaired with a high percentage solids epoxy bonding agent or acrylic bonding agent as authorized by the Minister prior to concrete replacement.]  Construct the repair area slightly proud of the general surface and then grind it to match within the specified tolerances.

.8
Repair abrupt and gradual irregularities that exceed the specified tolerances by no more than 10 mm by grinding.  For finishes F3 and U3, limit the depth of grinding such that no aggregate particles are exposed more than 3 mm in cross section at the finished surface.  For finishes F2 and U2, limit the depth of grinding such that no aggregate particles are exposed more than 6 mm in cross section at the finished surface. 
.9
Where surface grinding results or will result in exposure of aggregate particles that exceed the specified limits, or where the abrupt and gradual irregularities exceed the specified tolerances by more than 10 mm, repair the irregularities by removing the concrete to a depth below the reinforcing steel of 1.5 times the maximum aggregate size of the replacement concrete or 25 mm, whichever is greater.  Treat and construct the repair area as specified for honeycombed areas.  
.10
Provide replacement concrete that has the same strength and durability characteristics as the adjacent specified concrete.  Use cement that provides a finish colour that matches the surrounding concrete surfaces in areas that are permanently exposed.

.11
Following repairs, promptly initiate curing.  Provide completed repair areas that are tightly bonded to the underlying concrete, and are free of shrinkage cracks or hollow void areas.

3.13
ENVIRONMENTAL REQUIREMENTS
.1
Provide dust collecting devices on cement and fly ash silos.

.2
Contain all wastewater including that from washing truck mixers or agitators, in settlement ponds.  Do not release any water from the settlement ponds until it meets the Regulatory Requirements. 
.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 waste rejected concrete 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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