1.8
STRUCTURAL STEEL
1.8.1
Scope

This section includes all labor, materials, and service necessary for the complete fabrication and erection of the structural steel shown on the drawings and specified herein.

1.8.2
General
1.8.2.1
The Contractor shall verify all locations, sizes, elevations, and dimensions of existing construction which will interface with the erected structural steel covered by this specification and shall note all conditions that may affect the specified work.  Any interferences shall be brought to the attention of the Lockheed Martin Construction Engineer prior to commencing steel fabrication.

1.8.2.2
All structural steel shall be fabricated and erected in accordance with the design drawings and this specification.

1.8.2.3
All welding of structural steel specified herein to existing ASTM A7 steel shall be in accordance with section 1.8.6.3 of this specification.

1.8.3
Reference Publications, Codes and Standards

The latest editions of the following specifications, codes and publications are deemed part of this specification.

1.8.3.1
American Institute of Steel Construction (AISC) Manual of Steel Construction



AISC
Specification for Structural Steel Buildings, Allowable Stress Design and Plastic Design


(
AISC
Load and Resistance Factor Design Specification for Structural Steel Building



AISC
Code of Standard Practice for Steel Buildings and Bridges



AISC
Specification for Structural Joints Using ASTM A325 or A490 Bolts

1.8.3.2
American Society for Testing and Materials


ASTM A7
Standard Specification for Steel for Bridges and Buildings



ASTM A36
Standard Specification for Structural Steel



ASTM A53
Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc Coated Welded and Seamless



ASTM A307
Standard Specification for Carbon Steel Externally Threaded Standard Fasteners



ASTM A325
Standard Specification for High-Strength Bolts for Structural Steel Joints



ASTM A490
Standard Specification for Heat-Treated Steel Structural Bolts, 150 ksi Minimum Tensile Strength



ASTM A992
Standard Specification for Steel for Structural Shapes for Use in Building Framing

1.8.3.3
American Welding Society


AWS A5.1
Specification for Covered Carbon Steel Arc Welding Electrodes



AWS A5.5
Specification for Low Alloy Steel Covered Arc Welding Electrodes



AWS A5.17
Specification for Carbon Steel Electrodes and Fluxes for Submerged Arc Welding



AWS A5.18
Specification for Carbon Steel Filler Metals for Gas Shielded Arc Welding



AWS A5.20
Specification for Carbon Steel Electrodes for Flux Cored Arc Welding



AWS A5.23
Specification for Low Alloy Steel Electrodes and Fluxes for Submerged Arc Welding



AWS D1.1
Structural Welding Code - Steel

1.8.4
Materials
1.8.4.1
Shapes, Plates and Bars


All structural steel “W” shapes shall conform to ASTM A992.  All other structural steel shapes, plates and bars shall conform to ASTM A36.

1.8.4.2
High Strength Bolts, Nuts and Washers

All bolts, nuts and washers required for assembly of structural joints shall conform to ASTM A325 or ASTM A490.

1.8.4.3
Unfinished Bolts, Nuts and Washers

The unfinished bolts, nuts and washers shall conform to ASTM A307.

1.8.4.4
Handrails and Handrail Posts

All handrails and handrail posts shall conform to ASTM A53, Grade B unless otherwise indicated on the design drawings.

1.8.4.5
Weld Electrodes

Weld electrodes shall conform to the following American Welding Society Specifications.


Electrodes
Welding Process


AWS A5.1 or A5.5, E70XX
Shielded Metal Arc (SMAW)


AWS A5.17 or A5.23, F7X-EXXX
Submerged Arc (SAW)


AWS A5.18, E70S-X or ER70S-X
Gas Metal arc (GMAW)


AWS A5.20, E7T-X 
Flux Cored Arc (FCAW)



(except -2, -3, -10, or GS)

1.8.5
Delivery and Storage

Fabricated structural steel shall be delivered in such sequence as will permit the most efficient and economical erection of the fabricated steel assemblies.  Material to be built into masonry or concrete (anchor bolts, washers, etc.) shall be shipped so that they will be available as they are needed.

1.8.6
Performance Requirements

All structural steel as specified herein shall be fabricated as shown on the design drawings.  Connections shall be either bolted or welded as specified herein.

1.8.6.1
Bolted Connections

1.8.6.1.1
Field connections shall be high strength bolted unless otherwise indicated on the design drawings.

1.8.6.1.2
Unless otherwise indicated, design of bolted connections shall conform to the latest edition of the AISC Manual Of Steel Construction and develop the maximum capacity possible for the given steel member as shown in Table II of the manual for Bolted Framed Beam Connections.  Unless otherwise indicated on the design drawings, bolts shall be bearing-type with threads excluded from the shear plane.

1.8.6.1.3
Bolted connections shall have a minimum of two bolts unless specifically indicated otherwise on the drawings.  One sided or eccentric connections will not be permitted except where shown.

1.8.6.1.4
Members shall be accurately punched or drilled and the holes cleanly cut without torn or ragged edges.  Sharp fins or burrs shall be removed before assembling or bolting.  Drifting to enlarge misaligned holes will not be permitted; however, slight inaccuracies in matching may be corrected by reaming.

1.8.6.1.5
Holes shall be not more than 1/16 inch larger in diameter than the bolt, unless specifically called for on the design drawings.

1.8.6.1.6
Unfinished bolts shall be of the proper size with washers under nuts and unthreaded shanks projecting through the joined part.  Nuts shall be tightened in such a manner as to provide adequate strength for the connection without over stressing the bolt.  Unfinished bolts shall not be used unless specifically called for on the design drawings.

1.8.6.1.7
High strength bolts shall be installed in accordance with the requirements of the "Specification for Structural Joints Using ASTM A325 or A490 Bolts" as referenced in section 1.8.3.1 of this specification.

1.8.6.2
Welded Connections - New Steel To New Steel
1.8.6.2.1
Field welding shall not be permitted except as specifically shown on the design drawings or as approved in writing by the Lockheed Martin Construction Engineer.

1.8.6.2.2
Unless otherwise indicated, design of welded connections shall conform to the latest edition of the AISC Manual of Steel Construction and develop the maximum capacity possible for the given steel member as shown by Tables III or IV for Welded Framed Beam Connections.  Unless otherwise indicated on the design drawings, welds shall be E70XX or equivalent strength.

1.8.6.2.3
Where used, groove welds shall be terminated at the ends of a joint in a manner that will insure their soundness.  Where possible, this should be done by use of extension bars or run off plates.  If used, extension bars or run off plates shall be removed upon completion of the weld and the ends of the weld made smooth and flush with the abutting parts.

1.8.6.2.4
All work shall be in accordance with recommended practice of the American Welding Society and the latest edition of the "Structural Welding Code - Steel," AWS D1.1.

1.8.6.2.5
Welding shall be performed by craftsmen qualified by tests as prescribed.  The Contractor shall provide certification by a testing laboratory approved by the Lockheed Martin Construction Engineer showing that each welder has passed qualification tests within the preceding 12 month period.  Welding equipment shall produce proper current for satisfactory welding and shall be provided with voltage regulation for variation of weld heat as may be required for different types of work.

1.8.6.2.6
Surfaces to be welded shall be free of oil, grease, paint, dirt, loose rust, scale, or other foreign material, and edges shall be free of fins or burrs.  Members after welding shall be true to line and free from twists, warps, and open joints.

1.8.6.2.7
Weld electrodes shall be as called for in section 1.8.4.5 of this specification.  All electrodes for SMAW shall be kept at the job site in accordance with the requirements of AWS D1.1, paragraph 4.5.2, with redrying of such electrodes restricted to one time only by AWS D1.1, paragraph 4.5.4.

1.8.6.3
Welded Connections - New Steel To Existing ASTM A7 Steel

1.8.6.3.1
Existing ASTM A7 Steel

1.8.6.3.1.1
Unless otherwise indicated on the design drawings, existing structural steel shapes, plates, and bars in Michoud Assembly Facility buildings 103, 130, and 303 are ASTM A7 steel.  Unlike ASTM A36 steel, ASTM A7 steel has no specified limits on the maximum percentage of carbon and selected other elements in its composition.  As steels with higher carbon content are more difficult to weld satisfactorily than steels with restrictive carbon contents such as A36 steel, special procedures are required when welding A7 steel members.

1.8.6.3.1.2
Random sampling of structural steel in buildings 103 and 303 indicates that the chemical composition of the A7 steel tested in these buildings is such that it can be welded in accordance with the welding procedure given herein.  Lockheed Martin will have sampling performed by a testing laboratory of any A7 steel that has not been random-sampled previously.  From this random sampling, a welding procedure will be furnished the Contractor for use in welding A7 steel that requires more stringent procedures than those specified herein.  The Contractor will be informed in writing which A7 steel members shall require welding by the more stringent procedures.

1.8.6.3.1.3
In the event the Contractor desires to use alternate welding procedures to those specified herein and/or to those furnished him as a result of addition sampling, prior to welding he shall submit to the Lockheed Martin Construction Engineer for approval three copies of the qualified welding procedure he proposes to use as an alternative to the specified and/or given procedures.  The alternative procedures shall conform to all applicable requirements of the "Structural Welding Code-Steel", AWS D1.1, latest edition.

1.8.6.3.2
ASTM A7 Steel Welding Procedure

1.8.6.3.2.1
The weld procedure given herein is applicable for ASTM A7 steel with carbon content equal to or less than 0.45 percent.  Welding on all steel shapes, plates, and bars shall be done by the shielded metal arc (SMAW) process using AWS A5.5, E7018 electrodes.  No tack welding shall be permitted to secure pieces to be joined; clamps or similar devices shall be used instead.

1.8.6.3.2.2
Steel surfaces to be joined shall be preheated to a temperature of 200°F (+25°F, - 0°F).  Surface temperature shall be monitored using two separate types of temperature indicating crayons--one designed to indicate 200°F, the other designed to indicate 225°F.  The heat shall be applied to the surfaces uniformly and in a manner so as to attain 200°F but not cause an indication of 225°F by the higher temperature crayon.  (The Contractor may submit to the Lockheed Martin Construction Engineer an alternate method of monitoring surface temperatures before welding commences as long as heat-sensing devices proposed by the Contractor are not tack-welded to the steel members.)  Surfaces to be joined shall be preheated by an oxy-fuel or other acceptable heat source approved by the Lockheed Martin Construction Engineer.

1.8.6.3.2.3
Maintenance of innerpass temperature shall be achieved by the welding process.  Heating of the weld area after welding shall only be permitted if a subsequent weld pass or fillet weld is required and then only if the weld area temperature falls below 200°F.

1.8.6.3.3
Post-weld Heat Treatment


Post-weld heat treatment shall be achieved by wrapping the weld area with an insulating blanket or cover as soon as practicable after welding to insure a slow cooling of the weldment.  No other post weld treatment shall be required.

1.8.6.3.4
Fillet Welds

1.8.6.3.4.1
Fillet welds only shall be made on A7 steel unless noted otherwise on the design drawings.  As no groove welds are allowed, backing strips, extension bars, runout plates, and/or inserts are not required nor permitted.

1.8.6.3.4.2
Fillet welds shall be made using the least number of passes necessary.  The weld profiles shall be in accordance with AWS D1.1, latest edition, Figure 3.6(A), with some convexity to the weld preferred.

1.8.6.3.5
Electrical Current


The electrical current used for welding shall be direct current with base metal on the negative side of the line.  The speed of weld deposition shall be as necessary to achieve the desired weld profile.  The amperage range for given electrode sizes shall be as follows:


Electrode Diameter
Amperage

1/8"
140-165


5/32"
175-200

1.8.6.3.6
Base Metal Thickness


The weld procedure specified herein is applicable for the following base metal thicknesses:



ASTM A7 steel, from 0.250 inch to 0.750 inch, inclusive



ASTM A36 steel, from 0.250 inch and thicker

1.8.6.3.7
Preparation of Welding Surfaces

1.8.6.3.7.1
Existing parent metal surfaces shall be mechanically cleaned of any galvanizing, paint, mill scale, rust, oil, or grease.

1.8.6.3.7.2
Mechanically-cleaned surfaces shall have any traces of oil, grease, marking crayons, or other material removed by degreasing with clean cloth rags and a rapidly-evaporating solvent.

1.8.6.3.7.3
Proper and safe ventilation precautions shall be employed should solvent cleaning be used.

1.8.6.3.7.4
Solvents shall be selected so as to leave no residue on the surface after use.

1.8.6.3.7.5
Cleaning of flame-cut areas shall be by grinding, filing, or brushing to remove oxidation and/or slag.

1.8.6.3.7.6
Grinding or filing shall be employed to provide a welding surface free of nicks, waviness, and kerf marks that may interfere with the production of satisfactory weldments.

1.8.6.3.7.7
Areas adjacent to the weld areas shall be cleaned by the method(s) listed above to a distance of at least one inch from the weld edge.

1.8.6.3.8
Joint Welding

1.8.6.3.8.1
Prepared welding surfaces shall be aligned, spaced, and secured with clamps.

1.8.6.3.8.2
When temporary welds for alignment are necessary or unavoidable, they shall be approximately in shape and size as the finish fillet welds which are to be used to secure the reinforcing plate to the member, and shall be in full compliance with this specification including preheating, wrapping, and inspection.

1.8.6.3.8.3
Any porosity, cracks, or visible inclusions shall be ground or chipped from temporary welds upon completion or before incorporating said welds into the finish fillet welds.

1.8.6.3.8.4
Where applicable, all welds shall be made "uphill", i.e., from bottom to top.

1.8.6.3.8.5
Welding current and speed of deposition shall be maintained so as to insure that weld deposits shall consist of at least 50 percent filler metal.

1.8.6.3.8.6
The welding arc shall at all times be maintained at the shortest length possible consistent with the joint design and metal thickness.

1.8.6.3.9
Weld Appearance

1.8.6.3.9.1
The welding current and manner of depositing weld metal shall be such that undercutting of the base metals do not occur.

1.8.6.3.9.2
The general shape of the fillet weldments shall preferably be convex-to-flat with extreme attention paid to the start/stop points of the fillets.  The arc-break at the fillet stop end shall not occur on the A7 steel base metal nor in the fillet "groove" area.  The arc-break must be accomplished by "stepping back" into the fillet before breaking the arc.  The start point shall have adequate deposit of weld metal before progressing to insure at least 50 percent filler metal composition.

1.8.6.3.9.3
The fillet welds shall merge smoothly into the base metals at the weld toe without undercut or cold lap.

1.8.6.3.9.4
The weld surface shall be smooth with only minor ripples and shall be free of cracks, craters, or other defects detrimental to weld integrity.

1.8.6.3.9.5
Overall fillet sizes and profiles shall be within the limits established by AWS D1.1, latest edition, for visual inspection, section 8.15.1.

1.8.6.3.10
Weld Cleaning

1.8.6.3.10.1
Chipping, wire brushing, grinding, and/or filing shall be used to clean intermediate passes (if required) of all slag and/or flux prior to performing the final passes.

1.8.6.3.10.2
Final cleaning of the weld shall be by chipping or brushing only to produce a clean slag-free surface.  No grinding of the final exterior surface shall be allowed as this may mask indications of weld imperfections when the dye penetration testing method is used.

1.8.6.3.11
Quality Assurance Provisions

1.8.6.3.11.1
An American Welding Society certified welding inspector will be retained by Lockheed Martin to perform all inspections and tests required herein.  Inspection and testing will be conducted on completed weldments as soon after completion as possible, but at no time prior to final cleaning or prior to the cooling cycle prescribed in section 1.8.6.3.3 of this specification.

1.8.6.3.11.2
All multi-pass weldments shall be visually inspected after completion and cleaning of the first pass but prior to making the final pass.

1.8.6.3.11.3
The following frequency of testing shall be applied to the welds:



Visual inspection
All welds



Dye penetrant inspection
All welds



Ultrasonic or magnetic
Ten percent of each welder's production



particle inspection
minimum,or as required to complement 


visual inspection

1.8.6.3.11.4
Flaw rejection criteria for welds shall be in accordance with the following limits established by AWS D1.1, latest edition:


Test
AWS D1.1 Section

Visual inspection
8.15.1


Dye penetrant inspection
8.15.1 (for visual inspection)


Ultrasonic inspection
8.15.3


Magnetic particle inspection
8.15.2 (applicable limits)

1.8.6.3.12
Welder/Weld Identification

1.8.6.3.12.1
Each duly qualified and certified welder and welding operator shall be assigned a unique identification symbol.  The welding supervisor or his representative shall note on a designated set of blueline prints of the parts to be welded, that welder's or welding operator's identification symbol, and the weld or group of welds for which he is responsible.

1.8.6.3.12.2
Welds which are repaired or replaced due to defect(s) shall show two identifications separated by a "/".  The first symbol shall be the original welder or welding operator; the second shall be the repair welder or welding operator.  Should they be one and the same, the symbols on either side of the "/" shall be the same; i.e., EW/DC or EW/EW.

1.8.6.3.12.3
The print set thus prepared shall be given to the Lockheed Martin Construction Engineer at the completion of the project.

1.8.6.3.13
Repair of Defective Welds

1.8.6.3.13.1
Weldments found to have cracks shall be completely removed by chipping or grinding the areas as specified in section 1.8.6.3.7 for preparation of welding surfaces.

1.8.6.3.13.2
Weldments found to have "repairable" defects (slag inclusions, porosity, and/or undercuts) shall be partially removed by chipping or grinding so as to remove the defective area and the zone rewelded using preheat and innerpass temperature as for the original weld.

1.8.6.3.13.3
CAUTION:  Special care must be exercised when repairing undercut areas in the A7 steel base metal.  The repair electrode should not be permitted to cause fusion too far into the A7 steel base metal as this may cause an over dilution of the weld bead with A7 steel base metal and introduce the likelihood of crack development resulting from inclusions in the weldment.

1.8.6.3.14
Qualification/Requalification of Welders and Welding Operators

1.8.6.3.14.1
Welder and welding operator qualification shall be in accordance with the provisions of AWS D1.1, latest edition, Chapter 5, Part C.

1.8.6.3.14.2
A welder or welding operator shall be required to repeat the requirements of certification if at any time during the course of his inspections the visual inspector has any reason to question that welder's or welding operator's ability to make satisfactory weldments using the procedures specified herein.

1.8.6.3.15
Protection of Overall Structure

1.8.6.3.15.1
When any weld defect is detected, this fact shall be reported to the Lockheed Martin Construction Engineer before any repair is undertaken.

1.8.6.3.15.2
When in the opinion of the Lockheed Martin Construction Engineer, the required repair to any weld might create a hazard to life or property, the Contractor shall without extra charge to Lockheed Martin shore the existing structure to the Lockheed Martin Construction Engineers' satisfaction.  The shoring shall remain in place until the weld has been satisfactorily repaired and has passed inspection.

1.8.7
Workmanship
1.8.7.1
Fabrication and Erection
1.8.7.1.1
All structural steel shall be fabricated to conform to the requirements of the latest editions of the AISC "Specification for the Design, Fabrication and Erection of Structural Steel for Buildings", the AISC "Code of Standard Practice for Steel Buildings and Bridges", the design drawings, and this specification.

1.8.7.1.2
Steel members shall be temporarily bolted in place during erection and shall be straightened and plumbed.  All work shall be checked for alignment and plumbness to the satisfaction of the Lockheed Martin Construction Engineer.  Tolerances shall conform to the AISC "Code of Standard Practice for Buildings and Bridges" unless otherwise noted specifically on the drawings or as specified herein. The Contractor shall provide all steel, cables, guys, turnbuckles, and temporary bracing required to bring the structure into true alignment.  Guys and bracing shall be maintained until permanent fastening is completed.

1.8.7.1.3
Temporary shores and bracing shall be provided as required to maintain stability against all loads to which the structure may be subjected including erection equipment and its operation, and such shores and bracing shall be left in place as long as may be required for safety of the structure, adjoining structures, and/or workmen.

1.8.7.1.4
Where the permanent stability of the steel work may depend upon other parts of the structure, the Contractor shall thoroughly brace and keep the erected steel plumb and in position and shall maintain it in place until other supporting work is completed and the steel work secured.

1.8.7.1.5
Base plates shall be supported on steel wedges or shims.  After the supported members have been plumbed, positioned, and the anchor nuts tightened, the bearing area under the plate shall be grouted in accordance with section 1.5, "Grouting", of these specifications.

1.8.7.2
Shop Painting
1.8.7.2.1
After shop fabrication, all steel work shall be thoroughly cleaned of all loose mill scale, rust, splatter, slag, flux deposits, oil, grease, or other foreign matter.

1.8.7.2.2
All steel shall be given one coat of metal primer as called for in section 1.20, "Painting", of these specifications, except where edges and surfaces are to be field welded. The primer shall be applied evenly and thoroughly worked into joints and other spaces.   Paint shall be applied only to dry surfaces.

1.8.7.2.3
Parts inaccessible after assembly shall be given two finish coats of shop paint prior to assembly.

1.8.7.2.4
Unfinished surfaces shall be protected against corrosion by a suitable coating or other means as required to protect surfaces during shipment and weather exposure during construction.

1.8.8
Field Inspection
1.8.8.1
Lockheed Martin will provide the services of a testing laboratory which will inspect selected weldments and high strength bolted connections as specified herein.

1.8.8.2
Inspection of field assembled high strength bolted connections will be in accordance with section 6 of the "Specification for Structural Joints Using ASTM A325 or ASTM A490 Bolts".  Where direct tension indicators are used for tightening high strength bolts, they shall be Coronet Load Indicators as manufactured by Cooper and Turner Incorporated.  To insure that the specified bolt tightness has been obtained, the indicators must be closed to the gap required by the manufacturer but not to zero gap.

1.8.8.3
Inspection of selected weldments will be in accordance with section 6 of AWS D1.1.  All inspection except full penetration welds will be visual except when welds of questionable quality are encountered or when required under section 1.8.6.3.11 of these specifications.  The Lockheed Martin Construction Engineer will have the option of having the testing laboratory make additional non-destructive tests (radiographic, ultrasonic, magnetic particle, dye penetrant, etc.) on these weldments.  All full penetration welds will be examined by radiographic or magnetic particle testing.

1.8.9
Special Conditions

STD SPEC
1.8 - 11

