1.4
CONCRETE AND REINFORCING STEEL
1.4.1
Scope

The Contractor shall furnish all labor, material, supervision, and equipment for the placement of structural concrete systems as shown on the design drawings to meet the criteria outlined in this specification.

1.4.2
General
1.4.2.1
The Contractor shall verify all locations, sizes, elevations, and dimensions of existing construction which will interface with the new concrete and shall note all conditions that will affect the specified work. Any interferences shall be brought to the attention of the Lockheed Martin Construction Engineer prior to commencing work.

1.4.2.2
All concrete shall be placed in accordance with the design drawings, applicable codes, and this specification.

1.4.3
Reference Publications, Codes and Standards

The latest editions of the following publications, codes and standards shall be deemed part of this specification as applicable.

1.4.3.1
American Concrete Institute (ACI)



ACI 211.1
Standard Practice for Selecting Proportions for Normal, Heavyweight, and Mass Concrete



ACI 211.2
Standard Practice for Selecting Proportions for Structural Lightweight Concrete



ACI 301
Specifications for Structural Concrete for Buildings



ACI 304
Recommended Practice for Measuring, Mixing, Transporting, and Placing Concrete



ACI 305
Hot Weather Concreting



ACI 306
Cold Weather Concreting



ACI 308
Standard Practice for Curing Concrete



ACI 315
Manual of Standard Practice for Detailing Reinforced Concrete Structures



ACI 318
Building Code Requirements for Reinforced Concrete



ACI 347
Recommended Practices for Concrete Formwork

1.4.3.2
American Society for Testing and Materials (ASTM)



ASTM A185
Standard Specification for Welded Steel Wire Fabric for Concrete Reinforcement



ASTM A615
Standard Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement



ASTM C31
Standard Method of Making and Curing Concrete Test Specimens in the Field



ASTM C33
Standard Specifications for Concrete Aggregates



ASTM C39
Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens



ASTM C94
Standards Specification for Ready-Mixed Concrete



ASTM C150
Standard Specification for Portland Cement



ASTM C172
Standard Method of Sampling Freshly Mixed Concrete



ASTM C260
Standard Specification for Air-Entraining Admixtures for Concrete



ASTM C309
Standard Specifications for Liquid Membrane-Forming Compounds for Curing Concrete



ASTM C494
Standard Specification for Chemical Admixtures for Concrete



ASTM D1752
Standard Specification for Preformed Expansion Joint Fillers for Concrete Paving and Structural Construction

1.4.3.3
American Welding Society



AWS D1.4
Structural Welding Code-Reinforcing Steel

1.4.4
Materials
1.4.4.1
Normal Weight Concrete

1.4.4.1.1
Normal weight concrete as referenced in this specification shall be 4000 psi minimum compressive strength at 28 days.

1.4.4.1.2
Normal weight concrete shall be procured from a "ready-mixed" concrete plant with adequate quality control to ensure that the concrete delivered will meet the minimum compressive strength requirement.

1.4.4.1.3
Normal weight concrete shall be in accordance with ASTM C94 and ACI 211.1.

1.4.4.2
Lightweight Concrete
1.4.4.2.1
If used, lightweight concrete shall develop a minimum compressible strength of 4,000 psi at 28 days.  The minimum size of coarse aggregate shall be 3/4 inch and the maximum slump shall be two inches.  The dry air weight shall be approximately 100 pounds per cubic foot.

1.4.4.2.2
Other provisions of this section applying to normal structural concrete shall also apply to lightweight concrete.

1.4.4.2.3
The proportions of concrete mix shall conform to ACI 301 and ACI 211.2.

1.4.4.3
Portland Cement

Portland cement shall conform to the requirements of ASTM C150, Type I.

1.4.4.4
Admixtures
1.4.4.4.1
Where required by field conditions, admixtures to retard set, accelerate set, disperse cement, etc. may be used only when approved by the Lockheed Martin Construction Engineer in writing.

1.4.4.4.2
Admixtures shall be used in strict accordance with manufacturer's recommendations and shall conform to ASTM C494.  Under no circumstances shall admixtures reduce the strength of the concrete.

1.4.4.4.3
Calcium chloride shall not be used in any form.

1.4.4.5
Air Entrainment

1.4.4.5.1
Air entrained concrete shall be used when called for by the drawings and shall be five percent unless otherwise noted.

1.4.4.5.2
The air entrainment shall be produced by an admixture conforming to ASTM C260.

1.4.4.6
Aggregates
1.4.4.6.1
Aggregates for normal weight concrete shall conform to ASTM C33.

1.4.4.6.2
Coarse aggregate shall consist of screened and graded bank gravel having clean, hard, durable, uncoated particles.  Shapes shall be generally cubical, conforming to size, and reasonably free from thin, flat, or elongated pieces.

1.4.4.6.3
The maximum size of coarse aggregate shall not be larger than 1/5 of the most narrow dimension between forms of the member for which the concrete is to be used, nor larger than 3/4 of the minimum clear spacing between reinforcing bars. The maximum size shall not exceed 1-1/2 inches.

1.4.4.6.4
Fine aggregate shall consist of a well graded natural sand.  Any fine aggregate deficient in No. 50 or No. 100 mesh material shall be compensated for by the addition of an approved mineral admixture such as limestone dust in sufficient quantity to produce an aggregate complying with gradation requirements of ASTM C33.

1.4.4.6.5
The limit of deleterious substances, per Table I of ASTM C33, shall be three percent for material finer than  No. 200 sieve and 0.5 percent for coal and lignite.

1.4.4.7
Mixing Water

Water for mixing shall be of potable purity and free from deleterious organic matter.

1.4.4.8
Reinforcing Steel
1.4.4.8.1
Reinforcing steel shall conform to ASTM A615, Grade 60.

1.4.4.8.2
Welding of reinforcing steel shall not be allowed except as shown on the design drawings.  When allowed, all welding shall be in accordance with AWS D1.4.

1.4.4.9
Welded Wire Fabric

Welded wire fabric shall conform to ASTM A185.

1.4.4.10
Forms
1.4.4.10.1
All forms shall be designed, installed, and removed in accordance with ACI 347.

1.4.4.10.2
Forms complete with centering, cores, and molds shall be constructed to conform with the shape, form, line, and grade required and shall be maintained sufficiently rigid to prevent deformation under load. Joints shall be mortar tight. Forms for continuous surfaces shall be fitted to accurate alignment so that the complete surface shall be smooth and free from irregularities. Lumber used in forms shall have nails withdrawn and the surfaces properly cleaned before reusing. 

1.4.4.10.3
Except where other sizes are shown, chamfer strips shall be one inch by one inch triangular fillets milled from clear straight grain wood, surfaced each side, or extruded vinyl type with or without nailing flange.

1.4.4.10.4
Adequate shores shall be provided to properly support the forms, wet concrete, and all loads incidental to the placing of the concrete.

1.4.4.10.5
Where soil conditions permit excavations to be cut neat and when specifically approved by the Lockheed Martin Construction Engineer, either outside or inside forms, or both may be omitted, provided a membrane is used between the soil and concrete surfaces.  In such cases, the thickness of the concrete section shall be increased to provide three inch minimum cover between the membrane and the reinforcing steel, if not so indicated on the design drawings.

1.4.4.10.6
No construction loads exceeding the design live load shall be supported on any unshored portion of the structure. No construction loads shall be supported on, nor any shoring removed from, any part of the structure unless the remaining forming and shoring system has sufficient strength to support safely its weight and loads placed thereon.

1.4.4.10.7
No forms, except those shown and noted as permanent, shall be left in place without approval by the Lockheed Martin Construction Engineer. 

1.4.4.10.8
Forms shall be coated with non-staining oil applied before reinforcement is placed. After oiling, any surplus oil on forms or reinforcing steel shall be removed.  If a liner is to be installed, the form shall not be coated.

1.4.4.10.9
In general, forms may be removed when the concrete has attained a strength of 2,400 psi (i.e., in at least seven days). After removal, care shall be taken to avoid spalling the concrete.

1.4.4.11
Waterstops

1.4.4.11.1
The location and size of waterstops in joints shall be as shown on the drawings.  They shall be a polyvinylchloride resin plastic (PVC).

1.4.4.11.2
Each piece of premolded waterstop shall be of maximum practicable length in order that the number of ends will be a minimum.

1.4.4.11.3
Joints at intersections and at ends of pieces shall be made in a manner most appropriate to the materials being used.  Joints shall be watertight - fully equal to that of a continuous waterstop material and shall permanently develop not less than 50% of the mechanical strength of the parent section, and shall permanently retain their flexibility.

1.4.4.12
Bar Supports

Bar supports used for steel placement in reinforced concrete work shall be standard items manufactured in accordance with ACI 315. Sand plates shall be used to hold accessories in place.

1.4.4.13
Inserts and Appurtenances


All anchor bolts, inserts, and other appurtenances shall be installed as necessary and checked immediately prior to concrete placement.  Inserts shall be set in the forms accurately, true, plumb, and in a manner to prevent displacement during pouring.

1.4.4.14
Form Ties


Bolts and rods which are used for internal ties and are to be removed after concrete has been replaced shall be coated with grease and arranged so that after the forms are removed, all other embedded metal shall be at least one inch from the surface of the concrete that surrounded the removed tie.

1.4.4.15
Expansion Joint Material

Expansion joints shall consist of a premolded non-extruding type joint material conforming to the requirements of ASTM D1752, Type I.  The top edge shall be sealed with pressure-sensitive polyethylene tape, and the top 1/2 inch of all expansion joints shall be sealed with polysulfide sealer applied in accordance with the manufacturer's recommendations.

1.4.4.16
Expansion Joint Sealer

Expansion joint sealer shall be a polysulfide based sealant with Shore A hardness at seven days of 60 to 80 with a peel adhesion of 25 psi and a tack-free time of six to 18 hours at 75°F.

1.4.4.17
Bonding Agent


Bonding agent shall be "Weld-crete" by Larsen Products Co. of Rockville, Maryland.

1.4.5
Delivery and Storage
1.4.5.1
All concrete shall be delivered to the site in accordance with ACI 304 and ASTM C94.

1.4.5.2
No concrete shall be used which has contained water for more than 45 minutes.

1.4.6
Concrete Performance Requirements
1.4.6.1
Normal weight concrete shall be proportioned and mixed so as to produce a compressive strength of 4,000 psi at 28 days.  The proportions of the mix shall be in conformity with ACI 301 and ACI 211. 

1.4.6.2
Lockheed Martin Corporation will provide services of a testing laboratory to test the mix for compliance with the above.  Certified laboratory reports shall be submitted to the Lockheed Martin Construction Engineer in such form as to accurately account for the manner, location, and date of deposits of the pour to which the cylinder tests refer.

1.4.6.3
If the test cylinder broken at 28 days indicates that the compressive strength of the concrete is less than the specified minimum strength, the reserve cylinder will be broken and its compressive strength recorded.  If the compressive strength of the reserve cylinder is less than the specified minimum concrete strength, the Contractor shall breakout and replace the deficient concrete and its reinforcing steel when so directed by the Lockheed Martin Construction Engineer at the Contractor's own expense.

1.4.6.4
The slump of normal weight concrete shall be controlled and maintained between the limits of three inches to five inches.  Lockheed Martin's testing laboratory representative will prepare slump cone samples from each load prior to pouring and record the results.

1.4.6.5
The proportions of aggregate to cement for any concrete mix shall be such as to produce a mixture which, consistent with the method of placing, will work readily into corners and angles of the forms around reinforcement, but without permitting the materials to segregate or excess free water to collect on the surface.

1.4.7
Workmanship
1.4.7.1
Concrete Placement
1.4.7.1.1
The Contractor shall notify the Lockheed Martin Construction Engineer at least 48 hours prior to placement of any concrete.

1.4.7.1.2
Concrete shall be handled from the mixer to the place of final deposit in a continuous manner and as rapidly as practicable until the operation is complete. Concrete which has reached an initial set or has contained water for more than one hour shall be rejected.

1.4.7.1.3
Concrete shall be deposited in the work as nearly as practicable to the final position so as to prevent rehandling. Concrete shall be compacted immediately after placing by using mechanical or pneumatic agitators to thoroughly agitate the mass in a manner which will force out all air pockets, work the mixture into corners and around reinforcement and inserts, and prevent the formation of voids.

1.4.7.1.4
Concrete shall not be placed on concrete that has hardened sufficiently to cause the formation of cold joints or planes of weakness within the section. 

1.4.7.1.5
Concrete shall not be allowed to drop free more than five feet. Where greater drops are required, a tremie shall be employed. Discharge of the tremie shall be controlled such that the concrete may be effectively compacted into horizontal layers not exceeding 24 inches in thickness with a minimum of lateral movement.

1.4.7.1.6
Water shall be removed from excavations before concrete is deposited. Any flow of water shall be diverted through proper side drains and shall be removed by methods which will avoid washing over the freshly deposited concrete.

1.4.7.1.7
Concrete shall not be placed if the temperature is less than 40°F and falling without specific approval of the Lockheed Martin Construction Engineer. Recommendations of ACI 301 and ACI 306 shall be followed during cold weather concreting.

1.4.7.1.8
Whenever the daily high temperature is above 80°F, recommendation of ACI 301 and ACI 305 "Hot Weather Concreting" shall be followed.

1.4.7.2
Reinforcing Placement
1.4.7.2.1
Reinforcing shall not be spliced except as indicated on the shop drawings or except with approval of the Lockheed Martin Construction Engineer. Splices shall preferably be staggered with the overlap length being either indicated on the shop drawings or determined by the Lockheed Martin Construction Engineer. In no case shall the overlap length be less than 12 inches.

1.4.7.2.2
Reinforcing steel shall be accurately placed and securely tied at all intersections and splices, and shall be securely held in position by chairs, spacers, or other approved supports. Location  and number of chairs shall be in accordance with ACI 315.

1.4.7.2.3
Where indicated on drawings, reinforcing from existing slabs shall be wire brushed free of all loose material, straightened, and tied to the new reinforcing.  Existing reinforcing shall extend into newly placed concrete in accordance with the following table unless otherwise shown on the drawings:


Bar
Minimum
Bar
Minimum


Size
Length
Size
Length

#3
15"
#8
23"


#4
15"
#9
29"


#5
15"
#10 
37"


#6
16"
#11
46"


#7
18"


1.4.7.3
Joints and Stoppages

1.4.7.3.1
No construction joints other than those indicated on the drawings shall be permitted without the consent of the Lockheed Martin Construction Engineer.

1.4.7.3.2
Should it become necessary to stop placement at locations other than those shown on the drawings for any reason, such locations and the manner of making the joints shall meet with the approval of the Lockheed Martin Construction Engineer.

1.4.7.3.3
All vertical joints shall be keyed the full height, and all horizontal joints shall be keyed the full length of the member.  Unless shown otherwise, the key width shall occupy the interior 1/3 section; the depth of the key shall be at least 1-1/2 inches.  Reinforcing steel called for on the drawings shall be continuous through the joints unless otherwise indicated.

1.4.7.3.4
Sawed joints shall be used only when detailed on the drawings.

1.4.7.3.5
Expansion joints shall consist of a premolded non-extruding type joint material conforming to the requirements of ASTM D1752, Type I.  The top edge shall be sealed with pressure-sensitive polyethylene tape, and the top 1/2 inch of all expansion joints shall be sealed with polysulfide sealant applied in accordance with the manufacturer's recommendations.  The Shore A hardness at seven days shall be 60 to 80 with a peel adhesion of 25 psi.  Tack free time shall be six to 18 hours at 75°F.

1.4.7.4
Concrete Finish And Curing
1.4.7.4.1
Exposed surfaces shall be given a Class 1 float finish unless indicated otherwise on the design drawings.

1.4.7.4.2
Slab finish classes shall be as described herein and shall be used as noted on the drawings.  Class 1 finishes shall be float finish. After edging and hand jointing operations, the surface shall be finished with a metal or machine float to a true and uniform plane with no coarse aggregate visible.

1.4.7.4.3
Immediately after the removal of forms, defective areas in all concrete surfaces shall be repaired and patched. Floor surfaces containing holes shall be cut back to solid concrete. Those to be patched and six inches adjacent thereto shall be cleaned thoroughly, dampened with water, and filled with concrete as specified herein. Wall surfaces containing honeycombs, pockets, voids over 1/2 inch in diameter, and holes left by rods or bolts, shall be cut out to solid concrete to a depth of not less than one inch. Edges of cuts shall be perpendicular to surface of the concrete. The area and six inches adjacent to it shall be wetted after cleaning. All holes shall be filled with cement mortar consisting of one part Portland Cement to two parts sand, and surface shall be struck off slightly higher than the surrounding surface.

1.4.7.4.4
Exposed fresh concrete shall be protected against wash from water and shall be kept moist for a period of seven days. In lieu of damp-curing, concrete slabs may be cured with a one coat combination curing, sealing, hardening, and dust proofing compound which shall conform to ASTM C309.  The curing compound shall be applied as soon as possible after final troweling but no later than two hours after troweling.  Surfaces which are to be waterproofed, damp proofed, painted, coated, or which will receive a separate cementitious topping or chemically resistant liner shall be damp-cured only.


Dust coating with dry cement or cement and sand shall not be permitted.

1.4.8
Inspection
1.4.8.1
Lockheed Martin will provide construction inspection to assure that good work practices are followed by the Contractor during construction in accordance with plans and specifications.

1.4.8.2
This inspection will include but not be limited to the following functions:



Inspection of forms, reinforcing steel, shoring, bracing, embedded items, expansion joints, and construction joints



Inspection of concrete handling, placing, consolidation, finishing, curing, protection, control joint tooling, and repair or patching



Inspection of form stripping and removal

1.4.8.3
Lockheed Martin will provide the services of a testing laboratory to verify compliance of the concrete mix to the performance requirements listed in this specification.  A set of four test cylinders will be obtained for each 50 cubic yards or each day's pour, if less than the above, for testing purposes.  They will be recorded, identified (to accurately account for the manner, location, and date of deposits of the pour to which the cylinder tests refer), and cured in accordance with ASTM C31 and C172 and then subjected to compression tests in accordance with STM C39.  One cylinder will be broken at seven days, one at 14 days, one at 28 days, and one held in reserve.

1.4.9
Special Conditions
STD SPEC
1.4 - 9

