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SECTION 641

SHOTCRETE
NOTICE

This is a standard special provision that revises or modifies CDOT’s Standard Specifications for Road and Bridge Construction.  It has gone through a formal review and approval process and has been issued by CDOT’s Project Development Branch with formal instructions regarding its use on CDOT construction projects.  It is to be used as written without change.  Do not use modified versions of this special provision on CDOT construction projects, and do not use this special provision on CDOT projects in a manner other than that specified in the instructions unless such use is first approved by the Standards and Specifications Unit of the Project Development Branch.  The instructions for use on CDOT construction projects appear below.

Other agencies that use the Standard Specifications for Road and Bridge Construction to administer construction projects may use this special provision as appropriate and at their own risk.

Instructions for use on CDOT construction projects:  
Use this standard special provision on projects having shotcrete.

Section 641 of the Standard Specifications is hereby added to this project as follows:

DESCRIPTION

641.01 This work consists of constructing a pneumatically applied shotcrete onto designated surfaces at locations and thicknesses with the lines and dimensions shown on the plans or as designated by the Engineer.  Either wet-mix or dry-process shotcrete may be used.  

MATERIALS

641.02    The class of shotcrete shown in Table 641-1 shall be used when specified in the Contract. 

TABLE 641-1

SHOTCRETE CLASSES
	Shotcrete Class
	Required Field Compressive

Strength at 28 days

(psi)
	Fiber Content

	1
	3000
	N/A

	2
	5000
	N/A

	3
	3000
	Polypropylene 3 lbs./cu. yd.

	4
	5000
	Polypropylene 3 lbs./cu. yd.

	5
	5000
	Steel 25 lbs./cu. yd.


All shotcrete shall have air content between 7 and 10 percent.

Class 1 shotcrete is for repair and patching of concrete structures that used 3000 psi concrete in the original construction.

Class 2 shotcrete is for repair and patching of concrete structures that used concrete with minimum compressive strength higher than 3000 psi in the original construction.

Class 3 shotcrete is for stabilization of rock and soil cuts.

Class 4 shotcrete is for stabilization of rock and soil cuts where a high level of stress is expected within the shotcrete blanket.

Class 5 shotcrete is for lining tunnels

641.03  Materials for shotcrete shall meet the requirements specified in the following subsections

Hydraulic Cement
701.01

Fly Ash
701.02

Silica Fume
701.03

Fine Aggregate
703.01

Coarse Aggregate
703.02

Reinforcing Steel
709.01

Curing Materials
711.01

Air Entraining Admixtures
711.02

Chemical Admixtures
711.03

Water
712.01

Steel fibers shall conform to the requirements of ASTM C 1116, Type I, Section 4.1.1.  

Polypropylene fibers shall have a nominal length of ¾ inch and shall conform to the requirements of ASTM C 1116, Type III, Section 4.1.3.

Type I or Type II cement shall be used unless sulfate-resisting shotcrete is called for on the plans or as otherwise permitted.  Calcium chloride shall not be used in any shotcrete unless otherwise specified.

Approved fly ash may be substituted for portland cement up to a maximum of 20 percent Class C or 30 percent Class F by weight.  All cement, fly ash, silica fume and chemical admixtures shall be approved for use and shown on the Department’s Approved Products List.

Water cement ratios (w/c) shall not exceed 0.44.  When determining the w/c, cement (c) shall be the sum of the weights of the cement, fly ash, and silica fume.

Any aggregate with an expansion of 0.10 percent or more at 16 days after casting as determined by ASTM C 1260 shall not be used unless mitigative measures are included in the mix design.  Mitigation shall be determined by CPL 4202 with an expansion of less than 0.10 percent at 16 days after casting.  The mitigative material shall be required at no less than the percent by weight to achieve the required reduction in expansion for the aggregate requiring the greatest amount of mitigative material.

641.04  Submittals.  The following documents and shop drawings shall be submitted in accordance with subsection 105.02.  Shotcrete shall not be placed on the project before the submittals have been reviewed and approved by the Engineer.

(1) Shotcrete Mix Design Report.  This submittal shall include proportions of all proposed shotcrete components, laboratory trial mix and aggregate data for each shotcrete being placed on the project.  The Shotcrete Mix Design will not be approved when the laboratory trial mix and aggregate data are the results from tests performed more than a year in the past.  The design mix proportions shall show the weights and sources of all ingredients including cement, fly ash, silica fume, aggregates, water, air entraining admixtures, chemical admixtures, fiber reinforcement and the w/c.  This submittal shall include Certified Test Reports for cement, fly ash and aggregates.  The Shotcrete Mix Design Report shall state what aggregate reaction mitigation measures were included in the Shotcrete Mix Design and include results for ASTM C 1260 and CPL 4202.

The aggregate data shall include the results of the following:

(i) AASHTO T 11 Materials Finer than 75 μm (No. 200) Sieve in Mineral Aggregates by Washing.

(ii) AASHTO T 19 Unit Weight and Voids in Aggregate.

(iii) AASHTO T 21 Organic Impurities in Fine Aggregate for Concrete.

(iv) AASHTO T 27 Sieve Analysis of Fine and Coarse Aggregates.

(v) AASHTO T 84 Specific Gravity and Absorption of Fine Aggregate.

(vi) AASHTO T 85 Specific Gravity and Absorption of Coarse Aggregate.

(vii) AASHTO T 96 Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine.

(viii) AASHTO T 104 Soundness of Aggregate by Use of Sodium Sulfate or Magnesium Sulfate.

(ix) AASHTO T 176 Plastic Fines in Graded Aggregates and Soils by use of the Sand Equivalent Test

(x) ASTM C 535 Resistance to Degradation of Large-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

(xi) ASTM C 1260 Potential Alkali Reactivity of Aggregates (Mortar-Bar Method)

The Contractor shall submit a new Shotcrete Mix Design Report meeting the above requirements when a change occurs in the source, type, or proportions of cement, fly ash, or aggregate.  Unless otherwise approved by the Engineer, the product of only one type of cement from one mill of any one brand shall be used in a Shotcrete Mix Design.

Approval of the Shotcrete Mix Design by the Engineer does not constitute acceptance of the shotcrete.  Acceptance will be based on meeting all specification requirements of shotcrete placed on the project.

(2) Shotcrete Application.  This submittal shall indicate dry-mix process or wet-mix process and shall include drawings and notes describing equipment, procedures and sequences for shotcrete production, application, curing plan, and applicable manufacturer's literature and recommendations.

In addition, the Contractor shall submit the following for approval by the Engineer:

(1) A five-pound sample of each of the proposed aggregates.

(2) A test panel of the shotcrete application with the date of application.

(3) Where a coloring process is required, a sample color concrete chip and appropriate technical information on the proposed pigment, colorants, or photo-reactive stains.

The Contractor shall submit written documentation that verifies the qualifications of the nozzlemen and the supervisors that will be performing the work.  All nozzlemen shall have had at least one year of experience in the application of shotcrete and hold a certificate for ACI Shotcrete Nozzleman, either dry-mix process or wet-mix process, as corresponds to the process indicated in the Shotcrete Application submittal.  Supervisors shall have had experience in supervising more than one comparable project.

CONSTRUCTION REQUIREMENTS
641.05  General.  Shotcrete shall be applied at the locations and to the thicknesses shown on the plans, unless otherwise directed by the Engineer.  The thickness of shotcrete shall not be less than the dimensions shown on the plans, unless otherwise approved by the Engineer.
Acceptable shotcrete shall consist of a dense and uniform mixture without rebound, inclusions, segregation, or discernible weakness of bond between the rock or structure and the shotcrete.  Acceptance will be based on the requirements of subsection 641.07 and the visual inspection and sounding of the shotcrete.  Shotcrete that exhibits movement or settlement after placement while still in the plastic state shall be repaired or replaced at the Contractor’s expense.  Applications that are deemed by the Engineer to be unacceptable shall also be repaired or replaced at the Contractor’s expense.

For rock and soil cuts, surfaces shall be prepared to the line and grade shown on the plans.  Shotcrete shall not be applied to frozen surfaces.  The surface shall be dampened immediately before applying shotcrete.  Before patching concrete structures, unconsolidated material shall be removed, and surfaces shall be dampened to a saturated surface dry condition.  
Shotcrete shall be applied within 90 minutes after batching.  The 90 minute time limit may be extended to 180 minutes if no water is added after 90 minutes, the shotcrete temperature prior to placement is less than 90 ºF and the approved shotcrete mix contains a chemical admixture, shown on the Department’s Approved Product List and conforming to AASHTO M 194, Type D, Water Reducing and Retarding.
Rebound shall not be worked back into the surface, and shall not be salvaged and included in later batches.  Rebound shall be removed and disposed of by the Contractor.

Except for Class 1 and Class 2 shotcrete, weep holes shall be drilled through the shotcrete and 2 feet into the rock or soil at locations as shown on the plans, or as directed by the Engineer.

Where reinforcement fibers are required, the fibers shall be uniformly dispersed in the shotcrete.

641.06  Curing Shotcrete.  Within 60 minutes of being placed, the shotcrete shall be cured and maintained in a moist condition during a curing period of seven days or until specified strength is attained or until succeeding shotcrete layers are placed. Curing methods shall be chosen from the following:

(1) Ponding or continuous sprinkling

(2) Covering with an absorptive mat or sand that is kept continuously wet

(3) Covering with impervious sheet material

(4) Curing compounds
When multiple layers of shotcrete are to be applied, each layer of shotcrete shall be cleaned to remove curing compounds and dust by sandblasting or a method approved by the Engineer.

The Contractor shall be responsible for the strength and quality of the shotcrete placed during cold weather.  Before starting shotcrete operations, the Contractor shall be prepared to protect the shotcrete from freezing.  Maturity meters, to monitor and record time and shotcrete temperature, shall be installed at the time of placement when the air temperature is expected to fall below 40˚F during the next three days or as requested by the Engineer when the air temperature is expected to fall below 45˚F during the next three days.  The Contractor shall maintain the temperature of the shotcrete at or above 40˚F until the shotcrete has attained a compressive strength of at least 2000 psi.  The compressive strength of the concrete shall be determined by the use of maturity meters.  The maturity meters shall be used daily.  One probe of each maturity meter shall be placed in the final 10 square feet of shotcrete application, and two other probes shall be placed at locations designated by the Engineer.  The probes shall remain in place until the shotcrete has attained a compressive strength of 2000 psi.  The maturity meter probes shall be located on the outside edge of the shotcrete, at least 1 foot and not more than 2 feet from the edge.  Each maturity meter shall be capable of recording the time and temperature at three depths, ½ inch below the surface, mid section and ½ inch above the bottom of the shotcrete blanket.

The Contractor shall develop maturity relationships for each mix placed during the cold weather conditions described above in accordance with ASTM C 1074 with the following additions or modifications:

(1) The cylinders used to establish the compressive strength vs. maturity relationship shall be cast and cured in the field in conditions similar to the project.  Cylinders shall have an air content of 5 to 8 percent.
(2) These cylinders shall be tested in pairs at times which yield compressive strengths where three sets are at or below 2000 psi and one is above 2000 psi.

(3) Testing to determine datum temperature or activation energy will not be required.

The development of the maturity relationship shall be part of the trial mix and shall be submitted to the Engineer prior to cold weather shotcrete application.

The Contractor shall provide the maturity meters and all necessary wires and connectors.  The Contractor shall be responsible for the placement, protection and maintenance of the maturity meters and wires.  Locations where the maturity meters are placed shall be protected in the same manner as the rest of the shotcrete application.

The following procedure shall be followed if the temperature of the shotcrete falls below 32 °F before the concrete reaches 2000 psi:

(1) The Contractor shall take cores at locations designated by the Engineer.

(2) The Engineer will take immediate possession of the cores and submit the cores to a petrographer for examination in accordance with ASTM C 856.

(3) All costs associated with coring, transmittal of cores, and petrographic examination shall be at the Contractor‘s expense, regardless of the outcome of the petrographic examination.

(4) Shotcrete damaged by frost as determined by the petrographic examination, shall be removed and replaced at the Contractor’s expense.

641.07  Acceptance.  Shotcrete that has been damaged by frost, or which lacks uniformity, exhibits segregation, honeycombing, lamination with a shotcrete stage, shows excessive cracking or fails to meet the strength and toughness requirements specified herein shall be considered defective.  Shotcrete that has not been cured according to the approved curing plan shall be considered defective.  Defective shotcrete shall be removed and replaced unless the Engineer approves otherwise.

If samples are taken from the structure, the Contractor shall patch areas used for sampling and testing for compressive strength and other properties immediately after samples have been removed.

(a) Test Panels.  A test panel shall be produced for each mix and each workday.  When more than 500 square yards of a shotcrete mixture has been placed in a day, a test panel shall be produced for every 500 square yards or fraction thereof.  Test panels shall be produced in accordance with ASTM C 1140 Standard Practice for Preparing and Testing Specimens from Shotcrete Test Panels.  Test panels shall be constructed in the same manner as that being used on the project, including distance from nozzle, angle and orientation.  Test panels shall be cured in similar conditions to what is anticipated in the field, and shall be field cured until test specimens are taken.
(b) Field Compressive Strength.   The field compressive strength shall be determined from at least three test specimens from each test panel in accordance with ASTM 1140.  The Contractor shall remove test specimens and immediately give them to the Engineer.  The Contractor shall remove the test specimens at no less than 25 days age, no more than 27 days age and at an age approved by the Engineer.  The test specimens shall be cylindrical cores with a diameter of 2 inches, stored in watertight plastic bags and labeled with the project number, test panel number and date of placement.

METHOD OF MEASUREMENT

641.08  Shotcrete will be measured by the actual number of square yards applied and accepted.  The quantity will be determined by the Engineer.  There will be no increase of pay if the thickness exceeds the required minimums as shown on the plans.

BASIS OF PAYMENT

641.09  The accepted quantities will be paid for at the contract unit price per square yard:

Pay Item


Pay Unit

Shotcrete Class ___

Square Yard

Payment will be full compensation for all work, materials, and equipment required to complete the item including submittals, test panels, test specimens, samples, pigment, fiber, weep holes and maturity meters.

