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SECTION 03315
NTS:  
This sample specification may be used by the design engineer when specifying DCI® corrosion inhibitor for the protection of reinforcing steel, prestressed strands and accessories against chloride-induced corrosion.  DCI® is a calcium nitrite-based corrosion inhibitor manufactured by Grace Construction Products.  Mixed into the concrete at the batch plant, DCI becomes an integral part of the concrete matrix and chemically promotes a nearly impenetrable passivating layer (barrier) around the steel in the concrete. When chlorides migrate into the concrete and reach this passivating layer on the steel, corrosion rates are greatly reduced, extending the service life of the structure considerably. Chlorides are typically present from deicing salts or from a marine environment.  Structural applications for DCI include, but are not limited to, parking garages, bridges, reinforced  pavement, and structures in a marine environment.  Structural concrete design criteria should follow ACI 318, 357, or 201 guidelines. Parameters used in this sample specification, such as water-to-cementitious ratio and concrete cover over reinforcing steel, are taken from these guidelines and are conservative values. See Engineering Bulletin DCI-64 by Grace Construction Products for further information on combating chloride induced corrosion in concrete. DCI dosage rates versus chloride ion protection and ACI guidelines for quality concrete are reviewed in this bulletin.  Since the chloride loading rate and final concrete quality are unknown factors, Grace Construction Products cannot guarantee the longevity of the protection offered by DCI. Quality concrete as recommended by ACI will slow the ingress of chlorides into the concrete while DCI will significantly reduce the corrosion rate once the chlorides reach the rebar. Neither quality concrete nor DCI will stop corrosion forever, but both will retard the onset of corrosion and increase a structure’s service life.

PART 1 - GENERAL

1.01
SUMMARY

A.
This section specifies calcium nitrite based corrosion inhibitor for the protection of reinforcing steel, prestressed strands, and accessories against chloride induced corrosion.

B.
Related Sections: Other specification sections, which directly relate to the work of this Section include, but are not limited to the following:

1.
Section 03300 - Cast-In-Place Concrete.

2.
Section 03365 - Post-Tensioned Concrete.

3.
Section 03400 - Precast Concrete.

1.02
SUBMITTALS

A.
Product Data: Submit manufacturer’s product data, installation instructions, and recommendations for each material.

B.
Test and Performance Data: Submit the following data and certification for the corrosion inhibitor:

1.
Test results which meet or exceed the Physical Requirements (Table 1) of ASTM C494 “Standard Specification for Chemical Admixtures for Concrete” for any Type of admixture. Water content (water reduction) may not be applicable.

Criteria to meet from Table 1 include:
Time of setting: between 3 1/2 hours earlier to 3 1/2 hours later than control
Compressive strength: minimum 90% of the control at any time period
Flexural strength: minimum 90% of the control at any time period
Length change, shrinkage: maximum 135% of the control
Relative durability factor: minimum 80

2.
Testing conforming to FHWA/RD-83/012 “Time-to-Corrosion of Reinforcing Steel in Concrete”.  After one year of testing the corrosion current measured in microamps for the corrosion inhibitor-protected specimen must be approximately 10% of the control when a minimum of five and maximum of ten pounds of chloride ion is admixed into the concrete.

3.
Test results of ASTM G109 “Standard Test Method for Determining the Effects of Chemical Admixtures on the Corrosion of Embedded Steel Reinforcement in Concrete Exposed to Chloride Environments”.  Run the test for three complete cycles after the control specimens have failed according to Section 8 Period of Testing.  The average corrosion current of the corrosion inhibitor-protected specimens must be less than two microamps.

4.
Test results of ASTM G61 “Standard Test Method for Conducting Cyclic Potentiodynamic Polarization Measurements for Localized Corrosion Susceptibility of Iron, Nickel, or Cobalt-Based Alloys”.  The test medium shall be modified to contain a calcium hydroxide solution with a pH similar to concrete of 12.5, and sodium chloride content equivalent to approximately 0.5 molar solution.  Protection potentials (Ep) must be more positive than -280 mV versus SCE.

5.
Test results conforming to ASTM G109 modified with a minimum 1” of concrete cover over the reinforcement and a maximum water-to-cement ratio of 0.40.  After five years of testing, the corrosion inhibitor-protected test specimens must have a corrosion current in microamps of less than 10% of the control.

6.
Concrete corrosion inhibitor supplier must have a minimum of ten years experience in the manufacture of such products.

7.
Corrosion inhibiting admixture at [       ] gallons per cubic yard ([     ] liters per cubic meter) of concrete shall inhibit corrosion to [     ] pounds of chlorides per cubic yard ([      ] kgs of chloride per cubic meter)  of concrete.

1.03
QUALITY ASSURANCE

A.
Manufacturer: Concrete admixtures shall be manufactured by a firm with a minimum of five years experience in the production of corrosion inhibitors for concrete. Manufacturers proposed for use but not named in these specifications shall submit evidence of ability to meet all requirements specified, and include a list of projects of similar design and complexity completed more than five years ago.

B.
Materials: For each type of material required for the work of this Section, provide primary materials, which are the products of one manufacturer.

C.
Pre-Construction Conference: A pre-construction conference shall be held two weeks prior to commencement of field operations to install the specified product in order to establish procedures to maintain optimum working conditions and to coordinate this work with related and adjacent work. Agenda for meeting shall include concrete and corrosion inhibitor handling, placing, finishing, and curing.

D.
Manufacturer’s Representative: A representative of the manufacturer shall be present for project start-up during initial concrete placement. Engineer may waive requirement for manufacturer’s representative if Contractor provides sufficient evidence that producer and finisher have adequate experience with admixtures required.

E.
Trial Mix: Provide a minimum 4 cubic yards (3 cubic meters) trial mix containing proposed concrete design mix placed at the job site in location acceptable to the Engineer. Engineer may waive requirement for trial mix if Contractor provides sufficient evidence that producer and finisher have adequate experience with low water cement ratio mixes containing DCI corrosion inhibitor.

1.04
PROJECT CONDITIONS

A.
Perform work only when existing and forecasted weather conditions are within the limits established by the manufacturer of the materials and products used. 

PART 2 - PRODUCTS

2.01
MANUFACTURER

A.
Provide DCI® or DCI®-S concrete admixtures by Grace Construction Products meeting specified requirements.  For customer service in North America:

Call toll free:

877-4AD-MIX1
(877-423-6491)

Fax toll free:

877-4AD-MIX2
(877-423-6492)

2.02
MATERIALS

A.
Corrosion Inhibitor Admixture: Provide DCI or DCI-S concrete admixtures by Grace Construction Products complying with the following requirements:

1.
Calcium Nitrite By Weight of Solution: 30% plus or minus 2 percent.

2.03
CONCRETE MIX

A.
Application Rate: [   ] gallons per cubic yard ([  ] liters per cubic meter) of concrete, to inhibit active corrosion to [   ] pounds of chlorides at the rebar level per cubic yard of concrete 
([      ] kgs of chlorides per cubic meter of concrete).

B.
Batching Requirements: DCI concrete shall be placed within one hour of batching. DCI-S placement time shall be standard ACI time.

C.
Air Entrainment: For freeze-thaw durability follow (E) below, or ACI 318 freezing and thawing exposure requirements, whichever is more conservative, as determined by ASTM C 173 or C 281.

D.
Water-to-Cementitious Ratio: 0.40 maximum.  Minimum cementitious content as follows shall be provided to provide workable concrete and assure adherence to required water-to-cementitious ratio.  Water content of DCI 7.0 pounds per gallon (700 ml/liter) shall be included in the water-to-cementitious ratio.

E.
Recommended Cementitious Content for Workability and Air Entrainment:


Maximum Aggregate
Minimum Cementitious
Minimum Air Content

(in freeze-thaw environments)


3/8”
(10 mm)
700 lbs/cu.yd. (415 kg/m3)
6 %


1/2”
(13 mm)
680 lbs/cu.yd. (400 kg/m3)
5.5 %


3/4”
(20 mm)
650 lbs/cu.yd. (385 kg/m3)
5.5 %


1”
(25 mm)
630 lbs/cu.yd. (375 kg/m3)
5.5 %

F.
Compressive Strength: Minimum 28-day compressive strength for corrosion inhibitor concrete shall be 5,000 psi (34 MPa).

G.
Concrete Slump for Flatwork: 5” to 9” inches (125 to 225 mm).

H.
Additional Concrete Admixtures: Additional concrete admixtures conforming to ASTM C 494 or equivalent CSA 266 standards may be used as required including the following.

1.
Type A: Water-reducing admixture, WRDA® or Daracem®-55 by Grace Construction Products.

2.
Type D: Water-reducing and retarding admixture, Daratard®-17 by Grace Construction Products.

3.
Type F or G: Water-reducing, high-range admixture, WRDA-19 or Daracem-100 by Grace Construction Products. This type must be included in all DCI concrete.

4.
Type C: Accelerating admixture, DCI  or PolarSet® by Grace Construction Products.

5.
Grace MicroFibers™ for overlays, at 1 pound per cubic yard (600 grams/m3) addition rate.

6.
Note that DCI, but not DCI-S, may act as an accelerator. Accelerated set may be retarded by ASTM C 494 Type D retarder such as Daratard-17 by Grace Construction Products.

I.
Silica Fume:  If silica fume is used with DCI admixtures, provide liquid slurry or dry densified in 25 lb. (11.4 kg) CRBTM packaging.  Silica fume blended cements are not acceptable.

PART 3 - EXECUTION

3.01
EXAMINATION

A.
Examine conditions of substrates and other conditions under which work is to be performed and notify Owner, in writing, of circumstances detrimental to the proper completion of the work. Do not proceed until unsatisfactory conditions are corrected.

3.02
CONCRETE PLACEMENT, FINISHING AND CURING

A.
Concrete Finishing and Curing: High air content and low water-to-cementitious ratio used in corrosion inhibitor concrete will result in less bleed water than in normal concrete. To reduce plastic or drying shrinkage cracks, comply with ACI 302 “Guide for Concrete Floor and Slab Construction”, ACI 308 “Standard Practice for Curing Concrete”, ACI 306 “Standard Practice for Cold Weather Concreting”, and ACI 305 “Hot Weather Concreting.”

1.
Use water cure for corrosion inhibitor treated concrete. When weather conditions are dry and windy, continue fogging above surface of concrete after the finishing operation until prewetted burlap can be placed over the flatwork surface. Use prewetted burlap to cover all flatwork and keep wet for a minimum of seven days or until the time necessary to attain 70 percent of the specified compressive strength, as recommended by ACI 308 Section 3.1.3.

2.
Freestanding water is not acceptable before concrete set has occurred.

B.
Concrete Cover for Reinforcing Steel: Follow recommendations of ACI 318 and ACI 357. Required is a minimum 2 inches (50 mm) for walls and slabs and 2-1/2 inches (65 mm) for other members.

3.03
PROTECTION

A.
Protect completed work from damage and construction operations throughout finishing and curing operations.

END OF SECTION

North American Customer Service: 1-877-4AD-MIX1 (1-877-423-6491) 
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Visit our website at: www.graceconstruction.com

W.R. Grace & Co.-Conn.
62 Whittemore Avenue
Cambridge, MA 02140
Tel: 617-876-1400

Daraccel, Daracem, Darapel, Daraset, Daratard, DCI, Force 10,000, PolarSet and WRDA are registered trademarks and MicroFiber is a trademark of W.R. Grace & Co.-Conn.

We hope the information here will be helpful.  It is based on data and knowledge considered to be true and accurate and is offered for the user’s consideration, investigation and verification, but we do not warrant the results to be obtained.  Please read all statements, recommendations or suggestions in conjunction with our conditions of sale which apply to all goods supplied by us.  No statement, recommendation or suggestion is intended for any use which would infringe any patent or copyright.  Grace Construction Products, W.R. Grace & Co.-Conn, 62 Whittemore Ave., Cambridge, MA  02140. In Canada, W.R. Grace & Co. Canada, Ltd. 294 Clements Road West, Ajax, Ontario, L1S 3C6.
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