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PREFACE

This module has been written to provide basic construction inspection training for concrete slab and reinforced concrete construction inspection.  This module is designed to be used for training of employees with experience in inspection of less complex NRCS practices.  It may be used as a working reference by others.  

The module is to be used to help an instructor (experienced in concrete construction inspection) teach the course.  

A basic understanding of basic structural design concepts would be helpful for the student.

References for this module are:

Michigan Construction Specifications:

MI-158
Reinforced Concrete (Attached)

MI-159
Plain Concrete (Attached)

Optional Cold Weather Concrete Plan (Attached)

Articles:  (at http://www.mi.nrcs.usda.gov/technical/engineering/mi_eng.html)
1) A Contractors Guide to Superplasticizers

2) Adjusting Slump in the Field

3) Air Entrainment and Concrete

4) Cold Weather Concreting

5) Curing Concrete Slabs

6) Do Driveways Right the First Time

7) Hot Weather Concreting Tips

8) How Mid-range Water Reducers Enhance Concrete Performance

9) Much Ado About Shrinkage

10) The True Window of Finishabilty
OBJECTIVE

This module is intended to provide the student with a basic understanding of concrete inspection for installation of NRCS designed conservation practices.  The module follows the NRCS construction specification for reinforced concrete (MI-158).  The module provides discussion of the differences between reinforced concrete and plain concrete (MI-159) specifications.  After completion of this module, the student should be able to inspect, with assistance, small concrete placements for NRCS designed projects.

INTRODUCTION

Reinforced and plain concrete are used for many conservation practices.  They range from heavy use area protection to retaining walls, hydraulic structures, and manure storage tanks.  The proper foundation preparation, steel placement and support, concrete mix, finishing, and curing are essential to obtain a durable, safe installation.
The Q&A sections were taken from Concrete Construction Magazine.

This course will help the new inspector understand the specifications and the consequences of poor quality installations.
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SECTION 1 - Pre-construction Activities

A pre-construction conference with the landowner and contractor needs to be conducted, discussing:
1) Specifications including mix requirements
2) Reinforcing steel placement and support

3) Finishing, curing, and removing and patching form tie ends
4) Special considerations for hot weather

5) Special considerations for cold weather

6) Who is on the placement crew and their experience

7) Who is responsible for quality control

8) Role of NRCS

The preconstruction meeting is a chance for the contractor to ask questions and for you to explain the need for the work to be done to NRCS specifications.  Note that NRCS designs and construction specifications generally follow industry standards.
SECTION 2 - SAFETY

Unsafe working conditions should be immediately brought to the attention of the landowner.  Unsafe conditions are those that do not conform to reasonable standards of safety and health as set forth in Occupation Safety and Health Organization (OSHA) standards.  OSHA Parts 1910 and 1926 contain the standards that apply to the construction industry.  If the unsafe conditions are not corrected, you should explain to the landowner that the work is being done under unsafe conditions.  If the unsafe conditions are not then fixed, leave the site and do not certify the job for cost share.  Completely document the conversations and the safety violations, with reference to the applicable OSHA standard, in the Conservation Assistance Notes or in some other permanent part of the landowner file.

Use your head when in any construction area.  Hard hats are required for everyone where overhead equipment is operating.  Lift samples with your knees when you are testing for concrete properties.

OSHA requires that exposed reinforcing bar ends must be covered to prevent impalement from falls where impalement is a possibility.  This includes horizontal bars where a person could fall into them.
Note that severe burns are possible from direct contact with fresh concrete in the Q&A below.

Question - Concrete burns skin?
A customer of ours developed severe chemical burns on his knees when placing concrete in his hog barn. These burns may eventually require skin grafts. The concrete mix he was using contained 2 percent calcium chloride. Could the calcium chloride have aggravated the burning action of the concrete?

Answer

All concrete can eat away, or dissolve skin. Calcium chloride has little or no effect on this action. Concrete burns are insidious; often the victim is unaware that anything is happening until the action is far advanced. For this reason ready mixed concrete producers are beginning to issue warnings to users about the dangers of exposing skin to concrete and to describe precautions and remedial measures to take. For good suggestions on this, see the article by William G. Hime, "Let's Stamp out Concrete Burns," Concrete Construction, April 1982, page 361.

Source: Concrete Construction, November 1984

SECTION 3 - documentation
Documentation required for acceptance of concrete structures and slabs includes:
1) As-built drawings

2) Batch tickets showing the concrete meets the specifications.
3) Water/cementitious materials ratio calculations

4) Test results including slump, concrete temperature, and compressive strength (where required due to lesser cement quantities than allowed without testing)
5) Construction notes (may be on as-built drawings) that include acceptance of reinforcing steel location and concrete thickness, elevations, and locations.  The notes should also include a statement of method of curing employed, along with weather conditions at placement time. 
6) Photographs documenting construction

SECTION 4 - Structural Considerations

Reinforced concrete design, for external stress, uses the tensile strength of steel and compressive strength of concrete to provide an efficient structural component.

Principal reinforcement (reinforcement placed to resist external forces) is normally placed closest to the tension side of the wall.  For cantilever retaining walls, that means near the load face.  For a backfilled tank design that is supported at the top and bottom, this means to the inside face of the tank.  Proper placement of reinforcing steel in floors that have bending moments transferred into them from walls is very important.  Drawing a deflection diagram can assist in determining the tension side of the structural element.  Steel placed just an inch out of the specified position can have a large effect on the strength of thin walls.  

Soil supported slabs are designed with subgrade support.  The slab thickness is dependant on the subgrade support, expected load, and frequency of load application.  Slab strength is most affected by concrete thickness.  Steel reinforcement in thin slabs (less than 10 inches thick) is used to reduce cracking or crack widths – not increase slab load carrying ability.
SECTION 5 - Foundation
For any concrete work, a solid foundation is necessary for function and durability.  
There is no difference between MI-158 and MI-159 for this section of the specification.
From Specification MI-158:

2.
PREPARATION OF FORMS AND SUBGRADE

Unless otherwise indicated on the construction drawings, concrete shall be placed on a smoothly graded soil or sand subgrade compacted, as necessary, to a uniform density throughout.  Over-excavation shall be corrected by a procedure approved by the NRCS inspector.


Prior to placement of concrete, the forms and subgrade shall be free of wood chips, sawdust, debris, standing water, ice, snow, extraneous oil, mortar or other harmful substances or coatings.


Surfaces against which concrete is to be placed shall be firm and damp.  Placement of concrete on plastic, mud, dried earth, uncompacted fill or frozen subgrade will not be permitted.

Procedures for correcting overexcavation may include: fill with concrete, compacted gravel and sand, or compacted on-site material.  Generally, the overexcavation should be corrected with a fill that is equivalent in strength and settlement properties to the adjacent undisturbed materials.  In some cases, it may be necessary to overexcavate a larger area to provide a uniform foundation.

Placement of concrete on dry earth materials is not allowed because of water loss and lowered strength of the concrete.  Placement on plastic is not allowed because it does not provide for even curing of the concrete.  The concrete surface may dry while bleed water is still trapped in the bottom causing shrinkage of the top layer and subsequent curling of the slab.

Section 6 - Reinforcing Steel:

The location of reinforcing steel is shown on the drawings as a “clear distance” from the face of the concrete.  Note that when the drawing shows “2 inches clear”, the 2” is actually a maximum clear distance.  The real design parameter for placement of structural reinforcement is the effective depth of the steel.  This is the distance from the compression face of the concrete to the center of the reinforcement.  A smaller effective depth is like getting a smaller depth floor joist.  Less depth is less strength – so, the designer bases the steel reinforcement location on one dimension, and uses a different dimension to locate the steel.  It does make sense because it is easier to measure from the nearest formed surface to place the steel.  But remember that the designer is trying to be sure the steel has the proper distance (effective depth) from the compression face of the concrete.
Tolerances for bar ends are greater.  The major concern on bar ends is having adequate steel to tie to the bar running parallel to the edge of the concrete.  Bar ends should not extend to closer than 1 1/2 inches from the formed surface.  It is good to have a minimum of 2 inches of bar to tie to.  This means where the edge bar is 6 inches from the edge of the concrete, a reasonable clear distance from the bar end to the form or top of wall would be a minimum of 1 1/2 and a maximum of 4 inches.
The condition and grade of the reinforcing steel should be checked as part of the inspection process.  Rust that stains the hand is acceptable.  A small amount of rust may even increase bond between the steel reinforcement and concrete.  Flakes of rust are not acceptable.  Reinforcing steel with loose rust can be made ready for use with wire brushing or a light sand blasting.  

From Specification MI-158:

4.
REINFORCING STEEL

Reinforcing steel shall be deformed bars manufactured specifically for concrete reinforcement and shall be a minimum of Grade 40 or as shown on the drawings (more details can be found in ASTM-A-615, A-616 or A-617).


Reinforcing steel shall be free from loose rust, concrete, oil, grease, paint or other deleterious coatings.


Reinforcement shall be accurately placed and secured in position to prevent its displacement during the placement of concrete.  Holding steel reinforcement in position with temporary supports is not permitted.  Tack welding of bars is not permitted.  Reinforcing steel shall not be heated to facilitate bending.  


In structural members, metal chairs, metal hangers, metal spacers, high density or structural plastic rebar accessories or concrete bricks (not clay bricks) may be used to support reinforcing steel.  Metal hangers, spacers, and ties shall be placed in such a manner that they are not exposed in the finished concrete surface. The legs of metal chairs or side form spacers that may be exposed on any face of slabs, walls, beams, or other concrete surfaces shall be stainless steel or shall have a protective coating or finish. The coating or finish can be hot dip galvanizing, epoxy coating, or plastic coating. Metal chairs and spacers not stainless steel or fully covered by a protective coating or finish shall have a minimum cover of 0.75 inch of concrete over the unprotected metal part. The exception is that those with plastic coatings may have a minimum cover of 0.5 inch of concrete over the unprotected metal part. Precast concrete chairs shall be clean and moist at the time concrete is placed.


In slabs, steel shall be supported by precast concrete bricks (not clay bricks), metal chairs or plastic chairs.


Reinforcing steel shall not be placed until the prepared site has been inspected and approved by the NRCS inspector.  After placement of the reinforcement, concrete shall not be placed until the reinforcement has been inspected and approved by the NRCS inspector.


The following tolerances will be allowed in the placement of reinforcing bars.


a.
Where 1 1/2 inches clear distance is shown between reinforcing bars and forms, allowable clear distance is 1 1/8 to 1 1/2 inches.


b.
Where 2 inches clear distance is shown between reinforcing bars and forms, allowable clear distance is 1 5/8 to 2 inches.


c.
Where 3 inches clear distance is shown between reinforcing bars and earth or forms, allowable clear distance is 2 1/2 to 3 inches.  Overexcavation backfilled with concrete shall not count toward clear distance.


d.
Maximum variation from indicated reinforcing bar spacing:  1/12th of indicated spacing, but no reduction in amount of bars specified.


e.
The ends of all reinforcing bars shall be covered with at least 1 1/2 inches of concrete.


Unless otherwise indicated on the drawings, splices of reinforcing bars shall provide a lap of not less than 30 diameters of the smaller bar but not less than 12 inches.  Bars will not be spliced by welding.  Welded wire fabric shall be lapped at least one mesh width.

The use of temporary supports is specifically not allowed in the specification.  This is because the removal of the support cannot be completed without causing the steel location to be changed.  The reinforcing steel is designed to have a minimum cover for corrosion protection and bond 
Tack welding or use of heat to bend reinforcing steel can change the steel chemistry.  The chemistry change can have a negative effect on strength and brittleness.  
The use of higher strength steel has made the lap splices generally longer than 30 bar diameters.  Some older standard drawings assume the use of 40 grade steel, and therefore, the 30 bar diameter lap splices are acceptable to use in those cases.

SECTION 7 - Concrete

Forms:

Sturdy forms are required to provide for pleasing looking structural concrete and to maintain design steel placement.  Forms for walls where high range water reducers (superplasticizers) are used are normally required to be stronger due to the higher pressures placed on the forms by the plasticized concrete.  Note that tolerance on forming is quite liberal for concrete cast against earth materials.

Form release agents should be applied to the forms before erection.  Spraying form oil on forms after erection may coat reinforcing steel or reduce bond at a lower construction joint and is not allowed.  
Form ties may be the type to break off at the concrete surface or may be the type that will break off inside the concrete.
From Specification MI-158:

3.
FORMS

Forms shall be of wood, plywood, steel or other approved material and shall be mortar tight.  The forms and associated falsework shall be substantial and unyielding and shall be constructed so that the finished concrete will conform to the specified dimensions and contours.  Form release agents appropriate for the form materials and concrete admixtures shall be used.  Form ties may be metal, plastic or fiberglass.


Items to be embedded in the concrete shall be positioned accurately and anchored firmly.


Tolerance on formed concrete is + 3/8 inch.  Tolerance on concrete formed in earth is -1 inch to +6 inches.

Concrete Mix:

There are differences between MI-158 and MI-159 for this section of the specification.  Concrete type, quantity, slump, water/cement ratio, and aggregate size are all different in MI-159 to reduce expected shrinkage of the concrete.  Note that MDOT 6A coarse aggregate is nominally 1.5” or 1”, and MDOT 17A is nominally 1” or ¾” in Michigan.

Recent experience has prompted us to emphasize the importance of appropriate batch tickets delivered with each truck.  (Note paragraph 1 from the concrete mix section of the specification)  It is important to emphasize to the contractor that a batch ticket be delivered with each load and the batch tickets are to show total of each ingredient for the load (not on a per cubic yard basis).  The contractor is responsible to reject loads delivered without batch tickets.  Understanding how to figure water/cement ratio based on all the free water in the mix, including moisture on the aggregate is necessary for a complete inspection.  It is essential in determining if the concrete is acceptable and if water may be added to the concrete at the construction site.  A high water/cement ratio seriously reduces strength and durability while increasing shrinkage and workability.  Lack of measurement of water in the aggregates is the most common problem with delivered concrete.  Many times the aggregate moisture is assumed at the concrete plant.  A high assumption for aggregate water content will make the contractor cuss because of unworkable concrete.  The water content in the aggregate available for the hydration of the cement is that water in excess of the saturated surface dry condition.  During hot and dry weather, the aggregate can remove water from the mix, making in effect, a negative moisture content for the aggregate.
Different cement types hydrate at different rates.  Faster hydration generates more heat.  Type I cement is the normal cement and is formulated for construction of buildings.  It has a moderate heat of hydration and is appropriate for use in normal temperatures (50 degrees F and above.  Type II cement has moderate sulfate resistance (sulfate attack is not common in Michigan) and generally has a slower hydration providing a lower heat of hydration.  There are cements produced now that meet the requirements of both type I and II cements.  Type III is fast hydrating cement and is inappropriate for use in warmer weather as the heat of hydration is high, causing flash setting and higher shrinkage than types I and II cements in warm weather.  Type III cement is appropriate for use in cold weather concrete.  Any of these cements may have air entrainment admixture added, though that is becoming less common.

Ground granulated blast furnace slag (GGBFS) is a product that is becoming more available in Michigan.  The substitution rates of 25% to 70% are those recommended by the American Concrete Institute.  Fly ash and GGBFS are significantly different products.  The fly ash chemically reacts with the by-products of the cement hydration to produce a strong bond.  The GGBFS chemically reacts with water like cement.  Both the fly ash and GGBFS react more slowly when in a mix than cement resulting in a slower set time and less early heat generation.  These are positive for hot weather concrete work and negative for cold weather concrete work.
Air entrainment in concrete does 4 things:  it reduces the density of the concrete, it reduces the strength of the concrete, it slows the bleeding process, and it increases the freeze/thaw durability of the concrete.  Where concrete can become wet and freeze, air entrainment is required by code to reduce damage.  The specification requires air entrainment where, in service, concrete may be wet and frozen.  The specification allows the use of air entrainment even where the concrete is not designed to be wet and frozen to allow the contractor to use a single mix on projects where the exposure is mixed.  Normal air entrainment rates required for NRCS designed projects are 4-7%.  NRCS-Michigan does not frequently test for air entrainment.  Normally, NRCS only verifies that an air entraining admixture was used in the concrete.

Use of air entrained concrete is frequently blamed for scaling on concrete placed in cool weather.  Air entrainment does slow bleeding of the water from the concrete.  The slower bleed  rate sometimes will fool the contractors into finishing the concrete before the bleeding has stopped, trapping bleed water and causing a high water/cement ratio at the surface.  This high water/cement ratio is the cause of the scaling that results.
Water that is appropriate for drinking is acceptable for making concrete.  Beyond this guidance, tests of the water for chloride content and test batches are the only way to accept a water source not appropriate for use as drinking water.
Water reducer types D and G are set retarding and water reducing admixtures.  They are useful to extend the time where the concrete is workable and acceptable.  The time from mixing
Water reducers are admixtures that increase the workability of the concrete.  They have a limited time of effect.  In some cases, the water reducer should be added at the site if there is a long drive time.  High range water reducers (superplasticizers) will reduce segregation of the aggregate.  The reduced segregation allows for a higher drop during placement.  
From Specification MI-158:

5.
CONCRETE MIX


When ready-mixed concrete is furnished, the Contractor shall furnish the NRCS inspector a batch ticket showing the time of loading and the total quantities of materials used for each load of concrete.  The quantities of materials shall include mixing water and estimated free water in the aggregates.  Any concrete load delivered without a batch ticket containing the above information will be rejected by the contractor.
Portland cement shall be Type I or II (Type I is preferred).  Type III cement may be used as part of a cold weather concreting plan.  Cement that is partially hydrated (hardened), or otherwise damaged, shall not be used.  Except during cold weather, pozzolan (fly ash) meeting the requirements of ASTM C 618, Class F or C, may be used.  Cement may be replaced with fly ash in quantities of up to 25% by weight of the total required cement.  Except during cold weather, ground granulated blast-furnace slag may be used as a substitution for Portland cement in amounts between 25 and 70 percent by weight of total required cement.  Cementitious materials shall be within + 1% of the design mix weight.

Concrete not protected from moisture and freezing  during its design life shall be air entrained at 4 to 7 percent.  Concrete protected from moisture by an impervious material or cover, or from freezing during its design life may be air entrained at 4 to 7 percent.

Aggregates shall consist of clean, hard, strong and durable particles that are free of silt, clay or any other material that may affect bonding of the cement paste.  Aggregate weights shown on the batch ticket shall be within + 2% of the design mix weight.  Fine aggregate shall meet the requirements of ASTM C 33 fine aggregate or Michigan Department of Transportation Aggregate Number 2NS.  Coarse aggregate shall meet the requirements of ASTM C 33, size numbers 57 or 67 or Michigan Department of Transportation Michigan Series and Classes 6A or 17A.

The water-cement ratio (W/C Ratio) shall be 0.50 or less.  Water shall be clean and free of injurious amounts of oil, salt, acid, alkali, organic matter or other deleterious substances.  Aggregate moisture shall be included in water quantity calculations.  

Water reducing admixtures conforming to ASTM C 494, Types A, D, F, or G may be used.  Types D or G may be used at the discretion of the contractor/supplier when the air temperature is over 70o F.
The slump of the concrete without water reducers shall be 3 to 5 inches.  Maximum slump of concrete prior to adding Type A or D water reducers shall be 4 inches.  Maximum slump after adding Type A or D water reducers shall be 6 ½ inches.  Maximum slump of concrete prior to adding Type F or G (high range) water reducers shall be 2 ½ inches.  Maximum slump after adding Type F or G water reducers shall be 7 ½ inches.

Where design concrete strength shown on the drawings is 3500 psi or less, a mix containing the materials and properties referenced above, and the following cementitious material and water quantities, may be accepted without strength tests:

     Option
Min. Cementitious Material
Max.    W/C Ratio       (Water Amounts)




lb./cu. yd..



lb./cu.yd.

1
564

0.50

282

2
517

0.45

232

Where the design concrete strength is greater than 3500 psi or where the cementitious material quantities are less than shown above in options 1 or 2, strength tests shall show a minimum 28-day compressive strength of 3,500 psi or the minimum compressive strength shown on the drawings, as appropriate.  Compressive strength tests shall be performed not less than once each day concrete is placed, nor less than once for each 150 cubic yards of concrete placed, nor less than once for each 5000 sq. ft. of surface area of slabs and walls.

Q & A Section (Concrete Mix):
Question - On Mix Proportions for the Concrete You Buy

If I specify strength, air content, and slump when I order concrete, is the ready-mixed concrete supplier obligated in any way to tell me the mix proportions? I haven't been getting this information, and though I don't absolutely have to know what material and how much of each material is in the mix, I'd feel a lot better if I had the information.

Answer

The information might not only make you feel better, but might eventually lead you toward participation in more careful selection of mixes. ASTM C 94, Section 5.3.1 provides that "when the purchaser requires the manufacturer to assume full responsibility for the selection of the proportions for the concrete mixture...the purchaser shall also specify" 28-day or other compressive strength. Section 5.3.2 says "At the request of the purchaser [italics ours] the manufacturer shall, prior to the actual delivery of the concrete, furnish a statement to the purchaser, giving the dry weights of cement and saturated surface-dry-weights of fine and coarse aggregate and quantities, and name of admixtures (if any) and of water per cubic yard or cubic meter of concrete that will be used in the manufacture of each class of concrete ordered by the purchaser. [The manufacturer] shall also furnish evidence satisfactory to the purchaser that the materials to be used and proportions selected will produce concrete of the quality specified." All you should have to do is ask.

Source: Concrete Construction, May 1984

Question – Concrete on Steep Slopes
In June 1965 you published an article "Concreting Inclined Planes" (page 205). We would appreciate additional information relating to concreting on inclined planes.

Answer

Concrete Construction magazine has not published anything on this subject since the 1965 article. However, you may be interested in the following quotation from an article by William C. Panarese and Walter E. Kunze, "Proportioning and Control of Concrete Mixtures for Thin Shells," published in The Construction Specifier, December 1963: ". . .The desired slump will vary somewhat depending on the steepness of the slope on which the concrete is to be placed. The steeper the slope, the lower should be the slump. The slump requirements will also depend on whether the concrete is lightweight or normal-weight. The following slumps for normalweight concrete are suggested: 

· less than 30-degree slope--2- to 4-inch slump 

· 30- to 45-degree slope--1- to 3-inch slump 

· more than 45-degree slope--double forming may be considered for concrete thickness of about 6 inches or more [or shotcrete should be used]

"Lightweight concrete of a given workability does not slump as much as normal-weight concrete due to the lighter weight of the aggregate. A 2-inch-slump lightweight concrete handles about the same as a 4-inch-slump normal-weight concrete. This property of lightweight concrete is especially desirable where very low slump concrete is required for steep shell slopes." The article shows a picture of a vibrating strikeoff riding on rigid pipe screeds being pulled up a slope to consolidate and shape 2-inch-slump lightweight concrete in a dome shell. 

Source: Concrete Construction, November 1979

Question - Fly Ash in Concrete for Floors

What are the advantages and disadvantages of using fly ash in concrete for industrial floors? I'm interested in properties of both fresh and hardened concrete.

Answer

In the summer, fly ash can be beneficial to a contractor's efforts to produce a flat floor because many fly ashes retard set, increasing the time finishers have to meet a tight flatness specification. In the winter, many contractors prefer to have no fly ash in the concrete because the cold weather already retards set and fly ash retards it further. Too much retardation increases costs because finishers must work overtime.

For hardened concrete, fly ash may reduce the rate of early strength gain if it's used to replace portland cement. This can delay joint sawing, which can't be done until the concrete can be cut without raveling the edges. However, later-age strengths may be higher, depending on the curing regime. Thermal cracking may be less likely, too, because fly ash helps reduce internal-temperature spikes in concrete.

Source: Concrete Construction, November 2000

(Note that the above Answer applies for ground granulated blast-furnace slag as well)
Question - How does water do its work?

When and how does water change its effect on concrete from harming it by too high a water-cement ratio, to helping it during curing? What is the process that takes place?

Answer

In the early life of a concrete mix, one role water has is to provide workability. The higher the water-cement ratio (within limits), the more workable the mix. In addition, the higher the water-cement ratio, the farther apart the new hydrating cement gel filaments or crystals will spread themselves, distributing themselves fairly uniformly throughout the water-filled space. If more water is added at any time before the concrete has set, it increases this water-filled space and so the cement gel (also called cement paste) will be less dense and the concrete of lower quality. Once the concrete has set, the total volume of the cement paste has been established. If water is then added, it will not increase the cement paste volume in the way it did before. That is, it will not make the paste less dense and the concrete of lower quality. Even though the concrete has set, the chemical reaction between the cement and water continues. The various cement compounds are still very slowly dissolving from the surfaces of the original cement grains. After dissolving, they react with the water and form more crystals within the same space, making the paste denser. This means that anything that can be done to keep water available within the concrete and to replace water that has been used up in the chemical reaction, will contribute to the densification of the cement paste, thereby improving the quality of the concrete. In summary, too much water in the fresh mix will lower cement paste density resulting in weaker concrete. However, after the concrete has set, not enough water for curing will rob the cement of its maximum opportunity to hydrate and make the concrete strong.

Source: CJ, January 1995

Testing:
Essentially, it is the contractor’s responsibility to provide quality control.  This requires some testing, whether it is by contractor’s personnel, a testing firm or from the ready-mix company.  

Testing of concrete is an important part of quality control.  Slump, temperature and air entrainment can be tested during placement.  Concrete cylinders may be cast on site for later laboratory compressive tests.  One concern, if there is an emphasis on testing, is the lack of attention to concrete placement practices.  Concrete that passes testing is not good concrete in place unless proper placement practices are followed.  Watching the concrete come down the chute and placement techniques is as important, if not more important, than concrete testing.  Experience with some testing is vital to understanding when concrete looks right coming down the chute or out of a pump.  

Strength testing is required to be performed as quality control for placements of 50 or more cubic yards when optional mixes shown in the standard are not used.  Where more than 50 cubic yards of concrete are placed, ACI 318 requires one strength test for each day of placement and one for each 150 cubic yards of concrete placed, whichever is more tests.  For placements of less than 50 cubic yards, the state conservation engineer may allow for no strength testing if evidence shows that the concrete should meet the design strength.  This may be by inspection of mix design or tests of a standard mix from the concrete plant.  A strength test using 4” diameter, 8” tall, test cylinders requires testing a minimum of three specimens with the average of the three strength values being reported.  A strength test using 6” diameter, 12” tall test cylinders requires testing a minimum of two specimens with the average of the two strength values being reported. Note that the 4” cylinders are filled and rodded in 2 lifts rather than the three lifts used for the 6” cylinders and slump cone.
NRCS is required to complete quality assurance work.  At times, NRCS assists the landowner by helping with concrete testing on small jobs such as agrichemical handling facilities or heavy use area construction.  When NRCS testing shows that the concrete does not meet specifications, it is the landowner or contractor that decides whether to accept delivery of concrete.  NRCS does not have a contract with the building contractor and cannot reject concrete for most work.  Conservation practices where concrete does not meet approved specifications may not be certified as meeting NRCS standards.
Placing, Consolidating, and Finishing:
Inspection of concrete placement is as critical, or more critical than the testing of the concrete mix from the truck.  Poor placement and finishing techniques can turn a good concrete mix into a poor concrete placement very quickly.  This is especially true where coatings are to be applied to the concrete, as in pesticide handling facilities.
Note that water may be added to the truck as long as the water/cement ratio specified in the specification and approved mix design has not been exceeded.  All of the water should be added at the start of the placement from that truck rather than a little at a time.  Frequently, the driver will add water and not mix it in well enough, causing a high water/cement ratio at the beginning of the load.  The contractor then asks for more water when the truck is partially unloaded because the concrete stiffens up.  This should not be allowed.  Make sure the contractor and truck driver know water can only be added once, and they need to mix the load well.
The placement of concrete close to the final destination along with limiting the free drop height is important to limit segregation of the aggregates.  Segregation decreases strength and durability.  The concrete is less apt to segregate when a superplasticizer is used.  Therefore, the allowable drop is much greater.  Use of a superplasticizer is recommended for most tanks to allow for a greater drop through the wall.  Proper vibration is required to consolidate the concrete and avoid formation of cold joints.
Finishing of concrete may be ended after strike-off or bull floating for footings.  Concrete finishing may include troweling for surfaces expected to receive epoxy coating.
From Specification MI-158:

6.
MIXING AND PLACING CONCRETE

Concrete shall be uniform and thoroughly mixed when delivered to the job site.  Revolving drum truck mixers shall have the capability of mixing the quantity of concrete delivered.  Trucks shall deliver a maximum load no greater than the truck manufacturer’s recommendation for truck-mixed concrete or 63% of the gross volume of the drum, whichever is less.


No mixing water in excess of the amount called for by the job mix shall be added to the concrete during mixing or hauling or after arrival at the delivery point. Water to compensate for up to a 1-inch loss in slump (up to 1 gallon/cu. yd.) may be added, not to exceed the design maximum water/cement ratio. Withholding some of the mixing water until the concrete arrives on the job, then adding the remaining water and turning the mixer 30 revolutions at mixing speed is allowed.


When adding admixtures on the job, the mixer shall be turned a minimum of 30 revolutions at mixing speed before discharge of the concrete.

Concrete shall not be placed until the subgrade, forms and steel reinforcement have been inspected and approved by the NRCS inspector.  The inspector shall be notified far enough in advance to provide time for the inspection.


Concrete shall be discharged into the forms, vibrated and spaded within 90 minutes after the cementitious materials have been introduced into the aggregates.  When air temperatures are above 85oF, this time is reduced to 45 minutes.  The inspector may allow a longer time if an approved set retarding admixture is used.


Concrete shall be deposited as close as possible to its final position.  Concrete without Type F or G water reducers shall not be allowed to drop more than 5 feet from a chute or “elephant trunk”.  Concrete with Type F or G water reducers shall not be allowed to drop more than 12 feet from the chute or “elephant trunk”.  If concrete must be dropped more than allowed above, hoppers and chutes, "elephant trunks", etc., shall be used to prevent segregation.


Concrete shall not be allowed to flow laterally more than 8 feet . If concrete must be moved laterally more than 8 feet, it shall be moved by shoveling, chutes, conveyors, wheelbarrows or similar equipment.


Concrete in slabs shall be placed at design thickness in one layer, but walls should be placed in essentially horizontal layers not more than 24 inches high.  Successive layers shall be placed and consolidated fast enough to ensure a good bond between layers and to prevent "cold joints".  If the surface of a layer in place will develop its initial set before more concrete is placed on it, a construction joint (of the type shown in the plan) shall be made.


Immediately after placement, concrete shall be consolidated by spading and vibrating, or spading and hand tamping.  Wall concrete shall be consolidated with internal type mechanical vibrators.  Concrete shall be worked into corners and angles of the forms and around all reinforcement and embedded items in a manner which prevents segregation or the formation of "honeycomb".  Vibration shall not be used to make concrete flow in the forms.


Concrete surfaces shall be smooth and even.  Careful screeding (striking-off) and/or wood or magnesium float finishing are required.  If an impervious, protective coating will be applied to the surface of the concrete, the coating manufacturer's recommendations for surface preparation shall be followed.


The addition of dry cement or water to the surface of screeded concrete to expedite finishing will not be allowed.

Q & A Section:
Question - Can Scaling Be Prevented? 

In the past year or so I’ve had problems with scaling and delaminations while placing and finishing floors. Lately it’s been occurring more often. I’ve been in business on my own for 6 years and have made a good name for our company. We work hard and get very frustrated when this happens. We show the customer the problem and explain the causes, reasons, and how this happens, but I’m still the one who has to fix it, and the company gets a bad rap for shabby work. I wonder if you have any suggestions that would help me prevent this from happening again. 

Here’s a situation we recently faced: 

· On a fall morning, about 40 degrees, sunny, it warmed to about 50 degrees through the day and cooled back down in the afternoon. 

· Concrete was placed on 1/4 to 3/8 size pearock. 

· The concrete mix included 3500# natural rock, no fly ash with 2% calcium chloride, and air entrainment. 

· We used a Morrison super-screed for the larger section of the pour and a Lindey Vibra-Strike for the smaller portion. 

· After screeding we immediately bullfloated the surface with a magnesium bullfloat.

We wanted to use a wood bullfloat, but we figured the sun would flash set the floor, so we opted for the mag bullfloat. We waited as long as we possibly dared and started with a walk-behind trowel with combo blades. We left no imprints at all, but it did open the surface allowing it to bleed a little. 

As the floor started to get hard we started finishing with a razor-back riding trowel with pans to open the surface more. As the floor got harder, we removed the pans and started troweling operations. At the same time, the top was getting hard because the sun was drying the slab fast. As I was finishing I noticed a few blisters, so I threw the pans back on to open the surface. After this I achieved a good polish and thought everything was fine. But the next morning I walked the slab and the surface began to pop under my feet. There were large areas of delaminations and scaling. 

Why is this happening and how can we patch the problem areas? Most of it will be under carpets. 

Answer

There are probably two factors causing the problems you have described. You mentioned that your mix design includes air entrainment. Some ready-mix producers include 1% or 2% air entrainment in concrete used for floor construction. This small amount helps to control excessive bleed and should not pose any special problems for finishing with power trowels. But air entrainment dosages designed to provide freeze/thaw resistance could cause the scaling problems you describe. If the slab you are casting is for outdoor use, you shouldn’t use power trowels because they can cause the problems you describe. They also will deplete the air entrainment in the top surface of the concrete. Freeze/thaw scaling will result. 

The conditions you describe may also be ideal for surface crusting problems. If the subgrade and ready mix are fairly cool and the sun causes the surface to get hot, the top layer of concrete dries out and initial set occurs more rapidly than the concrete below. Finishing becomes very difficult as a result. If you know this after the concrete is placed, fogging the area and keeping the surface open as long as possible will help. If you know conditions are favorable for surface crusting, the accelerator you added to the concrete will help the bottom thickness of concrete to set faster than the top, making finishing steps easier. But you have an adequate number of workers to handle the situation. 

Regarding repairing scaled areas, be sure that all unsound material is removed. Then, use polymer cements (there are many different brands in the market place) to make the repairs, and they should bond and perform very well over time. Any patch material is difficult to color-match with surrounding concrete. 

Source: Concrete Construction, October 2001 
Note:  Pay particular attention to the pot life of any patch material made using polymer cement.  The product label should contain information about how long you have after mixing or exposing the product to air before it makes its initial set.  At the end of the pot life, it sets fairly quickly.  If you are still working with it when it makes its initial set, the concrete will be irreversibly damaged.
Question - On Plastic Shrinkage Cracking

On a spring day we were placing slabs that cracked open before we could finish them. The ambient high temperature was 40 degrees F. We then asked the ready mixed concrete company to send concrete containing retarders and they tried two different retarders in different proportions. The concrete then began hardening on the surface even faster. Now the only admixture we ask for is an air entraining agent, but we still get cracking. One day this spring, a slab that took us four hours to place from start to finish cracked all over. There was some sun and wind, and the temperature was 60 degrees F. The concrete was a 5-½-bag mix with a 5-½-inch slump placed on a rock fill. We had to use the 5-½-inch slump because of the high absorption of the lava rock and poor sand used for the fill. We have less trouble with 6-inch floors than 4-inch, but 6-inch floors crack also. The cement is not excessively hot. Will too much water reducer cause trouble?

Answer

The problem seems to be what is known as "plastic cracking" or "plastic shrinkage cracking." This can occur under any conditions where evaporation is rapid whether hot, dry weather or any kind of windy weather (hot or cold). What often happens is the surface dries rapidly and shrinks enough to cause many cracks, usually parallel to one another, before the concrete has been finished. Because plastic shrinkage cracking is related to evaporation rather than rate of chemical hardening, the use of retarders to control it is ineffective. The air content should not affect the problem. The effect of water reducers may be minor. The solution is to do everything possible to protect against rapid evaporation. Some measures that can be taken are described in two articles from Concrete Construction: "How Cracking is Controlled." November 1973, page 517 and "Finishing Problems and Surface Defects in Flatwork," April 1979, page 247. A revised version of the ACI 302 Standard published in Concrete International, June 1980, pages 51 to 96, includes a discussion of this subject.

Source: Concrete Construction, July 1980

Question - On Surface Cracking
We have been experiencing a considerable amount of surface cracking. How can this be prevented?

Answer

This type of cracking often occurs in freshly placed concrete due to rapid evaporation of moisture from the concrete surface and is commonly referred to as plastic-shrinkage cracking. This can occur at any time due to an unfavorable combination of temperature, low humidity and wind. When the rate of evaporation is as high as 0.2 or 0.3 pounds per square foot per hour, precautionary measures must be taken. The Portland Cement Association and other agencies have studied this problem and suggest the following simple precautions to minimize the possibility of plastic-shrinkage cracking: 1. Dampen the subgrade and forms. 2. Dampen the aggregates if they are dry and absorptive. 3. Erect windbreaks to reduce wind velocity over the concrete surface. 4. Erect sunshades to reduce concrete surface temperature. 5. Lower concrete temperature during hot weather by using cool aggregates and mixing water. 6. Avoid overheating the fresh concrete during cold weather. 7. Protect the concrete with temporary wet coverings during any appreciable delay between placing and finishing. 8. Reduce time between placing and start of curing. 9. Protect the concrete during the first few hours after placing and finishing to minimize evaporation. This is most important to avoid checking and cracking. Application of moisture to the surface, using a fog-spray nozzle, is an effective means of preventing evaporation from the concrete. This should be used until a suitable curing material such as a curing compound, wet burlap or curing paper can be applied.

Source: Concrete Construction, November 1969

Question - on condition of concrete at and below driveway surface 

This time of year always brings numerous complaints about driveway wearing surfaces. Conditions that mar a driveway's beauty-and are the homeowner's most common complaint-are popouts and exposed rocks at the slab's surface. More precisely, crushed limestone aggregate is exposed after the medium broom finish has worn away. Why is it that, with less than a year's service, a broomed concrete surface might wear to the point of exposing major portions of coarse aggregate? In many areas, the coarse aggregate even dislodges.

Answer

Daniel J. Green, technical service manager for National Cement Co. of Alabama in Birmingham, responds: Over the past few summers, I have been analyzing my inspections in my territory, and I'm offering my take on this problem.

At first glance contractors always want to suggest that the No. 1 cause for this situation is low-quality concrete as delivered from the ready-mix plant. They suggest many contributing factors. Perhaps not all of the cement had been batched. Were there fly-ash contaminants in the cement silo? Possibly the air content was excessively high, resulting in low strength. Maybe the plant operator opened the water valve too long, producing a very high slump. Any one, or a combination of these, would explain a weak concrete surface.

All of these scenarios make the ready-mix plant manager an easy target for the already upset home builder or homeowner. In one case, the homeowner even had the foresight (perhaps in preparation for a lawsuit) to contact a testing lab. The lab suggested drilling core samples for compressive-strength tests. Imagine the homeowner's surprise when results showed core compressive strengths approaching 4000 psi.

My explanation is that the saying, "You can't judge a book by its cover," applies to driveway surfaces.

Almost every core break I have observed on similar driveways has shown that the body of the concrete has acceptable strength. I say "body" because lab technicians trim the ends (which include the finished surface) during the core sample preparation. So only a visual inspection shows that the surface of the driveway is eroded and worn, is not durable, and therefore is significantly lower in strength, lower in durability, and lower in wear resistance than the body of the concrete.

What can cause the surface of the concrete-that upper 1/8 inch, 1/4 inch, 1/2 inch or even more-to be so different in physical characteristics, strength, and durability than the body of the slab? As technicians, we know what causes strength and durability reductions in concrete. And further, we know what causes low wear resistance in concrete slabs. We don't even have to speculate. We only have to refer to ACI 302, "Concrete Floor and Slab Construction," which I summarize. 

"Low wear resistance is due primarily to low-strength concrete, particularly at the surface. Such low strengths result from: 

· Too much mixing water 

· Use of concrete with too high a water/cementitious materials ratio 

· Excessive slump, which promotes bleeding and carries softer, lighter material (laitance) to the surface 

· Overworking overwet concrete 

· Premature floating and troweling that works bleedwater into the surface (increasing the w/cm ratio at the surface and lowering the strength at the surface) 

· Excessive use of water by finishers 

· Deficient curing 

· Opening the slab to abrasive traffic before sufficient strength has developed 

· Poor finishing techniques and improper timing during and between finishing operations, i.e., floating the concrete while bleedwater is still present."

The repair for this problem is time-consuming and costly: resurfacing, overlays, or removal and replacement. In the future, let's all make a renewed effort to rid our industry of these problems completely.

Source: Concrete Producer, May 2000

Joints and Water Stops:
There are 3 basic kinds of joints: construction, contraction, and isolation.  Another type of joint is the expansion joint which is used on large placements such as highway slabs to prevent buckling due to temperature induced expansion.
Construction joints are those joints where concrete is joined together and where no movement of the joint is allowed.  These are needed where it is not reasonable to keep placing concrete for the whole structure such as between footing and wall placements.  
Contraction joints are installed where cracking due to internal forces of drying and temperature changes are more than can be tolerated by the concrete.  These joints are cut into the concrete to force the cracks into an ordered pattern so that the aesthetics of the slab are not compromised.  NRCS in Michigan does not install a lot of contraction joints.  Examples of contraction joint uses are sidewalks and road pavements where the shrinkage of the concrete would random crack larger segments of pavement if were not for the joints.

Isolation joints are used where the structural parts need to be able to move independent from each other.  Examples of this are long manure tanks.  
Waterstops are installed where a leak free joint is required.  The joint may be any of the three types listed above.  Waterstop materials are normally plastics or bentonite tape, but can also be metal.  A warning on bentonite tape is where it is placed too close to the face of the concrete, the pressure of it expanding can cause spalling.  Waterstops are not easy to place correctly, and the need for a completely leak free concrete structure needs to be evaluated before specifying them.  Michigan NRCS designers often prefer to increase temperature and shrinkage steel quantities to reduce cracking, thus reducing the need for contraction joints and thereby avoiding the need for waterstops.

Form Removal and Concrete Repair:

Patching of form ties is one of the most missed parts of the concrete construction.  Contractors are happy to get the forms down and move on to the next item.  Patching the holes where the ties break off is commonly “forgotten”.  To make a solid patch that adheres to the wall, the breaking and patching should be done the same day the forms are stripped.  This is an item that should be pointed out in the preconstruction meeting.

Concrete repairs are always better done sooner rather than later.  The bond between patch and existing concrete becomes weaker as the concrete being bonded to ages.  Patches for concrete defects should always be regular shapes.  The edges of patches should be perpendicular to the concrete surface at least an inch deep.  (No thin edges on patches)  Where reinforcing steel is exposed, the patch must be extended below the reinforcement at least an inch to provide for bond to the steel.
From Specification MI-158:

7.
FORM REMOVAL AND CONCRETE REPAIR

Forms for structure walls shall not be removed until 24 hours or more after concrete placement.  When forms are removed in less than 7 days, the concrete shall be sprayed with a curing compound or be kept wet continuously by methods allowed in Section 8 of this specification.


Forms shall be removed in such a way as to prevent damage to the concrete.  Forms shall be removed before walls are backfilled.


Form ties shall be removed flush with or below the concrete surface.  Form ties removed to a depth of 1/2 inch or greater shall be patched with dry-pack mortar.  Dry-pack mortar shall consist of one part Portland cement and three parts sand, with just enough water to produce a workable consistency.


Where areas of the concrete surface is "honeycombed", damaged or otherwise defective, it shall be removed, the area wetted and then filled with a dry-pack mortar.  Damaged or defective concrete shall be removed and/or repaired so as to retain structural integrity of the member.  

Curing:
Proper curing of the concrete is critical for long term durability.  Scaling and cracking of the concrete surface can be results of inadequate curing.  A lack of curing can cause the near surface cement to dry and not hydrate fully.  The less than fully hydrated cement causes the loss of strength and reduced durability.  Appropriate curing also reduces shrinkage cracking and results in a more water-tight structure.  The preferred method of curing is immersion in water.  Flooding a chemical handling facility can be reasonable.  The best option where flooding is not practical is use of a pigmented curing compound.  The pigments allow all to know where the curing compound has been sprayed.  Construction joints are best treated with burlap and misting.  Do not accept curing compound applied to construction joints unless there is a plan to sandblast the joint before the adjacent concrete is placed.
From Specification MI-158:

8.
CURING

Concrete shall be prevented from drying for at least 7 days after it is placed.  Exposed surfaces shall be kept continuously moist during this period by flooding, misting, covering with moistened canvas, burlap, straw, sand or other approved material, unless they are sprayed with a curing compound or covered with a 4 mil or thicker polyethylene.  Forms left in place during the curing period shall be kept wet.


If an impervious, protective coating will be applied to the surface of the concrete, follow the coating manufacturer's recommendation for concrete curing beyond the 7 days required above.  Other concrete, except at construction joints, may be coated with a curing compound in lieu of continued application of moisture.  The compound shall be sprayed on moist concrete surfaces as soon as free water has disappeared, but shall not be applied to any surface until patching, repairs and finishing of that surface are completed.


Curing compound shall be applied in a uniform layer over all surfaces requiring protection at a rate of not less than 1 gallon per 150 square feet of surface or to manufacturer's recommendation.

Q & A Section:

Question - Curing Concrete in Hot Weather

I’ve recently moved my contracting business to the South. Concrete finishers here tell me that a slab poured outside on a hot day won’t cure properly unless it’s kept wet. They do this by having someone periodically spray it with water from a hose or by setting up a lawn sprinkler, once the concrete has set up enough that the top layer won’t wash away. Is this really necessary? Would adding a set retarder to the mix accomplish the same thing?

Answer

To start with, a set retarder does nothing to help concrete cure. It simply makes the concrete set more slowly, which would actually make curing more critical. For concrete to reach its full strength, it needs water to hydrate the cement. If it dries out, then the resulting concrete is soft, almost chalky in an extreme case. This is most common on the surface of a slab. If it dries out even momentarily, it will be weakened. There are three important variables in determining how quickly the concrete will dry out: temperature, relative humidity, and wind speed. Therefore on a hot, dry, windy day, the concrete will dry quickly, and that’s when curing is most important. Most concrete has plenty of water when it is placed, so the key is either to prevent the water from evaporating or add enough water to make up for the evaporation. The ways to prevent evaporation are with curing blankets, plastic sheeting, or membrane-forming sprayed-on curing compounds. Curing compounds can be reasonably effective when evaporation is not too high. The better way to cure concrete, though, is with water curing. Water can be ponded, sprayed, or misted onto the surface. To keep it wet, many concrete contractors use burlap to soak up the water. How long to keep it wet depends on temperature and the mix—you want it to have reached sufficient strength on the surface. Typically, about 7 days is sufficient with Type I cement—less in warm weather. I always tell people that concrete is sort of like a baby: when it is very young, if you keep it warm and wet (rather than dry) it will grow up to be a strong and responsible adult. Neglect it, and you’ll have to live with a problem child for many years.

Source: Concrete Construction, December 2004

Question - Best Cold-Weather Curing Methods

Is it necessary to use a curing compound when a concrete slab is placed during the spring or fall and temperatures approach 60°F during the day but are sometimes below freezing at night? Would the curing compound possibly retain moisture that might make the concrete more susceptible to damage caused by freezing?

Answer

Cold Weather Concreting (ACI 306R-88) advises that concrete exposed to cold weather (temperatures below 50°F) isn't likely to dry at an undesirable rate. However, since new concrete may be vulnerable to freezing when it's in a critically saturated condition, protection such as a heated enclosure may be needed. Floors are especially prone to rapid drying in a heated enclosure. For such enclosures, ACI 306 suggests using steam to heat the concrete and prevent excessive evaporation. When dry heat is used, the report advises covering the concrete with an impervious material or a curing compound. Water curing isn't recommended since it increases the likelihood of concrete freezing in a nearly saturated condition when protection is removed. For the conditions you mention, in which a hard freeze is unlikely, covering the concrete with insulated blankets might be the best strategy. The blankets will help to retain moisture and heat needed for curing but, when removed, will allow the concrete to dry before it's exposed to freezing temperatures. Reader's Response: In your response question regarding the best cold-weather curing methods, you should have gone one step further. After the sentence saying that concrete exposed to cold weather "isn't likely to dry at an undesirable rate," you should have stressed that appropriate curing procedures should be provided to minimize moisture loss, as stated in ACI 302.1R-96, Guide for Concrete Floor and Slab Construction. We should always stress curing no matter what the temperature, whether ponding, membrane-forming cures or sheet materials are used. Too many people feel curing is not necessary at lower temperatures. John C. Hukey
Dayton Superior Corp.
Oregon, Ill. 

Source: Concrete Construction, March 1998

Question - Shrinkage cracking beyond 28 days

The specifications required 28 days curing time before applying a membrane. We applied a membrane to a deck that was more than 28 days old, and the membrane failed. We were told it was because the deck continued to crack. Is the cracking that will occur in a top deck completed in that time?

Answer

Not always. The 28-day curing time is a common requirement, but don't expect all cracking to be completed by 28 days. Drying shrinkage cracking can take place months after a concrete slab is placed. The rate of drying shrinkage depends on the size and shape of the slab, the surrounding relative humidity and temperature, and the mix constituents and proportions. As an example, PCA's Building Movements and Joints indicates that a 6-inch-thick slab exposed to 70 F and 50% relative humidity will undergo only 60% of its total shrinkage by the time it's 100 days old.

Source: CRD, December 1996

Question – Has someone compiled list of items to prevent problems during a concrete pour?

Has anyone ever compiled a list of things a contractor can do to prevent problems that come up unexpectedly during a concrete pour? For example, our ready mix company has had trucks unable to get close enough to discharge the load, we have seen forms deflect and require extra concrete, and we have had trucks arrive on the site only to discover that the reinforcement still needed to be set in place. What are some things a contractor or homeowner can do to prepare for a pour? We would like to make this list available to our ready mix customers.

Answer

We suggest that you start by putting together a checklist of things you already know that a contractor or homeowner can do to prepare for a concrete pour. You can add to the list by talking to other ready mix suppliers about their experiences. Here is a partial collection to get you started: 

1. For slabs on grade, be sure the side forms are in place, secure, and checked for grade. Compact the subgrade and measure the depth of the slab from the top of the form to the subgrade surface by extending a straightedge from one side form to the other. Calculate the amount of concrete needed and then allow a slight amount of extra concrete to avoid having to order more. 

2. Be sure that reinforcement is in place and clean. 

3. Have the expansion joint material available on the site. 

4. In hot, dry weather, moisten the subgrade and forms. 

5. Be sure that the screed, straightedge, and finishing tools are out and accessible. 

6. Even if it doesn't look like rain, have plenty of plastic sheeting on hand to cover the pour. 

7. Provide a clear path for the ready mix truck, free of obstacles and debris, and be sure that it is capable of supporting the heavy load of the truck and the concrete. 

8. If trucks will be following one another, provide room for a truck to back out and leave while one or more others are waiting. 

9. If accessibility to forms is limited, confer with the ready mix supplier about providing chute extensions or using a conveyor or pump to get the concrete to the forms. 

10. Make a final check to see that the forms are well braced so they will stay in alignment, won't require extra concrete, and will be safe. 

11. Be sure the curing material is on hand and in an adequate amount.

Source: CJ, September 1995

SECTION 8 - Cold Weather CONCRETING
As a general guide, if you're not comfortable laying on the subgrade, it may be too cold for the concrete.  Remember to get a cold weather concreting plan from the contractor and have it approved by your area engineer or his/her representative.  Note that for unreinforced concrete, calcium chloride may be used in cold weather concreting if it is part of the cold weather concreting plan.  Calcium chloride, like other set accelerators, is similar to type III cement in set time and rate of concrete strength gain.  Type III cement is not used in other than for cold weather concrete because of its higher shrinkage and faster setting characteristics.  

Use of thermometers to monitor concrete temperatures during placement and after is essential during cold weather concreting operations.  Adequate strength to prevent damage must be attained before the concrete is allowed to freeze.  It is the contractor’s responsibility to monitor temperatures.  The concrete can be kept warm through insulation or added heat.  Concrete temperatures should also be kept below 70 degrees F to reduce long term shrinkage and thermal shock at the time the insulation is removed.  Removal of the insulation or heat source in very cold weather can damage the concrete through rapid cooling of the surface while the bottom of the slab is still warm.  

Use of gas or oil fired heaters that do not exhaust combustion gases outside the enclosure can cause carbonation and “dusting of the concrete surface and health problems for workers inside.  Heat exchangers are required for any gas or oil fired heat used inside an enclosure.

See the “Optional Cold Weather Concreting Plan” for more details on insulation and heating possibilities.
From Specification MI-158:

1.
SCOPE

This specification covers steel reinforced concrete construction.  Construction work covered by this specification shall not be performed unless the anticipated atmospheric daily low temperature is 40o F or higher for a minimum of three days after placement unless the site conditions and/or the construction methods to be used have been reviewed and approved in writing by the NRCS engineer or their designated representative.

9.
CONCRETING IN COLD WEATHER

Concrete shall not be mixed nor placed when the daily atmospheric low temperature is less than 40oF unless facilities are provided to prevent the concrete from freezing.  The contractor shall furnish to NRCS, for approval, a written plan that shows how the contractor will meet the requirements of this specification.  


Minimum requirements for cold weather concreting shall consist of:


a.
Use of warm concrete with temperatures from 55o to 65oF.


b.
Adequate protection from the weather, including, if needed, the use of artificial heat, to prevent the temperature of the concrete from falling below 50oF  for a period of 3 days when using type I cement and 2 days when using a set accelerator or type III cement.  Alternatively, adequate protection from the weather, including the use of artificial heat, if needed, to prevent the temperature of the concrete from falling below 40oF for a period of 6 days when using type I cement and 4 days when using a set accelerator or type III cement.
c.
Chloride accelerators such as calcium chloride may not be used to speed the hardening of concrete. Type III cement and non-chloride accelerators are allowed as part of a cold weather concreting plan.  Fly ash and ground granulated blast-furnace slag may not be used in cold weather concrete.


d.
Where reinforced concrete structures will be loaded such as in backfilling walls or supporting heavy equipment, the load shall not be applied until the concrete has been tested to have at least 75% of its design strength.  Test cylinders left on site until testing will be used to determine concrete strength.
Q & A Section:

Question – Is type III cement advantageous?

A building project under consideration involves underpinning an existing footing. We would like to place the load back on the footing as soon as possible after casting the underpinning and are considering the use of high-early-strength (Type III) cement to facilitate this. How much of a time advantage will be gained by using a high-earlystrength cement in the concrete?

Answer

While strength gains will definitely be faster with the use of high early-strength cement, the time at which loads can be imposed upon the new underpinning will depend on the amount of load and the 28 day strength designed for in the concrete mix. A comparison of Type I (normal) and Type III (high-earlystrength) cement concretes in terms of speed of strength gains (at 55-degree curing temperature) follows: 

	Type I

	after 1 day
	10 percent of the 28-day strength

	after 3 days
	30 percent of the 28-day strength

	after 7 days
	60 percent of the 28-day strength

	Type III

	after 1 day
	25 percent of the 28-day strength

	after 3 days
	55 percent of the 28-day strength

	after 7 day
	65 percent of the 28-day strength


After 7 days, the difference in strengths between Type I and Type 111 cement concretes is negligible. The ultimate strength of Type I cement concrete will usually be slightly higher than an equivalent mix using Type 111 cement.

Source: Concrete Construction, February 1972

Question - Nothing like a thermometer to give temperatures

We are required to maintain the concrete temperature of a slab at no lower than 50 degrees F during the curing period. We expect to take care of this by curing blankets, but how can we be sure we have enough covering if we get an unexpected drastic drop in temperature?

Answer

Use a pocket thermometer. This can first be inserted momentarily in inconspicuous locations to create several wells before the concrete has hardened. Later the thermometer can be inserted at any time to monitor the temperature of the concrete. Steel thermometers with dials are available from concrete testing supply houses. Owners of such thermometers find many uses for them in monitoring temperatures of fresh or hardened concrete in both cold and hot weather.

Source: Concrete Construction, November 1978

Question – On thawing frozen subgrades

We do a lot of concrete work in Canada where frozen ground is common. Most specifications prohibit placing concrete on frozen ground. How do concrete contractors in northern climates meet this specification requirement?

Answer

The contractor must usually either prevent the ground from freezing or thaw it before placing concrete. The most common method for preventing freezing is to cover the ground with insulation. Insulating blankets and straw have both been successfully used. Another possible insulating method is to cover the ground with a waterproof plastic sheet and construct a pond of water above the subgrade. The water serves as insulation and as a heat sink when it changes to ice. The amount of water needed to protect the ground from freezing can be calculated. Make sure no water leaks from the pond into the subgrade below. Another solution is to erect an enclosure and provide heat. The enclosure could be a flat tent propped on blocks or it could be large enough to serve as a construction shelter for use during form setting, concrete placement, and curing. There aren't many economical options for thawing ground that's already frozen. You can build a heated enclosure and wait for the ground to thaw within it. In Canada, frozen ground has been successfully thawed by drilling holes 4 to 5 feet apart and injecting hot water or steam. You might be able to safely place concrete on frozen ground if the soil isn't frost susceptible. To successfully place concrete on frozen ground you need to prevent the concrete from freezing until it reaches a compressive strength of 500 psi. Adding an extra inch or two of concrete is one option. This could be viewed as a sacrificial layer that may freeze but maintains the heat generated by the rest of the concrete. An alternative is placing the concrete on an inch of rigid insulation board thus protecting it from the frozen subgrade below. Heating the concrete, using Type III cement, or adding an accelerator reduces the time needed to reach the 500-psi strength level. However, placing concrete on frozen ground isn't recommended if the ground isn't thaw stable. Silts and clayey silts with free access to water aren't thaw stable because they settle after thawing. Also, because of the free water present, these soils are weaker immediately after the thaw. Don't place slabs on grade over frozen soils that aren't thaw stable. Subgrade settlement and decreased bearing capacity may crack and tilt the slabs. Coarse-grained soils such as gravels and sands are typically thaw stable and maintain their strength after freeze-thaw cycles. If you consider placing concrete on frozen ground, contact a soil testing firm and ask for a thaw-consolidation test on samples of the soil. This test measures the amount of settlement after a soil thaws. Based on the amount of settlement, the soil testing firm can evaluate the advisability of placing concrete over the frozen subgrade. A simpler test also can be used to help predict thaw settlement. The dry density of frozen and thawed soil is measured. The values are then used in the following equation to predict settlement: Settlement = (1--frozen density/thawed density) x (height of the frozen layer) This equation states that if the frozen soil contains more moisture than the thawed soil originally contained, settlement will occur as thawing releases the moisture and the soil shrinks to its original volume.

Source: Concrete Construction, August 1991

Question - Will calcium chloride thaw a frozen subgrade?

We're supplying ready mixed concrete for a floor slab that will be placed in freezing weather. We warned the contractor about placing concrete on a frozen subgrade. He says he'll throw flake calcium chloride on the subgrade surface to thaw it before he places the concrete. Is there any code or document that prohibits this?

Answer

We don't know of a document that specifically prohibits this practice, but it's not an effective way to thaw the subgrade to any depth. Some contractors put up a tent or other enclosure and use space heaters inside it to thaw the subgrade (see Concrete Construction, November 1989, page 956). Others use electrically heated concrete curing blankets that are laid on the ground. One such product comes in 36-foot-long sections that are 4 1/2 feet wide. The blankets require a 220-volt power source and can be covered with insulated curing blankets to retain the heat. They reportedly maintain a 60 F temperature beneath the blanket even when the air temperature is at 0 F. The cost is estimated at less than $2.50 per square foot.

Source: Concrete Construction, February 1990

Question - Cause of a Dusting Floor

We placed concrete for a basement floor with plastic hoses embedded in it for radiant heating. The concrete was placed directly on expanded-polystyrene insulation laid over plastic sheeting. A lot of bleedwater collected at the surface, so we used propane heaters to dry it up and then ran the heaters all night to help cure the concrete. The next day we applied two coats of sealer. Two weeks after the floor was placed, the owners reported that the surface was wearing away under foot traffic. They want to put a tile floor over the concrete but are concerned that the tile adhesive won't bond. What caused the problem, and what can we do to correct it?

Answer

The problem is called dusting, and is caused by carbonation. If a combustion heater isn't vented, it emits exhaust gases with the heated air. The exhaust gases contain carbon dioxide, which reacts with water on the fresh concrete surface to form carbonic acid. The acid then combines with calcium hydroxide, a byproduct of cement hydration, to form weak calcium carbonates instead of the strong calcium silicate hydrates that are normally produced (Ref. 1). The soft layer caused by carbonation is usually only a small fraction of an inch deep. For reasons that aren't fully understood, dusting doesn't always occur when unvented combustion heaters are used. But to be on the safe side, you should use vented combustion heaters or electric heaters during the first 24 hours after concrete flatwork is placed (Ref. 2). Wet grinding with a terrazzo grinder is one way to remove the weakened layer without creating dust. You can also rent grinders with a vacuum attachment that collects the dust. Remove the surface until you've reached sound concrete, and clean all remaining dust before floor tile is laid. References 1. Moira Harding, "Portable Heaters for the Jobsite," Concrete Construction, October 1994, pp. 800-808. 2. Steven H. Kosmatka and William C. Panarese, Design and Control of Concrete Mixtures, 13th ed., Portland Cement Association, 1988, rev. 1992, p. 160. Reader Response: In answer to the June 1996 Problem Clinic question concerning the cause of a dusting floor (pp. 510-511), you respond that the problem is due to a combustion heater's unvented gases, which react with bleedwater to form carbonic acid. However, you fail to explain why the contractor had a lot of bleedwater on the floor surface. The excess bleedwater was due to the improper placement--directly beneath the slab--of the plastic sheeting, or vapor diffusion retarder (VDR), and the expanded polystyrene (EPS). Relocating the VDR and EPS prevents excess bleedwater and the subsequent need for heaters to dry the slab. Gene Leger
Leger Designs
New Boston, N.H. Editor's Response: We disagree that it's improper to place EPS insulation board or a vapor retarder directly beneath a concrete slab. In our experience, freezer floors are always placed directly on the insulation board, and radiant-heated slabs (such as the slab in question) are placed directly on the insulation board or vapor retarder. Leger recommends relocating the insulation board or vapor retarder, presumably by placing a granular blotter layer directly beneath the slab. This may cause heat to flow downward toward the cooler blotter layer instead of upward into the room to be heated. However, we should have warned the contractor that bleeding time increases when concrete is placed directly on a nonabsorbant base. Thus, a low-slump, low-water-content concrete is needed to shorten the bleeding period.

Source: Concrete Construction, June 1996

SECTION 9 - Hot Weather cONCRETING


Precautions for hot weather concrete placement are pretty simple.  Keep the concrete cool and moist.  Methods for this are use of cool water and placing early in the day.  Curing can be especially difficult as hot and dry weather will evaporate bleed water very quickly and hot temperatures will cause concrete to set very fast leaving a small window of opportunity for finishing.  
From Specification MI-158:

10.
CONCRETING IN HOT WEATHER

Hot weather precautions should be taken when air temperatures are at or above 85oF.


Concrete temperature shall be less than 90oF during mixing, conveying and placing.

SECTION 10 - Backfilling new concrete walls
Backfilling of walls may be allowed sooner than the specification states if the walls are kept warmer than 70 F and testing shows that adequate strength has been developed.  Walls may also gain strength faster if more cement or type III cement is used in the mix.  The only way to tell for sure if loading the wall can be approved is by casting test cylinders, keeping them on site (rather than taking them to the lab after 24 hours), and breaking them to confirm strength.  Normally, backfill can commence when the concrete has reached 75% of design strength.  The hot weather increases the rate of strength gain in the concrete, but decreases the ultimate strength.  Conversely, the rate of strength gain in cold weather is much slower.  At times, backfilling less than the full backfill to provide a working area for the contractor may be acceptable.  Contact your area engineer for assistance and approval for partial backfilling before the 10 day limit without testing.

From Specification MI-158:

11.
LOADING NEW REINFORCED CONCRETE STRUCTURES

Heavy equipment may not be operated within 3 feet of the new concrete wall.


Compaction within 3 feet of the wall will be by means of hand tamping or small hand-held tamping or vibrating equipment.


Backfilling and compaction of fill adjacent to new concrete walls shall not begin in less than 10 days after placement of the concrete where the concrete temperature has been maintained at 50oF or higher or until the concrete has been tested to have at least 75% of its design strength. Test cylinders left on site until testing will be used to determine concrete strength. Backfill material shall be the type indicated on the drawings and shall be free of large stones or debris.


Heavy equipment traffic or other loads may not be applied to a new slab until the concrete has attained at least 65% of its design strength.  Test cylinders left on site until testing may be used to determine concrete strength.


Concrete may be assumed to have attained at least 65% of its design strength when:

1) Concrete temperature has been maintained at 50oF or higher for a minimum of 7 days after placement, or 

2) The concrete temperature has been maintained at less than 50oF, but above 32oF for 14 days after placement. 
SECTION 11 - Fiber Reinforced Concrete COMMENTARY
We do not recommend use of polypropylene fibers for concrete work in Michigan.  These synthetic fibers tend to decrease workability and increase the amount of water desired in the mix by the contractor.  The increase in water required for workability offsets any strength gain.  
Note that the normal content is two pounds of plastic fibers for 2 tons of concrete (1 cubic yard).  It takes 47 lbs of reinforcing steel per cubic yard for temperature and shrinkage control in concrete.  How much can the plastic or fiberglass fibers really do?  Synthetic fibers cannot be a substitute for temperature and shrinkage steel reinforcement.
Fibers will slightly reduce the permeability of uncracked concrete, improve abrasion resistance, and reduce plastic shrinkage cracking.  Concrete is in a plastic state when the concrete is not quite solid, but not liquid either.  This is about the time that final finishing occurs.  The plastic shrinkage cracking is caused by the loss of water near the surface of the concrete faster than bleed water rises.  Conditions where this is likely to occur are when there are strong winds, high temperatures and low humidity.  Fibers are used extensively in the southwestern US for concrete lined irrigation channels.
Steel fibers appear to be a viable option for reinforcement of concrete.  It usually takes 2X the weight in fibers as it would for reinforcing bars to have equivalent temperature and shrinkage protection.  The random fiber orientation causes the loss in effectiveness.  Since steel fibers cost more per pound and significantly more pounds are used, they are not normally an economical alternative to reinforcing bars.
Question - Lower strength with fibers?

Over the years I have observed a trend of lower compressive strength results when fibers are used in concrete mixes. I have suspected that additional water demand for workability is the main reason for this. What have you experienced in your strength results when using fibers in comparable concrete mixes?

Answer

Don Smith, R&D manager for SI Concrete Systems, says you are exactly on the right track with your thinking. Actually fiber-reinforced concrete does not have worse workability (at normal doses of fiber) than plain concrete, but it does appear stiffer to the eye or in a slump cone. Therefore the normal finisher will add water to compensate. This is not a suggested practice and will lead to lower compressive strength. If finishers would go ahead and start placing the concrete, they would see that it is not actually stiffer and harder to work but simply more cohesive. This is one way that fibers improve concrete. The fiber alone does not have any effect on compressive strength unless the water is adjusted. 

Others, however, say that fibers do reduce workability. One way to overcome this problem is reduce the amount of fibers added, instead of 11⁄2 pounds/cubic yard (which the suppliers would like you to use) reduce it to 1 pound/cubic yard. You will find there is a trade-off of the benefit of the extra 1⁄2 pound of fiber and the amount of water added. Your finishers will be a lot happier, and your strengths will rise. Some fiber companies have already addressed the workability problem by developing fibers that are more user-friendly by being thinner, changing the physical properties, reducing the dosage, or a combination of these. The new fibers are more ôtransparentö to the finisher. Some have noticed an increased chance of blisters and delamination when fibers are in the mix, even on bull floated or Fresno floated slabs. This may be because the fibers slow the bleeding of the concrete. Finishers should be cautioned about sealing the surface before all of the bleed water has risen. 

Source: Concrete Construction, September 2002

SECTION 12 - Pre-approved Designs

Where there are pre-approved designs, be sure all the design assumptions are met.  It is acceptable to use higher strength concrete and higher graded steel in structural designs. 

Be careful to follow the MI-159 specification for plain concrete.  More strength does not necessarily mean better concrete when a “watertight” liner is desired.  More cement and more strength means more shrinkage and therefore, more leakage.  MI -159 is designed to provide adequate strength with minimum shrinkage.  Adding cement to the mix does not make the concrete better in this case.
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