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Guide Specification

Concrete Floor with Extended Joint Spacing
Notes for specifiers:  This specification section is meant for a ground-supported concrete floor that relies on steel fibers and other details to allow concrete placements up to 110 feet long and up to 110 feet wide without intermediate joints.  It is your job to ensure that this section is right for your project and to change anything in it that is not suitable.  In particular, you should review and consider changes to the following details:

Concrete strength:  Paragraph 2.1.A calls for 4000-psi compressive strength.  Your design may call for a different value, or for flexural strength instead.

Armored joints:  Paragraphs 1.1.B.6, 2.3.A, 3.5.A, and 3.5.D.1 refer to armored construction joints.  Depending on the intended traffic and the owner's expectations for floor maintenance, you may want to substitute plain, unarmored joints.  If so, you will probably want to add joint filler.

Dowel size:  Paragraphs 2.4.A.2 and 2.4.A.3 calls for dowels 3/4 inch in diameter and 16 inches long.  Depending on vehicle loads, you may want to specify bigger dowels.

Vapor barrier:  Paragraphs 1.1.B.4, 2.6.A, 3.3.A, and 3.3.B refer to 4-mil polyethylene sheet used directly under the slabs.  While this looks like a vapor barrier and will function as one to some extent, its main purpose is to reduce friction between slab and sub-base.  If your project requires a highly efficient vapor barrier, you may want to specify thicker polyethylene with taped or glued seams.

Flatness and levelness:  Paragraphs 3.9.A.1. and 3.9.A.2 call for overall F-numbers of FF35/FL25 and minimum local F-numbers of FF21/FL15.  Those numbers define what ACI 117 calls a "flat" floor, and are suitable for ordinary forklift traffic.  Depending on usage, you may want to specify higher F-numbers.  But do not go above FF55/FL35 overall.

Curing:  Paragraphs 1.1.B.9, 2.6.A, and 3.10.B refer to curing under polyethylene sheet.  While effective, this curing method can result in light and dark streaks.  If streaking would cause a problem on your project, consider another curing method.

Joint sealing:  This section does not cover joint sealing.  If your project requires sealed joints for sanitary or other reasons, specify an elastomeric caulk and install it as late as possible in the construction schedule.
SECTION O3 3O 10

CONCRETE FLOOR WITH EXTENDED JOINT SPACING
PART 1  GENERAL

1.1  SCOPE

A.
This section applies to the interior concrete floor identified on the



contract drawings as “Concrete Floor with Extended Joint Spacing”.


B.
The work covered by this section shall include, but is not limited to, the



following steps:



1.
Prepare all required submittals, including the concrete mix design, and




submit them to the Architect at least one month before the first slab




placement.



2.
Take part in a prepour meeting at least one week before the first slab




placement.



3.
Fine-grade the sub-base.



4.
Install slipsheet over sub-base.



5.
Isolate the slab from wall, columns, and other penetrations.



6.
Furnish and install armored joints.



7.
Furnish and place concrete, including steel fibers at 65 lb/cy.



8.
Finish concrete to specified F-numbers.



9.
Cure concrete under polyethylene for at least 7 days.



10.
Fill the sawcut joints with semi-rigid epoxy.



11.
After 90 days, repair all cracks over 1/32 inch wide.

1.2  REQUIRED SUBMITTALS

A.
General:  Provide all required submittals at least one month before the



first pour.


B.
Slab plan:  Submit a floor plan showing the location of all construction



joints and the proposed pour sequence.


C.
Concrete mix design:



1.
Submit a concrete mix design prepared by either the "laboratory trial




batch" or the "field experience" method as specified in ACI 301.



2.
Include the following information:




a.
Proportions of cement, fine aggregate, coarse aggregate, and water;




b.
Water-cement ratio, 28-day compressive strength, 28-day drying





shrinkage, and maximum slump;




c.
Type of cement and aggregates;




d.
Aggregate gradations, including combined gradation for all





aggregates together;




e.
Type and dosage of admixtures;




f.
Special requirements for pumping, if any.


D.
Steel fibers:  Submit manufacturer’s product data, including fiber



length, aspect ratio, and conformity with ASTM A820, Type II.


E.
Method of aligning dowels:  Unless PNA dowel aligners are to be used,



describe proposed method in detail.

1.3  SPECIAL FLOOR CONSULTANT

A.
General:  The Contractor shall engage a special floor consultant.


B.
Qualifications:



1.
The special floor consultant shall have at least five years experience,




covering at least five separate jobs, with the use of steel fibers in




floors with joints over 20 feet apart.



2.
Acceptable special floor consultants include but are not limited to:




a.
George Garber, Lexington, Kentucky (telephone 859 433 2686)




b.
Steve Lloyd, Rustburg, Virginia (telephone 434 821 4119)


C.
The Architect is allowed, but not required, to waive the requirement for a



special floor consultant where the concrete subcontractor can demonstrate



the same experience.


D.
The special floor consultant's work shall include at least the following:



1.
Reviewing the floor design to look for any details incompatible with the




extended joint spacing;



2.  Reviewing all submittals related to the concrete floor with extended



joint spacing;



3.
Attending the prepour meeting;



4.
Observing the first slab placement.

1.4  PREPOUR MEETING

A.
Schedule a prepour meeting at least one week before the first slab pour.


B.
The following parties shall be represented at the meeting:



1.
General contractor;



2.
Concrete subcontractor;



3.
Grading subcontractor;



4.
Concrete testing lab;



5.
Concrete supplier (ready-mix company);



6.
Special floor consultant.


C.
The following parties shall be invited to the meeting, but their attendance



is not mandatory:



1.
Owner;



2.
Architect;



3.
Structural engineer.

1.5  STANDARDS

A.
General:  All standards listed here shall apply to the work as if repeated



here in full.


B.
American Concrete Institute (ACI) standards:



1.
ACI 117, Standard Specifications for Tolerances for Concrete




Construction and Materials;



2.
ACI 301, Specifications for Structural Concrete for Buildings.


C.
ASTM standards:



1.
ASTM A820 - Standard Specification for Steel Fibers for Fiber-Reinforced




Concrete;



2.
ASTM C31 - Standard Practice for Making and Curing Concrete Test




Specimens in the Field;



3.
ASTM C33 - Standard Specification for Concrete Aggregates;



4.
ASTM C39 - Standard Test Method for Compressive Strength of Cylindrical




Concrete Specimens;



5.
ASTM C94 - Standard Specification for Ready-Mixed Concrete;



6.
ASTM C143 - Standard Test Method for Slump of Hydraulic-Cement Concrete;



7.
ASTM C150 - Standard Specification for Portland Cement;



8.
ASTM C157 - Standard Test Method for Length Change of Hardened




Hydraulic-Cement Mortar and Concrete;



9. 
ASTM C171 - Specification for Sheet Materials for Curing Concrete;



10.
ASTM C172 - Standard Method of Sampling Freshly Mixed Concrete;



11.
ASTM C231 - Standard Test Method for Air Content of Freshly Mixed




Concrete by the Pressure Method;



12.
ASTM C1116 - Standard Specification for Fiber-Reinforced Concrete;



13.
ASTM E1155 - Standard Test Method for FF Floor Flatness and FL Floor




Levelness.

PART 2  MATERIALS

2.1  CONCRETE

A.
Compressive strength:  at least 4000 psi at 28 days when tested according



to ASTM C78.


B.
Drying shrinkage:  no more than 0.035% in 28 days when tested according to



ASTM C157, air storage method.


C.
Slump:



1.
Slump shall not exceed 5 inches.



2.
Measure slump at discharge end of pump (where applicable).



3.
Add water if needed to maintain consistent slump, subject to the




following conditions:




a.
Authorize one person only to add water on site.




b.
Final slump shall not exceed 5 inches.




c.
The water-cement ratio, after addition of water, shall not exceed





what is shown on the approved concrete mix design submittal.


D.
Air content:



1.
Concrete shall have no deliberately entrained air.



2.
Air content, from whatever source, shall not exceed 3.0%.



3.
Reject any batch that exceeds 3% air content.


E.
Concrete components:



1.
Cement:  Type I or II cement conforming to ASTM C150;



2.
Coarse aggregate:  #467 conforming to ASTM C 33, with at least 3% mass




retained on the 1½-inch sieve;



3.
Fine aggregate:  natural sand (not crushed-rock fines) conforming to




ASTM C33;



4.
Admixtures:  none unless specifically approved by the Architect.


F.
All specified requirements for concrete shall apply after the addition of



steel fibers.

2.2  STEEL FIBERS

A.
Manufacturer: Concrete Fiber Solutions, Buffalo Grove, IL.


B.
Manufacturer's designation:  CFS100-2


C.
Fiber description:



1.
Length:  1 inch, plus or minus 10%.



2.
Aspect ratio:  43, plus or minus 15%.



3.
Deformations:  continuous.

2.3  ARMORED JOINTS

A.
Use Armor-Edge made by PNA Construction Technologies, or other acceptable



to the Architect.

2.4  DOWELS AND DOWEL ACCESSORIES

A.
Dowels:



1.
Dowel description:  smooth, round steel bars, Grade 40 or higher, sawn




to length (not sheared).



2.
Dowel length:  16 inches.



3.
Dowel diameter:  ¾ inch.


B.
Dowel lubricant (to prevent bonding with concrete):  SAE 90 gear oil.


C.
Dowel alignment devices:  Dowel Aligners made by PNA Construction



Technologies, or other acceptable to the Architect.

2.5  ISOLATION JOINTS

A.
Use closed-cell compressible foam, 1 inch thick.


B.
Use Ceramar made by Meadows, or other acceptable to the Architect.


C.
Material less than 1-inch thick shall be acceptable if used in multiple



layers adding up to at least 1 inch.

2.6  SLIPSHEET AND CURING MATERIAL

A.
Use 10-mil polyethylene sheet conforming to ASTM C171.

2.7  CRACK FILLER

A.
Use Sikadur 35 made by Sika.

PART 3  EXECUTION

3.1  SITE CONDITIONS

A.
Lighting:



1.
Maintain at least 25 foot-candles at ground level while placing and




finishing concrete.



2.
Provide temporary lights as needed.


B.
Temperature:



1.
Maintain air temperature of at least 50 degrees at floor level during




concrete placement and finishing.



2.
If artificial heat is needed, use only fully vented heaters that release




no carbon dioxide within the building.

3.2  BASE PREPARATION

A.
Fine-grade the sub-base to a tolerance of +0, -1/2 inch, with no sharp



steps or ruts.


B.
If the graded sub-base is disrupted in any way during concrete placement



(for example, by concrete trucks or by use of a Laser Screed), correct it



right away.

3.3  SLIPSHEET

A.
Install 10-mil polyethylene sheet between sub-base and concrete slab.


B.
Lap all joints by at least 12 inches.

3.4  SLAB LAYOUT

A.
General:



1.
Divide the floor into slabs, following the rules specified in this




paragraph 3.4.



2.
Make each slab as a separate, continuous concrete pour.



3.
Do not pour adjacent slabs on the same day.


B.
Slab rules:



1.
Each slab shall be square or rectangular in plan.



2.
The maximum slab length shall be 110 feet.



3.
Aspect ratio (length divided by width) shall not exceed 1.5.



4.
Where practical, joints between slabs shall fall on column lines.



5.
Re-entrant corners shall not be allowed.  (For the purposes of this




rule, notches formed by building columns shall not be considered




re-entrant corners.)

3.5  JOINTS

A.
Armored construction joints



1.
All joints between slabs shall be armored.



2.
Use Armor-Edge made by PNA Construction Technologies, or other



acceptable to the Architect.



3.
Beneath the armored edges, joints shall be plain butt joints, with




dowels as specified in paragraph 3.5.D.



4.
Finish the concrete flush with the steel edge, taking care to let no




mortar build up on top of the steel.



5.
If mortar builds up on top of the steel despite the prohibition in




paragraph 3.5.A.4, remove it by grinding.



6.
The 24-inch curvature (value q as defined in ASTM E155) shall not exceed




0.150 inch.


B.
Sawcut joints:  none.


C.
Isolation joints:



1.
Isolate the slabs from all walls, building columns, and other




penetrations.



2.
Use closed-cell compressible foam, 1 inch thick.



3.
Ensure that the foam extends the full thickness of the slab.


D.
Dowels



1.
Install smooth dowels at all armored construction joints.



2.
Center the dowels at the slab's mid-depth.



3.
Keep dowels perpendicular to the joint, with a maximum variation of 1/4




inch in 8 inches.



4.
Use PNA dowel aligners, or other method acceptable to the Architect, to




ensure dowel alignment.



5.
Keep dowels in place once concrete has been cast around them: do not




remove dowels for form stripping.

3.6  STEEL FIBER REINFORCMENT

A.
Fiber dosage:  65 pounds of fibers per cubic yard of concrete.


B.
Delivery and storage:



1.
Deliver steel fibers in the manufacturer's original, unopened boxes,




marked with the product name and the mass of fibers.



2.
Store fibers in their original boxes, protected from rain and snow.


C.
Batching and mixing:



1.
All concrete mixing equipment shall meet the requirements of ASTM C94.



2.`
Batch fibers by mass, following the rules of ASTM C1116, paragraph 8.



3.
Mix for at least 75 revolutions after adding fibers.

3.7  CONCRETE MIXING AND PLACEMENT

A.
Mix concrete according to ASTM C94, and do not exceed the time limits



specified in ASTM C94.


B.
Use a single ready-mix plant for all concrete.


C.
Compaction:



1.
Compact all concrete uniformly and thoroughly.



2.
Use either a Laser Screed with its vibrator switched on, a truss-type




vibrating screed, or poker vibrators.



3.
If poker vibrators are used, ensure that they are used throughout the




slab and not just at the edges.

3.8  FINISH

A.
Finish:  Power-trowel the concrete to a smooth, hard, burnished finish.


B.
Wear Resistance:  The finished concrete surface shall show no more than



0.20 mm depth of wear, when tested after 28 days with a Chaplin Abrasion



Tester.

3.9  SURFACE TOLERANCES

A.
General flatness and levelness:



1.
Overall F-numbers, for all slabs taken together, shall be at least




FF35/FL25.



2.
Minimum local F-numbers, for any area bounded by column lines or




construction joints, shall be at least FF35/FL25.



3.
Correct defects by removal and replacement of one or more whole slab,




following the original slab layout.


B.
Armored construction joints:



1.
The 24-inch curvature (value "q" as defined in ASTM E 1155) shall not




exceed 0.150 inch at any armored construction joint.



2.
Correct defects by grinding with a 10-inch diamond disk.

3.10  CURING

A.
Timing:



1.
Start curing no more than 1 hour after the last trowel pass on each




pour.



2.
Continue curing without interruption for at least 7 days.


B.
Method:



1.
Soak the concrete with water.



2.
Cover the concrete with polyethylene sheet.



3.
Tape seams in the polyethylene, or lap by at least 2 feet.



4.
Check daily for dry spots and re-wet as needed.

3.11  CRACK REPAIR

A.
Inspect the floor as late as possible in the construction schedule, and



repair any crack that is more than 1/32" wide.


B.
Repair cracks by filling with Sikadur 35.

3.12  TESTING

A.
Responsibility for testing:



1.
The owner will engage one or more testing firms and will pay for the




following tests:




a.
Slump tests during construction;




b.
Concrete-strength tests during construction;




c.
Air-content tests during construction;




d.
Surface-tolerance tests during construction;




e.
Shrinkage tests during construction (at Owner's option);




f.
Wear-resistance tests (at Owner's option).



2.
The Contractor shall pay for the following tests:




a.
All tests needed to establish the concrete mix design, including





shrinkage tests.




b.
All additional tests needed to establish the work's acceptability





after a failure to meet any specified requirement.


B.
Slump tests:



1.
Test concrete for slump according to ASTM C 143, except that paragraph




4.3, which deals with aggregates over 1.5 inches, shall not apply.



2.
Make at least one slump test for each 100 cubic yards of concrete, and




whenever a batch appears too wet or too dry.



3.
If concrete is pumped, test slump at the downstream end of the pump




line.


C.
Strength tests:



1.
Test concrete's compressive strength according to ASTM C 39.



2.
Use 6"x12" cylinder molds.



3.
Make four test cylinders for each 100 cubic yards of concrete.


D.
Air-content tests:



1.
Test concrete for air content according to ASTM C 231.



2.
Make at least one air test for each 100 cubic yards of concrete.


E.
Unit-weight tests:  Though called for in ACI 301, tests for unit weight



shall not be required.


F.
Shrinkage tests:



1.
Measure 28-day drying shrinkage according to ASTM C 157.



2.
Use the optional air-storage method (ASTM C 157, paragraph 11.1.2).



3.
The curing period (not the air-storage period) may be reduced to 7 days.


G.
FF and FL tests:



1.
Measure FF and FL values for slab, according to ASTM E 1155.



2.
Lay out survey lines on an orthogonal grid, parallel and perpendicular




to the slab's longest side.



3.
Use one of the following instruments:




a.
Dipstick made by Face Construction Technologies;




b.
D-meter made by Allen Face and Associates;




c.
Floor Pro made by Ytterberg Scientific.



4.
Test each pour immediately after the final trowel pass, and before




curing materials are applied.


H.
Construction-joint tests:



1.
Measure 24-inch curvature according to ASTM E 1155.



2.
Use one of the following instruments:




a.
Dipstick floor profiler made by Face Construction Technologies;




b.
D-meter made by Allen Face and Associates;




c.
2-foot straightedge with dial or digital micrometer.




d.
2-foot straightedge with shims.



3.
Test each joint within 12 hours of placing the second slab.


I.
Wear-resistance tests:



1.
Test wear resistance with a Chaplin Abrasion Tester, using the standard




15-minute test developed at the Cement and Concrete Association in




England.



2.
It is expected that wear-resistance tests will be made only if something




goes wrong during the finishing or curing of a slab, raising doubts




about that slab's durability.

END OF SECTION
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