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STANDARD SPECIFICATION 
FOR 

CONCRETE 
(SRP 03300) 

 
 
1.0 GENERAL 
 

1.1 Work Specified 
 
 This specification covers the furnishing of all plant, labor, materials and equipment 

necessary for designing, mixing, and delivering normal and light weight Portland 
cement concrete ready for placement. 

 
 1.2 Work Performed by Concrete Supplier 
 
 Concrete Supplier is defined as the concrete supplier responsible for designing, 

proportioning, mixing, and delivering Portland cement concrete.  Concrete will be 
requested either by the Buyer, or by the Contractor retained by the Buyer.   

  
 1.3 Standard Units 
 

English units are the standard.   
 

 1.4 Reference Standards 
 

1.4.1 Reference to standards or specifications shall be interpreted to mean the 
latest revision unless noted otherwise.   

 
 1.4.2 The following abbreviations appear in this Specification: 
 

ACI   American Concrete Institute 
 
ADEQ   Arizona Department of Environmental Quality 
 
ARPA   Arizona Rock Products Association 
 
ASTM   American Society for Testing and Materials 
 
EPA   U.S. Environmental Protection Agency 
 
ICC   International Code Council 
 
MAG   Maricopa Association of Governments 
 
NRMCA  National Ready-Mixed Concrete Association 
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SRP   Salt River Project 
 

 
1.4.3 The following standards and reports shall be made a part of this 

Specification: 
 

ACI 212.3R  Report on Chemical Admixtures for Concrete 
 
ACI 304R Guide for Measuring, Mixing, Transporting, and 

Placing Concrete  
 
ACI 305.1  Specification for Hot Weather Concreting 
 
ACI 306.1  Standard Specification for Cold Weather Concreting 
 
ACI 318  Building Code Requirements for Reinforced Concrete 

 
ASTM C31 Standard Practice for Making and Curing Test 

Specimens in the Field 
 

ASTM C25 Standard Test Method for Chemical Analysis of 
Limestone, Quicklime and Hydrated Lime 

 
ASTM C33  Standard Specification for Concrete Aggregates 

 
ASTM C39 Standard Test Method for Compressive Strength of 

Cylindrical Concrete Specimens 
 
ASTM C40 Standard Test Method for Organic Impurities in Fine 

Aggregate for Concrete 
 
ASTM C42 Standard Test Method for Obtaining and Testing 

Drilled Cores and Sawed Beams of Concrete 
 
ASTM C88 Standard Test Method for Soundness of Aggregates 

by Use of Sodium Sulfate or Magnesium Sulfate 
 

ASTM C94  Standard Specification for Ready-Mixed Concrete 
 
ASTM C114 Standard Test Methods for Chemical Analysis of 

Hydraulic Cement 
 
ASTM C117 Standard Test Method for Materials Finer than (75-µm 

(No. 200) Sieve in Mineral Aggregates by Washing 
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ASTM C123 Standard Test Method for Lightweight Particles in 
Aggregate 

 
ASTM C127 Standard Test Method for Relative Density (Specific 

Gravity) and Absorption of Coarse Aggregate 
 
ASTM C128 Standard Test Method for Relative Density (Specific 

Gravity) and Absorption of Fine Aggregate 
 
ASTM C131 Standard Test Method for Resistance to Degradation 

of Small-Size Coarse Aggregate by Abrasion and 
Impact in the Los Angeles Machine 

 
ASTM C136 Standard Test Method for Sieve Analysis of Fine and 

Coarse Aggregates 
 
ASTM C138 Standard Test Method for Unit Weight, Yield, and Air 

Contents (Gravimetric) of Concrete 
 
ASTM C142 Standard Test Method for Clay Lumps and Friable 

Particles in Aggregates 
 
ASTM C143 Standard Test Method for Slump of Hydraulic Cement 

Concrete 
 
ASTM C150 Standard Specification for Portland Cement 
 
ASTM C172 Standard Practice for Sampling Freshly Mixed 

Concrete  
 
ASTM C231 Standard Test Method for Air Content of Freshly 

Mixed Concrete by the Pressure Method 
 
ASTM C233 Standard Test Method for Air-Entraining Admixtures 

for Concrete 
 
ASTM C260 Standard Specification for Air-Entraining Admixtures 

for Concrete 
 
ASTM C311 Standard Test Methods for Sampling and Testing Fly 

Ash or Natural Pozzolans for Use as a Mineral 
Admixture in Portland Cement Concrete  

 
ASTM C403 Standard Test Method for Time of Setting of Concrete 

Mixtures by Penetration Resistance 
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ASTM C494  Standard Specification for Chemical Admixtures for 
Concrete 

 
ASTM C618 Standard Specification for Fly Ash and Raw or 

Calcined Natural Pozzolan for use as a Mineral 
Admixture in Portland Cement Concrete 

 
ASTM C937 Standard Specification for Grout Fluidifer for 

Preplaced-Aggregate Concrete  
 
ASTM C1064 Standard Test Method for Temperature of Freshly 

Mixed Portland Cement Concrete 
 
ASTM C1097 Standard Specification for Hydrated Lime for Use in 

Asphalt Cement or Bituminous Paving Mixtures 
 
ASTM C1116 Standard Specification for Fiber Reinforced Concrete 
 
ASTM C1260 Standard Test Method for Potential Alkali Reactivity of 

Aggregates (Mortar-Bar Method) 
 
ASTM C1567 Standard Test Method for Determining the Potential 

Alkali-Silica Reactivity of Combinations of 
Cementitious Materials and Aggregate (Accelerated 
Mortar-Bar Method) 

 
ASTM C1602 Standard Specification for Mixing Water Used in the 

Production of Hydraulic Cement Concrete 
 
ASTM C1603 Standard Test Method for Measurement of Solids in 

Water  
 

ASTM D512 Standard Test Methods for Chloride Ion in Water 
 

ASTM D516  Standard Test Method for Sulfate Ion in Water 
 
ASTM D2419 Standard Test Method for Sand Equivalent Value of 

Soils and Fine Aggregate 
 
ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, 

and Plasticity Index of Soils 
 
ASTM D5821 Standard Test Method for Determining Percentage of 

Fractured Particles in Coarse Aggregate 
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ASTM D7508 Standard Specification for Polyolefin Chopped 
Strands for Use in Concrete 

 
ICC AC32 Acceptance Criteria for Concrete with Synthetic 

Fibers 
 
MAG Section 725 Portland Cement Concrete 
 

 
1.4.4 Exceptions to this specification must be approved in writing by the Buyer  

prior to beginning the affected Work. 
 
 1.5 Submittals 
 

1.5.1  Concrete Supplier shall submit the following items for each batch plant 
(Plant) and mix to be supplied.  All submittals must be current, and signed 
by person responsible for testing and/or certification.  Expired and 
unsigned submittals may be rejected.  Testing, sampling, and certification 
must be performed by a qualified, independent laboratory, agency, 
engineer, and/or oversight group:  

 
a. Plant Certification.  A plant certification is required for each Plant 

proposed by Concrete Supplier to provide material.  Certification to 
consist of ARPA Certification of Performance for Concrete 
Production Facilities, or NRMCA Plant Certification. 

 
b. Portland Cement Certification and Mill Test Report.  Manufacturers 

certification is required from each source of Portland cement used 
in proposed mixes.  Certification to include Certification of Test for 
Portland cement Type II/V Low Alkali meeting requirements of 
ASTM C150. Certification of Test to be dated within 1-year of 
submittal date, and must include source of Portland cement. 

 
c. Fly Ash Certification.  Pozzolan Test Report is required from each 

source of fly ash used in proposed mixes.  Test Report shall meet 
requirements of ASTM C618.  Sampling and testing shall meet 
requirements of ASTM C311.  Test Report to be dated within 1-year 
of submittal date, and must include source of fly ash. 

 
d. Hydrated Lime Certification.  Certificate of Analysis is required from 

each source of hydrated lime used in proposed mixes.  Certification 
shall meet requirements of ASTM C1097.  Certification to be dated 
within 1-year of submittal date, and must include source of hydrated 
lime.  
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e. Source of Water and Water Certification.  Water used for the 
concrete mix and washing aggregate to meet requirements of 
ASTM C1602.  State source of water for each proposed Plant as 
either City or “Other.”  City water does not require a submittal.  
Submit chemical analysis of “Other” water performed by an 
independent, qualified laboratory certifying suitability in accordance 
with ASTM C114 and ASTM C1603 for each proposed plant that 
uses “Other” water.  Water analysis methods must meet ADEQ 
Accepted Laboratory Methods, and, as a minimum, should include 
the following: 

 

 Alkalies (calculated) 

 Chloride Content (EPA SM 4500-Cl C) 

 Sulfate Content (EPA SM 4500-SO4 D) 

 Total Potassium (EPA 200.7) 

 Total Sodium (EPA 200.7) 

 Total Solids (EPA SM 2540 B) 
 

Water certification must be dated within 1-year of submittal date.  
Report to include sample source, sample date, and sample time. 
 

f. Scale Certification.  Documents of Certification are required for all 
scales used to weigh aggregates, cement, and admixtures.  
Certifications are required for every scale that may be used at each 
proposed plant.  Date of certification must be within 1-year of 
submittal date. 

 
g. Fine Aggregate Certification.  Fine aggregates to meet 

requirements of ASTM C33.  Submit testing results of fine 
aggregates to be used within proposed mixes for each proposed 
plant.  Where a single stockpile provides material for more than one 
plant, this stockpile requires only one certification with statement of 
which proposed plants the stockpile provides material. Date of 
certification must be within 1-year of submittal date.   Testing, as a 
minimum, should include the following: 

 

 Sieve Analysis of Fine and Coarse Aggregates (ASTM C136) 

 Amount of Material Finer Than #200 Sieve (ASTM C117) 

 Fineness Modulus (ASTM C136) 

 Liquid Limit, Plastic Limit and Plasticity Index of Soils (ASTM 
D4318) 

 Sand Equivalent Value for Soils and Fine Aggregate (ASTM 
D2419) 

 Specific Gravity and Absorption of Coarse Aggregate (ASTM 
C128) 

 Soundness of Aggregate by use of Sodium Sulfate (ASTM C88) 
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 Lightweight Particles in Aggregate (ASTM C123) 

 Clay Lumps and Friable Particles in Aggregate (ASTM C142) 

 Organic Impurities in Fine Aggregates for Concrete (ASTM C40) 
 
h. Coarse Aggregate Certification.  Coarse aggregates to meet 

requirements of ASTM C33.  Submit testing results of all single size 
and blended coarse aggregates used within proposed mixes for 
each proposed plant.  Where a single stockpile provides material 
for more than one proposed plant, this stockpile requires only one 
certification with statement of which proposed plants the stockpile 
provides material.  Date of certification must be within 1-year of 
submittal date.  Testing, as a minimum, should include the 
following: 

 

 Sieve Analysis of Fine and Coarse Aggregates (ASTM C136) 

 Amount of Material Finer Than #200 Sieve (ASTM C117) 

 Resistance to Degradation of Small Size Coarse Aggregate by 
Abrasion and Impact in the Los Angeles Machine (ASTM C131) 

 Clay Lumps and Friable Particles in Aggregate (ASTM C142) 

 Lightweight Pieces in Aggregate (ASTM C123) 

 Specific Gravity and Absorption of Coarse Aggregate (ASTM 
C127) 

 Soundness of Aggregate by use of Sodium Sulfate (ASTM C88) 

 Percentage of Crushed Particle in Mineral Aggregate (ASTM 
D5821) 

 Potential Alkali Silica Reaction (ASTM C1260/C1567) 
 
i. Admixture Certification.  Submit manufacturer certifications for 

proposed admixtures to be used in proposed mixes.  Admixtures 
requiring certification, as a minimum, may include the following: 

 

 Normal Water Reducing Admixture (NWRA) 

 Mid-Range Water Reducing Admixture (MRWRA) 

 High-Range Water Reducing Admixtures (HRWRA) 

 Air Entraining Admixture (AEA) 

 Hydration Stabilizer Admixture “Retarder” (HSA) 

 Accelerator Admixture (Acc) 

 Micro and Macro-Fiber Admixture 

 Permeability Reducing Admixture for Concrete Subject to 
Hydrostatic Conditions (PRAH) 

 
j. Mix Designs.  Provide sealed mix design for each proposed mix 

from each proposed plant.  Mix designs that are used at more than 
one proposed plant require only a single submittal with comment on 
which proposed plants the mix design applies.  Mix design to 
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include SRP stock code no., SRP SAP material item no., SRP 
product name, Concrete Supplier product code no., and Concrete 
Supplier product name.  SRP stock code no. is currently used by 
Concrete Supplier and SRP in ordering material.  The new SRP 
SAP material item no. is not presently used by Concrete Supplier 
and SRP, but will eventually be phased in.  Mix design to include 
the applicable proportions, weights, and quantities of individual 
materials incorporated into the mix including the size of aggregates, 
type cement and fly ash, and the brand and designation of 
admixtures.  

 
 Mix design must be sealed within 1-year of the submittal date by an 

Arizona-registered professional engineer responsible for the mix.  
Preliminary submittals may use mix designs that are not sealed; 
however, final submittal of mix design must be sealed. 

 
k. Mix Design Performance and/or Trial Batch History.  Provide 

performance history (including results of trial batches when 
available) for each proposed mix. Performance history includes 
items such as slump, compressive strength, time of set, delayed 
time of set with hydration stabilizer admixture, flow rate, thermal 
resistivity (rho), etc.  If performance data is not available so state. 

   
1.5.2 Concrete Supplier shall use SRP mix stock code numbers, SRP SAP 

material item nos., and SRP product names to refer to mixes, but may 
assign Concrete Supplier product code numbers and Concrete Supplier 
product names in addition to SRP mix stock code numbers and product 
names specified in Table 1.  SRP SAP material item nos. are currently not 
used by Concrete Supplier and SRP, but will be eventually phased in.  

 
1.5.3 Mixes and plants that have already been submitted to and approved by 

Buyer, and are current, do not require re-submittal.  Re-submittal will be 
required at end of term of any agreements, or at any time determined by 
the Buyer.  

 
1.5.4 In addition to specified materials and mixes, Concrete Supplier may 

submit alternative mix designs or deviations to the specifications for 
review and approval.  Buyer may request additional test and/or 
certification documentation before approving alternatives.  

 
 1.6 Quality Assurance 
 

1.6.1 Each batch plant from which Concrete Supplier intends to provide 
materials governed by this specification must have current NRMCA, 
ARPA, or equivalent certification. 
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1.6.2 Concrete Supplier shall provide access to batch plant to Buyer and 
Buyer’s Representative for sampling/inspection of materials and 
equipment as required by the Buyer. 

 
1.7 Storage and Handling 

 
1.7.1 Materials shall be stored and handled in a manner that prevents 

deterioration, segregation, or intrusion of foreign matter. 
1.7.2 Storage of aggregate on natural ground surface will be permitted if bottom 

six inches of pile is not used in batching. 
 
2.0 PRODUCT 
 
 2.1 Cement 
 

 Cement:  Portland Cement, Type II/V, low alkali, moderate heat of 
hydration, ASTM C150.  Equivalent alkali content shall not exceed 0.60 
percent, per Table 2, ASTM C150. 

 
 2.2 Aggregate 
 

 Coarse and fine aggregate:  ASTM C33.  Fine aggregate shall be sized as 
noted in Table 1 of ASTM C33.  Coarse aggregate shall be sized as 
presented in Table 3 of ASTM C33. 

 
 2.3 Water 
 

Water for washing aggregate and for mixing concrete shall be potable.  If 
potable water is not used, chemical analysis of water shall be performed 
certifying suitability in accordance with ASTM C94, ASTM C1602, ASTM 
C1603, ASTM D512, and ASTM D516 by a qualified, independent testing 
laboratory. Testing will be at Concrete Supplier’s expense. 

 
2.4 Admixtures 

 
2.4.1 Admixtures must be certified by manufacturer and shall be approved by 

the Buyer prior to use.  Admixtures shall be added at the plant at the time 
of batching, unless otherwise noted.  Admixtures shall contain not more 
than 0.1 percent water-soluble chloride ions by mass and shall be 
compatible with other admixtures.  Do not use admixtures containing 
calcium chloride.  Superplasticizer may be added at batch plant or at 
Jobsite. 

 
 2.4.2 Air-Entraining Admixtures 
 

a. Air-entraining admixtures:  ASTM C260. 
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b. Testing of air-entraining admixtures:  ASTM C233. 
 

c. Air content (unless specified otherwise): ASTM 94, Section 6.1.4, 1, 
moderate exposure.  Tolerance for air content as delivered 
± 1.5 percent. 

 
2.4.3 Water-Reducing, Hydration Stabilizing (Retarding), and Accelerating 

Admixtures 
 
 a. Water-reducing admixtures:  ASTM C494, Type A. 

 
b. Water-reducing and retarding admixtures: ASTM C494, Type B & D. 

   
 c. Accelerating Admixtures:  ASTM C494, Type C. 
 

d. Water-reducing and accelerating admixture:  ASTM C494, Type E. 
 
e. Water-reducing, high range admixtures (superplasticizers): ASTM 

C494, Type F.   
 

f. Water-reducing, high range, and retarding admixtures: ASTM C494, 
Type G. 

 
2.4.4 Fiber Admixtures 
 

a. Macro-fiber, micro-fiber, and macro/micro fiber blend admixtures: 
ASTM C1116. 

 
b. Steel Fiber-Reinforced Concrete: ASTM C1116, Type I. 
 
c. Glass Fiber-Reinforced Concrete: ASTM C1116, Type II. 
 
d. Synthetic Fiber-Reinforced Concrete: ASTM C1116, Type III, ASTM 

D7508, and ICC AC32. 
 
e. Natural Fiber-Reinforced Concrete: ASTM C1116, Type IV. 
 
f. Fiber may be ordered per ASTM C1116, Section 6, Option A where 

Buyer assumes responsibility for mixture proportioning and dictates 
type and dosage of fiber admixtures.  Fiber reinforcement ordered 
by the Buyer will be synthetic macro-fiber, polypropylene 
copolymer, 2-inches long, unless otherwise requested.  Synthetic 
micro-fiber, or blend of macro/micro fibers may be requested by the 
Buyer. 
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g. Fiber may be ordered per ASTM C1116, Section 6, Option B where 
Buyer specifies required flexural performance and requires 
Concrete Supplier to assume full responsibility for fiber type and 
mixture proportioning.  Fiber of Option B may be ASTM Type I, II, 
III, or IV. 

 
h. Fiber may be ordered per ASTM C1116, Section 6, Option C where 

Buyer specifies minimum allowable cement content and required 
flexural performance, and requires Concrete Supplier to assume 
responsibility for fiber type and mixture proportioning.  Fiber of 
Option C may be ASTM Type I, II, III, or IV. 

 
i. Dosage of fiber admixture shall be in pounds per cubic yard of 

concrete.  
 
 2.4.5 Grout Fluidifers 
 

Grout Fluidifers: ASTM C937. 
 

2.4.6 Permeability Reducing Admixtures 
 

Permeability reducing admixtures must be hydrophilic crystalline product 
for concrete subject to hydrostatic conditions (PRAH):  ACI 212.3R. 

 
 2.5 Fly Ash 
 

2.5.1 Fly ash:  ASTM C618, Class F. 
 
2.5.2 Fly ash shall be used in all proposed mixes, unless noted otherwise in 

Table 1. 
 
2.5.3 Fly ash shall be compatible with cement and shall not react deleteriously 

with alkalis in cement. 
 

2.5.4  Maximum fly ash replacement ratio of cementitious material within mixes 
shall be as specified within MAG Section 725 “Portland Cement 
Concrete,” unless otherwise specified by the Buyer.  Concrete Supplier 
shall be responsible to determine replacement ratio for each pound of 
replaced cement to maintain specified compressive strength f'c and 
specified performance. 

 
 2.6 Proportioning of Mix 
 
 2.6.1 Proportioning of Mix:  ASTM C94.   
 



            6/30/2018 

SRP 03300 12 of 19  

Option A: Buyer specifies requirement for compressive strength and 
Concrete Supplier to assume full responsibility for the 
selection of proportions for the concrete mixture. 

 
Option B: Buyer assumes responsibility for the proportioning of the 

mixture. 
 
Option C: Buyer specifies minimum allowable cement content and 

Concrete Supplier to assume responsibility for the selection 
of the proportions for the mix. 

 
2.6.2 Minimum cementitious material content shall be as recommended in Table 

725-1 of MAG Section 725. 
 

Minimum Cementitious Material Content by Concrete Class (Table 725-
1, Section 725 of MAG). 

Class of Concrete Minimum 
Cementitious 

Materials Content 
(lbs./CY) 

Minimum Compressive 
Strength at 28-Days 

(psi) 

AA 600 4000 

A 520 3000 

B 470 2500 

C 420 2000 

 
2.6.3 Proportioning of ingredients shall produce a consistent, durable, and 

workable product that meets specified compressive strength, slump, 
properties per referenced standards in Section 1.4, requirements of Table 
1, and other performance properties as required by the application.  Mix 
shall be homogeneous, readily placeable, and sufficiently and uniformly 
workable.    

 
2.6.4 Source, character or gradation of materials shall not be changed without  

notification of the Buyer.  New mix design and possible performance 
verification must be submitted to the Buyer for approval when 
modifications to the mix are categorized in MAG Section 725 as 
“Modifications that require a new mix design submittal/approval and may 
require performance verification.” 

  
2.7 Measuring Materials 

 
Measuring of materials:  ASTM C94 

  
2.8 Mixing 

 
2.8.1 Mixing:  ASTM C94. 
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2.8.2 Concrete to be central-mixed or truck-mixed with all ingredients added to 
the mix at the batch plant, unless otherwise noted.   

 
2.8.3 Truck-mixed concrete shall be mixed per Section 12.5 of ASTM C94.  Per 

the standard, the batch shall be mixed for 70 to 100 revolutions at mixing 
speed designated by the manufacturer to produce uniformity of concrete 
(typically 6 to 18 rpm). 

 
2.8.4 High range water reducing admixtures (superplasticizers) may be added 

at batch plant or at Jobsite. 
 
2.8.5 Fibers shall be added to the mix per manufacturer’s recommendations and 

at a rate that insures proper distribution throughout the mix (no clumping).  
 
2.8.6 Fly ash and cement shall be added in a manner and at a rate as to 

minimize presence of incomplete mixed nodules.  Dry nodules over 1-inch 
diameter are not allowed.  Concrete containing non-uniform material 
exceeding 1% of the total volume may be rejected by the Buyer with full 
cost the responsibility of the Concrete Supplier.  

 
2.8.7 Retarding admixtures may be added to concrete to meet slump 

requirements and compensate for travel time to specific Jobsites.  Volume 
of retarding agent added is responsibility of Concrete Supplier.  Type and 
volume must be approved by the Buyer prior to batching.  

 
 2.9 Delivery and Batch Ticket 
 

2.9.1 Delivery:  Section 12 of ASTM C94. 
 

 2.9.2  Batch/Delivery Ticket:  Section 14 of ASTM C94. 
 

2.9.3 Copy of delivery ticket is to be given to the Buyer at time of delivery.  
Batch out time of truck shall be machine-stamped on delivery ticket at 
Concrete Supplier's Plant.  Concrete deliveries without machine-stamped 
batch out time on delivery ticket may be rejected by the Buyer. 

 
2.9.4 Delivery ticket must include SRP Mix Stock Code No., SRP SAP 

Material Item No., SRP Product Name, Concrete Supplier Product 
Code No., and Concrete Supplier Product Name.  Material delivered 
with a delivery ticket that does not include these items may be rejected by 
the Buyer.  SRP SAP material item no. is currently not used by Concrete 
Supplier and SRP, but will eventually be phased in. 

 
2.9.5 Concrete shall be delivered within 30 minutes of requested delivery time. 

Time lapse between successive deliveries shall not vary by more than 
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20 minutes from that requested. The Buyer may reject any batch not 
meeting these requirements. 

 
 2.10 Hot Weather Concreting 
 
 2.10.1 Hot weather concreting:  ACI 305.1. 

 
2.10.2 Concrete temperature shall not exceed 90˚F during mixing, delivery, and 

discharging. 
 

2.10.3 During conditions of high temperature, low relative humidity, or wind which 
might impair quality of concrete, setting time shall be delayed by using 
proper admixtures upon approval by the Buyer.   

 
 2.11 Cold Weather Concreting 
 
 2.11.1 Cold weather concreting:  ACI 306.1.   
 

2.11.2 Required concrete temperatures shall be as recommended in Table 3.2.1 
of ACI 306.1.  Concrete temperature during mixing, delivery, and 
discharge shall not be less than 55˚F. 

 
 2.12 Direct and Indirect Costs 
 

Direct and indirect costs incurred by Buyer due to failure to meet 
requirements of this specification shall be paid by Concrete Supplier 
and/or Contractor. 

 
3.0 EXECUTION 
 

3.1 Placement 
 
3.1.1 Placement of concrete and cementitious materials: Section 26.5.2 of ACI 

318, ACI 304R, and Section 12 of ASTM C94.   
 
3.1.2 Unless a different allowable temperature range is pre-approved by the 

Buyer, temperature of concrete during production, delivery, and discharge 
shall never be outside the temperature range of 55˚F (13˚C) to 90˚F 

(32˚C).  Concrete that is outside the temperature range of 55F to 90 F, 
concrete that has become unworkable, or concrete that has attained its 
initial set, as determined by the Buyer, may be rejected at the Concrete 
Supplier’s and/or Contractor's cost.  Buyer may waive these limitations if 
slump, workability, and temperature is such that concrete can be placed 
as specified without the addition of water. 
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3.1.3 Unless designed using pre-approved set delay additives, concrete shall be 
discharged within 1-1/2 hours after initial mixing water has been added to 
cement and aggregate.  This limitation may be waived by the Buyer if the 
concrete is of such slump, workability, and temperature after 1-1/2 hours 
that it can be placed, without addition of water to the mix.  In hot weather, 
or under conditions contributing to rapid stiffening of the concrete, a time 
less than 1-1/2 hours may be specified by the Buyer. 

 
3.1.4 Concrete Supplier shall be responsible to make corrections to bring mix to 

specified slump.  Buyer’s preference is that no water be added at the 
Jobsite.  Addition of water at Jobsite requires Buyer’s approval.  When 
approved, additional water added at the Jobsite must be in accordance 
with Paragraph 12.7 of ASTM C94.  Slump after such water addition must 
not exceed the maximum allowed by the Mix Design, and the 
water/cementitious material ratio must not exceed that specified by the 
Mix Design.  All water additions are to be completed within 15 minutes 
from the start of first water addition.  Added water must be mixed into the 
batch for a minimum of 30 additional revolutions at mixing speed (typically 
6 to 18 rpm).  Mix not meeting slump requirements may be rejected by the 
Buyer at the Concrete Supplier’s cost.    

 
3.1.5 Material shall be placed at a rate so as to provide adequate supply at the 

location of placement, at a rate at all times so material retains sufficient 
workability and can be self-consolidated or consolidated by external 
method, material remains homogeneous without segregation or loss of 
material, without interruptions between successive placements that may 
result in cold joints, and deposited near its final location to avoid 
segregation due to rehandling or flowing.   

 
3.1.6 Cementitious material is prohibited to be in contact with aluminum, copper, 

or brass.  No aluminum, copper, or brass conduits and tremies shall be 
used to pump or place cementitious material.   

 
3.1.7 Masonry filler units that will be in contact with concrete shall be pre-wetted 

prior to placing concrete. 
 
3.1.8 Free-fall height greater than 5-feet is prohibited, unless otherwise 

approved by the Buyer.  
 
3.2 Testing, Strength Compliance, and Acceptance of Concrete 

 
 3.2.1 Testing 
 

a. Concrete samples will be taken directly from discharge of ready-mix 
transit truck. Sampling and testing will be in accordance with the 
following standards: 
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ASTM C138  Unit Weight & Yield 
ASTM C143  Slump 
ASTM C172  Sampling 
ASTM C231  Air 
ASTM C1064  Temperature 

 
b. Frequency for sampling concrete for strength compliance:  Section 17 

of ASTM C94 with the exception that Buyer standard requires one test 
per minimum 50 CY, or as otherwise specified by the Buyer. 

 
c. Frequency for sampling and testing for slump, air-content, and 

temperature compliance: Section 17 of ASTM C94, or as otherwise 
specified by the Buyer.  Buyer requires, as a minimum, that this 
testing be performed when strength specimens are made.  Testing of 
air content only required for batches that include an air-entraining 
admixture, unless otherwise directed by the Buyer. 

 
d. Standard set of cylindrical concrete samples for compressive strength 

testing to consist of 1 at 7-days, 2 at 28-days, and 1-hold cylinder, 
unless otherwise specified by the Buyer. 

 
e. Making and curing of concrete strength specimens:  ASTM C31.  Test 

specimens 4” diameter by 8” tall cylinders. 
 
f. Compressive strength testing of cylindrical concrete specimens:  

ASTM C39. 
 

3.2.2  Testing specified in subsection 3.2.1 will be performed by the Buyer at no 
cost to Concrete Supplier or Contractor unless otherwise stated in the 
contract documents. 

 
 3.2.3  Compliance With Compressive Strength Provisions 
 

 Compressive strength will be considered satisfactory if test results meet 
the following requirements and Section 18 of ASTM C94, unless otherwise 
specified by the Buyer.  Where requirement differs from ASTM C94, the 
requirement stated herein would have precedence.  A set of strength tests 
consists of minimum two (2) 28-day test cylinders, 6” diameter by 12” tall, 
or 4” diameter by 8” tall, unless otherwise required by the Buyer: 

 
a. (This requirement has been added by the Buyer and is not included 

within ASTM C94).  7-day average compressive strength of one 
cylinder equals or exceeds 70-percent of the specified compressive 
strength f’c.  When more than one cylinder is available for testing, the 
average of the tested cylinders equals or exceeds 70-percent of the 
specified compressive strength and the compressive strength of a 
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single cylinder test is not less than 65-percent of the specified 
compressive strength. 

 
b. 28-day average compressive strength of any three consecutive sets of 

strength tests equals or exceeds specified compressive strength f'c.   
 
c.    (This requirement has been added by the Buyer and deviates from 

ASTM C94).  When three consecutive strength tests (minimum two 
cylinders per test) is not available for testing, the average 
compressive strength of any consecutive cylinder sets tested (one or 
two sets) equals or exceeds the specified compressive strength.           

 
d. For specified compressive strength of 5,000 psi or less, no individual 

set of strength test (average of minimum two cylinder tests) falls more 
than 500 psi below specified compressive strength f'c when at least 
three sets of strength tests are made.  When less than three sets of 
strength tests are made, no individual cylinder strength falls below 
specified compressive strength f'c. 

 
e. For specified compressive strength greater than 5,000 psi, no set of 

strength test (average of minimum two cylinder tests) shall be less 
than 0.90 f'c.  When less than three sets of strength tests are made, 
no individual cylinder strength falls below specified compressive 
strength f'c. 

 
 3.2.4  Failure to Meet Compliance Requirements 
 

a. Failure to meet requirements of subsection 3.2.3a indicates that 
potentially low-strength concrete has been delivered. Concrete 
Supplier and Contractor will be notified of potential problem for 
remedial action. 

 
b. Failure to meet requirements of subsections 3.2.3b or 3.2.3c or 3.2.3d 

or 3.2.3e shall be basis for investigation of low-strength concrete per 
subsection 3.2.5. 

 
3.2.5  Investigation of Low-Strength Concrete 

 
a. A set of three cores representing each strength test shall be taken. 

 
b. Cores shall be taken within 72 hours of testing for 28-day 

compressive strength, or as specified by the Buyer, in accordance 
with ASTM C42 and tested in accordance with ASTM C39.   

 
c. Concrete Supplier and/or Contractor shall be responsible for costs 

associated with investigation of low-strength concrete.  However, 
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Concrete Supplier’s and Contractor’s cost will be reimbursed if 
requirements of subsection 3.2.6 have been satisfied. 

 
3.2.6 Acceptance of Low-Strength Concrete 

 
Concrete in an area represented by core tests will be considered 
acceptable if the average of three cores is minimum 85 percent of 
specified compressive strength f‘c and no single core is less than 75 
percent of specified compressive strength f‘c. 
When low-strength concrete is accepted by the Buyer on the basis of test 
results of less than 100% of the required minimum compressive strength, 
an adjustment in the concrete unit price may be made for the quantity of 
concrete represented by such strength tests in accordance with Table 
725-2 of MAG Section 725. 

 
Table 725-2 of MAG Section 725 

Class AA and Class A Class B and Class C 

Percent of 
Specified Minimum 

28-day 
Compressive 

Strength 
Attained (Nearest 

1%) 

Percent of 
Concrete Unit 
Price Allowed 

Percent of 
Specified Minimum 

28-day 
Compressive 

Strength 
Attained (Nearest 

1%) 

Percent of 
Concrete Unit 
Price Allowed 

100% or greater 
 

100 100% or greater 
 

100 

98-99 
 

90 95-99 
 

95 

96-97 
 

85 90-94 
 

90 

95 80 85-89 85 

 
 
3.2.7  Rejection of Low-Strength Concrete 

 
Concrete failing to meet acceptance requirements of subsection 3.2.6 will be 
rejected.  Concrete Supplier and/or Contractor shall be responsible for direct and 
indirect costs of removal and replacement of rejected concrete. 
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 SALT RIVER PROJECT 

 
 WATER GROUP 
 STANDARD SPECIFICATION 
 FOR FIBER REINFORCED SHOTCRETE 
 FOR CANAL BANK LINING 
 (SRP 03364) 
 
 
1.0 GENERAL 
 

1.1 Work Specified 
 
 This specification covers the furnishing of all plant, labor, materials, tools and 

equipment necessary for mixing, delivering and placement of fiber reinforced 
shotcrete for canal bank lining. 

 
 1.2 Work Performed by Purchaser 
 

1.2.1  Prior to canal bank lining work by the Contractor, the Purchaser will install 
concrete canal bottom lining and shape the canal banks. Generally, the 
Contractor will be able to begin work within two weeks after the beginning of 
canal dry-up.  The Purchaser will make every effort not to impede the 
Contractor’s work, and the Contractor shall in turn accommodate the Purchaser’s 
work when required. 

 
1.2.2  The Purchaser will spray the bank with water to maintain optimum soil 
moisture content during bank preparation and for a period ending 24 hours after 
Purchaser’s notice to Contractor to shotcrete a specified section of canal bank. 
The Contractor shall be responsible to maintain optimum soil moisture content 
thereafter until completion of shotcreting the specified section of canal bank. 

 
1.3 Standard Units 

 
When both English and SI (metric) units are stated, the English units are the 
standard.  The SI units are approximations listed for information only. 
 
1.4 Reference Standards 

 
1.4.1  Reference to standards or specifications shall be interpreted to mean the 
latest revision unless noted otherwise.   
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1.4.2  The following abbreviations appear in this Specification: 

 
  ACI   American Concrete Institute 
 
  ARPA   Arizona Rock Products Association 
 
  ASTM   American Society for Testing and Materials 
 
  NRMCA  National Ready-Mixed Concrete Association 
 
  SRP   Salt River Project (Purchaser) 
 

1.4.3  The following standards shall be made a part of this Specification: 
 
  ACI 305R  Hot Weather Concreting 
 
  ACI 306.1  Standard Specification for Cold Weather Concreting 
 
  ACI 318/318M Building Code Requirements for Reinforced Concrete 
 
  ACI 506R   Guide to Shotcrete 
 
  ACI 506.2  Specification for Materials, Proportioning, and 

Application of Shotcrete 
 
  ASTM C31 Standard Practice for Making and Curing Concrete 

Test Specimens in the Field 
 
  ASTM C33 Standard Specification for Concrete Aggregates 
 
  ASTM C39 Standard Test Method for Compressive Strength of 

Cylindrical Concrete Specimens 
 
  ASTM C42 Standard Test Method for Obtaining and Testing 

Drilled Cores and Sawed Beams of Concrete 
 
  ASTM C94 Standard Specification for Ready-Mixed Concrete 
 
  ASTM C138 Standard Test Method for Unit Weight, Yield, and Air 

Contents (Gravimetric) of Concrete 
 
  ASTM C143 Standard Test Method for Slump of Hydraulic Cement 
     Concrete 
 
  ASTM C150 Standard Specification for Portland Cement 
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  ASTM C172 Standard Practice for Sampling Freshly Mixed 

Concrete 
 
  ASTM C231 Standard Test Method for Air Content of Freshly 

Mixed Concrete by the Pressure Method 
 
  ASTM C233 Standard Test Method for Air-Entraining Admixtures 

for Concrete 
 
  ASTM C260 Standard Specification for Air-Entraining Admixtures 

for Concrete 
 
  ASTM C309 Standard Specification for Liquid Membrane-Forming 

Compounds for Curing Concrete 
 
  ASTM C311 Standard Test Methods for Sampling and Testing Fly 

Ash or Natural Pozzolans for Use as a Mineral 
Admixture in Portland Cement Concrete  

 
  ASTM C494  Standard Specification for Chemical Admixtures for 

Concrete 
 
  ASTM C618 Standard Specification for Fly Ash and Raw or 

Calcined Natural Pozzolan for Use as a Mineral 
Admixture in Portland Cement Concrete 

 
  ASTM C1064 Standard Test Method for Temperature of Freshly 

Mixed Portland Cement Concrete 
 
  ASTM C1116 Standard Specification for Fiber-Reinforced Concrete 

and Shotcrete 
 
  ASTM D512 Standard Test Methods for Chloride Ion in Water 
 
  ASTM D516 Standard Test Method for Sulfate Ion in Water 
 
  SRP 03300 SRP Standard Specification for Concrete 
 

1.4.4  Exceptions to this specification must be approved in writing by the 
Engineer prior to beginning the affected work. 
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1.5 Submittals 
 
1.5.1  Contractor/concrete supplier shall submit the following items for each mix 
to be supplied:  
 

a. Plant certification 
 
b. Mix design 
 
c. Mix design performance/trial batch data 
 
d. Source and gradation of fine and coarse aggregate 
 
e. Cement certification and mill test report 
 
f. Fly ash certification 
 
g. Fly ash replacement ratio 
 
h. Admixture brand and certification 

 
i. Source of water and certification 
 

1.5.2  Mix designs shall be submitted to the Engineer for approval a minimum of 
one week prior to the beginning of work. 
 
1.5.3  In lieu of the submittals required per Sections 1.5.1 and 1.5.2, 
Contractor/concrete supplier may use pre-approved mix design for shotcrete, 
SRP Stock Code No. 0000234 per Specification SRP 03300, with fiber added. 
 
1.6 Quality Assurance 
 
1.6.1  Each batch plant from which concrete supplier intends to provide concrete 
must have current NRMCA, ARPA or equivalent laboratory certification. 
 
1.6.2  Concrete supplier shall provide documentation that an Arizona-registered 
professional engineer has reviewed mix designs and other submittals prior to 
submitting to the Purchaser for approval.  
 
1.6.3  Concrete supplier shall provide access to batch plant for 
sampling/inspection of materials and equipment. 



           01/13/15 

SRP 03364                  Org. #WTR 03364 
         5 of 15 

1.7 Storage and Handling 
 
1.7.1  Materials shall be stored and handled in a manner that prevents 
deterioration, segregation, or intrusion of foreign matter. 
 
1.7.2  Storage of aggregate on natural ground surface will be permitted if bottom 
six inches of pile is not used in batching. 
 
1.8 Emergency Releases 
 
1.8.1  SRP will provide a minimum of 2 hours advance warning of emergency 
water releases into the canal.  The Contractor shall store materials and equipment 
in a safe location, and SRP will not be responsible for loss of materials or 
equipment resulting from emergency releases.  The loss of completed construction 
or immovable materials will be paid by the Purchaser at the unit cost bid.   
 
1.8.2  The Contractor will not be paid for any portion of the work not completed 
before the scheduled end of canal dry-up and which work is damaged by water 
releases into the canal. 
 
1.9 Access 
 
Suitable roadways for construction traffic exist along both sides of the canal in 
most locations.  The Bidder should review all sites to determine actual 
conditions.  Access to the canal roadways exists at major road crossings of the 
canal. 

 
1.10 Protection of Existing Structures 
 
The Contractor shall take the necessary precautions to protect existing bridges 
and canal structures.  Damage to any existing structures shall be repaired to the 
satisfaction of the Engineer at the expense of the Contractor.   
 

2.0 PRODUCT 
 

2.1 Cement 
 

Cement shall be Portland cement, Type II, low alkali, moderate heat of hydration, 
conforming to ASTM C150.  Equivalent alkali content shall not exceed 0.6 
percent, per Table 2, ASTM C150. 
 
2.2 Aggregate 

 
Coarse and fine aggregate shall conform to ASTM C33. 
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2.3 Water 
 

Water for washing aggregate and for mixing concrete shall be potable or shall 
meet requirements of ASTM C94.  If potable water is not used, concrete supplier 
shall have independent testing laboratory perform chemical analysis of water 
certifying suitability in accordance with ASTM D512 and ASTM D516. 

 
2.4 Admixtures 
 
2.4.1  Admixtures for the mix design shall not be substituted without prior written 
approval of the Engineer. 
 
2.4.2  Air-Entraining Admixtures 
 

a.  Air-entraining admixtures shall conform to ASTM C260. 
 
b.  Air-entraining admistures shall be tested in accordance with 

ASTM C233. 
 
c.  Air content, unless specified otherwise, shall conform to ACI 318, Table 

4.2.1, moderate exposure. Tolerance for air content as delivered shall be 
+ 1.5 percent. 

 
2.4.3  Water-Reducing, Retarding, and Accelerating Admixtures 
 

a.  Water-reducng, retarding, and accelerating admixtures shall conform to 
ASTM C494. 

 
b.  Chloride admixtures shall not be used. 
 

2.4.4  Superplasticizers 
 

Superplasticizers shall conform to ASTM C494, Type F or G. 
 

2.5 Fly Ash 
 
2.5.1  Fly ash shall be used in all mix designs. 
 
2.5.2  Fly ash shall conform to ASTM C618, Class F. 
 
2.5.3  Fly ash shall be compatible with cement and shall not react deleteriously 
with alkalis in cement.  Concrete supplier shall have fly ash sampled and tested 
in accordance with ASTM C311. 
 
2.5.4  Maximum 25 percent of weight of cement required for mix design may be 
replaced with fly ash.  Concrete supplier shall be responsible to determine 
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replacement ratio for each pound of replaced cement to maintain specified 
compressive strength f’c. 
 
2.6 Fiber Reinforcement 
 
2.6.1  Fiber reinforcement shall be Euclid Chemical Company TUF-STRAND SF 
Synthetic Macro-Fiber, polypropylene/polyethylene copolymer, 2 inch long; or 
SRP approved equivalent.  Fibers shall comply with the material specifications 
and performance requirements of ASTM C1116. 
 
2.6.2  Total amount of fibers in the mix shall be 5 pounds per cubic yard of 
concrete. 
 
2.6.3  Fiber will be the only reinforcing used in the shotcrete for canal bank lining. 
 
2.7 Proportioning of Mix 
 
2.7.1  Source, character or gradation of materials shall not be changed without 
prior written approval of the Engineer. 
 
2.7.2  Mix shall be homogeneous, readily placeable and uniformly workable.  
Proportioning of ingredients shall produce consistency, durability, workability, 
specified compressive strength f’c, and other properties as required per 
reference standards in Section 1.4. 
 
2.7.3  Mix shall develop compressive strength f’c of 3000 psi at 28 days.  Mix 
shall have a maximum water/cementicious material ratio of 0.47 by weight. 
 
2.8 Measurement of Materials 
 
Material shall be measured in accordance with ASTM C94. 

 
2.9 Mixing 

 
2.9.1  Mixing shall follow the procedures in accordance with ASTM C94. 

 
2.9.2  All ingredients shall be added to the mix at the batch plant.  Fibers shall be 
added to the mix per manufacturer’s recommendations and at a rate that avoids 
clumping of fibers in the mix.  Minimum mixing time after introduction of fibers 
shall be five minutes at high rpm. 
 
2.9.3  Design slump at the discharge end of the nozzle shall be 3” (± 1”). 
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2.10 Delivery 

 
2.10.1  Ready-mix concrete shall be produced and delivered in accordance with 

ASTM C94.  Concrete that is outside the temperature range of 55ο F to 90ο F, or 
has attained its initial set upon arrival at jobsite, as determined by the Engineer, 
will be rejected at concrete supplier’s cost.  Engineer may waive these limitations 
if slump is such that concrete can be placed without addition of water.  
 
Concrete shall be discharged within 1-1/2 hours after initial mixing water has 
been added to cement and aggregate. 

 
2.10.2  Concrete supplier shall be responsible to make corrections to bring mix to 
specified slump.  Only one addition of water to bring mix to specified slump shall 
be allowed.  Mix not meeting slump requirements will be rejected. 

 
2.10.3  Batch out time of truck shall be machine-stamped on delivery ticket at 
concrete supplier's plant.  A copy of delivery ticket having machine-stamped 
batch out time shall be given to the Engineer at time of delivery.  Concrete 
deliveries without machine-stamped batch out time on delivery ticket will be 
rejected. 

 
2.10.4  Concrete shall be delivered within 30 minutes of requested delivery time. 
 Time lapse between successive deliveries shall not vary by more than 20 
minutes from that requested.  The Engineer may reject any batch not meeting 
these requirements. 

 
2.11 Hot Weather Concreting 
 
2.11.1  Hot weather concreting shall be in accordance with ACI 305R.  The 
concrete temperature during discharge shall not exceed 90° F. 
 
2.11.2  During conditions of high temperature, low relative humidity or wind which 
might impair quality of concrete, setting time shall be delayed by using proper 
admixtures. 
 
2.12 Cold Weather Concreting 
 
Cold weather concreting shall be in accordance with ACI 306.1.  Concrete 
temperature during discharge shall not be less than 55° F. 
 
2.13 Curing Compound 
 
The curing compound shall be a white pigmented compound in accordance with 
the requirements of ASTM C309 for a Type 2, Class A compound. 
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3.0 EXECUTION 
 
3.1 Testing, Strength Compliance, and Acceptance of Concrete 

 
3.1.1  Testing 

 
a.  Frequency for sampling concrete for strength compliance will be in 

accordance with ACI 318 or as specified by the Engineer.  
 

b.  Concrete samples shall be taken directly from transit mix truck, unless 
specified otherwise.  Sampling and testing will be in accordance with 
the following standards: 

 
    ASTM C138   Unit Weight & Yield 
    ASTM C143   Slump (sample from nozzle) 
    ASTM C172   Sampling 
    ASTM C231   Air 
    ASTM C1064  Temperature 
 

c.  Concrete strength specimens shall be made in accordance with 
ASTM C31.  Test specimens shall be 4 inch diameter by 8 inch long 
cylinders. 

 
Test cylinders shall be tested in accordance with ASTM C39. 

 
e.  The Engineer will install forms for producing 24-inch square test 

panels.  The test panels shall be filled during the shotcrete placement 
and removed immediately thereafter by the Contractor. The panel 
voids shall be refilled immediately following removal of the forms. 

 
3.1.2 Testing specified in Section 3.1.1 will be performed by the Engineer at no 
cost to Contractor. 

 
3.1.3 Compliance with Compressive Strength Provisions 

 
Compressive strength will be considered satisfactory if test results meet following 
requirements: 

 
a.  7-day average compressive strength, per strength test (average of two 

cylinders) equals or exceeds 70 percent specified compressive 
strength f'c. 

 
b.  28-day average compressive strength of all sets of three consecutive 

strength tests equals or exceeds specified compressive strength f'c. 
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c.  No individual strength test (average of two cylinders) falls more than 
500 psi below specified compressive strength f'c when at least three 
strength tests are made. 

 
d.  When less than three strength tests are made, no individual cylinder 

strength falls below specified compressive strength f'c. 
 

3.1.4  Failure to Meet Compliance Requirements 
 

a.   Failure to meet requirements of Section 3.1.3a indicates that 
potentially low-strength concrete has been delivered.  Contractor will 
be notified of potential problem for remedial action. 

 
b.  Failure to meet requirements of Section 3.1.3b or Section 3.1.3c shall 

be the basis for investigation of low-strength concrete per 
Subsection 3.1.5.  

 
c.  Failure to meet requirements of Section 3.1.3d will be the basis for 

investigation of low-strength concrete per Section 3.1.5. 
 

3.1.5 Investigation of Low-Strength Concrete 
 

a.  A set of three cores or sawcut prisms representing each strength test 
shall be taken. 

 
b.  Cores or prisms shall be taken within 72 hours of testing for 28-day 

compressive strength or as specified by the Engineer, in accordance 
with ASTM C42 and tested in accordance with ASTM C39.   

 
c.  Contractor shall be responsible for costs associated with investigation 

of low-strength concrete.  However, Contractor's cost will be 
reimbursed if requirements of Section 3.1.6 have been satisfied. 
 

 
3.1.6 Acceptance of Low-Strength Concrete 

 
Concrete in an area represented by core or prism tests will be considered 
acceptable if the average of three tests is minimum 85 percent specified 
compressive strength f'c and no single test is less than 75 percent specified 
compressive strength f'c. 
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3.1.7 Rejection of Low-Strength Concrete 

 
Concrete failing to meet acceptance requirements of Section 3.1.6 will be 
rejected.  Contractor shall be responsible for direct and indirect costs of removal 
and replacement of rejected concrete. 

 
3.2 Placement 
 
3.2.1  Placement of canal bank shotcrete shall be in accordance with ACI 506R 
and ACI 506.2.   
 
3.2.2  The canal bank shotcrete lining shall be placed after completion of the 
canal bottom concrete placement.   
 
3.2.3  The shotcrete shall not be placed until the Engineer has approved the 
canal bank preparation. 
 
3.2.4  All absorptive surfaces against which the shotcrete is to be placed shall be 
uniformly moistened and maintained within 2% of the optimum moisture content 
at all times prior to placement of the bank lining.  Caution shall be taken to 
prevent erosion or over-saturation of the subgrade surface during the moistening 
process.  The water shall be applied through the use of a nozzle or spray bar to 
provide an even spray distribution and to prevent erosion of the subgrade 
surface.  The equipment necessary to obtain the required moisture content shall 
be approved by the Engineer and kept available on the jobsite throughout the 
construction.  Failure to comply with these requirements shall result in a 
temporary shutdown of the shotcrete placement until the requirements are met to 
the satisfaction of the Engineer. 
 
3.2.5  At the time of application, there shall be no free water on the surface upon 
which the shotcrete is to be placed. 
 
3.2.6  The bank subgrade, top cut-off key, and the edge of the canal bottom 
concrete shall be free of any loose or spoil material prior to installation of the 
shotcrete. 
 
3.2.7  Any disturbance to the prepared bank subgrade surface shall be repaired 
to the satisfaction of the Engineer prior to placing the shotcrete. 
 
 
3.2.8  The Contractor shall notify the Engineer of the shotcrete placement 
schedule prior to any shotcrete operations. 
 
3.2.9  The canal bottom concrete at the edge of the bank shall be thoroughly 
cleaned of all foreign matter and shall be free of surface water.  The area to be 
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cleaned shall be the entire surface where shotcrete will join the canal bottom 
lining. 
 

3.2.10  The Contractor shall be responsible for providing all equipment 
necessary to place the shotcrete in accordance with this specification.  Special 
equipment may be required where the vertical lining height is 7 feet or greater. 
 
3.2.11  The shotcrete for the top of the lining section and the cut-off key shall be 
installed from the top of the canal bank. 

 
3.2.12  The canal bank shotcrete lining shall be placed with a minimum thickness 
of 3 inches, unless otherwise shown on the drawings or directed in writing by the 
Engineer.  Tolerance shall be +1/2”, -0”. 

 
3.2.13  The grade at top of shotcrete canal bank lining shall be finished at design 
grade (± 0.1 foot). 

 
3.2.14  Shotcrete application shall begin at the bottom of the canal bank and 
continue to the top.  The nozzle shall be held at a distance of 4 to 6 feet from 
and directed perpendicular to the canal bank surface.  The nozzle shall be 
rotated steadily in a series of small oval or circular patterns.  Angle shooting will 
only be allowed when no other suitable alternative exists.  
 
3.2.15  Rebound material left on the soil bank for more than 30 minutes shall be 
removed and discarded prior to continuing shotcrete application. 
 
3.2.16  When work is to be suspended at the end of the day or otherwise for a 
period exceeding 30 minutes, the end of the shotcrete placement shall be sloped 
to a thin edge.  Prior to resuming work, the surface of the shotcrete upon or 
against which fresh shotcrete is to be placed shall be prepared for continuation 
of shotcrete placement.  The bonding area shall be thoroughly cleaned, 
moistened, roughened, and when deemed necessary by the Engineer, a suitable 
bonding agent shall be applied to ensure thorough bonding of the fresh shotcrete 
to the previously placed shotcrete. 

 
3.2.17  Longitudinal cold joints in the concrete shall not be permitted, and the 
maximum length of each longitudinal placement shall be determined by the 
Engineer, but in no case shall exceed 50 feet in length.  Shotcrete shall be 
placed in a staggered pattern. 
 
3.2.18  Precautions shall be taken, as deemed necessary by the Engineer, to 
avoid or minimize accumulations of rebound.  Any excess rebound shall be 
removed at the time of placement to prevent excessive buildup on the canal 
bottom. 
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 3.3 Finishing 

 
3.3.1  The finished surface shall be smooth, uniform and even and shall be 
finished with a wet, fine-bristled broom immediately following the application of 
the shotcrete.  The broom finish shall be applied by directing the broom in the 
upward direction only, over the surface of the shotcrete lining. 

 
 3.3.2  The finished surface shall be free of any rock pockets or surface voids. 

Fresh overspray onto freshly finished shotcrete shall be refinished as specified 
above. 

 
3.3.3  Water containers for immersing the finishing broom shall be provided to 
facilitate obtaining the specified finish. 
 
3.3.4  Extension handles for the finishing tools may be required as deemed 
necessary by the Engineer, depending on the vertical height of the shotcrete 
lining. 
 
3.4 Joints 

 
3.4.1  Tooled vertical control joints shall be installed immediately following broom 
finishing. 
 
3.4.2  Control joints shall extend full height of the sloped shotcrete lining, 
including the cut-off key at the top of the lining. 
 
3.4.3  Tooled control joints shall be 3/4-inch deep. 

 
3.4.4  Maximum spacing between control joints shall be 10 feet unless otherwise 
shown on the drawings or directed by the Engineer.. 
 
3.5 Curing 

 
3.5.1  As the shotcrete placement progresses, the shotcrete lining placed shall 
be cured by membrane curing.  Membrane curing shall consist of the application 
of a white-pigmented curing compound as specified in Section 2.13. 
 
3.5.2  The curing compound shall be applied immediately after all free water has 
left the shotcrete surface. 
 
3.5.3  The curing compound shall be sprayed in a single application to provide a 
continuous, uniform, white membrane over the entire shotcrete surface and 
extending a minimum of one foot onto the canal bottom concrete. 
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3.5.4  The application rate shall be at the minimum rate of one gallon per 100 
square feet, and may be increased as directed by the Engineer to obtain the 
required continuous membrane. 

 
3.5.5  The curing compound shall be thoroughly mixed to a uniform consistency 
by stirring or agitation with an automatic mixer prior to and throughout the 
application process, as approved by the Engineer. 
 
3.5.6  The canal safety steps drawings shall not be sprayed with curing 
compound in areas noted on the drawings to be painted by the Purchaser. 
Contractor shall cover such areas with plastic sheet for curing.   
 
3.5.7  The concrete shall be protected from exposure to carbon monoxide or 
carbon dioxide fumes from heaters or engines. 
 
3.6 Equipment 
 
3.6.1  All equipment and the method of operation of the equipment shall be in 
accordance with accepted practice for this type of work, and shall be subject to 
the approval of the Engineer. 
 
3.6.2  The shotcrete equipment shall include a boom capable of extending out 
over the canal bank, sufficient in strength to support the weight of the discharge 
and air hoses, and long enough to prevent the hoses from dragging on the canal 
bank. 
 
3.6.3  Aluminum pipe shall not be used for pumping. 
 
3.6.4  The production capacity of all equipment shall be adequate for proper 
performance of the work and to meet the Purchaser’s schedule. 

 
3.6.5  Placement may be temporarily halted, at the discretion of the Engineer, 
due to any equipment failure or slowdown. 

 
3.6.6  Air pressure fed to the nozzle shall be maintained at a uniform pressure of 
not less than 80 pounds per square inch. 

 
3.6.7  A 300 gallon minimum capacity water tank for each shotcrete rig plus an 
additional backup tank of the same capacity shall be on the job site during the 
shotcrete lining placement, unless otherwise approved by the Engineer. 
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3.6.8  The backup tank shall be available to prevent temporary shutdowns 
caused while refilling the water tanks.  The tanks shall be equipped with a pump 
and nozzle or spray bar capable of discharging water with adequate pressure to 
maintain the required bank subgrade moisture, as specified in Section 3.2.3, 
prior to installing the shotcrete lining. 
 
3.6.9  For access into and out of the canal, provide one ladder on each bank at 
each area where work is being performed.  Climbing on the prepared canal bank 
subgrade will not be permitted. 
 
3.7 Direct and Indirect Costs 

 
 Direct and indirect costs incurred by Purchaser due to failure to meet 

requirements of this specification shall be paid by Contractor. 
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