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SECTION 03 01 34 

CONCRETE REPLACEMENTS 

PART 1 GENERAL 

1.1 SUMMARY 

A. Section Includes: Supply and placement of cast-in-place concrete for replacement applications, 

including formwork, reinforcement, concrete materials, mix design, batching procedures, 

placement procedures, finishes, and curing. Proprietary cementitious replacement materials are 

also included. 

1.2 REFERENCES 

A. Definitions: 

1. Cementitious Materials: Portland cement alone or in combination with one or more of fly 

ash, silica fume, and other pozzolans, or slag cement. 

1.3 ADMINISTRATIVE REQUIREMENTS 

A. Coordinate Work to ensure that adjacent areas are not adversely affected. Coordinate: 

1. With Owner’s Representative. 

2. With other trades: 

a. To ensure that work done by other trades is complete and ready for concrete 

replacement Work. 

b. To avoid or minimize work on, or in immediate vicinity of, concrete replacement 

Work in progress. 

c. To ensure that subsequent work will not adversely affect completed concrete 

replacements. 

B. Pre-placement Meeting: 

1. Conduct meeting at Site. 

2. Review requirements for concrete replacement Work, including: 

a. Construction schedule. 

b. Availability of materials, personnel, equipment, and facilities needed to make 

progress and avoid delays. 

c. Site use, access, staging, and set-up location limitations. 

d. Forecast weather conditions. 

e. Concrete removal, surface preparation, and substrate condition. 

f. Placement procedures. 

g. Special details. 

h. Minimum cure period. 

i. Testing and inspection requirements. 

j. Structural loading limitations of deck. 

k. Government regulations. 

l. Inspection requirements. 

3. Contractor’s Site superintendent, Owner’s Representative, and Engineer shall attend. 
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1.4 SUBMITTALS 

A. Product Data: Manufacturer’s literature including written instructions for evaluating, preparing, 

and treating substrate; technical data including tested physical and performance properties; and 

mixing and application or placement instructions. 

1. Include temperature ranges for storage and application of materials, and special cold-

weather application requirements or limitations. 

2. Include Globally Harmonized System (GHS) Safety Data Sheets or, if not yet available, 

Material Safety Data Sheets for information only. 

B. Steel Reinforcement Shop Drawings: Details of fabrication, bending, and placement, prepared 

according to ACI 315. Include material, grade, bar schedules, stirrup spacing, bent bar diagrams, 

arrangement, and supports of concrete reinforcement. Include special reinforcement required 

for openings through concrete structures. 

C. Design Mixes: For each concrete mix, including required test reports. Include alternate mix 

designs when characteristics of materials, project conditions, weather, test results, or other 

circumstances warrant adjustments. 

1. Proportions of materials. 

2. Mill tests and certification for cement, fly ash, and slag cement. Certification for silica 

fume. 

3. Sieve analysis for fine and coarse aggregate. 

4. Test results for deleterious substances in aggregates and potential aggregate reactivity. 

5. Slump during laboratory tests. 

6. Air content during laboratory tests. 

7. Three-, seven-, and 28-day laboratory compression test results. Minimum three cylinders 

at each test age. 

8. Indicate: 

a. Amount of mix water to be withheld for later addition at Site. 

b. Range of high-range, water-reducing admixture dosage that may be added at Site 

without adversely affecting hardened concrete. 

D. Field Quality Control: Batch tickets for ready-mix concrete. 

E. Contractor Qualifications: Evidence that Contractor’s existing company has minimum five 

years of continuous experience in similar concrete replacement work; list of at least 

five representative, successfully-completed projects of similar scope and size, including: 

1. Project name. 

2. Owner’s name. 

3. Owner’s Representative name, address, and telephone number. 

4. Description of work. 

5. Types of concrete replacement. 

6. Project supervisor. 

7. Total cost of concrete replacement work and total cost of project. 

8. Completion date. 

1.5 QUALITY ASSURANCE 

A. Contractor Qualifications: Experienced firm that has successfully completed concrete 

replacement work similar in material, design, and extent to that indicated for the Project. Must 

have successful construction with specified materials in local area in use for minimum of 

five years. 
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1. Employ foreman with minimum five years of experience as foreman on similar projects, 

who is fluent in English, to be on Site at all times during the Work. Do not change foremen 

during the course of the Project except for reasons beyond the control of Contractor; inform 

Engineer in advance of any changes. 

B. Ready-Mix Supplier Qualifications: ASTM C94/C94M; Certification of Production Facilities 

and Delivery Vehicles by National Ready Mixed Concrete Association. 

C. Mockups: Construct mockups after approval of samples to demonstrate construction 

procedures, quality of Work, and aesthetic effects. 

1. Construct at least 10 square feet of replacements for each type of repair specified. Use 

equipment, materials, and procedures proposed for use on Project. 

2. Construct mockups on existing members, at locations designated by Engineer, under same 

weather conditions expected during Work. Provide access to mockup locations. 

3. Engineer will observe concrete removal and surface preparation work, prepared concrete 

removal areas, and installation of repair material. Notify Engineer and Owner’s 

Representative at least seven days in advance of when mockups will be constructed. 

4. Photograph concealed portions of approved mockup before concealing, and retain 

photographs at Site. 

5. Perform three pull-off tests in conformance with ASTM C1583/1583M and ICRI Guide 

for Using In-Situ Tensile Pull-off Tests to Evaluate Bond of Concrete Surface Materials 

and use average of test values to determine conformance with requirements. Repair test 

core holes with concrete. 

6. If Engineer or Owner’s Representative determines mockup does not comply with 

requirements, modify mockup or construct new mockup until mockup is approved. 

Remove and replace mockups that are not approved. 

7. Approved mockups shall be maintained in undisturbed condition throughout Project as 

basis for acceptance of completed work and may become part of completed Work if 

undisturbed at time of Substantial Completion. 

8. Do not order materials or proceed with repair Work until mockups have been approved by 

Engineer and Owner’s Representative. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle materials according to manufacturer’s recommendations and in such 

manner as to prevent damage to materials or structure. 

B. Deliver, store, and handle reinforcing steel to prevent bending and damage. 

1. Avoid damaging reinforcement coating. 

2. Repair damaged reinforcement coating according to ASTM D3963/D3963M. 

C. For proprietary materials: 

1. Deliver materials to Site in original bags and containers with seals unbroken, labeled with 

manufacturer’s name, product brand name and type, date of manufacture, lot number, and 

directions for storing and mixing with other components. 

2. Keep materials dry and do not allow materials to be exposed to moisture during 

transportation, storage, handling, or installation. Reject and remove from Site new 

materials which exhibit evidence of moisture during application, or have been exposed to 

moisture. 

3. Store materials in original, undamaged bags or containers in a clean, dry, protected location 

on raised platforms with weather-protective coverings, within temperature range required 
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by manufacturer. Manufacturer’s standard packaging and covering is not considered 

adequate weather protection. 

D. Limit stored materials on structures to safe loading capacity of structure at time materials are 

stored, and to avoid permanent deck deflection. 

E. Conspicuously mark damaged or opened bags or containers or bags or containers with 

contaminated materials, and remove from Site as soon as possible. 

F. Remove materials that cannot be applied within stated shelf life from Site and replace with new 

materials. 

1.7 PROJECT CONDITIONS 

A. Verify existing dimensions and details prior to the start of concrete replacement Work. Notify 

Engineer of conditions found to be different than those indicated in the Contract Documents. 

Engineer will review situation and inform Contractor of changes. 

B. Comply with Owner’s limitations and restrictions for Site use and accessibility. 

C. Handle and place materials in strict accordance with safety requirements required by material 

manufacturers; GHS or Material Safety Data Sheets; and local, state, and federal rules and 

regulations. Maintain GHS or Material Safety Data Sheets with materials in storage area and 

available for ready reference on Site. 

1.8 CHANGES IN WORK 

A. During rehabilitation work, existing conditions may be encountered which are not known or are 

at variance with the Contract Documents. Such conditions may interfere with the Work and may 

consist of damage or deterioration of the substrate or surrounding materials that could jeopardize 

the integrity or performance of the Work. 

1. Notify Engineer of conditions that may interfere with proper execution of the Work or 

jeopardize performance of the Work, prior to proceeding with the Work. 

PART 2 PRODUCTS 

2.1 FORM MATERIALS 

A. Forms: Plywood, lumber, metal, plastic, or another approved material. Provide lumber dressed 

on at least two edges and one side for tight fit. 

1. Use panels that will provide continuous, true, and smooth concrete surfaces. 

2. Furnish panels in largest practicable sizes to minimize number of joints. 

3. Do not use rust-stained, steel, form-facing material. 

B. Accessories: 

1. Chamfer Strips: Wood, metal, PVC, or rubber strips, 3/4 inch by 3/4 inch minimum. 

2. Form Ties: Factory-fabricated; removable or snap-off metal or glass-fiber-reinforced 

plastic form ties; designed to resist lateral pressure of fresh concrete on forms and to 

prevent spalling of concrete on removal. 

a. Furnish units that will leave no corrodible metal closer than 1 inch to the plane of the 

exposed concrete surface. 
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b. Furnish ties that, when removed, will leave holes not larger than 1 inch in diameter in 

the concrete surface. 

c. Furnish ties with integral water-barrier plates for walls indicated to receive 

dampproofing or waterproofing. 

3. Form-Release Agent: Commercially-formulated form-release agent that will not bond 

with, stain, or adversely affect the concrete surface and will not impair subsequent 

treatments of the concrete surface. 

a. Formulate form-release agent with rust inhibitor for steel, form-facing materials. 

2.2 STEEL REINFORCEMENT 

A. Reinforcing Bars: ASTM A615/A615M, Grade 60, deformed. 

B. Accessories: 

1. Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and 

fastening reinforcing bars and welded wire fabric in place. Manufacture bar supports 

according to CRSI Manual of Standard Practice from steel wire, plastic, or precast concrete 

or fiber-reinforced concrete of greater compressive strength than concrete. 

a. For concrete surfaces exposed to view where legs of wire bar supports contact forms, 

use CRSI Class 1 plastic-protected or CRSI Class 2 stainless-steel bar supports. 

b. For concrete surfaces exposed to weather or liquids, use CRSI Class 1 plastic-

protected or CRSI Class 2 stainless-steel bar supports. 

2.3 CONCRETE MATERIALS 

A. Source Limitations: Obtain each type or class of cementitious material of same brand from same 

manufacturer's plant, each aggregate from one source, and admixtures through one source from 

single manufacturer. 

B. Portland Cement: ASTM C150/C150M, Type V. 

C. Fly Ash: ASTM C618, Class F. 

D. Aggregates: ASTM C33/C33M; from single source with documented record of at least ten years 

of satisfactory service using similar aggregates and cementitious materials in similar 

applications and service conditions. 

1. Coarse Aggregates: Uniformly graded; 3/8-inch nominal maximum size; Class 4S. 

2. Alkali Reactivity: Coarse and fine aggregates shall have expansion indicative of innocuous 

behavior; that is, less than 0.10 percent expansion after 16 days when tested according to 

ASTM C1260; or mitigating measures shall be included in concrete mix. 

a. Provide ASTM C1260 test results for aggregates proposed for use, performed within 

last year. 

b. If reported expansion is 0.10% or more at 16 days after casting, use mitigation 

measures shown to render innocuous results when tested according to ASTM C1260 

or provide coarse and fine aggregates from a remote source, with expansion indicative 

of innocuous behavior when tested according to ASTM C1260. ASTM C1293 

procedure may be substituted for ASTM C1260. 

E. Water: Potable. 
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2.4 ADMIXTURES: 

A. Admixtures certified by manufacturer to contain no more than 0.1 percent chloride ions and to 

be compatible with other admixtures and cementitious materials. Do not use admixtures 

containing calcium chloride. 

1. Air-Entraining Admixture: ASTM C260/C260M. 

2. Water-Reducing Admixture: ASTM C494/C494M, Type A. 

3. High-Range, Water-Reducing Admixture: ASTM C494/C494M, Type F. 

4. Water-Reducing and Accelerating Admixture: ASTM C494/C494M, Type E. 

5. Water-Reducing and Retarding Admixture: ASTM C494/C494M, Type D 

2.5 PROPRIETARY REPLACEMENT MATERIALS 

A. For Formed Vertical and Overhead Replacements: Cementitious mortar with 3/8-inch aggregate 

added, per manufacturer’s recommendations; polymer-modified or silica-fume additive. Use 

one of the following or approved equal: 

1. MasterEmaco S 466 Cl manufactured by BASF Construction Chemicals, LLC. 

2. SikaTop 111 Plus manufactured by Sika Corporation. 

B. For Trowel-Applied Replacements on Vertical and Overhead Surfaces: Polymer- or silica-

fume-modified, cementitious, non-sag mortar that is specifically intended for this application. 

Use one of the following or approved equal: 

1. MasterEmaco N 400 manufactured by BASF Construction Chemicals, LLC. 

2. SikaTop 123 Plus manufactured by Sika Corporation. 

C. For Top Surface Replacements: Rapid-strength repair mortar with 3/8-inch aggregate added, 

per manufacturer’s recommendations. Use one of the following or approved equal: 

1. MasterEmaco T 430 or T 415 manufactured by BASF Construction Chemicals, LLC. 

2. SikaQuick 1000 or 2500 manufactured by Sika Corporation. 

D. Do not use proprietary replacement materials that contain added gypsum. 

2.6 CURING MATERIALS 

A. Moisture-Retaining Cover: ASTM C171, white burlap-polyethylene sheet. 

B. Water: Potable. 

C. Membrane-Forming Curing Compound: ASTM C309, Type 1, 1-D, or 2; Solvent-borne; VOCs 

less than 100 g/L and legal limits. Silicate materials shall not be used. 

2.7 CONCRETE MIXES 

A. Prepare design mixes for each type and strength of concrete determined by either laboratory 

trial mixes or field-test data, according to ACI 301. 

1. Use qualified independent testing agency conforming to requirements of ASTM C1077 for 

preparing, testing, and reporting proposed mix designs for laboratory trial mix basis. 

B. Partial and Full Depth Replacements: Proportion normal-weight concrete mix as follows: 

1. 28-day Compressive Strength: 4,000 pounds per square inch. 

2. Fly Ash: Include 20 to 30 percent by mass of total cementitious materials, as cement 

replacement, unless otherwise approved. 
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3. Shrinkage: 700 micro-strain maximum at 90 days when tested according to ASTM C157, 

modified as follows: 

a. Wet cure for 7 days after casting, then store specimens in drying room. 

4. Maximum Water-Cementitious Materials Ratio, by weight: 0.40. 

5. Slump: 4 inches maximum. 

a. With High-Range, Water-Reducing Admixture:  

1) 2- to 4-inch slump prior to adding admixture. 

2) 8 inches maximum slump after admixture is added. 

6. Air Content: Add air-entraining admixture at manufacturer's prescribed rate to result in 

concrete at point of placement having air content of 6 to 9 percent, unless otherwise 

indicated. 

7. Admixtures: Use admixtures according to manufacturer's written instructions. 

a. Use water-reducing admixture. Alternately use high-range, water-reducing admixture 

(superplasticizer), as required, for placement and workability. 

b. Use retarding admixture when required by high temperatures, low humidity, or other 

adverse placement conditions. 

8. No chlorides shall be intentionally introduced into concrete mix. 

a. In hardened concrete, limit acid-soluble chloride ion content to 0.10 percent by weight 

of cement when tested according to ASTM C1152/C1152M, or water-soluble chloride 

ion content to 0.08 percent by weight of cement when tested according to ASTM 

C1218/C1218M. 

b. If hardened concrete exceeds chloride ion limits above, limit water-extractable 

chloride ion content to 0.08 percent by weight of cement when tested according to 

ASTM C1524. 

c. Provide test results necessary to demonstrate concrete and aggregates do not exceed 

chloride ion limits, unless waived by Engineer. 

9. Bond Strength: ASTM C1583/1583M, ICRI Guide for Using In-Situ Tensile Pull-off Tests 

to Evaluate Bond of Concrete Surface Materials; 175 pounds per square inch minimum, 

failure away from bond line; unless properly prepared substrate precludes achieving 

minimum strength. 

2.8 FABRICATING REINFORCEMENT 

A. Fabricate steel reinforcement according to CRSI Manual of Standard Practice. 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements and other conditions 

affecting installation or performance of concrete replacements. 

1. Ensure that work done by other trades is complete and ready for concrete replacement 

Work. 

2. Verify that areas and conditions under which concrete replacement Work is to be 

performed permit proper and timely completion of the Work. 

3. Notify Engineer in writing of conditions which may adversely affect installation or 

performance of concrete replacements and recommend corrections. 

4. Do not proceed with concrete replacement Work until adverse conditions have been 

corrected and reviewed by Engineer. 

5. Commencing concrete replacement Work constitutes acceptance of Work surfaces and 

conditions. 
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3.2 PROTECTION 

A. Take precautions to ensure the safety of people, including building users, passers-by, and 

workmen, and animals, and protection of property, including adjacent building elements, 

landscaping, and motor vehicles. 

B. Prevent construction debris and other materials from coming into contact with pedestrians, 

motor vehicles, landscaping, buildings, and other surfaces that could be harmed by such contact. 

C. Protect paving and sidewalks, and adjacent building areas from mechanical damage due to 

scaffolding and other equipment. 

D. Limit access to Work areas. 

E. Erect temporary protective canopies, as necessary, over walkways and at points of pedestrian 

and vehicular access that must remain in service during Work. 

F. Assume responsibility for injury to persons or damage to property due to Work, and remedy at 

no cost to Owner. 

3.3 FORMWORK 

A. Design, erect, shore, brace, and maintain formwork according to ACI 301, to support vertical, 

lateral, static, and dynamic loads, and construction loads that might be applied, until concrete 

structure can support such loads. 

B. Construct formwork so concrete members and structures are of size, shape, alignment, elevation, 

and position indicated, within tolerance limits of ACI 117. 

1. Limit abrupt or gradual concrete surface irregularities to ACI 347R Class C, 1/2 inch. 

2. Form openings, chases, offsets, keyways, reglets, blocking, screeds, and bulkheads 

required in Work. Determine sizes and locations from trades providing such items. 

3. Chamfer exterior corners and edges of permanently exposed concrete.] 

4. Construct forms tight enough to prevent loss of concrete mortar. 

C. Fabricate forms for easy removal without hammering or prying against concrete surfaces. 

Provide crush or wrecking plates where stripping may damage cast concrete surfaces. Provide 

top forms for inclined surfaces steeper than 1.5 horizontal to 1 vertical. Kerf wood inserts for 

forming keyways, reglets, and recesses, for easy removal. 

D. Coat contact surfaces of forms with form-release agent, according to manufacturer's written 

instructions, before placing reinforcement. 

E. Provide temporary openings for cleanouts and inspection ports where the interior area of the 

formwork is inaccessible. Close openings with panels tightly fitted to forms and securely braced 

to prevent loss of concrete mortar. Locate temporary openings in forms at inconspicuous 

locations. 

F. Clean forms and adjacent surfaces to receive concrete. Remove chips, wood, sawdust, dirt, and 

other debris immediately before placing concrete. 

G. Retighten forms and bracing before placing concrete to prevent mortar leaks and maintain 

proper alignment. 
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3.4 REMOVING AND REUSING FORMS 

A. Formwork, for sides of beams, walls, columns, and similar parts of the Work, that does not 

support the weight of concrete, may be removed after cumulatively curing at not less than 

50 degrees F for 24 hours after placing concrete, provided concrete is hard enough not to be 

damaged by form-removal operations and provided curing and protection operations are 

maintained. 

B. Leave formwork for beam soffits, joists, slabs, and other structural elements that support the 

weight of concrete in place until concrete has achieved at least 70 percent of its 28-day design 

compressive strength. 

C. Clean and repair surfaces of forms to be reused in the Work. Do not use split, frayed, 

delaminated, or otherwise damaged form-facing material, or patched forms, for exposed 

surfaces. 

3.5 STEEL REINFORCEMENT 

A. Comply with CRSI Manual of Standard Practice for placing reinforcement. 

B. Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials. 

C. Accurately position, support, and secure reinforcement against displacement. Locate and 

support reinforcement with bar supports to maintain minimum concrete cover. Do not tack weld 

crossing reinforcing bars. 

D. Do not weld reinforcement unless specifically approved by Engineer. 

E. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces. 

3.6 EMBEDDED ITEMS 

A. Place and secure items to be embedded in concrete. 

3.7 CONCRETE MIXING 

A. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to ASTM 

C94/C94M, and furnish batch ticket information. 

1. Deliver concrete to Site and discharge within 90 minutes or before 300 revolutions of mixer 

drum, whichever comes first, after introduction of mix water. When air temperature is 

between 85 and 90 degrees F, reduce mixing and delivery time to 75 minutes; when air 

temperature is above 90 degrees F, reduce mixing and delivery time to 60 minutes. Due to 

the nature of the Work, trucks with short loads may be required. Concrete that exceeds the 

specified time limits shall be rejected. 

2. Do not add water-reducing or high-range, water-reducing admixture indiscriminately to 

increase slump. 

3. Introduce high-range, water-reducing admixture at the Site with additional mixing per the 

manufacturer’s recommendations. 

4. Reject concrete that arrives at the Site with a slump exceeding the maximum specified 

slump. 

B. Site Mixing: Measure, batch, and mix concrete materials and concrete according to ASTM 

C94/C94M. 
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1. Develop batching and mixing operations so that quality control is assured. 

2. Designate one or two individuals to batch and mix concrete. Fully instruct these individuals 

on batching and mixing procedures. No other persons shall batch or mix concrete without 

prior notification to Engineer. 

3. Maintain accurate mix proportions. Batch materials by weight on the basis of whole bags 

of cement. Maintain a calibrated scale at the Site during concrete placement operations. 

Batching by volume is permitted if the weight-volume relationship for each material is 

verified on a daily basis, and aggregate moisture content is measured at least once daily 

and aggregate volume is adjusted for bulking. 

4. Incorporate admixtures into the mix in the manner recommended by the manufacturer and 

approved by Engineer. Measure with accuracy of +/-3 percent. Add each admixture 

separately. 

5. Combine and mix ingredients to uniform consistency. 

6. Mix concrete materials in appropriate drum-type batch machine mixer. 

a. For a mixer capacity of 1 cubic yard or smaller, mix at least 1 1/2 minutes, but not 

more than five minutes after ingredients are in mixer. 

b. For a mixer capacity larger than 1 cubic yard, increase mixing time by 15 seconds for 

each additional cubic yard. 

c. Provide a sufficient number of mixers, including reserve mixers, so that concrete 

placement operations will proceed uninterrupted and each replacement is completely 

cast before replacement concrete achieves initial set. 

3.8 CONCRETE PLACEMENT 

A. Before placing concrete, verify the following: 

1. Installation of formwork, reinforcement, and embedded items is complete. 

2. Concrete surfaces and forms are clean of frost, ice, mud, debris, and water. 

3. Forms are thoroughly wetted or oiled. 

4. Reinforcement is securely tied in place and thoroughly cleaned of ice and other coatings 

that may reduce or destroy bond with concrete. 

5. Required inspections have been performed. 

6. Equipment for mixing and transporting concrete is clean. 

7. Vibrators are operational. 

B. Before sampling for testing and placing concrete, water may be added at Site, up to the amount 

allowed in the design mix. 

1. Do not add water after adding high-range, water-reducing admixture. 

C. Where new concrete will be cast against existing concrete surfaces, place concrete against clean, 

dry substrate. 

D. For top surface and full depth repair areas where new concrete will be cast against existing 

concrete surfaces, immediately prior to placing concrete work paste portion of repair concrete 

mix into clean, dry concrete surface with broom, brush, or other tool. Do not allow paste to 

puddle. Remove and dispose of coarse aggregate. If paste dries before concrete is placed, 

remove and apply new paste. 

E. For proprietary repair materials, cast new concrete against existing concrete surfaces prepared 

according to recommendations of repair material manufacturer. 

F. Convey concrete from the mixer to the place of deposit in a manner such that no segregation or 

loss of materials occurs. 
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G. Deposit concrete: 

1. Place concrete as near as possible to its final position to avoid segregation due to 

re-handling or flowing. 

2. Do not allow concrete to fall a vertical distance greater than 4 feet from the point of 

discharge to the point of deposit. 

3. Do not allow concrete to disturb or displace reinforcing bars, floor drains, or other 

embedments. 

4. Place concrete at a rate so that the concrete is plastic and flows readily into corners of forms 

and into spaces around reinforcing bars. 

5. Place concrete continuously until the replacement volume or section is completed, with no 

cold joints. 

6. Dispose of concrete that has partially set prior to placement or that has been contaminated 

by foreign material. 

H. Consolidate concrete with mechanical vibrating equipment, so that the concrete is thoroughly 

worked around reinforcement and other embedded items and into corners. 

1. Use internal vibrators with minimum speed of 7,000 vibrations per minute and that are 

sufficiently narrow to fit into spaces between reinforcing bars, formwork, and existing 

concrete. Have extra vibrators at the Site in case a vibrator does not work. 

2. Do not use vibrators to transport concrete. 

3. Insert and withdraw vibrators vertically at uniformly spaced locations no farther apart than 

the visible effectiveness of the vibrator. 

4. At each insertion, limit the duration of the vibration to the time necessary to consolidate 

the concrete without causing mix constituents to segregate. 

I. Hot-Weather Placement: Protect concrete Work from physical damage or reduced strength due 

to rapid evaporation or overheating of concrete. Refer to Fig. B1 in ACI 305R for hot-weather 

conditions that may adversely affect concrete placement, finishing, and curing. Do not allow 

the temperature of the concrete at the time of placement to exceed 90 degrees F. When hot-

weather conditions exist, use one or more of the following procedures: 

1. Place concrete at night or early in morning. 

2. Cool ingredients before mixing to maintain the concrete temperature below 90 degrees F 

at the time of placement. Chilled mixing water or chopped ice may be used to control the 

temperature; include the water equivalent of the ice in the mixing water quantity. Use liquid 

nitrogen to cool the concrete at Contractor's option. 

3. Cover steel reinforcement with water-soaked burlap so the steel temperature will not 

exceed the ambient air temperature immediately before embedding in concrete. 

4. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete. Keep the 

subgrade moisture uniform without standing water, soft spots, or dry areas. 

5. Provide windbreaks or sunshades, or both. 

3.9 FINISHING TOP SURFACES 

A. Float and broom finish top surfaces. 

1. Float finish: Consolidate the surface with a power-driven float or by hand floating if the 

area is small or inaccessible to a power driven float. Restraighten, cut down high spots, and 

fill low spots. Repeat float passes and restraightening until the surface is left with uniform, 

smooth, granular texture. 

2. Medium-Broom Finish: Apply medium-broom finish, perpendicular to traffic flow, on top 

surfaces subjected to vehicular or pedestrian traffic. 

3. Do not wet concrete surfaces or add cement. 
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B. Finish and measure the surface so that the gap at any point between the concrete surface and an 

unleveled, freestanding, 10-foot-long straightedge, resting on two high spots and placed 

anywhere on the surface, does not exceed 1/4 inch. 

C. At the tops of walls, horizontal offsets, and similar unformed surfaces adjacent to formed 

surfaces, strike off smooth and finish with a texture matching adjacent formed surfaces. 

Continue final surface treatment of formed surfaces uniformly across adjacent unformed 

surfaces, unless otherwise indicated. 

D. Hot-Weather Conditions: Fog the surface with water if hot, dry, or windy conditions cause 

moisture loss approaching 0.2 pounds per square foot per hour before or during finishing 

operations. 

E. Site-Precast Planks: provide a minimum surface roughness of 1/4” by tining or other suitable 

means at all surfaces that are to be in contact with cast-in-place concrete. 

3.10 FINISHING FORMED SURFACES 

A. Rough-Formed Finish: As-cast concrete texture imparted by form-facing material with tie holes 

and defective areas repaired and filled with mortar or concrete. Remove fins and other 

projections exceeding 1/2 inch. 

B. Smooth-Formed Finish: As-cast concrete texture imparted by form-facing material, arranged in 

an orderly and symmetrical manner with a minimum of seams. Repair and fill tie holes and 

defective areas with mortar or concrete. Remove fins and other projections exceeding 1/8 inch 

in height. 

1. Applicable to concrete surfaces exposed to public view or to be covered with a coating or 

covering material applied directly to the concrete, such as waterproofing, dampproofing, 

stucco, or painting. 

2. Do not apply rubbed finish to smooth-formed finish. 

3.11 CONCRETE CURING 

A. General: Protect freshly placed concrete from premature drying and excessive cold or hot 

temperatures. Maintain concrete above 55 degrees F and in a moist condition for at least seven 

days after placing. 

B. Unformed Top Surfaces: Begin curing immediately after finishing concrete. Use moisture-

retaining cover. 

1. Place cover in widest practicable width, with sides and ends lapped at least 12 inches. 

2. Seal sides and ends of cover by holding down with soil, concrete pieces, or some other 

weight, or by using waterproof tape or adhesive. 

3. Immediately repair holes or tears in cover during curing period, using cover material and 

waterproof tape. 

4. Re-wet concrete surface at least twice daily as necessary. 

C. Unformed Vertical and Overhead Surfaces: Apply a curing compound uniformly in a continuous 

operation by power spray or roller according to manufacturer's written instructions and 

recommended coverage rate. Recoat areas subjected to heavy rainfall within three hours after 

initial application. Maintain continuity of coating and repair damage during curing period. 
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D. Protect concrete from falling below 55 degrees F with insulating blankets or heated enclosures 

vented to the outside. 

3.12 PROPRIETARY REPLACEMENT MATERIALS 

A. Measure, batch, mix, place, finish, and cure per manufacturer’s recommendations. 

3.13 CONCRETE SURFACE REPAIRS 

A. Defective Concrete: Repair defective areas designated by Engineer. Remove and replace 

concrete that cannot be repaired to Engineer's satisfaction. 

B. Surface defects on exposed surfaces include 

1. Voids, such as spalls, air bubbles, honeycomb, rock pockets, and form-tie voids, more than 

1/2 inch in any dimension in solid concrete but not less than 1 inch deep. 

2. Cracks at least 1/8 inch wide. Notify Engineer of cracks that penetrate through section. 

3. Fins and other projections exceeding 1/2 inch. 

4. High or low spots in repaired areas that create areas of standing water that are at least 

1/2 inch deep and at least 9 square feet in area. 

C. Repair defects on concealed surfaces that affect concrete's durability and structural performance 

as determined by Engineer. 

D. As soon as possible, cut out spalls, air bubbles, honeycombs, rock pockets, and voids. Make 

edges of cuts perpendicular to concrete surface. Clean voids and fill with repair mortar 

according to the manufacturer’s recommendations. Use polymer- or silica fume-modified, 

cementitious, non-sag mortar that is specifically intended for this application. Use one of the 

following or approved equal: 

1. MasterEmaco N 425 manufactured by BASF Construction Chemicals, LLC. 

2. SikaTop 123 Plus manufactured by Sika Corporation. 

E. Fill cracks with high-molecular-weight methacrylate, or low-viscosity methyl methacrylate or 

epoxy. Use one of the following or approved equal: 

1. Concrete Protector & Restorer CP&R 5741 Hi Mod Low Odor or 5742LO Low Mod 

manufactured by 3M. 

2. MasterSeal 630 manufactured by BASF Construction Chemicals, LLC. 

3. SikaPronto 19 TF manufactured by Sika Corporation. 

F. After concrete has gained sufficient strength to be unaffected by grinding, grind off fins, other 

projections, and high areas. 

G. Repair materials and installation not specified above may be used if approved by Engineer. 

3.14 FIELD QUALITY CONTROL 

A. Submit batch tickets for ready-mix concrete. 

B. Testing Agency: Owner will engage a qualified independent testing and inspecting agency to 

sample materials and perform tests during concrete placement. 

C. Provide: 

1. Access to Work. 

2. Materials for sampling. 
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3. Site facilities for sampling, testing, and storage of materials. 

4. Incidental labor. 

D. Testing Services: Sampling and testing of composite samples of fresh concrete shall be 

performed according to the following requirements: 

1. Testing Frequency: Obtain one composite sample of each concrete mix for each day's pour 

exceeding 500 square feet. 

2. Take samples from transport vehicle or mixer during discharge according to ASTM C172. 

Take samples at other locations if directed by Engineer. 

3. Slump: ASTM C143/C143M; one test for each composite sample, but not less than one 

test for each day's pour of each concrete mix. Perform additional tests when concrete 

consistency appears to change. If high-range, water-reducing admixture is used, perform 

one test prior to adding admixture. 

4. Air Content: ASTM C231/C231M; one test for each composite sample, but not less than 

one test for each day's pour of each concrete mix. 

5. Concrete Temperature: ASTM C1064/C1064M; one test for each composite sample; and 

one test hourly when air temperature is 40 degrees F and below or 80 degrees F and above. 

6. Compression Test Specimens: ASTM C31/C31M. 

a. Cast four standard cylinder specimens for each composite sample, immediately after 

sample is taken. Store specimens at the Site for at least 16 hours at a temperature of 

60 to 80 degrees F. Provide a temperature-controlled box or other enclosure if 

necessary. After at least 16 hours, but not more than 30 hours, transport the specimens 

to the laboratory and air cure at 73 degrees F and 50 percent relative humidity. 

7. Compressive-Strength Tests: ASTM C39/C39M. 

a. Test one specimen at seven days and two at 28 days. Hold the fourth specimen in 

reserve in case additional testing is required. 

8. Test results shall be reported in writing to Owner’s Representative, Engineer, concrete 

supplier, and Contractor within 48 hours of testing. Reports of compressive-strength tests 

shall contain: 

a. Name of concrete testing and inspecting agency. 

b. Project identification name. 

c. Date of concrete placement. 

d. Specific location of concrete batch in Work. 

e. Concrete mix number, design compressive strength at 28 days, design slump range, 

and design air content range. 

f. Specimen number, cylinder size, dates of compression tests, compressive breaking 

strengths and types of break for seven- and 28-day tests, and measured slump, air 

content, and air and concrete temperatures. 

g. Statement that indicates whether test results are in conformance with Specifications. 

9. Concrete strength is satisfactory if the average of two 28-day compressive-strength tests in 

each set of specimens equals or exceeds the specified 28-day compressive strength and 

neither test value is more than 500 pounds per square inch less than the specified 28-day 

strength. 

10. If any seven-day compressive-strength test result is less than 75 percent of the specified 

28-day compressive strength, submit revised mix design data for concrete that will conform 

to Specifications. 

11. Non-Conforming Concrete: 

a. If tests indicate that concrete is not in conformance with the Specification, remove 

and replace non-conforming concrete or perform additional testing, acceptable to 

Engineer, to verify conformance with the Specification, at no cost to Owner. 

b. Procure core samples in accordance with ASTM C42/C42M. 
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c. If tests indicate that the slump, air entrainment, or other requirements have not been 

met, examine core samples petrographically, according to ASTM C856, to evaluate 

hardened concrete characteristics. 

d. If compressive-strength tests do not meet the acceptance requirements, procure three 

core samples from each portion of the structure represented by the unsatisfactory tests, 

and test in compression. The strength of concrete in the area represented by core tests 

is satisfactory if the average of three compressive strength tests equals or exceeds 85 

percent of the specified 28-day compressive strength and no compressive-strength test 

value is less than 75 percent of the specified 28-day compressive strength. If strength 

acceptance criteria are not met, remove and replace non-conforming concrete areas at 

no cost to Owner. 

e. Perform additional inspection and testing, at no cost to the Owner, to determine the 

compliance of replaced or additional work with the specified requirements. 

E. Chain drag or hammer tap concrete replacements to locate delaminations. Remove and recast 

delaminated replacements at no cost to Owner. 

3.15 CLEANING 

A. At the end of each workday, clean the Site and Work areas and place rubbish, empty cans, rags, 

and other discarded materials in appropriate containers. 

B. After completing the concrete replacement Work: 

1. Clean soiling from adjacent surfaces. Exercise care to avoid scratching or damage to 

surfaces. 

2. Repair surfaces stained, marred, or otherwise damaged during concrete replacement Work. 

3. Clean up debris and surplus materials and remove from Site. 

END OF SECTION 


