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SECTION 05090

WELDING, STRUCTURAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC-04 (1989) Specification for Structural Steel 
Buildings - Allowable Stress Design,  
Plastic Design

AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING (ASNT)

ASNT-01 (1996) Recommended Practice SNT-TC-1A

AMERICAN WELDING SOCIETY (AWS)

AWS A2.4 (1993) Standard Symbols for Welding, 
Brazing and Nondestructive Examination

AWS A3.0 (1994) Standard Welding Terms and 
Definitions

AWS D1.1 (1996) Structural Welding Code - Steel

AWS Z49.1 (1994) Safety in Welding and Cutting and 
Allied Processes

1.2   DEFINITIONS

Definitions of welding terms shall be in accordance with AWS A3.0.

1.3   GENERAL REQUIREMENTS

The design of welded connections shall conform to AISC-04 unless otherwise 
indicated or specified.  Material with welds will not be accepted unless 
the welding is specified or indicated on the drawings or otherwise 
approved.  Welding shall be as specified in this section, except where 
additional requirements are shown on the drawings or are specified in other 
sections.  Welding shall not be started until welding procedures, welders, 
welding operators, and tackers have been qualified and the submittals 
approved by the Contracting Officer.  Qualification testing shall be 
performed at or near the work site.  Each Contractor performing welding 
shall maintain records of the test results obtained in welding procedure, 
welder, welding operator, and tacker performance qualifications.

1.4   SUBMITTALS
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Government approval is required for submittals with a "GA" designation; 
submittals having an "FIO" designation are for information only.  The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

SD-08 Statements

Welding Procedure Qualifications; FIO.

Welder, Welding Operator, and Tacker Qualification; FIO.

Inspector Qualification; FIO.

Copies of the welding procedure specifications; the procedure qualification 
test records; and the welder, welding operator, or tacker qualification 
test records.

SD-18 Records

Quality Control; FIO.

A quality assurance plan and records of tests and inspections.

1.5   WELDING PROCEDURE QUALIFICATIONS

Except for prequalified (per AWS D1.1) and previously qualified procedures, 
each Contractor performing welding shall record in detail and shall qualify 
the welding procedure specification for any welding procedure followed in 
the fabrication of weldments.  Qualification of welding procedures shall 
conform to AWS D1.1 and to the specifications in this section.  Copies of 
the welding procedure specification and the results of the procedure 
qualification test for each type of welding which requires procedure 
qualification shall be submitted for approval.  Approval of any procedure, 
however, will not relieve the Contractor of the sole responsibility for 
producing a finished structure meeting all the requirements of these 
specifications.  This information shall be submitted on the forms in 
Appendix E of AWS D1.1.  Welding procedure specifications shall be 
individually identified and shall be referenced on the detail drawings and 
erection drawings, or shall be suitably keyed to the contract drawings.  In 
case of conflict between this specification and AWS D1.1, this 
specification governs.

1.5.1   Previous Qualifications

Welding procedures previously qualified by test may be accepted for this 
contract without requalification if the following conditions are met:

     a.  Testing was performed by an approved testing laboratory, technical 
consultant, or the Contractor’s approved quality control organization.

     b.  The qualified welding procedure conforms to the requirements of 
this specification and is applicable to welding conditions encountered 
under this contract.

     c.  The welder, welding operator, and tacker qualification tests 
conform to the requirements of this specification and are applicable to 
welding conditions encountered under this contract.
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1.5.2   Prequalified Procedures

Welding procedures which are considered prequalified as specified in AWS 
D1.1 will be accepted without further qualification.  The Contractor shall 
submit for approval a listing or an annotated drawing to indicate the 
joints not prequalified.  Procedure qualification shall be required for 
these joints.

1.5.3   Retests

If welding procedure fails to meet the requirements of AWS D1.1, the 
procedure specification shall be revised and requalified, or at the 
Contractor’s option, welding procedure may be retested in accordance with 
AWS D1.1.  If the welding procedure is qualified through retesting, all 
test results, including those of test welds that failed to meet the 
requirements, shall be submitted with the welding procedure.

1.6   WELDER, WELDING OPERATOR, AND TACKER QUALIFICATION

Each welder, welding operator, and tacker assigned to work on this contract 
shall be qualified in accordance with the applicable requirements of AWS 
D1.1 and as specified in this section.  Welders, welding operators, and 
tackers who make acceptable procedure qualification test welds will be 
considered qualified for the welding procedure used.

1.6.1   Previous Qualifications

At the discretion of the Contracting Officer, welders, welding operators, 
and tackers qualified by test within the previous 6 months may be accepted 
for this contract without requalification if all the following conditions 
are met:

     a.  Copies of the welding procedure specifications, the procedure 
qualification test records, and the welder, welding operator, and tacker 
qualification test records are submitted and approved in accordance with 
the specified requirements for detail drawings.

     b.  Testing was performed by an approved testing laboratory, technical 
consultant, or the Contractor’s approved quality control organization.

     c.  The previously qualified welding procedure conforms to the 
requirements of this specification and is applicable to welding conditions 
encountered under this contract.

     d.  The welder, welding operator, and tacker qualification tests 
conform to the requirements of this specification and are applicable to 
welding conditions encountered under this contract.

1.6.2   Certificates

Before assigning any welder, welding operator, or tacker to work under this 
contract, the Contractor shall submit the names of the welders, welding 
operators, and tackers to be employed, and certification that each 
individual is qualified as specified.  The certification shall state the 
type of welding and positions for which the welder, welding operator, or 
tacker is qualified, the code and procedure under which the individual is 
qualified, the date qualified, and the name of the firm and person 
certifying the qualification tests.  The certification shall be kept on 
file, and 3 copies shall be furnished.  The certification shall be kept 
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current for the duration of the contract.

1.6.3   Renewal of Qualification

Requalification of a welder or welding operator shall be required under any 
of the following conditions:

     a.  It has been more than 6 months since the welder or welding 
operator has used the specific welding process for which he is qualified.

     b.  There is specific reason to question the welder or welding 
operator’s ability to make welds that meet the requirements of these 
specifications.

     c.  The welder or welding operator was qualified by an employer other 
than those firms performing work under this contract, and a qualification 
test has not been taken within the past 12 months.  Records showing periods 
of employment, name of employer where welder, or welding operator, was last 
employed, and the process for which qualified shall be submitted as 
evidence of conformance.

     d.  A tacker who passes the qualification test shall be considered 
eligible to perform tack welding indefinitely in the positions and with the 
processes for which he is qualified, unless there is some specific reason 
to question the tacker’s ability.  In such a case, the tacker shall be 
required to pass the prescribed tack welding test.

1.7   INSPECTOR QUALIFICATION

Inspection and nondestructive testing personnel shall be qualified in 
accordance with the requirements of ASNT-01 for Levels I or II in the 
applicable nondestructive testing method.  The inspector may be supported 
by assistant welding inspectors who are not qualified to ASNT-01, and 
assistant inspectors may perform specific inspection functions under the 
supervision of the qualified inspector.

1.8   SYMBOLS

Symbols shall be in accordance with AWS A2.4, unless otherwise indicated.

1.9   SAFETY

Safety precautions during welding shall conform to AWS Z49.1.

PART 2   PRODUCTS

2.1   WELDING EQUIPMENT AND MATERIALS

All welding equipment, electrodes, welding wire, and fluxes shall be 
capable of producing satisfactory welds when used by a qualified welder or 
welding operator performing qualified welding procedures.  All welding 
equipment and materials shall comply with the applicable requirements of 
AWS D1.1.

PART 3   EXECUTION

3.1   WELDING OPERATIONS

3.1.1   Requirements
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Workmanship and techniques for welded construction shall conform to the 
requirements of AWS D1.1 and AISC-04.  When AWS D1.1 and the AISC-04 
specification conflict, the requirements of AWS D1.1 shall govern.

3.1.2   Identification

Welds shall be identified in one of the following ways:

     a.  Written records shall be submitted to indicate the location of 
welds made by each welder, welding operator, or tacker.

     b.  Each welder, welding operator, or tacker shall be assigned a 
number, letter, or symbol to identify welds made by that individual.  The 
Contracting Officer may require welders, welding operators, and tackers to 
apply their symbol next to the weld by means of rubber stamp, felt-tipped 
marker with waterproof ink, or other methods that do not cause an 
indentation in the metal.  For seam welds, the identification mark shall be 
adjacent to the weld at 1 meter  intervals.  Identification with die stamps 
or electric etchers shall not be allowed.

3.2   QUALITY CONTROL

Testing shall be done by an approved inspection or testing laboratory or 
technical consultant; or if approved, the Contractor’s inspection and 
testing personnel may be used instead of the commercial inspection or 
testing laboratory or technical consultant.  The Contractor shall perform 
visual inspection to determine conformance with paragraph STANDARDS OF 
ACCEPTANCE.  Procedures and techniques for inspection shall be in 
accordance with applicable requirements of AWS D1.1, except that in 
radiographic inspection only film types designated as "fine grain," or 
"extra fine," shall be employed.

3.3   STANDARDS OF ACCEPTANCE

Dimensional tolerances for welded construction, details of welds, and 
quality of welds shall be in accordance with the applicable requirements of 
AWS D1.1 and the contract drawings.  Nondestructive testing shall be by 
visual inspection methods.  The minimum extent of nondestructive testing 
shall be all welds or joints.

3.3.1   Nondestructive Examination

The welding shall be subject to inspection and tests in the mill, shop, and 
field.  Inspection and tests in the mill or shop will not relieve the 
Contractor of the responsibility to furnish weldments of satisfactory 
quality.  When materials or workmanship do not conform to the specification 
requirements, the Government reserves the right to reject material or 
workmanship or both at any time before final acceptance of the structure 
containing the weldment.

3.4   GOVERNMENT INSPECTION AND TESTING

In addition to the inspection and tests performed by the Contractor for 
quality control, the Government will perform inspection and testing for 
acceptance to the extent determined by the Contracting Officer.  The costs 
of such inspection and testing will be borne by the Contractor if 
unsatisfactory welds are discovered, or by the Government if the welds are 
satisfactory.  The work may be performed by the Government’s own forces or 
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under a separate contract for inspection and testing.  The Government 
reserves the right to perform supplemental nondestructive and destructive 
tests to determine compliance with paragraph STANDARDS OF ACCEPTANCE.

3.5   CORRECTIONS AND REPAIRS

When inspection or testing indicates defects in the weld joints, the welds 
shall be repaired using a qualified welder or welding operator as 
applicable.  Corrections shall be in accordance with the requirements of 
AWS D1.1 and the specifications.  Defects shall be repaired in accordance 
with the approved procedures.  Defects discovered between passes shall be 
repaired before additional weld material is deposited.  Wherever a defect 
is removed and repair by welding is not required, the affected area shall 
be blended into the surrounding surface to eliminate sharp notches, 
crevices, or corners.  After a defect is thought to have been removed, and 
before rewelding, the area shall be examined by suitable methods to ensure 
that the defect has been eliminated.  Repair welds shall meet the 
inspection requirements for the original welds.  Any indication of a defect 
shall be regarded as a defect, unless reevaluation by nondestructive 
methods or by surface conditioning shows that no unacceptable defect is 
present.

    -- End of Section --
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SECTION 05091

ULTRASONIC INSPECTION OF WELDMENTS

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN SOCIETY FOR NONDESTRUCTIVE TESTING (ASNT)

ASNT-01 (1996) Recommended Practice SNT-TC-1A

ASNT-04 (1994) Question and Answer Book C:  
Ultrasonic Testing Method; Levels I, II, 
III (Supplement to Recommended Practice 
SNT-TC-1A)

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1 (1996) Structural Welding Code - Steel

1.2   DEFINITIONS

1.2.1   A Scan

Method of data presentation on a cathode ray tube using rectangular 
coordinates in which a horizontal base line indicates elapsed time when 
reading from left to right.  A vertical deflection in the base line 
indicates reflect signal amplitude.

1.2.2   Acoustically Similar Material

Material the same as that to be inspected; or another material proven to 
have acoustical velocity within plus or minus 3 percent and an attenuation 
within plus or minus 0.009843 dB/mm  of the inspected material for the 
inspection frequency and wave mode, using the same mode as that to be used 
for inspection.

1.2.3   Amplitude

When referring to an indication in A scan presentation, amplitude is the 
vertical height of the indication measured from peak-to-peak for radio 
frequency indications and trace-to-peak for video indications.

1.2.4   Attenuation

Dissipation or loss of energy as ultrasonic vibrations travel through the 
material.  Attenuation is caused almost entirely by scattering of the 
ultrasonic vibrations generated by the search unit.
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1.2.5   Attenuation-Correction Controls

Circuitry to provide a continuous increase in amplification with respect to 
time.  This circuitry compensates for the reduction in sensitivity with 
depth as a result of sound beam divergence and its attenuation in material.

1.2.6   Back Reflection or End Reflection

Reflection from the opposite side, end, or boundary of the material into 
which the ultrasonic energy was introduced.

1.2.7   Calibrated Gain Control (Attenuator)

Circuitry with which gain can be reduced finite amounts by switching 
electrical signal attenuation into the circuit.

1.2.8   Calibration

Process of comparing an instrument or device with a standard to determine 
accuracy or produce a scale.

1.2.9   Cathode Ray Tube (CRT)

An electron tube in which a controlled beam of electrons from the cathode 
is used to produce an image on a fluorescent screen at the end of the tube.

1.2.10   Couplant

Any material, usually a liquid or semiliquid, used between the search unit 
and the inspection surface to exclude air and to convey the ultrasonic 
vibrations between the search unit and the material being inspected.

1.2.11   Damping Control

Control that varies the duration of transducer ringing.

1.2.12   Decibel (dB)

Units for the logarithmic expression of the ratio of power levels.  Power 
levels can be functions of voltage, current, or impedance, for example.  
Decibel units having no values of their own are only significant when a 
reference is stated, as 10 dB above one reference level or 6 dB below 
another reference level.

1.2.13   Delay Control

Means of delaying the pattern obtained on the CRT.

1.2.14   Discontinuity

Anything within a material that will cause a detectable interruption in an 
ultrasonic beam.

1.2.15   Distance-Amplitude Correction Curve

Curve showing the relationship between signal amplitude and equal-sized 
reflecting surfaces at various distances from the transducer.  Reference 
standards are used to obtain such curves.
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1.2.16   Dynamic Range

Ratio of maximum to minimum size of reflective areas that can be adequately 
distinguished on the CRT at a constant gain setting.

1.2.17   Effective Depth of Penetration

Maximum depth at which the sensitivity is satisfactory for the quality of 
test desired.

1.2.18   Examination

Within the context of this specification, examination is equivalent to the 
word "inspection."

1.2.19   Gain Control

Circuitry designed into the ultrasonic system to vary reflection amplitude. 
 This control is usually calibrated in decibels.  It is also called the 
sensitivity control.

1.2.20   Gross

Background displacement of the trace on the CRT from the established 
baseline due to the gain setting, the characteristics of the test 
equipment, or the material under examination.

1.2.21   Hertz

One complete set of recurrent values of a periodic quantity comprises a 
cycle.  In other words, any one set of periodic variations starting at one 
condition and returning once to the same condition is a cycle.

1.2.22   Immersion Techniques

Test methods in which the part to be tested and the search units are 
immersed in water or other suitable liquid couplant.  A mechanical device 
is used to firmly hold and direct the wave angle of the search unit.  The 
search unit does not contact the item being inspected.

1.2.23   Indication

Visual presentation on the cathode ray screen resulting from a sound beam 
reflection from a boundary surface or discontinuity.

1.2.24   Initial Pulse Indication

Usually called the "initial pulse".  A signal on the CRT screen marking the 
instant at which a voltage impulse is applied to the transmitting crystal.  
Its rising edge is frequently invisible due to the time lag in the probe 
shoe and the consequent necessity to ensure coincidence between the time 
base zero and the instant at which the transmitter pulse actually enters 
the material under test.

1.2.25   Linearity

Property of an instrument revealed by a linear change in reflected signal 
or displacement.  The vertical linearity is determined by plotting the 
change in ratios of signal amplitude from two adjacent reflections from an 
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area of known size.  The horizontal linearity is determined by plotting the 
distance the signal is displaced along the sweep against the change in 
material thickness or by noting the spacing of multiple back reflections.

1.2.26   Longitudinal or Compressional Waves

Simple compression-rare-fraction waves in which particle motion within a 
material is linear and in the direction of wave propagation.  Also called 
straight beams, or compressional or normal waves.

1.2.27   Longitudinal Wave Inspection

Ultrasonic technique, normally using straight beam methods, in which 
longitudinal waves are the dominant form.

1.2.28   Mid-Screen Reflection

Reflection whose amplitude is equal to one-half the useable screen height 
on the CRT.

1.2.29   Megahertz (MHz)

One million hertz per second frequency.

1.2.30   NDT Level I

An NDT Level I individual should be qualified to properly perform specific 
calibrations, specific NDT, and specific evaluations for acceptance or 
rejection determinations according to written instructions, and to record 
results.

1.2.31   NDT Level II

An NDT Level II individual should be qualified to set up and calibrate 
equipment and to interpret and evaluate results with respect to applicable 
codes, standards, and specifications.

1.2.32   NDT Level III

An NDT Level III individual should be capable of establishing techniques 
and procedures; interpreting codes, standards, specifications, and 
procedures; and designating the particular NDT methods, techniques, and 
procedures to be used.

1.2.33   Node

Distance a shear wave travels in a straight line from the inspection 
surface before being reflected by the opposite surface.

1.2.34   Pulse Repetition Rate

Number of spaced pulses of sound per second sent into the material being 
inspected.

1.2.35   Range Control

Means of expanding the pattern obtained on the CRT so that any portion of 
the total distance being tested can be presented.
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1.2.36   Reference Reflector

Standard reflector 1.52 mm  diameter reference hole in the IIW reference 
block.  Other approved blocks may have a different diameter reflector.

1.2.37   Reflector

Boundary, consisting of an opposite side, crack, or separation, or a 
distinct change in material such as slag or porosity that reflects the 
ultrasonic energy the same as a mirror reflects light.

1.2.38   Refracted Waves

Waves that have undergone change of velocity and direction by passing from 
one material to another material with different acoustical properties.  
Refraction will occur wherever the angle of the incident wave to the 
interface is other than perpendicular.

1.2.39   Rejectable Discontinuity (Defect)

Reflector large enough to produce a signal (decibel rating) that exceeds 
the reject/repair line.

1.2.40   Resolution

Ability to clearly distinguish signals obtained from two reflective 
surfaces with a minimum separation distance.  Near-surface resolution is 
the ability to clearly distinguish a signal from a reflector at a minimum 
distance under the contact or near surface without interference from the 
initial pulse signal.  Far-surface resolution is the ability to clearly 
distinguish signals from reflectors displaced at minimum distances from the 
far or back surface when the sound beam is normal to that back surface.

1.2.41   Ringing

Excitation in a transducer due to the application of a short pulse of high 
voltage.

1.2.42   Scanning

Procedure of moving the search unit or units along a test surface to obtain 
complete inspection of the entire volume of a material being inspected.  
Preliminary scanning refers to a somewhat common practice of rapidly 
traversing a weld ultrasonically with a higher instrument gain or 
sensitivity level than will be used for the evaluation.  It gives the 
operator an estimate of the welding quality and also makes all defects more 
prominent and less likely to be missed.

1.2.43   Search Unit

Device containing a piezoelectric material used for introducing vibrations 
into a material to be inspected or for receiving the vibrations reflected 
from the material.  The active element of the search unit is defined as the 
effective transmitting area.  Search units are also called transducers or 
probes.  They may be single or dual and contain one or two piezoelectric 
elements, respectively, for transmission and reception.  The single search 
unit is sometimes enclosed in a transducer wheel or search unit wheel.  The 
search unit may be manually handled and placed in direct contact with the 
material to be inspected or may be held in a fixture for immersion 

SECTION 05091  Page 8



CONTROL TOWER, LUKE AFB, AZ  
DACA09-99-B-0014  

techniques.

1.2.44   Sensitivity

Measure of the ultrasonic equipment’s ability to detect discontinuities.  
Quantitatively, it is the level of amplification of the receiver circuit in 
the ultrasonic instrument necessary to produce the required indication on 
the scope from the reference hole in the reference block.  Also see 
"Standard Reference Level."

1.2.45   Shear Waves

Waves in which the particles within the material vibrate perpendicularly to 
the direction in which the wave travels or propagates.  Also called 
transverse waves.

1.2.46   Shear Wave Inspection

Inspection technique using shear waves in a material.  The search unit is 
placed at an angle to the contact surface of the material so the resultant 
refracted sound is a shear wave at an angle to the normal.

1.2.47   Standard Reference Level

Mid-screen height reflection when beaming at the 1.52 mm  hole in the 
primary reference block or the reference hole in the secondary standard.

1.2.48   Surface Waves

Waves that propagate along the surface of the material and penetrate it to 
only about 1/2-wavelength.  Also known as Rayleigh waves.

1.2.49   Test Frequency

Operating frequency in hertz per second of the search unit during period of 
activation.  Frequency is usually expressed in megacycles per second or 
megahertz.  The latter term has been adopted for international use and is 
preferred.

1.2.50   Video Form

Type of signal presentation on a CRT in which only the upper half of the 
signal appears.

1.3   GENERAL REQUIREMENTS

The procedures, methods, standards, and description of equipment specified 
herein shall be used for inspection of weldments.  Ultrasonic inspections 
shall be made to detect the following defects:

a.  Cracks or crack-like faults.

b.  Root defects, including lack of penetration and fusion.

c.  Lack of fusion between passes on the sidewall.

d.  Porosity or inclusions and excessive undercutting.

1.4   SUBMITTALS
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Government approval is required for submittals with a "GA" designation; 
submittals having an "FIO" designation are for information only.  The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

SD-08 Statements

Ultrasonic Inspection; GA.

Procedures and Methods.  The pulse echo contact method with an A scan 
presentation shall be used for the ultrasonic inspection of welded joints, 
except that immersion techniques may be used for some applications when 
approved by the Contracting Officer.  The Contractor shall provide a 
standard reference block and working standards as described in paragraph 
REFERENCE STANDARDS FOR EQUIPMENT, QUALIFICATIONS, AND CALIBRATION.  The 
procedures to be used for personnel and equipment qualification, equipment 
calibration, and inspection, shall be submitted to the Contracting Officer 
at least 30 days prior to their intended use.  Approval by the Government 
will in no way affect the obligation of the Contractor to employ qualified 
personnel, equipment, and procedures, and to perform the inspection as 
specified.  The procedure description shall include the following:

     a.  Couplant.

     b.  Search unit characteristics including angle, size, shape, nominal 
frequency, type designation.

     c.  Method and type of wave.

     d.  Equipment and accessories including manufacturer, model number, 
date of manufacture, last date of calibration, and the manufacturer’s 
electrical, physical, and performance specifications.

     e.  Decibel (dB) compensation system for distance-amplitude correction.

SD-18 Records

Ultrasonic Inspection; FIO.

Reports containing the following information:

     a.  Identification and Location of Inspected Item:  Name and place of 
the inspected item, the person performing the inspection, and the date of 
inspection.

     b.  Detail of Inspections:  Details of methods, types of waves used, 
search units, frequencies, inspection equipment identification, and 
calibration data with enough information to permit duplication of the 
inspection at a later date.

     c.  Response in Calibration:  The response from the DSC or SC block 
used in calibration and for acceptance/rejection in terms of the response 
from the 1.524 mm  reference hole in the standard IIW block (primary 
standard).

     d.  Identification of Unacceptable Areas:  Locations, dimensions, 
types, and area of unacceptable defects and discontinuities giving 
reflections over 50 percent of the reject/repair line.  These may be noted 
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on a sketch or marked-up drawing.

     e.  Record of Repair Areas:  A record of repaired areas shall be 
furnished as well as test results for the repaired areas.

1.5   WAVE TYPES

The types of waves and the conditions under which they shall be used are 
specified below:

1.5.1   Shear Waves

Unless conditions prohibit, shear waves shall be used.  A longitudinal wave 
procedure may be used instead, if approved by the Contracting Officer.  
Refracted waves between 40 degrees and 70 degrees shall be used except 
where different angles are indicated in approved procedures, such as for 
materials less than 13 mm  thick, for materials with sound velocities 
greater than in steel, when the weldments are not readily accessible, or 
when existing backing rings or backing strips are not removed.  For 
inspection of weldments containing backing rings or backing strips, the 
instrument shall be adjusted and the refracted angles shall be selected in 
a way to separate the weldment and the backing ring reflections.  The 
search unit angle and the resulting shear wave angle in the material to be 
inspected shall be established by the Contractor for each application and 
this information shall be included in the procedure submitted for approval.

1.5.2   Longitudinal Waves

When conditions prohibit the use of shear waves, longitudinal waves may be 
used.  The procedure shall be specially developed to suit the application 
and shall have the prior approval of the Contracting Officer.

1.6   CHANGES IN PROCEDURE

Should application of an approved procedure not provide for good resolution 
or adequate ultrasonic penetration in the items to be inspected (see 
paragraph EQUIPMENT QUALIFICATION REQUIREMENTS), changes in procedure or 
equipment such as frequency, pulse repetition rate, angle of search unit, 
couplant, or oscilloscope shall be made by the Contractor.  Adequacy of the 
new procedure shall be demonstrated to the Contracting Officer.  The 
Government reserves the right to require a change in test equipment during 
these tests if any of the following test system characteristics fall below 
the levels listed in paragraph EQUIPMENT QUALIFICATION REQUIREMENTS:  
sensitivity, amplitude and distance linearity, signal-to-noise ratio, entry 
and back surface resolution and penetration.

1.7   ULTRASONIC EQUIPMENT

The ultrasonic equipment shall conform to the requirements listed in AWS 
D1.1 Section Inspection, subsection Ultrasonic Equipment, with the 
following exceptions:

     a.  The ultrasonic test instruments shall be able to generate, 
receive, and to present pulses in the frequency range from 1 to 10 
megahertz (MHz).

     b.  The horizontal linearity of the ultrasonic instrument shall be 
measured in accordance with paragraph EQUIPMENT QUALIFICATION REQUIREMENTS.
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     c.  In addition to the resolution test specified in AWS D1.1, 
subsection Ultrasonic Equipment, both near- and far-surface resolution 
tests shall be conducted in accordance with the tests specified for these 
characteristics in the paragraph EQUIPMENT QUALIFICATION REQUIREMENTS.

1.8   PERSONNEL QUALIFICATION AND REQUIREMENTS

1.8.1   Personnel Qualification

The three levels of responsibility associated with ultrasonic inspection 
are defined in ASNT-01.  For qualification to perform ultrasonic 
inspection, personnel shall be certified under ASNT-01 and ASNT-04 within a 
period of 1 year before the date of contract.  Other qualification or 
certification may be accepted at the Contracting Officer’s discretion.  
Personnel with only an operator or inspector trainee certification will not 
be considered qualified to pass judgement on the acceptability of inspected 
items, but may work under the direct supervision of a qualified ultrasonic 
inspector.  Qualified ultrasonic inspectors shall be able to judge the 
acceptability of the item in accordance with paragraph ACCEPTANCE/REJECTION 
LIMITS.

1.8.2   Examinations

If the Contracting Officer doubts an individual’s ability as an operator, 
inspector, or supervisor, the individual shall be recertified in accordance 
with ASNT-01.  At the option of the Government, the Contracting Officer may 
participate in administering the examination and in evaluating the results.

1.9   REFERENCE STANDARDS FOR EQUIPMENT, QUALIFICATIONS, AND CALIBRATION

Reference standards shall be used to calibrate the inspection equipment, 
test its operating condition, and record the sensitivity or response of the 
equipment during the inspection in accordance with paragraph EQUIPMENT 
QUALIFICATION REQUIREMENTS.  The standards shall comprise a standard 
reference block and reference specimens as noted below.

1.9.1   Standard Reference Block

The standard reference block or primary standard shall be provided by the 
Contractor and shall consist of the IIW block in AWS D1.1, Section 
Inspection, subsection Reference Standards.  The standard reference block 
also shall be used in any reinspection on the same basis as the original 
inspection, even though the reinspection is to be performed by other 
ultrasonic instruments and accessories.

1.9.2   Working Standards

The Contractor may use other recognized working standards detailed with the 
IIW block in AWS D1.1 such as the Sensitivity Calibration (SC) block. 
However, such blocks shall be referenced to the IIW block as noted in 
paragraph SENSITIVITY CALIBRATION OF LONGITUDINAL AND ANGLE WAVE SYSTEMS.  
Details of their use shall be included in the procedure description 
submitted to the Contracting Officer.  These blocks are the secondary 
standards.  They shall be of acoustically similar material to the welds to 
be inspected.  The secondary standards shall be suited for the applicable 
tests specified in paragraph EQUIPMENT QUALIFICATION REQUIREMENTS and shall 
be used as follows, except where the IIW block is specifically required:

a.  To assure adequate penetration of the base material.
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b.  To provide a secondary field standard.

c.  To calibrate the equipment and establish the standard 
reference level.

1.9.3   Resolution Test Block

The Contractor shall furnish a resolution test block in accordance with the 
details shown in AWS D1.1 Section Inspection, subsection Ultrasonic 
Equipment.

1.10   EQUIPMENT QUALIFICATION REQUIREMENTS

The ultrasonic instrument and accessories shall be evaluated on their 
arrival at the jobsite, immediately prior to the start of inspection.  They 
shall be evaluated using the Contractor’s furnished primary standard and 
shall meet or exceed the requirements listed in paragraphs below.  
Equipment that does not meet these requirements shall not be used in the 
inspection.

1.10.1   Requalifications

The equipment shall be requalified after normal use at intervals not to 
exceed 40 hours, except as noted.  The equipment also shall be requalified 
immediately after maintenance or repair or when the Contracting Officer 
considers its operation questionable.

1.10.2   Longitudinal Wave System

1.10.2.1   Vertical Amplitude Linearity

Two adjacent reflections of different amplitudes obtained through the 
thickness of the primary or secondary standard shall vary in the same 
proportion as the amplitude of the first reflection is increased in 
discrete 2-dB increments between 20 percent and 80 percent to full screen 
height.  For each gain setting, the amplitude of each reflection shall vary 
by the same factor, within plus or minus 5 percent.  Requalification is 
required monthly or as otherwise stated.

1.10.2.2   Horizontal Linearity

The first three multiple reflections obtained through the thickness of the 
primary or secondary standard shall be equally spaced, within plus or minus 
5 percent, when spread over 90 percent of the sweep length.  
Requalification is required monthly or as otherwise stated.

1.10.2.3   Near-Surface Resolution

Excessive ringing that appears on the CRT to the right of the sound entry 
point shall not exceed a 13 mm  equivalent distance in steel with the 
search unit placed on the 100 mm  edge of the IIW (primary) block and 
positioned for maximum amplitude reflection from the 1.524 mm  reference 
hole of the primary standard.  The reference reflector shall be set to 
mid-screen and the gain shall be increased 20 dB.  The reference hole 
located at least 13 mm  from one edge of the AW DSC or SC secondary 
standard shall be used similarly.  Acceptability will be on the same basis 
as in the primary standard.
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1.10.2.4   Far-Surface Resolution

This property of the equipment shall be verified by the method detailed in 
AWS D1.1, Section Inspection, subsection Calibration of the Ultrasonic Unit 
with the IIW or Other Approved Calibration Blocks.  In addition, the 
trailing edge of the third reflection shall return to the sweep line and be 
clearly discernible.

1.10.3   Angle Wave System

1.10.3.1   Vertical (Amplitude) Linearity

Two adjacent multiple reflections from the 1.524 mm  reference hole in the 
primary standard shall vary in the same proportion as the amplitude of the 
first reflection in discrete 2-dB increments between 20 percent and 80 
percent of full screen height.  For each gain setting, the amplitude of 
each adjacent reflection shall vary within plus or minus 5 percent.  For 
testing with the AWS SC or AWS DSC secondary standard, the same criteria 
shall apply.  For the SC block, the transducer shall be placed on the 
longitudinal surface contiguous with the sound entry point lines, whereas 
the 100 mm  longitudinal surface of the DSC block shall be used for the 
same purpose.  Requalification is required monthly, or as otherwise stated.

1.10.3.2   Horizontal Linearity (Angle Wave}

The first three multiple echoes, obtained from the 1.524 mm  reference hole 
of the primary standard or from the reference hole in a secondary standard 
with the transducer positioned at a minimum of 25 mm  sound path distance, 
shall be equally spaced plus or minus 5 percent when spread over 90 percent 
of the sweep length.  The gain shall be adjusted to give a mid-screen 
height first reflection.  Requalification is required monthly or as 
otherwise stated.

1.10.3.3   Near-Surface Resolution (Angle Wave)

The search unit shall be positioned for maximum amplitude using the primary 
or secondary standard as in the horizontal linearity test.  The gain shall 
be adjusted to give a mid-screen height first reflection and then shall be 
increased 20 dB.  Excessive ringing that appears on the CRT to the right of 
the sound entry point shall not exceed 13 mm  equivalent distance in steel.

1.10.3.4   Far-Surface Resolution (Angle Wave)

The equipment shall delineate the three resolution holes in the resolution 
block appropriate for the angle of the transducer to be used in the 
inspection.

1.10.3.5   Signal-to-Noise Ratio

With the search unit located as in the horizontal linearity test, the gain 
shall be set to obtain an 80 percent full screen height first reflection.  
The reference reflection-to-noise-amplitude ratio shall not be less than 10 
to 1.

1.10.3.6   Exit Point

The search unit shall be placed on the graduated scale on the 300 mm  edge 
of the primary standard and the ultrasound shall be beamed toward the 
curved edge of the block.  The gain shall be set for a mid-screen first 
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reflection.  The search unit shall be moved back and forth until the first 
reflection is maximized.  The index line on the side of the search unit 
shall be within 1.6 mm  of the mid-point of the graduated scale in either 
direction.  Requalification is required after 40 hours or as otherwise 
stated.

1.10.3.7   Transducer Angle

The established exit point of the probe shall be set over the applicable 
angle index line scribed on the 200 mm  or 300 mm  edge, as appropriate, of 
the primary standard.  The gain shall be set to obtain a mid-screen first 
reflection from the 50 mm plexiglass-lined hole for search units up to 70 
percent with the search unit placed on the 200 mm  edge.  Search units of 
large angles that have been approved specifically by the Contracting 
Officer shall be tested from the 300 mm  edge using the 1.524 mm  reference 
hole.  The search unit shall be moved back and forth to maximize the first 
reflection.  When the material to be inspected is not acoustically similar 
to the primary standard, the inspection angle shall be within plus or minus 
2 degrees of the angle specified in the approved procedure.  
Requalification is required after 40 hours or as otherwise stated.

1.11   SENSITIVITY CALIBRATION OF LONGITUDINAL AND ANGLE WAVE SYSTEMS

Sensitivity calibration shall be done immediately after a change of 
operators and at least every 30 minutes thereafter as testing proceeds.  
Recalibration will be required after any power interruption, including a 
change of source, when the equipment is suspected of being in error, or 
after relocation of the jobsite.  The 30-minute and relocation calibrations 
may coincide.  The instrument shall be allowed to warm up before 
calibration is attempted.  The instrument range and delay controls shall be 
adjusted to display signals from the reference hole in the primary (IIW 
block) or secondary standard (DSC or SC block or both) on the viewing 
screen for the range of distances to be inspected.

1.11.1   Calibration Procedure

The test instrument shall be calibrated as described below.

1.11.1.1   Longitudinal Wave

In calibrating with the primary standard, the transducer shall be 
positioned on the 100 mm  edge for maximum reflection from the 1.524 mm  
reference hole.  The gain shall be adjusted so that the first reflection is 
at 50 percent full scale.  The top of that indication shall be marked on 
the CRT with a wax pencil or by other means.  This establishes the standard 
reference level.  A point at 80 percent of the standard reference level 
shall be calculated and marked.  This locates the reject/repair line.  If a 
secondary standard is to be used in the inspection, the reject/repair line 
shall be established similarly.  For the DSC block, the transducer shall be 
positioned on the 100 mm  long surface and with the SC degrees sound entry 
point lines.  Adjustment for loss of signal due to distance shall be 
compensated for as noted above.

1.11.1.2   Angle Wave

In calibrating with either the primary or secondary standard, the 
transducer shall be positioned on the same surfaces as in the case of the 
longitudinal wave system but over the sound entry point lines appropriate 
for the angle of the transducer to be used in the inspection.  The gain 
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shall be adjusted to give a first reflection that is 50 percent of 
full-scale response.  The top of that indication shall be marked with a wax 
pencil or by other means.  This establishes the standard reference level.  
A point at 80 percent of the standard reference level shall be calculated 
and marked.  This locates the reject/repair line.  Loss of signal shall be 
compensated as noted.

1.11.2   Calibration of the Secondary Standards

After adjusting the first reflection from the reference hole in the 
secondary standard to 50 percent full-scale response for a sheer or 
longitudinal wave inspection, a maximized reflection from the 1.524 mm 
(0.06 inch)  reference hole in the primary standard shall be obtained 
without changing the gain setting.  The gain setting shall be readjusted to 
obtain a 50 percent full-scale reflection and the readjusted setting shall 
be recorded as required by paragraph SUBMITTALS, SD-18, Records, to provide 
a basis for recalibration when the secondary standard is unavailable.

1.11.3   Equipment With a Calibrated Gain Control (Attenuator)

When a calibrated gain control attenuator is used, the transducer shall be 
positioned for a maximum reflection from the reference hole in the 
secondary standard representing approximately 1/2 the longest inspection 
distance.  This reflection shall be adjusted to mid-scale by varying the 
gain control accordingly.  The difference in decibels between this 
amplitude and the signal obtained from the first, second, and longest 
distance reflection obtainable on the secondary standard shall be measured. 
 The differences shall be recorded and plotted on a curve to determine the 
necessary correction to the amplitude at the various inspection distances.  
A level of 80 percent of the primary level obtained from the corrected 
signal heights, is equivalent to the reject/repair line.

1.11.4   Equipment With Electronic Distance Compensation Circuitry

If the difference in amplitude between the first reflection and the 
reflection obtained from the maximum inspection distance is 1 dB or less, 
the instrument may be used as is.  If not, the procedure used for equipment 
with a calibrated decibel control shall be used to determine the necessary 
correction to the reflections obtained at the various inspection distances. 
 This characteristic of the equipment shall be re-examined on a monthly 
basis or as otherwise stated in paragraph EQUIPMENT QUALIFICATION 
REQUIREMENTS, and correction factors shall be modified accordingly.

1.11.5   Longitudinal Wave Distance-Amplitude Correction Curve

A distance-amplitude correction curve may be used instead of the calibrated 
gain control or the electronic circuitry for either the shear or 
longitudinal wave system as described below:

     a.  A shear wave distance-amplitude correction curve shall be 
constructed and drawn on the face of the cathode ray tube (CRT) for 
inspection of weldments in excess of 38 mm  thick when the design of the 
test equipment permits.  The reference hole in the secondary standard shall 
be used to construct the distance-amplitude correction curve for a minimum 
of three node points, 1, 2, and 3.  The sensitivity of the instrument shall 
be adjusted to produce 50 percent full-scale response for the maximized 
primary reflection and the reject/repair line shall be constructed at 80 
percent of the established distance-amplitude curve.
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     b.  A longitudinal wave distance-amplitude correction curve shall be 
constructed and drawn on the face of the CRT when longitudinal waves are to 
be used in the inspection for material thicknesses exceeding 25 mm,  if 
design of the test equipment permits.  The reference hole in the secondary 
standard shall be used.  Instrument sensitivity shall be adjusted to 50 
percent full-scale of the maximized response from the reference hole at 1/2 
maximum inspection distance.  A reject/repair line shall be constructed at 
80 percent of the established distance-amplitude curve.  The reflection 
amplitudes to define this curve shall be taken from the faces of the 
secondary sensitivity standards which are 25 mm,  50 mm,  and 1/2 maximum 
inspection distance, and the longest distance obtainable from the secondary 
standard, respectively, from the reference hole.  When a correction curve 
cannot be drawn on the face of the CRT, one of the distance-amplitude 
correction methods noted above and submitted under the procedure 
description shall be applied in accordance with paragraph GENERAL 
REQUIREMENTS.

1.11.6   Longitudinal Wave Inspections Using Immersion Technique

The reference hole in a secondary standard shall be used for each different 
inspection distance.  Repair/reject limits shall be established by 
immersing both the search unit and secondary standard in the liquid bath in 
which the inspection is to be conducted.  The procedure noted below shall 
be used:

     a.  The longitudinal waves from the search unit shall be directed 
toward the face of the secondary standard closest to the reference hole.

     b.  The search unit shall be positioned for maximum response.  The 
amplitude of reflection shall be adjusted to 50 percent full-scale.  The 
top of that indication shall be marked on the CRT with a wax pencil or by 
other means.  This establishes the standard reference level.  A point at 80 
percent of the standard reference level shall be calculated and marked.  
This locates the reject/repair point.  The above shall be repeated for each 
different surface-to-hole distance to establish the reject/repair line.

     c.  With the gain at the same setting and the primary standard and 
search unit in air, a maximized reflection shall be obtained from the 1.524 
mm (0.06 inch)  reference hole in the primary standard (IIW).  Then, this 
gain setting shall be readjusted to obtain a 50 percent full-scale 
reflection.  The readjusted setting shall be recorded as required by 
paragraph SUBMITTALS, SD-18 Records, to provide a basis for recalibration 
when the secondary standard is unavailable.

PART 2   PRODUCTS (Not Applicable)

PART 3   EXECUTION

3.1   PREPARATION OF MATERIALS FOR INSPECTION

Surfaces shall be free from the following:

3.1.1   Weld Spatter

Spattering or any roughness that interferes with free movement of the 
search unit or impairs transmission of the ultrasonic vibrations.

3.1.2   Irregularities
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Those which could mask or be confused with defect indications.

3.1.3   Weld Backing Strips

Strips that are not to remain in place shall be removed and all sharp edges 
and valleys shall be eliminated by grinding or other mechanical means.

3.1.4   Dirt

All loose scale, rust, paint, and dirt shall be removed from the coupling 
surface.

3.2   INSPECTION PROCEDURE

When possible, all welds shall be examined from both sides of the weld and 
from one surface.  If complete inspection cannot be accomplished from one 
surface, inspection shall be made from another surface that is part of the 
same joint.  Preliminary scanning techniques using an increased instrument 
gain shall be used to locate possible defects.  When possible, gain shall 
be increased to a minimum of twice (6 dB) the reference level setting.  
Final acceptance or rejection shall be evaluated with the equipment 
properly calibrated and the gain control set at the reference level.  The 
reject/repair line shall be used to evaluate quality of the weld.  If a 
periodic calibration check shows that the equipment is not operating 
properly or that the system’s sensitivity has decreased more than 20 
percent (2 dB) from the established sensitivity level, all welds inspected 
since the prior calibration shall be reexamined.  If penetration of the 
shear waves is questionable, the angle search unit shall be placed in 
position on one side of the weldment with the waves directed through the 
weldment.  A disconnected angle search unit, plastic or metal wedge or 
disk, or any good reflector shall be placed in the wave path of the search 
unit on the far side of the weld to reflect the sound.  When good 
reflections cannot be obtained by either shear or longitudinal waves, the 
Contractor shall modify the procedures in accordance with paragraph GENERAL 
REQUIREMENTS.

3.2.1   Test Frequency

The test frequency for ferrous materials shall be as specified in AWS D1.1, 
Section Inspection, subsection Ultrasonic Equipment, except for thicknesses 
below 13 mm,  frequencies between 2.25 and 5 MHz may be used to obtain 
increased sensitivity.  For materials that are difficult to penetrate, any 
frequency within the operating range of the equipment may be used.  The 
effective depth of penetration and sound beam divergency shall be 
demonstrated to the Contracting Officer.

3.2.2   Couplants

The choice of couplant is optional with the Contractor, except as follows:

     a.  The couplant shall be the same as that used for equipment 
qualification and calibration.

     b.  Couplants that may corrode the reference standards and material 
being tested or leave objectionable residues shall not be used.

     c.  Oils shall not be used in systems intended to handle liquid oxygen.

     d.  Couplants shall be of the proper viscosity to give good coupling 
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for the surface roughness.

3.2.3   Shear Wave Inspection

Shear wave inspection shall be performed as follows:  The search unit shall 
be placed on the contact surface at a distance from the weld equal to that 
used when calibrating the equipment.

3.2.4   Longitudinal Flaws

To detect longitudinal flaws, the search unit shall be slowly moved toward 
and away from the weld far enough to cover its entire cross section, 
approximately 90 degrees to the weld centerline.  The search unit shall be 
radially oscillated to the left and right, covering an angle of 
approximately 30 degrees.  During the foregoing movement, the search unit 
shall be continually advanced parallel to the weld centerline.  The rate of 
movement shall depend on the operator’s ability to clearly see and identify 
all reflections.  The amount of movement shall be calculated to ensure that 
the inspection distance will be great enough to traverse the weld. For 
plate thicknesses 50 mm  and greater with an unmachined stainless steel 
overlay covering the welded joint, the inspection distance shall range from 
a minimum of one thickness (T) or the first node back from the near fusion 
line to a distance exceeding T plus 2/3, the maximum width of the weld 
deposit at the surface.  The inspection shall be repeated from the other 
side of the weld on the same surface if accessible or if not, from another 
surface that is part of the same joint as indicated above.  The surface of 
the weld metal in the joint shall be ground smooth and blended with the 
base metal.

3.2.5   Transverse Flaws

To detect transverse flaws when the welded surface is ground flush, the 
search unit shall be moved along the welded surface in each direction 
parallel to the centerline of the weld metal with the wave radiating 
parallel to the weld centerline.  To detect transverse flaws when the 
welded surface is not ground flush, the search unit shall be moved parallel 
to the weld in each direction, on the adjacent base metal at the top of the 
weld, with the wave directed at an angle of 30 degrees to the weld 
centerline.

3.2.6   Longitudinal Wave Inspection

This inspection shall be made as follows:

     a.  The search unit shall be placed on the contact surface with the 
wave directed in a straight line through any intervening base metal and 
through the weldment.

     b.  The search unit shall then be moved slowly in a direction parallel 
to the weld centerline and zigzagged across an area equivalent to the 
welded thickness to make sure that waves penetrate the entire welded cross 
section.

     c.  The rate of movement shall be dependent on the operator’s ability 
to clearly see and identify all reflections.

3.3   GENERAL ACCEPTANCE/REJECTION REQUIREMENTS

Discontinuities shall be evaluated only when the ultrasonic equipment is 
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calibrated properly.  If discontinuities are detected, the sound beam shall 
be directed to maximize the signal amplitude.  To determine the length of a 
discontinuity, the search unit shall be moved parallel to the discontinuity 
axis in both directions from the position of maximum signal amplitude.  
One-half the amplitude or a 6-dB increase in sensitivity from a point at 
which the discontinuity signal drops rapidly to the baseline shall be 
defined as the extremity of the discontinuity.  At this point, the scanning 
surface shall be marked at the position indicated by the center of the 
transducer.  This shall be repeated to determine the other extremity.  The 
length of the discontinuity shall be defined as the distance between these 
two marks.  For discontinuities with signal amplitudes exceeding full 
screen height, 50 percent of full screen shall be considered half-peak 
amplitude.  At this point, the scanning surface shall be marked at the 
position indicated by the center of the transducer.  This shall be repeated 
to determine the other extremity.  The length of the discontinuity shall be 
defined as the distance between these two marks.  The maximum signal 
amplitude, length, depth, and position within the inspection zone shall be 
determined and reported for discontinuities yielding a signal amplitude 
equal to or exceeding the reject/repair line.  The minimum recordable 
length of a discontinuity shall be 3 mm.   When evaluating welds joining 
two members with different thicknesses at the weld, the thickness T shall 
be the lesser of the two thicknesses.  The criteria for acceptance or 
rejection based on ultrasonic inspection will supplement a visual 
inspection.  The sizes and surface conditions of the welds shall conform to 
the requirements indicated on the applicable plans and drawings and other 
sections of the specification.  When ultrasonic inspection is used along 
with radiography, the limits specified under paragraph REFERENCE STANDARDS 
FOR EQUIPMENT, QUALIFICATIONS, AND CALIBRATION shall supplement the 
radiographic standards.

3.3.1   Inspection of Repairs

All repairs shall undergo the same inspection procedure that originally 
revealed the discontinuities.  Before acceptance, the welds shall meet the 
standards required for the original weld.

3.4   ACCEPTANCE/REJECTION LIMITS

Welds shall be accepted or rejected by ultrasonic indication in accordance 
with the following:

3.4.1   Full Penetration Butt Welds and Corner Welds

3.4.1.1   Class III

Welds shall be rejected on the basis of the following:

     a.  Any discontinuity with a reflection exceeding the established 
reject/repair line and with a length exceeding 13 mm.   Adjacent 
discontinuities separated by sound metal with a dimension less than twice 
the length of the longest discontinuity shall be considered a single 
discontinuity.

     b.  Any discontinuity with a reflection greater than or equal to 50 
percent of the reject/repair line, or with the level 8 dB more than the 
reject/repair line, and with a length (L) exceeding 50 mm  or LT, whichever 
is greater.

     c.  If the total cumulative length of discontinuities in any 300 mm  
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of weld length exceeds 75 mm  or 2 T, whichever is greater, that weld 
length shall be rejected.

3.4.2   Full Penetration Tee Welds

Full Penetration Tee Welds (for Incomplete Root Penetration):  Any 
discontinuity with the reflection exceeding the established reject/repair 
line of the applicable class shall be rejected.  Any discontinuity with a 
reflection exceeding 25 percent of the established reject/repair line, up 
to and including the reject/repair line, shall be rejected if its length 
exceeds 1/2 T in a direction transverse to the axis of the weld or LT 
parallel to the axis for all classes.  If the total cumulative length of 
discontinuities in any 300 mm  of weld length exceeds the limits of the 
applicable class, that weld length shall be rejected.

3.4.3   Partial and Full Penetration Tee Welds

Partial and Full Penetration Tee Weld Boundaries:  The depth of weld 
penetration and weld cross section width at the through member surface 
shall be as indicated by applicable plans or drawings.  Limits of 
discontinuities shall be as specified in preceding paragraphs.

3.4.4   Tee Weld Discontinuities

Tee weld discontinuities extending into the through member shall be 
rejected if reflection exceeds the established reject/repair line. 

    -- End of Section --
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SECTION 05120

STRUCTURAL STEEL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC FCD (1995a) Quality Certification Program 
Description

AISC ASD Manual (1989) Manual of Steel Construction 
Allowable Stress Design

AISC LRFD Vol II (1995) Manual of Steel Construction Load & 
Resistance Factor Design, Vol II:  
Structural Members, Specifications & Codes

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 6/A 6M (1996b) General Requirements for Rolled 
Structural Steel Bars, Plates, Shapes, and 
Sheet Piling

ASTM A 36/A 36M (1996) Carbon Structural Steel

ASTM A 53 (1997) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless

ASTM A 307 (1994) Carbon Steel Bolts and Studs, 60 
000 PSI Tensile Strength

ASTM A 325M (1993) High-Strength Bolts for Structural 
Steel Joints (Metric)

ASTM A 490M (1993) High-Strength Steel Bolts, Classes 
10.9 and 10.9.3, for Structural Steel 
Joints (Metric)

ASTM A 500 (1996) Cold-Formed Welded and Seamless 
Carbon Steel Structural Tubing in Rounds 
and Shapes

ASTM A 514/A 514M (1994a) High-Yield-Strength, Quenched and 
Tempered Alloy Steel Plate, Suitable for 
Welding

ASTM A 563M (1996) Carbon and Alloy Steel Nuts (Metric)
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ASTM A 572/A 572M (1994c) High-Strength Low-Alloy 
Columbium-Vanadium Structural Steel

ASTM A 709/A 709M (1996) Carbon and High-Strength Low-Alloy 
Structural Steel Shapes, Plates, and Bars 
and Quenched-and-Tempered Alloy Structural 
Steel Plates for Bridges

ASTM A 852/A 852M (1994) Quenched and Tempered Low-Alloy 
Structural Steel Plate with 70 ksi (485 
MPa) Minimum Yield Strength to 4 in. (100 
mm) Thick

ASTM F 844 (1990) Washers, Steel, Plain (Flat), 
Unhardened for General Use

AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

ASME B46.1 (1995) Surface Texture (Surface Roughness, 
Waviness, and Lay)

AMERICAN WELDING SOCIETY (AWS)

AWS A2.4 (1993) Standard Symbols for Welding, 
Brazing and Nondestructive Examination

AWS D1.1 (1996) Structural Welding Code - Steel

STEEL STRUCTURES PAINTING COUNCIL (SSPC)

SSPC Paint 25 (1991) Red Iron Oxide, Zinc Oxide, Raw 
Linseed Oil and Alkyd Primer (without Lead 
and Chromate Pigments)

1.2   GENERAL REQUIREMENTS

Structural steel fabrication and erection shall be performed by an 
organization experienced in structural steel work of equivalent magnitude.  
The Contractor shall be responsible for correctness of detailing, 
fabrication, and for the correct fitting of structural members.  
Connections, for any part of the structure not shown on the contract 
drawings, shall be considered simple shear connections and shall be 
designed and detailed in accordance with pertinent provisions of AISC ASD 
Manual and AISC LRFD Vol II.  Substitution of sections or modification of 
connection details will not be accepted unless approved by the Contracting 
Officer.  AISC ASD Manual shall govern the work.  Welding shall be in 
accordance with AWS D1.1.  High-strength bolting shall be in accordance 
with AISC ASD Manual.

1.3   SUBMITTALS

Government approval is required for submittals with a "GA" designation; 
submittals having an "FIO" designation are for information only.  The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

SD-04 Drawings

SECTION 05120  Page 3



CONTROL TOWER, LUKE AFB, AZ  
DACA09-99-B-0014  

Structural Steel System; FIO.  Structural Connections; GA.

Shop and erection details including members (with their connections) not 
shown on the contract drawings.  Welds shall be indicated by standard 
welding symbols in accordance with AWS A2.4.

SD-08 Statements

Erection; FIO.

Prior to erection, erection plan of the structural steel framing describing 
all necessary temporary supports, including the sequence of installation 
and removal.

SD-13 Certificates

Mill Test Reports; FIO.

Certified copies of mill test reports for structural steel, structural 
bolts, nuts, washers and other related structural steel items, including 
attesting that the structural steel furnished contains no less than 25 
percent recycled scrap steel and meets the requirements specified, prior to 
the installation.

Welder Qualifications; FIO.

Certified copies of welder qualifications test records showing 
qualification in accordance with AWS D1.1.

Fabrication; FIO.

A copy of the AISC certificate indicating that the fabrication plant meets 
the specified structural steelwork category.

SD-14 Samples

High Strength Bolts and Nuts; FIO.  Carbon Steel Bolts and Nuts; FIO.  Nuts 
Dimensional Style; FIO.  Washers; FIO.

Random samples of bolts, nuts, and washers as delivered to the job site if 
requested, taken in the presence of the Contracting Officer and provided to 
the Contracting Officer for testing to establish compliance with specified 
requirements.

1.4   STORAGE

a.  Material shall be stored out of contact with the ground in such manner 
and location as will minimize deterioration.

b.  Due to lack of storage space, the Contractor shall coordinate the 
location and size of storage space with Contracting Officer.

PART 2   PRODUCTS

2.1   STRUCTURAL STEEL

2.1.1   Carbon Grade Steel

Carbon grade steel shall conform to ASTM A 36/A 36M.
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2.1.2   High-Strength Low-Alloy Steel

High-strength low-alloy steel shall conform to ASTM A 572/A 572M, Grade 345.

2.1.3   Quenched and Tempered Alloy Steel

Tempered alloy steel shall conform to ASTM A 514/A 514M.

2.1.4   Carbon and High-Strength Low-Alloy Steel

Carbon and high-strength low-alloy steel shall conform to ASTM A 709/A 709M.

2.1.5   Quenched and Tempered Low-Alloy Steel

Quenched and tempered low-alloy steel shall conform to ASTM A 852/A 852M, 
485 MPa. 

2.2   STRUCTURAL TUBING

Structural tubing shall conform to ASTM A 500, Grade B.

2.3   STEEL PIPE

Steel pipe shall conform to ASTM A 53, Grade B.

2.4   HIGH STRENGTH BOLTS AND NUTS

High strength bolts shall conform to ASTM A 325M.

2.5   CARBON STEEL BOLTS AND NUTS

Carbon steel bolts shall conform to ASTM A 307, Grade A with carbon steel 
nuts conforming to ASTM A 563M , Grade A.

2.6   NUTS DIMENSIONAL STYLE

Carbon steel nuts shall be Heavy Hex style when used with ASTM A 307 bolts 
or Heavy Hex style when used with ASTM A 325M  or ASTM A 490M  bolts.

2.7   WASHERS

Plain washers shall conform to ASTM F 844.

2.8   PAINT

Paint shall conform to SSPC Paint 25.

PART 3   EXECUTION

3.1   FABRICATION

Fabrication shall be in accordance with the applicable provisions of AISC 
ASD Manual.  Fabrication and assembly shall be done in the shop to the 
greatest extent possible.  The fabricating plant shall be certified under 
the AISC FCD for structural steelwork.  Compression joints depending on 
contact bearing shall have a surface roughness not in excess of 13 
micrometer  as determined by ASME B46.1, and ends shall be square within 
the tolerances for milled ends specified in ASTM A 6/A 6M.  Structural 
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steelwork, except surfaces of steel to be encased in concrete, surfaces to 
be field welded, surfaces to be fireproofed, and contact surfaces of 
friction-type high-strength bolted connections shall be prepared for 
painting in accordance with AISC ASD Manual and primed with the specified 
paint.

3.2   ERECTION

Erection of structural steel shall be in accordance with the applicable 
provisions of AISC ASD Manual.

3.2.1   Structural Connections

Anchor bolts and other connections between the structural steel and 
foundations shall be provided and shall be properly located and built into 
connecting work.  Field welded structural connections shall be completed 
before load is applied.

3.2.2   Base Plates and Bearing Plates

Column base plates for columns and bearing plates for beams, girders, and 
similar members shall be provided.  Base plates and bearing plates shall be 
provided with full bearing after the supported members have been plumbed 
and properly positioned, but prior to placing superimposed loads.  Separate 
setting plates under column base plates will not be permitted.  The area 
under the plate shall be damp-packed solidly with bedding mortar, except 
where nonshrink grout is indicated on the drawings.  Bedding mortar and 
grout shall be as specified in Section 03300 CAST-IN-PLACE STRUCTURAL 
CONCRETE.

3.2.3   Field Priming

After erection, the field bolt heads and nuts, field welds, and any 
abrasions in the shop coat shall be cleaned and primed with paint of the 
same quality as that used for the shop coat.

    -- End of Section --
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SECTION 05300

STEEL DECKING

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC)

AISC-04 (1989) Specification for Structural Steel 
Buildings - Allowable Stress Design and 
Plastic Design

AMERICAN IRON AND STEEL INSTITUTE (AISI)

AISI-01 (1996) Cold-Formed Steel Design Manual

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 108 (1995) Steel Bars, Carbon, Cold Finished, 
Standard Quality

ASTM A 611 (1996) Steel, Sheet, Carbon, Cold-Rolled, 
Structural Quality

ASTM A 653/A 653M (1996) Steel Sheet, Zinc-Coated 
(Galvanized) or Zinc-Iron Alloy-Coated 
(Galvannealed) by the Hot-Dip Process

ASTM A 780 (1993a) Repair of Damaged and Uncoated 
Areas of Hot-Dipped Galvanized Coatings

ASTM A 792/A 792M (1996) Steel Sheet, 55% Aluminum-Zinc 
Alloy-Coated by the Hot-Dip Process 

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1 (1996) Structural Welding Code - Steel

AWS D1.3 (1989) Structural Welding Code - Sheet 
Steel

STEEL DECK INSTITUTE (SDI)

SDI-02 (1987; Amended 1991) Diaphragm Design 
Manual

SDI Pub No 29 (1995) Design Manual for Composite Decks, 
Form Decks, Roof Decks, and Cellular Metal 
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Floor Deck with Electrical Distribution

STEEL STRUCTURES PAINTING COUNCIL (SSPC)

SSPC Paint 20 (1991) Zinc-Rich Primers (Type I - 
Inorganic and Type II - Organic)

1.2   SUBMITTALS

Government approval is required for submittals with a "GA" designation; 
submittals having an "FIO" designation are for information only.  The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

SD-01 Data

Deck Units; FIO.

Design computations for the structural properties of the deck units or SDI 
certification that the units are designed in accordance with SDI 
specifications.

SD-04 Drawings

Deck Units; FIO.  Accessories; FIO..

Drawings shall include type, configuration, structural properties, 
location, and necessary details of deck units, accessories, and supporting 
members; size and location of holes to be cut and reinforcement to be 
provided; location and sequence of welded or fastener connections; and the 
manufacturer’s erection instructions.

SD-13 Certificates

Deck Units; FIO.  Attachments; FIO.

Manufacturer’s certificates attesting that the decking material meets the 
specified requirements.

SD-18 Records

Attachments; FIO.

Prior to welding operations, copies of qualified procedures and lists of 
names and identification symbols of qualified welders and welding operators.

1.3   DELIVERY, STORAGE, AND HANDLING

Deck units shall be delivered to the site in a dry and undamaged condition, 
stored off the ground with one end elevated, and stored under a 
weathertight covering permitting good air circulation.  Finish of deck 
units shall be maintained at all times by using touch-up paint whenever 
necessary to prevent the formation of rust.

PART 2   PRODUCTS

2.1   DECK UNITS

Deck units shall conform to SDI Pub No 29.  Panels of maximum possible 
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lengths shall be used to minimize end laps.  Deck units shall be fabricated 
in lengths to span 3 or more supports with flush, telescoped, or nested 50 
mm laps at ends, and interlocking, or nested side laps, unless otherwise 
indicated.  Deck with cross-sectional configuration differing from the 
units indicated may be used, provided that the properties of the proposed 
units, determined in accordance with AISI-01, are equal to or greater than 
the properties of the units indicated and that the material will fit the 
space provided without requiring revisions to adjacent materials or systems.

2.1.1   Roof Deck

Steel deck used in conjunction with insulation and built-up roofing shall 
conform to ASTM A 792/A 792M, ASTM A 611 or ASTM A 792/A 792M.  Roof deck 
units shall be fabricated of 0.9 mm  design thickness or thicker steel and 
shall be zinc-coated in conformance with ASTM A 653/A 653M, G90 coating 
class.

2.1.2   Composite Deck

Deck to receive concrete as a filler or for composite deck assembly shall 
conform to ASTM A 653/A 653M or ASTM A 611.  Deck used as the tension 
reinforcing in composite deck shall be fabricated of ‘1.2 mm design 
thickness or thicker steel, and shall be zinc-coated in conformance with 
ASTM A 653/A 653M, G90 coating class.  Deck units used in composite deck 
shall have adequate embossment to develop mechanical shear bond to provide 
composite action between the deck and the concrete.

2.1.3   Form Deck

Deck used as a permanent form for concrete shall conform to ASTM A 653/A 
653M.  Deck used as a form for concrete shall be fabricated of 0.9 mm  
design thickness or thicker steel, and shall be zinc-coated in conformance 
with ASTM A 653/A 653M, G90 coating class.

2.1.4   Shear Connectors

Shear connectors shall be headed stud type, ASTM A 108, Grade 1015 or 1020, 
cold finished carbon steel with dimensions complying with AISC-04.

2.2   TOUCH-UP PAINT

Touch-up paint for zinc-coated units shall be an approved galvanizing 
repair paint with a high-zinc dust content.  Welds shall be touched-up with 
paint conforming to SSPC Paint 20 in accordance with ASTM A 780.  Finish of 
deck units and accessories shall be maintained by using touch-up paint 
whenever necessary to prevent the formation of rust.

2.3   ADJUSTING PLATES

Adjusting plates or segments of deck units shall be provided in locations 
too narrow to accommodate full-size units.  As far as practical, the plates 
shall be the same thickness and configuration as the deck units.

2.4   CLOSURE PLATES

2.4.1   Closure Plates for Roof Deck

Voids above interior walls shall be closed with sheet metal where shown. 
Open deck cells at parapets, end walls, eaves, and openings through roofs 
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shall be closed with sheet metal.  Sheet metal shall be same thickness as 
deck units.

2.4.2   Closure Plates for Composite Deck

The concrete shall be supported and retained at each floor level.  Provide 
edge closures at all edges of the slab of sufficient strength and stiffness 
to support the wet concrete.  Metal closures shall be provided for all 
openings in composite steel deck 6 mm  and over, including but not limited 
to:

2.4.2.1   Cover Plates to Close Panels

Cover plates to close panel edge and end conditions and where panels change 
direction or abut.  Butt joints in composite steel deck may receive a tape 
joint cover.

2.4.2.2   Column Closures to Close Openings

Column closures to close openings between steel deck and structural steel 
columns.

2.4.2.3   Sheet Metal

Where deck is cut for passage of pipes, ducts, columns, etc., and deck is 
to remain exposed, provide a neatly cut sheet metal collar to cover edges 
of deck.  Do not cut deck until after installation of supplemental supports.

2.5   ACCESSORIES

The manufacturer’s standard accessories shall be furnished as necessary to 
complete the deck installation.  Metal accessories shall be of the same 
material as the deck and have minimum design thickness as follows: saddles, 
1.204 mm;  welding washers, 1.519 mm;  cant strip, 0.749 mm; other metal 
accessories, 0.909 mm; unless otherwise indicated.  Accessories shall 
include but not be limited to saddles, welding washers, cant strips, butt 
cover plates, underlapping sleeves, and ridge and valley plates.

PART 3   EXECUTION

3.1   ERECTION

Erection of deck and accessories shall be in accordance with SDI-02 and the 
approved detail drawings.  Damaged deck and accessories including material 
which is permanently stained or contaminated, with burned holes or deformed 
shall not be installed.  The deck units shall be placed on secure supports, 
properly adjusted, and aligned at right angles to supports before being 
permanently secured in place.  The deck shall not be filled with concrete, 
used for storage or as a working platform until the units have been secured 
in position.  Loads shall be distributed by appropriate means to prevent 
damage during construction and to the completed assembly.  The maximum 
uniform distributed storage load shall not exceed the design live load.  
There shall be no loads suspended directly from the steel deck.  

3.2   ATTACHMENTS

All fasteners shall be installed in accordance with the manufacturer’s 
recommended procedure, except as otherwise specified.  The deck units shall 
be welded with nominal 16 mm  diameter puddle welds or fastened with 
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screws, powder-actuated fasteners or pneumatically driven fasteners to 
supports as indicated on the design drawings and in accordance with 
requirements of SDI Pub No 29.  All welding of steel deck shall be in 
accordance with AWS D1.3 using methods and electrodes as recommended by the 
manufacturer of the steel deck being used.  Welds shall be made only by 
operators previously qualified by tests prescribed in AWS D1.3 to perform 
the type of work required.  Welding washers shall not be used at the 
connections of the deck to supports.  Welding washers shall not be used at 
sidelaps.  Holes and similar defects will not be acceptable.  Deck ends 
shall be lapped 50 mm.  All partial or segments of deck units shall be 
attached to structural supports in accordance with Section 2.5 of SDI-02.  
Powder-actuated fasteners shall be driven with a low-velocity piston tool 
by an operator authorized by the manufacturer of the piston tool.  
Pneumatically driven fasteners shall be driven with a low-velocity 
fastening tool and shall comply with the manufacturer’s recommendations. 
Shear connectors shall be attached as shown and shall be welded as per AWS 
D1.1 through the steel deck to the steel member.

3.3   HOLES AND OPENINGS

All holes and openings required shall be coordinated with the drawings, 
specifications, and other trades.  Holes and openings shall be drilled or 
cut, reinforced and framed as indicated on the drawings or described in the 
specifications and as required for rigidity and load capacity.  Holes and 
openings less than 150 mm  across require no reinforcement.  Holes and 
openings 150 to 300 mm  across shall be reinforced by 1.204 mm  thick steel 
sheet at least 300 mm  wider and longer than the opening and be fastened to 
the steel deck at each corner of the sheet and at a maximum of 150 mm  on 
center.  Holes and openings larger than 300 mm  shall be reinforced by 
steel angles installed perpendicular to the steel joists and supported by 
the adjacent steel joists.  Steel angles shall be installed perpendicular 
to the deck ribs and shall be fastened to the angles perpendicular to the 
steel joists.  Openings must not interfere with seismic members such as 
chords and drag struts.

3.4   PREPARATION OF FIRE-PROOFED SURFACES

Deck surfaces, both composite and noncomposite, which are to receive 
sprayed-on fireproofing, shall be galvanized and shall be free of all 
grease, mill oil, paraffin, dirt, salt, and other contaminants which impair 
adhesion of the fireproofing.  Any required cleaning shall be done prior to 
steel deck installation using a cleaning method that is compatible with the 
sprayed-on fireproofing.

        -- End of Section --
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SECTION 05500

MISCELLANEOUS METAL

PART 1   GENERAL

1.1   REFERENCES

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only.

ALUMINUM ASSOCIATION (AA)

AA DAF-45 (1980; R 1993) Designation System for 
Aluminum Finishes

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI A14.3 (1992) Ladders - Fixed - Safety 
Requirements

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 36 (1996) Carbon Structural Steel

ASTM A 53 (1996) Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless

ASTM A 123 (1989a) Zinc (Hot-Dip Galvanized) Coatings 
on Iron and Steel Products

ASTM A 500 (1993) Cold-Formed Welded and Seamless 
Carbon Steel Structural Tubing in Rounds 
and Shapes

ASTM A 653 (1996) Steel Sheet, Zinc-Coated 
(Galvanized) or Zinc-Iron Alloy-Coated 
(Galvannealed) by the Hot-Dip Process

ASTM A 924 (1996a) Steel Sheet, Metallic-Coated by 
the Hot-Dip Process

AMERICAN WELDING SOCIETY (AWS)

AWS D1.1 (1994) Structural Welding Code - Steel

COMMERCIAL ITEM DESCRIPTIONS (CID)

CID A-A-344 (Rev B) Lacquer, Clear Gloss, Exterior, 
Interior 

1.2   SUBMITTALS

Government approval is required for submittals with a "GA" designation; 
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submittals having an "FIO" designation are for information only.  The 
following shall be submitted in accordance with Section 01330 SUBMITTAL 
PROCEDURES:

SD-04 Drawings

Miscellaneous Metal Items; FIO.

Detail drawings indicating material thickness, type, grade, and class; 
dimensions; and construction details.  Drawings shall include catalog cuts, 
erection details, manufacturer’s descriptive data and installation 
instructions, and templates.  Detail drawings for the following items: 

a.  Handrails.
b.  Miscellaneous
c.  Roof scuttles.
d.  Pull down aluminum ladder.
e.  Access doors and panels.
f.  Abrasive tape nosings.

SD-14 Samples

Miscellaneous Metal Items; FIO.

Samples shall be full size, taken from manufacturer’s stock, and shall be 
complete as required for installation in the structure.  Samples may be 
installed in the work, provided each sample is clearly identified and its 
location recorded. Samples of the following items:

a.  Handrails.
b.  Miscellaneous
c.  Roof scuttles.
d.  Pull down aluminum ladder.
e.  Access doors and panels.
f.  Abrasive tape nosings.

1.3   GENERAL REQUIREMENTS

The Contractor shall verify all measurements and shall take all field 
measurements necessary before fabrication.  Welding to or on structural 
steel shall be in accordance with AWS D1.1.  Items specified to be 
galvanized, when practicable and not indicated otherwise, shall be hot-dip 
galvanized after fabrication.  Galvanizing shall be in accordance with ASTM 
A 123, ASTM A 653, or ASTM A 924, as applicable.  Exposed fastenings shall 
be compatible materials, shall generally match in color and finish, and 
shall harmonize with the material to which fastenings are applied.  
Materials and parts necessary to complete each item, even though such work 
is not definitely shown or specified, shall be included.  Poor matching of 
holes for fasteners shall be cause for rejection.  Fastenings shall be 
concealed where practicable.  Thickness of metal and details of assembly 
and supports shall provide strength and stiffness.  Joints exposed to the 
weather shall be formed to exclude water.

1.4   DISSIMILAR MATERIALS

Where dissimilar metals are in contact, or where aluminum is in contact 
with concrete, mortar, masonry, wet or pressure-treated wood, or absorptive 
materials subject to wetting, the surfaces shall be protected with a coat 
of bituminous paint or asphalt varnish.
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1.5   WORKMANSHIP

Miscellaneous metalwork shall be well formed to shape and size, with sharp 
lines and angles and true curves.  Drilling and punching shall produce 
clean true lines and surfaces.  Welding shall be continuous along the 
entire area of contact except where tack welding is permitted.  Exposed 
connections of work in place shall not be tack welded.  Exposed welds shall 
be ground smooth.  Exposed surfaces of work in place shall have a smooth 
finish, and unless otherwise approved, exposed riveting shall be flush.  
Where tight fits are required, joints shall be milled.  Corner joints shall 
be coped or mitered, well formed, and in true alignment.  Work shall be 
accurately set to established lines and elevations and securely fastened in 
place.  Installation shall be in accordance with manufacturer’s 
installation instructions and approved drawings, cuts, and details.

1.6   ANCHORAGE

Anchorage shall be provided where necessary for fastening miscellaneous 
metal items securely in place.  Anchorage not otherwise specified or 
indicated shall include slotted inserts made to engage with the anchors, 
expansion shields, and power-driven fasteners when approved for concrete; 
toggle bolts and through bolts for masonry; machine and carriage bolts for 
steel; and lag bolts and screws for wood.

1.7   ALUMINUM FINISHES

Unless otherwise specified, aluminum items shall have anodized finish. The 
thickness of the coating shall be not less than that specified for 
protective and decorative type finishes for items used in interior 
locations or architectural Class I type finish for items used in exterior 
locations in AA DAF-45.  Items to be anodized shall receive a polished 
satin finish.  Aluminum surfaces to be in contact with plaster or concrete 
during construction shall be protected with a field coat conforming to CID 
A-A-344.

1.8   SHOP PAINTING

Surfaces of ferrous metal except galvanized surfaces, shall be cleaned and 
shop coated with the manufacturer’s standard protective coating unless 
otherwise specified.  Surfaces of items to be embedded in concrete shall 
not be painted.  Items to be finish painted shall be prepared according to 
manufacturer’s recommendations or as specified.

PART 2   PRODUCTS

2.1   ACCESS DOORS AND PANELS

Doors and panels shall be flush type unless otherwise indicated.  Frames 
for access doors shall be fabricated of not lighter than 1.52 mm steel with 
welded joints and finished with anchorage for securing into construction.  
Access doors shall be a minimum of 350 by 500 mm and of not lighter than 
1.9 mm steel, with stiffened edges, complete with attachments.  Access 
doors shall be hinged to frame and provided with a flush face, screw driver 
operated latch.  Exposed metal surfaces shall have a shop applied prime coat.

2.2   PIPE GUARDS

Pipe guards shall be heavy duty steel pipe conforming to ASTM A 53, Type E 
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or S, weight STD, black finish.

2.3   HANDRAILS

Handrails shall be designed to resist a concentrated load of 890 N  in any 
direction at any point of the top of the rail or 292 Newtons per meter  
applied horizontally to top of the rail, whichever is more severe.

2.3.1   Steel Handrails, Including Carbon Steel Inserts

Steel handrails, including inserts in concrete, shall be steel pipe 
conforming to ASTM A 53 or structural tubing conforming to ASTM A 500, 
Grade A or B of equivalent strength.  Steel railings shall be nominal size. 
 Exterior railings shall be hot-dip galvanized and shop painted.  Pipe 
collars shall be hot-dip galvanized steel.

a.  Joint posts, rail, and corners shall be fabricated by one of the 
following methods:

(1) Flush type rail fittings of commercial standard, welded and 
ground smooth with railing splice locks secured with 10 mm 
hexagonal recessed-head setscrews.

(2)  Mitered and welded joints by fitting post to top rail and 
intermediate rail to post, mitering corners, groove welding 
joints, and grinding smooth.  Railing splices shall be butted and 
reinforced by a tight fitting interior sleeve not less than 150 mm 
 long.

(3) Railings may be bent at corners in lieu of jointing, provided 
bends are made in suitable jigs and the pipe is not crushed.

b.  Removable sections, toe-boards, and brackets shall be provided as 
indicated.

c.  Malleable iron handrail brackets and wall bracket filler/spacer 
shall be provided as indicated.

2.4   LADDERS

Ladders shall be aluminum, fixed rail type in accordance with ANSI A14.3.

2.5   MISCELLANEOUS

Miscellaneous plates and shapes for items that do not form a part of the 
structural steel framework, such as lintels, sill angles, miscellaneous 
mountings, and frames, shall be provided to complete the work.

2.6   ROOF SCUTTLES

Roof scuttles shall be of aluminum, with 75 mm  beaded flange welded and 
ground at corners.  Scuttle shall be sized to provide minimum clear opening 
of 750 mm by 1500 mm and 600 mm by 600 mm mm as indicated on drawings.  
Cover and curb shall be insulated with 25 mm  thick rigid insulation 
covered and protected by aluminum sheet.   The curb shall be equipped with 
an integral metal cap flashing of the same gauge and metal as the curb, 
full welded and ground at corners for weathertightness.  Scuttle shall be 
completely assembled with heavy hinges, compression spring operators 
enclosed in telescopic tubes, positive snap latch with turn handles on 
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inside and outside and neoprene draft seal.  Fasteners shall be provided 
for padlocking on the inside.  The cover shall be equipped with an 
automatic hold-open arm complete with handle to permit one hand release.

2.7   ABRASIVE TAPE NOSING

Abrasive tape nosings shall be of with abrasive slip resistant surface.  
Abrasive tape nosing shall be not less than50 mm  wide and extend the full 
length of the tread.  

a.  Color:  Black.
b.  Applied Thickness:  0.76 mm.
c.  Minimum Application Temperature:  4 degrees C.
d.  Maximum Service Temperature:  79 degrees C.
e.  Flammability Average Critical Radiant Flux per ASTM E 648: 1.08 W 

per sq. cm.
f.  Smoke Density Flaming, Non-flaming per ASTM E 622:  69, 84.
g.  Primer:  As recommended by tape manufacturer.

2.8   STEEL STAIRS

Steel stairs shall be complete with structural or formed channel stringers, 
metal pan cement-filled treads, landings, columns, handrails, and necessary 
bolts and other fastenings as indicated.  Structural steel shall conform to 
ASTM A 36.  Stairs and accessories shall be shop painted.  Risers on stairs 
with metal pan treads shall be deformed to form a sanitary cove to retain 
the tread concrete.  Steel stair treads and landingsshall have 
slip-resistant abrasive tapenosings, except where carpet or other finish is 
indicated.

2.9   PULL DOWN ALUMINUM LADDER

Pull down aluminum ladder shall be standard or custom factory fabricated 
unit by manufacturer regularly engaged in the manufacture of aluminum 
disappearing stairways. Pull down aluminum ladder shall be equal to Super 
Simplex SS/AL-series as manufactured by Precision Ladders, LLC, Morristown 
TN (telephone 800-225-7814).  Prior to fabrication make field measurements 
and coordinate floor to ceiling height and hatch access dimensions. Use of 
manufacturer’s proprietary product names to designate items or materials is 
to establish level of quality and is not intended to imply that products 
named are required to be used to the exclusion of equivalent products of 
other manufacturers.

2.9.1   Door

Door panel constructed of 3 mm thick aluminum with steel piano hinge.  Door 
shall overlap bottom flange of frame.  Modify frame as required to 
accommodate acoustical lay-in ceiling. Provide eye bolt for opening and 
closing with pole.

2.9.2   Stairway

Stairway shall be of trifold design and fabricated of extruded aluminum 
treads and stringers.

2.9.2.1   Stringers

Stringers shall be 6063-T6 extruded aluminum channel 127 mm x 25.4 mm by 
3.175 mm with steel blade type hinges, and adjustable foot. Pitch to be 63 
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degrees.

2.9.2.2   Treads

Treads shall be 6063-T6 extruded aluminum channel 132.76 mm x 31.75 mm by 
3.175 mm with deeply serrated top surface.  Riser height to be 241.3 mm. 
Treads shall provide for 225 kg loading with factor of safety of two.

2.9.3   Frame

Fabricate frame of 3.175 mm steel, formed channel, sloped accommodated 
stair pitch at hinge end and 90 degree at opposite end.  Custom fabricate 
frame to accommodate distance from finished ceiling below to finished roof 
deck above.

2.9.4   Hardware

Steel blade type hinge connecting stringer sections bolted to stringers. 
Steel operating arms, both sides. Double acting steel springs and V-hooks, 
both sides. Rivets rating at greater than 450 kg shear.

2.9.5   Accessories

Handrail to be steel bar riveted to stringers, upper section, right side. 
Steel section alignment clips at stringer section joints. Molded rubber 
guards at corners of aluminum door panel. Steel pole 1800 mm long with 
plastic grip on one end and hook on other.  Provide wall mounted bracket 
for storage of pole, locate as indicated or directed.

2.9.6   Finishes

Aluminum disappearing stairway components shall be mill finished. Aluminum 
door panel shall be painted flat black. Steel frame and handrail shall be 
shop primed and painted with semi-gloss black enamel.

PART 3   EXECUTION

3.1   GENERAL INSTALLATION REQUIREMENTS

All items shall be installed at the locations shown and according to the 
manufacturer’s recommendations.  Items listed below require additional 
procedures as specified.

3.2   REMOVABLE ACCESS PANELS

A removable access panel not less than 300 by 300 mm  shall be installed 
directly below each valve, flow indicator, damper, or air splitter that is 
located above the ceiling, other than an acoustical ceiling, and that would 
otherwise not be accessible.

3.3   ATTACHMENT OF HANDRAILS

Brackets shall be installed where indicated.  Splices, where required, 
shall be made at expansion joints.

3.3.1   Installation of Steel Handrails

Installation shall be in pipe sleeves embedded in concrete and filled with 
molten lead or sulphur with anchorage covered with standard pipe collar 
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pinned to post.  Rail ends shall be secured by steel pipe flanges anchored 
by expansion shields and bolts.or through-bolted to a back plate or by 6 mm 
 lag bolts to studs or solid backing.

3.4   INSTALLATION OF SAFETY NOSINGS

Nosing shall be completely embedded in concrete before the initial set of 
the concrete occurs and shall finish flush with the top of the concrete 
surface.

        -- End of Section --
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