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SECTI ON 05 50 14

STRUCTURAL METAL FABRI CATI ONS
05/14

NOTE: This gui de specification covers the

requi renents for general workmanship applicable to
the fabrication, assenbly and testing custom
fabricated or nachi ned assenbl ages requiring strict
tol erances and specific expertise in detailing,
fabrication, and installation. This section was
originally devel oped for USACE Civil Wrks projects.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate information.

Rermove information and requirenents not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR.
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PART 1
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GENERAL

1.1 REFERENCES

*kkk
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RID) outside of
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the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard's Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ALUM NUM ASSCOCI ATI ON ( AA)
AA ADM (2015) Al um num Desi gn Manual

AMERI CAN GEAR MANUFACTURERS ASSOCI ATI ON ( AGVA)

AGVA | SO 22849- A12 (2012) Design Recomendati ons for Bevel
Gears

AGVA | SO 23509- A08 (2008) Bevel and Hypoid Gear Geonetry

ANSI / AGVA 6001 (2008E; R 2014) Design and Sel ection of

Conponents for Encl osed CGear Drives
AMERI CAN VEELDI NG SCCI ETY ( AWS)

AWS D1.1/D1. 1M (2015; Errata 1 2015; Errata 2 2016)
Structural Wl ding Code - Steel

AWS D1. 2/ D1. 2M (2014) Structural Welding Code - Al um num
ASME | NTERNATI ONAL ( ASMVE)

ASME B4. 1 (1967; R 2009) Preferred Limts and Fits
for Cylindrical Parts

ASME B46. 1 (2009) Surface Texture, Surface Roughness,
Wavi ness and Lay

ASME BPVC SEC | X (2010) BPVC Section | X-Wl ding and Brazing
Qualifications

ASTM | NTERNATI ONAL ( ASTM
ASTM A123/ A123M (2017) Standard Specification for Zinc

(Hot-Di p Gal vani zed) Coatings on Iron and
St eel Products

ASTM A325 (2014) Standard Specification for
Structural Bolts, Steel, Heat Treated,
120/ 105 ksi M ninmum Tensile Strength

ASTM A325M (2014) Standard Specification for
Structural Bolts, Steel, Heat Treated, 830
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1.

ASTM A380/ A380M

ASTM A490

ASTM A490M

ASTM A514/ A514M

ASTM A780/ A780M

ASTM B177/ B177M

ASTM B766

ASTM D962

ASTM E165/ E165M

ASTM E446

ASTM E709

ASTM E94/ E94M

2 SUBMITTALS

MPa M ninum Tensile Strength (Metric)

(2017) Standard Practice for C eaning,
Descal i ng, and Passivation of Stainless
Steel Parts, Equi prent, and Systens

(2014a) Standard Specification for
Structural Bolts, Alloy Steel, Heat
Treated, 150 ksi M ninum Tensile Strength

(2014a) Standard Specification for

H gh-Strength Steel Bolts, Cl asses 10.9
and 10.9.3, for Structural Steel Joints
(Metric)

(2014) Standard Specification for
H gh-Yi el d-Strength, Quenched and Tenpered
Alloy Steel Plate, Suitable for Wl ding

(2009; R 2015) Standard Practice for
Repair of Danmaged and Uncoated Areas of
Hot - Di p Gal vani zed Coati ngs

(2011; R 2017) Standard Cuide for
Engi neering Chronium El ectropl ating

(1986; R 2015) Standard Specification for
El ectrodeposited Coatings of Cadmi um

(1981; R 2014) Al um num Powder and Paste
Pi gnents for Paints

(2012) Standard Practice for Liquid
Penetrant Examination for General |ndustry

(2014) Radi ographs for Steel Castings Up
to 2 In. (51mm in Thickness

(2015) Standard Guide for Magnetic
Particl e Exam nation

(2017) Standard Gui de for Radi ographic
Exani nation Using Industrial Radiographic
Film

NOTE:

Revi ew subnittal description (SD) definitions

in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project.

The Guide Specification technical editors have
designated those itens that require Government
approval, due to their conplexity or criticality,
with a "G" GCenerally, other submittal itenms can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the submttal

SECTION 05 50 14 Page 5



is sufficiently inmportant or conplex in context of
t he project.

For subnmittals requiring Governnment approval on Arny
projects, a code of up to three characters within
the submttal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Use the "S" classification only in SD-11 C oseout
Submittals. The "S" following a submttal item

i ndicates that the submittal is required for the
Sustai nability eNotebook to fulfill federally

mandat ed sustai nabl e requirenents in accordance with
Section 01 33 29 SUSTAI NABI LI TY REPORTI NG

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. Wen used, a designation following the "G
designation identifies the office that will review the submttal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Detail Drawi ngs; C[, [ 11
Wel di ng of Structural Steel
Structural Steel Wl ding Repairs
Castings

SD- 03 Product Data

Filler Metal
Lubricant

SD-06 Test Reports

Tests, Inspections, and Verifications
SD-07 Certificates

Vel di ng Qualifications

Application Qualification for Steel Studs; C[, [ 11
Vel di ng of Al unmi num
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1

1

3 QUALI TY ASSURANCE
3.1 Detai | Draw ngs

Subnmit detail drawi ngs for nmetal work and nachine work, prior to
fabrication, include within the detail drawi ngs catalog cuts, tenpl ates
fabrication and assenbly details and type, grade and class of nmaterial as
appropriate. Indicate methods of protecting the work during shipping,
storage, field assenbly, and installation

. 3.2 Wel di ng Qualifications

Prior to welding, subnmt certification for each welder stating the type of
wel di ng and positions qualified for, the code and procedure qualified
under, date qualified, and the firm and individual certifying the
qualification tests. [If the qualification date of the welding operator is
nore than one-year old, acconpany the wel ding operator's qualification
certificate with a current certificate by the welder attesting to the fact
that he has been engaged in welding since the date of certification, with
no break in welding service greater than 6 nonths. ]

Conformto all requirements specified in [AWs D1.1/D1. 1M [or
ASME BPVC SEC | X] and [AA ADNV] [or AWS D1.2/D1.2N [or ASME BPVC SEC | X].

PART 2 PRODUCTS

2.

2.

1 FABRICATION
1.1 Structural Fabrication

Mat eri al nust be straight before being laid off or worked. Perform
straightening, if necessary, by nethods that will not inpair the netal.
Sharp kinks or bends will be cause for rejection of the material. Materia
with welds will not be accepted except where welding is definitely
specified, indicated or otherw se approved. WMake bends usi ng approved
dies, press brakes or bending rolls. Were heating is required, take
precautions to avoid overheating the netal and allowit to cool in a manner
that will not inpair the original properties of the metal. Proposed flame
cutting of material, other than structural steel, is subject to approva
and nust be indicated on detail draw ngs. Shearing shall be accurate and
all portions of the work neatly finished. Make corners square and true
unl ess otherwi se shown. Fillet re-entrant cuts to a mninmumradius of 19 mm
3/ 4 inch unl ess otherw se approved. Provide finished nmenbers free of
twi sts, bends and open joints. Tighten bolts, nuts and screws.

.1.1.1 Di nensi onal Tol erances for Structural Work

Measur e di nmensi ons using an approved calibrated steel tape of approximtely
the sane tenperature as the nmaterial being neasured. The overal

di nensi ons of an assenbl ed structural unit must be within the tol erances

i ndi cated on the drawi ngs or as specified in the particular section of
these specifications for the itemof work. \Where tol erances are not
specified in other sections of these specifications or shown, an allowable
variation of 1 mMm 1/32 inch is permissible in the overall |ength of
conponent nmenbers with both ends nmilled; conponent nenbers without nilled
ends nmust not deviate fromthe di mensions shown by nmore than 2 mm 1/16 inch
for menmbers 9 m30 feet or less in length, and by nmore than 3 mm 1/8 inch
for menmbers over 9 m30 feet in |ength.
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2.1.1.2 Structural Steel Fabrication

Structural steel may be cut by nechanical ly guided or hand-gui ded torches
provi ded an accurate profile with a surface that is snmooth and free from
cracks and notches is obtained. Prepare surfaces and edges in accordance
with  AWS D1. 1/ D1. 1V, Subcl ause 3.2. Were structural steel is not to be
wel ded, chipping or grinding will not be required except as necessary to
renove sl ag and sharp edges of nechanically guided or hand-gui ded cuts not
exposed to view. Chip, grind or machine to sound netal hand-guided cuts
which are to be exposed or visible.

2.1.1.3 Structural Al um num Fabrication
Lay out and cut alum numin accordance with the AA ADV, Section 6.

2.1.2 Welding

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The wel di ng requirenents provided are
applicable primarily to structural grade steel, |ow
carbon steel castings and al unmi num Were wel ding
of other grades of steel, castings or non-ferrous
nmetals is contenplated, the additional provisions
necessary for the welding of these particular netals
shoul d be inserted.
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2.1.2.1 WwWlding of Structural Steel
2.1.2.1.1 Wel di ng Procedures for Structural Stee

Prequalify wel ding procedures for structural steel as described in

AWS D1.1/D1. 1N, Subclause 3.1 or qualify by tests as prescribed in

AWS D1.1/D1. 1N, Cause 4. Properly docunented evi dence of conpliance with
all requirenents of these specifications for previous qualification tests
establish a welding procedure as prequalified. For welding procedures
qualified by tests, the test welding and specinen testing will be w tnessed
and the test report docunent signed by the Contracting Oficer. Approva

of any wel ding procedure will not relieve the responsibility for producing
a finished structure neeting all requirenents of these specifications. The
Contractor will be directed or authorized to nake any changes in previously
approved wel di ng procedures that are deened necessary or desirable by the
Contractor Oficer.

a. Subnit a conplete schedul e of welding procedures for each stee
structure to be welded prior to comencing fabrication. Provide the
schedul e in conformance with the requirenents specified in the
provisions AWS D1.1/D1. 1V, Causes 2, 3, 4, 6, 7 and applicable
portions of C ause 8.

b. Provide within the schedul e detail ed procedure specifications and
tabl es or diagrans showi ng the procedures to be used for each required
joint. Include in the welding procedures filler netal, preheat,

i nterpass tenperature and stress-relief heat treatnent requirenents.
Clearly identify each welding procedure as being prequalified or
required to be qualified by tests.

c. Show types and | ocations of welds designated or in the specifications
to receive nondestructive testing in the welding procedures.
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2.1.2.1.2 Wl di ng Process

Perform wel di ng of structural steel by an electric arc wel di ng process
usi ng a nmet hod which excludes the atnosphere fromthe nolten netal and
conforns to the applicable provisions of AWs D1.1/D1.1N. M nim ze residua
stresses, distortion and shrinkage from wel di ng.

2.1.2.1.3 Wl di ng Techni que

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Vibratory type stress-relief treatment should
not be approved as an alternate stress relieving
neans for applications covered by this specification
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2.1.2.1.3.1 Filler Meta

Provide the el ectrode, el ectrode-flux conbination and grade of weld netal
conform ng to the appropriate AWS specification for the base nmetal and
wel di ng process being used or be as shown where a specific choice of AWS
specification allowables is required. |Include the AWS designation of the
el ectrodes to be used in the schedul e of welding procedures. Use only | ow
hydrogen el ectrodes for manual shielded netal-arc wel ding regardl ess of the
thi ckness of the steel. Use a controlled tenperature storage oven at the
job site as prescribed by AWS D1.1/D1. 1N, Subclause 3.5 to maintain | ow

moi sture of | ow hydrogen el ectrodes.

2.1.2.1.3.2 Preheat and | nterpass Tenperature

Perform preheating as required by AW D1. 1/D1. 1V, Subcl ause 3.5 or as

ot herw se specified except that the tenperature of the base nmetal nust be
at least 20 degrees C 70 degrees F. Slowy and uniformy preheat the

wel dments by approved neans to the prescribed tenperature, held at that
tenperature until the welding is conpleted and then permtted to coo
slowly in still air.

2.1.2.1.3.3 Stress-Rel i ef Heat Treat ment
Where stress relief heat treatnent is specified or shown, performin
accordance with the requirenents of AWS D1.1/DL1. 1N, Subcl ause 5.8 unless
ot herwi se authorized or directed.

2.1.2.1.4 Workmanship

Per f orm wel di ng wor kmanshi p i n accordance with AWS D1.1/D1. 1V, C ause 3 and
ot her applicable requirenents of these specifications.

2.1.2.1.4.1 Preparation of Base Meta

Prior to wel ding inspect surfaces to be welded to ensure conpliance with
AWS D1.1/D1. 1N, Subclause 3. 2.

2.1.2.1.4.2 Tenporary Wel ds
Make tenporary welds, required for fabrication and erection, under the
controll ed conditions prescribed for permanent work. Mke tenporary wel ds

usi ng | ow hydrogen wel di ng el ectrodes and by wel ders qualified for
permanent work as specified in these specifications. Conduct preheating
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for tenporary welds as required by AW D1.1/D1. 1V for permanent wel ds
except that the mninmumtenperature nmust be 50 degrees C 120 degrees F in
any case. In naking temporary welds, do not strike arcs in other than weld
| ocations. Renove each tenporary weld and grind flush with adjacent
surfaces after serving its purpose.

.1.2.1.4.3 Tack Wl ds

Subj ect tack welds that are to be incorporated into the permanent work to
the sane quality requirenents as the pernmanent welds; clean and thoroughly
fuse themwi th permanent welds. Perform preheating as specified above for
tenmporary welds. Miltiple-pass tack welds nust have cascaded ends. Renove
defective tack wel ds before permanent wel di ng.

.1.2.2 Welding of Steel Castings

Renove unsound material fromthe surfaces of steel castings, to be

i ncorporated into wel ded connections, by chipping, machining, air-arc
gouging or grinding. Do not weld major connections designed for transfer
of stresses if the tenperature of the casting is |ower than 40 degrees C
100 degrees F. Preheat castings containing over 0.35 percent carbon or
over 0.75 percent manganese to a tenperature not to exceed 230 degrees C
450 degrees F and conduct wel ding while the castings are nmintained at a
tenperature above 180 degrees C 350 degrees F. Welding will not be
permtted on castings containing carbon in excess of 0.45 percent except on
witten authorization. Castings requiring welding repairs after the first
anneal i ng and castings involving welding fabrication nust be
stress-relieved anneal ed prior to receiving final machining unless

ot herwi se permtted.

.1.2.3 Wel di ng of Steel Studs

Conformto the requirenments of AWS D1.1/D1. 1N, C ause 7, except as

ot herw se specified for the procedures for welding steel studs to
structural steel, including nmechanical, worknmanship, technique, stud
application qualification, production quality control and fabrication and
verification inspection procedures.

.1.2.3.1 Application Qualification for Steel Studs

As a condition of approval of the stud application process, furnish
certified test reports and certification that the studs conformto the
requirenents of AWS D1.1/Dl1. 1V, Subclauses 7.2 and 7.3, certified results
of the stud manufacturer's stud base qualification test, and certified
results of the stud application qualification test as required by

AWS D1.1/D1. 1N, Subclause 7.6, prior to comrencing fabrication, except as
ot herw se specified.

.1.2.3.2 Production Quality Control

Conformto the requirements of AWS D1.1/D1. 1N, Subcl ause 7.7, except as
otherw se specified for quality control for production wel ding of studs.
Wel d studs on which pre-production testing is to be perforned in the sane
general position as required on production studs (flat, vertical, overhead
or sloping). |If the reduction of the Iength of studs becones | ess than
normal as they are wel ded, stop wel ding imedi ately and do not resune unti
t he cause has been corrected.
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2.1.2.4 \Welding of Al um num

2.

Conformto the requirenments of [AA ADV] [and] [AWS D1.2/D1.2N . Subnmit a
certified report giving the results of the qualifying tests, and a conplete
schedul e of the welding process for each alunm num fabrication to be wel ded
prior to commencing fabrication.

.1.3 Bol t ed Connecti ons

.1.3.1 Bolted Structural Steel Connections

Provide bolts, nuts and washers of the type specified or indicated. Equip
all nuts with washers except for high strength bolts. Use bevel ed washers
where bearing faces have a slope of nore than 1: 20 with respect to a plane
normal to the bolt axis. Were the use of high strength bolts is specified
or indicated, the materials, conformworkmanship and installation to the
appl i cabl e provi sions of ASTM A325N ASTM A325 or ASTM A490N ASTM A490.

a. Accurately locate bolt holes, snooth, perpendicular to the nenber and
cylindrical.

b. Dril or subdrill holes for regular bolts and reamin the shop and not
nore than 2 mm 1/16 inch larger than the dianeter of the bolt.

c. Match-reamor drill holes for fitted bolts in the shop. Renpove burrs
resulting fromreaning. Keep bolt threads entirely outside of the
hol es. The body di aneter of bolts nust have tol erances as recomended
by ASME B4. 1for the class of fit specified. Place fitted bolts in
reanmed hol es by selective assenbly to provide an LN-2 fit.

d. Holes for high strength bolts nust not have dianeters nmore than 2 mm

1/16 inch larger than bolt diameters. |If the thickness of the naterial
is not greater than the dianeter of the bolts, the holes may be
punched. If the thickness of the material is greater than the dianeter

of the bolts the holes may be drilled full size or subpunched or
subdrilled at least 3 nm 1/8 inch snaller than the dianeter of the
bolts and then reaned to full size. Poor matching of holes will be
cause for rejection. Drifting occurring during assenbly cannot distort
the netal or enlarge the holes. Reaning to a larger dianeter of the
next standard size bolt will be allowed for slight m smatching.

.1.3.2 Bol t ed Al um num Connecti ons

Conformto the requirenments of AA ADVN, Section 6 for punching, drilling,
ream ng and bolting for bolted al um num connecti ons.

.1.4 Ri vet ed Al um num Connecti ons

Conformto the requirenments of AA ADN, Section 6 for punching, drilling,
reaming and riveting for riveted al uni num connecti ons.

1.5 Patterns

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The first bracketed option in this paragraph
(third sentence) will be generally used since in
nost cases it will be to the advantage of the
Governnent not to retain any patterns, or core boxes
or tenplates, and save the expense of repairs,
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shi pnent and storage. |f the Governnent has
patterns available for loan to the Contractor
subpar agr aph AVAI LABLE PATTERNS shoul d be i ncl uded,
with the appropriate information provided in the
bracketed underlined spaces. |If the first bracketed
option is used and the Governnent has patterns
avai l able for loan to the Contractor, subparagraphs
DI SPOSI TI ON OF PATTERNS, CORE BOXES, AND TEMPLATES
shoul d be suitably nodified and included. If the
second bracketed option (fourth sentence) is used,
subpar agr aphs FABRI CATI ON OF PATTERNS AND CORE BOXES
and DI SPCSI TI ON OF PATTERNS, CORE BOXES AND
TEMPLATES shoul d be incl uded.
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Take care to avoid sharp corners or abrupt changes in cross section; anple
fillets are to be used in the construction of patterns. Add, as required,
draft and increases in pattern thicknesses to conformto the standard
foundry practice applied and as necessary to ensure that all netal

t hi cknesses of the finished castings conformto the dinmensions shown and
are within the tol erances specified in paragraph | NSPECTI ON OF STEEL
CASTINGS. [Al patterns [, except those |oaned to the Contractor by the
Governnent,] will remain the property of the Contractor.] [Patterns for
those parts listed below are furni shed by the Contractor, becone the
property of the Governnent and cannot be used for work under any ot her
contract unless specifically authorized. Al other patterns [, except
those | oaned to the Contractor by the Governnent,] will remain the property
of the Contractor.]

[2.1.5.1 Fabrication of Patterns and Core Boxes

Il

Substantially make patterns and core boxes that become the property of the
Government from thoroughly seasoned G ade B or better sugar pine, northern
white pine or an approved equal. Securely glue and screw together built-up
patterns and core boxes. Use approved high grade, water resistant glue
that is suitably treated for resistance to fungus and insect infestation
Only light sections are permtted to be nailed. Counterbore and neatly
fill screw holes with wood plugs. Dovetail or fasten with pull-out dowels
| oose pieces. Split patterns and core boxes nust have nmetal dowels at
partings. Skelton or sweep patterns will not be accepted unless
specifically authorized. Fill all nail and tool marks on noldi ng surfaces
wi th beeswax and sand all surfaces with No. 0 grade sandpaper. Finish
patterns with not | ess than three coats of an approved phenolic-resin
seal er colored in accordance with the standard trade practices for pattern
colors. Stanp each pattern, core box and | oose piece with the part mark
shown. Furnish patterns conplete with necessary core boxes and tenpl ates.

2.1.5.2 Avai | abl e Patterns
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NOTE: The serviceability and general condition of
each pattern should be clearly indicated under the
headi ng of " CONDI TI ON. "

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The patterns listed below are available for loan to the Contractor. They
are stored at | ] and may be secured f.o.b. their place of storage upon
request.
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Il

PART NO. PATTERN NO. CONDITION

L] (I (I
L] (I (I
L] (I (I

The Contractor assunes responsibility for the accuracy and adaptability of
all parts nmade with the above listed patterns, as if the parts had been
made from new patterns produced under this contract, and bears the expense
of correcting any inaccuracies found in them

2.1.5.3 Di sposition of Patterns, Core Boxes, and Tenpl ates

Substantially make and put together with screws the boxes and crates for

t he packing and shi pnent of patterns, core boxes and tenplates so that they
can be used several tines. Plainly mark each box and crate to indicate its
contents. Thoroughly clean all patterns, core boxes and tenpl ates
[including those | oaned to the Contractor by the Governnent] used, crate
and deliver in first-class condition with a list of same in duplicate to
[ ] before final paynment is made. The Contracting O ficer reserves the
right to withhold paynent for final parts nmade fromany pattern until such
pattern is delivered. Varnish patterns and core boxes and give all

tenpl ates a coat of an approved paint before being crated. Replace any
pattern, core box or tenplate |lost in shipnent or damaged

12.1.6 Castings

2.

Each casting and castings wei ghing nore than 225 required kg 500 required
pounds nust bear cast or stanped heat nunbers. Deviations fromthe

di nensi ons of castings shown nmust not exceed anounts that will inpair the
strength of castings by nore than 10 percent as conputed fromthe

di mensi ons shown. Dinensions of castings shown on approved detail draw ngs
are finished dinmensions. Castings that are warped or otherw se distorted
or that are oversize to an extent that will interfere with proper fit with
other parts of the machinery or structure will be rejected. The structure
of metal in castings nmust be honogeneous and free from excessive

nonnetal lic inclusions. Excessive segregation of inpurities or alloys at
critical points in castings will be cause for rejection. Do not nake
repairs to castings prior to approval. Mnor surface inperfections not
affecting the strength of casting may be welded in the "green" if

approved. Surface inperfections will be considered mnor when the depth of
the cavity prepared for welding is the | esser of 20 percent of the actua
wal | thickness or 25 nm 1 inch. Defects other than minor surface

i nperfections may be wel ded only when specifically authorized in accordance
with the follow ng requirenents:

a. The defects have been entirely renmoved and are judged not to affect the
strength, use or machineability of the castings when properly wel ded
and stress relieved.

b. The proposed wel ding procedure, stress relief and nethod of exam nation
of the repair work have been subnitted and approved.

1.7 Machi ne Wor k
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NOTE: Paragraphs, PIN HOLES, GEARS, SHAFTING and
BEARI NGS, shoul d be del eted when the details
specified are provided in the nachinery section
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Tol erances, allowances and gauges for netal fits between plain,

non-t hreaded, cylindrical parts conformto ASME B4.1 for the class of fit
shown or required unless otherwi se shown on approved detail draw ngs.

Where fits are not shown they will be suitable as approved. Tol erances for
machi ne-fi ni shed surfaces desi gnated by non-deci mal di nensi ons nust be
within 400 um 1/64 inch. Sufficient nachining stock will be allowed on

pl acing pads to ensure true surfaces of solid material. Provide finished
contact or bearing surfaces true and exact to secure full contact. Polish
journal surfaces and finish all surfaces with sufficient snmoothness and
accuracy to ensure proper operation when assenbled. Accurately nmachine
parts entering any machine and all like parts be interchangeabl e except
that parts assenbl ed together for drilling or reanming of holes or nmachining
will not be required to be interchangeable with Iike parts. Accurately

| ocate all drilled holes bolts.

.1.7.1 Fi ni shed Surf aces

Provi de surface finishes, indicated or specified, in accordance with

ASME B46. 1. Values of required roughness heights are arithnetical average
devi ations expressed in micronmeters mcroinches. These values are

maxi mum Lesser degrees will be satisfactory unless otherw se indicated.
Conpliance with surface requirenents is deternined by sense of feel and

vi sual inspection of the work conpared to Roughness Conpari son Specinmens in
accordance with the provisions of ASME B46.1. Val ues of roughness width
and wavi ness hei ght nust be consistent with the general type of finish
speci fied by roughness height. Where the finish is not indicated or
specified use that which is nmost suitable for the particular surface,
provide the class of fit required and be indicated on the detail draw ngs
by a synbol which confornms to ASME B46.1 when nachine finishing is
provided. Flaws such as scratches, ridges, holes, peaks, cracks or checks
which will nake the part unsuitable for the intended use will be cause for
rejection.

.1.7.2 Unfi ni shed Surfaces

Lay out all work to secure proper nmatching of adjoining unfinished surfaces
unl ess otherwi se directed. Were there is a large discrepancy between
adj oi ni ng unfini shed surfaces chip and grind snoboth or machine to secure
proper alignnent. Unfinished surfaces nmust be true to the |lines and

di nensi ons shown and be chipped or ground free of all projections and rough
spots. Fill in depressions or holes not affecting the strength or

useful ness of the parts in an approved manner

.1.7.3 Pin Hol es

Pin holes are to be bored true to gauges, snooth, straight and at right
angles to the axis of the nenber. Do the boring after the menber is
securely fastened in position.

.1.7.4 Gears

Provi de gears that have machine cut teeth of a formconforning to

appl i cabl e design requirenents of AGVA | SO 22849- A12, AGMVA | SO 23509- A08
and ANSI/AGVA 6001 unl ess ot herw se specified or shown.
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2.1.7.5  Shafting

Turn or grind shafting with hot-rolled or cold-rolled steel, as required,
unl ess otherw se specified or authorized. Provide fillets where changes in
section occur. Cold-finished shafting may be used where keyseating is the
only nmachi ne work required.

2.1.7.6 Bearings

Bearings nmay be lined with babbit or bronze unl ess ot herw se specified or
shown. \Were the bearing pressure is in excess of 1400 kPa 200 psi, line
bearings with bronze. Pressures on |ined bearings nust not exceed [ ]
kPa psi of projected area unless otherw se required or authorized.
Anti-friction bearings of approved types and of sizes not |ess than those
recomrended by the bearing manufacturer for the duty intended will be
permtted subject to approval. Properly align all bearings provided with a
suitabl e neans of lubrication. Install anti-friction bearings as required
to provide for retention of the lubricant and to exclude dirt and grit.

2.1.8 M scel | aneous Provi si ons
2.1.8.1 Metal li ¢ Coatings

a. Zinc Coatings - Apply zinc coatings in a manner and of a thickness and
quality conform ng to ASTM A123/ A123N. \Where zinc coatings are
destroyed by cutting, welding or other causes regal vani ze the affected
areas. Regal vani ze coatings 50 g 2 ounces or heavier with a suitable
lownelting zinc base alloy simlar to the reconmendati ons of the
Anerican Hot-Di p Gal vani zers Association to the thickness and quality
specified for the original zinc coating. Repair coatings less than 50 g

2 ounces in accordance with ASTM A780/ A780N

b. Cadm um Coatings - Provide cadnium coatings of a quality and thickness
conforming to the requirenents of ASTM B766 and i nspections conform ng
to the requirenents of ASTM E165/E165l, Type | ].

c. Chromium Coatings - Apply chrom um coatings for engineering in
conformance wi th ASTM B177/B177N

2.1.8.2 Cl eani ng of Corrosion-Resisting Stee

Renove oil, paint and other foreign substances from corrosion-resisting
steel surfaces after fabrication. Performcleaning by vapor degreasing or
by the use of cleaners of the alkaline, enulsion or solvent type. After
the surfaces have been cleaned give a final rinsing with clean water

foll owed by a 24 hour period during which the surfaces are intermttently
wet with clean water and then allowed to dry for the purpose of inspecting
the clean surfaces. Visually inspect the surfaces for evidence of paint,
oil, grease, welding slag, heat treatnent scale, iron rust or other forns
of contanmination. |f evidence of foreign substance is found, clean again
in accordance with the applicable provisions of ASTM A380/ A380N. Furni sh
the proposed nethod of treatnent for approval. Visually reinspect after
treatment. Use only stainless steel or nonnetallic bristle brushes to
renove foreign substances. Renpbve any contamni nation occurring subsequent
to the initial cleaning by one or nore of the nmethods indicated above.
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2.1.8.3 Lubrication

Provi de the arrangenment and details for lubrication as indicated.
Thoroughly clean and lubricate, with an appropriate lubricant, all bearing
surfaces before erection or assenbly. Prior to use of the |ubricant
submit for approval product data supporting its use in the assenbly that
includes the following lubricating properties as they apply, tenperature
range, protection against corrosion, ability to remain in bearing, ability
to seal out contam nants, cooling and friction

2.1.9 Shop Assenbly

NOTE: List structural and machinery units if
required by first sentence of this paragraph
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Assenbl e [only those machi nery and structural units listed below [each
machi nery and structural unit furnished] in the shop to determi ne the
correctness of the fabrication and nmatching of the conponent parts unless
ot herwi se specified. Do not exceed those tol erances showmn. Cosely check
each unit assenbled to ensure that all necessary cl earances have been
provi ded and that binding does not occur in any noving part. Assenbly in
the shop nust be in the sane position as final installation in the field
unl ess otherw se specified. Perform assenbly and di sassenbly work in the
presence of the Contracting Oficer unless waived in witing. Inmediately
renmedy errors or defects disclosed by the Contractor w thout cost to the
CGovernment. Before di sassenbly for shipment match-nmark each piece of a
machi nery or structural unit to facilitate erection in the field. |Indicate
the location of match-marks by circling with a ring of white paint after
the shop coat of paint has been applied or as otherw se directed.

2.2 TESTS, | NSPECTI ONS, AND VERI FI CATI ONS

Perform material tests and anal yses certified by an approved |l aboratory to
denonstrate that nmaterials are in conformty with the specifications.
These tests and anal yses shall be perforned and certified at the
Contractor's expense. Performtests, inspections, and verifications
conformng to the requirements of the particul ar sections of these
specifications for the respective itens of work unless otherw se specified
or authorized. Conduct tests in the presence of the Contracting Oficer if
so required. Furnish specinens and sanples for additional independent
tests and anal yses upon request by the Contracting Oficer. Properly |abe
speci mens and sanpl es and prepare for shiprment. Subnmit certified test
reports for materials with all materials delivered to the site.

2.2.1 Nondestructive Testing

When doubt exists as to the soundness of any nmaterial part, such part may
be subjected to any form of nondestructive testing determ ned by the
Contracting Oficer. This may include ultrasonic, magnaflux, dye
penetrant, x-ray, ganma ray or any other test that will thoroughly
investigate the part in question. The cost of such investigation will be
borne by the Governnment. Any defects will be cause for rejection; replace
and retest rejected parts at the Contractor's expense.

2.2.2 Tests of Machinery and Structural Units

The details for tests of nachinery and structural units nust conformto the
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requirenents of the particular sections of these specifications covering
these itenms. Assenble each conplete nmachinery and structural unit and test
themin the shop, in the presence of the Contracting Oficer, unless
otherwi se directed. Wiving of tests will not relieve the Contractor of
responsibility for any fault in operation, workmanship or nmaterial that
occurs before the conpletion of the contract or guarantee. After being
installed at the site, operate each conplete nmachinery or structural unit
through a sufficient nunber of conplete cycles to denonstrate to the
satisfaction of the Contracting Officer that it neets the specified
operational requirenents in all respects.

. 2.3 I nspection of Structural Steel Welding

Nondestructi ve testing of designated welds will be required. Supplenental
exam nation of any joint or coupon cut fromany |location in any joint may
be required.

.2.3.1 Vi sual Exam nati on

For all visual exanination of conpleted welds clean and carefully exam ne
for insufficient throat or |eg sizes, cracks, undercutting, overl ap,
excessive convexity or reinforcement and other surface defects to ensure
conmpliance with the requirenents of AWs D1.1/Dl1. 1N, O ause 6, Subcl ause
6.9, Part C

.2.3.2 Nondest ructive Testing

Perform as designated or described in the sections of these specifications,
the nondestructive testing of shop and field welds covering the particul ar
itens of work.

.2.3.2.1 Testing Agency

The nondestructive testing of welds and the evaluation of tests as to the
acceptability of the welds nust be performed by a testing agency adequately
equi pped and conpetent to perform such services or by the Contractor using
sui tabl e equi prent and qualified personnel. In either case, witten
approval of the exam nation procedures is required and performthe
examination tests in the presence of the Contracting Officer. The

eval uation of tests are subject to the approval and all records becone the
property of the Governnent.

.2.3.2.2 Exam nation Procedures

Conformto the followi ng requiremnents.

.2.3.2.2.1 U trasonic Testing

Make, evaluate and report ultrasonic testing of welds in conformto the
requirenents of AWS D1.1/D1. 1N, Cause 6, Part C. Provide ultrasonic
equi prent capabl e of making a permanent record of the test indications.
Make a record of each weld tested.

.2.3.2.2.2 Magnetic Particle Inspection

Conform magnetic particle inspection of welds to the applicable provisions
of ASTM E709.
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2.2.3.2.2.3 Dye Penetrant |nspection

Perform dye penetrant inspection of welds conforming to the applicable
provi si ons of ASTM E165/ E165M.

2.2.3.2.3 Acceptability of Welds
Welds will be unacceptable if shown to have defects prohibited by
AWS D1.1/D1. 1N, or possess any degree of inconplete fusion, inadequate
penetration or undercutting.

2.2.3.2.4 Wl ds to be Subject to Nondestructive Testing
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NOTE: List here the type, location and extent of
wel ds to be subjected to nondestructive testing.
The wel ds so listed should al so be shown using the
appropriate designation of AWS A2.4 "Standard
Synbol s for Wl ding, Brazing and Nondestructive
Examination".

Conpl ete nondestructive testing of welds should be
limted to welds upon which the structure is
dependent. Spot nondestructive exam nation of welds
shoul d be used to ensure adequate welding quality
and water tightness of seans where required.

U trasonic testing should be used for groove wel ds
in tee, corner or buttjoints.

Magnetic particle inspection nay be used for the
detection of cracks and other discontinuities at or
near the surface of root and surface passes and

i nternedi ate | ayers not exceeding 6 nm 1/4 inch
thickness.

Dye penetrant inspection should be used only for
detection of discontinuities that are open to the
surface in single pass fillet welds.

Onit this paragraph where nondestructive testing is
covered in other sections of the specifications.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

L1
2.2.3.3 Test Coupons

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: For supply contracts a provision sinmlar to
that given under contract clauses should be witten
into this paragraph.

*% *% *% *% *% *% *% *% *%%

The Governnent reserves the right to require the Contractor to renove
coupons from conpl et ed work when doubt as to soundness cannot be resol ved
by nondestructive testing. Should tests of any two coupons cut fromthe
wor k of any wel der show strengths | ess than that specified for the base
metal it will be considered evidence of negligence or inconpetence and such
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2.

wel der will be renmpbved fromthe work. When coupons are renoved from any
part of a structure, repair the nmenmbers cut in a neat nmanner with joints of
the proper type to develop the full strength of the nmenbers. Peen repaired
joints as approved or directed to relieve residual stress. The expense for
renovi ng and testing coupons, repairing cut nmenbers and the nondestructive
testing of repairs is borne by the Governnent or the Contractor in
accordance with the Contract O auses | NSPECTI ON AND ACCEPTANCE

.2.3.4  Supplenmental Exanination

When t he soundness of any weld is suspected of being deficient due to
faulty wel ding or stresses that nmight occur during shipnent or erection,
the Governnent reserves the right to perform nondestructive suppl enental
exami nations before final acceptance. The cost of such inspection will be
borne by the Governnent.

. 2.4 Structural Steel Wl ding Repairs

Repair defective welds in the structural steel welding repairs in
accordance with AWS D1.1/D1. 1N, Subclause 3.7. Renove defective weld netal
to sound netal by use of air carbon-arc or oxygen gougi ng. Do not use
oxygen gougi ng on ASTM A514/ A514lN steel. Thoroughly clean surfaces before
wel ding. Retest welds that have been repaired by the same nmet hods used in
the original inspection. Except for the repair of nenbers cut to renove
test coupons and found to have acceptable welds costs of repairs and
retesting will be borne by the Contractor. Subnmit welding repair plans for
steel, prior to making repairs.

.2.5 I nspection and Testing of Steel Stud Wl ding

Perform fabrication and verification inspection and testing of steel stud
wel ding confornming to the requirenents of AWS D1.1/D1. 1N, Subclause 7.8
except as otherw se specified. The Contracting Officer will serve as the
verification inspector. Bend or torque test one stud in every 100 and
studs that do not show a full 360 degree weld flash, have been repaired by
wel di ng or whose reduction in length due to welding is | ess than nornal as
required by AWS D1.1/D1. 1V, Subclause 7.8. |If any of these studs fail
bend or torque test two additional studs. |If either of the two additiona
studs fails, all of the studs represented by the tests will be rejected.
Studs that crack under testing in either the weld, base nmetal or shank wll
be rejected and replaced by the Contractor at no additional cost.

2.6 I nspection of Steel Castings
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NOTES: Radi ographi c i nspection of castings should
be linted to castings upon which the structura
integrity of the structure is dependent. The

drawi ngs shoul d i ndi cate which castings and what
areas are to be radiographed. Radiographic

i nspection nmust be done at the casting plant and not
on site.

Insert applicable type and severity level in the

bracketed spaces of the table in this paragraph
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Per f orm r adi ographi c i nspection of steel castings at the casting plant as
desi gnated and as described in the section of these specifications covering
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the particular itemof work. The procedure for naking, evaluating and
reporting the radiographic inspection nust conformto the requirenments of
ASTM E94/ E94N. The castings will be unacceptable if shown to have defects
of greater severity than the applicable reference standard specified in the
fol |l owi ng tabl e:

DI SCONTI NUI TY TYPE SEVERI TY LEVELS OR CLASSES
L1 L1
L1 L1

Use the applicable referenced standards as illustrated in ASTM E446. The
eval uati on of the radiographs will be subject to approval and all records
will become the property of the Governnent.

PART 3 EXECUTI ON

3.

3.

1 INSTALLATION

Thoroughly clean all parts to be installed. Renove packing conpounds,
rust, dirt, grit and other foreign matter. Cl ean holes and grooves for

| ubrication. Exam ne enclosed chanbers or passages to nake sure that they
are free fromdamaging materials. Were units or itens are shipped as
assenblies they will be inspected prior to installation. Disassenbly,
cleaning and lubrication will not be required except where necessary to

pl ace the assenbly in a clean and properly lubricated condition. Do not
use pi pe wenches, cold chisels or other tools likely to cause danage to
the surfaces of rods, nuts or other parts used for assenbling and
tightening parts. Tighten bolts and screws firmy and uniformy but take
care not to overstress the threads. When a half nut is used for |ocking a
full nut place the half nut first followed by the full nut. Lubricate
threads of all bolts except high strength bolts, nuts and screws with an
appropriate lubricant before assenbly. Coat threads of corrosion-resisting
steel bolts and nuts with an approved antigalling conpound. Driving and
drifting bolts or keys will not be pernmitted.

1.1  Alignnent and Setting

Accurately align each machinery or structural unit by the use of stee
shinms or other approved nethods so that no binding in any noving parts or
distortion of any nenber occurs before it is fastened in place. The
alignment of all parts with respect to each other nust be true within the
respective tolerances required. Set true machines to the el evati ons shown.

1.2 Bl ocki ng and Wedges

Renove all bl ocki ng and wedges used during installation for the support of
parts to be grouted in foundations before final grouting unless otherw se
directed. Blocking and wedges left in the foundations w th approval nust
be of steel or iron.

1.3 Foundations and Grouting
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NOTE: Required special provisions relative to
concreting and grouting machi nery foundations and
bases should be inserted in Section 03 30 53

SECTION 05 50 14 Page 20




M SCELLANEQUS CAST-1 N- PLACE CONCRETE.
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Concrete subbases and frames and final grout under parts of machines in
accordance with the procedures as specified in Section 03 30 53
M SCELLANEQUS CAST- | N- PLACE CONCRETE.

.2 TESTS
2.1 Workmanship

Wor kmanshi p nust be of the highest grade and in accordance with the best
nmodern practices to conformwi th the specifications for the item of work
bei ng furnished.

.2.2 Producti on Wl di ng

Per f orm producti on wel ding conformng to the requirenents of AWs D1.1/D1. 1N
or AWS D1.2/D1.2N, as applicable. Studs, on which pre-production testing
is to be perforned, nust be welded in the sane general position as required
on production itens (flat, vertical, overhead or sloping). Test and
production stud welding will be subjected to visual exam nation or
inspection. |If the reduction of the length of studs becones |ess than
normal as they are wel ded, stop wel ding imediately and do not resune unti

t he cause has been corrected.

.3 PROTECTI ON OF FI Nl SHED WORK
.3.1 Machi ned Surf aces

Thoroughly clean foreign matter off machined surfaces. Protect al

finished surfaces. O and wap unassenbled pins and bolts with noisture
resi stant paper or protect them by other approved neans. Wash finished
surfaces of ferrous nmetals to be in bolted contact, with an approved rust

i nhibitor and coat themw th an approved rust resisting conmpound for
tenmporary protection during fabrication, shipping and storage periods.
Pai nt finished surfaces of netals which will be exposed after installation,
except corrosion resisting steel or nonferrous netals as specified in
Section 09 97 02 PAI NTI NG HYDRAULI C STRUCTURES.

. 3.2 Lubrication After Assenbly

After assenbly fill all lubricating systens with the appropriate |ubricant
and apply additional lubricant at intervals as required to maintain the
equi prrent in satisfactory condition until acceptance of the work

.3.3 Aluminum

Protect alumnumthat will be in contact with grout or concrete from

gal vanic or corrosive action, with a coat of zinc-chromate priner and a
coat of alum numpaint. Protect alum numin contact with structural stee
agai nst gal vanic or corrosive action with a coat of zinc-chromate priner
and a coat of alum numpaint. Provide alum num paint consisting of a

al um num paste conformng to ASTM D962, spar varnish and thinner conpatible
with the varnish. Field mx the alum numpaint in proportion of 1 kg 2
pounds of paste, not nore than 4 L one gallon of spar varnish and not nore
than 500 nlL one pint of thinner

-- End of Section --
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