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SECTION 02050 

DEMOLITION 

PART 1 - GENERAL 

1.1 SCOPE 

A. The work covered under this Section includes furnishing all labor, 

equipment and material required to remove, handle, crush and dispose of 

all equipment, materials and piping as shown on the Drawings, as directed 

by the Engineer, or required for the completion of the Work, including all 

necessary excavation and backfilling. 

B. Where structural tile and brick are removed from existing structures, the 

work shall include all patching and reconditioning to restore the remaining 

tile or brick to its existing state and to provide a proper joint for joining 

the existing to new construction. 

C. Where concrete is cut from existing structures under this Section to permit 

setting or inserting pipes, flumes, equipment or appurtenances, the work 

shall include all re-concreting, dressing, and finishing of openings to the 

required lines and dimensions or as necessary for the placing and fixing of 

inserts. 

D. The Contractor shall remove from existing structures and salvage, store or 

dispose of as specified hereinafter, all valves and piping, mechanical 

equipment, plumbing, heating, electrical, and ventilating fixtures, pipes, 

ducts, wires, and equipment, doors and windows, floor grating and cover 

plates, steel stairs, pipe railing and the like which are indicated to be 

removed or demolished per contract documents. 

E. The work specified herein and shown on the Drawings is intended to give 

a general idea of the scope of this work but must not be construed as 

covering it entirely.  The Contractor shall visit the site and judge the 

amount of work required and the problems anticipated in the performance 

of the work. 

F. Requirements for removal of pavement and abandonment of site utilities 

are specified in Section 02200. 

G. Buildings, facilities, and utilities to be selectively demolished are shown 

on the drawings.  

H. Many obstructions are not shown on the Drawings. Bidders are advised to 

carefully inspect the existing facilities before preparing the Bid Proposal. 

This Contract shall include removal and replacement of obstructions such 
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as electrical conduits and wire; water and waste piping; and similar items 

which may interfere with or hinder installation of equipment or materials; 

construction; or demolition required under the scope of the project.  

1.2 SUBMITTALS 

Submittals shall be made in accordance with the requirements of the General 

Conditions of the Contract Documents. In addition, the following specific 

information shall be provided: 

A. The Contractor shall submit to the Engineer, prior to beginning work, a 

schedule of demolition and detail methods to be used on each facility to be 

demolished. 

B. The Contractor shall develop and submit a demolition plan which includes 

a demolition schedule comparable to a room finish schedule that covers: 

1. Each building surface affected by demolition. 

2. Proposed method and materials for demolition and patching. 

3. Catalog cuts and samples of the materials to be used. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. The Contractor shall provide all materials and equipment in suitable and 

adequate quantity as required to accomplish the work shown, specified 

herein, and as required to complete the project. 

B. All concrete, mortar, grout, and backfill used in patching, plugging or 

repairing shall comply in all respects with the applicable material 

requirements of these Specifications. 

C. Tile and brick used for the patching of existing masonry shall be of the 

same size, color and texture as the tile and brick which they abut.  

Salvageable tile and brick units which are removed in performing the 

required alterations may be reused if the exposed faces and edges of the 

units are in good condition.  If satisfactory units are unobtainable through 

salvage operations, the Contractor shall furnish the required units of new 

material of similar quality, color and texture. 

 

PART 3 - EXECUTION 

3.1 GENERAL 

A. Shutdown of Existing Operations and Utilities 



 East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 02050-3 Demolition  

 

1. The existing East Area Water Quality Control Facility (EAWQCF) 

is required to remain in service during construction of the new and 

modification of the existing facilities. 

2. Total shutdown of the existing facilities to perform any new 

construction, to make the required structural or piping 

modifications, and, and/or to make or install the required electrical 

service or system modifications, will not be permitted and partial 

shutdown of the various existing facilities will be permitted as 

defined in Section 01011 of the EAWQCF Bid Package 2 Project 

Specifications. 

3. Prior to making any piping or structural connections or 

modifications to existing facilities, obtain specified timing and 

schedule approval. 

B. Protection 

1. Take care to prevent the spread of dust and flying particles.  

Sprinkle rubbish and debris with water to keep dust to a minimum. 

2. Maintain adequate fire protection, including extinguisher and 

operative water-hose lines during demolition. 

C. Personnel: Perform work by personnel experienced in this type work and 

in such a manner as to eliminate hazards to persons and property without 

interference with new work and with use of adjacent areas, public rights-

of-way, utilities and structures. 

 

3.2 CONCRETE DEMOLITION 

A. Remove concrete using handheld equipment unless otherwise approved by 

the Engineer. All necessary precautions shall be taken during removal of 

concrete to prevent debris from falling and damaging adjacent piping, 

equipment, and facilities. 

B. Where partial removal of a wall or floor is required, score the edge of the 

area to be removed (on all exposed surfaces) by saw cutting clean, straight 

lines to minimum 1 inch depth, but not greater than the depth of cover 

over the existing reinforcing steel and then chipping out the concrete. Saw 

cuts shall not extend beyond the limits of the opening. Corners shall be 

made true and square by combination of core drilling, chipping, and 

grinding as necessary. 

C. Where new concrete will be placed against a removal surface, preserve 

intact the existing reinforcing steel that would/will project into the new 

concrete. Allow the existing bars to project one lap length into the new 

concrete, as shown in the Drawings.  
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D. Where specifically shown or where the surface will be exposed, the 

removal may be accomplished by saw cutting completely through the 

concrete. The concrete around any exposed reinforcing steel shall be 

chipped back and the exposed reinforcing steel cut a minimum of 1-½-

inches back from the finished face of the concrete. The face of the new 

concrete surface shall be grouted to fill all the depressions at cut 

reinforcing and any other voids and to cover the exposed aggregate and 

shall be trowel finished. Non-shrink grout shall be used as directed by the 

Engineer. Except as otherwise noted or required, concrete pads and bases 

for equipment and supports which are on grade shall be removed to a 

depth 6 inches below finished grade or 6 inches below the bottom of any 

new slab to be placed over it. 

E. Where concrete surfaces must be repaired, such as where removal of 

existing equipment pads or other demolition activity leaves a rough 

surface, they shall be repaired using a two component latex modified 

concrete bonded overlay. The materials, surface preparation and 

application shall be as recommended by Sika Corporation, Lyndhurst, 

N.J.; or Master Builders, Cleveland, Ohio; and as acceptable to the 

Engineer. In addition, the following requirements shall apply: 

1. All edges of the repair area shall be cut vertical or slightly undercut 

to a ½-inch minimum depth and to wedge in the patch. No feather 

edges will be allowed.  All edges shall be neat and straight. 

2. Remove concrete as necessary to create a minimum thickness 

patch of ½-inch, but not less than the minimum thickness 

recommended by the manufacturer. 

3. Concrete around exposed reinforcing bars shall be removed to a 

minimum of ¾-inch below the steel. 

4. The concrete surface to receive the overlay shall be roughened to a 

3/16 inch profile, sandblasted to open the pores of the concrete, 

and cleaned of all loose material and laitance. Acid etch as 

necessary to remove any contaminants. 

5. A bonding grout, as recommended by the manufacturer, shall be 

uniformly brushed onto the surface, thoroughly coating all existing 

concrete and steel surfaces. Place the bonding grout only a few feet 

in front of the overlay concrete placement. 

6. The overlay shall be moist cured. 

7. Finish the overlay surface to be continuous with and to match the 

surrounding concrete surface. 

F. Preserving Existing Reinforcing: Where holes or openings are to be cut in 

existing concrete, preserve intact existing steel reinforcing. Where existing 

reinforcing must be removed, and where directed by the Engineer, new 

bars of sufficient size shall be spliced in and around the objects to be 

inserted in the opening.  
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3.3 REMOVAL OF EXISTING EQUIPMENT AND PIPING 

A. Equipment specified to be removed shall be removed completely, 

including all related accessories and concrete bases.  Any embedded items 

such as anchor bolts, steel reinforcement, conduit and piping shall be cut 

off 1 inch below adjacent finished surfaces.  The surface shall then be 

repaired to match adjacent surfaces in finish and appearance. 

B. Prior to removing any electrical equipment, all power to the equipment 

shall be shut off and properly locked out.  All power and control wiring 

for the equipment shall then be disconnected at the starter or circuit 

breaker, as applicable, and removed from the conduit.  Unused conduits 

shall be plugged. 

C. Blemishes or unsightly areas on walls and floors left after removal of 

equipment shall be cleaned and refinished as necessary to match adjacent 

surfaces. 

D. All holes and openings left after removal of equipment shall be filled or 

plugged to provide a neat and workmanlike appearance. 

E. Where piping designated for removal passes through concrete walls, the 

openings shall be suitably plugged or capped.  Wall pipes and wall sleeves 

shall be sealed with blind flanges or mechanical joint plugs.  Steel pipe 

sleeves shall be filled with non-shrink grout. 

F. Where equipment or piping designated for removal serves to support other 

equipment or piping designated to remain in service, the Contractor shall 

provide permanent supports in place of the removed equipment and 

piping.  Where it is necessary to temporarily remove other equipment, 

piping, or electrical work in order to gain access to an item of equipment 

or piping designated for removal, the Contractor shall restore all such 

equipment, piping or electrical work to its original condition. 

G. Abandoned Piping:  Existing vitrified clay, concrete, PVC, cast iron and 

steel piping to be abandoned shall be cut and plugged or capped at each 

end.  Where existing piping interferes with new piping or construction, it 

shall be removed beyond the limits required for the proper completion of 

the work and the open ends plugged or capped unless otherwise shown, 

lines shall be plugged or capped at least 1 inch behind or below finished 

building surfaces, and at least 12 inches below outside grade surfaces. 

H. Piping and Valving Reinstallation:  The Contractor shall include in the 

Contract Price the cost of removing, refitting, and reinstalling certain pipe, 

fittings, and valves as shown on the Drawings. 
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3.4 PROTECTION OF WORK AND EXISTING FACILITY 

A. Perform the work in a manner that will not damage parts of the structure, 

facility, or system not intended to be removed. If in the opinion of the 

Engineer, the method of demolition or cutting may endanger or damage 

parts of the structure(s) or affect the operation of the facilities, promptly 

change the method when so notified by the Engineer. Perform all cutting 

required regardless whether such cutting is specifically indicated. Examine 

the existing structures, evaluate conditions to be encountered in 

accomplishing the work, and accommodate such requirements accordingly 

in the Bid Proposal. No blasting will be permitted. 

B. The Contractor shall exercise full care and shall use such methods and 

equipment during removal as well as maintain the usefulness of the 

various materials and equipment removed. 

C. Any damage done to structures or equipment during removal and any 

patching, plugging of holes or repairs necessitated because of removal of 

equipment and piping shall be repaired to the satisfaction of the Engineer 

and the cost thereof shall be included in the Contract Price. 

 

3.5 DISPOSAL 

A. Disposal: All rubble and waste material shall be removed from each work 

area in order to provide a clean area for plant operations. Such removal 

and cleanup is to be completed upon conclusion of daily work, outage 

period, or a specific work period. Removal of waste material from the 

work areas constitutes physical removal of the debris, rubble, or waste 

from the building proper or work site to a proper storage container or 

stockpile. If material is stockpiled for later disposal, the stockpile location 

shall be as approved by the Engineer. Should stockpiling not be approved, 

an appropriate container may be used, or the Contractor may dispose of 

the material directly. If stockpiling is approved, disposal of stockpiled 

materials shall be accomplished at a frequency no less  than weekly. 

Waste containers shall be located as approved by the Engineer. Waste 

material is considered to be any item or material that is removed from an 

existing condition and is not intended for reinstallation or salvage to the 

City. The Contractor shall be fully responsible for proper disposal of waste 

materials in accordance with all federal, state and local laws at no 

additional cost to the City. 

B. Contractor shall not dispose of any trash, material, equipment or litter into 

water reclamation center facilities or tanks. Contractor shall be responsible 

for any damage to any facilities, tanks, or equipment  by any such foreign 

material. 
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3.6 DISPOSITION OF SALVAGEABLE MATERIALS 

A. The Contractor shall submit a listing of all equipment which is shown to 

be removed, replaced or demolished, as indicated on the drawings which 

is in salvageable condition to the City for approval. Upon approval by the  

Engineer, the equipment approved as salvageable is to be salvaged and 

delivered to the City at a location to be designated at the project site by the 

Engineer. Equipment that shall be included in the listing includes (but is 

not limited to) pumps, valves, valve actuators, and instruments. Chemical 

PVC piping and FRP tanks are not to be considered for salvage. Loading 

and unloading shall be the responsibility of the Contractor. 

B. Equipment, as defined above, which is potentially salvageable shall be 

removed with care so as not to damage it for possible future use. 

Equipment shall be protected from dirt and the elements. Damage caused 

by the Contractor to equipment or material specified herein or indicated on 

the Drawings to be salvaged shall be replaced or repaired by the 

Contractor at no additional cost to the City. Reuse by the Contractor of 

salvaged material will not be permitted, except as specifically shown, 

specified herein, or as approved by the Engineer. 

 

3.7 REHABILITATION 

Certain areas of existing structures, piping, conduits, and the like may be affected 

by work necessary to complete the modifications. The Contractor is responsible to 

rehabilitate those areas affected by the construction activities. Where existing 

equipment, equipment pads and bases, piping, piping supports, electrical panels 

and devices, conduits, and associated appurtenances are removed, the Contractor 

shall rehabilitate the affected areas such that little or no evidence of the previous 

installation remains. Remaining openings in concrete floors, walls, and ceilings 

from piping, conduit, and fasteners shall be filled with non-shrink grout and 

finished to match the adjacent area. 

END OF SECTION  
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SECTION 02060 

 

CONCRETE HYDRODEMOLITION 

 

PART 1 – GENERAL 

 

1.1 DESCRIPTION 

 

A. Scope: 

1. This section addresses the concrete removal work to be performed using 

hydrodemolition. The depth of concrete removal required will be shown on the 

drawings. These sections include all labor, materials, equipment, and supervision 

necessary to remove existing concrete using hydrodemolition as indicated on the and 

in the specifications, including but not limited to: 

a.  Removal of concrete by means of hydrodemolition. 

b.  Removal of concrete inaccessible to the hydrodemolition machine with hand-

held water blasting equipment or conventional chipping hammers, including 

shadows under the reinforcing steel. 

c.  Containment, collection, treatment, and disposal of hydrodemolition 

wastewater and water used for cleanup. 

d.  Collection of debris from the demolition operation using a vacuum system and 

disposal of all debris. 

e.  Final preparation of surface prior to placement of concrete. 

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. International Concrete Repair Institute (ICRI) Technical Guideline 310.3R-2014 

“Guide for the Preparation of Concrete Surfaces for Repair Using Hydrodemolition 

Methods”. 

2. ACI RAP-14: Field Guide to Concrete Repair Application Procedures – Concrete 

Removal Using Hydrodemolition. 

 
1.3  SUBMITTALS 

 

A. Submit the following items prior to beginning hydrodemolition operations: 

 1. Hydrodemolition equipment specifications, including robot size and weight, supply 

water requirements, water consumption, and ultra-high-pressure hose specifications. 

2. Location and layout of the hydrodemolition equipment. 

3. Location and layout of the temporary water supply, including materials to be used 

and any permits required to secure the use of the water. 

4. Vacuum equipment specifications, including type, manufacturer, capacities, and 

filtration systems. 

5. Location and layout of any fuel system required for the equipment. 
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6. Debris removal equipment specifications and method for concrete debris removal. 

The debris removal process must not impact the ongoing hydrodemolition 

operations. 

7. Location and layout of the wastewater containment, treatment and disposal 

system(s), including any permits required to properly discharge the water. 

8. Copies of hydrodemolition water quality tests performed. 

9. Qualification certification(s) of the hydrodemolition operator. 

10. Hand-held water blasting equipment and/or chipping hammer specifications to be 

used for detail chipping, if necessary. 

11. Equipment to be used for final wash down of the hydrodemolished surface to 

create a pour-ready surface. 

 
1.4  QUALITY CONTROL 

 

A. Hydrodemolition companies, as well as individual employees performing and supervising 

hydrodemolition concrete removal, must meet the following requirements: 

1. Work shall be performed by organizations that have successfully performed at 

least ten verifiable projects similar in scope to this project within the last three 

years. 

2. Work shall be under the immediate control of a person experienced in 

hydrodemolition who has supervised five verifiable projects of similar type and 

size within the last three years. Supervising personnel shall be present during all 

operations. 

3. The hydrodemolition equipment operator must be trained and certified by the 

equipment manufacturer in the proper use and safe operation of the equipment 

and have a minimum of two years’ experience with the equipment on jobs of 

similar type and size. 

 

PART 2 – PRODUCTS 

 

2.1 HYDRODEMOLITION EQUIPMENT 

 

A. Concrete removals shall be performed with a computerized, self-propelled 

hydrodemolition machine that utilizes a 36,000 psi ultra-high-pressure water jet stream 

and required water consumption of 16 gallons per minute (or less) per pump. Equipment 

shall be capable of removing concrete to the depth specified herein and/or as shown on 

the drawings and shall be capable of removing rust and laitance from exposed 

reinforcement designated to remain in place. The equipment shall be capable of removing 

concrete to within one inch of vertical surfaces.   Independent of the number of passes 

required to achieve the specified depth of removal, rotary heads only shall be used for the 

final pass of the hydrodemolition machine. 

B.  Hand-held high-pressure [10,000 psi (690 bar) minimum] wands or 35 lb. (16 kg) 

maximum jackhammers shall be used in areas that are inaccessible to the self-propelled 



East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 02060-3                 Concrete Hydrodemolition 

  

machine or in patching areas that require work to remove the remaining unsound 

concrete. 

2.2  VACUUM EQUIPMENT 

A. Vacuum equipment shall be of sufficient capacity to collect all debris from the 

hydrodemolition operation. The vacuum equipment shall be capable of removing wet 

debris and water in the same pass. 

2.3  WASTEWATER TREATMENT EQUIPMENT 

A. All wastewater collected must be treated in accordance with Federal, State and Local 

requirements for water quality and discharge capability. The wastewater treatment 

equipment utilized must be capable of adjusting the pH, lowering the Total Suspended 

Solids (TSS), and lowering the turbidity of the wastewater. At a minimum, wastewater 

shall be treated to reduce Total Suspended Solids (TSS) to < 20 mg/L, Nephelometric 

Turbidity Units (NTUs) to < 50, and pH to between 6.0 and 9.0. Some jurisdictions may 

have more stringent treatment requirements. 

2.4  TESTING AND ACCEPTANCE OF THE HYDRODEMOLITION EQUIPMENT. 

 

A. Prior to the commencement of the hydrodemolition concrete removal operation, the 

equipment shall be calibrated on an area of sound concrete as designated by the Engineer. 

In case of an existing overlay, calibration shall be performed on original deck concrete 

that is sound and not on any concrete overlay material. After calibration, the equipment 

shall be moved to a known unsound area to verify that all unsound concrete is removed 

by the established recorded settings. Each test area (sound and unsound) shall be 

approximately 50 square feet. If a satisfactory result is obtained, the minimum depth and 

quality of removal demonstrated in the test areas shall be used for the hydrodemolition 

production. 

 

B. The Engineer shall verify the following settings: 

1.       Water pressure gauge (36,000 psi minimum) 

2. Water usage/flow rate (16 gallons per minute per pump minimum) 

3. Machine staging control (step) 

4. Nozzle size 

5. Nozzle speed (travel) 

C.  During the calibration, any or all of the above settings may be modified in order to 

achieve removal of all unsound concrete. The settings may be changed by the 

Hydrodemolition Contractor to achieve total removal of unsound concrete, but the 

Engineer must be notified of all changes. The Engineer may with input of the 

Hydrodemolition Contractor change any or all of the settings in order to achieve the goal 

of removing unsound concrete with hydrodemolition. Calibration shall be required on 

each structure, each time hydrodemolition is performed, and as required to achieve the 

results specified by the plan. 

 



East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 02060-4                 Concrete Hydrodemolition 

  

PART 3 – EXECUTION 

 

3.1  INSPECTIONS AND PROCEDURES 

 

A. Protect and/or relocate existing utilities within the work area that may be damaged during 

the hydrodemolition work. Provide temporary service until affected utilities are restored. 

 

B. Install temporary protection and other safety requirements prior to starting 

hydrodemolition. The General Contractor shall adequately shield the work area to prevent 

debris resulting from the hydrodemolition operation from traveling beyond the 

boundaries of the work area in order to protect the public from flying debris both around 

and/or under the work area. 

 

C. Provide adequate lighting as required to perform the work of this section. 

 

D. Remove the concrete in the areas designated on the drawings using hydrodemolition to 

the depth specified in the drawings, in these specifications, and as demonstrated and 

approved by the Engineer in the hydrodemolition test cut area. Maintain the quality and 

depth of cut demonstrated in the test area throughout the project. If delamination exists 

beyond the minimum removal depth, removals shall continue until all unsound and 

delaminated concrete has been removed. 

1. Areas inaccessible to the hydrodemolition equipment shall be removed using hand-

held high-pressure water blasting or pneumatic tools. If the hydrodemolition 

removal exposes reinforcing steel, then shadows under reinforcing steel scheduled 

to remain in place shall be removed to ¾ inches below the steel using hand-held 

high-pressure water blasting or pneumatic tools. 

2. Clean the area to remove all loose debris and other materials scheduled to be 

removed during the hydrodemolition. Thoroughly clean the demolished area using 

a water blaster held at a maximum of 12″ from the deck surface. The surface shall 

be vacuumed immediately following the high-pressure water cleaning to remove 

any debris or wastewater. Following the cleaning, the surface shall be free of all 

debris, loose material, slurry, cement paste and any other material that might 

interfere with the bond of the new concrete overlay leaving a pour-ready surface. 

3. Areas where pneumatic tools were used must be thoroughly cleaned to remove rust 

and laitance from existing reinforcing. 

4. Any areas contaminated by materials detrimental to a good bond as a result of the 

General Contractor’s operations shall require additional removals and/or cleaning 

until a clean surface is obtained, at no additional cost to the owner. 

5. At all locations where exposed reinforcement is designated to remain in place, 

exercise caution to avoid damaging the reinforcement during removal of concrete. 

Any reinforcement damaged by these operations shall be repaired or replaced at no 

cost to the owner. 

6. For projects that contain a concrete overlay, roto milling may be allowed to within 

0.5 inch of the top mat of reinforcing bar, prior to hydrodemolition. Verify capacity 

of structure to support roto milling equipment. 
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E. All supply water used for hydrodemolition operations must be potable water. The owner 

shall designate the location from which the General Contractor shall obtain potable water. 

The General Contractor is responsible for supplying all material, equipment, and tools 

necessary to tap into the water source. The General Contractor shall install a meter to 

measure the water consumption. 

 

F. The cleanup of solid debris and water shall be as follows: 

All debris shall be removed quickly enough to prevent rebounding of the concrete debris 

to the hydrodemolished surface. Solid debris shall be collected using vacuum equipment. 

Water collected during the hydrodemolition operation shall be directed to a wastewater 

collection system. Solid debris shall be properly disposed of with other concrete debris. 

G. The wastewater Containment, Treatment, and Disposal shall be as follows: 

Wastewater containment shall be the sole responsibility of the General Contractor. The 

General Contractor shall provide a comprehensive plan for hydrodemolition wastewater 

containment, treatment, and disposal. At no time, shall water be allowed to run freely into 

live traffic areas, into other areas of the structure, or into areas accessible to the public. 

H. All equipment needed, including piping, pumps, hoses, settling areas and pH adjustment 

equipment (if needed) required for the proper collection, clean up and disposal of 

wastewater from the work area shall be provided and maintained by the General 

Contractor. The system shall be designed by the General Contractor and approved by the 

engineer to meet the discharge requirements of the local governing authority. 

I. The General Contractor shall obtain any permits required for the discharge of the 

wastewater. The General Contractor shall establish and maintain any testing program 

required by the local governing authority for the wastewater discharge. 

J. All wastewater generated by the General Contractor’s operations including 

hydrodemolition and clean up water must be contained by the General Contractor and 

must pass through the General Contractor’s approved collection system. No water will be 

allowed to flow directly into any drainage system without pre-treatment. At no time will 

wastewater be allowed to enter any body of water (river, lakes, ponds, etc.) 

K. At a minimum, wastewater shall be treated to reduce Total Suspended Solids (TSS) to < 

20 mg/L, Nephelometric Turbidity Units (NTUs) to < 50, and pH to between 6.0 and 9.0. 

Some jurisdictions may have more stringent treatment requirements. All wastewater 

treatment must meet the discharge requirements of Federal, State or Local entities. With a 

valid permit, treated wastewater can be discharged into sanitary sewer systems, land 

discharged in areas where this is permitted, or hauled via tanker truck to a local 

wastewater treatment plant. 

L. The General Contractor shall remove daily from the site all concrete debris, sludge and 

other materials generated by his work and legally dispose of all such materials. 
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3.2  INSPECTION OF EXPOSED SURFACES AND REINFORCEMENT 

A.  After the hydrodemolition, when surface preparation operation has completed the initial 

pass and the deck is dry and frost free, resound the deck to ensure that all unsound 

material has been removed. Remove unsound materials detected by the Engineer by 

pneumatic hammers (not heavier than 30-pound class) or by hydrodemolition. 

B.  After removals are complete, but prior to final cleaning, all exposed concrete surfaces 

and all reinforcement designated to remain in place will be inspected by the engineer for 

compliance with the plans and specifications. Where the engineer finds unsatisfactory 

surface preparation, the engineer will direct the General Contractor to perform additional 

removals. The Engineer will re-inspect after additional removals. If reinforcing steel is 

exposed during the hydrodemolition operation, the engineer will inspect all reinforcement 

designated to remain in place for defects due to corrosion or damage caused from General 

Contractor’s removal operations. 

3.3 GENERAL REQUIREMENTS 

 

A. During concrete removal do not damage existing reinforcement steel intended to remain 

in place. 

 

B. Do not drive or place equipment in the work area that may damage the reinforcing steel 

to remain in place. Bars that are bent or damaged shall be replaced by the General 

Contractor at no charge to the Owner. 

 

C. Following removal of debris, and prior to placement of new reinforcement steel, the 

entire surface shall be cleaned to remove any contamination or loose material remaining 

in the area. 

 

D. All water from the hydrodemolition and cleaning process must be contained within the 

construction barrier limits of the work area. 

 

E. Following final preparation of the area, including all other work items that must be 

completed prior to placement of concrete, but before final inspection and placement of 

concrete, the area shall be thoroughly cleaned using a water blaster with a rotating, multi-

jet nozzle held at not more than 12 inches from the surface. Following the final cleaning, 

the surface shall be clean and free from all dirt, debris, slurry or any other material that 

might interfere with the bond of the new overlay. 

3.4 METHOD OF PAYMENT 

A.  Hydrodemolition shall be measured and paid for by the square yard. 

 

+ + END OF SECTION + + 

 



DIVISION 3 

CONCRETE 
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SECTION 03100 

 

CONCRETE FORMING 

 

 

PART 1 – GENERAL  

 

1.1 DESCRIPTION  

 

A. Scope:  

1. CONTRACTOR shall provide all labor, materials, equipment, and 

incidentals as shown, specified, and required to furnish and install concrete 

forming.  The Work also includes:  

a. Designing forming systems in accordance with requirements of ACI 

347 and the Contract Documents. 

b. Providing forming to accommodate the Work under this and other 

Sections and building into forming items such as sleeves, anchorage 

devices, inserts, pipe embedments, reinforcing, and all other items to 

be embedded in concrete for which placement is not specifically 

provided under other Sections. 

 

B. Coordination:  

1. Review installation procedures under this and other Sections and coordinate 

installation of items that must be installed with or before concrete forming 

Work. 

2. Coordinate forming Specifications with requirements for finished surfaces 

specified in Section 03300, Cast-In-Place Concrete. 

 

C. Related Sections: 

1. Section 03150, Concrete Accessories. 

2. Section 03300, Cast-In-Place Concrete. 

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. ACI 117, Specifications for Tolerances for Concrete Construction and 

Materials and Commentary. 

2. ACI 301, Specifications for Structural Concrete. 

3. ACI 347, Guide to Formwork for Concrete. 

4. ASTM C805/C805M, Test Method for Rebound Number of Hardened 

Concrete. 

5. ASTM C1074, Practice for Estimating Concrete Strength by the Maturity 

Method. 

6. NIST PS 1, Structural Plywood. 
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1.3 QUALITY ASSURANCE  

 

A. Qualifications:  

1. Professional Engineer: 

a. CONTRACTOR or formwork Supplier shall retain a registered 

professional engineer legally qualified to practice in same state as the 

Site. Professional engineer shall have at least five year’s experience 

designing formwork and falsework of the type required 

b. Responsibilities include: 

1) Reviewing formwork and falsework performance and design 

criteria stated in the Contract Documents. 

2) Preparing written requests for clarifications or interpretations of 

performance or design criteria for submittal to ENGINEER by 

CONTRACTOR. 

3) Preparing or supervising preparation of design calculations 

verifying compliance of formwork and falsework with 

requirements of the Contract Documents. 

4) Signing and sealing all calculations. 

5) Certifying that: 

a) Design of formwork and falsework was performed in 

accordance with performance and design criteria stated in the 

Contract Documents, and 

b) Design conforms to all Laws and Regulations, and to 

prevailing standards of practice. 

c) In place falsework, prior to concrete placement, complies with 

the intent of the forming design and complies with the Contract 

Documents. 
 

1.4 SUBMITTALS  

 

A. Action Submittals: Submit the following: 

1. Samples: 

a. Plywood form material used for smooth form finish, four inches 

square minimum. 

b. Form liner section sufficiently large to show two full repeating 

patterns, at least 12 inches square. 

c. Controlled permeability forming liner material, eight inches square, 

minimum. 

d. Form Liner Sample Panel:  

1) Sample shall show texture and surface pattern, required backing, 

form tie treatment, and treatment at liner panel joints.  Use form 

material to be used in the Work. 

2) Minimum Size: Three feet by four feet. 

 

B. Informational Submittals: Submit the following: 

1. Shop Drawings: When requested by ENGINEER, submit Shop Drawings 

showing and indicating general construction of individual forms, including: 

a. Jointing. 
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b. Special formed joints or reveals. 

c. Location, pattern, and details of form tie placement, removal, and 

repair procedures. 
d. Location and details for temporary openings. 
e. Void-form layout drawings and details of installation. 

f. Other items that would visually affect the finished concrete. 

2. Design of Temporary Measures: Design of formwork and falsework is 

CONTRACTOR’s responsibility.  Submit the following: 

a. Falsework layout drawings with the seal and signature of 

CONTRACTOR’s or Supplier’s professional engineer.  Layout 

drawings shall show bracing details, waler arrangements, location of 

shores, joint forming details, and details at connections to previously 

placed concrete. ENGINEER’s review will be for general 

conformance to the requirements of the Contract Documents and ACI 

347, as indicated for delegated design in the General Conditions. 

b. Design calculations for formwork and falsework, when requested by 

ENGINEER. 

c. Certification letter from CONTRACTOR’s or Supplier’s professional 

engineer stating that in-place falsework was inspected and complies 

with the intent of the falsework design. 

3. Product Data: Manufacturer’s data for proprietary materials, including form 

coatings, manufactured form systems, ties and accessories. 

4. Manufacturer’s Instructions: Installation instructions for proprietary 

materials, including form coatings, manufactured form systems, ties and 

accessories. 

 

1.5 PRODUCT DELIVERY, STORAGE AND HANDLING  

 

A. Delivery and Storage: 

1. Upon delivery to the Site, place materials in area protected from weather. 

2. Store materials in accordance with manufacturer’s recommendations. 

3. Store materials above ground on framework or blocking.  Cover wood for 

forms and other accessory materials with protective, waterproof covering.  

Provide for adequate air circulation or ventilation under cover.  

 

B. Handle materials in accordance with the manufacturers’ recommendations.  Do 

not damage materials during handling.  

 

 

PART 2 – PRODUCTS  
 
2.1 SYSTEM PERFORMANCE  

 

A. Design Criteria: 

1. Design, erect, support, brace and maintain forming in accordance with ACI 

347 so that forming safely supports vertical and lateral loads that might be 

applied, until such loads can be supported by the concrete structure.  Carry 

vertical and lateral loads to ground by forming system or in-place 
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construction that has attained adequate strength for the purpose.  Construct 

forming so that concrete members and structures are of correct size, shape, 

alignment, elevation, and position.  

2. Design forms and falsework to include values of live load, dead load, weight 

of moving equipment operated on forming, concrete mix, height of concrete 

drop, vibrator frequency, ambient temperature, foundation pressures, 

stresses, lateral stability, and other factors pertinent to safety of structure 

during construction.  

3. Provide shores and struts with positive means of adjustment capable of 

taking up forming settlement during concrete placing operations, using 

wedges or jacks, or a combination thereof.  Provide trussed supports when 

adequate foundations for shores and struts cannot be secured. 

4. Support form facing materials by structural members spaced sufficiently 

close to prevent beyond tolerance deflection, in accordance with ACI 117.  

Fit forms placed in successive units for continuous surfaces to accurate 

alignment, free from irregularities and within allowable tolerances.  For 

long-span members without intermediate supports, provide camber in 

forming as required for anticipated deflections resulting from weight and 

pressure of fresh concrete and construction loads. 

5. Design and construct forming to be readily removable without impact, 

shock or damage to concrete surfaces and adjacent materials. 

6. Provide forming sufficiently tight to prevent leakage of cement paste during 

concrete placing.  Solidly butt joints and provide backup material at joints as 

required to prevent leakage and fins.  

7. Omit side forms of footings and place concrete directly against excavation 

only when requested by CONTRACTOR in writing and accepted by 

ENGINEER in writing.  When omission of forms is accepted, provide 

additional concrete required beyond minimum design profiles and 

dimensions of footings as shown or indicated on the Drawings.  No 

additional compensation will be paid to CONTRACTOR for additional 

concrete required. 
 
2.2 FORM MATERIALS 

 

A. Forms for Smooth Finish Concrete:  

1. Unless otherwise shown or indicated in the Contract Documents, construct 

forming for smooth concrete surfaces with plywood, metal, metal-framed 

plywood-faced, or other panel type materials acceptable to ENGINEER, to 

provide continuous, straight, smooth as-cast surfaces with no wood grain or 

other surface texture imparted by forming.  Provide in largest practical sizes 

to minimize number of joints and to conform to joint system shown or 

specified in the Contract Documents.  Provide form material with sufficient 

thickness to withstand pressure of newly placed concrete without bow or 

deflection.  

 

B. Forms for Standard Finish Concrete:  
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1. Form concrete surfaces designated to have standard formed finish with 

plywood, lumber, metal, or other acceptable material.  Provide lumber that 

is dressed on at least two edges and one side.  

 

C. Form Ties:  

1. Provide factory-fabricated metal form ties, designed to prevent form 

deflection, and to prevent spalling of concrete surfaces upon removal.   

2. Unless otherwise shown or indicated in the Contract Documents, provide 

ties so that portion of tie remaining within concrete after removal of exterior 

parts of tie is at least 1.5 inches from the outer concrete surface.  Unless 

otherwise shown or indicated in the Contract Documents, provide form ties 

that will leave a hole no larger than one-inch diameter in concrete surface. 

3. Ties shall have waterstops on all exterior, below-grade walls, and walls 

subject to hydrostatic pressure.  

4. Ties shall leave a uniform, circular hole when forms are removed. 

5. Do not use removable ties unless accepted by ENGINEER.  Removable ties 

are not allowed on exterior below-grade walls or walls subject to hydrostatic 

pressure.  If removable ties are accepted, CONTRACTOR shall submit hole 

repair details for ENGINEER approval. 

6. Wire ties are not allowed. 

7. Do not use reinforcing bars shown by the Drawings as part of the form tie 

system unless approved by ENGINEER. 

 

D. Form Coatings: 

1. Provide commercial formulation form-coating compounds that will not bond 

with, stain, nor adversely affect concrete surfaces, and will not impair 

subsequent treatment of concrete surfaces requiring bond or adhesion, nor 

impede wetting of surfaces to be cured with water or curing compounds.  

For concrete surfaces that will be in contact with potable water or water that 

will be treated to become potable, form coating shall be a mineral oil base 

coating. 

 

E. Void-Forms: 

1. Void (carton) forms shall be corrugated fiberboard used for creating a void 

space beneath grade beams and slabs on grade. 

2. Manufacturer: Provide void-forms by one of the following: 

a. Savway Carton Forms 

b. Sheplers 

c. SureVoid Products 

d. Or approved equal 

3. Void-forms shall have moisture-resistant treated paper faces, be laminated 

with waterproof adhesive, and be biodegradeable.  Void-forms shall have 

interior fabrication of uniform braced cellular configuration and shall be 

capable of sustaining minimum working load of 1,000 psf for minimum of 

ten days after concrete placement. 
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PART 3 – EXECUTION  

 

3.1 INSPECTION 

 

A. Examine substrate and conditions under which the Work will be performed and 

notify ENGINEER in writing of unsatisfactory conditions.  Do not proceed with 

the Work until unsatisfactory conditions are corrected. 

 

3.2 FORM CONSTRUCTION  

 

A. Construct forms in accordance with ACI 347; to the exact sizes, shapes, lines, and 

dimensions shown; as required to obtain accurate alignment, location, and grades; 

to tolerances specified; and to obtain level and plumb work in finish structures.  

Provide for openings, offsets, keyways, recesses, moldings, rustications, reglets, 

chamfers, blocking, screeds, bulkheads, anchorages and inserts, and other features 

required.  Use selected materials to obtain required finishes.  Finish shall be in 

accordance with approved mock-up or sample panel, when specified. 

 

B. Allowable Tolerances:  

1. Construct forming to provide completed concrete surfaces complying with 

tolerances specified in ACI 117, ACI 301, and ACI 347. 

a. Architectural finish forming, and where shown or indicated on the 

Drawings, shall be Class A surface, 1/8-inch offset. 

b. Other surfaces exposed to view shall be Class B surface, 1/4-inch 

offset. 

c. Other surfaces shall be Class C surface, 1/2-inch offset. 

2. Tolerances apply to form offsets and to irregularities within the formed 

surface when measured with a straightedge over a five-foot distance. 

 

C. Install forming and accessories for facilities in accordance with manufacturer’s 

instructions, Laws and Regulations, and the Contract Documents. 

 

D. Fabricate forms for easy removal without damaging concrete surfaces.  Provide 

crush plates or wrecking plates where stripping may damage cast concrete 

surfaces.  Provide top forms for inclined surfaces where the slope is too steep to 

place concrete with bottom forms only.  Kerf wood inserts for forming keyways, 

reglets, recesses, and the like, to prevent swelling and assure ease of removal.  

 

E. Provide temporary openings where interior area of forming is inaccessible for 

cleanout, for inspection before concrete placement, and for placing concrete.  

Brace temporary closures and set tightly to forms to prevent loss of cement paste.  

Locate temporary openings on forms in locations as inconspicuous as possible, 

consistent with requirements of the Work.  Form intersecting planes of openings 

to provide true, clean-cut corners, with edge grain of plywood not exposed as 

form for concrete. 
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F. Falsework:  

1. Erect falsework and support, brace, and maintain falsework to safely support 

vertical, lateral, and asymmetrical loads applied until such loads can be 

supported by in-place concrete structures.  Construct falsework so that 

adjustments can be made for take-up and settlement.  

2. Provide wedges, jacks, or camber strips to facilitate vertical adjustments.  

Carefully inspect falsework and formwork during and after concrete 

placement operations to determine abnormal deflection or signs of failure; 

make necessary adjustments to produce finished Work of required 

dimensions.  

 

G. Forms for Smooth Finish Concrete:  

1. Do not use metal cover plates for patching holes or defects in forms. 

2. Provide sharp, clean corners at intersecting planes, without visible edges or 

offsets.  Back joints with extra studs or girts to maintain true, square 

intersections. 

3. Use extra studs, walers, and bracing to prevent bowing of forms between 

studs and to avoid bowed appearance in concrete.  Do not use narrow strips 

of form material that will produce bow.  

4. Assemble forms so they may be readily removed without damage to 

exposed concrete surfaces.  

5. Form molding shapes, recesses, rustication joints and projections with 

smooth-finish materials, and install in forms with sealed joints to prevent 

displacement.  

 

H. Corner Treatment:  

1. Form exposed corners of beams, walls, foundations, bases and columns to 

produce smooth, solid, unbroken lines, except as otherwise shown or 

indicated in the Contract Documents.  Chamfer exposed corners.  

2. Form chamfers with 3/4-inch by 3/4-inch strips, unless otherwise shown or 

indicated in the Contract Documents, accurately formed and surfaced to 

produce uniformly straight lines and tight edge joints.  Use rigid PVC 

chamfers for architecturally formed concrete.  Extend terminal edges to 

required limit and miter chamfer strips at changes in direction.  

3. Reentrant or internal and unexposed corners may be formed either square or 

chamfered. 

 

I. Joints:  

1. For joint treatment, comply with Section 03150, Concrete Accessories.  

Locate joints as shown and specified. 

 

J. Openings and Built-In Work:  

1. Provide openings in concrete forming shown or required under other 

Sections. Refer to Paragraph 1.1.B of this Section for coordination 

requirements. 

2. Accurately place and securely support items to be built into forms. 
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K. Sealing Forming: 

1. Forming joints shall be tight-fitting or otherwise sealed to prevent loss of 

cement paste. 

2. Provide forming resting against concrete surfaces with compressible gasket 

material between the concrete and edge of form, to fill irregularities and 

create tight seal. 

 

L. Cleaning and Tightening:  

1. Thoroughly clean forms and adjacent surfaces to receive concrete.  Remove 

chips, wood, sawdust, dirt, and other debris just before concrete is placed.  

Retighten forms immediately after placing concrete, as required to eliminate 

cement paste leaks. 

 

M. Tie Hole Repair: 

1. Repair tie holes in accordance with Section 03300, Cast-In-Place Concrete. 

 

3.3 FORM COATINGS  

 

A. Coat form contact surfaces with non-staining form-coating compound before 

installing reinforcing materials.  Do not allow excess form coating material to 

accumulate in forms or come into contact with surfaces that will be bonded to 

fresh concrete.  Apply in compliance with manufacturer’s instructions.  

 

B. Coat steel forms with non-staining, rust-preventative form oil, or otherwise 

protect against rusting.  Do not use rust-stained steel forming. 

 

3.4 INSTALLATION OF EMBEDDED ITEMS  

 

A. Set and build into forming anchorage devices and other embedded items, shown, 

specified, or required under other Sections.  Refer to Paragraph 1.1.B of this 

Section for coordination requirements.  Use necessary setting drawings, diagrams, 

instructions, and directions. 

 

B. Edge Forms and Screeds Strips for Slabs:  

1. Set edge forms or bulkheads and intermediate screed strips for slabs to 

obtain required elevations and contours in finished slab surface.  Provide 

and secure units to support screeds.  

 

3.5 VOID-FORMS 

 

A. Install void-forms where shown or indicated in the Contract Documents, to the 

thickness indicated, in accordance with manufacturer’s recommendations. 

 

B. Where void-form is shown or indicated in the Contract Documents, place void-

form to grades and elevations shown over an even, well-compacted subgrade to 

form continuous void space under entire extent of slab, mat, or grade beam. 

 



 

East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 03100-9  Concrete Forming  

C. For structural slab applications, place 1/8-inch thick masonite or plywood sheet 

over void-form.  Place void-forms in largest pieces practical and secure in place. 

 

D. Properly surround and void around upper portion of drilled piers at intersection of 

slab, grade beam or pier cap using premanufactured, non-field cut sealed void-

form with curved, radial, vertical edge adjacent to drilled pier. 

 

E. Void-forms shall remain dry and undamaged prior to concrete placement.  

Replace damaged pieces prior to placing concrete.  Seal all joints and exposed 

ends to prevent concrete leakage into void space. 

 

3.6 FIELD QUALITY CONTROL  

 

A. Tests and Inspections: 

1. Before placing concrete, check ties, tie cones, tie waterstops, embedded 

items, form coatings, forming stability, alignment, and tolerances.  Make 

corrections and adjustments to ensure forming complies with intent of the 

forming design, proper stability of forming systems, and accurate size and 

location of concrete members. 

2. During concrete placing, check forming and related supports to ensure that 

forms are not displaced, and that completed Work will be within specified 

tolerances. 

3. If forms are unsatisfactory in any way, either before or during concrete 

placing, stop or postpone placing of concrete until defects are corrected as 

required by CONTRACTOR’s or Supplier’s professional engineer and 

accepted by ENGINEER. 

 

3.7 REMOVAL OF FORMS  

 

A. Determination of time between placing concrete and removing forms is 

CONTRACTOR’s responsibility.  Requirements specified in this Section are 

minimum times and requirements intended to ensure that concrete will support its 

own weight, and do not consider additional effects of the construction.  Additional 

effects of the construction shall be accounted for by CONTRACTOR when 

determining time for removing forming.  Time for removing of forms is subject to 

ENGINEER’s acceptance. 

 

B. Comply with requirements of ACI 301 and ACI 347, except as indicated in the 

Contract Documents.  

  

C. Removal of Forms for Walls, Columns, Sides of Beams and Girders, Sides of 

Slabs and Sides of Foundations:  

1. Comply with requirements of Table 03100-A of this Section: 
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TABLE 03100-A, REMOVAL OF FORM SIDES 

Component 

Average Daily Ambient Air Temperature (deg F) Min. Concrete 

Compressive 

Strength for Form 

Removal Over 70 F 

60 F to 

70 F 

50 F to 

60 F 

Below  

50 F 

Walls One day Two days Three days See 

Para-

graph 

3.8.C.2 of 

this 

Section 

750 psi 

Columns Two days Three days Four days 1000 psi 

Side of beams 

and girders 
One day One day Two days 500 psi 

Side of Slabs 

and Foundations 
One day One day Two days 500 psi 

 

2. When average daily ambient air temperature is below 50 degrees F, do not 

remove forms until concrete attains minimum compressive strength 

indicated in Table 03110-A for form removal, and comply with Paragraph 

3.8.C.3.b of this Section. 

3. Concrete Strength Requirements for Form Removal: 

a. For other than beams and elevated slabs, do not remove forms until 

concrete attains minimum concrete compressive strength indicated in 

Table 03110-A for form removal. 

b. For beams and elevated slabs, do not remove supporting forms or 

shoring until concrete attains minimum of 90 percent of its specified 

compressive strength. 

 

D. Alternative Criteria for Removing Forms for Walls, Columns, Sides of Beams and 

Girders, and Slab and Foundation Edges:  CONTRACTOR has the option of 

submitting an alternative removal of forms table, together with supporting data, 

for ENGINEER’s acceptance.  Supporting data shall include representative field 

data for each different placement ambient temperature condition and minimum of 

three tests per temperature condition to ensure that accurate correlation between 

concrete strength and placement temperature is obtained. 

 

E. Determination of In-place Concrete Strength: 

1. Determine compressive strength of in-place concrete by compression test 

specimens cured at the Site under the same conditions of temperature and 

moisture as the concrete member under consideration. 

2. Alternately, determine compressive strength of in-place concrete by maturity 

factor procedure in accordance with ASTM C1074 and approved by 

ENGINEER.  Location of embedded thermistors or thermocouples shall be 

as approved by ENGINEER. 

 

F. When high-early strength concrete is used, time for removing the forms will be 

developed at the Site from the age/strength relationships established for the 

materials and proportions used by tests in accordance with ACI 301. 

 

G. Continue curing, including bottom surfaces of slabs and beams, after form 

removal in accordance with Section 03300, Cast-In-Place Concrete.  
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3.8 PERMANENT SHORES 

 

A. When required, provide permanent shores in accordance with ACI 347. 

 

B. Reshores are not allowed.  

 

3.9 RE-USE OF FORMS 

 

A. Clean and repair surfaces of forms to be re-used in the construction.  Do not use 

split, frayed, delaminated, or otherwise damaged form facing material.  Apply 

form coating compound material to concrete contact surfaces as specified for 

forming. 

 

B. When forms are extended for successive concrete placement, thoroughly clean 

surfaces, remove fins and laitance, and tighten forms to close all joints.  Align and 

secure joints to avoid offsets.  Do not use “patched” forms for exposed concrete 

surfaces.  Form surfaces are subject to ENGINEER’s approval.  

 

 

+ + END OF SECTION + + 
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SECTION 03150 

 

CONCRETE ACCESSORIES 

 

 

PART 1 – GENERAL  

 

1.1 DESCRIPTION  

 

A. Scope:  

1. CONTRACTOR shall provide all labor, materials, equipment, and incidentals 

as shown, specified, and required to furnish and install concrete accessories. 

 

B. Related Sections: 

1. Section 03100, Concrete Forming. 

2. Section 03600, Grouting. 

  

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. ACI 301, Standard Specifications for Structural Concrete. 

2. ASTM D1752, Standard Specification for Preformed Sponge Rubber Cork and 

Recycled PVC Expansion Joint Fillers for Concrete Paving and Structural 

Construction. 

3. CRD-C572, U.S. Army Corps of Engineers Specifications for Polyvinyl- 

Chloride Waterstop. 

 

1.3 SUBMITTALS  

 

A. Action Submittals: Submit the following:  

1. Shop Drawings: 

a. Layout of construction and expansion joint locations.  Submit and obtain 

approval prior to submitting concrete reinforcement Shop Drawings. 

b. For construction and expansion joints that require waterstops, submit 

layout of locations showing waterstop details.  Indicate waterstop type, 

waterstop joint conditions, and details on how joint conditions will be 

handled. 

 

B. Informational Submittals: Submit the following: 

1. Manufacturer’s Instructions: Manufacturer’s specifications and installation 

instructions for all materials required. 

 

1.4 DELIVERY, STORAGE AND HANDLING  

 

A. Transportation and Handling of Products: 

1. Deliver materials to Site to ensure uninterrupted progress of the Work. 
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B. Storage and Protection:  

1. Store concrete joint materials on platforms or in enclosures or covered to 

prevent contact with ground and exposure to weather and direct sunlight.  

Comply with manufacturer’s storage and protection requirements. 

 

 

 

PART 2 – PRODUCTS  

 

2.1 WATERSTOPS  

 

A. Polyvinyl Chloride (PVC) (Including Polyvinyl Chloride Retrofit Waterstop):  

1. Material Requirements: 

a. Waterstops shall be extruded from elastomeric PVC compound 

containing plasticizers, resins, stabilizers, and other materials necessary 

to meet requirements of the Contract Documents and requirements of 

CRD-C572.  Do not use reclaimed or scrap material. 

b. Tensile strength of finished waterstop: 1,400 psi, minimum. 

c. Ultimate elongation of finished waterstop: 280 percent, minimum. 

d. Minimum thickness shall be 3/8-inch over entire width of waterstop. 

e. Provide waterstops with minimum of seven ribs equally spaced at each 

end on each side.  First rib shall be at the edge.  Ribs shall be a minimum 

of 1/8-inch in height. 

f. Provide waterstops with hog rings or factory-installed grommets 

anchored to exterior ribs to facilitate tying waterstop in position. 

2. Split waterstops are not allowed. 

3. Construction Joints: Waterstops shall be flatstrip ribbed type, six-inch 

minimum width, unless otherwise shown or indicated in the Contract 

Documents. 

4. Expansion Joints: Waterstops shall be centerbulb ribbed type, nine-inch 

minimum width, unless otherwise shown or indicated in the Contract 

Documents.  Centerbulb shall have minimum outside diameter of 7/8-inch.  

5. Product and Manufacturer: Provide one of the following:  

a. W.R. Meadows, Inc. 

b. Durajoint Concrete Accessories. 

c. Sika-Greenstreak Waterstops. 

d. Paul Murphy Plastics Company. 

e. Vinylex Corporation. 

f. Or approved equal. 

 

B. Hydrophilic Waterstop Materials: 

1. General Material Properties: 

a. Bentonite-free, and expandable by minimum of 80 percent of dry volume 

in presence of water to form watertight joint seal without damaging 

concrete in which material is cast.  Provide only where shown or 

indicated in the Contract Documents. 

b. Material shall be composed of resins and polymers that absorb water and 

cause an increase in volume in completely reversible and repeatable 
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process.  Waterstop material shall be dimensionally stable after repeated 

wet-dry cycles with no deterioration of swelling potential. 

c. Select materials that are recommended by manufacturer for type of liquid 

to be contained. 

2. Hydrophilic Rubber Waterstop: 

a. Minimum cross sectional dimensions shall be 3/16-inch by 3/4-inch. 

b. Product and Manufacturer: Provide one of the following: 

1) Duroseal Gasket, by BBZ USA, Inc. 

2) Adeka Ultraseal MC-2010M, by Asahi Denka Kogyo K.K. 

3) Hydrotite, by Sika-Greenstreak Waterstops. 

4) Or approved equal. 

3. Hydrophilic Sealant: 

a. Hydrophilic sealant shall adhere firmly to concrete, metal, and PVC in 

dry or damp condition.  When cured sealant shall be elastic indefinitely. 

b. Product and Manufacturer: Provide one of the following: 

1) Duroseal Paste, by BBZ USA, Inc. 

2) Adeka Ultraseal P-201, by Asahi Denka Kogyo K.K. 

3) Hydrotite, by Sika-Greenstreak Waterstops. 

4) SikaSwell S, by Sika Corporation. 

5) Or approved equal. 

 

C. PVC Retrofit Waterstops: 

 1. Manufacturers: Provide products of one of the following: 

  a. JP Specialties Inc. / Earth Shield Waterstop. 

  b. Or approved equal  

 

2.2 PREFORMED EXPANSION JOINT FILLER  

 

A. Provide preformed expansion joint filler complying with ASTM D1752, Type I 

(sponge rubber) or Type II (cork). 

 

2.3 CONCRETE CONSTRUCTION JOINT ROUGHENER  

 

A. Provide water-soluble non-flammable, surface-retardant roughener. 

 

B. Product and Manufacturer: Provide one of the following for the types of joints 

specified: 

1. Rugasol-S, by Sika Corporation for horizontal joints only. 

2. Concrete Surface Retarder-Formula S, by Euclid Chemical Company, for 

horizontal joints only. 

3. Concrete Surface Retarder-Formula F, by Euclid Chemical Company, for 

vertical joints only. 

4. TK-6100 Concrete Form Surface Retarder, by TK Products. 

5. Or approved equal.  

 

2.4 EPOXY BONDING AGENT 

 

A. Provide a two-component epoxy-resin bonding agent.  



 

East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 03150-4 Concrete Accessories  

 

B. Product and Manufacturer: Provide one of the following: 

1. Sikadur 32 Hi-Mod LPL, by Sika Corporation. 

2. Eucopoxy LPL, by the Euclid Chemical Company. 

3. Resi-Bond J-58, by Dayton Superior. 

4. Or approved equal. 

 

2.5 EPOXY-CEMENT BONDING AGENT 

 

A. Provide three component epoxy resin-cement blended formulated as bonding agent. 

 

B. Product and Manufacturer: Provide one of the following: 

1. Sika Armatec 110 EpoCem, as manufactured by Sika Corporation. 

2. Duralprep A.C., as manufactured by the Euclid Chemical Company. 

3. Emaco P24, as manufactured by MBT/ChemRex. 

4. Or approved equal. 

 

2.6 JOINT SEALANT AND ACCESSORIES 

 

A. Exterior and Interior Horizontal and Vertical Joints; Submerged and intermittently 

submerged in Wastewater: 

1. Two-component Polyurethane Sealant: 

a.  Products and Manufacturers: Provide one of the following: 

1) Sikaflex-2c NS by Sika Corporation. 

2) Vulkem 227 by Tremco Sealant/Waterproofing Division of RPM 

International, Inc. 

3) Or Approved equal. 

b.   Polyurethane based, two-component elastomeric sealant complying with: 

1) FS TT-S-00227E: Type II (non-sag) Class A and ASTM C920, Type M, 

Grade NS, Class 25. 

2) Adhesion-in-Peel, FS TT-S-00227E and ASTM C794: (Minimum five 

pounds per linear inch with no adhesion failure): 18 lbs. 

3) Hardness (Standard Conditions), ASTM C661: 25 (Shore A). 

4) Stain and color change, FS TT-S-00227E and ASTM C510: No 

discoloration or stain. 

5) Accelerated Aging, ASTM C793: No change in sealant characteristics 

after 250 hours in weatherometer. 

6) Rheological Vertical Displacement at 120 degrees F, FS TT-S-00227E: 

No sag. 

7) VOC Content: 220 grams per liter, maximum. 

B. Joint Primer and Sealer: As recommended for compatibility with caulking and 

sealant by caulking and sealant manufacturer. 

C.   Sealant Backer Rod: Compressible rod stock polyethylene foam, polyethylene   

jacketed polyurethane foam, butyl rubber foam, neoprene foam or other flexible, 

permanent, durable nonabsorptive material as recommended for compatibility with 

caulking and sealant by caulking and sealant manufacturer. Provide size and shape of 

rod that will control joint depth for sealant placement, break bond of sealant at 

bottom of joint, form optimum shape of sealant bead on back side, and provide 
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highly-compressible backer to minimize possibility of sealant extrusion when joint is 

compressed.  

 

2.7 CONCRETE BOND BREAKERS 

 

A. Provide asphalt-saturated rag felt building paper, not less in weight than 

commercially known as 15 pound felt building paper, which weighs 15 pounds per 

100 square feet. 

 

B. Chemical Bond Breaker: 

1. Provide medium solids resin solution chemical concrete bond breaker 

complying with ASTM C309, Type I, Class B. 

 

2.8 NEOPRENE BEARING PADS 

 

A. Product and Manufacturer: Provide one of the following: 

1. 70 Durometer, Sheet Neoprene No. 1200, as manufactured by Williams 

Products Company. 

2. Or approved equal. 

 

2.9 RUBBER BONDING AGENT 

 

A. Product and Manufacturer: Provide one of the following: 

1. Scotch-Grip 1300 Rubber Adhesive, as manufactured by 3M Company. 

2. Or approved equal. 

 

 

PART 3 – EXECUTION  

 

3.1 INSPECTION 

 

A. CONTRACTOR and installing Subcontractor, if any, shall examine substrate and 

conditions under which the Work is to be performed and notify ENGINEER in 

writing of unsatisfactory conditions.  Do not proceed with the Work until 

unsatisfactory conditions are corrected. 

 

3.2 CONSTRUCTION JOINTS  

 

A. Comply with requirements of ACI 301 and the Contract Documents. 

 

B. Locate and install construction joints as shown or indicated on the Drawings.  Where 

not shown or indicated, locate joints to not impair strength of the structure; position 

joints at points of minimum shear.  Location of joints shall be approved by 

ENGINEER. In addition to joints shown or indicated on the Drawings, locate 

construction joints as follows: 

1. In foundation mats, locate joints at spacing of approximately 40 feet.  Joints 

shall be located within middle third of element span, unless otherwise shown or 

indicated on the Drawings.  Element span shall be considered distance between 
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piles or, as determined by ENGINEER, distance between bearing elements, 

such as columns, exterior walls and interior walls.  Place concrete in strip 

pattern, unless otherwise shown or indicated on the Drawings. 

2. In walls, locate joints at a maximum spacing of 40 feet.  Locate joints away 

from wall intersections a minimum of one-quarter of the clear span distance 

between wall intersections measured horizontally. 

3. In structural slabs and beams, joints shall be located within middle third of 

element span and shall be located in compliance with ACI 301, unless 

otherwise shown or indicated on the Drawings. 

4. In slabs on grade, locate joints at spacing of approximately 40 feet.  Place 

concrete in strip pattern, unless otherwise shown or indicated on the Drawings. 

 

C. Horizontal Joints:  

1. Roughen concrete at interface of construction joints by abrasive blasting,  

hydro-blasting, or using surface retardants and water jets to expose aggregate 

and remove accumulated concrete on projecting rebar immediately subsequent 

to form stripping, unless otherwise approved by ENGINEER.  Immediately 

before placing fresh concrete, thoroughly clean existing contact surface using 

stiff brush or other tools and stream of pressurized water.  Surface shall be 

clean and wet, and free from pools of water at time of placing fresh concrete.  

2. Remove laitance, waste mortar, and other substances that may prevent 

complete adhesion.  Where joint roughening was performed more than seven 

days prior to concrete placing or where dirt or other bond reducing 

contaminants are on surface, perform additional light abrasive blasting or 

hydro-blasting to remove laitance and all bond-reducing materials just prior to 

concrete placement. 

3. Provide over contact surface of concrete a six-inch layer of Construction Joint 

Grout as specified in Section 03600, Grouting.  Place fresh concrete before 

grout has attained its initial set.  Placement of grout may be omitted if concrete 

mix has slump increased to at least six inches by addition of high range water 

reducer. 

 

D. Vertical Joints:  

1. Apply roughener to the form in thin, even film by brush, spray, or roller in 

accordance with manufacturer’s instructions.  After roughener is dry, concrete 

may be placed.  

2. When concrete has been placed, remove joint surface forms as early as 

necessary to allow for removal of surface retarded concrete.  Forms covering 

member surfaces shall remain in place as required under Section 03100, 

Concrete Forming.  Wash loosened material off with high-pressure water spray 

to obtain roughened surface subject to approval by ENGINEER.  Alternately, 

surface shall be roughened by abrasive blasting or hydro-blasting to expose 

aggregate.  Outer one-inch of each side of joint face shall be masked and 

protected from blasting to avoid damaging member surface. 

 

3.3 EXPANSION JOINTS  

 

A. Comply with requirements of ACI 301 and this Section. 
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B. Locate and install expansion joints as shown and indicated in the Contract 

Documents.  Install joint filler in accordance with manufacturer’s instructions.  

Install sealants as specified in this Section.  

 

 

 

3.4 WATERSTOPS  

 

A. General:  

1. Comply with ACI 301 and this Section.  Make joints in accordance with 

manufacturer’s instructions.  

2. Provide PVC waterstops, except where otherwise shown or indicated on the 

Drawings.   

3. Provide waterstops in all joints where concrete construction is below grade or 

intended to retain liquid.  . 

4. Waterstops shall be fully continuous for extent of joint and with waterstops in 

intersecting joints. Maintain waterstop continuity at transitions between 

waterstops in joints at different levels and orientations. 

5. In vertical joints in walls that are free at the top, waterstops shall extend no 

closer than six inches from top of wall. 

6. In placing concrete around horizontal waterstops, with waterstop flat face in 

horizontal plane, work the concrete under waterstops by hand to avoid forming 

air and rock pockets. 

 

B. Polyvinyl Chloride Waterstop (Including Polyvinyl Chloride Retrofit Waterstop):  

1. Waterstops shall be positively held from displacement during concrete placing. 

Tie waterstops to reinforcement or other rigid supports at maximum spacing of 

18 inches so that waterstop is securely and rigidly supported in proper position 

during concrete placing.  Continuously inspect waterstops during concrete 

placing to ensure proper positioning. 

2. Perform splicing in waterstops by heat sealing adjacent waterstop sections in 

accordance with manufacturer’s printed recommendations.  The following is 

required: 

a. Material shall not be damaged by heat sealing. 

b. Splices shall have tensile strength of not less than 60 percent of unspliced 

material’s tensile strength. 

c. Maintain the continuity of waterstop ribs and of its tubular center axis. 

3. Only butt-type joints of ends of two identical waterstop sections shall be made 

while material is in forms. 

4. Prefabricated PVC Waterstop Joint: 

a. Joints with waterstops involving more than two ends to be jointed 

together, and joints that involve an angle cut, alignment change, or 

joining of two dissimilar waterstop sections, shall be prefabricated by 

CONTRACTOR or manufacturer prior to placing in the forms.   

b. Prefabricated joints shall have minimum of 2.0 feet of waterstop material 

beyond joint in each direction.   
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c. Install prefabricated joint assembly in the forms and butt-weld each two-

foot end to a straight-run portion of waterstop in place in the forms. 

5. Where centerbulb waterstop intersects and is jointed with non-centerbulb 

waterstop, seal end of centerbulb using additional PVC material as required. 

6. Symmetrical halves of waterstops shall be equally divided between concrete 

placements at joints and centered within joint width, unless shown or indicated 

otherwise in the Contract Documents.  Place centerbulb waterstops in 

expansion joints so that centerbulb is centered on joint filler material. 

7. When waterstop is installed in the forms or embedded in first concrete 

placement and waterstop remains exposed to atmosphere for more than four 

days, implement suitable precautions to shade and protect exposed waterstop 

from direct rays of sun during entire exposure, until exposed portion of 

waterstop is embedded in concrete. 

8. Protect waterstop placed in joints intended for future concrete placement from 

direct rays of the sun by temporary means until permanent cover is installed, so 

that waterstop is not exposed to direct rays of the sun for more than four days 

total. 

 

C. Hydrophilic Rubber Waterstop and Sealant: 

1. Where a hydrophilic rubber waterstop or sealant is required in accordance with 

the Contract Documents, or where approved by ENGINEER, install waterstop 

or sealant in accordance with manufacturer’s instructions and 

recommendations; except, as modified in the Contract Documents. 

2. When requested by ENGINEER, provide manufacturer’s technical assistance at 

the Site. 

3. Locate waterstop or sealant as near as possible to center of joint.  Waterstop or 

sealant shall be continuous around entire joint.  Minimum distance from edge 

of waterstop to face of the member shall be three inches. 

4. Where hydrophilic rubber waterstop is used in combination with PVC 

waterstop, hydrophilic rubber waterstop shall overlap PVC waterstop for 

minimum of six inches.  Fill contact surface between hydrophilic rubber 

waterstop and PVC waterstop with hydrophilic sealant. 

5. Where wet curing methods are used, apply hydrophilic rubber waterstop and 

sealant after curing water is removed and just prior to closing up of the forms 

for concrete placement.  Protect hydrophilic rubber waterstop and sealant from 

direct rays of sun and from becoming wet prior to concrete placement.  If 

material becomes wet and expands, allow material to dry until material has 

returned to original cross sectional dimensions before placing concrete. 

6. Install hydrophilic rubber waterstop in bed of hydrophilic sealant, before 

skinning and curing begins, so that irregularities in concrete surface are 

completely filled and waterstop is bonded to sealant.  After sealant has cured, 

install concrete nails, with washers of a diameter equal to waterstop width, to 

secure waterstop to concrete at maximum spacing of 1.5 feet. 

7. Prior to installing hydrophilic sealant, wire brush or sandblast the concrete 

surface to remove laitance and other materials that may interfere with bonding. 

Metal and PVC surfaces to receive sealant shall be cleaned of paint and any 

material that may interfere with bond.  When sealant alone is shown or 

indicated in the Contract Documents, place sealant placed in built-up bead 
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which has a triangular cross section with each side of triangle at least 3/4-inch 

long, unless otherwise indicated in the Contract Documents.  Do not place 

concrete until sealant has cured as recommended by sealant manufacturer. 

 

 

3.5 BONDING AGENT  

 

A. Use epoxy bonding agent for bonding of fresh concrete to concrete that has been in 

place for at least 60 days, and for bonding to existing concrete.  

 

B. Use epoxy-cement bonding agent for the following: 

1. Bonding toppings and concrete fill to concrete that has been in place for at least 

60 days, and for bonding to existing concrete. 

2. For locations where bonding agent is required and concrete cannot be placed 

within open time period of epoxy bonding agent. 

 

C. Use cement-water slurry as bonding agent for toppings and concrete fill to new 

concrete.  Cement water slurry shall be worked into surface with stiff bristle broom 

and place the concrete before cement-water slurry dries. 

 

D. Handle and store bonding agent in accordance with manufacturer’s printed 

instructions and safety precautions. 

 

E. Mix bonding agent in accordance with manufacturer’s instructions.  

 

F. Before placing fresh concrete, thoroughly roughen and clean hardened concrete 

surfaces and coat with bonding agent not less than 1/16-inch thick.  Place fresh 

concrete while bonding agent is still tacky (within its open time), without removing 

in-place bonding agent coat, and as directed by manufacturer. 

 

3.6 BEARING PAD INSTALLATION  

 

A. Neoprene Bearing Pad: Install with water insensitive adhesive in accordance with 

manufacturer’s instructions. 

 

 

+ + END OF SECTION + + 
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SECTION 03200 

 

CONCRETE REINFORCING 

 

 

PART 1 – GENERAL  

 

1.1 DESCRIPTION  

 

A. Scope:  

1. CONTRACTOR shall provide all labor, materials, equipment, and incidentals 

as shown, specified, and required to furnish and install concrete reinforcing.  

2. Extent of concrete reinforcing is shown and indicated in the Contract 

Documents. 

3. Work includes fabrication and placement of reinforcing including bars, ties, 

and supports, and welded wire fabric for concrete, encasements, and 

fireproofing.  

 

B. Related Sections: 

1. Section 03150, Concrete Accessories. 

2. Section 05053, Anchor Systems. 

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. ACI 315, Details and Detailing of Concrete Reinforcement. 

2. ACI 318, Building Code Requirements for Structural Concrete. 

3. ACI 350, Code Requirements for Environmental Engineering Concrete 

Structures. 

4. ANSI/AWS D1.4, Structural Welding Code - Reinforcing Steel. 

5. ASTM A1064, Standard Specification for Carbon-Steel Wire and Welded Wire 

Reinforcement, Plain and Deformed, for Concrete 

6. ASTM A615, Specification for Deformed and Plain Carbon-Steel Bars for 

Concrete Reinforcement. 

7. ASTM A706, Specification for Low-Alloy Steel Deformed and Plain Bars for 

Concrete Reinforcement. 

9. ASTM E329, Specification for Agencies Engaged in Construction Inspection 

and/or Testing. 

10. Concrete Reinforcing Steel Institute (CRSI), CRSI 1MSP, Manual of Standard 

Practice. 

11. ICC Evaluation Service (ES) AC 308, Acceptance Criteria for Post-Installed 

Anchors in Concrete Elements. 
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1.3 QUALITY ASSURANCE  

 

A. Qualifications: 

1. Testing Laboratory: Shall meet requirements of ASTM E329 and shall have 

experience in the testing welded splices of reinforcing steel and tension testing 

of reinforcing bars set in adhesive in hardened concrete. 

2. Installer of Adhesive Dowels: Shall be experienced and certified by 

manufacturer of adhesive as possessing necessary training for installing 

manufacturer’s products.  Distributors or manufacturer’s representatives shall 

not provide product training unless qualified as certified trainers by anchor 

manufacturer. 

 

B. Certifications: 

1. Weld Procedures: For types of splices and grades of reinforcing used in the 

Work, weld procedures for welded reinforcing steel splices shall be certified in 

accordance with ANSI/AWS D1.4. 

2. Welders: For types of splices and grades of reinforcing used in the Work, 

welders shall be certified for welding reinforcing steel splices in accordance 

with ANSI/AWS D1.4. 

 

1.4 SUBMITTALS  

 

A. Action Submittals: Submit the following: 

1. Shop Drawings: 

a. Drawings for fabricating, bending, and placing concrete reinforcing.  

Comply with ACI 315, Parts A and B. 

b. For walls, show elevations at minimum scale of 1/4-inch to one foot.   

1) Elevations shall show all openings and reference details that identify 

additional reinforcing required around each opening. 

2) Elevations shall denote each wall intersection and reference a detail 

that identifies additional reinforcing required at wall intersection.  As 

an alternate to providing separate details for each wall intersection, 

provide overall plan detailing only the additional wall intersection 

reinforcing for each wall intersection. 

c. Show bar schedules, stirrup spacing, diagrams of bent bars, location of 

bar splices, length of lap splices, arrangements, and assemblies, as 

required for fabricating and placing concrete reinforcing unless otherwise 

noted. 

d. Splices shall be kept to a minimum.  Avoid, when possible, splices in 

regions of maximum tensile stresses.   

e. Drawings detailing location of all construction and expansion joints, as 

required under Section 03150, Concrete Accessories, shall be submitted 

and approved before Shop Drawings for reinforcing are submitted.  

f. Drawings detailing location, spacing, edge distance, and embedment 

depth of adhesive dowels.  Adhesive system shall be submitted and 

approved before Shop Drawings with adhesive dowels are submitted.  

2. Product Data: 
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a. Manufacturer’s product data for adhesive, if not submitted under other 

Sections. 

b. Adhesive manufacturer’s test data and ICC ES report to verify specified 

capacity of adhesive dowels. 

 

B. Informational Submittals: Submit the following: 

1. Certificates:  

a. Steel manufacturer’s certificates of mill analysis, tensile, and bend tests 

for reinforcing steel. 

b. Adhesive manufacturer’s certification verifying that installer is qualified 

and using proper installation procedures. 

2. Manufacturer’s Instructions: 

a. Installation instructions for adhesive systems. 

3. Field Quality Control Submittals: 

a. Reports of all field quality control testing, where applicable. 

b. Results of required tensile testing of adhesive dowels.  Include size and 

location of bars tested. 

4. Special Procedure Submittals; Description of reinforcing weld locations and 

weld procedures. 

 

1.5 DELIVERY, HANDLING, AND STORAGE  

 

A. Deliver concrete reinforcing products to Site bundled, tagged, and marked.  Use 

metal tags indicating bar size, lengths, and other information corresponding to 

markings on approved Shop Drawings.  

 

B. Store concrete reinforcing products to prevent damage and accumulation of dirt and 

excessive rust.  Store on heavy wood blocking so that reinforcing does not come into 

contact with the ground. 
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PART 2 – PRODUCTS  

 

2.1 MATERIALS  

 

A. Reinforcing Bars: Shall be deformed in accordance with ASTM A615, and as 

follows:  

1. Provide Grade 60 for all bars, unless indicated otherwise. 

2. At beams and columns forming frames and wall boundary elements, where 

shown on the Drawings, provide ASTM A706 or ASTM A615, Grade 60, with 

tested actual maximum yield stress of 78,000 psi and ratio of actual tested 

tensile strength to tested yield strength not less than 1.25. 

 

B. Mechanical Couplers: Reinforcement bars may be spliced with mechanical 

connection.  Connection shall be full mechanical connection that shall develop in 

tension or compression, as required, at least 125 percent of specified yield strength 

(fy) of bar in accordance with ACI 318 and ACI 350.  Where splices at the face of 

wall are shown or approved by ENGINEER, form saver-type mechanical couplers 

may be used.  Form-saver couplers shall have integral plates designed to positively 

connect coupler to formwork. 

 

C. Steel Wire: Shall be in accordance with ASTM A1064. 

 

D. Supports for Reinforcement: Bolsters, chairs, spacers, and other devices for spacing, 

supporting and fastening reinforcing in place.  

1. Use wire bar type supports complying with CRSI 1 MSP recommendations, 

except as specified in this Section.  Do not use wood, brick, or other 

unacceptable materials.  

2. For concrete surfaces where legs of supports are in contact with forms, provide 

supports complying with CRSI 1 MSP as follows:  

a. At formed surfaces in contact with soil, weather, or liquid, or located 

above liquid, supports shall be CRSI Class 1 for maximum protection.  

Plastic coating on legs shall extend at least 0.5-inch upward from form 

surface. 

b. At interior dry surfaces (not located above liquid), supports shall be either 

Class 1 or Class 2 for moderate protection. 

 

E. Adhesive Dowels: 

1. Dowels: 

a. Dowel reinforcing bars shall be deformed in accordance with ASTM 

A615, Grade 60. 

2. Adhesive: 

a. Requirements for adhesive are specified under requirements for concrete 

adhesive anchors in Section 05053, Anchor Systems. 

 

2.2 FABRICATION  

 

A. General: Fabricate reinforcing bars to conform to required shapes and dimensions, 

with fabrication tolerances complying with CRSI 1 MSP.  In case of fabricating 
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errors, do not re-bend or straighten reinforcing in manner that injures or weakens 

material. 

 

B. Unacceptable Materials: Reinforcing with one or more of the following defects is not 

allowed:  

1. Bar lengths, bends, and other dimensions exceeding specified fabrication 

tolerances. 

2. Bends or kinks not shown on approved Shop Drawings. 

3. Bars that do not meet or exceed their ASTM specification requirements when 

hand-wire-brushed, with respect to cross section, nominal weight, or average 

height of deformations. 

 

 

PART 3 – EXECUTION  

 

3.1 INSPECTION 

 

A. Examine the substrate and conditions under which concrete reinforcing is to be 

placed and notify ENGINEER in writing of unsatisfactory conditions.  Do not 

proceed with Work until unsatisfactory conditions have been corrected.  

 

3.2 INSTALLATION 

 

A. Comply with applicable recommendations of Laws and Regulations, applicable 

standards, and CRSI 1 MSP for details and methods of reinforcing placement and 

supports. 

 

B. Clean reinforcing to remove loose rust and mill scale, earth, ice, and other materials 

that reduce or destroy bond with concrete.  

 

C. Position, support, and secure reinforcing against displacement during formwork 

construction and concrete placing.  Locate and support reinforcing by metal chairs, 

runners, bolsters, spacers, and hangers, as required. 

1. Place reinforcing to obtain minimum concrete coverages specified in ACI 318, 

ACI 350, and the Contract Documents.  Arrange, space, and securely tie bars 

and bar supports together with 16-gage wire to hold reinforcing accurately in 

position during concrete placing.  Set wire ties so that twisted ends are directed 

away from exposed concrete surfaces.  

2. Prior to placing concrete, using surveyor’s level or string line, demonstrate to 

ENGINEER that specified cover of reinforcing has been attained. 

3. Do not secure reinforcing steel to forms with wire, nails, or other ferrous metal. 

 Metal supports subject to corrosion shall not touch formed or exposed concrete 

surfaces. 

 

D. Allowable Placing Tolerances: Comply with ACI 318, Chapter 7 - Details of 

Reinforcement, and ACI 350, Chapter 7 - Details of Reinforcement, except as 

specified in this Section: 
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1. Concrete surfaces in contact with liquid shall have minimum of two inches of 

concrete over reinforcing steel. 

 

E. Provide sufficient number of supports of strength required to carry reinforcing.  Do 

not place reinforcing bars more than two inches beyond last leg of continuous bar 

support.  Do not use supports as bases for runways for concrete conveying equipment 

and similar construction loads.  

 

F. Lap Splices:  

1. Provide standard reinforcing splices by lapping ends, placing bars in contact, 

and tying tightly with wire.  Comply with requirements shown for minimum 

lap of spliced bars and minimum embedment lengths as shown on the 

Drawings. 

 

G. Install welded wire reinforcement in lengths as long as practical.  Lap adjoining 

pieces at least one full mesh and lace splices with 16-gage wire.  Do not make end 

laps midway between supporting beams, or directly over beams of continuous 

structures.  Offset end laps in adjacent widths to prevent continuous laps.  

 

H. Mechanical Couplers: 

1. Mechanical butt splices shall be in accordance with recommendations of 

mechanical splicing device manufacturer.  Butt splices shall develop 125 

percent of specified minimum yield tensile strength of spliced bars or of 

smaller bar in transition splices.  Bars shall be flame-dried before butt splicing. 

Provide adequate jigs and clamps or other devices to support, align, and hold 

longitudinal centerline of bars being butt spliced in straight line. 

 

I. Adhesive Dowels: 

1. Comply with manufacturer’s written installation instructions and requirements 

of this Section. 

2. Drill holes to adhesive system manufacturer’s recommended drill bit diameter 

and to specified depth.  Drill holes in hammering and rotation mode with 

carbide-tipped drill bits complying with tolerances indicated in ANSI B212.15. 

Core-drilled holes shall not be permitted. 

3. Before setting adhesive dowel, hole shall be made free of dust and debris by 

method recommended by adhesive system manufacturer.  Brush the hole with 

adhesive system manufacturer-approved brush and blow hole clean with clean, 

dry, oil-free compressed air to remove all dust and loose particles.  Hole shall 

be dry as defined by adhesive system manufacturer. 

4. Before injecting adhesive, obtain ENGINEER’s concurrence that hole is dry 

and free of oil and other contaminants. 

5. Prior to injecting adhesive into the drilled hole, dispense to an appropriate 

location for waste an initial amount of adhesive from the mixing nozzle until 

adhesive is a uniform color, indicating that product is properly mixed. 

6. Inject adhesive into hole through injection system-mixing nozzle and extension 

tubes (as required) placed to bottom of hole.  Withdraw nozzle’s discharge end 

as adhesive is placed while keeping nozzle immersed to prevent formation of 

air pockets.  Fill hole to depth that ensures that excess material is expelled from 
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hole during dowel placing. 

7. Twist dowel during insertion into partially filled hole to ensure full wetting of 

rod surface with adhesive.  Insert rod slowly to avoid developing air pockets. 

8. Provide adequate curing in accordance with adhesive system manufacturer’s 

requirements prior to continuing with adjoining or adjacent Work that could 

impose or impart load on the dowels.  Do not begin adjoining or adjacent Work 

until dowels are successfully tested or when approved by ENGINEER. 

9. Limitations: 

a. Installation Temperature: Comply with manufacturer’s instructions for 

installation temperature requirements.  Provide temporary protection and 

other measures, such as heated enclosures, necessary to ensure that base 

material temperature complies with requirements of adhesive systems 

manufacturer during installation and adhesive system curing. 

b. Oversized Holes: Advise ENGINEER immediately if size of drilled hole 

is larger than recommended by adhesive system manufacturer.  Cost of 

corrective measures, including but not limited to redesign of dowels due 

to decreased capacities, shall be paid by CONTRACTOR. 

 

3.3 FIELD QUALITY CONTROL 

 

A. Site Inspections and Tests:  

1. General: 

a. Do not place concrete until reinforcing is inspected, and permission for 

placing concrete is granted by ENGINEER.  Concrete placed in violation 

of this provision will be rejected.  

b. Do not close up formwork for walls and other vertical members until 

reinforcing is inspected, and permission for placing concrete is granted 

by ENGINEER.  Concrete placed in violation of this provision will be 

rejected. 

c. Correct defective Work by removing and replacing or correcting, as 

required by ENGINEER. 

d. CONTRACTOR shall pay cost of corrections and subsequent testing 

required to confirm integrity of post-installed anchors. 

e. Testing laboratory shall submit test results to CONTRACTOR and 

ENGINEER within 24 hours of completion of test. 

2. Site Tests: 

a. OWNER Will employ testing laboratory to perform field quality testing of 

adhesive dowels at the Site. 

1) Testing shall comply with ASTM E488. 

2) Test at least ten percent of each type of adhesive dowel.  If one or 

more dowels fail the test, CONTRACTOR shall pay cost to test all 

dowels of same diameter and type installed on the same day as the 

failed dowel. 

3) Test dowels to 60 percent of specified yield strength.  ENGINEER 

will direct which dowels are to be tested. 

4) Apply test loads with hydraulic ram.   

5) Displacement of dowels shall not exceed D/10, where D is nominal 

diameter of dowel. 
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B. Manufacturer’s Services: 

1. Provide qualified adhesive manufacturer’s representative at the Site during 

initial installation of adhesive dowel systems to train installing personnel in 

proper selection and installation procedures.  Manufacturer’s representative 

shall observe to verify that installer demonstrates proper installation procedures 

for adhesive dowels and adhesive material.  Each installer shall be certified in 

writing by manufacturer as qualified to install adhesive anchors. 

 

 

+ + END OF SECTION + + 
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SECTION 03300 

 

CAST-IN-PLACE CONCRETE 

 

 

PART 1 – GENERAL  

 

1.1 DESCRIPTION  

 

A. Scope: 

1. Provide all labor, materials, equipment, and incidentals as shown, specified, 

and required to furnish and install cast-in-place concrete. 

2. The Work includes providing concrete consisting of Portland cement, fine and 

coarse aggregate, water, and approved admixtures; combined, mixed, 

transported, placed, finished, and cured.  The Work also includes:  

a. Providing openings in concrete to accommodate the Work under this and 

other Sections and building into the concrete all items such as sleeves, 

frames, anchorage devices, inserts, and all other items to be embedded in 

concrete Work. 

b. Providing openings in concrete to accommodate work under other 

contracts, and building into concrete items such as sleeves, frames, 

anchorage devices, inserts, and all other items required to be embedded in 

concrete under other contracts. 

 

B. Coordination:  

1. Review installation procedures under other Sections and coordinate installation 

of items to be installed in the concrete Work. 

2. Notify other contractors in advance of placing concrete to provide other 

contractors with sufficient time for installing items included in their contracts 

that are to be installed in the concrete Work. 

 

C. Classifications of Concrete:  

1. Class “A” concrete shall be steel-reinforced and includes the following:  

a. All concrete, unless otherwise shown or indicated. 

  2. Class “A” concrete shall include the Crystalline Waterproofing Admixture. 

 

D. Related Sections: 

1. Section 03150, Concrete Accessories. 

2. Section 03600, Grouting. 

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. AASHTO M 182, Specification for Burlap Cloth Made from Jute or Kenaf and 

Cotton Materials. 

2. AASHTO TP23, Test Method for Water Content of Freshly Mixed Concrete 

Using Microwave Oven Drying. 
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3. ACI 117, Specifications for Tolerances for Concrete Construction and 

Materials and Commentary. 

4. ACI 214R, Evaluation of Strength Test Results of Concrete. 

5. ACI 301, Specifications for Structural Concrete. 

6. ACI 302.1R, Guide for Concrete Floor and Slab Construction. 

7. ACI 304R, Guide for Measuring, Mixing, Transporting and Placing Concrete. 

8. ACI 305R, Specification for Hot Weather Concreting. 

9. ACI 306R, Cold Weather Concreting. 

10. ACI 309R, Guide for Consolidation of Concrete. 

11. ACI 318, Building Code Requirements for Structural Concrete and 

Commentary. 

12. ACI 350/350R, Code Requirements for Environmental Engineering Concrete 

Structures and Commentary. 

13. ASTM C31/C31M, Practice for Making and Curing Concrete Test Specimens 

in the Field. 

14. ASTM C33, Specification for Concrete Aggregates. 

15. ASTM C39/C39M, Test Method for Compressive Strength of Cylindrical 

Concrete Specimens. 

16. ASTM C42/C42M, Test Method for Obtaining and Testing Drilled Cores and 

Sawed Beams of Concrete. 

17. ASTM C94/C94M, Specification for Ready-Mixed Concrete. 

18. ASTM C109/C109M, Test Method for Compressive Strength of Hydraulic 

Cement Mortars (Using 2-in. or [50-mm] Cube Specimens). 

19. ASTM C138/C138M, Test Method for Density (Unit Weight), Yield, and Air 

Content (Gravimetric) of Concrete. 

20. ASTM C143/C143M, Test Method for Slump of Hydraulic- Cement Concrete. 

21. ASTM C150, Specification for Portland Cement. 

22. ASTM C157/C157M, Test Method for Length Change of Hardened Hydraulic-

Cement Mortar and Concrete. 

23. ASTM C171, Specification for Sheet Materials for Curing Concrete. 

24. ASTM C172, Practice for Sampling Freshly Mixed Concrete. 

25. ASTM C231, Test Method for Air Content of Freshly Mixed Concrete by the 

Pressure Method. 

26. ASTM C260, Specification for Air-Entraining Admixtures for Concrete. 

27. ASTM C309, Specification for Liquid Membrane-Forming Compounds for 

Curing Concrete. 

28. ASTM C494/C494M, Specification for Chemical Admixtures for Concrete. 

29. ASTM C618, Specification for Coal Fly Ash and Raw or Calcined Natural 

Pozzolan for Use in Concrete. 

30. ASTM C882/C882M, Test Method for Bond Strength of Epoxy-Resin Systems 

Used with Concrete by Slant Shear. 

31. ASTM C989, Specification for Ground Granulated Blast-Furnace Slag for Use 

in Concrete and Mortars. 

32. ASTM C1064/C1064M, Standard Test Method for Temperature of Freshly 

Mixed Hydraulic-Cement Concrete. 

33. ASTM C1077, Practice for Laboratories Testing Concrete and Concrete 

Aggregates for Use in Construction and Criteria for Laboratory Evaluation. 



 

East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 03300-3 Cast-In-Place Concrete 

34. ASTM E329, Specification for Agencies Engaged in Construction Inspection 

and/or Testing. 

 

1.3 QUALITY ASSURANCE 

 

A. Qualifications: 

1. Concrete Testing Laboratory: 

a. Employ independent testing laboratory experienced in design and testing 

of concrete materials and mixes to perform material evaluation tests and 

to design concrete mixes.  Employ different laboratories for design of 

concrete mixes and field testing. 

1) Testing agency shall be in accordance with ASTM E329 and ASTM 

C1077. 

2) Testing laboratory shall have been inspected and passed within 

previous two years by Cement and Concrete Reference Laboratory 

(CCRL) of NIST for: testing concrete aggregates, and for preparing 

and testing concrete trial batches with or without admixtures.  Testing 

laboratory shall provide documentation indicating how deficiencies, 

if any, in most recent CCRL inspection report were corrected. 

3) Selection of testing laboratory is subject to OWNER’s acceptance. 

4) Submit written description of proposed concrete testing laboratory 

giving qualifications of personnel, laboratory facilities, and 

equipment, and other information requested by ENGINEER. 

2. Water Reducing Admixture Manufacturer: 

a. Water-reducing admixtures shall be manufactured under strict quality 

control in facilities operated under a quality assurance program.  Submit 

copy of manufacturer’s quality assurance handbook to document program 

existence. 

b. Manufacturer shall maintain a concrete testing laboratory approved by 

CCRL at NIST. 

c. Manufacturer shall be capable of providing services of qualified field 

service representatives at the Site. 

 

B. Laboratory Trial Batch: 

1. Each concrete mix design specified shall be verified by laboratory trial batch, 

unless indicated otherwise. 

2. For classes of concrete that require air-entrainment, test the trial batch at 

highest percentage of air allowed for that class of concrete. 

3. Perform the following testing on each trial batch: 

a. Aggregate gradation for fine and coarse aggregates. 

b. Fly ash testing to verify meeting specified properties, unless fly ash 

Supplier submits certification by an independent testing laboratory. 

c. Slump. 

d. Air content. 

e. Compressive strength based on three cylinders each tested at seven days 

and at 28 days. 

f. Shrinkage test in accordance with this Section, for Class “A” concrete.  

4. Submit for each trial batch the following information:  
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a. Project identification name and number (if applicable). 

b. Date of test report. 

c. Complete identification of aggregate source of supply. 

d. Tests of aggregates for compliance with the Contract Documents. 

e. Scale weight of each aggregate. 

f. Absorbed water in each aggregate. 

g. Brand, type, and composition of cementitious materials. 

h. Brand, type, and amount of each admixture. 

i. Amounts of water used in trial mixes. 

j. Proportions of each material per cubic yard. 

k. Gross weight and yield per cubic yard of trial mixtures. 

l. Measured slump. 

m. Measured air content. 

n. Compressive strength developed at seven days and 28 days, from not less 

than three test cylinders cast for each seven day and 28-day test, and for 

each design mix. 

o. Shrinkage test results where required and as specified in this Section.  

Report results and averages for original length and at zero, seven, 14, 21, 

and 28 days of drying. 

 

 

C. Shrinkage Test: 

1. Perform drying shrinkage tests for trial batch as specified in this Section. 

2. Drying shrinkage specimens shall be four-inch by four-inch by 11-inch prisms 

with effective gage length of ten inches; fabricated, cured, dried, and measured 

in accordance with ASTM C157 modified as follows: remove specimens from 

molds at an age of 23 hours, plus-or-minus one hour, after trial batching; shall 

be placed immediately in water at 70 degrees F plus-or-minus three degrees F 

for at least 30 minutes; and shall be measured within 30 minutes thereafter to 

determine original length and then submerged in saturated lime water at 73 

degrees F plus-or-minus three degrees F.  Measurement to determine expansion 

expressed as percentage of original length shall be made at age of seven days.  

Length at age of seven days shall be base length for drying shrinkage 

calculations (zero days drying age).  Immediately afterward store specimens in 

humidity-controlled room maintained at 73 degrees F plus-or-minus three 

degrees F, and 50 percent (plus-or-minus four percent) relative humidity for 

remainder of test.  Obtain measurements to determine shrinkage expressed as 

percentage of base length and report measurements separately for seven, 14, 

21, and 28 days of drying after seven days of moist curing. 

3. Determine drying shrinkage deformation of each specimen as the difference 

between base length (at zero days drying age) and length after drying at each 

test age.  Determine average drying shrinkage deformation of specimens to 

nearest 0.0001-inch at each test age.  If drying shrinkage of a specimen departs 

from average of that test age by more than 0.0004-inch, results obtained from 

that specimen shall be disregarded.  Report results of shrinkage test to nearest 

0.001 percent of shrinkage.  Compression test specimens shall be taken in each 

case from same concrete used for preparing drying shrinkage specimens.  Tests 



 

East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 03300-5 Cast-In-Place Concrete 

shall be considered part of normal compression tests for the Work.  Allowable 

shrinkage limitations shall be as specified in Part 2 of this Section. 

 

D. Component Supply and Compatibility: 

1. Provide all admixture materials from a single manufacturer. 

 

E. Designated Finish Sample Areas: 

1. ENGINEER will identify areas of concrete members, to serve as reference 

examples of acceptable concrete finishes, from first members constructed for 

each finish. 

2. At each area so designated, complete the finish as specified. 

3. Where specified concrete finish is not obtained, repair the member to provide 

an acceptable finish.  Adjust construction techniques to produce the required 

finish. 

4. Clearly mark each Sample area with name of specified finish to cause no 

damage to finish. 

5. Protect Sample areas from damage and maintain access to view Sample areas. 

 

1.4 SUBMITTALS  

 

A. Action Submittals: Submit the following: 

1. Shop Drawings:  

a. List of concrete materials and proportions for the proposed concrete mix 

designs.  Include data sheets, test results, certifications, and mill reports 

to qualify the materials proposed for use in the mix designs.  Do not start 

laboratory trial batch testing until this submittal is approved by 

ENGINEER. 

b. Laboratory Trial Batch Reports: Submit laboratory test reports for 

concrete cylinders, materials, and mix design tests. 

2. Product Data: 

a. Manufacturers’ specifications with application and installation 

instructions for proprietary materials and items, including admixtures and 

bonding agents. 

  3. Curing and Protection Plans: 

   a. Submit detailed plan for curing concrete in water retaining and non-water 

retaining structures. 

   b. Submit detailed plan for curing and protection of concrete placed and 

cured in cold weather. 

   c. Submit detailed plan for curing and protection of concrete placed and 

cured in ambient temperatures over 80 degrees F. 

 

 

B. Informational Submittals: Submit the following: 

1. Certifications: 

a. Notarized certification of conformance to reference standards used in this 

Section, when required by ENGINEER. 

2. Delivery Tickets: Copies of all delivery tickets for each load of concrete 

delivered to or mixed at the Site.  Each delivery tickets shall contain the 



 

East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 03300-6 Cast-In-Place Concrete 

information in accordance with ASTM C94 along with project identification 

name and number (if any), date, mix type, mix time, quantity and amount of 

water introduced. 

3. Field Quality Control Submittals: 

a. Report of testing results for testing of field concrete cylinders for each 

required time period.  Submit within 24 hours after completion of 

associated test.  Test report shall include results of all testing required at 

time of sampling. 

 

1.5 PRODUCT DELIVERY, STORAGE, AND HANDLING  

 

A. Transportation, Delivery, and Handling:  

1. Materials used for concrete shall be clean and free from foreign matter during 

transportation and handling and kept separate until measured and placed into 

concrete mixer. 

2. Implement suitable measures during hauling, piling, and handling to ensure 

that segregation of coarse and fine aggregate particles does not occur, and 

grading is not affected. 

 

B. Storage:  

1. For storage, provide bins or platforms with hard, clean surfaces. 

 

 

PART 2 – PRODUCTS  

 

2.1 CEMENTITIOUS MATERIALS  

 

A. Cement: 

1. Portland cement shall be Type II ASTM C150.    

2. Portland Cement Type IL (10) (MS) (MH) shall be used in lieu of Portland 

Cement Type II when not available. 

2. Portland cement shall be produced by one facility.  Alternate cement sources 

may be used provided that mix design has been approved and acceptable trial 

batch verifying performance has been made. 

3. Do not use cement that has deteriorated because of improper storage or 

handling. 

 

B. Fly Ash: 

1. Fly ash, when used, shall conform to the requirements of ASTM C618 Class F, 

except as follows: 

a. The loss on ignition shall be a maximum of four percent. 

b. The maximum percent of sulfur trioxide (SO3) shall be 4.0. 

2. Fly ash shall be considered to be a cementitious material. 

3. Laboratory trial batches shall be tested to determine compliance with strength 

requirements, times of setting, slump, slump loss, and shrinkage characteristics. 

 

C. Slag Cement: 

1. Slag Cement, when used, shall conform to ASTM C989, Grade 120. 
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2. Slag cement is considered a cementitious material. 

3. Perform laboratory tests on trial batches to determine compliance with strength 

requirements, times of setting, slump, slump loss, and shrinkage characteristics. 

 

D. For all classes of concrete, when Type II Cement is used, fly ash or slag cement may 

be used within the following percentages by weight.   

1. When fly ash is used, material shall have maximum of 25 percent of total 

weight of cementitious material. 

2. When slag cement is used, material shall have maximum of 25 percent of total 

weight of cementitious material. 

 

2.2 AGGREGATES 

 

A. General: 

1. Aggregates shall conform to ASTM C33, and as specified in this Section. 

2. Do not use aggregates containing soluble salts or other substances, such as iron 

sulfides, pyrite, marcasite, ochre, or other materials, that can cause stains on 

exposed concrete surfaces. 

 

B. Fine Aggregate:  

1. Provide clean, sharp, natural silica sand free of loam, clay, lumps, and other 

deleterious substances. 

2. Dune sand, bank run sand, and manufactured sand are unacceptable. 

 

C. Coarse Aggregate:  

1. Provide clean, uncoated, processed aggregate containing no clay, mud, loam, or 

foreign matter, as follows:  

a. Crushed stone, processed from natural rock or stone. 

b. Washed gravel, either natural or crushed.  Slag, pit gravel, and bank run 

gravel are unacceptable. 

 

2.3 WATER  

 

A. Water used in producing and curing concrete shall be clean and free of injurious 

quantities of oils, acids, alkalis, organic materials, and other substances that may be 

deleterious to concrete and steel. 

 

2.4 CONCRETE ADMIXTURES  

 

A. Provide admixtures in accordance with product manufacturer’s published 

instructions.  Admixtures shall be compatible with each other.  Admixtures shall not 

contain thiocyanates, shall not contain more than 0.05 percent chloride ion, and shall 

be non-toxic in the concrete mix after 30 days.  Do not use admixtures that have not 

been incorporated and tested in the accepted mixes, unless otherwise approved by 

ENGINEER. 

 

B. Air Entraining Admixtures: ASTM C260. 

1. Air entraining admixture shall be Vinsol resin or Vinsol rosin-based. 
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C. Water-Reducing Admixture: ASTM C494, Type A. 

1. Proportion Class “A”, concrete with non-air entraining, normal setting, 

water-reducing, aqueous solution of modified organic polymer.  Admixture 

shall not contain lignin, nitrates, or chlorides added during manufacturing. 

 

D. High Range Water-Reducing Admixture (HRWR): ASTM C494, Type F/G. 

1. Use high range water-reducing admixture in the concrete classifications so 

specified or indicated.  Use of HRWR admixture is allowed at 

CONTRACTOR’s option in all other classifications of concrete.  When used, 

HRWR admixture shall be added to concrete in accordance with admixture 

manufacturer’s published instructions.  Specific admixture formulation shall be 

as recommended by admixture manufacturer for Project conditions. 

 

E. Set Control Admixtures: In accordance with ASTM C494.  Use the following as 

required: 

1. Type B, Retarding. 

2. Type C, Accelerating. 

3. Type D, Water Reducing and Retarding. 

4. Type E, Water Reducing and Accelerating. 

5. Type F, Water-Reducing, High Range Admixtures. 

6. Type G, Water-Reducing, High Range, and Retarding Admixtures. 

 

F. Calcium Chloride: Do not use calcium chloride. 

 

G. Shrinkage Reducing Admixture: 

1. Shrinkage reducing admixture may be used in mix design when necessary to 

conform to specified shrinkage limitations, provided that specified strength 

requirements are complied with and there is no reduction in sulfate resistance 

in the concrete and no increase in concrete permeability. 

  

 H. Crystalline Waterproofing Admixture 

  1.  Use a cementitious, capillary waterproofing admixture which, when added at 

the dosage rate of 1% by weight of cement, will permanently fix a non-soluble 

crystalline structure throughout the capillary voids of the concrete and cause 

the concrete to become sealed against the penetration of liquids. 

  2. Product and Manufacturer: Provide one of the following: 

 a. Xypex Admix C-500 NF, as manufactured Xypex Chemical Corporation. 

 b. Engineer approved equal. 

 

 

2.5 PROPORTIONING AND DESIGN OF MIXES  

 

A. Prepare concrete design mixes in accordance with Table 03300-A:  
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TABLE 03300-A 

CONCRETE DESIGN MIX CRITERIA 

Concrete 

Class 

Coarse 

Aggregate(1) Minimum 

Max. 

W/CM(4) Slump(2) 

Air(6) 

(%) 

Min. Comp 

Strength(3) 

(psi) Size A Size B 

Cementitious (5) 

(lbs/cu yd) 

Class “A” No. 57  564 0.42 4" max. 6 +/- 1 4,500 

 

Notes Applicable to Table 03300-A: 

1. Coarse aggregate size numbers refer to ASTM C33.  Where Size A and B are 

designated in Table 03300-A, it is intended that the smaller Size B aggregate is 

to be added, replacing a portion of the coarse or fine aggregate, in the 

minimum amount necessary to make a workable and pumpable mix with sand 

content not exceeding 41 percent of total aggregate. 

2. Slumps indicated are prior to addition of high range water reducer (super 

plasticizer). 

3. Mix designs shall be made for all Class “A”, so that the compressive strength 

achieved for laboratory trial batches will not be less than 125 percent of 

specified design strength. 

4. Quantity of water to be used in the determination of water-cementitious 

materials (W/CM) ratio shall include free water on aggregates in excess of SSD 

and water portion of admixtures. 

5. Minimum cementitious content shall be adjusted in accordance with the 

requirements of ACI 350.5 and ACI 301 if smaller maximum coarse aggregate 

size is used. 

6. Required air content listed shall be adjusted in accordance with the 

requirements of ACI 350.5 and ACI 301 for cycles of freezing and thawing if a 

different maximum coarse aggregate size is used. 

 

B. Adjustment to Concrete Mixes: Mix design adjustments may be requested by 

CONTRACTOR when characteristics of materials, Site conditions, weather, test 

results, or other circumstances warrant; at no additional cost to OWNER and as 

approved by ENGINEER.  Before using adjusted concrete mixes, laboratory test data 

and strength results shall be submitted to and approved by ENGINEER. 

 

C. Admixtures:  

1. Use air-entraining admixture in concrete, unless otherwise shown or indicated. 

Add air-entraining admixture at admixture manufacturer’s prescribed rate to 

produce concrete at point of placement having air content within prescribed 

limits. 

2. Use water-reducing or high-range water-reducing admixtures in all Class “A” 

concrete. 

3. Use amounts of admixtures recommended by admixture manufacturer for 

climatic conditions prevailing at the Site at time of placing.  Adjust quantities 

and types of admixtures as required to maintain quality. 

 

D. Slump Limits with High-Range Water Reducer: 
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1. Slump shall not exceed four inches prior to adding high-range water reducer 

and shall not exceed eight inches, measured at point of placement, after adding 

high-range water reducer. 

 

E. Shrinkage Limitation: 

1. Concrete shrinkage for specimens cast in laboratory from trial batch with total 

water of 30.2 gallons per cubic yard or less, as measured at 21-day drying age 

and at 28-day drying age shall not exceed 0.039 percent and 0.045 percent, 

respectively.  For trial batch with total water of 32.7 gallons per cubic yard or 

greater respective limits shall not exceed 0.035 percent and 0.040 percent.  

Limits in between shall be linear interpolated.  Use mix design for construction 

that complies with trial batch shrinkage requirements.  Shrinkage limitations 

apply to Class “A” concrete.  

2. Trial Batch Does Not Comply with Shrinkage Limitation: 

a. If trial batch results do not comply with shrinkage limitation specified in 

the Contract Documents, redesign the mix to reduce shrinkage. 

b. After mix has been repeatedly redesigned and ENGINEER is satisfied 

that all reasonable means to provide concrete mix that complies with 

shrinkage requirement have been exercised; and mix design still fails to 

comply with shrinkage limitation in the Contract Documents, 

ENGINEER reserves the right to accept the higher-shrinkage mix, 

provided that the quantity of shrinkage reinforcing in structures is 

increased. 

c. “Reasonable means” will be construed as reducing the total water content 

to a maximum of 27 gallons per cubic yard, having the large aggregate 

blended so that eight percent to 18 percent of combined aggregate is 

retained on each sieve, using an alternate aggregate source, and a 

combination of these means. 

d. Basis for shrinkage reinforcing increase will be proportional to amount 

that shrinkage value is over the specified shrinkage limitation and will be 

determined by ENGINEER.  The cost of providing additional shrinkage 

reinforcement will be paid by the Owner. 

 

2.6 BONDING AGENT 

 

A. Provide epoxy and epoxy-cement bonding agents in accordance with Section 03150, 

Concrete Accessories. 

 

2.7 CONCRETE CURING MATERIALS 

 

A. Absorptive Cover: Burlap cloth made from jute or kenaf, weighing approximately 10 

ounces per square yard and complying with AASHTO M 182, Class 3. 

 

B. Curing Mats: Shall be heavy carpets or cotton mats, quilted at four inches on centers, 

and weighing minimum of 12 ounces per square yard when dry. 

 

C. Moisture-Retaining Cover: Provide one of the following, complying with ASTM 

C171: 
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1. Waterproof paper. 

2. Polyethylene film. 

3. White burlap polyethylene sheet. 

 

D. Liquid Curing Compound: ASTM C309 Type 1-D (water retention requirements): 

1. Provide fugitive dye. 

2. Curing compound shall be applied by roller or power sprayer. 

3. Product shall be listed in NSF/ANSI 61. 

 

2.8 FINISHING AIDS 

 

A. Evaporation Retardant: 

1. Product and Manufacturer: Provide one of the following: 

a. Confilm, by Master Builders. 

b. Eucobar, by Euclid Chemical Company. 

c. SikaFilm, by Sika Corporation. 

d. Or Engineer-approved equal. 

 

2.9 CRACK INJECTION MATERIALS 

 

A. Structural Crack Repair System: 

1. Epoxy for Injection: Low-viscosity, high-modulus moisture insensitive type. 

2. Products and Manufacturers: Provide one of the following: 

a. Sikadur 35, Hi-Mod L.V. and Sikadur 31, Hi-Mod Gel, by Sika 

Corporation. 

b. Eucopoxy Injection Resin, by Euclid Chemical Company. 

c. Or Engineer-approved equal. 

 

B. Non-structural Crack Repair System: 

1. Hydrophobic Polyurethane Chemical Grout: 

a. Provide hydrophobic polyurethane that forms a flexible gasket. 

b. Products and Manufacturers: Provide one of the following: 

1) SikaFix HH LV, by Sika Chemical Company. 

2) Hydro Active Flex SLV, by De Neef Construction Chemicals, Inc. 

3) Or Engineer-approved equal. 

c. Shrinkage limit shall not exceed 4.0 percent in accordance with ASTM 

D1042. 

d. Minimum elongation of 250 percent in accordance with ASTM D3574. 

e. Minimum tensile strength of 150 psi in accordance with ASTM D3574. 

2. Hydrophilic Acrylate-Ester Resin: 

a. Hydrophilic crack repair system shall be acrylate-ester resin that forms a 

flexible gasket and increase in volume a minimum of 50 percent when in 

contact with water. 

b. Products and Manufacturers: Provide one of the following: 

1) Duroseal Multigel 850, manufactured by BBZ USA, Inc. 

2) Or Engineer-approved equal. 

 

2.10 CONCRETE REPAIR MATERIALS 
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A. Concrete repair mortar shall be pre-packaged, polymer-modified cementitious repair 

mortar with the following minimum properties:  

1. Compressive Strength at One Day: 2,000 psi (ASTM C109). 

2. Compressive Strength at 28 Days: 6,000 psi (ASTM C109). 

3. Bond Strength at 28 Days: 1,800 psi (ASTM C882 modified). 

 

B. Products and Manufacturers: Provide one of the following: 

1. Five Star Structural Concrete, by Five Star Products, Inc.  Use formulation 

recommended by manufacturer for the specific application conditions. 

2. SikaTop 122 Plus, SikaTop 123 Plus, SikaTop 111 Plus, or Sikacem 133, by 

Sika Corporation.  Use formulation from among those listed in this paragraph 

recommended by manufacturer for specific application conditions. 

3. Emaco S88-CA or S66-CR, by Master Builders Inc.  Use formulation from 

among those listed in this paragraph recommended by manufacturer for 

specific application conditions. 

4. Verticoat, Verticoat Supreme, or Euco SR-VO, by Euclid Chemical Company. 

Use formulation from among those listed in this paragraph recommended by 

manufacturer for specific application conditions. 

5. Or Engineer-approved equal. 

 

C. Cement Mortar: Shall consist of mix of one part cement to 1.5 parts sand with 

sufficient water to form trawlable consistency.  Minimum compressive strength at 28 

days shall be 4,000 psi.  Where required to match the color of adjacent concrete 

surfaces, blend white Portland cement with standard Portland cement so that, when 

dry, patching mortar matches the color of surrounding concrete. 

 

 

 

2.14 SOURCE QUALITY CONTROL 

 

A. Concrete materials may require testing, as directed by ENGINEER, at any time 

during the Work if concrete quality is in question.  Provide access to material 

stockpiles and facilities at all times.  Tests shall be done at no expense to OWNER. 

 

 

PART 3 – EXECUTION 

 

3.1 INSPECTION 

 

A. Examine the substrate and conditions under which the Work will be performed and 

notify ENGINEER in writing of unsatisfactory conditions.  Do not proceed with the 

Work until unsatisfactory conditions have been corrected. 

 

3.2 CONCRETE MIXING 

 

A. General:  
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1. Concrete may be produced at batch plants or by the ready-mixed process.  

Batch plants shall comply with recommendations of ACI 301 and ACI 350.5 

and have sufficient capacity to produce concrete of qualities required and in 

quantities required to comply with the accepted Progress Schedule.  All plant 

facilities are subject to acceptance of ENGINEER. 

2. Mixing: 

a. Mix concrete with a rotating type batch machine, except where hand 

mixing of very small quantities is approved by ENGINEER. 

b. Remove hardened accumulations of cement and concrete from drum and 

blades to ensure proper mixing action. 

c. Replace mixer blades upon loss of ten percent of mixer blades’ original 

height. 

 

B. Ready-Mix Concrete:  

1. Comply with ASTM C94 and the Contract Documents. 

a. Plant Equipment and Facilities: Conform to requirements of NRMCA 

certification. 

b. Truck-Mixed Concrete:  Mix concrete in revolving-type truck mixers that 

are in good condition and produce thoroughly mixed concrete 

conforming to the Contract Documents. Truck shall operate at agitating 

speed after mixing is complete or 100 revolutions, whichever occurs first. 

c. Do not exceed rated capacity of mixer. 

d. Mix concrete for minimum of two minutes after arrival at the Site, or as 

recommended by mixer manufacturer. 

e. Do not allow drum to mix while in transit. 

f. Mix at proper speed until concrete is discharged from mixer. 

g. Maintain adequate facilities at the Site for continuous delivery of 

concrete at required rates. 

h. Provide access to mixing plant for ENGINEER upon request. 

 

C. Maintain equipment in proper operating condition, with drums cleaned before 

charging each batch.  Schedule rates of delivery to prevent delay of placing concrete 

after mixing or holding dry-mixed materials too long in mixer before the adding 

water and admixtures. 

 

3.3 TRANSPORTING CONCRETE 

 

A. Transport and place concrete not more than 90 minutes after water has been added to 

the dry ingredients. 

 

B. Avoid spilling and separation of concrete mixture during transportation. 

 

C. Do not place concrete in which the ingredients have separated. 

 

D. Do not retemper partially set concrete. 

 

E. Use suitable equipment for transporting concrete from mixer to forms. 
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3.4 PREPARATION FOR CONCRETING 

 

A. Submit to ENGINEER laboratory trial batch test results for proposed mixes at least 

15 days prior to start of Work.  Do not begin concrete production until associated 

laboratory trial batch test result submittal has been approved by ENGINEER. 

 

B. Notify ENGINEER a minimum of 24 hours in advance of placing concrete to allow 

for inspection of form work, joints, waterstops, reinforcement, and embedded items. 

The section to be placed shall be fully prepared for concrete placement at the time of 

notice.  Confirm inspection status with ENGINEER a minimum of 4 hours prior to 

concrete placement.  Do not begin placing concrete until Work is in conformance 

with the Contract Documents. 

 

C. Subgrade surfaces shall be thoroughly wetted by sprinkling, prior to the placing of 

any concrete, and these surfaces shall be kept moist by frequent sprinkling up to the 

time of placing concrete thereon.  The surface shall be free from standing water, 

mud, and debris at the time of placing concrete. 

 

D. Reinforcing steel and embedded items shall be completely cleaned of mortar, loose 

rust, form release compounds, dirt, or any other substance which would interfere 

with proper bonding with concrete.  Protective coatings on embedded aluminum 

items shall continuously cover the surface to be in contact with concrete.  Any 

defects in the coating shall be repaired. 

 

E. Do not place concrete until flow of water entering space to be filled with concrete 

has been properly stopped or has been diverted by pipes, or other means, and carried 

out of the forms, clear of the Work.  Do not deposit concrete underwater, and do not 

allow water to rise on concrete surfaces until concrete has attained its initial set.  Do 

not allow water to flow over concrete surface in manner and or velocity that will 

injure concrete surface finish.  Provide temporary pumping or other dewatering 

operations for removing water as required. 

 

F. Prepare joint surfaces in accordance with Section 03150, Concrete Accessories. 

 

 

3.5 CONCRETE PLACEMENT  

 

A. General: 

1. Place concrete continuously, so that no concrete will be placed on concrete that 

has hardened sufficiently to cause formation of seams or planes of weakness 

within the section.  If section cannot be placed continuously, provide 

construction joints in accordance with Section 03150, Concrete Accessories. 

2. Deposit concrete as nearly as practical in its final location to avoid segregation 

due to rehandling or flowing.  Do not subject concrete to action that may cause 

segregation. 

3. Screed concrete that is to receive other construction to proper level to avoid 

excessive skimming or grouting. 
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4. Do not use concrete that becomes non-plastic and unworkable, or does not 

conform to required quality limits, or that has been contaminated by foreign 

materials.  Do not use retempered concrete.  Remove rejected concrete from 

the Site and dispose of it in conformance with Laws and Regulations. 

5. Do not place concrete until forms, bracing, reinforcing, and embedded items 

are each in final position and secure. 

6. Unless otherwise instructed, place concrete only when ENGINEER is present. 

7. Allow minimum of three days between adjoining concrete placements. 

 

B. Bonding for Next Concrete Pour: 

1. Prepare for bonding of fresh concrete to concrete that has set but is not fully 

cured, as follows:  

a. The surface must be saturated surface dry 

b. For horizontal surfaces, place a six-inch layer of Construction Joint 

Grout, as specified in Section 03600, Grouting, over the hardened 

concrete surface. 

c. Place fresh concrete before the grout has attained its initial set. 

2. Accomplish bonding of fresh concrete to fully cured, hardened, existing 

concrete by using a bonding agent as specified in Section 03150, Concrete 

Accessories. 

 

C. Concrete Conveying:  

1. Handle concrete from point of delivery at the Site, transfer to concrete 

conveying equipment, and transfer to locations of final deposit as rapidly as 

practical by methods that prevent segregation and loss of concrete mix 

materials. 

2. Provide mechanical equipment for conveying concrete to ensure continuous 

flow of concrete at delivery end of conveyor.  Provide runways for wheeled 

concrete conveying equipment from concrete delivery point to locations of 

final deposit.  Keep interior surfaces of conveying equipment, including chutes, 

free of hardened concrete, debris, water, snow, ice, and other deleterious 

materials. 

3. Do not use chutes for distributing concrete, unless accepted by ENGINEER. 

4. Pumping concrete is allowed, however do not use aluminum pipe for 

conveying concrete. 

 

D. Placing Concrete into Forms:  

1. Deposit concrete in forms in horizontal layers not deeper than 18 inches each 

and in manner that avoids inclined construction joints.  Where placement 

consists of several layers, place concrete at such rate that concrete being 

integrated with fresh concrete while still plastic. 

2. Do not allow concrete to free-fall within the form from height exceeding four 

feet.  Where high-range water reducer is used to extend slump to at least six 

inches, maximum allowable free-fall of concrete is six feet.  Use “elephant 

trunks” to prevent free-fall and excessive splashing of concrete on forms and 

reinforcing.  Discontinue free-falls in excess of four feet if there is evidence of 

segregation. 
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3. Remove temporary spreaders in forms when concrete placing has reached 

elevation of such spreaders. 

4. Consolidate concrete placed in forms by mechanical vibrating equipment 

supplemented by hand-spading, rodding, or tamping.  Use equipment and 

procedures for consolidating concrete in accordance with  requirements of ACI 

301.  Vibration of forms and reinforcement is not allowed unless otherwise 

accepted by ENGINEER. 

5. Where height of concrete placement in walls exceeds 14 feet, provide 

temporary windows in formwork to facilitate vibration.  Properly close 

temporary windows when height of concrete approaches windows.  Determine 

location, size, and spacing of temporary windows to suit equipment used. 

6. Do not use vibrators to transport concrete inside of forms.  Insert and withdraw 

vibrators vertically at uniformly spaced locations not farther than the visible 

effectiveness of the vibrator.  Place vibrators to rapidly penetrate the layer of 

concrete and at least six inches into the preceding layer.  Do not insert vibrators 

into lower layers of concrete that have begun to set.  At each insertion, limit the 

duration of vibration to time necessary to consolidate concrete and complete 

embedment of reinforcing and other embedded items without causing 

segregation of concrete mix. 

7. Do not place concrete in beam and slab forms until concrete previously placed 

in columns and walls is no longer plastic. 

8. Prevent voids in the concrete.  Force concrete under pipes, sleeves, openings, 

and inserts from one side until visible from the other side. 

 

E. Placing Concrete Slabs:  

1. Deposit and consolidate concrete slabs in continuous operation, within limits of 

construction joints, until placing of a slab panel or section is completed. 

2. Consolidate concrete during placing operations using mechanical vibrating 

equipment, so that concrete is thoroughly worked around reinforcing and other 

embedded items and into corners. 

3. Consolidate concrete placed in beams and girders of supported slabs, and 

against bulkheads of slabs on ground, as specified in this Article for formed 

concrete structures. 

4. Bring slab surfaces to correct elevation and level.  Smooth the surface, leaving 

surface free of humps or hollows.  Do not sprinkle water on surface while 

concrete is plastic.  Do not disturb slab surfaces prior to commencing concrete 

finishing. 

5. Where slabs are placed in conditions of high temperature or wind that could 

lead to formation of plastic shrinkage cracks, provide evaporation retardant 

applied in accordance with retardant manufacturer’s recommendations, when 

required by ENGINEER. 

 

F. Quality of Concrete Work:  

1. Concrete shall be solid, compact, and smooth, and free of laitance, cracks, and 

cold joints. 

2. Concrete for liquid-retaining structures, and concrete in contact with earth, 

water, or exposed directly to the elements shall be watertight. 
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3. Cut out and properly replace to extent directed by ENGINEER, or repair to 

satisfaction of ENGINEER, surfaces with cracks or voids, that are unduly 

rough, or are defective in any other way.  Thin patches or plastering are 

unacceptable. 

4. Leaks through concrete that exhibit flowing water, and cracks, holes, or other 

defective concrete in areas of potential leakage, shall be repaired and made 

watertight. 

5. Repair, removal, and replacement of defective concrete as directed by 

ENGINEER shall be at no additional cost to OWNER. 

 

G. Cold Weather Placing:  

1. Protect concrete Work from physical damage or reduced strength that could be 

caused by frost, freezing, or low temperatures, in compliance with ACI 306 and 

the Contract Documents. 

2. When air temperature has fallen to or may be expected to fall below 40 degrees 

F, provide adequate means to maintain temperature in area where concrete is 

being placed between 50 degrees F and 70 degrees F for at least seven days 

after placing.  Provide temporary housings or coverings including tarpaulins or 

plastic film.  Maintain temporary heating and protection as necessary so that 

ambient temperature does not fall more than 30 degrees F in the 24 hours 

following the seven-day period.  Avoid rapid dry-out of concrete due to 

overheating and avoid thermal shock due to sudden cooling or heating. 

3. When air temperature has fallen to or is expected to fall below 40 degrees F, 

uniformly heat water and aggregates before mixing for concrete as required to 

obtain concrete mixture temperature not less than 55 degrees F and not more 

than 85 degrees F at point of placement. 

4. Do not use frozen materials or materials containing ice or snow.  Do not place 

concrete on frozen subgrade or on subgrade containing frozen materials.  

Before placing concrete, verify that forms, reinforcing, and adjacent concrete 

surfaces are entirely free of frost, snow, and ice. 

5. Do not use salt or other materials containing antifreeze agents.  Do not use 

chemical accelerators or set-control admixtures unless approved by 

ENGINEER and tested in mix design proposed for use. 

 

H. Hot Weather Placing: 

1. When hot weather conditions exist that would impair the quality and strength 

of concrete, place concrete in compliance with ACI 305 and the Contract 

Documents. 

2. When ambient air temperature is at or above 90 degrees F and rising, cool 

ingredients before mixing concrete to maintain concrete temperature at time of 

placement below 80 degrees F.  When ambient air temperature is at or above 

90 degrees F and falling, cool the ingredients before mixing concrete to 

maintain concrete temperature at time of placement below 85 degrees F.  In no 

case shall the concrete temperature at time of placement exceed 90 degrees F. 

3. Mixing water may be chilled or chopped ice may be used to control concrete 

temperature provided the water equivalent of ice is calculated in total amount 

of mixing water.  If required, reduce the time from addition of mix water to 

placement, or use set-retarding admixture. 
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4. Cover reinforcing materials with water-soaked burlap if ambient air 

temperature becomes too hot, so that reinforcing material temperature does not 

exceed ambient air temperature immediately before embedment of reinforcing 

in concrete. 

5. Wet forms thoroughly before placing concrete. 

6. Do not place concrete at temperature that causes difficulty from loss of slump, 

flash set, or cold joints. 

7. Do not use set-control admixtures unless approved by ENGINEER in mix 

design. 

8. Obtain ENGINEER's approval of substitute methods and materials proposed 

for use. 

 

3.6 FINISHING OF FORMED SURFACES  

 

A. Standard Form Finish:  

1. Standard form finish shall be basically smooth and even but is allowed to have 

texture imparted by the form material used.  Repair defects in accordance with 

the Contract Documents. 

2. Use standard form finish for the following:  

a. Exterior vertical surfaces from foundation up to one foot below grade. 

b. Vertical surfaces not exposed to view. 

c. Other areas shown or indicated. 

 

B. Smooth Form Finish:  

1. Produce smooth form finish by selecting form materials that will impart 

smooth, hard, uniform texture.  Arrange panels in orderly and symmetrical 

manner with minimum of seams.  Repair and patch defective areas in 

accordance with the Contract Documents. 

2. Use smooth form finish for the following: 

a. Exterior surfaces exposed to view. 

b. Surfaces to be covered with coating material.  Coating material may be 

applied directly to concrete or may be a covering bonded to concrete such 

as waterproofing, damp proofing, painting, or other similar system. 

c. Interior vertical surfaces of liquid-containers. 

d. Interior and exterior exposed beams and undersides of slabs. 

e. Surfaces to receive abrasive blasted finish. 

f. Surfaces to receive smooth rubbed or grout cleaned finish. 

g. Other areas shown or indicated. 

 

C. Grout Cleaned Finish:  

1. Provide grout cleaned finish to concrete surfaces that have received smooth 

form finish and where defects have been repaired, as follows: 

a. Combine one part Portland cement to 1.5 parts fine sand by volume, and 

mix with water to consistency of thick paint.  Blend standard Portland 

cement and white Portland cement, in proportions determined by trial 

patches, so that final color of dry grout will closely match adjacent 

concrete surfaces. 
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b. Thoroughly wet concrete surface and apply grout uniformly by brushing 

or spraying immediately to wetted surfaces.  Scrub surface with cork float 

or stone to coat surface and fill surface holes.  Remove excess grout by 

scraping, followed by rubbing with clean burlap to remove visible grout 

film.  Keep grout damp during setting period by using fog spray on 

surface for at least 36 hours after final rubbing.  Complete each area the 

same day the area is started, with limits of each area being natural breaks 

in the finished surface. 

2. Use grout cleaned finish for the following: 

a. Interior exposed walls and other vertical surfaces. 

b. Exterior exposed walls and other vertical surfaces down to one foot 

below grade. 

c. Interior and exterior horizontal surfaces, except exterior exposed slabs 

and steps. 

d. Interior exposed vertical surfaces of liquid-containing structures down to 

one foot below normal operating liquid level. 

e. Other areas shown. 

 

D. Related Unformed Surfaces:  

1. At tops of walls, horizontal offsets, and similar unformed surfaces occurring 

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

adjacent formed surfaces.  Continue final surface treatment of formed surfaces 

uniformly across adjacent unformed surfaces, unless otherwise shown or 

indicated. 

 

3.7 SLAB FINISHES 

 

A. Float Finish:  

1. After placing concrete slabs, do not work the surface further until ready for 

floating.  Begin floating when surface water has disappeared or when concrete 

has stiffened sufficiently.  Check and level the surface plane to tolerance not 

exceeding 1/4-inch in ten feet when tested with a ten-foot straightedge placed 

on surface at not less than two different angles.  Cut down high spots and fill 

low spots.  Uniformly slope surfaces to drains.  Immediately after leveling, 

refloat surface to uniform, smooth, granular texture. 

2. Use float finish for the following:  

a. Interior exposed horizontal surfaces of liquid-containing structures, 

except those to receive grout topping. 

b. Exterior below-grade horizontal surfaces. 

c. Surfaces to receive additional finishes, except as shown or indicated. 

 

 

B. Non-Slip Broom Finish:  

1. Immediately after float finishing, slightly roughen concrete surface by 

brooming in direction perpendicular to main traffic route.  Use fine fiber-bristle 

broom, unless otherwise directed by ENGINEER.  Coordinate required final 

finish with ENGINEER before applying finish. 

2. Use non-slip broom finish for the following: 
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a. Exterior exposed horizontal surfaces subject to lightweight foot traffic. 

b. Interior and exterior concrete steps and ramps. 

 

C. Scratched Finish: 

1. After providing float finish, roughen concrete surface with rake before 

concrete’s final set.  Amplitude of surface shall be minimum of 1/4-inch. 

2. Provide scratched finish for the following: 

a. Horizontal surfaces that will receive grout topping or concrete equipment 

pad. 

b. Surfaces so indicated on the Drawings or elsewhere in the Contract 

Documents. 

 

3.8 CONCRETE CURING AND PROTECTION 

 

A. General:  

1. Protect freshly placed concrete from premature drying, excessive cold or hot 

temperatures, and maintain without drying at relatively constant temperature 

for period necessary for hydration of cement and proper hardening of concrete. 

2. Start curing after placing and finishing concrete, as soon as free moisture has 

disappeared from concrete surface.  Keep surface continuously moist during 

entire curing period.  Cure for a minimum of 10 days and in accordance with 

ACI 301 procedures.  For concrete sections over 30-inches thick, the curing 

period shall be for a minimum of 14 days.  Avoid rapid drying at end of final 

curing period. 

3. For curing, use water that is free of impurities that could etch or discolor 

exposed concrete surfaces. 

4. Confine water for curing to area being cured. 

 

B. Curing Methods: Curing methods are specified below.  Curing methods to be used on 

each type of concrete surface are specified elsewhere in this Article. 

1. Water Curing.  Cure by one of the following methods: 

a. Keep concrete surface continuously wet. 

b. Ponding or immersion. 

c. Continuous water-fog spray. 

d. Covering concrete surface with curing mats, thoroughly saturating mats 

with water, and keeping mats continuously wet with sprinklers or porous 

hoses.  Place curing mats to cover concrete surfaces and edges with 

four-inch horizontal lap over adjacent mats; provide eight-inch lap over 

adjacent mats at vertical surfaces.  If necessary, weigh down curing cover 

to maintain contact with concrete surface. 

2. Form Curing.  Cure by one of the following methods: 

a. Forms shall be maintained and loosened during curing period. 

b. Immediately after forms are loosened or removed, continue with the 

required curing method as applicable, for remainder of curing period. 

c. Where wood forms are kept in place, apply water to keep forms wet. 

3. Moisture Retaining Cover Curing.  Cure as follows: 

a. Cover concrete surfaces with the required moisture retaining cover for 

curing concrete, placed in widest practical width with sides and ends 



 

East Area WQCF Improvements 

Sedimentation Basin #2 Wall Repair 03300-21 Cast-In-Place Concrete 

lapped at least three inches and sealed using waterproof tape or adhesive. 

Immediately repair holes or tears during curing period using cover 

material and waterproof tape. 

4. Liquid Compound Curing.  Cure as follows: 

a. Unless otherwise approved by ENGINEER, provide water curing or form 

curing.  Request to use liquid curing compound will be considered by 

ENGINEER on case-by-case basis.  Construction joints, formed surfaces, 

prior to receiving specified form finish, and concrete to receive surface 

treatment where surface treatment will be bonded to concrete surface 

(such as, but not limited to grout fill, hardener, coatings, lining, water 

repellent, painting, resilient flooring, terrazzo flooring, ceramic tile, 

quarry tile, chemical resistant coatings, or other applications) shall be 

water-cured or form-cured. 

b. In liquid-retaining structures, provide water curing or form curing, unless 

other curing method is approved by ENGINEER.  Requests to use liquid 

curing compound will be considered by ENGINEER on case-by-case 

basis.  Request shall provide valid construction reason or safety reason 

for using liquid compound curing including reason why other curing 

methods are not viable. 

c. Apply curing compounds immediately after final finishing or after 

terminating water curing.  Apply curing compound in continuous 

operation by power spray equipment in accordance with curing 

compound manufacturer’s directions.  If areas are subjected to rainfall 

within three hours after completing curing compound application, area 

shall be recoated.  Maintain coating continuity and repair areas damaged 

during curing period. 

d. When liquid curing compound is used, apply first coat of liquid curing 

compound at compound manufacturer’s recommended coverage rate, and 

subsequently apply second coat at identical rate, thus providing twice the 

curing compound manufacturer’s recommended coverage. 

e. At end of curing period, remove liquid curing compound where required. 

 

C. Formed Surfaces: Use the following curing methods:  

1. Walls That Will Retain Liquid or That are Under Ground Surface: 

a. If forms are wood, form curing is allowed for entire curing period.  If 

forms are steel, form curing is allowed for maximum of three days after 

which forms shall be removed so that concrete is free of the forms for 

remainder of the curing process. 

b. Immediately after the forms are loosened or removed, continue with 

water curing for remainder of curing period. 

c. When wall surface will not receive surface treatment and when allowed 

by ENGINEER, use of liquid curing compound is allowed.  Before using 

liquid compound curing, use water curing or form curing for at least the 

first three days of curing. 

2. Formed Slab Underside and Beam Surfaces Where Will Retain Liquid: 

a. Form curing is allowed for the full curing period. 

b. Immediately after forms are loosened or removed, continue with water 

curing for remainder of curing period. 
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c. When slab surface will not receive surface treatment and when allowed 

by ENGINEER, use of liquid curing compound is allowed. 

3. Vertical Joint Surfaces and Surfaces to Receive Surface Treatment: 

a. Form curing is allowed for entire curing period. 

b. Immediately after forms are loosened or removed, continue with water 

curing for remainder of curing period. 

4. Cure other formed surfaces using an appropriate curing method specified in the 

Contract Documents. 

 

D. Unformed Surfaces: Treat with one of the following curing methods: 

1. Slabs and Mats That Will Retain Liquid or are Below Ground Surface: 

a. Water curing. 

b. Moisture-retaining cover curing when allowed by ENGINEER. 

c. When slab or mat surface will not receive surface treatment and when 

allowed by ENGINEER, use of liquid curing compound is allowed.  

Before using liquid compound curing, use water curing or form curing for 

at least the first three days of curing. 

2. Construction Joint Surfaces and Slab and Mat Surfaces to Receive Surface 

Treatment. 

a. Water curing. 

b. Moisture-retaining cover curing. 

3. Cure other formed surfaces using an appropriate curing method specified in the 

Contract Documents. 

 

E. Temperature of Concrete During Curing:  

1. When ambient temperature is 40 degrees F or less, continuously maintain 

concrete temperature between 50 degrees F and 70 degrees F throughout curing 

period.  When necessary, before concrete placing provide for temporary 

heating, covering, insulation, or housing as required to continuously maintain 

specified temperatures and moisture conditions throughout concrete curing 

period.  Provide cold weather protection in accordance with ACI 306. 

2. When the ambient temperature is 80 degrees F and above, or during other 

climatic conditions that would cause too-rapid drying of concrete, before 

starting concrete placing, provide wind breaks and shading as required, and fog 

spraying, wet sprinkling, or moisture retaining coverings as required.  

Continuously protect concrete throughout concrete curing period.  Provide hot 

weather protection in accordance with ACI 305, unless otherwise specified. 

3. Maintain concrete temperature as uniformly as possible and protect from rapid 

ambient temperature changes.  Avoid concrete temperature changes that exceed 

five degrees F in one hour and 50 degrees F in 24-hour period. 

 

F. Protection: 

1. During curing period, protect concrete from damaging mechanical disturbances 

including load stresses, heavy shock, excessive vibration, and damage by rain 

and flowing water.  Protect finished concrete surfaces from damage by 

subsequent construction operations. 

 

3.9 CONCRETE INSTALLATION TOLERANCES 
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A. Installation Tolerances:  

1. Concrete placement tolerances, unless otherwise specified in the Contract 

Documents, shall be in accordance with ACI 117. Tolerances for concrete 

cover shall be as required by Section 03200, Concrete Reinforcing. 

2. Notify ENGINEER in writing when concrete placement does not conform with 

required tolerances as soon as the condition is known to CONTRACTOR. 

3. When concrete installation does not conform to required tolerances, do not 

repair or correct by grinding unless specified in the Contract Documents or 

approved by ENGINEER in writing. 

4. Verification Measurements: 

a. If surfaces where tolerances are in question, obtain measurements to 

verify conformance with tolerances in manner acceptable to ENGINEER. 

b. If surfaces tolerances are in question, cost of obtaining measurements 

shall be at no additional cost to the OWNER. 

c. Before obtaining measurements, obtain ENGINEER’s acceptance of 

method proposed for obtaining measurements. 

d. After obtaining measurements, submit measurements to ENGINEER. 

5. Submit with verification measurements submittal proposed method to rectify 

out-of-tolerance concrete.  Do not start repair Work without obtaining 

ENGINEER’s approval. 

 

3.10 FIELD QUALITY CONTROL 

 

A. Field Testing Services: 

1. CONTRACTOR shall employ an independent testing laboratory to perform 

field quality control testing for concrete.  ENGINEER will direct where 

samples are to be obtained. 

2. Testing laboratory shall make standard compression test cylinders and 

entrained air tests as specified in this Article, under direct observation by 

ENGINEER or Resident Project Representative. 

3. Testing laboratory will provide all labor, material, and equipment required for 

sampling and testing concrete, including: scale, glass tray, cones, rods, molds, 

air tester, thermometer, and other incidentals required. 

4. Refer to Article 1.3 of this Section for required testing laboratory 

qualifications. 

 

B. Quality Control Testing During Construction:  

1. Perform sampling and testing for field quality control during placement of 

concrete, as follows:  

a. Sampling Fresh Concrete: ASTM C172. 

b. Slump: ASTM C143; one test for each concrete load at point of 

discharge. 

c. Concrete Temperature: ASTM C1064; one for every two concrete loads 

at point of discharge, and when a change in the concrete is observed.  

Test each load when time from batching to placement exceeds 75 

minutes. 
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d. Air Content: ASTM C231; one for every two concrete loads at point of 

discharge, and when a change in the concrete is observed. 

e. Unit Weight: ASTM C138; one for every two concrete loads at point of 

discharge, and when a change in the concrete is observed. 

f. Compression Test Specimens:  

1) In accordance with ASTM C31; make one set of compression 

cylinders for each 50 cubic yards of concrete, or fraction thereof, of 

each mix design placed each day.  Each set shall be four standard 

cylinders, unless otherwise directed by ENGINEER. 

2) Cast, store, and cure specimens in accordance with ASTM C31. 

3) Test and record the following when cylinders are cast: slump, 

concrete temperature, air content, and unit weight. 

g. Compressive Strength Tests:  

1) In accordance with ASTM C39; one specimen tested at seven days, 

and three specimens tested at 28 days. 

2) Adjust mix design if test results are unsatisfactory and resubmit for 

approval. 

3) Concrete that does not comply with strength requirements will be 

considered as defective Work. 

h. Water/Cementitious Materials Ratio: Perform one test from each sample 

from which compression test specimens are taken, in accordance with 

AASHTO TP23. 

i. Submit test results, certified by testing laboratory, to ENGINEER within 

24 hours of completion of test. 

 

C. Evaluation of Field Quality Control Tests:  

1. Do not use concrete delivered to final point of placement having slump, 

concrete temperature, total air content or unit weight outside specified values. 

2. Water/Cementitious Materials Ratio: 

a. When water content testing indicates water/cementitious materials ratio 

to exceed specified requirements by greater than 0.02, remaining batches 

required to complete concrete placement shall have water content 

decreased in the mix and water reducing admixture dosage increased as 

required to bring subsequently batched concrete within specified 

water/cementitious materials ratio. 

b. Perform additional testing to verify compliance with specified 

water/cementitious materials ratio. 

c. Do not resume concrete production for further concrete placement until 

CONTRACTOR has identified cause of excess water in the mix and 

revised batching procedures or adjusted the mix design (and obtained 

ENGINEER’s associated approval) to bring water/cementitious materials 

ratio into conformance with the Contract Documents. 

3. Compressive Strength: 

a. Compressive strength tests for laboratory-cured cylinders will be 

acceptable if the averages of all sets of three consecutive compressive 

strength tests results equal or exceed specified 28-day design 

compressive strength of the associated type or class of concrete, and no 
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individual strength test falls below required compressive strength by 

more than 500 psi. 

b. Questionable Field Conditions During Concrete Placement: 

1) Where questionable field conditions exist during concrete placement 

or immediately thereafter, strength tests of specimens cured under 

field conditions will be required by ENGINEER to check adequacy of 

curing and protecting of concrete placed.  Specimens shall be molded 

at the same time and from the same samples as laboratory-cured 

specimens. 

2) Provide improved means and procedures for protecting concrete 

when 28-day compressive strength of field-cured cylinders is less 

than 85 percent of companion laboratory cured cylinders. 

3) When laboratory-cured cylinder strengths are appreciably higher than 

minimum required compressive strength, field-cured cylinder 

strengths need not exceed minimum required compressive strength by 

greater than 500 psi even though the 85 percent criterion may not be 

met. 

4) If individual tests of laboratory-cured specimens produce strengths 

more than 500 psi below the required minimum compressive strength, 

or if tests of field-cured cylinders indicate deficiencies in protection 

and curing, provide additional measures to ensure that load-bearing 

capacity of the structure is not jeopardized or impaired.  If likelihood 

of low-strength concrete is confirmed and evaluations indicate 

load-bearing capacity may have been reduced, perform tests of cores 

from the concrete in question at CONTRACTOR’s expense. 

c. If compressive strength tests fail to indicate compliance with minimum 

requirements of the Contract Documents, concrete represented by such 

tests will be considered defective. 

 

D. Testing Concrete Structure for Strength:  

1. When there is evidence that strength of in-place concrete does not comply with 

the Contract Documents, CONTRACTOR shall employ the services of 

concrete testing laboratory to obtain cores from hardened concrete for 

compressive strength determination.  Cores and tests shall comply with ASTM 

C42 and the following:  

a. Obtain at least three representative cores from each concrete member or 

suspect area of concrete at locations directed by ENGINEER. 

b. Strength of concrete for each series of cores will be acceptable if average 

compressive strength is at least 85 percent of specified compressive 

strength and no single core is less than 75 percent of required 28-day 

required concrete compressive strength. 

c. Testing laboratory shall submit test results to ENGINEER on same day 

that tests are completed.  Include in test reports Project name and number 

(if any), date of sampling and testing, CONTRACTOR name, name of 

concrete testing laboratory, exact location of test core in the Work, type 

or class of concrete represented by core sample, nominal maximum size 

aggregate, design compressive strength, compression breaking strength, 

and type of break (corrected for length-diameter ratio), direction of 
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applied load to core with respect to horizontal plane of concrete as 

placed, and moisture condition of the core at time of testing. 

2. Fill core holes solid with non-shrink grout in accordance with Section 03600, 

Grouting, and finish to match adjacent concrete surfaces. 

3. If results of core tests are unacceptable or if it is impractical to obtain cores, 

perform static load test and evaluations complying with ACI 318 and ACI 350, 

as directed by ENGINEER. 

 

E. Concrete Tolerance Verification Measurements: Refer to Article 3.9 of this Section. 

 

F. Supplier’s Services: 

1. Water-Reducing Admixture Manufacturer: Furnish services of qualified 

concrete technician employed by admixture manufacturer to assist in 

proportioning concrete for optimum use of admixture.  Concrete technician 

shall advise on proper addition of admixture to concrete and on adjustment of 

concrete mix proportions to meet changing conditions at the Site. 

 

3.11 MISCELLANEOUS CONCRETE ITEMS  

 

A. Temporary Openings: 

1. Openings in concrete walls and slabs required for passage of Work are allowed 

only upon approval of ENGINEER. 

2. Temporary openings made in concrete shall be provided with waterstop in 

below-ground or liquid-retaining members and structures.  Reinforcement 

going through and around the opening shall be made continuous to provide 

continuity and shall be approved by the ENGINEER. 

3. Temporary openings that remain in concrete structures shall be filled with the 

same class of concrete as the adjoining construction, after the Work causing 

need for temporary opening is complete, unless otherwise shown or directed by 

ENGINEER.  Mix, place, and cure concrete as specified in this Section to 

blend with in-place construction.  Provide miscellaneous concrete filling shown 

or required to complete the Work. 

 

B. Bases or Pads for Piping, Panels, and Equipment:  

1. Unless specifically shown or indicated otherwise, provide concrete bases or 

pads for equipment, floor-mounted panels, and floor-mounted supports for 

piping and similar construction.  Provide all concrete pad and base Work not 

specifically included under other Sections or other contracts. 

2. Dimensions and Elevations: 

a. Coordinate and construct bases and pads to dimensions shown or 

indicated, or as required to comply with equipment, panel, or piping 

manufacturer’s requirements and elevations indicated on the Drawing.   

b. Unless otherwise shown or indicated, place concrete bases for equipment 

up to one inch below the equipment manufacturer’s base or mounting 

plate. 

c. Where specific dimensions or elevations are not shown or indicated, 

bases and pads shall be six inches thick and extend three inches outside 

dimensions of the equipment, panel, or supports. 
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3. Finish: Bases and pads outside of areas to receive non-shrink grout shall have 

smooth trowel finish, unless special finish such as terrazzo, ceramic tile, quarry 

tile, or heavy-duty concrete topping is required.  In such cases, provide 

appropriate concrete finish.  Surfaces of bases and pads to receive non-shrink 

grout shall have broom finish. 
 

C. Curbs:  

1. Provide monolithic finish to interior curbs by stripping forms while concrete is 

still green followed by steel-troweling surfaces to hard, dense finish with 

corners, intersections, and terminations slightly rounded. 

2. Exterior curbs shall have rubbed finish for vertical surfaces and broomed finish 

for top surfaces. 

 

3.12 REPAIR OF CONCRETE PLACED UNDER THIS CONTRACT 

 

A. Repair of Formed Surfaces:  

1. Repair the following defects in all formed finishes: 

a. Spalls, air bubbles, rock pockets, form depressions, and other defects that 

are more than 1/4-inch in depth. 

b. Holes from tie rods and other form tie systems. 

c. Fins, offsets, and other projections that extend more than 1/4-inch beyond 

designated concrete member surface. 

d. Structural cracks, as defined by ENGINEER. 

e. Non-structural cracks greater than 0.010-inch wide as defined by 

ENGINEER.  In liquid-retaining structures, elevated slabs subject to the 

elements or washdowns, below-grade members, and cracks that evidence 

leakage.  Where it is not possible to verify whether a crack is leaking, 

repair the crack. 

2. Repair the following defects in smooth-finish surfaces, in addition to those 

listed above in this Section: 

a. Spalls, air bubbles, rock pockets, form depressions, and other defects that 

extend to more than 1/2-inch in width in any direction, no matter how 

deep. 

b. Spalls, air bubbles, rock pockets, form depressions, and other defects of 

any size that exceed three in number in a 12-inch by 12-inch area, or 12 

in number in a three-foot by three-foot area. 

c. Fins, offsets, and other projections shall be completely removed and 

smoothed. 

d. Scratches and gouges in concrete surface. 

e. Texture and color irregularities.  In liquid-retaining surfaces, texture and 

color irregularities need not be repaired when greater than 12 inches 

below minimum normal operating liquid surface elevation, except where 

such defects are indicative of reduced durability. 

3. Where smooth rubbed or grout cleaned finish is specified, minor surface 

defects repairable by the finishing process need not be repaired prior to finish 

application, when approved by ENGINEER. 

 

B. Method of Repair of Formed Surfaces: 
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1. Immediately after removing forms, repair and patch defective areas with 

cement mortar or concrete repair mortar as directed by ENGINEER.  Make 

repairs made to liquid-retaining structures and below-grade surfaces with repair 

mortar only.  Repair form tie holes in liquid-retaining or below-grade surfaces 

with non-shrink grout in accordance with Section 03600, Grouting. 

2. Honeycombs, Rock Pockets, and Holes Left by Tie Rods and Bolts: 

a. Cut out honeycomb, rock pockets, voids, and holes left by tie rods and 

bolts, down to solid concrete but, in no case, to depth less than one-inch 

for cement mortar and 1/2-inch for repair mortar.  Make edges of cuts 

perpendicular to concrete surface. 

b. Before placing cement mortar, thoroughly clean and brush-coat area to be 

patched with specified bonding agent. 

c. When using concrete repair mortar, use of bonding agent is optional; 

prepare the surface and place mortar in accordance with mortar 

manufacturer’s recommendations. 

d. Repairs at exposed-to-view surfaces shall match the color of surrounding 

concrete, except color matching is not required for interior surfaces of 

liquid-retaining surfaces up to one foot below typical minimum liquid 

level.  Impart texture to repaired surfaces to match texture of existing 

adjacent surfaces.  Provide test areas at inconspicuous locations to verify 

mixture, texture, and color match before proceeding with patching.   

e. Compact mortar in place and strike off slightly higher than the 

surrounding surface. 

3. Structural Cracks: Pressure-grout structural cracks using injectable epoxy 

installed using pressurized system.  Apply in accordance with epoxy 

manufacturer’s directions and recommendations. 

4. Non-structural Cracks: Shall be pressure-grouted using hydrophobic or 

hydrophilic resin.  Install in accordance with resin manufacturer’s directions 

and recommendations. 

5. Determination of the crack type shall be made by the ENGINEER. 

6. Holes Through Concrete: 

a. Using plunger-type gun or other suitable device, fill holes extending 

through concrete from least-exposed face, using flush stop held at 

exposed face; completely fill the hole with specified repair material. 

b. At below-grade and liquid-containing members, fill holes with concrete 

repair mortar and use color-matched cement mortar for outer two inches 

at exposed-to-view surfaces. 

7. Where power washing or scrubbing is not adequate, abrasive blast exposed- 

to-view surfaces that require removal of stains, grout accumulations, sealing 

compounds, and other substances marring the surfaces.  Use sand finer than 

No. 30 and air pressure from 15 to 25 psi. 

 

C. Repair of Unformed Surfaces: 

1. Test unformed surfaces, such as monolithic slabs, for smoothness and to verify 

surface plane to specified tolerances for each surface and finish.  Correct low 

and high areas in accordance with this Section. 
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2. Test unformed surfaces sloped to drain for trueness of slope, in addition to 

smoothness, using template having the required slope.  Correct high and low 

areas in accordance with this Section. 

3. Repair finish of unformed surfaces containing defects that adversely affect 

concrete durability.  Surface defects include crazing, cracks in excess of 

0.01-inch wide, spalling, pop outs, honeycombs, rock pockets, and other 

objectionable conditions. 

4. Repair structural cracks in all structures and non-structural cracks in liquid-

retaining structures.  In liquid-retaining structures, where dry face of concrete 

member can be observed, repair all cracks evidencing any rate of water flow 

through crack.  Where dry face of member cannot be observed, repair all 

cracks. 

 

D. Methods of Repair of Unformed Surfaces: 

1. Correct high areas in unformed surfaces by grinding, after concrete has cured 

sufficiently so that repairs can be made without damage to adjacent areas. 

2. Correct low areas in unformed surfaces, during or immediately after comple-

tion of surface finishing, by cutting out low areas and replacing with fresh 

concrete.  Finish repaired areas to blend into adjacent concrete.  Where repairs 

are required and concrete has already set, sawcut around perimeter of area to be 

repaired to depth of 1/2-inch and remove concrete so that minimum thickness 

of repair is 1/2-inch.  Apply specified concrete repair mortar in accordance 

with repair mortar manufacturer’s directions and recommendations. 

3. Repair defective areas, except random cracks and single holes not exceeding 

one-inch diameter, by cutting out and replacing with fresh concrete.  Remove 

defective areas to sound concrete with clean, square cuts, and expose 

reinforcing steel with at least 3/4-inch clearance all around.  Minimum 

thickness of repair shall be 1.5 inches.  Dampen concrete surfaces in contact 

with patching concrete and brush with specified bonding agent.  Place patching 

concrete while bonding agent is tacky.  Mix patching concrete of same 

materials and proportions to provide concrete of same classification as original, 

adjacent concrete.  Place, compact, and finish as required to blend with 

adjacent finished concrete.  Cure in the same manner as adjacent concrete. 

4. Repair isolated, random, non-structural cracks (in members that are not below 

grade or liquid-retaining), and single holes not greater than one-inch diameter, 

by dry-pack method.  Groove top of cracks, and cut out holes to sound 

concrete, and clean repair area of dust, dirt, and loose particles.  Dampen all 

cleaned concrete surfaces and brush with the specified bonding agent.  Place 

dry-pack before cement grout takes its initial set.  Mix dry-pack, consisting of 

one part Portland cement to 2.5 parts fine aggregate passing No. 16 mesh sieve, 

using only enough water as required for handling and placing.  Compact 

dry-pack mixture in place and finish to match adjacent concrete.  Keep patched 

areas continuously moist for at least 72 hours. 

5. Structural cracks shall be pressure-grouted using injectable epoxy.  Apply in 

accordance with epoxy manufacturer’s directions and recommendations. 

6. Non-structural cracks in below-grade and liquid-retaining structures shall be 

pressure-grouted using hydrophilic resin.  Apply in accordance with resin 

manufacturer’s directions and recommendations. 
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7. Determination of crack type will be by ENGINEER. 

 

E. Other Methods of Repair: 

1. Repair methods not specified in this Section may be used when approved by 

ENGINEER. 

 

 

+ + END OF SECTION + + 
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SECTION 03310 

 

HYDROSTATIC TESTING OF CONCRETE STRUCTURES 

 

 

PART 1 - GENERAL 

 

1.1 DESCRIPTION 

 

A. Scope: 

1. This section covers requirements of water tightness testing of liquid 

containment structures designed to resist liquid loads. excluding hazardous 

materials, primary or secondary containment structures, manholes, pipes, or 

culverts.  

2. CONTRACTOR shall provide labor, material, tools, equipment, and 

incidentals as shown, specified, and required to: 

a. Flush, and test structures that will contain fluid. 

b. Prepare hydraulic structures for testing. 

c. Convey water to test location. 

d. Perform test. 

e. Drain and dispose of water used for testing. 

 

B. Hydraulic Structure Scheduled for Hydrostatic Testing: 

1. Sedimentation Basin #2 South Wall.  

 

C. Water for Testing: 

1. Water for testing will be furnished by OWNER. 

2. CONTRACTOR shall provide temporary piping, hoses, valves, backflow 

preventers, appurtenances, and services required for testing. 

3. CONTRACTOR shall convey the water to testing location. 

4. Clean non-potable water to be used unless OWNER provides otherwise.  

5 Water for testing may be withdrawn from: 

a. As determined by OWNER. 

6. Maximum rate at which water may be withdrawn shall be consistent with 

standard use.  

 

D. Provide chemicals required for testing if needed. 

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. ACI 350.1-10, Tightness Testing of Environmental Engineering Concrete 

Structures, and Commentary. 

2. APHA/AWWA/WEF, Standard Methods for the Examination of Water and 

Wastewater. 
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1.3 SUBMITTALS 

 

A. Action Submittals: Submit the following six weeks prior to leak testing: 

1. Procedure Submittals (including proposed plans for water conveyance, 

control, and disposal): 

a. Cleaning procedures. 

b. Hydrostatic testing procedures and equipment required for each 

hydraulic structure to be tested. 

c. Disinfection procedures and equipment required for hydraulic structure 

to be tested, if required.  

d. Proposed repair methods, materials, and modifications needed to assure 

that the Work will meet tightness requirements.  

e. Test reports shall include the results of tightness testing performed 

during the course of the Work and shall be submitted to the ENGINEER. 

Test reports shall include structure test locations, dates of testing, retest 

results, corrective actions taken, if any, and final results. 
 

B. Informational Submittals: Submit the following: 

1. Special Procedure Submittals:  

a. Time schedule for each test. 

b. Procedure for disposal of chlorinated water, including proposed 

dichlorination chemical, if applicable.  

c. Not less than 2 days prior to scheduled test, submit written notification 

of intent to test to OWNER of hydraulic structure. Do not commence 

testing without obtaining ENGINEER’s acceptance of testing 

procedures, notification, and other required pre-test submittals. 

2. Field Quality Control Submittals:  

a. Results of each test. 

 

 

PART 2 – PRODUCTS 

 

2.1 MATERIALS 

 

A. Leak Test Water  

1. Clean non-potable water to be used unless OWNER determines otherwise. The 

OWNER will provide  water at no cost to the CONTRACTOR. 

2. CONTRACTOR will be responsible for conveying test water from the 

OWNER’s    point of delivery to the test structure, for filling and emptying the 

structure and for disposal of water after leak testing.  

B. Test Apparatus and Fluid Control Devices: 

1. Provide temporary pumping, hoses, piping, instrumentation, and other 

materials, equipment, and items necessary to perform cleaning, and testing of 

hydraulic structure. 
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2. Provide and maintain temporary valves, plugs, bulkheads, and other fluid 

control devices suitable for the intended use and required cleaning, and 

testing.  

3. Do not use materials or items that will injure or damage the Work.  

4. Temporary backflow preventers shall be reduced pressure zone-type. 

 

 

 

 

 

PART 3 – EXECUTION 

 

3.1 CLEANING 

 

A. Cleaning Requirements: 

1. Prior to testing, remove scaffolding, planking, tools, rags, dirt, debris, foreign 

matter, and material not part of the permanent structure. 

2. Thoroughly clean hydraulic structure wall, and operating equipment. 

3. Remove from the hydraulic structure water, dirt, and foreign material 

accumulated during cleaning. Provide temporary pumps, piping, and facilities 

as required to discharge water from the cleaning operation in manner 

acceptable to OWNER and in accordance with Laws and Regulations. 

4. Do not proceed with testing until ENGINEER has accepted the field results 

of cleaning. 

 

 

 

3.2 TESTING – GENERAL 

 

A. General Provisions Applicable to Testing of the Hydraulic Structure: 

1. Do not start hydrostatic tests when severe weather conditions, such as heavy 

precipitation, high winds, major changes in average daily temperature, and 

other severe conditions are predicted for duration of test period. 

2. Hydraulic structure shall not be backfilled until ENGINEER accepts 

hydrostatic test results.  

3. Repair leaks in accordance with the Technical Contract Documents. 

 

3.3 HYDROSTATIC TESTING OF HYDRAULIC STRUCTURES 

 

A. Analysis of data from hydrostatic testing of the hydraulic structure shall be by 

ENGINEER in accordance with ACI 350.1-10 and this Section. Provide materials, 

equipment, and labor to obtain test data. 

 

B. Test Preparation 

1. Standing water in or outside of the containment structure that would interfere 

with the examination of the exposed concrete surfaces of the containment 

structure shall be removed. The concrete surfaces and concrete joints shall 
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be visually examined by the CONTRACTOR for potential leakage points. 

Areas the CONTRACTOR believes are areas of potential leakage shall be 

repaired before filling the containment structure with water.  

 

C. Prior to starting hydrostatic testing, perform the following: 

1. Concrete elements of the hydraulic structure that will resist pressure exerted 

by retained fluid shall be in place and have attained specified 28-day 

compressive strength. 

2. No backfill shall be placed against the walls or on the wall footings of the 

containment structures to be tested, until ENGINEER accepts hydrostatic test 

results. 

3. Repair defective concrete. 

4. Advise ENGINEER prior to commencing fill of hydraulic structure for 

hydrostatic testing per the minimum requirements specified herein.  

5. Do not perform hydrostatic testing during period when ambient temperature 

is below 33 degrees F. 

6. Hydraulic structures with interior, wetted concrete surfaces shall remain filled 

with water for an initial adsorption period of not less than 48 hours. Following 

this initial period, provide make-up water to fill the hydraulic structure to 

specified water surface test elevation. 
 

D. Required Water Surface Elevation for Hydrostatic Testing: 

1. Fill hydraulic structures to the design maximum liquid level shown on 

Technical Contract Documents for each structure. 

2. Where test elevation is not specified or indicated: 

a. Where the fluid level in the structure will normally be controlled by a 

weir, fill structure to elevation 6-inches below the weir crest.  

b. Where structure does not have a flow control weir, test elevation shall 

be 2-feet below top of structure. 

c. Where the structure is coved and includes an overflow, fill structure to 

an elevation 1-inch below the overflow level.  

d. Where the structure is open and includes an overflow, fill structure to 

an elevation 4-inches below the overflow level. 

3. The initial filling of a new containment structure should not exceed a rate of 

4-feet per hour.  

4. In addition to the initial wetting period specified above, concrete containment 

structures shall be kept full to the level specified for at least 3 days. 

5. When water has reached specified test elevation and specified wetting period 

has elapsed, inspect hydraulic structure’s exposed surfaces for leakage. 

Before starting hydrostatic testing, minor leaks can be given 7 days to self-

heal prior to repair procedure is performed. 

 

E. Hydrostatic Tightness Test: Qualitative Criteria 

1. The exterior surfaces of the containment structure shall be observed in both 

the early mornings and late afternoons during the 3-day period before Part 2 

of the test. If water is observed on the containment structure exterior surfaces, 

including joints, repaired honeycombed areas and cracks, where moisture can 
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be picked up on a dry hand, the containment structure shall be considered to 

have failed the Qualitative Criteria of the hydrostatic tightness test. 

2. Wet areas on top of the wall footing shall not be considered a Qualitative 

Criteria failure of the hydrostatic tightness test unless the water can be 

observed to be flowing. 

3. Defects causing the failure of the Qualitative Criteria of the hydrostatic 

tightness test shall be repaired before acceptance of the containment structure. 

 

 

F. Retesting 

1. A restart of the test shall be required when test measurements become 

unreliable due to unusual precipitation or other external factors. 

2. The containment structure having a Qualitative Criteria test failure, shall have 

the interior of the containment structure observed for probable problem areas 

by the CONTRACTOR. The containment structure shall only be retested after 

the probable problem areas are repaired. 

3. Containment structure shall be retested until it meets the required Qualitative 

criteria. Repairs shall be made before each retest. 

4. Re-Test Duration: Hydrostatic re-test duration shall be determined by the 

ENGINEER in accordance with ACI 350.1-10, and shall be at least 4 days. 

 

G. Criteria for Acceptance: 

2. If hydrostatic test fails, the hydraulic structure may be re-tested immediately 

without repairs. If subsequent hydrostatic test fails, repair probable areas of 

leakage and repeat the hydrostatic test. 

3. Re-test hydraulic structure until it meets criteria specified for acceptance. 

Repair probable leakage areas before testing. 

 

H. Reuse and Disposal of Water Used in Hydrostatic Tests: 

1. Obtain ENGINEER’s acceptance before water used in one hydrostatic test is 

pumped to a different hydraulic structure for reuse in subsequent test. 

2. Discharge water used in hydrostatic tests as directed by the OWNER. 
 

 

 

 

 

 

 

+ + END OF SECTION + + 
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SECTION 03600 

 

GROUTING 

 

 

PART 1 – GENERAL  

 

1.1 DESCRIPTION  

 

A. Scope:  

1. CONTRACTOR shall provide all labor, materials, equipment, and incidentals 

as shown, specified, and required to furnish and install grout and perform 

grouting Work.  

 

B. Coordination: 

1. Review installation procedures under this and other Sections and coordinate 

installation of items to be installed with or before grouting Work. 

 

C. Related Sections: 

1. Section 03150, Concrete Accessories. 

2. Section 03300, Cast-In-Place Concrete. 

 

D. Application and Grout Material:  

1. The following is a listing of grouting applications and the corresponding type 

of grout material to be provided for the associated application.  Unless shown 

or indicated otherwise in the Contract Documents, provide grout in accordance 

with the following: 

 

TABLE 03600-A, GROUT APPLICATIONS AND MATERIAL TYPES 

 

Application Required Grout Material Type 

Beam and column (one- or two-story 

height) base plates and precast concrete 

bearing less than 16 inches in the least 

dimension 

Class II Non-Shrink 

Base plates for storage tanks and other non-

motorized equipment, and motorized 

equipment or machinery less than 50 

horsepower 

Class I Non-Shrink (unless otherwise 

recommended by equipment manufacturer) 

Column base plates and precast concrete 

bearing (greater than two-story height or 

larger than 16 inches in the least 

dimension) 

Class I Non-Shrink 

Motorized equipment or machinery equal 

to and greater than 50 horsepower, and 

motorized equipment or machinery 

equipment less than 50 horsepower subject 

Class III Non-Shrink Epoxy (unless 

otherwise recommended by equipment 

manufacturer) 
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Application Required Grout Material Type 

to severe shock loads or high vibration 

Filling blockout spaces for embedded items 

such as railing posts, guide frames for 

hydraulic gates, and similar applications 

Class II Non-Shrink (Class I where 

placement time exceeds 15 minutes) 

Grout fill or grout toppings less than four 

inches thick 

Grout Fill 

Applications not listed above, where grout 

is indicated on the Drawings 

Class I Non-Shrink, unless shown or 

indicated otherwise 

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. ACI 211.1, Practice for Selecting Proportions for Normal, Heavyweight, and 

Mass Concrete. 

2. ACI 301, Structural Concrete for Buildings. 

3. ASTM C33/C33M, Specification for Concrete Aggregates. 

4. ASTM C109/C109M, Test Method for Compressive Strength of Hydraulic 

Cement Mortars (Using 2-in. or [50-mm] Cube Specimens). 

5. ASTM C230/C230M, Specification for Flow Table for Use in Tests of 

Hydraulic Cement. 

6. ASTM C531, Test Method for Linear Shrinkage and Coefficient of Thermal 

Expansion of Chemical-Resistant Mortars, Grouts, Monolithic Surfacings, and 

Polymer Concretes. 

7. ASTM C579, Test Methods for Compressive Strength of Chemical-Resistant 

Mortars, Grouts, Monolithic Surfacings, and Polymer Concretes. 

8. ASTM C827, Test Method for Change in Height at Early Ages of Cylindrical 

Specimens of Cementitious Mixtures. 

9. ASTM C882/C882M, Test Method for Bond Strength of Epoxy-Resin Systems 

Used with Concrete by Slant Shear. 

10. ASTM C939, Text Method for Flow of Grout for Preplaced-Aggregate 

Concrete (Flow Cone Method). 

11. ASTM C1107/C1107M, Specification for Packaged Dry, Hydraulic-Cement 

Grout (Nonshrink). 

12. ASTM C1181, Test Methods for Compressive Creep of Chemical-Resistant 

Polymer Machinery Grouts. 

13. NSF/ANSI 61, Drinking Water System Components - Health Effects. 

 

1.3 QUALITY ASSURANCE 

 

A. Qualifications: 

1. Grout Testing Laboratory: 

a. Independent testing laboratory employed for design and testing of grout 

materials and mixes shall comply with testing laboratory requirements in 

Section 03300, Cast-in-Place Concrete and other applicable requirements 

in the Contract Documents. 
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2. Manufacturer's Field Service Technician: When required, provide services of 

manufacturer's full-time employee, factory-trained in handling, use, and 

installing the products required, with at least five years of experience in field 

applications of the products required. 

 

B. Trial Batch: 

1. Each grout fill and construction joint grout mix proportion and design shall be 

verified by laboratory trial batch or field experience methods.   Comply with 

ACI 211.1 and submit to ENGINEER a report with the following data: 

a. Complete identification of aggregate source of supply. 

b. Tests of aggregates for compliance with specified requirements. 

c. Scale weight of each aggregate. 

d. Absorbed water in each aggregate. 

e. Brand, type, and composition of cement. 

f. Brand, type, and amount of each admixture. 

g. Amounts of water used in trial mixes. 

h. Proportions of each material per cubic yard. 

i. Unit weight and yield per cubic yard of trial mixtures. 

j. Measured slump. 

k. Measured air content. 

l. Compressive strength developed at seven days and 28 days, from not less 

than three test specimens cast for each seven-day and 28-day test, and for 

each design mix. 

2. Laboratory Trial Batches:  When laboratory trial batches are used to select 

grout proportions, prepare test specimens and conduct strength tests as 

specified in ACI 301.  

3. Field Experience Method: When field experience methods are used to select 

grout proportions, establish proportions as specified in ACI 301. 

 

1.4 SUBMITTALS  

 

A. Action Submittals: Submit the following: 

1. Shop Drawings:  

a. Schedule of Project-specific grout applications, installation locations, and 

the grout type proposed for each. 

b. List of grout materials and proportions for the proposed mix designs.  

Include data sheets, test results, certifications, and mill reports to qualify 

the materials proposed for use in the mix designs.  Do not start laboratory 

trial batch testing until submittal is approved by ENGINEER. 

c. Trial Batch Reports: Submit laboratory test reports for grout materials 

and mix design tests. 

2. Product Data: 

a. Data sheets, certifications, and manufacturer's specifications for all 

materials proposed for use. 

 

B. Informational Submittals: Submit the following: 

1. Manufacturer’s Instructions: 
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a. Special instructions for shipping, storing, protecting, and handling. 

b. Installation instructions for the materials. 

2. Field Quality Control Submittals: 

a. Report field testing results for each required time period. (e.g., seven-day 

tests, 28-day tests).  Submit within 24 hours after completion of 

associated test.  Each test report shall include results of all testing 

required at time of sampling. 

3. Supplier Reports: 

a. Submit written report of results of each visit to Site by Supplier’s field 

service technician, including purpose and time of visit, tasks performed, 

and results obtained.  Submit within two days of completion of visit to 

the Site. 

4. Qualifications Statements: 

a. Testing laboratory, when not submitted under other Sections. 

b. Manufacturer, when submittal of qualifications is required by 

ENGINEER.  

c. Manufacturer's field service technician, when submittal of qualifications 

is required by ENGINEER. 

 

1.5 PRODUCT DELIVERY, STORAGE AND HANDLING  

 

A. Storage of Materials: Store grout materials in a dry location, protected from weather 

and protected from moisture.  

 

 

PART 2 – PRODUCTS 

 

2.1 NON-SHRINK GROUT MATERIALS  

 

A. General: Non-shrink grout shall be a prepackaged, inorganic, flowable, non-gas-

liberating, non-metallic, cement-based grout requiring only the addition of water. 

Manufacturer's instructions shall be printed on each bag or container in which the 

materials are packaged.  Specific formulation for each type or class of non-shrink 

grout specified in this Section shall be that recommended by the grout manufacturer 

for the particular application. 

 

B. Class I Non-Shrink Grout: 

1. Class I non-shrink grouts shall have a minimum 28-day compressive strength 

of 7,000 psi.  Use grout for precision grouting and where water-tightness and 

non-shrink reliability in both plastic and hardened states is critical, in 

accordance with Table 03600-A in this Section. 

2. Products and Manufacturer: Provide one of the following: 

a. Masterflow 928, by Master Builders, Inc. 

b. Five Star Grout, by Five Star Products, Inc. 

c. Hi-Flow Grout, by Euclid Chemical Company. 

d. Or Engineer-approved equal. 
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3. Comply with ASTM C1107/C1107M, Grade C and B (as modified below) 

when tested using amount of water required to achieve the following 

properties: 

a. Fluid consistency (20 to 30 seconds) shall be in accordance with ASTM 

C939. 

b. At temperatures of 45, 73.4, and 95 degrees F. 

4. Length change from placing to time of final set shall not have shrinkage greater 

than the expansion measured at three or fourteen days.  Expansion at three or 

fourteen days shall not exceed the 28-day expansion.  

5. Non-shrink property shall not be based on chemically-generated gas or gypsum 

expansion. 

6. Fluid grout shall pass through the flow cone, with continuous flow, one hour 

after mixing. 

 

C. Class II Non-Shrink Grout: 

1. Class II non-shrink grouts shall have minimum 28-day compressive strength of 

7,000 psi.  Use grout for general-purpose grouting applications in accordance 

with Table 03600-A in this Section. 

2. Products and Manufacturer: Provide one of the following: 

a. Construction Grout, by Master Builders, Inc. 

b. FSP Construction Grout, by Five Star Products, Inc. 

c. NS Grout, by Euclid Chemical Company. 

d. Or Engineer-approved equal. 

3. Comply with ASTM C1107/C1107M and the following when tested using the 

quantity of water required to achieve the following properties: 

a. Flowable consistency (140 percent flow in accordance with ASTM 

C230/C230M, five drops in 30 seconds). 

b. Fluid working time of at least 15 minutes. 

c. Flowable for at least 30 minutes. 

4. When tested, grout shall not bleed at maximum allowed water. 

5. Non-shrink property shall not be based on chemically-generated gas or gypsum 

expansion. 

 

D. Class III Non-Shrink Epoxy Grout: 

1. Epoxy grout shall be a pourable, non-shrink, 100-percent solids system.   

2. Products and Manufacturer: Provide one of the following: 

a. E3G, by Euclid Chemical Company. 

b. Sikadur 42 Grout Pak, by Sika Corporation. 

c. HP Epoxy Grout, by Five Star Products, Inc. 

d. Or Engineer-approved equal. 

3. Epoxy grout system shall have three components: resin, hardener, and specially 

blended aggregate, all pre-measured and prepackaged.  Resin component shall 

not contain non-reactive diluents.  Resins containing butyl glycidyl ether 

(BGE) or other highly volatile and hazardous reactive diluents are 

unacceptable.  Variation of component ratios is not allowed without specific 

recommendation by manufacturer.  Manufacturer's instructions shall be printed 

on each container in which products are packaged.   
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4. The following properties shall be attained with the minimum quantity of 

aggregate allowed by epoxy grout manufacturer.  

a. Vertical volume change at all times before hardening shall be between 

zero percent shrinkage and 4.0 percent expansion when measured in 

accordance with ASTM C827 (modified for epoxy grouts by using an 

indicator ball with specific gravity between 0.9 and 1.1). 

b. Length change after hardening shall be less than 0.0006-inch per inch and 

coefficient of thermal expansion shall be less than 0.00003-inch per inch 

per degree F when tested in accordance with ASTM C531. 

c. Compressive creep at one year shall be less than 0.001-inch per inch 

when tested under a 400-psi constant load at 140 degrees F in accordance 

with ASTM C1181. 

d. Minimum seven-day compressive strength shall be 14,000 psi when 

tested in accordance with ASTM C579 

e. Grout shall be capable of maintaining at least a flowable consistency for 

minimum of 30 minutes at 70 degrees F. 

f. Shear bond strength to portland cement concrete shall be greater than 

shear strength of concrete when tested in accordance with ASTM 

C882/C882M. 

g. Minimum effective bearing area shall be 95 percent. 

 

2.2 GROUT MATERIALS OTHER THAN NON-SHRINK GROUT  

 

A. General: Materials for grouts (other than non-shrink grouts) shall be in accordance 

with Section 03300, Cast-In-Place Concrete, except as otherwise specified in this 

Section. 

 

B. Grout Fill: 

1. Grout fill shall be comprised of cement, fine aggregate, coarse aggregate, 

water, and admixtures proportioned and mixed in accordance with this Section. 

a. Minimum Compressive Strength: 4,000 psi at 28 days. 

b. Maximum Water-Cement Ratio: 0.45 by weight. 

c. Coarse Aggregate: ASTM C33/C33M, No. 8 size. 

d. Fine Aggregate: ASTM C33/C33M, approximately 60 percent by weight 

of total aggregate. 

e. Air Content: Seven percent (plus or minus one percent). 

f. Minimum Cement Content: 564 pounds per cubic yard. 

g. Slump for grout fill shall be adjusted to match placing and finishing 

conditions and shall not exceed four inches. 

 

C. Construction Joint Grout: 

1. Construction joint grout shall be comprised of cement, fine aggregate, coarse 

aggregate, water, and admixtures proportioned with similar cementitious 

characteristics as Class “A” concrete specified in Section 03300, Cast-In-Place 

Concrete.  Mix design shall result in grout that is flowable with high mortar 

content.  Mix requirements are: 

a. Minimum Compressive Strength: 4,500 psi at 28 days. 
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b. Maximum Water-Cement Ratio: 0.42 by weight. 

c. Coarse Aggregate: ASTM C33/C33M, No. 8 size. 

d. Fine Aggregate: ASTM C33/C33M, approximately 60 percent by weight 

of total aggregate. 

e. Air Content: Seven percent (plus or minus one percent). 

f. Minimum Cement Content: 752 pounds per cubic yard. 

g. Slump for Construction Joint Grout: Seven inches (plus or minute one 

inch). 

 

2.3 CURING MATERIALS 

 

A. Curing materials shall comply with Section 03300, Cast-in-Place Concrete, and shall 

be as recommended by the manufacturer of prepackaged grouts. 

 

 

PART 3 – EXECUTION  

 

3.1 INSPECTION 

 

A. Examine substrate and conditions under which grouting will be performed and notify 

ENGINEER in writing of unsatisfactory conditions.  Do not proceed with the Work 

until unsatisfactory conditions are corrected. 

 

3.2 INSTALLATION  

 

A. General:  

1. Place grout as shown and indicated, and in accordance with Laws and 

Regulations and grout manufacturer's instructions.  If manufacturer's 

instructions conflict with the Contract Documents, obtain clarification or 

interpretation from ENGINEER before proceeding. 

2. Consistency of non-shrink grouts shall be as required to completely fill the 

space to be grouted for the particular application.  Do not install grout for dry-

packing without approval of ENGINEER.  When dry-packing is approved by 

ENGINEER, dry-pack consistency shall be such that grout has sufficient water 

to ensure hydration and grout strength development, and remains plastic, 

moldable, and that does not flow. 

3. Grouting shall comply with temperature and weather limitations in Section 

03300, Cast-In-Place Concrete.  

4. Cure grout in accordance with grout manufacturer’s instructions for 

prepackaged grout and Section 03300, Cast-In-Place Concrete, for grout fill. 

 

B. Equipment Bases:  

1. Install equipment in accordance with manufacturer’s recommendations, Laws, 

and Regulations, and the Contract Documents.  After shimming equipment to 

proper elevation, securely tighten anchors.  Properly form around base plates, 

allowing sufficient room around edges for placing grout.  Provide adequate 
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depth between bottom of equipment base and top of concrete base to ensure 

that voids are completely filled with non-shrink grout. 

 

C. Handrail Posts:  

1. After posts have been properly inserted into holes or sleeves, fill annular space 

between posts and sleeve with non-shrink grout.  Bevel grout at juncture with 

post so that water will flow away from post. 

 

D. Construction Joints: 

1. Place a six-inch minimum thick layer of construction joint grout over contact 

surface of concrete at interface of horizontal construction joints in accordance 

with Section 03150, Concrete Accessories, and Section 03300, Cast-In-Place 

Concrete. 

 

E. Grout Fill: 

1. All mechanical, electrical, and finish work shall be completed prior to placing 

grout fill.  Base slab shall be provided with a scratched finish in accordance 

with Section 03300, Cast-In-Place Concrete.  Roughen existing slabs shall by 

abrasive blasting or hydro-blasting exposing aggregates to ensure bonding to 

base slab. 

2. Minimum thickness of grout fill shall be one inch.  Where finished surface of 

grout fill is to form an intersecting angle of less than 45 degrees with concrete 

surface against which grout will be placed, form a key in the concrete surface 

at the intersection point.  Key shall be minimum of 3.5 inches wide by 1.5 

inches deep. 

3. Thoroughly clean and wet base slab prior to placing grout fill.  Do not place 

grout fill until slab is completely free of standing water.  A thin coat of neat 

Type II cement slurry shall be broomed into surface of slab.  Place grout fill 

while slurry is wet.  Grout fill shall be compacted by rolling or tamping, 

brought to elevation, and floated.  In tanks and basins where scraping-type 

equipment will be installed, grout fill shall be screeded by blades attached to 

revolving mechanism of equipment in accordance with procedures 

recommended by equipment manufacturer after grout is brought to elevation. 

4. Grout fill placed on sloping slabs shall be installed uniformly from bottom of 

slab to top, for full width of placement.   

5. Test grout fill surface with a straight edge to detect high and low spots; 

immediately correct high and low spots in grout fill.  When grout fill has 

hardened sufficiently, grout fill shall be steel troweled to provide a smooth 

surface free of bug holes and other imperfections.  While an acceptable type of 

mechanical trowel may be used in this operation, the last pass over the grout 

fill surface shall be by hand-troweling.  During finishing, do not apply the 

following to the grout fill surface: water, dry cement, or mixture of dry cement 

and sand. 

6. Cure and protect grout fill in accordance with Section 03300, Cast-In-Place 

Concrete. 

 

3.3 FIELD QUALITY CONTROL 
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A. Field Testing Services: 

1. CONTRACTOR shall employ an independent testing laboratory to perform 

field quality control testing for grout.  ENGINEER will direct where samples 

are to be obtained. 

2. Comply with testing laboratory requirements in Section 03300, Cast-In-Place 

Concrete for required testing laboratory qualifications. 

 

B. Quality Control Testing During Construction:  

1. Grout Fill: Perform sampling and testing for field quality control during grout 

fill placing as follows:  

a. Sampling Fresh Grout Fill: ASTM C172. 

b. Slump: ASTM C143; one test for each load of grout at point of discharge. 

c. Air Content: ASTM C231; one sample for every two grout loads at point 

of discharge, and when a change in the grout is observed. 

d. Compression Test Specimens:  

1) In accordance with ASTM C109/C109M; make one set of 

compression cubes for each 50 cubic yards of grout, or fraction 

thereof, of each mix design placed each day.  Each set shall be four 

standard cubes, unless otherwise directed by ENGINEER. 

 

C. Evaluation of Field Quality Control Tests:  

1. Do not use grout, delivered to final point of placement, having slump or total 

air content that does not comply with the Contract Documents. 

2.  Compressive strength tests for laboratory-cured cubes will be acceptable if 

averages of all sets of three consecutive compressive strength test results equal 

or exceed the required 28-day design compressive strength of the associated 

type of grout. 

3. If the compressive strength tests do not comply with the requirements in the 

Contract Documents, the grout represented by such tests will be considered 

defective and shall be removed and replaced, or subject to other action required 

by ENGINEER, at CONTRACTOR’s expense. 

 

D. Manufacturer’s Services: 

1. Manufacturers of proprietary materials shall make available upon 72 hours 

notification the services of qualified, full-time employee, experienced in 

serving as a field service technician for the products required, to aid in assuring 

proper use of products under the actual conditions at the Site. 

 

 

+ + END OF SECTION + + 

 

 

 

 

 

 



DIVISION 5 
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SECTION 05053 

 

ANCHOR SYSTEMS 

 

 

PART 1 – GENERAL 

 

1.1 DESCRIPTION 

 

A. Scope:  

1. CONTRACTOR shall provide all professional services, labor, materials, 

equipment, and incidentals as shown, specified, and required to furnish and 

install anchor systems. 

2. This Section includes all anchor systems required for the Work, but not 

specified under other Sections. 

 

B. Coordination: 

1. Review installation procedures under this and other Sections and coordinate 

installation of items to be installed with or before anchor systems Work. 

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. ACI 318, Building Code Requirements for Structural Concrete. 

2. ACI 350, Code Requirements for Environmental Engineering Concrete 

Structures. 

3. ACI 355.2, Qualification of Post-Installed Mechanical Anchors in Concrete. 

4. ANSI/MSS SP-58, Pipe Hangers and Supports – Materials, Design, 

Manufacture, Selection, Application, and Installation. 

5. ASTM A194/A194M, Specification for Carbon and Alloy Steel Nuts for 

Bolts for High Pressure or High Temperature Service, or Both. 

6. ASTM A276, Specification for Stainless Steel Bars and Shapes. 

7. ASTM A493, Specification for Stainless Steel Wire and Wire Rods for Cold 

Heading and Cold Forging.  

8. ASTM A563, Specification for Carbon and Alloy Steel Nuts. 

9. ASTM A1011/A1011M, Specification for Steel, Sheet and Strip, Hot-

Rolled, Carbon, Structural, High-Strength Low-Alloy, High-Strength Low-

Alloy with Improved Formability, and Ultra-High Strength. 

10. ASTM B633, Specification for Electrodeposited Coatings of Zinc on Iron 

and Steel. 

11. ASTM C307, Test Method for Tensile Strength of Chemical-Resistant 

Mortar, Grouts, and Monolithic Surfacing. 

12. ASTM C881/C881M, Specification for Epoxy-Resin-Base Bonding 

Systems for Concrete. 

13. ASTM D695, Test Method for Compressive Properties of Rigid Plastics. 

14. ASTM D790, Test Methods for Flexural Properties of Unreinforced and 

Reinforced Plastics and Electrical Insulating Materials. 
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15. ASTM E329, Specification for Agencies Engaged in Construction 

Inspection, Testing, or Special Inspection. 

16. ASTM E488, Test Methods for Strength of Anchors in Concrete. 

17. ASTM F593, Specification for Stainless Steel Bolts, Hex Cap Screws, and 

Studs. 

18. ASTM F594, Specification for Stainless Steel Bolts, Hex Cap Screws, and 

Studs. 

19. ASTM F1554, Specification for Anchor Bolts, Steel, 36, 55 and 105-ksi 

Yield Strength. 

20. FS A-A-1922A, Shield, Expansion (Caulking Anchors, Single Lead). 

21. FS A-A-1923A, Concrete Expansion Anchors. 

22. FS A-A-1925A, Shield, Expansion (Nail Anchors). 

23. FS A-A-55614, Shield, Expansion (non-drilling expansion anchors). 

24. ICC-ES AC193, Acceptance Criteria for Mechanical Anchors in Concrete 

Elements. 

25. ICC-ES AC308, Acceptance Criteria for Post-Installed Adhesive Anchors in 

Concrete Elements. 

26. ISO 3506-1, Mechanical Properties of Corrosion-Resistant Stainless Steel 

Fasteners – Part 1: Bolts, Screws and Studs. 

 

 

1.3 QUALITY ASSURANCE 

 

A. Qualifications: 

1. Testing Laboratory: Shall comply with ASTM E329 and shall be 

experienced in tension testing of post-installed anchoring systems. 

2. Professional Engineer: 

a. CONTRACTOR or delegated system manufacturer shall retain a 

registered professional engineer legally qualified to practice in the 

same state as the Site.     

b. Responsibilities include: 

1) Reviewing anchor system performance and design criteria stated in 

the Contract Documents. 

2) Preparing written requests for clarifications or interpretations of 

performance or design criteria for submittal to ENGINEER by 

CONTRACTOR. 

3) Preparing or supervising preparation of design calculations and 

related Shop Drawings. 

4) Signing and sealing all design calculations and Shop Drawings. 

5) Certifying that: 

a) Design of anchor systems has been performed in accordance 

with performance and design criteria stated in the Contract 

Documents, and 

b) Design conforms to all applicable local, state, and federal Laws 

and Regulations, and to prevailing standards of practice. 

 

3. Post-installed Anchor Installer: 
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a. Mechanical and Adhesive anchors, except as noted in 1.3.A.4.b: 

Installer shall be experienced and trained by post-installed anchor 

system manufacturer in proper installation of manufacturer’s products.  

Product installation training by distributors or manufacturer’s 

representatives is unacceptable unless the person furnishing the 

training is qualified as a trainer by the anchor manufacturer. 

b. Adhesive Anchors: Installation of horizontal or upwardly inclined 

adhesive anchors shall be performed by personnel certified under an 

applicable certification program.  Certification shall include written 

and performance tests in accordance with the ACI/CRSI Adhesive 

Anchors Installer Certification Program, or equivalent.  Description of 

equivalent programs shall be submitted for ENGINEER’s approval 

and shall be accepted by the building official having jurisdiction. 

 

1.4 SUBMITTALS  

 

A. Action Submittals: Submit the following: 

1. Shop Drawings:   

a. Listing of all anchor systems products intended for use in the Work 

including product type, intended location in the Project, and embedded 

lengths. 

2. Product Data: 

a. Manufacturer’s specifications, load tables, dimension diagrams, 

acceptable base material conditions, acceptable drilling methods, and 

acceptable bored hole conditions. 

b. Copies of valid ICC ES reports that presents load-carrying capacities 

and installation requirements for anchor systems. 

 

 B. Delegated Design Submittals: 

1. Design Data: Submit the following: 

a. Design Calculations for delegated anchor systems.  Structural 

calculations shall include all specified performance criteria.  The 

magnitude of delegated system/anchorage reactions to supporting 

structure shall be clearly noted.  Design calculations shall be signed, 

sealed, and dated by CONTRACTOR’s professional engineer. 

  

C. Informational Submittals: Submit the following: 

1. Certificates: 

a. For each type of anchor bolt or threaded rod, submit copies of 

laboratory test reports and other data required to demonstrate 

compliance with the Contract Documents. 

1) Reports shall demonstrate compliance with ductile steel element 

definition of ACI 350, Appendix D or ACI 318 

b. Post-installed anchor system manufacturer’s certification that installer 

received training in the proper installation of manufacturer’s products 

required for the Work. 

c. For each required adhesive anchor installer, submit ACI/CRSI 

Adhesive Anchor Installer Certification.   
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2. Manufacturer’s Instructions: 

a. Installation instructions for each anchor system product proposed for 

use, including bore hole cleaning procedures and adhesive injection, 

cure, and gel timetables, and temperature ranges (storage, installation 

and in-service). 

3. Field Quality Control Submittals:  

a. Submit results of field quality control testing and inspections 

performed by testing laboratory. 

 

1.5 DELIVERY, STORAGE AND HANDLING  

 

A. Storage and Protection: 

1. Keep materials dry during delivery and storage.   

2. Store adhesive materials within manufacturer’s recommended storage 

temperature range. 

3. Protect anchor systems from damage at the Site.  Protect products from 

corrosion and deterioration.   

 

 

PART 2 – PRODUCTS  

 

2.1 SYSTEM PERFORMANCE 

 

A. General: 

1. At locations where conditions dictate that Work specified in other Sections 

is to be of corrosion resistant materials, provide associated anchor systems 

of stainless steel materials, unless other corrosion-resistant anchor system 

material is specified.  Provide anchor systems of stainless steel materials 

where stainless steel materials are required in the Contract Documents. 

2. Stainless Steel Nuts: 

a. For anchor bolts and adhesive anchors, provide ASTM A194/A194M, 

Grade 8S (Nitronic 60) stainless steel nuts for stainless steel anchors 

used for anchoring equipment, gates, and weirs, and other locations, if 

any, where the attachment will require future removal for operation or 

maintenance.  Provide lock washer or double nuts on each anchorage 

device provided for equipment, as required by equipment 

manufacturer. 

b. For other locations, provide for each anchorage device a nut as 

specified or as required by anchor manufacturer.  When ASTM 

A194/A194M, Grade 8S (Nitronic 60) nuts are not required for anchor 

bolts and adhesive anchors as specified in this Section, provide anti-

seizing compound where stainless steel rods are used with stainless 

steel nuts of the same type. 

B. Design Criteria 

1. Size, Length, and Load-carrying Capacity: Comply with the Contract 

Documents.  When size, length or load-carrying capacity of anchor system 

is not otherwise shown or indicated, provide the following: 
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a. Anchor Bolts: Provide size, length, and capacity required to carry 

design load based on values and requirements of Paragraph 3.2.A of 

this Section.  For conditions outside limits of critical edge distance and 

spacing in Paragraph 3.2.A of this Section, minimum anchor bolt 

embedment as shown or indicated in Paragraph 3.2.A of this Section 

apply and capacity shall be based on requirements of Laws and 

Regulations, including applicable building codes. 

b. Adhesive Anchors, Expansion Anchors, or Concrete Inserts: Provide 

size, length, type, and capacity required to carry design load.  Anchor 

capacity shall be based on the procedures required by the building 

code in effect at the Site.  Where Evaluation Service Reports issued by 

the ICC Evaluation Service are required in this Section, anchor 

capacities shall be based on design procedure required in the 

applicable ICC Evaluation Service Report. 

1) General: Determine capacity considering reductions due to 

installation and inspection procedures, embedment length, strength 

of base fastening materials, spacing, and edge distance, as 

indicated in the manufacturer’s design guidelines.  For capacity 

determination, concrete shall be assumed to be in the cracked 

condition, unless calculations demonstrate that the anchor system 

will be installed in an area that is not expected to crack under any 

and all conditions of design loading. 

2) Concrete Adhesive Anchors: Unless otherwise shown or indicated 

in the Contract Documents or approved by ENGINEER, provide 

minimum embedment depth of the greater of the following: 

required to develop tensile strength of anchor, or a minimum 

embedment of 10 anchor diameters; and minimum anchor spacing 

and edge distance of 12 anchor diameters. 

3) Concrete Expansion Anchors: Unless otherwise shown or indicated 

in the Contract Documents or approved by ENGINEER, provide 

minimum embedment depth of six anchor diameters, and minimum 

anchor spacing and edge distance of seven anchor diameters. 

2. Delegated Design: When anchor systems are used for supporting materials, 

equipment, or systems delegated to CONTRACTOR, Subcontractor, or 

Supplier, provide anchor system suitable for loads indicated in delegated 

design documents and consistent with the design intent expressed in the 

Contract Documents.  Anchor system shall be designed by a professional 

engineer, retained by CONTRACTOR, Subcontractor, or Supplier, 

registered in the same state as the Site, with proper consideration of concrete 

strength, spacing and edge distance 

 

 Design Loads. Comply with the Contract Documents.  When design load of 

supported material, equipment, or system is not otherwise shown or 

indicated, provide the following: 

a. Equipment Anchors: Use design load recommended by equipment 

manufacturer.  When equipment can be filled with fluid, use loads that 

incorporate equipment load and load imposed by fluid. 



 

 

East Area WQCP Improvements 

Sedimentation Basin #2 Wall Repair 05053-6 Anchor Systems 

b. Pipe Hangers and Supports: Use full weight of pipe, and fluid 

contained in pipe that are tributary to the support plus the full weight 

of valves and accessories located between the hanger or support being 

anchored and the next hanger or support. 

c. Hangers and Supports for Electrical Systems, and HVAC, Plumbing, 

and Fire Suppression Systems and Piping: Use the full weight of 

supported system that is tributary to the support plus the full weight of 

accessories located between the hanger or support being anchored and 

the next hanger or support.  When piping or equipment is to be filled 

with fluid, anchor systems shall be sized to support such loads in 

addition to the weight of the equipment, piping, or system, as 

applicable. 

 

C. Application: 

1. Anchor Bolts: 

a. Where anchor bolt is shown or indicated, use cast-in-place anchor bolt 

unless another anchor type is approved by ENGINEER. 

b. Provide anchor bolts as shown or indicated, or as required to secure 

structural element to appropriate anchor surface. 

2. Concrete Adhesive Anchors: 

a. Use where adhesive anchors are shown or indicated for installation in 

concrete. 

b. Suitable for use where subject to vibration. 

c. Suitable for use in exterior locations or locations subject to freezing. 

d. Suitable for use in submerged, intermittently submerged, or buried 

locations. 

e. Do not use in overhead applications, unless otherwise shown or 

approved by ENGINEER. 

f. Do not use for pipe hangers, unless otherwise shown or approved by 

ENGINEER. 

3. Concrete Wedge Expansion Anchors: 

a. Use where expansion anchors are shown or indicated for installation in 

concrete. 

b. Do not use where subject to vibration. 

c. Do not use in exterior locations or locations subject to freezing. 

d. Do not use in submerged, intermittently submerged, or buried 

locations. 

e. Suitable for use in overhead applications. 

 

4. Drop-in Expansion Anchors: 

a. Use drop-in expansion anchors installed in concrete where light-duty 

anchors are required to support piping or conduit two-inch diameter or 

smaller.   

b. Do not use for attaching safety-related systems, such as piping 

conveying hazardous or potentially hazardous materials, or fire 

suppression systems. 

c. Do not use where subject to vibration. 
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d. Do not use at submerged, intermittently submerged, or buried 

locations. 

e. Do not use in exterior locations or locations subject to freezing. 

f. Suitable for use in overhead applications. 

5. Concrete Undercut Anchors: 

a. Use where undercut anchors are shown or indicated for installation in 

concrete. 

b. Suitable for use where subject to vibration. 

c. Do not use in submerged, intermittently submerged, or buried 

locations. 

d. Do not use in exterior locations or locations subject to freezing. 

e. Suitable for use in overhead applications. 

6. Concrete Inserts: 

a. Use only where shown or indicated in the Contract Documents. 

b. Allowed for use to support pipe hangers and pipe supports for pipe 

size and loading recommended by the concrete insert manufacturer. 

7. Drive-In Expansion Anchors: 

a. Use drive-in expansion anchors installed in concrete, precast concrete, 

grouted masonry units, or brick, where light-duty anchors are required 

to support piping or conduit one-inch diameter and smaller.  

b. Do not use for attaching safety-related systems, such as piping 

conveying hazardous or potentially hazardous materials, or fire 

suppression systems. 

c. Do not use in overhead applications. 

8. For Use in Precast Concrete Planks: 

a. To support piping or conduit six-inch diameter and smaller, use low-

profile drop-in anchors, hollow concrete masonry adhesive anchors, or 

through-bolts. 

b. For piping greater than six-inch diameter, or to support safety-related 

systems, use through-bolts.  Each through-bolt shall consist of 

threaded rod, nuts, washers, and bearing plate. 

 

2.2 MATERIALS  

 

2. Anchor Bolts: 

2. Interior Dry Non-Corrosive Locations: Provide straight threaded carbon 

steel rods complying with ASTM F1554, Grade 36, with heavy hex nuts 

complying with ASTM A563 Grade A, unless otherwise shown or indicated 

on the Drawings.  Hooked anchor bolts are unacceptable. 

2. Exterior, Buried, Submerged Locations, or When Exposed to Wastewater: 

Provide stainless steel straight threaded rods complying with ASTM F593, 

AISI Type 316, Condition A, with ASTM F594, AISI Type 316, stainless 

steel nuts.  Provide ASTM A194/A194M, Grade 8S (Nitronic 60) stainless 

steel nuts where required.  Other AISI types may be used when approved by 

ENGINEER.  Hooked bolts are unacceptable. 

a. Stainless steel straight threaded rod shall comply with ductility 

requirements of ACI 350 Appendix D or ACI 318, chapter 17.   
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3. Equipment: Provide anchor bolts complying with material requirements of 

this Section and equipment manufacturer’s requirements relative to size, 

embedment length, and anchor bolt projection.  Anchor bolts shall be 

straight threaded rods with washers and nuts as specified in this Section.  

Hooked bolts are unacceptable. 

4. Anchoring of Structural Elements: Provide anchor bolts of size, material, 

and strength shown or indicated in the Contract Documents. 

 

B. Concrete Adhesive Anchors: 

1. General: 

a. Adhesive anchors shall consist of threaded rods anchored into 

hardened concrete using an adhesive system. 

2. Products and Manufacturers: Provide one of the following unless otherwise 

noted in the Drawings: 

a. HIT-RE 500-V3 Injection Epoxy Adhesive Anchoring System, by 

Hilti Fastening Systems, Inc. 

b.  HIT-HY 200-A and HIT-HY 200-R Adhesive Anchoring System, by 

Hilti Fastening Systems, Inc 

c. SET-XP Epoxy-Tie Adhesive, by Simpson Strong-Tie Company, Inc. 

d. Or approved equal. 

3. Adhesive: 

a. Adhesive system shall use two-component adhesive mix. 

b. Epoxy adhesives shall comply with physical requirements of ASTM 

C881/C881M, Type IV, Grade 2 and 3, Class A, B, and C, except gel 

times. 

c. Adhesives shall have a current evaluation report by ICC Evaluation 

Service for use in both cracked and uncracked concrete with seismic 

recognition for SDC A through F as tested and assessed in accordance 

with ICC-ES AC308. 

4. Anchor: 

a. Provide continuously threaded, AISI Type 316 stainless steel adhesive 

anchor rod.  Threaded rods shall comply with the concrete adhesive 

anchor manufacturer’s specifications as included in the ICC Service 

Evaluation Report for the anchor submitted.  Nuts shall have specified 

proof load stresses equal to or greater than the minimum tensile 

strength of the stainless steel threaded rod used.  Provide ASTM 

A194/A194M, Grade 8S (Nitronic 60) stainless steel nuts where 

required.   

b. Stainless steel threaded rod shall comply with ductility requirements of 

ACI 350 or ACI 318  

 

C. Concrete Wedge Expansion Anchors: 

1. General: 

a. Concrete wedge expansion anchors shall consist of stud, wedge, nut, 

and washer. 

2. Products and Manufacturers: Provide one of the following: 

a. Kwik Bolt TZ Wedge Anchor, by Hilti Fastening Systems, Inc. 

b. Strong Bolt 2 Wedge Anchor, by Simpson Strong-Tie Company, Inc. 
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c. Or approved equal. 

3. Anchors shall comply with physical requirements of FS A-A-1923A, Type 

4.  Provide concrete wedge expansion anchors suitable for use in cracked 

and uncracked concrete in accordance with ACI 318 and ACI 350, 

Appendix D. Demonstrate suitability of cracked concrete wedge anchors in 

accordance with ACI 355.2 prequalification tests. 

4. Interior Dry Non-Corrosive Locations: Provide carbon steel anchors 

complete with nuts and washers, zinc plated, in accordance with ASTM 

B633. 

5. Other Locations: Provide expansion anchors complete with nuts and 

washers, AISI Type 304 stainless steel anchor body, in accordance with 

ASTM A276 or ASTM A493. 

6. Anchor shall comply with ductility requirements of ACI 350 or ACI 318. 

7. Concrete wedge expansion anchors shall have a current ICC Evaluation 

Service Report for use in both cracked and uncracked concrete with seismic 

recognition in seismic design Categories A through F when tested and 

assessed in accordance with ICC-ES AC193. 

 

D. Drop-in Expansion Anchors: 

1. General: 

a. Drop-in expansion anchors shall each consist of an internally threaded, 

deformation-controlled expansion anchor with pre-assembled 

expander plug.   

2. Products and Manufacturers: Provide one of the following: 

a. HDI Drop-In Anchors, by Hilti Fastening Systems, Inc. 

b. Drop-In Anchor, by Simpson Strong-Tie Company, Inc. 

c. Or approved equal. 

3. Provide carbon steel anchors complete with nuts and washers, zinc plated, in 

accordance with ASTM B633, complying with physical requirements of FS 

A-A-55614, Type I.  Anchors shall be flush or shell type.  Provide low-

profile anchors for use in precast concrete planks. 

 

E. Concrete Undercut Anchors: 

1. General: 

a. Each concrete undercut anchor shall consist of threaded stud, thick-

walled expansion sleeve, expander coupler, and nut and washer.  

Anchors shall be pre-set type or through-set type, as shown on the 

Drawings. 

2. Products and Manufacturers: Provide one of the following: 

a. HDA Undercut Anchor, by Hilti Fastening Systems, Inc. 

b. DUC Ductile Undercut Anchor, by USP Structural Connectors. 

c. Or approved equal 

3. Provide concrete undercut expansion anchors in accordance with ACI 318 

and ACI 350.  Demonstrate suitability of cracked concrete undercut anchors 

in accordance with ACI 355.2 prequalification tests.   

a. Anchor shall comply with ductility requirements of ACI 350 or ACI 

318. 
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4. Installed anchor shall exhibit form fit between bearing elements and the 

undercut in the concrete. 

5. Interior Dry Non-Corrosive Locations: Provide carbon steel anchors, 

complete with nuts and washers, zinc plated, in accordance with ASTM 

B633. 

6. Other Locations: Provide stainless steel anchors, complete with nuts and 

washers, manufactured of AISI Type 316 stainless steel or materials 

complying with ISO 3506-1 and having corrosion resistance equivalent to 

AISI Type 316 stainless steel. 

7. Concrete undercut anchors shall have a current ICC Evaluation Service 

Report for use in both cracked and uncracked concrete for seismic 

recognition for seismic design Categories A through F when tested and 

assessed in accordance with ICC-ES AC193. 

 

F. Concrete Inserts: 

1. Manufacturers: Provide products of one of the following: 

a. Unistrut Corporation. 

b. Cooper B-Line, Inc. 

c. Anvil International, Inc. 

d. Or approved equal. 

2. Spot Concrete Inserts:   

a. Provide inserts recommended by insert manufacturer for required 

loading.  Inserts shall comply with ANSI/MSS SP-58, malleable iron, 

Type 18.  Spot inserts shall allow for lateral adjustment and have 

means for attachment to forms.  Provide nuts compatible with insert 

and to suit threaded hanger rod sizes. 

3. Continuous Concrete Inserts: 

a. Provide inserts recommended by insert manufacturer for required 

loading.  Inserts shall be continuous type and shall be manufactured 

from minimum 12-gage cold-formed channel sections, complying with 

ASTM A1011/A1011M, stainless steel, Grade 33, complete with 

styrofoam inserts, end caps, and means for attaching to forms.  Provide 

channel nuts compatible with insert suitable for threaded hanger rod 

sizes. 

4. Provide inserts with plain finish. 

 

G. Drive-In Expansion Anchors: 

1. General: 

a. Drive-In expansion anchors shall each consist of stainless steel drive 

pin and expanding alloy body. 

2. Products and Manufacturers: Provide one of the following: 

a. Metal HIT Anchor, by Hilti Fastening Systems, Inc. 

b. Zinc Nailon Anchor, by Simpson Strong-Tie Company, Inc. 

c. Or approved equal. 

3. Provide Type 304 stainless steel drive pin with zinc alloy body.  Anchor 

shall comply with physical requirements of FS A-A-1925A, Type 1. 
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H. Unless approved by ENGINEER, do not use power-actuated fasteners or other 

types of bolts and fasteners not specified in this Section.   

 

I. Anti-Seizing Compound: 

1. Products and Manufacturers: Provide one of the following: 

a. Pure Nickel Never-Seez, by Bostik. 

b. Nickel-Graf, by Anti-Seize Technology. 

c. Or approved equal. 

2. Provide pure nickel anti-seizing compound. 

 

 

PART 3 – EXECUTION 

 

3.1 INSPECTION 

 

A. Examine conditions under which materials will be installed and advise 

ENGINEER in writing of conditions detrimental to proper and timely completion 

of the Work.  Do not proceed with the Work until unsatisfactory conditions are 

corrected. 

 

3.2 INSTALLATION  

 

A. Anchor Bolts: 

1. Provide anchor bolts as shown or indicated in the Contract Documents, or as 

required to secure structural element to the appropriate anchor surface. 

2. Locate and accurately set anchor bolts using templates or other devices as 

required, prior to placing concrete. Wet setting of anchor bolts is 

unacceptable.   

3. Protect threads and shank from damage during installation and subsequent 

construction operations. 

4. Minimum embedment and spacing of anchor bolts shall be as indicated on 

Contract Documents.
 

B. Adhesive Anchors, Undercut Anchors, and Expansion Anchors – General: 

1. Prior to drilling, locate existing reinforcing steel in vicinity of proposed 

holes.  If reinforcing conflicts with proposed hole location, obtain 

ENGINEER’s approval of alternate hole locations to avoid drilling through 

or damaging existing reinforcing bars. 

 

C. Adhesive Anchors: 

1. Installation conditions shall comply with all requirements of the approved 

product Evaluation Service Report (ESR), including “Conditions of Use.”  

Comply with manufacturer’s written installation instructions and the 

following. 

2. Drill holes to adhesive system manufacturer’s recommended drill bit 

diameter to the specified depth.  Drill holes in hammering and rotation mode 

with carbide-tipped drill bits that comply with the tolerances of ANSI 

B212.15.  Core-drilled holes are unacceptable. 
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3. Before setting adhesive anchor, hole shall be made free of dust and debris 

by method recommended by adhesive anchor system manufacturer.  Hole 

shall be brushed with adhesive system manufacturer-approved brush and 

blown clean with clean, dry, oil-free compressed air to remove all dust and 

loose particles. Hole shall be dry as defined by adhesive system 

manufacturer. 

4. Before injecting adhesive, obtain ENGINEER’s concurrence that hole is dry 

and free of oil and other contaminants. 

5. Prior to injecting adhesive into the drilled hole, dispense, to a location 

appropriate for such waste, an initial amount of adhesive from the mixing 

nozzle, until adhesive is uniform color. 

6. Inject adhesive into hole through injection system-mixing nozzle and 

necessary extension tubes, placed to bottom of hole.  Discharge end shall be 

withdrawn as adhesive is placed but kept immersed to prevent formation of 

air pockets.  Fill hole to depth that ensures that excess material is expelled 

from hole during anchor placement. 

7. Twist anchors during insertion into partially-filled hole to guarantee full 

wetting of rod surface with adhesive.  Insert rod slowly to avoid developing 

air pockets. 

8. Provide adequate curing in accordance to adhesive system manufacturer’s 

requirements prior to continuing with adjoining Work that could place load 

on installed adhesive anchors.  Do not begin adjoining Work until adhesive 

anchors are successfully tested or when allowed by ENGINEER. 

9. Limitations: 

a. Core drilled holes shall not be allowed. 

b. At time of anchor installation, concrete shall have compressive 

strength (f’c) of not less than 3000 psi. 

c. At time of anchor installation, concrete shall have age of not less than 

21 days. 

d. Installation Temperature: Comply with manufacturer’s instructions for 

installation temperature requirements.  Provide temporary protection 

and other measures, such as heated enclosures, necessary to ensure that 

base material temperature complies with anchor systems 

manufacturer’s requirements during installation and curing of adhesive 

anchor system. 

e. Oversized Holes: Advise ENGINEER immediately if size of drilled 

hole is larger than recommended by anchor system manufacturer.  

Cost of corrective measures, including but not limited to redesign of 

anchors due to decreased anchor capacities, shall be paid by 

CONTRACTOR. 

f. Embedment depths shall be based on installation in normal-weight 

concrete with compressive strength of 3000 psi when embedded in 

existing concrete, and 4,000 psi when embedded in new concrete. 

g. Obstructions in drill path:  When existing reinforcing steel is 

encountered during drilling, stop and do not damage existing 

reinforcing. Obtain ENGINEER approval for any required 

modifications.    
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D. Expansion Anchors: 

1. Comply with expansion anchor manufacturer’s written installation 

instructions and the following: 

2. Drill holes using anchor system manufacturer’s recommended drill bit 

diameter and to the specified depth.  Drill holes in hammering and rotation 

mode with carbide-tipped drill bits complying with tolerances of ANSI 

B212.15.  Core drilled holes are unacceptable.  

3. Before installing anchor, hole shall be made free of dust and debris by 

method recommended by anchor system manufacturer.  Hole shall be 

brushed with anchor system manufacturer-approved brush and blown clean 

with clean, dry, oil-free compressed air to remove all dust and loose 

particles.  

4. Before installing anchor, obtain ENGINEER’s concurrence that hole is dry 

and free of oil and other contaminants. 

5. Protect threads from damage during anchor installation.  Drive anchors not 

less than four threads below surface of the attachment.  Set anchors to 

anchor manufacturer’s recommended torque using a torque wrench.  

6. Limitations: 

a. At time of anchor installation, concrete shall have age of not less than 

7 days. 

b. At time of anchor loading, concrete shall have attained full specified 

compressive strength (f’c). 

 

E. Concrete Undercut Anchors: 

1. Comply with undercut anchor manufacturer’s written installation 

instructions and the following.  

2. Protect threads from damage during anchor installation. 

3. Drill hole to anchor manufacturer’s specified depth and diameter using a 

drill bit matched to the specific anchor. 

4. Before setting the undercut anchor, hole shall be free of dust and debris 

using method recommended by undercut anchor system manufacturer.  Hole 

shall be blown clean with clean, dry, oil-free compressed air to remove all 

dust and loose particles.  

5. Insert the anchor by hand until anchor reaches bottom of hole. 

6. Set anchor in accordance with manufacturer’s instructions using anchor 

manufacturer’s specified setting tool. 

7. Verify that the setting mark is visible on the threaded rod above the sleeve. 

8. Anchor shall be set to manufacturer’s recommended torque, using a torque 

wrench.   

9. Limitations: 

a. At time of anchor installation, concrete shall have age of not less than 

7 days. 

b. At time of anchor loading, concrete shall have attained full specified 

compressive strength (f’c). 

 

 

F. Concrete Inserts: 
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1. Comply with concrete insert manufacturer’s installation instructions.   

2. Inserts shall be flush with slab bottom surface. 

3. Protect embedded items from damage during concrete placing.  Ensure that 

embedded items are securely fastened to prevent movement during concrete 

placing and ensure that embedded items do fill with concrete during 

concrete placing. 

4. Inserts intended for piping greater than four-inch diameter shall be provided 

with hooked rods attached to concrete reinforcing. 

 

G. Anti-Seizing Compound: 

1. Provide anti-seizing compound in accordance with anti-seizing compound 

manufacturer’s installation instructions, at locations indicated in Paragraph 

2.1.B of this Section. 

2. Do not use anti-seizing compound at locations where anchor bolt or 

adhesive anchor will contact potable water or water that will be treated to 

become potable. 

 

3.3 CLEANING  

 

A. After embedding concrete is placed, remove protection and clean bolts and 

inserts.  

 

3.4 FIELD QUALITY CONTROL 

 

A. Site Tests: 

1. Furnish services of independent testing laboratory to perform field quality 

tensile testing of production adhesive anchors at the Site, unless otherwise 

specified.     

a. Testing shall comply with ASTM E488. 

b. Test at least ten percent of all types of adhesive anchors.  If one or 

more adhesive anchors fail the test, CONTRACTOR shall pay cost of 

testing all anchors of the same type installed in the Work.  

CONTRACTOR shall be responsible for retesting costs 

c. ENGINEER will direct which adhesive anchors are to be tested and 

indicate test load to be used. 

d. Apply test loads with hydraulic ram.   

e. Displacement of post-installed anchors shall not exceed D/10, where D 

is nominal diameter of anchor being tested. 

2. Mechanical Anchors: 

a. Responsibility: 

1) Furnish services of independent testing laboratory to perform field 

quality control tensile testing of mechanical anchors at the Site. 

2) CONTRACTOR shall demonstrate competence in installing 

mechanical anchors by performing field quality control tests. 

b. Perform field quality control tests on test anchors at location directed 

by ENGINEER.  Test anchors shall not be part of the finished Work. 

c. Test not less than one installation of each type of mechanical anchor 

used in the Work.    
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1) ENGINEER will indicate test loads to be used.. 

2) Testing shall comply with ASTM E488. 

3) Apply test loads with hydraulic ram. 

d. Anchors that fail to reach the specified test load shall be considered as 

not passing the test and shall be re-tested at no additional cost to 

OWNER.  

e. Testing agency shall submit test results to CONTRACTOR and 

ENGINEER within 24 hours of completion of test. 

3. Correct defective Work by removing and replacing or correcting, as directed 

by ENGINEER. 

4. CONTRACTOR shall pay for all corrections and subsequent testing 

required to confirm competence in the installation of post-installed 

mechanical anchors. 

5. Testing agency shall submit test results to CONTRACTOR and ENGINEER 

within 24 hours of completion of test. 

 

B. Manufacturer’s Services: 

1. Provide at the Site services of qualified adhesive manufacturer’s 

representative during initial installation of adhesive anchor systems to train 

CONTRACTOR’s personnel in proper installation procedures.  

Manufacturer’s representative shall observe to confirm that installer 

demonstrates proper installation procedures for adhesive anchors and 

adhesive material.  

 

 

+ + END OF SECTION + + 
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SECTION 05500 

 

MISCELLANEOUS METAL FABRICATIONS 

 

 

PART 1 – GENERAL  

 

1.1 DESCRIPTION  

 

A. Scope:  

1. CONTRACTOR shall provide all labor, materials, equipment, and incidentals 

as shown, specified, and required to furnish miscellaneous metal fabrications 

including surface preparation and shop priming. 

2. The Work also includes:  

a. Providing openings in miscellaneous metal fabrications to accommodate 

the Work under this and other Sections and attaching to miscellaneous 

metal fabrications all items such as sleeves, bands, studs, fasteners, and 

all items required for which provision is not specifically included under 

other Sections.  

 

B. Coordination:  

1. Review installation procedures under this and other Sections and coordinate the 

Work to be installed with, or attached to miscellaneous metal fabrications 

Work. 

2. Hot-dip Galvanizing: Coordinate with steel fabricator detailing for and 

fabrication of assemblies to be hot-dip galvanized, to minimize distortion 

during galvanizing process. 

 

C. Related Sections: 

1. Section 03600, Grouting. 

2. Section 05053, Anchor Systems. 

3. Section 05521, Aluminum Handrails and Railings. 

  

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. ANSI A14.3, Ladders – Fixed –Safety Requirements. 

2. ANSI Z359.1, Safety Requirements for Personal Fall Arrest Systems, 

Subsystems, and Components. 

3. ASTM A36/A36M, Specification for Carbon Structural Steel.  

4. ASTM A53/A53M, Specification for Pipe Steel, Black and Hot-Dipped, Zinc-

Coated, Welded and Seamless. 

5. ASTM A123/A123M, Specification for Zinc (Hot-Dip Galvanized) Coatings 

on Iron and Steel Products. 

6. ASTM A153/A153M, Specification for Zinc Coating (Hot-Dip) on Iron and 

Steel Hardware. 
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7. ASTM A240/A240M, Specification for Chromium and Chromium-Nickel 

Stainless Steel Plate, Sheet and Strip for Pressure Vessels and for General 

Applications. 

8. ASTM A320/A320M, Specification for Alloy-Steel and Stainless Steel Bolting 

Materials for Low-Temperature Service. 

9. ASTM A384/A384M-02 Standard Practice for Safeguarding Against Warpage 

and Distortion During Hot-Dip Galvanizing of Steel Assemblies. 

10. ASTM A500, Specification for Cold-Formed Welded and Seamless Carbon 

Steel Structural Tubing in Rounds and Shapes. 

11. ASTM A572/A572M, Specification for High-Strength Low-Alloy Columbium-

Vanadium Structural Steel. 

12. ASTM A793, Specification for Rolled Floor Plate, Stainless Steel. 

13. ASTM A992/A992M, Specification for Structural Steel Shapes. 

14. ASTM B209, Specification for Aluminum and Aluminum-Alloy Sheet and 

Plate. 

15. ASTM B211, Specification for Aluminum and Aluminum-Alloy Bar, Rod and 

Wire.  

16. ASTM B221, Specification for Aluminum and Aluminum-Alloy Extruded 

Bars, Rods, Wire, Profiles, and Tubes. 

17. ASTM B308/B308M, Specification for Aluminum-Alloy 6061-T6 Standard 

Structural Profiles. 

18. ASTM B429, Specification for Aluminum-Alloy Extruded Structural Pipe and 

Tube. 

19. ASTM B632/B632M, Specification for Aluminum-Alloy Rolled Tread Plate. 

20. AWS D1.1/D1.1M, Structural Welding Code – Steel. 

21. AWS D1.2/D1.2M, Structural Welding Code – Aluminum. 

22. AWS D1.6, Structural Welding Code – Stainless Steel. 

23. NAAMM, Metal Finishes Manual. 

 

1.3 QUALITY ASSURANCE  

 

A. Qualifications: 

1. Welding:  

a. Qualify welding processes and welding operators in accordance with 

AWS D1.1/D1.1M, D1.2/D1.2M, or D1.6, as applicable. 

b. When requested by ENGINEER, provide certification that each welder 

employed on or to be employed for the Work have satisfactorily passed 

AWS qualification tests within previous 12 months.  Ensure that all 

certifications are current. 

 

B. Regulatory Requirements: Conform to the following: 

1. 29 CFR 1910, Occupational Health and Safety Standards. 

 

1.4 SUBMITTALS  

 

A. Action Submittals: Submit the following: 

1. Shop Drawings:  
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a. Fabrication and erection details for assemblies of miscellaneous metal 

Work. Include plans, elevations, and details of sections and connections.  

Show anchorage and accessory items. Include setting drawings and 

templates for locating and installing miscellaneous metal items and 

anchorage devices. Provide signed and sealed shop drawing and design 

calculations by a Professional Engineer registered in the State of the 

project location. 

 

2. Product Data:   

a. Copies of manufacturer’s specifications, load tables, dimension diagrams, 

anchor details, and installation instructions for products to be used in 

miscellaneous metal Work. 

 

B. Informational Submittals: Submit the following: 

1. Test and Evaluation Reports: 

a. Mill test report that indicates chemical and physical properties of each 

type of material, when requested by ENGINEER.  

2. Qualifications Statements: 

a. Copies of welder’s certifications, when requested by ENGINEER. 

 

1.5 DELIVERY, STORAGE, AND HANDLING 

 

A. Packing, Shipping, Handling and Unloading: 

1. Deliver products to Site to ensure uninterrupted progress of the Work.  Deliver 

anchorage materials to be embedded in other construction in ample time to 

prevent delaying the Work. 

 

 

PART 2 – PRODUCTS  

 

2.1 MATERIALS  

 

 

A. Aluminum:  

1. Aluminum Shapes: ASTM B308/B308M, Alloy 6061-T6, ASTM B 221, Alloy 

6061-T6. 

2. Aluminum Tubes and Pipes: ASTM B429, Alloy 6061-T6. 

3. Aluminum Bars and Rod: ASTM B211, Alloy 6061-T6. 

4. Aluminum Plates: ASTM B209, Alloy 6061-T6.  

 

B. Stainless Steel: 

1. Plates and Sheets: ASTM A240/A240M, Type 316 stainless steel. 

2. Submerged or Intermittently Submerged: Type 316 stainless steel. 

3. Non-submerged: Type 316 stainless steel. 

 

C. Stainless Steel Fasteners and Fittings: ASTM A 320/A 320M,  Type 316 Stainless 

Steel. 
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2.2 MISCELLANEOUS METAL ITEMS  

 

A. Shop Assembly:  

1. Pre-assemble items in the shop to the greatest extent possible to minimize 

field-splicing and field-assembly of units at the Site.  Disassemble units only to 

extent necessary for shipping and handling limitations.  Clearly mark units for 

reassembly and coordinated installation.  

 

B. Shelf Angles:  

1. Provide structural steel shelf angles of sizes shown, for attachment to concrete 

or masonry construction.  Provide slotted holes to receive 3/4-inch bolts, 

spaced not more than six inches from ends and not more than one foot on 

centers, unless otherwise shown. 

2. Provide adhesive anchors, complete with fasteners, for attachment of shelf 

angles to cast-in-place concrete.  

 

C. Miscellaneous Framing and Supports:  

1. Provide miscellaneous metal framing and supports that are not part of structural 

steel framework and are required to complete the Work.  

2. Fabricate miscellaneous units to sizes, shapes, and profiles shown on the 

Drawings or, if not shown, of required dimensions to receive adjacent grating, 

plates, tanks, doors, and other work to be retained by the framing. 

3. Except as otherwise shown, fabricate from structural shapes, plates, and bars, 

of all-welded construction using mitered corners, welded brackets, and splice 

plates and minimum number of joints for field connection. 

4. Cut, drill, and tap units to receive hardware and similar items to be anchored to 

the Work.  

5. Furnish units with integrally welded anchors for casting into concrete or 

building into masonry.  Furnish inserts if units are to be installed after concrete 

is placed. 

a. Except as otherwise shown, space anchors, 2.0 feet on centers, and 

provide units the equivalent of 1.25-inch by 1/4-inch by eight-inch strips.  

b. Galvanize exterior miscellaneous frames and supports. 

c. Where shown or indicated, galvanize miscellaneous frames and supports 

that are not to be installed outdoors. 

6. Miscellaneous steel framing and supports shall be hot-dip galvanized and 

finish-painted, unless otherwise shown or indicated. 

7. For railings, refer to Section 05521, Aluminum Handrails and Railing. 

 

 

D. Fasteners and Hardware: Provide Type 316 stainless steel fasteners for aluminum 

fabrications and zinc-coated hardware for galvanized fabrications, unless otherwise 

shown or specified.  

 

E. Anchors and Expansion Anchors: Refer to Section 05053, Anchor Systems.  
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2.3 FINISHING 

 

A. Aluminum Finish: Provide natural mill finish for aluminum Work unless otherwise 

shown or specified.  

 

2.4 SOURCE  QUALITY CONTROL 

 

A. Tests and Inspections: 

1. Materials and fabrication procedures shall be subject to inspection and tests in 

the mill, shop, and field, conducted by a qualified inspection agency.  Such 

inspections and tests will not relieve CONTRACTOR of responsibility for 

providing materials and fabrication procedures complying with the Contract 

Documents. 

 

 

PART 3 – EXECUTION  

 

3.1 EXAMINATION 

 

A. Examine conditions under which the Work is to be performed and notify 

ENGINEER in writing of conditions detrimental to the proper and timely completion 

of the Work.  Do not proceed with the Work until unsatisfactory conditions are 

corrected. 

 

3.2 INSTALLATION  

 

A. Install miscellaneous metal fabrications accurately in location, alignment, and 

elevation, plumb, level, true, and free of rack, measured from established lines and 

levels.  Brace temporarily or anchor temporarily in formwork where fabrications are 

to be built into concrete, masonry, or other construction. 

 

B. Anchor securely as shown and as required for the intended use, using concealed 

anchors where possible.  

 

C. Fit exposed connections accurately together to form tight, hairline joints.  Field-weld 

steel connections that are not to be exposed joints and cannot be shop-welded 

because of shipping size limitations.  Comply with AWS D1.1/D1.1M, D1.2/D1.2M 

and D1.6, as applicable to the material being welded.  Grind steel joints smooth and 

touch-up shop paint coat.  Do not weld, cut, or abrade surfaces of exterior units that 

have been hot-dip galvanized after fabrication, and are intended for bolted or 

screwed field connections.  

 

D. Protection of Aluminum from Dissimilar Materials: 

1. Coat surfaces of aluminum that will contact dissimilar materials such as 

concrete, as shown in drawings. 
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+ + END OF SECTION + + 
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SECTION 05521 

 

ALUMINUM HANDRAILS AND RAILINGS 

 

 

PART 1 – GENERAL  

 

1.1 DESCRIPTION  

 

A. Scope:  

1. CONTRACTOR shall provide all labor, materials, tools, equipment, and 

incidentals as shown, specified, and required to furnish and install aluminum 

handrail and railing systems.  The Work also includes: 

a. Providing openings in, and attachments to, aluminum handrail and railing 

systems to accommodate the Work under this and other Specification 

Sections.  Provide all items for aluminum handrails and railings, 

including anchorages, fasteners, studs, and other items required for which 

provision for is not specifically included under other Sections. 

2. Aluminum handrails and railings Work shall include components and features 

shown and specified, and all components and features available from specified 

manufacturers required for providing complete aluminum handrail and railing 

system in accordance with the Contract Documents. 

 

B. Coordination:  

1. Review installation procedures under this and other Sections and coordinate 

installation of items to be installed with or before aluminum handrails and 

railings Work. 

2. Aluminum handrail and railing locations shall comply with Laws and 

Regulations. 

 

C. Related Sections:  

1. Section 03600, Grouting.  

2. Section 05053, Anchor Systems. 

 

1.2 REFERENCES 

 

A. Standards referenced in this Section are: 

1. AA, Aluminum Design Manual. 

2. ASTM B26/B26M, Specification for Aluminum-Alloy Sand Castings. 

3. ASTM B117, Standard Practice for Operating Salt Spray (Fog) Apparatus. 

4. ASTM B136, Standard Method for Measurement of Stain Resistance of Anodic 

Coatings on Aluminum. 

5. ASTM B137, Standard Test Method for Measurement of Coating Mass per 

Unit Area on Anodically Coated Aluminum. 

6. ASTM B221, Specification for Aluminum and Aluminum-Alloy Extruded 

Bars, Rods, Wire, Profiles and Tubes. 
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7. ASTM B241/B241M, Specification for Aluminum and Aluminum-Alloy 

Seamless Pipe and Seamless Extruded Tube. 

8. ASTM B244, Standard Test Method for Measurement of Thickness of Anodic 

Coatings on Aluminum and of Other Nonconductive Coatings on Nonmagnetic 

Basis Metals with Eddy-Current Instruments. 

9. ASTM B247, Specification for Aluminum and Aluminum-Alloy Die Forgings, 

Hand Forgings, and rolled Ring Forgings. 

10. ASTM B429, Specification for Aluminum-Alloy Extruded Structural Pipe and 

Tube. 

11. ASTM E 935, Standard Test Methods for Permanent Metal Railing Systems 

and Rails for Buildings. 

12. NAAMM/Architectural Metal Products Division (AMP), Pipe Railing Manual. 

13. NAAMM/AMP AMP 501 Finishes for Aluminum. 

 

1.3 QUALITY ASSURANCE 

 

A. Qualifications: 

1. Manufacturer: 

a. Upon request manufacturer shall submit document at least five years 

successful experience in fabricating aluminum handrail and railing 

systems of scope and type similar to that required. 

b. Manufacturer shall be capable of providing custom detail drawings for 

the products required. 

2. Professional Engineer: 

a. CONTRACTOR or handrail and railing manufacturer shall retain a 

registered professional engineer legally qualified to practice in same state 

as the Site.  Professional engineer shall have at least five years’ 

experience designing aluminum handrails and railings. 

b. Responsibilities include: 

1) Reviewing aluminum handrail and railing system performance and 

design criteria stated in the Contract Documents. 

2) Preparing written requests for clarifications or interpretations of 

performance or design criteria for submittal to ENGINEER by 

CONTRACTOR. 

3) Preparing or supervising preparation of design calculations verifying 

compliance of aluminum handrail and railing system with 

requirements of the Contract Documents. 

4) Signing and sealing all calculations. 

5) Certifying that: 

a) Design of aluminum handrail and railing system was performed 

in accordance with performance and design criteria stated in the 

Contract Documents, and 

b) Design conforms to all applicable local, state, and federal Laws 

and Regulations, and to prevailing standards of practice. 

3. Installer: 

a. Retain a single installer trained and with record of successful experience 

in installing aluminum handrail and railing systems. 
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b.  Installer shall have record of successfully installing aluminum handrail 

and railing systems in accordance with recommendations and 

requirements of manufacturer, or shall provide evidence of being 

acceptable to the manufacturer.  

c. Installer shall employ only tradesmen with specific skill and successful 

experience in the type of Work required. 

d. When requested by ENGINEER, submit name and qualifications of 

installer with the following information for at least three successful, 

completed projects: 

1) Names and telephone numbers of owner and architect or engineer 

responsible for each project. 

2) Approximate contract cost of the aluminum handrail and railing 

systems for which installer was responsible. 

3) Amount (linear feet) of aluminum handrail and railing installed. 

 

B. Component Supply and Compatibility: 

1. Obtain all materials furnished under this Section regardless of component 

manufacturer, from a single aluminum handrail and railing system 

manufacturer. 

2. Aluminum handrail and railing system manufacturer shall review and approve 

or prepare all Shop Drawings and other submittals (except for delegated design 

submittals, when professional engineer is retained by other than handrail and 

railing manufacturer) for all components furnished under this Section. 

3. Components shall be specifically constructed for specified service conditions 

and shall be integrated into overall assembly by aluminum handrails and 

railings manufacturer. 

 

C. Regulatory Requirements:  Comply with Laws and Regulations including: 

1. OSHA Part 1910.23, Guarding Floor and Wall Openings and Holes. 

 

D. Certifications: 

1. Submit certification, signed by authorized officer of manufacturer and 

notarized, stating that handrail and railing systems comply with the design 

prepared by the professional engineer. 

2. Submit certification, signed by authorized officer of CONTRACTOR and 

notarized, stating that all components and fittings are furnished by the same 

manufacturer. 

 

1.4 SUBMITTALS  

 

A. Action Submittals: Submit the following: 

1. Shop Drawings: 

a. Drawings for fabrication and installation of aluminum handrail and 

railing systems with sizes of members, pipe wall thickness, information 

on components, and anchorage devices.  Show all anchorages.  Provide 

details drawn at scale of 1.5-inch equal to one foot. 

b. Indicate required location of posts. 
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c. Indicate locations and details of all expansion joints, if any. 

d. Indicate locations and details of gaps across seismic joints, if any. 

e. Profile drawings of aluminum handrail and railing system components. 

f. Custom detail drawings.  Details of forming, jointing, sections, 

connections, internal supports, trim, and accessories.  Provide details 

drawn at scale of 1.5-inch equal to one foot. 

 g.    All shop drawings shall be signed and sealed by a professional engineer 

registered in the state of Georgia. 

2. Product Data:  

a. Manufacturer’s specifications, standard detail drawings, and installation 

instructions for aluminum handrail and railing systems. 

b. Manufacturer’s catalogs showing complete selection of standard and 

custom components and miscellaneous accessories for selection by 

ENGINEER. 

3. Delegated Design Submittals: 

a. Design Data: 

1) Design computations or complete structural analysis of handrail and 

railing systems, signed and sealed by a professional engineer 

registered in the state of Georgia.   Professional engineer’s seal shall 

be clearly legible, including state of registration, registration number, 

and name on seal. 

2) Certification by professional engineer that professional engineer has 

performed design of aluminum handrail and railing systems in 

accordance with performance and design criteria stated in the 

Contract Documents, and that design conforms to all local, state, and 

federal Laws and Regulations, and to prevailing standards of practice. 

4. Samples: 

a. Full-size Sample, two feet long, of assembled railing system at post and 

rail intersections.  Sample shall have all associated components including 

typical connections, mounted toe board and sleeve, and handrail at wall 

return, complete with mounting brackets, all with specified controlled 

uniform metal finish. 

b. Color Samples: Maximum range of clear anodized aluminum that shall 

appear in finished Work.  Prepare range Samples, to show highest level 

of color control feasible for actual handrail and railing systems, as 

determined by licensor of finishing process specified, on actual 

extrusions and castings of the Work. 

c. ENGINEER will review Samples for finish, color, joint tolerances, 

workmanship, and general component assembly only.  Compliance with 

other requirements is the responsibility of the CONTRACTOR. 

 

B. Informational Submittals: Submit the following: 

1. Certificates:  

a. Certification on source of supply, as specified in Article 1.3 of this 

Section. 

b. Manufacturer certification specified in Article 1.3 of this Section. 

2. Qualifications Statements: Submit qualifications for the following: 
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a. Manufacturer, when requested by ENGINEER. 

b. Professional engineer. 

c. Installer, when requested by ENGINEER.  Qualifications statement shall 

include record of experience with references specified. 

 

C. Closeout Submittals: Submit the following: 

1. Maintenance Manuals: Furnish detailed maintenance manuals that include the 

following: 

a. Product name and number. 

b. Detailed procedures for routine maintenance and cleaning, including 

cleaning materials, application methods and precautions in use of 

products that may be detrimental to finish when improperly applied. 

c. Handrail and railings systems manufacturer’s current catalog including 

individual parts. 

2. Guarantee: Provide in maintenance manual the guarantee specified. 

 

1.5 DELIVERY, STORAGE AND HANDLING  

 

A. Storage and Protection: 

1. Keep products off ground using pallets, platforms, or other supports.  Protect 

products from corrosion and deterioration. 

 

B. Handling of Products: 

1. Do not subject handrail and railing products to bending or stress. 

2. Do not damage edges or handle products in a manner that will cause scratches, 

warping, or dents. 

3. Protect handrails and railings by paper or coating as acceptable to handrail and 

railing manufacturer, against scratching, splashes of mortar, paint, and other 

marring during transportation, handling, and erection.  Protect until completion 

of adjacent work. 

 

1.6 GUARANTEE 

 

A. Guarantee: Manufacturer shall provide written guarantee of availability of 

replacement parts and components for period of at least five years after completion 

of the Project. 

 

 

PART 2 – PRODUCTS 

 

2.1 SYSTEM PERFORMANCE 

 

A. System Description: Aluminum handrail and railing system shall consist of equally 

spaced horizontal rails with totally concealed mechanical fasteners, internally 

threaded tubular rivets and components fastened to posts spaced no more than five 

feet on centers and system of handrails supported from adjacent construction by 

mounting brackets spaced at no more than five feet on centers. 
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B. Design Criteria and Performance Criteria: 

1. Design, fabricate, and install aluminum handrail and railing systems to 

withstand the most critical effects resulting from the following loads (loads 

listed below do not act concurrently): 

a. Uniform Load: 50 pounds per foot, applied at top in any direction. 

b. Concentrated Load: 200 pounds single load, applied at any point along 

the top in any direction. 

c. Components: Intermediate rails (all rails except the handrail), balusters, 

and panel fillers, if any, shall withstand horizontally applied normal load 

of 50 pounds on an area equal to one square foot, including openings and 

space between rails.  Reactions due to this loading are not required to be 

superimposed to loading specified for main supporting members of 

handrails and railings. 

d. Comply with AA Aluminum Design Manual for determining allowable 

stresses and safety factors for aluminum structural components. 

e. Limit deflection in each single span of railing and handrail to 1.5-inch 

maximum, and to 1/4-inch maximum on railing posts.  Applied loads 

shall not produce permanent deflection in the completed Work when 

loads are removed. 

2. Thermal Control: Provide adequate expansion within fabricated systems that 

allows for thermal expansion and contraction caused by material temperature 

change of 140 degrees F to -20 degrees F without warp or bow of system 

components.  Distance between expansion joints shall be based on providing 

1/4-inch wide joint at 70 degrees F, which accommodates movement of 150 

percent of calculated amount of movement for specified temperature range. 

3. Where handrail and railing systems cross expansion joints in the building or 

structure, provide expansion joints in handrail and railings systems. 

4. For posts located at or near end of runs as shown, uniformly space intermediate 

posts as required to conform to loading and deflection criteria specified, at 

intervals no greater than maximum post spacing specified.  Where posts are 

shown for handrails along both sides of walkways and other similar locations, 

locate posts opposite each other; do not stagger post locations. 

 

2.2 MANUFACTURERS 

 

A. Products and Manufacturers: Provide one of the following: 

1. Custom Fabricated Connectorail System, by Julius Blum & Company, Inc. 

2. Custom Fabricated Series 500 Non-Welded Aluminum Pipe Aluminum 

handrails and railing systems, by Superior Aluminum Products, Inc. 

3. Or approved equal. 

 

2.3 MATERIALS 

 

A. Extruded Aluminum Architectural and Ornamental Shapes: ASTM B221, Alloy 

6063-T52. 
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B. Aluminum Forgings: ASTM B247. 

 

C. Extruded or Drawn Aluminum Pipe and Tube: 

1. ASTM B429 or ASTM B241/B241M, Alloy 6063-T5, 6063-T52, or 6063-

T832 as required by loadings, deflections, and post spacing specified. 

2. Provide Schedule 40 pipe, minimum, unless conditions of detail and fabrication 

require extra-heavy pipe to comply with Specifications.  Rails and posts shall 

have minimum outside diameter of 1.90 inches. 

 

D. Reinforcing Bars: Solid, circular profile, two feet long, 6061-T6 aluminum 

reinforcing bars with same outside diameter as inside diameter of post. 

 

E. Anchors and Fastenings: 

1. For anchors and fasteners, use Type 316 stainless steel; minimum 3/8-inch 

diameter. 

2. Provide minimum of four bolt fasteners per post where surface-mounted posts 

are shown.  Components shall be in accordance with manufacturer’s 

recommendations and as approved or accepted (as applicable) by ENGINEER 

on submittals. 

3. Anchors: In accordance with Section 05053, Anchor Systems. 

 

F. Castings: 

1. Provide high-strength aluminum alloy brackets, flanges, and fittings suitable 

for anodizing as specified. 

2. Aluminum alloy sand castings: ASTM B26/B26M. 

 

G. Connector Sleeves: Schedule 40, five-inch long by 1.610-inch diameter. 

 

H. Sockets: Provide six-inch deep by 2.5-inch outside diameter aluminum sockets with 

3.5-inch wide socket cover on bottom of each socket and on top and bottom of 

removable post sockets. 

 

I. Gates: For each gate in handrail or railing system, provide the following: 

1. Complies with OSHA 1910 Subpart D and ANSI A1264.1. 

2. Hinges: Two-self closing aluminum hinges. 

3. Latches and Stops: One latch and stop with rubber bumper and one-inch 

diameter plastic knobs. 

 

J. Custom Cover Flanges: 1/4-inch high by four-inch diameter, aluminum. 

 

K. Adhesive: Two-part waterproof epoxy-type as recommended by handrail and railing 

systems manufacturer. 

 

L. Non-shrink Grout: Comply with Section 03600, Grouting. 

 

M. Toe boards: 
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1. Provide extruded Alloy 6063-T5 or T52 aluminum alloy toeboards, unless 

railing is mounted on curbs or other construction of sufficient height and type 

to comply with OSHA 1910.23.  Bars or plates are not acceptable. 

2. Unless otherwise specified, toeboards shall comply with OSHA 1910.23, 

Section (e). 

 

N. System Components and Miscellaneous Accessories: Provide complete selection of 

manufacturer’s standard and custom aluminum handrail and railing systems 

components and miscellaneous accessories required.  Show type and location of all 

such items on Shop Drawings and other submittals as applicable. 

 

2.4 FABRICATION 

 

A. General: Unless otherwise shown or specified, provide typical non-welded 

construction details and fabrication techniques recommended in NAAMM/AMP Pipe 

Railing Manual and NAAMM/AMP AMP 501. 

 

B. Fabricate handrail and railing systems true to line and level, with accurate angles 

surfaces and straight edges.  Fabricate corners without using fittings.  Provide bent-

metal corners to smallest radius possible without causing grain separation or 

otherwise impairing the Work.  Form elbow bends and wall returns to uniform 

radius, free from buckles and twists, with smooth finished surfaces, or use 

prefabricated bends.  Provide not less than four-inch outside radius. 

 

C. Remove burrs from exposed edges. 

 

D. Close aluminum pipe ends by using prefabricated fittings. 

 

E. Weep Holes: 

1. Fabricate joints that will be exposed to weather to exclude water. 

2. Provide 15/64-inch diameter weep holes at lowest possible point on each post 

in handrail and railing systems. 

3. Provide pressure relief holes at closed ends of handrail and railing systems. 

 

F. Toeboards: 

1. Provide manufacturer’s standard toeboard, that accommodates movement 

caused by thermal change specified without warping or bowing toeboards. 

2. Provide manufacturer’s standard toeboard, which accommodates storage for 

removable socket covers. 

3. Coordinate and cope toeboard as required to accommodate cover flanges at 

posts. 

4. Toeboards shall follow curvature of railing.  Where railing is shown to have 

curved contours at corners, or other locations, toeboard shall likewise be 

curved to follow line of railing system. 
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G. Reinforcing Bars: Provide reinforcing bar friction-fitted at each post in railing 

system.  Extend reinforcing bars of tubes six inches into cast-in-place sleeves or 

other types of supporting brackets. 

 

H. Mechanically Fitted Component Pipe Handrail and Railing System: 

1. Use non-welded pipe handrail and railing system with posts, top and 

intermediate rail(s), and flush joints. 

2. Provide top and one intermediate horizontal rail(s), equally spaced. 

3. Do not use blind rivets, pop rivets, or other exposed fastening devices in the 

Work under this Section.  Fasteners used for side-mounting fascia flanges 

where shown or specified may be exposed in the Work.  Provide internal 

threaded aluminum rivets, stainless steel through-bolts with lock nuts, stainless 

steel sheet metal screws with lock washers, and epoxy adhesive for fastening 

components of the Work. 

 

2.5 FINISHES 

 

A. General: 

1. Prepare surfaces for finishing in accordance with recommendation of 

aluminum producer and the aluminum finisher or processor. 

2. Adjust and control direction of mechanical finishes specified to achieve best 

overall visual effect in the Work. 

3. Color and Texture Tolerance: Provide uniform color and continuous 

mechanical texture for aluminum components.  ENGINEER reserves the right 

to reject aluminum materials because of color or texture variations that are 

visually objectionable, but only where variation exceed range of variations 

established by manufacturer prior to fabrication, by means of range of Samples 

approved by ENGINEER. 

4. Anodize aluminum components. 

 

B. Finish: 

1. Mechanically finish aluminum by wheel or belt polishing with aluminum oxide 

grit of 180 to 220 size, using peripheral wheel speed of 6,000 feet per minute; 

AA Designation - M32 Medium Satin Directional Texture. 

2. Hand-Rubbed Finish: Where required to complete the Work and provide 

uniform, continuous texture, provide hand-rubbed finish to match medium satin 

directional texture specified to even out and blend satin finishes produced by 

other means. 
 

C. Cleaning: 

1. Provide non-etching chemical cleaning by immersing aluminum in inhibited 

chemical solution, as recommended by coating applicator, to remove lard oil, 

fats, mineral grease, and other contamination detrimental to providing specified 

finishes. 

2. Clean and rinse with water between steps as recommended by aluminum 

manufacturer. 
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D. Exposed Aluminum Anodic Coating: Provide anodic coatings as specified that do not 

depend on dyes, organic or inorganic pigments, or impregnation processes to obtain 

color.  Apply coatings using only the alloy, temperature, current density, and acid 

electrolytes to obtain specified colors in compliance with designation system and 

requirements of NAAMM/AMP Pipe Railing Manual and NAAMM/AMP AMP 501. 

Comply with the following: 

1. Provide Architectural Class I high density anodic treatment by immersing the 

components in tank containing solution of 15 percent sulfuric acid at 70 

degrees F with 12 amperes per square foot of direct current for minimum of 

sixty minutes; AA Designation A41 Clear. 

2. Physical Properties: 

a. Anodic Coating Thickness, ASTM B244: Minimum of 0.7-mils thick. 

b. Anodic Coating Weight, ASTM B137: Minimum of 32 mg/sq. in. 

c. Resistance to Staining, ASTM B136: No stain after five minutes dye 

solution exposure. 

d. Salt Spray, ASTM B117: 30,000 hours exposure with no corrosion or 

shade change. 

3. Seal finished anodized coatings using deionized boiling water to seal pores and 

prevent further absorption. 

4. Products and Manufacturers: Provide one of the following: 

a. Alumilite 215 Clear by Aluminum Company of America, Inc. 

b. Or approved equal. 

 

2.6 SOURCE QUALITY CONTROL 

 

A. Allowable Tolerances: 

1. Limit variation of cast-in-place inserts, sleeves and field-drilled anchor and 

fastener holes to the following: 

a. Spacing: Plus-or-minus 3/8-inch. 

b. Alignment: Plus-or-minus 1/4-inch. 

c. Plumbness: Plus-or-minus 1/8-inch. 

2. Minimum Handrails and Railings Systems Plumb Criteria: 

a. Limit variation of completed handrail and railing system alignment to 

1/4-inch in 12 feet with posts set plumb to within 1/16-inch in 3.0 feet. 

b. Align rails so variations from level for horizontal members and from 

parallel with rake of stairs and ramps for sloping members do not exceed 

1/4-inch in 12.0 feet. 

3. Provide “pencil-line” thin butt joints. 

4. Tolerance between removable section of railing or wall – 4-inch maximum, 

unless otherwise noted. 

 

 

PART 3 – EXECUTION  

 

3.1 INSPECTION  
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A. Examine conditions under which Work will be performed and notify ENGINEER in 

writing of conditions detrimental to proper and timely completion of the Work.  Do 

not proceed with installation until unsatisfactory conditions are corrected. 

 

B. Verify to ENGINEER the gage of aluminum pipe railing posts and rails brought to 

the Site by actual measurement of on-Site material in presence of ENGINEER. 

 

3.2 INSTALLATION 

 

A. General: 

1. Do not erect components that are scarred, dented, chipped, discolored, 

otherwise damaged, or defaced.  Remove from Site railing and handrail system 

components that have holes, cuts, gouges, deep scratches, or dents of any kind. 

Repairs to correct such Work will not be accepted.  Remove and replace with 

new material. 

2. Comply with installation and anchorage recommendations of NAAMM/AMP 

Pipe Railing Manual and NAAMM/AMP AMP 501 in addition to requirements 

specified and approved or accepted (as applicable) submittals. 

 

B. Fastening to In-Place Construction: 

1. Remove protective plastic immediately before installing. 

2. Adjust handrails and railings prior to securing in place, to ensure proper 

matching at butting joints and correct alignment throughout their length.  

Plumb posts in each direction.  Secure posts and rail ends to building or 

structure as follows:  

a. Anchor posts in concrete by providing sockets set and anchored into 

concrete floor slab.  Provide closure secured to bottom of sleeve.  Before 

installing posts, remove debris and water from sleeves.  Verify that 

reinforcing bars or tubes have been inserted into posts before installation. 

Do not install posts without reinforcing bar.  For all non-removable 

handrail and railing systems sections, after posts have been inserted into 

sockets, fill annular space between posts and sockets solid with grout as 

specified in Section 03600, Grouting.  Crown the grout and slope grout to 

drain away from posts.  

b. Anchor posts to stair stringers with stringer or support flanges, angle type 

or floor type as required by conditions, shop-connected to posts and 

bolted to steel supporting members.  Flanges shall be as recommended by 

manufacturer.  Verify that reinforcing bars are inserted into posts before 

installation.  Do not install posts without reinforcing bar. 

c. Side-mount posts by fastening them securely in brackets attached to steel 

or concrete fascia as shown and in accordance with approved or accepted 

(as applicable) submittals. 

d. Provide posts set in concrete with an aluminum floor cover flange. 

3. Use devices and fasteners recommended by handrail and railing systems 

manufacturer and as shown on approved or accepted (as applicable) submittals. 

 

C. Cutting, Fitting, and Placement:  
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1. Perform cutting, drilling, and fitting required for installation.  Set the Work 

accurately in location, alignment, and elevation, plumb, level, true, and free of 

rack, measured from established lines and levels.  

2. Fit exposed connections accurately together to form tight hairline joints.  Do 

not cut or abrade surfaces of units that have been finished after fabrication and 

are intended for field connections. 

3. Make permanent field splice connections using stainless steel blind rivets and 

five-inch minimum length connector sleeves.  Tight press-fit field splice 

connectors and install in accordance with manufacturer’s written instruction.  

Install two blind rivets per joint on 180-degree centers. 

4. Make splices as near as possible to posts, but not exceeding 12 inches from 

nearest post. 

5. Field welding is not allowed.  Make splices using pipe splice lock employing a 

single Allen screw to lock joint. 

6. Provide hinged gates as shown.   

7. Securely fasten toeboards in place with not more than 1/4-inch clearance above 

floor level. 

8. Drill one 15/64-inch diameter weep hole not more than 1/4-inch above top of 

location of solid reinforcing bar or tube in each post. 

 

D. Fastening to Existing Construction: 

1. Provide heavy-duty floor flange and anchorage devices and fasteners where 

necessary for securing handrail and railing systems components to existing 

construction; including stainless steel threaded fasteners for concrete and 

masonry inserts, toggle bolts, through-bolts, lag bolts and other connectors as 

required.  Refer to Section 05053, Anchor Systems. 

2. Use devices and fasteners recommended by handrail and railing systems 

manufacturer and as shown on approved or accepted (as applicable) submittals. 

 

E. Expansion Joints: 

1. Provide slip joint with internal sleeve extending not less than two inches 

beyond joint on each side. 

2. Construct expansion joints as for field splices, except fasten internal sleeve 

securely to one side of rail only. 

3. Locate joints within six inches of posts. 

 

F. Protection from Dissimilar Materials:  

1. Coat aluminum surfaces in contact with dissimilar materials such as concrete, 

as shown in the drawings. 

2. Do not extend coating beyond contact surfaces.  Remove coating where 

exposed-to-view in the finished Work. 

 

3.3 CLEANING AND REPAIRING  

 

A. Cleaning:  

1. Clean exposed surfaces of handrail and railing systems after completion of 

installation.  Comply with recommendations of both handrail and railing 
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system manufacturer and finish manufacturer.  Do not use abrasives or 

unacceptable solvent cleaners.  Test cleaning techniques on an unused section 

of railing before employing cleaning technique. 

2. Remove stains, dirt, grease, and other substances by washing handrails and 

railings systems thoroughly using clean water and soap; rinse with clean water.  

3. Do not use acid solution, steel wool, or other harsh abrasives. 

4. If stain remains after washing, remove defective sections and replace with new 

material complying with this Section. 

 

B. Handrails and railings shall be free of dents, burrs, scratches, holes, and other 

blemishes.  Replace damaged or otherwise defective Work with new material that 

complies with this Section at no additional cost to OWNER. 

 

C. Prior to Substantial Completion, replace adjacent work marred by the Work of this 

Section. 

 

 

+ + END OF SECTION + + 
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