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SECTION 1 -- SCOPE & DESCRIPTION

1.01  SCOpE:

This specification covers all requirements for furnishing all
necessary labor and materials to design, fabricate, deliver, install
and test a complete Envirommental Laboratory Test Chamber Complex.
The chamber complex shall be installed at the Manned épacecraft

Center, Housiton, Texas.

1.02 APPLICABLE DOCUMENTS:

The following documents of the issue and effect on the date of
invitation for bids or request for proposal form a part of this
specification to the extent specified herein:

a) FEDERAL AND MILITARY DOCUMENTS

SPECIFICATIONS
Military
MIL-N-22759B Wiring Specifications
MIL-E-5272 Environmental Testing, Aeronauntical
and Associated Equipment, General
Specification 4
MIL~H-UG855 Humnan Engineering Regquirements For
Military Systems, Equipment Facilities
MIL-R-8202D Diluter Demand Regulator
STANDARDS
Federal
FED-STD-595 Colors
Military
MIL-STD-785 Reliability Program For System

Equipment, Development and Production



b)

PUBLICATIONS

Military
MIL-HDBK-U72 Maintainability Predictions
NASA

MSC Safety Manual Part 7 Man-Rating Requirements
MSCI8825.2 Dated May 15, 1967, Revision No. 8.

SED-3 Safety Program Directive No. 3, Safety Guide-
Lines for Man-Rating Altitude Chambers

MSCI8825,2 Dated May 15, 1967

OTHER PUBLICATIONS

The following documents form a part of this
specification to the extent specified herein. Unless
otherwise indicated, the issue and effect on date of
invitation for bids or request for proposal shall apply.

AMERICAN SOCIETY OF MECHANICAL ENGINEERS

ASME Boiler And Pressure Vessel Code, Section VIII,

Unfired Pressure Vessels (1968 Ed.)

ELECTRONIC INDUSTRIES ASSOCIATION

NATIONAL FIRE PROTECTION ASSCCIATION

NFPA No. 70 Standard of National Fire Protection

Association (Natiomal Electric Code)
Except where equipment specified is
net commercially available.

NFPA No. 565 Standard of National Fire Protection
Association (Non-flammable Medical Gas
Systems)

NFPA No. 56E-T Tentative Standard For Hypobaric
Facilities

NFPA No. 56D Standard For Hyperbaric Facilities

NFFA No. 13 Sprinkler Systems

NFPA No. 15 Water Spray Fixed Systems



AMERTCAN STANDARDS ASSOCIATION

NATIONAL ELECTRICAL MANUFACTURERS ASSOCTIATION
JOINT INDUSTRY CONFERENCE

INSTITUTE OF ELECTRICAL AND ELECTRONIC ENGINEERS

NATIONAL ELECTRIC SAFETY CODE

1.03 GENERAL DESCRIPTION:

a) The Test Chamber Complex shall consist of tﬁe following:
(1} Environmental Laboratory Hypobaric Chamber.
(2) Master Control Console
(3) Oxygen Supply and Control System
(4) Carbon Dioxide Scrubbing System
(5) Gas Conditioning System
(6) Vacuuwn Control System
(7) Fire Protection System
(8) Communication System
(9) Gas Sterilization System

b) The test chamber shall be & right parallelpiped con-
figuration with double wall construction and divided into
two compartments, cell No. 1, man lock, and cell No. 2,
test cell, with inside dimensions 10' long x 8' wide x 8!
high and 20" long x 8' wide x 8' high respectively. The
entire chamber shall be insulated to reduce the heat load®
when the chamber is being operated at low temperatures.
The test cell complex shall be completely equipped with
analyzing, read-out display, and control equipment to

regulate the following:



d)

1.04
a)

(1) Concentration of oxygen
(2) Concentration of carbon dioxide
(3) Total preésure
(#) Differential pressure
(5) Temperature
(6) Humidity
The man lock shall be equipped for manual operation only
of the comcentration of oxygen, the concentration of
carbon dioxide, and the total and differential pressures.
The space cabin environmental laboratory will be
used to evaluate the affects of space environmental
parameters on host systems in a closed ecological system.
The test chamber‘complex shall be "Man-Rated” and
designed for high hypobaric operation, 100% oxygen
concentration, and "Fail-Safe' operation.
The equipment furnished with the chamber complex
shall require only normal maintenance and minor parts

replacement during their 1ife time expectancy.

DESIGN:

The work under this contract shall conform to the
drawings listed below and these specifications. The
basic system reguirements and schematics shown on the
drawings must be developed by the Contractor to meet

the performance specified herein,



DRAWING TITLE LATEST DATE

J70249% General Facility u/5/71

J70292 Building Arrangement 4/5/71

J70293 Chamber General Arrangement 4/5/71

J70294 Internal Arrangement Plan and 4/5/71
Lateral Cross Section

J70295 Internal Avrangement Longitudinal  4/5/71
Cross Section

J70296 Control Comsole Avrvangement L./5/71

J70297 COand 0., System Schematic L/5/71

J70298 Gas Conditioning Schematic L/5/71

J70299 Pressure System Schematic 4/5/71

b) The following drawings are for reference only. They

contain information for the contractor in carrying out the
work, but shall not be interpreted as defining, limiting or
extending the scope or details of the work to be done under
this contract.

DRAWING TITLE LATEST DATE

c) A1l materials including lubricants and gaskets which
will be exposed to the chamber atmosphere either inside
the chamber or in equipment through which the chamber
atmosphera passes shall be either non-flammable or self-
extinguishing when ignition is attempted in an atmosphere
of 100% oxygen. All eguipment exposed to chamber atmosphere

must be designed for exposure to ammonia vapor.



d) All electrical parts exposed to the chamber atmosphere -
shall conform to the requirements for operation in 100%
oxygen concentration.

e) Welding of the chamber shell and liner and all
fabricated components subjected to pressure stresses
shall be in accordance with Unfived Pressure Vessels,
Section VIII, ASME Boiler and Pressure Vessel Code.

) NASA MSC will furnish the following facilities:

(1) Building for test chamber complex

(2) Building penetrations and trenches For pipes
and conduits

(3) Foundations for chamber and machinery

() Step and ramp to chamber floor level

(5) TUtilities as follows lecated per reference
drawing in Section 1.04 (b)

(a) Electrical

120 Volts 1 @ 60 Hz.
208 Volts 3 @ 60 Hz.
080 vVolts 3 @ 60 Hz.

(b) Water
40 PSIG @ 70°F
(o) Air

100 PSIG Hried and filtered to meet
NASA breathing air regquirements

(d) Steam
15 PSIG Saturated

1.05 REQUIRED INFORMATION SUPPLIED BY CONTRACTOR:

a) The Contractor shall prepare and submit to the

Contracting Officer on a monthly basis, during the

design phase of the contract, a progress report

-



b)

showing progress on salient features of the work,
giving, in percentages, the parts thereof completed
at the time, and submitting prints of each drawing
and each sketch, started or completed, upon which
he has been working during the one month period.
These prints shall be clearly dated and marked
"Progress Print"”. Prints of the work "As Is" will
serve the purpose. Progress reports and prints shall
be submitted in quadruplicate.
Within 90 days after award of contract, the contractor
shall. furnish the following information in gquadruplicate,
for review by the contracting offieer:‘

(1) Detailed design calculations for

{(a) The shell, liner and reinforcing members
(b) Sizing of vacuum pumps
(e) The chamber heat load including sizing of

the dryer, humidifier, heat exchangers and
blower for the air conditioning and ventilating
system. The design calculations shall show the
hasié design assumptions. Where symbols and
abbreviations are used, adequate notes shall
explain their meaning. Calculations shall be
in detail to support the final design.

(d) The test cell carbon dioxide scrubbing system

desicn.



a)

1.06
a)

Within 120 days after award of contract, the Contractor
shall submit, in septuplicate, detailed construction drawings
to review by the Contracting ®fficer. Approval or submission
of drawings does not relieve €ontractor of responsibility '
for meeting specifications.

In accordance with paragraph 2-20(c) the Contractor
shall submit data for all machinery, equipment, materials
and articles which he intends to furnish. One copy of the
submittal material will be returned to the Contractor with
Government action indicated. IFf the Contractor requires
more than one copy of the submittal material, he shall sub-
mit as many additional copies as he requires with a request
that the appropriate number be returned.

In addition to the manuals required for each item of
equipment in paragraph 2-20(d), the Contractor shall furnish

six (6) copies of an operation maintenance manual. These

manuals shall list operating procedures for the test cells.
The manual shall be hard-bound and indexed, and shall bhe

constructed as to permit easy imsertion of additions.

INSTALLATION:

The test chamber complex shall be installed in
building in area of
Manned Spacecraft Center, Texas. The building is
located as shown on the attached facilities map. The
Contractor's drawings shall show size and location of

loads imposed upon the building by the chamber and



b)

)

associated eguipment. See reference drawing in
paragraph 1.00 (b} for floor loading limitations.

Utilities for use during construction phase of this
chamber will be available as indicated in paragraph 1.04 (f).
If desired by the Comntractor, initial set-up and testing
of the chamber complex may be made at the Contractor's
plant. In any event, final acceptance will be based upon
the tests performed at Manned Spacecraft Center as
specified under paragraph 3-18 Testing.

All work to be done under these specifications shall he
completed within 365 calendar days aftgr date of receipt
of notice to proceed.

Whenever work is to be done in close proximity to or
when connections are to be made into NASA existing systems,
the Contractor shall not proceed with the work until
granted permission by the assigned inspector.

The wage rates applicable to this area of installation
shall be in accordance with the attached U,S, Department of
Labor as applied to contract for construction to be Formed

at the NASA Manned Spacecrafi Center, Houston, Texas.
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SECTION 2 - STANDARD CONDITIONS AND REQUIREMENTS

2-01. Scope:

a) This section contains general requirements governing procedures
and practices to be followed in the execution of this work.

2-02. Addressing Correspondence:

a) Correspondence and data enclosed therewith shall be furnished in
QUADRUPLLICATE, except dvawings by the Contractor, as specified
in paragraph 3-19 herein, which shall be submitted in SEPTUPLICATE.
All correspondence shall be clearly marked with the Government
contract number and addressed to:

Representative of the Contracting Officer
National Aeronautics and Space Administration
Manned Space Center

Houston, Texas 77058

2-03. Definitions:

a) Wherever in these specifications or upon the drawings the words
"directed) "required,” "permitted," "necessary,” "ordered,™
"designated,” or wowds of like import are used, it shall be under-
stood to mean that such is to be by the Contracting Officer or
his authorized representative. Similarly, the words "approved, "
"acceptable, ™ "satisfactory," or words of like import, shall he
understood to be that of the Contracting Officer or his authorized
representative,

b) Wherever in these specifications the Contractor is called upon to
install or erect equipment or materials, he shall also furnish
such eguipment or materials, unless it is specifically stated that
they will be provided by others, Likewise, wherever in the
specifications the Contractor is called upon to furnish or to
provide equipment or materials, he shall also install or erect the
same, unless it is specifically stated that they will be installed
or erected by others. The Government will not furnish any labor,
materials or supplies unless specifically provided for in these
specifications.

2-0u, Inspecticn:

a) The work shall be conducted under the general cognizance of the
Contracting Officer, working through the Chief Inspector, who
will assign inspectors to the work with authority to insure
strict compliance with the terms of the contract. No inspector
or any other Government employee is authorized to waive or change
any provisions of the specifications without written authorization
from the Contracting Officer nor shall the presence or absence

of an inspector relieve the Contractor from any requirement of the

Contract.
13



2.05. Working Hours:

a) Except as necessary and specifically approved to meet the
requirements of paragraph 2-13 (b), the Contractor's working
hours shall conform to the regular working hours of the NASA
Inspection Section. Should the Contractor desire to work
putside of these hours, he shall make written reguest in
advance, and obtain approval from the Contracting Officer.
No work shall be performed without such approval except for
safeguarding life or property. Emergency deviations may be
authorized by the NASA Imnspector on the job. Inspectors
will be assigned on the basis of working schedules submitted
and approved as provided in paragraph 2-13 (a). Regular
working hours of the NASA Inspection Section are 7:00 A.M,
to 3:30 P.M. Monday through Friday, with the following

~ National Holidays excepted:

New Year's Day -- January 1

Washington's Birthday -- 3rd Monday in February
Memorial Day -- Last Monday in May

Independence Day -- July U

Labor Day -- First Monday in September

Columbus Day - Znd Monday in October

Veterans Day - UWth Monday in October
Thanksgiving Day -- Fourth Thursday in November
Christmas Day -- December 25

When any of the above Holidaysfall on Saturday, the preceding
Friday will be a mnon-work day. When any of the above Holidays
fall on Sunday, the following Monday is a non-work day.

b) The Contractor shall give timely notice to the Chief Inspector
of the date when the contract work will begin at the site.

c) Should the Contractor suspend work at any time before the
contract is completed, he shall notify the Chief Inspector
and shall not again resume work without notifying the Chief
Inspector in advance.

2.06. Identification Badges:

a) Contractors and subcontractor shall report to the Chief
Inspector upon their arrival at the site to begin work and
shall also report to the Chief Inspeetor upon completion of
work at the site. At all times while on Government property,
Contractors, subcontractors, their employees and agents shall
wear badges which will be issued by the NASA Contract Badge
and Pass Office. Badges shall be iszued only between the
hours of 7:00 AM, and 4:30 P_.M, Menday through Friday.
Contractors will be held accountable for these badges and
immediately after completion of the work they shall be returned
to the NASA Contract Badge and Pass. Office.

1



2-07. Contractor's Temporary Buildings:

2) The Contractor shall construct and maintain at the project
site such field offices, shops, storehouses, or other
temporary buildings as the specifications require or he
finds necessary for his operations.

b) Contractor’s temporary field office and other temporary
buildings shall be of neat design and workmanship. TFactory-
built trailers in good repair will be acceptable. Contractor's
temporary buildings shall be located at points designated by
the Chief Inspector, shall be maintained in an orderly manner,
and shall be promptly removed at the completion of the contract.
Approval of design shall be obtained from the Contracting
Officer before erection begins.

2—08. Hondling of Materials and Equipment:

a) A1l shipments shall be addressed to the Contractor and the
Contractor shall be responsible for their receipt and handling
at the site.

b) Structural and reinforecing steel, lumber, millwork, and other
materials and equipment shall be stored ahove ground on racks
or platforms, Ffree from contact with the soil, and adequately
covered to protect them against rusting, dirt, water, chemicals
or any injury of any kind which would, in the opinion of the
Contracting Officer, impair their value for use in the work.

2-09. Use of Space:

a) The extent and limits of the work shall be as located and
shown on the drawings, as herein specified, or as described
in the bid invitation. All permanent and temporary building
operations and work shall be strictly confined to the 1limits
shown or described, or as designated by the Contracting
Officer. Possible contract bidders shall be allowed to visit
the site prior to bidding.

b) The Contractor will be permitted to use, free 6f charge,
unoccupied space which is owned and controlled by the
Government and which the Contracting Officer is able to place
at his disposal. TheiContractor shall promptly vacate any
such space if ordered by the Contracting Officer to do so.

15



2-10, Traffic Facilities:

a) The Contractor shall use only the established roadways and such
temporary roadways on the premises as may be authorized by
the Contracting Officer. When it is necessary to cross curbing
or sidewalks, secure bridges shall be constructed across them,
and at the completion of all work such bridges shall be removed,

b) Should the Contractor's operations result in deposition of
dirt or other debris on paved areas or in buildings, he shall
clean such facilities at such intervals and in such manmer
as will prevent the formation of undesirable quantities of
mad or dust, ox the creation of any other nuisance.

c¢) The Contractor shall make his own arrangements for use of
private or public road, rail or marine facilities.

2-11. Utilitiess

a) Water, in such quantities as may be actually vequired for the
work, will be furnished by the Govermnment without charge.
The Contractor shall make all necessary comnnections to the
existing water mains, shall furnish all equipment, and shall
run the water lines required by him, commecting at points and
following routes approved by the Contracting Officer.

Lines shall be installed and maintained in a sanitary and
watertight mamner, and shall be removed and capped at the
completion of the contract, without additional cost to the
Government.

) The Govermment will furnish electric power for general con-
struction purposes, with a maximum demand of 25 kilowatts,
without cost to the Contractor. This slectrical energy will
be made available to the Contractor from the NASA distribution
system at the nearest location where such capacity is available,
and at the option of the Contracting Officer will be supplied
at 3-phase, Y4-wire, 120/208 volts or 3-wire LU0 volts. The
Contractor shall provide a disconnect switech, suitably pro-
tected from the weather, and fused for 75 amps or less, at the
delivery point designated. The Government will connect the
supply to the switch provided. All temporary lines extended
from the discommect switch shall be furnished at the Contractor®s
expense and shall be installed and maintained in a safe and
workmanlike mamner, All temporary lines and the disconnect
switch shall be removed by the Contractor, at his expense,
at the completion of the contract. This electrical energy
is provided for lighting, motor-driven construction eguipment,
heaters for humidity control of eguipment and machinery and
general construction purposes.

16



c) Any interruption of utilities or services that would
interfere with the operation of a facility will be
permitted only on week-ends between the hours of 12:00
midnight Friday and 10:00 P. M.’ on the following Sunday.
Permission to make such an interruption shall be requested
in writing at least 2 days before the week-end when it is
to occur. The Contracting Officer may at his option permit
interruptions at other times when the situation so warrants,

d) The Contractor shall provide and maintain, in accordance with
the rules and regulations laid down by the Contracting 0fficer,
all necessary sanitary conveniences for use by his employees,
and their use shall be strictly enforced. Prior to completion
of all work, all such sanitary conveniences shall be removed
and the premises left clean and in first-class condition,

e) The Contractor shall provide all necessary temporary heat,

) The Government will provide no telephone service for
Contractor’™s use. In accordance with NASA regulations and
Telephone Company reguirements and after consultation with a
designated representative of the LRC, Administrative Services
Division, General Services Section, Telecommnications 0ffice,
the Contractor may make arvrangements for the installation and
maintenance of telephone service and for removal of same upon
completion of the comtract.

2-12. Protection and Repair:

a) Existing services shall be maintained, so far as practicable,
without interruption, or, if interrupted by the Contractor's
operations, shall be promptly restored without cost to the
Government.

b) Where the contract work is to be connected to existing buildings
or other construction, the Conmtractor shall do such repairs,
touch-up painting, ete., as may be necessary to leave the
completed work in a neat and orderly condition,

2~13, Procoram of Construction:

a) The Contractor shall, within thirty days after date of receipt
of Notice to Proceed, prepare and submit to the Comtracting
Officer, for approval, a practical and feasible schedule,
showing the sequence in which he proposes to carry on the work,
the date on which he will start significant milestones and the
contemplated date for completing each. The divisions of work
reported on schedule shall be major systems, subsystems,
assemblies and/or subassemblies. The milestones for each
division of work will normally consist of design, design
approval, procurement ox subcontract, manufacture, plant

17



assembly and test, delivery to site, installation, checkout
and acceptance. The Contractor shall submit copies of
schedule in accordance with the instructions printed on the
form prescribed for that purpose available from the
Contracting Officer. The schedule will be updated and
re-submitted by air mail on a four week cycle to he
established by the Contracting Officer. In addition,
schedule changes, such as completion and/or rescheduling
of milestones, will be reported on the submittal date, via
telephone, to the Contracting Officer, or his designated
representative. Any change in the program schedule shall
not alter or extend the completion date of the contract.

b)  The Contractor shall furnish sufficient Fforces, construction
plant, and egquipment, and shall work such hours, including
night shifts, overtime operations, Saturday and Sunday as
may be necessary to insure the prosecution of the work in
accordance with the approved progress schedule. IFf, in
the opinion of the Contracting Officer, the Contractor falls
behind the progress schedule, the Contractor shall take such
steps &8 may be necessary to improve his progress, and the
Contracting Officer may require him to increase overtime
operations, the number of shifts, days of work, or the amount
of construction plant, all without additional cost to the
Government.

o) Failure of the Contractor to comply with the requirements of
the Contracting Officer under this provision shall be grounds
for determination by the Contracting Officer that the Contractor
is not prosecuting the work with such diligence as will insure
completion within the time specified. TUpon such determination,
the Contracting Officer may terminate the Contractor's rights
to proceed with the work, or any separable part thereof, in
accordance with the clause entitled "Termination for Default-
Damages for Delay-Time Extensions™ of the General Provisions.

2-1H1, Price Breakdown:

a) Promptly upon award of contract, the Contractor shall submit
a price breakdown in accordance with the applicable provisions
of the Contract General Provisions. :

2-15, Subcontractors:

a) The Contractor shall be responsible for familiarizing each of
his subcontractors with all aspects of the contract affecting
each subcontractor, respectively, and shall be responsible
for co-ordinating the work of his subcontractors to prevent
any interference or omission whatsoever. NASA shall approve
all subcontractors.

18



2-16. Lines and Grades:

a) The Contractor shall lay out his work. He shall be responsible
for the correctness of measurements and shall verify the figuves
on drawings before laying out the work.

2-17. Contract Dréwings and Specifications:

a) A maximum of 10 complete sets of contract drawings and
specifications will be furnished by the Government to the
Contractor without charge promptly after award.

2~-18., Specifications:

a) = Wherever in the various sections of these specifications,
material or eguipment to be furnished or work +o be done is
required to conform to Federal Specifications, ASTM, AISC,
SAE, or any other generally recognized authority, the latest
revised edition of such specification in effect on the date
of opening of bids shall apply.

b} Copies of the following specifications may be obtained upon
application addressed as follows:

Federal Specifications

General Services Administrator
Region 3

7th and D St. SW

Washington, D.C.. 20024

Superintendent of Documents
Government Printing Office
Washington, D.C, 20401

Navy Deparitment of Joint Army-Navy Specifications

Bureau of Supplies and Accounts
Navy Department
Washington, D.C, 20360

Military Specifications

Commander, Air Development Center
Wright-Patterson Air Force Base
Ohio L5433

1is



Commanding Officer

U. S. Naval Supply Depot

5801 Tabor Avenue

Philadelphia, Penmsylvania 19120

2-19. Drawings by Contractor:

a) The Contractor shall prepare all design drawings, working
drawings, shop drawings, and detail drawings necessary to
enable him to fabricate and erect all parts of the work and
to enable the Contracting Officer to check its conformity
with the contract drawings and specifications, or to satisfy
the Contracting Officer that all parts can be fabricated or
erected as required.

b). Omn all work reguiring preparation of drawings by the Contractor
and submittal of such drawings to the Contracting Officer for
review, such drawings shall be submitted for review before
construction or fabrication covered thereby is started. Prints
shall be submitted in SEPTUPLICATE, and in such seguence that
the Contracting Officer will have all information necessary for
checking. All drawings shall be clearly marked with the
Government®s contract nunber.

c) The Contractor shall not proceed with any construction that
may be affected in any manner by eguipment located therein,
until eguipment layouts, showing all components, with
dimensions and necessary clearances have been reviewed by the
Contracting Officer.

d) Where electrical details are omitted from or are not fully shown
on contract drawings, the Contractor shall prepare one-line,
elementary, connection, interconnection, outline and erection
drawings. Wherever applicable, devices shall be designated by
Standard ASA symbols and function numbers.

(1) One-Line Diagrams shall indicate by means of single
lines and simplified symbhols the paths and component
parts of electric circuits or systems of circuits.
All items shall be clearly labeled to indicate ratlngs
and use in the system.

(2) Elementary Diagrams shall indicate in straight-line
form, without regard for physical relationship, all
circuits and elements of equipment and associated
apparatus.

(3) Connection Diagprams shall indicate the relations and
connections of devices and apparatus of circuits or
groups of circuits. They shall show the general physical
layout of ali electrical controls, with all internal
wiring, devices, terminal stvips, comnections, ete.
Typical wiring digrams will not be accepted.

20



(w Interconnection Diagrams shall indicate the complete
connections between associated units of egquipment.
Internal eguipment connections shall be omitted.

For simple installations, the connection and inter-
connection drawings may be combined on a single
drawing.

(5) Outline Drawings shall indicate the overall physical
features, dimensions, ratings, and weights of equipmernt.

(6) Erection Drawings shall indicate equipment arrangement,
Including elevations, sections, and enlarged details
showing metheds of construction and installation necessary
for proper operation of the systems and egqupment,

The Government shall furnish the Contractor a sufficient number
of 22 by 34 inch sheets of "Herculene Mylar!" film For use under
this contract; so far as practicable the Contractor shall use
this size sheet, The Contractor shall separate the drawings
into two catagories; mechanical and electrical, The
appropriate drawing numbers shall be issued by the Contracting
Officer. At the end of the contract, the Contractor shall turn
over the original drawings to the Contracting Officen.

The Contracting Officer will promptly after receipt of prints
of drawings for review, veturn one copy to the Contractor
marked "Reviewed", "Reviewed with corrections as noted", or
"Returned for correction™ to be interpreted as follows:

(1) Prints marked "Reviewed" authorize the Contractor to
proceed with the work covered by such drawings.

(2) Prints marked "Reviewed with corrections as noted"
authorize the Contractor to proceed with the work
covered by such drawings with corrections indicated Thereon,
Upon receipt of prints marked "Reviewed with corrections as
noted”, the Contractor shall make the necessary revisions
and submit six prints for the Contracting Officer's
distribution. Additional review of such revised drawings
by the Contracting Officer is not required.

(3 Prints marked "Returned for correction” require the
Contractor to make the necessary corrections and revisions
on the drawings and to resubmit prints for review in the
same routine as before. The Contracting 0fficer will
examine and return such prints as promptly as practicable.
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g)

h)‘

3

(¥) If the Contractor feels that the corrections and
revisions reguired under subparagraphs (2) and (3)
above are a change in the contract requirements, he
shall promptly inform the Contracting O0fficer and
shall not proceed with the affected work until he
has received further instructions from the Contracting
Officer,

If, at any time before completion of the work, changes are made
necessitating the revision of previously reviewed drawings,

the Contractor shall make such revisions and shall resubmit

the drawings for review in accordance with the above instructions.

Unless otherwise provided, all connections necessary to properly
complete the work under this contract shall be designed and
completed in a satisfactory manner by the Contractor. This shall
apply with equal force to details not shown or specified, but
necessary to make indicated alterations or additions to any
existing structure or to provide any connection for any future
additions indicated on drawings or specified herein. All parts
designed by the Contractor shall be amply strong to withstand,
without excessive deflection, any loads or pressures to which
they are likely to be subjected and to develop the strength of
the weakest of the members connected. In no case shall the
construction be inferior in any way to that shown on the drawings.
All designs and details made by the Contractor shall be in
accordance with the best standard practice.

Where reports of factory tests are required by the specifications,
the Contractor shall furnish six copies of such reports, certified
by a responsible officer of the Contractor, which shall be subject
to review of the Contracting Officer before delivery of the
materials or equipment. This review shall not relieve the
Contractor of the obligation to meet all the requirements of these
specifications,

Review by the Contracting Officer or the Representative of the
Contracting Officer of the Comtractor's drawings shall not
relieve the Contractor of any part of his responsibility to
meet all the requirements of the contract, or of the
responsibility of the correctness of the Contractor's drawings.
The review of drawings by the Contracting Officer, or the
Representative of the Contracting Officer shall not be
construed as a complete check but will indicate only that the
gerneral method of design, work and detailing has been reviewed.
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9] The Contractor shall furnish record information and record
drawings showing "as built" conditions for all subsurface
construction, including utilities, built under this contract.

(H

(2)

(3)

The Government will provide the Contractor with work
prints showing all existing construction, including
utilities, as far as they are known, in the area

covered by this contract. New construction under this
contract will be indicated on these prints. Prints will
be accurstely to scale and normally without dimensions.
The work prints are to provide a means for the Contractor
to keep "as built" records. All existing utilities
uncovered or exposed by excavation during construction,
whether shown on the prints or not, shall be dimensioned
and located the same as new utilities. Direction of
flow, if any, shall be indicated.

Prior to the completion of the contract, at his reqguest,
the Contractor will be furnished reproducibles, from which
the work prints were made. He shall transfer thereon all
the "as built" data recorded on the work prints, together
with the name of the Contwvactor, the contract mumber, and
a certification, signed and dated by the Contractor's
superintendent, that all dimensions are correct. The
completed work prints and meodified reproducibles shall

be returned at the completion of the contract, or as
hereinafter provided, in good and printable condition.

The Contractor shall keep the work prints current by
recording locations of all construction immediately upon
installation and before hackfilling over underground
work. All plotting shall be accurate. All control
dimensions shall be indicated. Where dimensions of new
construction have been indicated on the work prints,
these shall be crossed out and the "as built" dimensions
recorded even if the same as those given.
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(')

Locations shall be three-dimensional, Elevations

shall be in feet and hundredths, referenced to USHER
Datum. Lateral dimensions shall be in feet and inches.
Dimensions to subsurface utilities which extend under
foundations, buildings, or other construction shall be
given to the point of exposure at the surface or to the
point of "rise" in concealed construction. ("Surface'™
shall be considered as the lowest level of basement, first
floor or "crawl" space under the construction.) (The
foregoing applies to entering or exiting items only. No
records will be regquired for utilities entirely enclosed
in construction, or entirely above surface.} Dimensions
shall be given from survey lines, major fixed surface
points, or points of permanent nature such as road center
lines, curb lines, sidewalk edges, building wall, center
of manhole covers, fire plugs, ete., Building foundation,
and manhole locations shall be those used by the engineer
in the layout for control of construction, and normally
shall be to center lines or edges. Manhole or pit
dimensions shall include the invexrt or bottom elevation in
addition to the top or cover elevation. Invert elevation
shall be given to flow line, if present: otherwise it shall
be to the bottom of the manhole or pit with separate
information for sump, if present. Dimensions shall be
recorded for all changes in direction, slope, or type of
run, as well as valves, tees, elbows, fire plugs, cleanouts,
manholes, and similar features. For circular utilities,
horizontal dimensions shall be to center lines; diameters
shall be recorded, and invert or top elevations shall be
designated. For rectangular utilities, horizontal
dimensions shall be to center lines, and width shall be
given. Elevations shall be recorded for both the top and
bottom. Construction layout control dimensions shall be
taken and location shall be recorded and checked for
completeness of record befqre backfilling., Accuracy of
dimensions shall be as follows:

Locations

Buildings, roads, foundations, manholes and
similar items to comstruction accuracy.

Elevations:
Buildings, roads, foundat ions, sanitary
and storm sewers, manhole covers, catch
basins and similar items to plus or minus
0.05 foot.

Duct banks, trenches, water lines, ete., to
plus or minus 0.1 foot.
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(5) On contracts running more than 9 months, the
Contracting Officer may request progress prints
at intervals of 6 months. These progress prints
shall consist of prints from the work prints

supplied the Contractor, as corrected to date of
submittal,

2-20. Materials and Eguipment:

a) Where equipment specified by manufacturer's designation regquires
modification to fully meet contract requirements, such modification

shall be made by the Contractor without additional cost to the
Government.

b) Where two or more types of eguipment or materials are specified
without indication of preference, it shall be optional with the
Contractor which one is used, but the same type shall be used
throughout.

C) All required equipment and material data, including location and
funetion, shall be Ffurnished to the Contracting Officer, in
sextuplicate, for approval. Submittals shall be on standard
letter-size, or larger, sheets. Machinery, equipment, materials,
and articles furnished without such approval shall be at the
risk of subsequent rejection, and will not be considered in
computing partial payments.

a) Prior to delivery of each major item of equipment, the Contractor
shall, unless otherwise directed, submit 10 copies of an
instruction manual for each, containing the following information
as a mindmum:

(1) Description, including wratings, construction details,
bearing and lubrication details, dimensions, weichts,
location of any internal pressure of temperature devices,
ete. ’

(2) Erection and disassembly instructions.

(3) Operating instructions, including temperature limitations,
lubrication recommendations and operating procedures,

(W) Instructions for maintenance, inspection, cleaning and
adjustment.

(5) List of repair parts, including description and catalog
numbers of each piece.

(6) Test reports and characteristic data,
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2-21. Samples:

a) The Contracting Officer may request, and the Contractor shall
promptly submit for approval bkfore installation, samples of any
materials to be used in the work. Samples shall be furnished
without additional cost to the Government, properly marked with
the contract number, brand name, trade mark or trade name, and
accompanied by a letter of transmittal clearly listing the
samples submitted. All materials used in the work shall &onform
to approved samples.

2-22. Scrap and Spoil Materials to be Removed:

a) Scrap materials removed under this contract and not specified
" for reuse or for return to the Government shall be removed
from the premises or may be destroyed or wasted in a manner
approved by the Contracting Officer.

b) Soil excavation not specified to be reused under this contract
in the construction shall be disposed of in one or more of the
areas shown on the Facilities Map; or, 1if not shown, then with-
in a two-mile radius of the construction site as directed by
the Contracting Officer. Soil shall be leveled to provide
a reasonably flat surface free of depressions.

2-23. Clean-up:

a) At intervals during the progress of the work, and at the
completion of the contract, the Contractor shall clean up the
site and accesses thereto, and shall dispose of debris. Debris
shall not be allowed at any time to accumulate in such a manner
as to constitute an unsightly condition or a fire or other hazard.

b) If no suitable disposal areas are available near the construction
site; the Contractor shall remove debris from the Government
reservation and dspose of it without additiomal cost to the
Government.

2-24. Contract Changes Procedure:

a) Generally a supplemental agreemant setting forth the changed work
and the adjustment in price and time shall be issued before
commencement of the changed work. Only where time is not
available and the changed work.must proceed may the change he
initiated by a change order, which will set forth the scope of
the change and will state that the adjustment will be made at
an early date. A supplemental agreement will be issued as
soon as sufficient cost data becomes available to enable final
prices to be determined and agreed upon. In no event will "after-
the-fact"” pricing be allowed or approved.
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2-25.

Expediting:

a) The Contractor shall submit to the Contracting Officer timely
reports showing the status of any orders or subcontractors which
may delay or are delaying the overall contract schedule. Order
status reports shall include:

@)

(2)

(3)

(%)
(5)

(6)

2-26.

Contract or order number, date submitted to the supplier,
date accepted by the supplier, supplier's name and
address.

Delivery date needed to meet contract schedule,

Delivery date agreed to by the supplier, and any
subsequent changes in that date.

Reagons, if known, for changes in delivery dates.

Effect which latest promised delivery date will have
on the contract schedule,

Resume of Contractor's efforts to bring the promised
delivery date in line with the reguirements of the
contract gchedule, inecluding efforts made to place the
order or subcontract with other suppliers.

Final Inspection:

a) On completion of the work, the Contractor shall give written
notice to the Contracting Officer of his readiness for final
tests and inspection.

2-27.

Safety and Health:

a) In order to provide safety controls for protection to the life
and health of employees and other persons; for prevention of
damage-to property, materials, supplies, and equipment; and for
avoidance of work interruptions in the performance of the
contracts: the Contractor will comply with the prdvisions of the
Manual of Accident Preventiom of the A, G, C. A, Further, the
Contractor shall take or cause to be taken such additional safety
measures as the Contracting Officer may determine to be reasonably
necessary provided, that if compliance with such additional safety
measures results in a material increase in the cost or time of
performance of the contract, -an egquitable adjustment will be
made in accordance with the clause of this contract entitled
“Changes.”
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b)

d)

During the performance of work under this contract, the
Contractor shall comply with all procedures prescribed

by the Contracting Officer for the control and safety of
persons visiting the job site and will comply with such
requirements to prevent accidents as may be prescribed hy

the Contracting Officer. All work at the site on electrical,
air, steam or fluid driven mechanisms shall conform to
applicable safety regulations of NASA which include a

safety tag-out procedure to prevent unauthorized operation of
such equipment.

The Contractor will maintain an accurate record of, and will
report to the Contracting Officer in such manner as the
Contracting Officer may presciibe all accidents and incidents
resulting in death, traumatic injury, occupational disease,
and/or damage to property, materials, supplies and eguipment
incident to work performed under the contract.

The Contracting Officer will notify the Contractor of any
noncompliance with the provisions of this clause and corrective
action to be taken, The Contractor shall, after receipt of
such notice, immediately take such corrective action. (Such
notice, when delivered to the Contractor or his representative
at the site of the work, shall be deemed sufficient for the
purpose,) If the Contractor fails or refuses to comply

promptly the Contracting Officer may issue an order stopping all
or part of the work until satisfactory corrective action has
been taken. No part of the time lost due to any such stop work
shall be the subject or claim for extension of time or for costs
or damages by the Contractor.

In addition, the Contractor will comply with the following special
provisions where applicable:

(1) All welding and cutting operations under the scope of
this contract shall be done in accordance with nationally
recognized good practice., The current publications of the
American Welding Society, 3u45 East 47th Street, New York 17,
New York, International Acetylene Association, 270 Park
Avemie, New York, New York, and the National Fire Protection
Association, 60 Batterymarch Street, Boston 10, Mass., shall
be used as a minimum standard of nationally recognized safety
procedures in welding and ecutting.

(2) The Contractor shall provide the necessary methods of fire
extinguishment and fire prevention and before operations
begin, will clear all welding and cutting operations with
the Contracting Officer's representative.
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() Upon completion of any burning, welding, or cutting
operation, the Contractor will provide a workman to
remain at the site for one hour. This workman will
make a thorough inspection of the area for possible
sources of latent combustion. Any unsafe conditions
shall be reported to the NASA Manned Spacecraft Center
Fire Department for their investigation.

(H During questionable operations the Contracting Officer
may request a standby by the NASA Manned Spacecraft
Center Fire Department. However, this does not relieve
the Contractor of his responsibility of welding and
cutting safety. .

(5) Open fires and heating devices. The use of open-flame
heating devices will not be allowed except by special
permission of the Contracting Officer. Such permission
will not be granted unless the Contractor has taken all
reasonable precautions to make such devices safe. Burning
trash on the job site will not be allowed unless specific
approval is granted for each incident by the Contracting
Officer. Approval for the use of open fires and open-
flame heating devices will in no way relieve the Contractor
from the responsibility of any damage incurred becaunse of
such fires. )

(6) Flammable ligquids shall be stered and handled in accordance
with the Flammable Ligquids Code (No. 30) of the National
Fire Protection Association, 60 Batterymarch Street,
Boston 10, Mass. :

(7) Where hydrostatic or other special testing is reguired under
the contract, the Contractor shall submit for approval a
complete and detailed testing procedure, and shall not
undertake any such testing until the procedure has heen
approved. No such testing shall be performed without the
presence of an NASA Inspector.

(f) Compliance with the provisions of this paragraph (2-27) by sub-
contractors will be the responsibility of the Contractor.

2-28. Government Review of Announcementss

(2) The Contractor agrees not to make public release of information
of any matter pertaining to this contract without NASA clearance
prior to publication in any medium or presentation bhefore technical
or scientific groups. The Contractor shall insert the provisions
of this clause in any subcontract requiring a prior written
approval of the Contracting Officer. Requests by subcontractors
for clearance from NASA prior to publication in any medium of any
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matter pertaining to the subcontract shall be directed to
NASA through the Contractor. Reguests for clearance will

be referred to NASA Manned Spacecraft Center, Office of
Public Affairs.
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SECTION 3 -- DETAILED REQUIREMENTS - MECHANICAL

3.01  GENERAL:

a) This section covers the technical and mechanical
regquirements and states the performance required.

The Contractor shall furnish all materials and items
of equipment, even if not specifically mentioned
herein, to meet the system performance as herein
specified.

b) The design, construction, and equipment of the
facility shall conform in all respects to applicable
accepted safety codes and standards of recognized
authorities, such as the National Fire Protection
Association, the National Electrical Code, ASTM
Standards, ete.

c) All electricalcequipment and work necessary or
incidental to the installation of items covered by
‘this section shall meet the reguirements of Section U,

Detailed Reguirements - Electrical.

3.02 TEST CHAMBER:

a) The test chamber shall be double wall construction
divided by a bulkhead wall into two cells with inside
dimensions of 8' wide x 8' high x 10* long and 8% wide x
8" high x 20 long. The inner and outer chambers must

be designed to provide a closed ecological system inside
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b)

the inner shell or liner., The chamber shell, doors,

windows, and all penetrations must be designed for

absolute isolation between the inner shell and ambient

conditions. There can be positively no cross con-
témination between the outside and the inner shell.
In case of doors and windows, this isolation must be
accomplished by double gasketing and reduced pressure
between gaskets.

The chamber outer shell tcalled shell) and bulkhead
dividing wall shall be fabricated from SA-285, Grade C,

carbon steel and shall be designed for both 15 psi vacuum

-and 15 psig pressure with a maximum metal temperature of

100° Fahrenheit,

The chamber inner shell {called liner) shall be
fabricated from SA-2U40 Type 30UI, stainless steel and shéll
be designed for a maximum differential pressure of 25 mm Hg.
(millimeters of mercury), with a maximum metal temperature
of 100° TFahrenheit,

All chamber areas exposed to the inner chamber
atmosphere must be 30U stainless steel.

The chamber shell, dividing wall, liner, and supports
for the chamber shall be designed in accordance with
Section VIII of the ASME Code for Unfired Pressure Vessels
(except paragraphs U-1(d) and U-1(d) (4) shall not apply)
and the AISC Manual of Steel Construction as applicable.
The chamber shell, cell divider, doors, windows and all
components within the chamber shall be designed to with-

stand a dynamic impact pressure of 15 psi evenly distributed
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d)

over the outside surface.

The chamber shell must be completely sealed
against dynamic impact pressure. The liner shall be
protected against dynamic forces hy equalization of
pressures between shell and liner. All joints shall
be welded through so that no air can be trapped in the
joints. Plates forming a flat surface of the chamber
shall be butt welded. The chamber shall be fabri-
cated using full penetration butt welds in the main
shell structure at all cormers, and at all nozzle, door
and window openings. Structural reinforcing members of
the chamber shall be welded to the outside surface of
the chamber only, Structural reinforcing members shall
not cover any plate weld. The flat surfaces on the inside
of the chamber shall be smooth continuous and all butt
welds on the ingide surface of the chamber liner shall be
ground flat and smooth. Welding procedures and welding
gqualification tests shall be as specified in Section 6 -
Welding. Spot radiography is reguived for the shell welds;
radiography shall be in accordance with Section 6 - Welding.

Persomnnel doors shall be designed so that external
atmospheric pressure would cause the doors to be forced
against the door seals when the test cells are at reduced
pressure. The door located in the bulkhead between the two
cells shall be designed in a similar manner such that it

will be forced against its seal when cell #2 is operating
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h)

at a reduced pressure. All doors shall be designed
with a locking mechanism which will withstand 15 psig
internal pressure and shall be eguipped with safety
stops to allow the door to come ajar to permit complete
pressure equalization before the mechanism is completely
disengaged. All doors must be operable from both sides
except during positive pressure operations. The necessary
penetrations or mechanisms for the door clamping design
must be installed in such a way to preclude any possible
cross contamination hetween the outside and the inner
shell. The door seal material shall be silicone rubber,
All personnel doors shall have a minimum of 7'-0" high x
37-6" wide., Each door shall contain one 8" view port.

The entire chamber shell should be designed to retain
the level of vacuum with the vacuum pump isolated from
the system with the pressure loss not to exceed 1 mm Hg.
per hour. The individual cells leak rate shall not
exceed 500 microns per hour.

The chamber liner bottom shall serve as the floor of
the imner cell and designed to be structurally capable
of supporting equipment and persomnnel necessary for the
operation of the chamber for live loading of 300f per
square foot.

The interior of the chamber shall be #2B finish.
All equipment inside the chamber shall bhe unfinished or
treated with a finish which iIs non-combustible and tested

under conditions of at least 1 absolute atmosphere of 100%

oxygen.
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)

k)

1

If sound deadening materials are employed within
the chamber, they should he non-combustible.

A sufficient numher‘of viewing ports shall be pro-
vided in accordance with the reference drawings and
mist be fabricated with Herculite Tempered glass, or
equal, capable of withstanding the design pressure
at a 10 to 1 safety ratio.

Wherever possible all sources of illumination
shall be mounted outside the éhamber and arranged to
shine through the view ports.

Permanent lighting fixtures installed within the
chamber shall comply with requirements of NFPA 70, Article
500, Class 1, Division 1, Group C atmospheres and shall be
approved for the maximum vacuum and oxygen concentration
within the chamber., A metal plate indicating the maximum
atmospheric pressure usage, the maximum oxygen concentration
usage, and the normal nominal surface temperature shall be
permanently affixed to each fixture.

The test chamber shall be man-rated in accordance with
NASA/MSC Safety Manual Part 7 "Man-Rating” requirements
dated May 15, 1967, revision No. 8 and SPD-3 Safety Program
Diyeetive No. 3, Safety Guidelines for "Man-Rating"
Altitude Chambers.

The chamber shall be designed for 100% gaseous oxygen
and shall be free of hydrocarbon comtamination as

demonstrated by ultra-violet (black light) inspection

" by NASA inspectors.
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3,03
a)

The chamber shall be provided with rupture or
burst discs, or the eguivalent, capable of sustaining
normal design pressures. These shall ﬁe designed to
prevent catastrophic failure of the chamber vessel by
relieving over pressure conditions caused by rapid
gas expansion due to fire or rapid temperature rise,

Two safety relief systems shall be provided - one for
vacuum operation (760 mm Hg.) and the second for the
sterilization operation (see paragraph 3.08).

All critical service lines should bhe routed and
protected to preclude damage from any cause other than
a catastrophic occurrence. Redundant systems should he
adequately separateda'

The potential and inadvertent connection of inert or
asphyxiant gas supplies shall be assessed and eliminated

where possible.

PRESSURE CONTROL SYSTEM:

The principle operating modes of the pressure control
system shall provide for: (1) reducing to and maintaining
a selected absolute pressure indepeﬁdently, in man lock
cell No, 1 and test cell No. 2, (2) manual emergency
repressurization of each test cell, and (3) maintaining a
selected differential pressure between the shell and liner,
in both test cells. The pressure control system shall
provide the capability of auwtomatically controlling the

total and differential pressure of test cell No. 2,
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b)

independent of the total and differential pressure

in test cell No, 1, between 180 mm HegA and 760 mm Hgl;

and O.nm Hg and 25 mm Hg respectively. The pressure

control systems shall provide the capability of manual

control of the total and differential pressure of man

lock cell No. 1 and/or manual egualization with cell No. 2

shell and liner. The total pressure shall be automatically

coutrollable within I 4 mm Hg (overall system accuracy),
and the differential pressure shall be automatically
controllable within - 2 mm Hg of the set point.

Two vacuum pumps suitable for pumping 100% gaseous
oxygen shall be provided for the pressure control system
(see drawing J70299 for typical hook-up schematic) one
roughing pump and one trim pump.

(1) The roughing pump shall be a two rotary, water-
sealed vacuum pump of conical design with bronze or
cast iron bodies, bronze cone, bronze shrouded rotors
and steel shaft equipped with teflon packing and
lantern glands or mechanical shaft seals. ALl pump
parts in contact with the process vapor shall be
supplied and operated in grease~free and oil-free
condition to minimize explosive hazard when handling
oxygen. The pump shall be either close-coupled or
mounted on a base with a coupling drive, coupling
guard and motor. The roughing pump shall be capable
of 26" Hg vacuum with single stage design and

sized for evacuating the chamber from atmospheric
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pressure to 180 mm HgA in less than 30 minutes.
Factory certified test sheets showing actual
punp performance shall be furnished for the pump.
The roughing pump shall be furnished with the
following accessories:

Vacuumn Relief Valve

Water Trap Silencer

Seal Line Flow Control Valve

Seal Line Strainer

Seal Line Solenoid Valve

T.E.F.C. Motor

Discharge Manifold

(2) The trim pump shall be a two rotavy, water-

sealed vacuum pump of conical, circular-lobe design
with all wetted parts of bronze construction and
equipped with mechanical shaft seals. All pump parts
in contact with the process vapor shall be supplied
and operated in grease-free and oil-free condition to
minimize explosive hazard when handling oxygen. The
pump shall be capable of 27" Hg. vacuum with single
stage design and shall be capable of handling
evacuating requirements of both total pressure and
differential pressure control systems. The pump shall
be close coupled to each driver motor. Factory certified
test sheets showing actual pump performance shall be
furnished for the pump. The trim pump shall be Ffurnished

with the following accessories:
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c)

d)

Vacuum Relief Valve

Water Trap Silencer

Seal Line Flow Control Valve
Seal Line Strainer

Seal Line Solenoid Valve
T.,E.F.C. Motor

Each vacuum pump shall be installed strickly in
accordance with the manufacturer®s recommended procedure.,
Each vacuum pump's suction liné shall be provided with
an ultra-high efficiency filter, check valve, and electric
actuated shut-off valve.

The wltra-hich efficiency filters shall be provided
with a manual resterilization cyele utilizing 12% Ethylene
Oxide and 88% Dichlorodiflouromethane.

The control of the total pressures of each test cell
shall be accomplished as shown on drawing J70299., Primary
reduction in the pressures ;hall be accomplished by the
roughing vacuum pump as shown. The maximum allowable
punp down time from 760 mm HgA to 180 mm HgA for each test
cell shall be 30 mimates. 1In addition one trim vacuum pump
shall be reguired which shall operate continuously during
test periods. The total pressure in the test cell No. 2
shall be maintained at the desired set point by automatic
control of the trim pump suction line control wvalve as
shown on the referenced drawing. The air inbleed valve

should be operated automatically from the same recording
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controller which controls the vacuum valve should the
total pressure become less than the desired level,
The air inbleed valve must be provided with an ultra-
high efficiency filter barrier.

The control of the differential pressure between the

shell and the liner for the test chamber shall be

accomplished as shown on the drawing J70299. The differential

pressure for cell No. 2 shall be controlled automatically
to the desired level by the remote positioning of the
control valves, trim pump suction and air inbleed, which
are tied into the jacket section, Man lock cell No. 1
differential pressure shall be controlled manually or
equalized with cell No. 2 an atmospheric air inbleeding
system shall be required to achieve and maintain the total
pressure in each test cell to any setting between 180 mm HgA
and 760 mm HgA, independent of the total pressure in the
other test cell. The system shall be capable of increasing
the total pressure in both test cells to 760 mm HgA in

less than 20 minutes. Means shall be proyided to defuse
the in rushing or exhausting air. The control of the
inbleed system for cell No. 2 shall bhe accomplished by
automatic. remote positioning of the control valve and the
overall system tolerance shall be p 4 mm Hg. of set point.
The cell No. 1 inbleed system shall be accomplished by

manual control.
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g)

h)

Each test cell shall bhe equipped with emergency
repressurization valves as shown on the pressure control
schematic. Repressurization from 180 mm Hgh to 760 mm Hgh
shall be accomplished in less than 30 seconds, but the
maximum repressurization rate shall not exceed 30 mm Hg per
second. The noise level associated with the repressurization
shall not exceed 130 decibles, and the dynamic pressure in
the test cells shall not exceed 5 1lbs. per square foot.

The inlets to the wvalves shall be provided with protective
screens; the owtlet shall be provided with diverters. A
redundent means of emergency repressurization shall be
provided,

Manual valves shall be located next to all doors to
permit pressure equalization between test cells and between
the test cells and atmosphere. ALl manual equalization
valves shall be mechanically interlocked in such a way as
to permit equalization of the liner concurrently with that
of the test cells. Pressure gauges shall be located as
shown on the pressure control schematic drawing at all
personnel doors to permit fthe determination of the difference
in pressure on each side of the doors to indicate to personnel
the hazard of opening a door under & pressure differential.

All internal controls shall be located at a display
panel. Test cell No. 2 external control console shall be
provided with total pressure and differential pressure
recorder-controllers (see paragraph U-1U4 of Detailed

Reguirements - Electrical and paragraph 3-1H of this section
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for instrument specifications) All instruments and

gauges shall be calibrated in mm Hg. absolute.,

3.0 VENTITATION AND GAS CONDITIONING SYSTEM:

a) A gas conditioning system shall be provided for test
cell No, 2 for the purpose of cooling, heating, circulating,
drying, and humidifying the gases in the test cell. The
system shall provide for continuocus, automatic, and
accurate control of the test cell’s internal dry bulb and
dew point temperatures. The system shall be capable of
continuously circulating the interior gases for proper
thermal control,

The air handling eguipment for the circulating and
temperature conditioning system shall be installed inside
the chamber and rated for continuous operation at any
pressure between 180 mm HgA and 760 mm HgA, The chamber
air shall be recivculated from the test cell through a
stainless steel plenum located at the top of the cell and
then discharged through duct vents back into the cell,
Stainless steel fluid to air heat exchangers shall be
provided in the plenum for cooling and heating the cell air,

A hunidifier shall be furnished for the higher humidity
requirements and a desiccant dryer shall be furnished for
the lower humidity requirements. The dryer and its air
handling equipment shall be installed outside the chamber
and rated for continuous operation for all pressure levels.

All instrumentation and associated centrols for test

cell No, 2 shall be automatic and located outside the chamber
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b)

at the external control console. An independent
controller-recorder (see Section U-14 of Detailed
Reguirements - Electrieai) shall operate in conjunction
with the dry bulb temperature sensor and with the dew
point hygrometer.

The dry bulb temperature of each cell and the dew
point temperature of test cell No, 2 shall be displaved
continuously at the display panel inside the test cells.
The system design shall provide that there be no entrained
moisture in the recirculating air to the test cell under
operating conditions.

Man lock cell No. 1 temperature and humidity requirements
shall be accomplished by manual ventilation using external
air.

During steady state operation, cell No. 2 ventilation
and gas conditioning system shall be designed to meet the
following regquirements:

(1) The system shall provide for all dry bulb
temperatures within the range of B0°F and 100°F,

with a tolerance of £ 1°F,

(2) The system shall provide for 2ll relative
humidities between 20 and 80 per cent between H0°F db

and 100°F db, with a tolerance of & 3 per cent

relative humidity.
(3 The following are the heat loads that must
be dissipated by the ventilation and gas conditioning

system under steady state conditions:
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d)

(a) Total sensible heat load in Btuh due
to ten men performing light work but not
less than 3000 Btuh.

(b) Total latent heat load due to ten men.
performing light work but not less than
3000 Btuh.

(c) Equipment which emits heat that is a part of
the test cell, such as lights, blowers, etc.

(d) External heat load for insulated chamber:
It shall be the Contractor's responsibility
to determine the extermal heat load., The
temperature of the facility housing the
chamber will vary from 70°F db to 90°F db.

The temperature conditioning system shall be designed

to incorporate the following transient performance

requirements:

(1)

(2

ULO°F db to 100°F db in 180 minutes,

100°F db to UO°F adb in 180 minutes.

The temperature gradient shall not exceed 5°F, the

maximum variation throughout the working volume of the

test cell. The 5° maximum gradient shall be govermed by

the following conditions:

(1)
(2)
(3
(")
(5)
(6)

Measured 1 foot away from interior walls,
Stabilized conditions.
At all dry bulb temperature requirements.,
At all pressure regquirements.

" . No electrical equipment heat load,
Lights off.
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The cooling system shall provide sufficient cooling

capacity for the total heat load in the test cell con-

sisting of the various loads as specified in paragraph b)

and c¢) above plus an additional capacity for 12,000 Btuh

for future use. The cooling system shall consist of a

continuously circulating supply of propylene glycol to the

test cell'’s stainless steel heat exchanger from an external

chiller unit.

(L)

The Contractor shall furnish and install as
shown on general facility drawing a package chiller
unit with storage tank, Dunham-Bush Model PCS or
approved equal., An excessible hermetic compressor
with hot gas by-pass capacity control and suitable
for the available electrical charadéteristiecs shall
be supplied.

The chiller and water cocled condensers shall be
of non-ferrous construction using inner-fin on the
refrigerant side. The chiller shall be furnished
with foamed in place urethane insulation and covered
with heavy gauge steel casing. The chilled glycol
circuit shall have self-contained galvanized storage
tank and bronze body recirculating pump. Tank assembly
shall have not less than 2" fiberglass insulation
protected by sheet metal panels and all chilled piping
shall be covered with insulation and liguid vapor

barrier to prevent condensation., 24 liguid to suction

. heat exchanger shall be furnished and all components

shall be factory assembled, painted, and mounted on a
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common steel frame. The chiller unit is to be
furnished with:

Magnetic starters for compressor and pump

Dial thermometer indicating the tank temperature

Dual pressure control

Thermostat for freeze protection

Thermostat for storage temperature control

Liguid line sight glass with moisture indicater

Dryer

Expansion valve

Complete wiring including safety interlock
between pump and compressor

Refrigerant operating charge

Toggle switch for manual cut-off of compressor

Evaporator pressure regulator

Capacity control.

The heating svstem shal!_l be designed to provide sufficient
heating capacity for the total heat load on test cell No. 2
consisting of the various loads as specified above. The
heating system design shall he eompatible;with 100 gaseous
oxygen servicej; any electric resistance type heaters shall
be located exterior to the chamber and controlled by a solid
state silicone controller rectifier., The heating system
shall consist of a continuous circulating supply of a heat
transfer fluid from an external heater to a stainless steel

o3t exchanger in test cell No. 2.
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g)

The air in test cell No, 2 shall be circulated
through the chamber by means of a spark-proof blower
which shall be driven from outside the chamber by a
drive system capable of meeting the requirements of
all the temperature &nd pressure conditions. The
blowers shall discharge the air through a plenum into
the working space and the plenum shall be designed to
introduce a pressure drop upon the recirculated air,
thus enabling a static pressure to build up in the
plenum for uniform air distribution. The air shall
be exhausted from the working space into a return duct
located near the test cell floor where it will be
filtered and reconditioned to the proper temperature.

The air flow pattern shall be designed so the average

velocity will not exceed 200 feet per minute measured

at any point at least one foot from the chamber wall.

The noise level in the test_cells shall not exceed 75

decibeis (except during emergency repressurization).

The air duct velocity may be adjustable to a maximum

of 750 feet per minute at standard conditions in order

to meet temperature requirements.

(1) The recirculation blower fan wheel shall be
backward inclined, power limiting type of fiberglass
construction, and shall safely operate at all
system points required by the air distribution system.
It shall be tested according to and be licensed to bear

the certified rating seal of the Air Moving Conditioning
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Association., Basic construction shall be hased
on the system envivonment:

For hazardous areas, the minimum requirement
shall be AMCA Type "B" spark-proofing (Type C not
acceptable).

Where corrosive environments are encountered, all
air stream parts shall be constructed of standard
metals coated with eight mills of haked epoxy-resin
or fiberglass reinforced resin similar to New York
Blower Type FPL TFans.

(2) The blower drive shaft mechanical seal shall be
designed for the full pressure range and for dry
operation. It shall be constructed with stainless
steel rotary unit and tungston carbide seal ring insert,
The drying system shall be a closed external loop to

test cell No. 2 and shall incorporate dessicant type absorbent.

The dehumidification bed shall be sized for the following

loads:

(D Transient dehumidification from 93°F dew point to
5°F dew point in 2HO0 minutes at any éressure between
180 mm HgA and 760 mm HgA.

(2) Steady state water vapor load of two thousand mice.
The steady state load shall be added to the trancient

state load for design system capacity.

The system shall provide for the automatic reactivation

of the desiccant bed and where it is necessary to reactivate
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& bed during a test period, the switch over to the new
bed and reactivation of the spent bed shall be accomplished

without aborting the test and without introducing external

biological contaminants,

The dehumidification desiccant type absorbent units
shall be dual absorber units with molecular sieve desiccant
in place, 150 psig maximum design pressure, fully automatic
controls with manual override, absorbers interconnected
with U-way teflon lined plug valves for switch over, including
lights for indicating preactivation, dial thermometers, and
color grade type moisture indicator, and to be Furnished with
the following safety circuits:

Switch failure alarm civcuit,

Heater failure alarm circuit,

High temperatureé alarm circuit, and

High humidity alarm circuit.

The means by which the chamber atmosphere is circulated
thru the desiccant drying beds must be designed to be
completely cempatible with 100% gaseous oxygen service.

The conditioned gas discharged back into fhe test cell
must pass thru & bacteria filter installed in a manner to
preclude any bacteriological comtamination during replacement.

The test cell humidification shall be accomplished with
the use of steam supplied by the facility. The steam system
shall be properly trapped to insure the use of dry steam for
the addition of humidity. The humidification system shall be
designed to increase the cell dew point from 5°F +to 93°F in
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240 minutes at any pressure hetween 180 mm HgA and

760 mm HgA.

3,05 OXYGEN CONTROL SYSTEM:

a) The oxygen contrcl system shall be capable of
providing and maintaining the desired oxygen partial
pressure {(maximum oxygen concentration shall be 1009
at all specified total pressures) manually for man lock
No. 1 and automatically for test cell No. 2. The gas
analysis system described in paragraph 3.07 shall provide
the continuous indication of test cell No. 2 oxygen
partial pressure at the test cell external control console
and shall have the capability of indicating the man lock
oxygen partial pressure when desired. The complete oxygen
system shall be rated for 100% oxygen concentration, The
control of the oxygen partial pressures shall he
accomplished manually or automatically by remotely position-
ing the pneumatic control valves as shown on drawing
No. J70297. The’automatie controller for the pneumatic
positioning valve for test cell No. 2 shall be as designated
in paragraph H.14 of Detailed Reguirements - Electrical.
The oxygen control system shall have the capability of
increasing the oxygen partial pressure in each test cell
from 36 to 760 mm HgA in 120 minutes. Means shall be
provided to diffuse the in rushing oxygen.

b) The oxygen supply system shall have the capability of

delivering the guantity of oxygen reguired to raise the
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d)

partial pressure of oxygen from 36 to 760 mm HghA as
specified in the above paragraph.

Test cell No. 2 oxygen flow rate shall be measured
by two flow meters in parallel as shown on the above
referenced drawing to give continuous indication of the
oxygen flow rate. A selector switching arrangement
shall be incorporated into the system as shown to provide
+he capability of reading either flow meter. See paragraph
4.15(e) for detailed oxygen flow meter specifications. A
single recorder shall be provided to record the mass flow
rates of hoth the flow meters. The flow metey indicators,
mass Flow recorder, and selector switch arrangement for
the test cell shall be located at the external control
console. Indicating lights shall indicate which flow meter
is being read.

An oxygen breathing system incorporating quick—disconngct
commections shall be provided and installed by the con-
tractor as shown on the oxygen system schematic. The
fegulators for the oxygen breathing system shall be of the
diluter demand type and shall meet the specifications as
set forth in Military Specification MIL-R-8202D(USAF). The
Contractor shall supply oxygen masks (with communication
capability) with gquick-disconnect comnections for attachment
to the diluter demand regulators. The breathing oxygen
system shall have the capability of continuously supplying
make-up oxygen at the total flow rate of all of the
diluter demand regulators for a period of 120 minutes.

The total flow rate shall consist of the sum of the maximum
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expected flow rates of each of the diluter demand

regulators as specified in Military Specification

MIL-R-8202D(USAF). At least one oxygen mask in each

cell shall bhe provided with sufficient flexible hose

to allow movement throughout the entire work area of

that cell.

NASA furnished oxygen storage bottles:.

(1) The storage bottles for the oxygen supply
system and breathing oxygen system shall he
furnished by NASA. The furnished oxygen bottles
shall he approximately 9" in diameter, shall have
a water volume of approximately 2.20 cubic feet,
and shall have a maximum storage pressure of 2200
psig. The Contractor shall be responsible for
determining the number of bottles reguired for
each of the oxygen systems.

(2) The Contractor shall furnish and install all
supplied piping from the storage bottles, including
manifolds, regulators, valves, and final connections
for the bottiesa The support stands with safety
chains shall also bhe furnished and installed by the
Contractor. The oxygen header pressures shall be
measured and continuously indicated by a pressure
transmitter, milliamp meter combination located on the
external control console.

(3) The valve outlet conmections on the NASA furnished
oxygen storage bottles shall be as designated by the

American Standard Compressed Gas Cylinder Valve Outlet

52



and Inlet Comnnections as sponsored by the

Compressed Gas Association:
(a) Oxygen: 0.903" - 1UNGO-RH-EXT

Mating assembly: 0,908"-L14NGO-RH-INT

3.06 CARBON DIOXIDE CONTROL SYSTEM:

a) The carbon dioxide control system shall be capable
of providing and maintaining the desired COé partial
pressure in test cell No. 2 only. The gas analysis
system as described in paragraph 3.07 shall provide a
continuous recording of test cell No. 2 carbon dioxide
partial pressure at the test cell external control
console and shall haye the capability of indicating
the man lock carbon dioxide partial pressure when desired.
The control of the carbon dioxide partial pressure shall
be accomplished automatically by remote positioning of a
pneumatic control valve as shown on the carbon dioxide
system schematic, drawing No. J70297. The basic controller
for the pneumatic conditioning valve shall be as designated
in paragraph 4.14 of Detailed Requirements - Electrical.

b) The carbon dioxide system shall have the capability of
reducing the carbon dioxide partial pressure to 2 mm Hg
and meintaining at that level. The carbon dioxide scrubbing
unit shall be sized to maintain the desired carbon dioxide
partial pressure in the test cell with a steady state load

equivalent to 2000 mice.
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3.07
a)

The carbon dioxide scrubbing system shall cousist
of an absorption unit, control valve, and instrumentation.
The absorption unit shall be designed as a packed colum
with bacteria-free automatic regeneration of the spent
bed and with a positive displacement bhlower to recirculate
the chamber atmosphere thraithe absorption unit and back
into the test cell thru a bacteria filter. The filter
shall be installed so as to preclude any possible bacterio-
logical contamination during replacement. The absorption
unit shall be capable of operating with material such as
Lithium hydroxide or bhavalyme or some similar material
designed specifically for the absorption of carbon dioxide.
The system shall be désigned such that the absorption
material can be easily vremoved for recharging and the new

charge sterilized prior to being put in service.

GAS ANALYSIS SYSTEM:

The gas analysis system shall be provided in order to
evaluate and display the partial pressures of oxygen and
carbon dioxide in either test cell No. 2 or man lock No, l.
These partial pressures shall he continuously displayed
and recorded at the external gas analysis console. The
system shall be designed to operate efficiently and
accurately at any combination of temperature, humidity,
and total pressure previously specified. All sampling
pumps to be located outside of the cells and the sample
gas shall be dumped to atmosphere thru a bacteria filter.
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~ b)

The gas to be sampled shall be filtered with a high
efficiency .3 micron filter as it leaves the chamber

and again with a combination ligquid separator rated

at L0 microns before entering the gas selector panel.

It shall be the Contractor's responsibility to determine
the quantity of sample gas required by the gas analyzer
and to control same.

The partial pressure control ranges shall be as

follows:

PARAMETER RANGE TOLERANCE
PO, 36 -~ 760 mm HgA T 4 mm Heg
pCO, 0 - 100 mm Hod T2 He

The carbon dioxide analyzer shall continuously monitor
and display the carbon dioxide partial pressure of either
test cell at the external console. A controller - recorder
(see paragraph U4-14 of Detailed Reguirements -~ Electrical)
shall be required at the external control console for con-
tinuous recording of the carbon dioxide partial pressure
and automatic comtrol of the pneumatic control valve as
shown on drawing J70297. The analyzer shall have a prange
of 0 to 100 mm HgA of carbon dioxide in a background of
oxygen and nitrogen between 180 and 760 mm HgA for the
control points. Calibration curves shall be furnished
for 180, 380, 570 and 760 mm Hg as carbon dioxide. The
analyzer shall have sealed sources, hermetically sealed

power switch, and air purge connection on the case, The
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analyzer shall be Mine Safety Appliance Company's Lira
Model M300 Infrared Analyzer, or equal, and shall include
the following characteristics and features:
The analyzer units shall be interrupted
type non-dispersive infrared analyzer with dual
infrared sources and single pneumatic detector-
receiver.,
The unit shall operate on the principle of
direct deflection,
The speed of response shall he 90% of final
reading in 5 seconds.
The zero drift shall be less than 1% of full
scale in 24 hours.
The noise level shall be less than 1% of Ffull
scale.
Accuracy shall be T 1% of full scale and shall
be maintained over a temperature rvange of -20°F to
+ 120°F db.
The sensitivity shall be I 19%.
The repeatability shall be T 1/2%.
The millivolt output signal shall be
0 - 100 mv,
The "analyzer shall be complete with integral
meter displayed in mm HeA.
Calibration shall be achieved by means of a
known gas sample,
One complete carbon dioxide analyzer shall be
furnished as a spare.
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a

The oxygen analyzer shall continuously monitor and
display the partial pressure of oxygen in either test
cell No. 2 or man lock cell No. 1 at the external control
console and at the intevior display panels., A controller-
recorder (seeparagraph 4,14 of Detailed Requirements -
Electrical) shall be reguired at the external console for
continuous recording of the oxygen partial pressure and
for automatic or manual positioning of the pneumatic control
valve as shown on drawing No., J70297. The oxygen analyzer
shall be Beckman Instrument Incorporated Model F3M3-1AY, or

egual, and shall include the following characteristics and

features:

Range: 0-100% oxygen in a background of
oxygen and nitrogen between 180 and
760 mm HgA, Calibration curves
shall be provided at 180 and 760
mm Hegh .

Analyzer Controls: Consisting of range selector switch

and zero and span adjustments located
on case door. Air purge connections
on the case is reguired.

Ambient Temperature

Limitations: 50° to 110°F, 100 % R.H.
Accuracys t 1% of Full Range
Sensitivity: b 1%
Response Time: 9% in less than 10 seconds from

time sample enters instrument.
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Output: 0-10 millivolts with integral

meter.,
Repeatability: V-7
Method: * The analyzer shall operate

exclusively on a paramagnetic

principle.
Power: 115 volts, 60 Hz., 150 watts
Special Features: East response, fast flow by-pass

One oxygen analyzer shall be furnished as a spare.

e) The gas analysis sampling system shall be capable of
pumping a continuous sample through the analyzers and
dunping it to atmosphere. The system shall include:

(L Diaphragm type sample pump designed with
capacity to meet the reguirements of the analyzers
at all total pressuwves previously specified.

(2) A back pressure regulator capable of holding

the sensor outlet at atmospheric pressure.

{(3) Filtration system to properly protect the
Sensop.
() A gas selector panel including flow meters and

needle valves manifolded to select and control the

zero and span calibration as well as the sample gases,

3.08 STERILIZATION SYSTEM:

The test chamber complex shall be designed with the capability
of an iIndustrial gas sterilizer for the purpose of sterilizing the
entire interior of the test cells. The design shall incorporate a

complete gas sterilization system designed for manual control of the
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sterilization cycle using a non-hazardous ethylene oxide mixture.
The process cycle shall be the Vacudyne Corporation Standard 12-88,

or equal,

3,09 FIRE PROTECTION SYSTEM:

a) The Contractor shall furnish and install a completely
independent water fire extinguishing system for each test
cell, The fire protection system shall be designed in
accordance with the NFPA Standard for Hypobaric Facilities
No. 56E-T, NFPA Pamphlet 13, and NFPA Pamphlet 15.

h) The system shall be designed to provide a minimum of
7.5 gallons per minute per square foot of intermal chamber
floor area. The water supply shall be constantly and fully
available and shall not be delayed by starting of fire pumps
and should be a minimum of 50 psi pressure, The total
guantity of water available for exclusive fire protection
of the test cells shall be adeguate to furnish at least one'
minute duration supply (three consecutive 20 second applications
at 7.5 gpm rate).

c) The spray nozzles shall be of the high speed design
capable of manual as well as automatic activation within
one second of sensible flame development. The spray nozzles
shall be capable of producing directed full cone patterns
and shall be so located to impinge on all surfaces of chambey,
equipment and occupants. The spray nozzles shall also be
equipped with remotely controlled internal valve mechanisms
whiich will accommodate priming all piping fully with

operating standby water pressure.
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d)

Detection of the fire shall bhe automatic by using

the ultra vicolet detection system. The detection system

shall be capable of disseminating between normal chamber

illumination and fire radiation., The detectors shall be

so located to constantly provide surveillance of all areas

of the chamber, its equipment, and occcupants. Electronie

devices shall be housed and constructed of materials
compatible with the expected atmospheres and ambient
pressures. The fire detectors shall operate the solenoid
valves relieving the pressure on the pilot control lines
and opening the high-speed nozzles thus allowing the water
to discharge into the test cells for a period of 20 seconds.

Manual facilities for system actuation shall be
installed inside and outside of the chamber. These shall be
of mechanical or hydraulic type and shall not rely on
electrical circuitry for transmissions of actuating signal.

A suitable control panel shall be provided to control
each fire extinguishing system and shall include the follow-
ing features and characteristics:

(1) A stand-by power package shall be supplied
consisting of triple-charged batteries with sufficient
capacity to furnish necessary system operating energy
for 24 continuous hours if the charging source should
fail, A trouble signal shall sound if the charging
source fails,

(2) Detector wiring shall be electrically supervised

to determine comtinuity. Integrity of all components
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(3)

("

(3)

C))

(7)

(8)

shall be checked manually with portable or fixed
radiation source at each detection device. A
disenabling "test"‘switch shall be provided in the
panel. to prevent discharge of water from nozzles.

Circuitry to solenoid valves or other remote
system actuators shall be equipped with necessary
end of line resistors and/or relays to assure
maintenance of continuity. An indicating 1ight
shall be operated and a trouble signal shall sound
a stand-by circuitry fails,

The automgtic control system shall provide for
double compliments of remote electro-hydraulic or
mechanical devices which shall be connected in a
redundant manner.

A timer or time delay relay shall be Ffurnished
and adjusted to allow actuation of the firpe
protection system for 20 second consecutive intervals
for a one minute period.

Supervisory lights and audible signals shall be
provided to monitor position of water supply main
control valves,

Audible signals shall be initiated by the control
panel updh either the actuation of any flame detector
or initiation of water flow into the chamber.

Auxiliary contacts shall be made available to

dctuate relays or contactors in line and power circults.
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g)

h}

3)

k)

1)

Each electro-hydraulic or electro-mechanical control
device shall respond in less than 50 milliseconds and they
shall be furnished and dinstalled in duplicate so as to
provide redundancy operation.

The chamber shall be provided with sufficient drains
for effective drainage after discharge of the fire system.
Interlocking shall be provided so that -the vacuum

pumps, air conditioning blowers, and all power in the
chamber are automatically disconnected upon activation of
the fire protection system.

Audible signals shall be located exterior to the
chamber at the fire protection control panel and at other
designated points in the facility to alert all concerned
personnel of fire or water flowing in the chamber.

A manual extinguishing system shall be provided inside
the chamber.

All pipes and fittings shall be of the proper size and
strength in accordance with the ASA B3l.1,

Contractor shall furnish a1l equipment necessary to
comply with the above specifications and eguipment shall
be Underwriters Laboratories approved and Factory Mutual
Laboratories approved.

All equibment furnished must be compatible with
temperature and pressure requirements specified above and

100% gaseous oxygen.
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3.10 PNEUMATIC CONTROL VALVES

a) The pneumatic control valves, supplied to meet the
reguirements of the contfol system, shall be pneumatic
actuated, spring closed, diaphragm valves of stainless
steel construction and degreased for oxygen gervice.

They shall be furnished with screwed ends, guided port,
single port Micro Flute (equal percentage full characteristic)
valve plug with teflon seats, cage construction for ease of
assembling imner valve components, and double teflon packing
for vacuum service. The actuator shall be sized for 3-15 psig
instrument signal with increasing signal to open valve.

The three-way control valves that are reguired shall
be pneumatic actuated, spring returned diaphragm diverting
valves constructed of stainless steel and degreased for
oxygen service, furnished with screwed ends, guided port,
three-way 1lift V-port (modified parabolic flow characteristic)
valve plug, double teflon packing for vacuum service.
Actuator sized for 3-15 psig instrument signal, an increasing
signal to open bottom port and top port to close, on loss of

air supply.

3,11 VALVE POSITIONERS :

a) The electro-pneumatic valve positioners for the control

valves described above shall have the following features and

characteristics:
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Independent Linearity:

Shock and Vibration

Effect;

Adjustments:

Speed:

Air Consumption:

Air Supply Pressure:

Action:

Ambient Temperature
Affect:

3:12 PRESSURE GAUGES:

Within I 1% of output span (valve
travel) .

The drift and output due to shock
and vibration shall be negligible
For accelerations up to 2 Gs for
frequencies helow 200 Hz.

Valve stem travel shall he adjust-
able.

A full range change from 3 - 15 psi
shall be obtainable in 8 seconds ox
less,

Air consumption shall average .4 scfm
or less at mid-stroke. The air pilot
shall ﬁe closed at upper and lower
limits.

20 psig

Direct acting - invewse acting
capability

Ambient temperatures between -U0°F

and + 150°F shall not affect accuracy.

a) All pressure gauges located at the test chamber itsell

shall be direct reading bourdon type pressure gauges,

These gauges shall be absolute or differential pressure

gauges as listed on drawing No. J70292.
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b)

d)

3.13
a)

The absolute pressure gauges shall have the following

features and characteristics:

Dial Size: 6* diameter

Accuracy: 0.33% of full scale range

Sensitivity: 0,20 of full scale range

Range: As required by operating pressures
specified

Dial Calibration: Millimeters of mercury absolute

The differential pressure gauges shall be bourdon type
direct reading type gauges. These gauges shall have the

following features and characteristics:

Dial Size: 6" diameter

Accuracy: 0.33% of full scale

Sensitivity: 0.20% of full scale

Range: As reguired by operating pressures
specified

Dial Calibwation: Millimeters of mercury

All remote pressure gauges used in conjunction with the
control systems shall be in accordance with paragraph 4.15(f)

of Detailed Requirements ~ Electrical.

FEED-THROUGH CONNECTIONS :

The Contractor shall supply spare feed-through con-
nections for futuve use by NASA. Spare electrical feed-
throughs specified under paragraph 4.0W4(h) of the
electrical section shall be furnished. Spare fluid Feed-

through comnections shall be provided on the flanges as
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3.14
a)

shown on drawing No. J70293. The spare comnnections

shall be plugged off at the feed-through flange

(exterior to the vessel)., The following sizes and number
of spare fluid feed-through connections shall be provided

by the Contractor:

PIPE SIZE NUMBER REQUIRED
2" i
1" 1
5" 12

1{;" 16

SAFETY RELIEF DEVICES:

The chamber cells shall be provided with rupture ox
burst discs, or the equivalent, capable of sustaining
normal design pressures for hyperbaric testing conditions
but also capable of relieving at 10 psig during the
sterilization cycle, These shall be designed to prevent
catastrophic failure of the chamber vessel by relieving
over pressure conditions caused by rapid gas expansion due
to Fire oy rapid temperature rise, The safety relief
devices shall alsc have sufficient capacity to pass the
maximum Flow that the oxvegen pressure regulating valves
could pass if they should fail in the "wide-open" position
with the storage bottles at maximum storage pressure.

Means shall be provided to protect cells against
over pressure during a testing period to prevént a test

abort.
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3.15 DETAILED PIPING SYSTEM REQUEREMENTS

a) All pressure piping shall be designed and fabricated
in accordance with ASA Code for Pressure Piping (ASA-B3L.1).
All piping for pressures above 25 psig shall be ASTM A106,
Grade A or B or A312, Grade TP304. All welded joints in the
system including pipe joints and welds in manufactured
components to be operated at pressures above 125 psig shall
be 100% radiographed in accordance with Section 6 - Welding
of the Specifications. All pressure piping above 125 psig
shall be hydrostatic tested to 1.5 times the maximum
expected system working pressure, All defects shail be
noted, repaired, and then retested.

b} A1l vacuum piping-shall be ASTM A106, Grade A or B or
A312, Grade TP30U, All joimts in vacuum and pressure piping
larger than 2" shall be butt welded. All loose mill scale,
weld slag and all other foreign matter shall be removed from
piping before installation. - A1l vacuum piping shall be
leak checked by pressurizing with air to 20 psi and applying
a soap solution to all welds and joints. All leaks shall
be repaired and then retested, Filters, pumps and vibration
isolators shall be isolated from the system during pressure
tests.

c) All piping materials must be compatible with the
atmosphere to which they are exposed. All piping either
carrying 100% gaseous oxygen or exposed to it shall be

constructed of 30U stainless steel and properly degreased.
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3.16

3.17

a)

b)

a)

10-

d)

EQUIPMENT FOUNDATIONS AND SUPPORTS :

NASA shall furnish and install foundations, pads,
reinforecing steel and anchor bolts, if reguired, otherwise
Comtractor shall furnish equipment anchor devices.
Contractor shall furnish washers, nuts, grout, leveling
devices, piping supports, and apparatus as required for
equipment and piping provided under this contract.

Grout shall be of the non-shrinking type.

Cutting of the existing concrete floor shall be

avoided.,

PAINTING:

Al]l ferrous surfaces shall be painted. Other materials
used shall be painted if required for preservation purposes
or if it is a material which is normally painted. .Materials
such as stainless steel, glass, aluminum, rubber, eitec., which
are not novmally painted shall not be painted.

Surfaces to be painted shall be thoroughly cleaned and
dry prior to painting. Ferrous metal surfaces shall he
free from rust, loose mill scale or other foreign matter
prior to painting.

The paint shall dry solidly without running streaking,
or sagging;

All ferrous surfaces shall be primed with one coat of
Pittsburg Zinc Chromate Ironoxide Primer No. 17-6 or equal
and two finish coats of Pittsburg "A lavax Machinery Enamel™
or equal in the following colors as designated in Federal

Standard No. 595 "Colors':
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ITEM COLOR NUMBER

Surfaces inside of test 2U516

shell (Fire Retardant)

Outside surfaces of shell 1520
Piping outside of shell Coded
Electrical conduit Shall Match
Surroundings
e) For all piping and tubing the name of fiuid and

direction of flow shall be indicated every 10 feet using
black enamel lettering at easily visible points and at
all valves and at points where piping or tubing pass through
walls (both sides of wall).

D Contractor shall ‘touch~up all painted surfaces that

have bheen damaged.

3,18 TESTING:
a) All tests shall be witnessed by a vepresentative of
the Contracting Officer. The Contracting Officer shall
be notified in writing at least 2 weeks prior to all tests.
b} The following final acceptance tests shall be conducted
by the Contractor at his plaﬁt prior to shipment.
(1) Each cell must be subjected to a separate
pneumatic pressure test. Pressure tests shall be
in accordance with paragraph UG-98(f) of Section VIII
of the ASME Code for Unfired Pressure Vessels,
(2) The pressure in both cells must be reduced to
1 mm HgA and held for a period of 60 mimutes with no

detectable change in pressure.
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The following final acceptance tests shall be cendueted
by the Contractor after the chamber complex has been
completely assembled at Manned Spacecraft Center.

(1) The pressure in test cell No. 2 shall be veduced
from 760 mm HgA to 180 mm HgA in 30 minutes; the

oxygen system shall be pressurized up to the last

valve before entering the test cell. A1l vacuum pumps

shall be valved off and the test cell pressure shall

be observed for a period of one hour. IFf the pressure

rise in the test cell is greater than 1 mm Hg the test

cell shall be brought up to atmospheric pressure, location
of the leak shall be determined, repair shall be made in
accordance with the reguirements of the ASME Code for

Unfired Pressure Vessels, and the chamber shall be

retested until it will hold the vacuun within the limits

described above for a period of one hour, During this
test the bulkhead door shall be closed.

(2) Test cell No. 2 shall be tested again in accordance
with the procedure described above under paragraph

3.18 () (1) except that the bulkhead door shall be opetn,
(3) Both cells shall be pressurized to 1140 mm HeA with

check relief plugged and observed for a period of one

hour, If.the pressure loss in the cells is greater

than 1 mm Hg the test cell shall be brought to

atmospheric pressure, location of the leaks shall be

determined, repairs shall be made in accordance with the
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()

(5)

requirements of the ASME Code for Unfired Pressure
Vessels, and the chamber shall he retested until
it will hold the pressure within the limits
described above for a period of one hour.

Pressure in test cell No. 2 shall be reduced
to 180 mm HgA. The temperature within the test
cell shall be increagsed to 100°F db and.93°F dew
point; this condition shall be maintained
automatically within specified toleranced for one
hour., The humidity within the test cell shall be then
decreased in less than 4 hours to 5°F dew point and
the temperatures within the test cell shall be
decreased in less than 3 hours to LO°F db: this
condition shall be maintained automatically within
specified tolerances for one hour (during three houn
pull down and one hour steady state period the
Contractor shall continuously simulate the sensible
heat load specified under paragraphs 3.04(3) (& and b)
in both test cells. The temperature and humidity in
tﬂe test cell shall then be increased in less than
4 hours to 100°F db and 93°F dew point.

The total pressure in test cell No. 2 shall he
reduced to 180 mm HgA. The partial pressures of
oxygen and carbon dioxide shall be controlled at
S50 mm HgA and 2 mm HgA respectively and shall be
maintained within the specified tolerances for a
period of 30 minutes, The carbon dioxide load shall

be supplied from bottles if not from the host systems.
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d)

In the event the equipment supplied under this
contract does not function properly in accordance with
these specifications, the Contractor shall at no additional
cost to the Government, make any necessary changes,
alterations, redesigns, or any necessary operations to insure
that the equipment functions in accordance with these
specifications, The Govermment will then again witness
the operation of the equipment for proper functioning.,

The Contractor shall furnish all the necessary equip-
ment and services necessary to conduct all tests unless
otherwise specified herein., All blanks, plugs, and caps
reguired for testing shall be turned over to the Government

at the completion of the tests.
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SECTION 4 -- DETAILED REQUIREMENTS - ELECTRICAL

4.01 SCOPE:
a) This section covers the detailed electrical reqguire-
ments for designing, furnishing and installing electrical
equipment and controls necessary or incidental for the

operation of the test chamber complex.

b) Included in the work are the following general items:
(1) Electrical circuits
(2) Electrical diagrams
(3) Thermocouple panels
{t Conduit
(5 Chamber 1ig£ting and receptacles
(6) Auxiliary electrical equipment
(N Electric generator
(8) Fire alarm and protection system
(D Controls
(10) Control panels
(1) Instrumentation
(12) Communication system
c) The Contractor shall furnish and install all wiring

associated with the test chamber complex and its auxiliary

equipment.

73



4.02

a)

GENERAL REQUIREMENTS ¢

Each item of material and egquipment shall be of the
best guality obtainable for the purpose intended and
shall be capable of performing its function over an
extended period of time with & minimum of attention and
maintenance. . The materials, wiring and equipment shall
be designed and built in accordance with the latest and
best practices of the electrical industry, .and shall
conform to Federal Specifications and to the Standards
of the National Electrical Manufacturers Association,
American Standards Association, National Electrical Code,
Joint Industry Conference Electrical Standards, Institute
of Electrical and Electronics Engineers and National
Electrical Safety Code, wherever they apply. Wherever
specific reguirements are not described, the National
Electrical Code shall apply for work performed under

these specifications.
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4.03 ELECTRICAL CIRCUITS - GENERAL:

a) All electrical equipment and circuits associated
with the test chamber, whether within or outside of
the chamber, shall have a minimum of 2 independent
sources of electric power, one to be fed from a prime
motor-driven generator set lqcated on the premises of
the facility. The specifications for the generator
are given in pavagraph 4,10 of this section.

b) The electrical circuits contained within the chamber
and all permanent lighting, within or outside of the
chamber, and all circuits used for commumication and
alarm systems shall be connected to the emergency
electrical system.

c) The emergency power supply generator shall be. so
installed and connected so that all circuits and eguip-
ment will be automatically restored to operation within
10 seconds after interruption of the normal power source.

d) All electrical eguipment installed or used in the
test chamber shall be explosion proof design and rated

Class 1, Division 1, Group C at the highest oxygen

partial pressure and lowest total pressure attainable in

the chamber.

e) A1l electrical circuits serving equipﬁent located
adjacent to, or .in the vicinity of, the test chambér
shall be installed to prevent water from interferring with
the operation of the equipment éhould the facility sprinkling

system be activated.. It is mandatory that all above circuits
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£

g)

h)

4, Ol

a)

b)

d)

be protected from exposure to water from the sprinkler system
protecting the chamber housing in the event of a fire in the
vieinity of the chamber while it is in operation.

All electrical circuits contained within the chamber
shall be supplied from an ungrounded electrical system,
fed from iéolating transformers located outside the
chamber, and equipped with a ground - contact indicator
with appropriate signal lamps.

Each ungrounded circuit within or partially within
the -chamber shall be controlled by a switch outside the
enclosure having a discomnecting pull for each conductor.

All electrical egquipment shall bhe grounded in accordance

with the National Electrical Code.

ELECTRICAL CIRCUITS - WIRING:

All electrical wiring installed in the test chamber
shall comply with the vequirements of the National Electrical
Code, Article 500, Class 1, Division 1.

A1l conductors shall be of the type, size, and voltage
rating as environmental conditions dictate but unless other-
wise specified should not be smaller than No. 1it AWG.or rated
less than 600 volts.

Wire and -cable shall have Class B stranding as specified
by ASTM designation B8, Table 2.

All conductors inside the test chamber shall have teflon
insulation type TFE, MIL-W-22759B (WEP) and derated 25% of

the allowable current capacity. All conductors inside the
test chamber shall be installed in rigid conduit.
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g)

All other conductors, unless otherwise specified, for
circuits rated 600 volts or less where ambient temperatures
do not exceed U0°C shall be Type THW or RHW insulation
approved by Underwriters' Laboratories.

All outgoing wiring from control panels, cabinets, and
terminal boxes shall be terminated on terminal blocks,
Terminal blocks for 460 volt and 120 volt power and control
wiring shall be General Electric Company Type ED-5, or equalf
Terminal blocks for shielded cables and other small gauge
wiring between electronic eguipment anddevices shall be
Cinch-Jones No. 14, or equal, unless otherwise specified.
Terminal blocks located inside the test cells shall have
teflon/or ceramic insitlating material.

Wiring in back of control panels or chassis shall be
a minimim of 14 AWG stranded for nominal 115 volt control
circuits. For control circuits less than a nominal 115
volts wire size No. 16 or 18 AWG stranded, if compatible
with circuit in which used, will be acceptable. Wiring
shall be Type TA, SIS or silicone rubber and glass sprayed
insulated for 600 volts service. All wiring to be extended
from the control panel or chassis shall be brought to
terminal blocks properly marked. The thermocouple leads
shall be run directly to the termimation without intermediate
connections excepting chamber penetration.

Wiring between units of electronics egquipment and devices

which may be affected by pick up from power and contwrol
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1)

wiring shall be shielded and shall be run in conduit separate

from other wiring. Signal wires used need not be governed
by reguirements (b)(c)(d) above but shall not in any case
be smaller than No. 20 AWG, and shall be insulated with
600 volts minimum.

Instrumentation and power penetration pluss shall be
provided in separate ports, as indicated on (drawing J70293.
The design of the penetration plugs must incorporate the
requirement to withstand pressure on both sides. A
minimun of 20% spare instrumentation and power penetration
plugs shall be provided.

Al conéuctors originating from distribution panels
shall be color coded in accordance with the National

Electrical Code. The color coding shall be as follows:

CONDUCTOR . 208V/120V H8OV/277V
Phase A Black Brown
Phase B Red Orange
Phase C Blue Yellow
Neutral White White
Ground-Only Green

Control wiring, except in cables, shall be other colors.

In addition to instrumentation and the power penetration

plugs and cables necessary for the operation of the test
chamber complex, the Contractor shall furnish and install
the following brand and model number, or equal,‘%hermoeouple

penetration plugs, main connectors, and cables:
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(1)

(2)

Test Cell No, 2

(a) Copper Constantan Thermocouple with 36-#20 AWC

leads per plug:

Deutsch-DM 5623-37~37PP - penetration plug,

onie regquired

Deutsch-13084-37-37-5-5020 - comnector inside,

one reguired

Deutsch-DS07-37-37-5-509 -~ connector outside,

one reguired

A thermocouple terminal panel shall be provided
in test cell No. 2 and external control console for
the termination of the thermocouples specified above.
The thermocouple "panel located at the extermal control
console shall be Curtis Type MGPT" feed-through terminal
blocks, or egual. The thermocouple panel shall have
sufficient terminals to accommodate each conductor. Each
conductor shall be soldered to an individual feed-through
identified with a phenolic nameplate lettering to be no
smaller than 3/16" in height. The thermocouple terminal
panel installed at the external control conscle should be
easily accessible behiiid an enclosure door. The panel
installed inside the test cell shall be located on one
long wall. The thermocouple terminal panel enclosure
inside the cell shall be of all welded construction

with teflon seals for cover openings or penetrations.
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4,05

ELECTRICAL CIRCUIT WIRING DTAGRAMS:

a)

4,06
a)

b)

d)

The electrical diagrams must be in accordance with

provisions of Section 2, paragraph 2.19(d).

CONDUIT

All eléctrical wiring installed in the test chamber
shall comply with the requirements of the National
Electrical Code, Article 500, Class 1, Division 1. AllL
conduit shall be threaded rigid metal or Tyée MI cable
with termination fittings approved for the locafion. All
boxes, fittings and joints shall be explosion proof.

All other conduit, unless otherwise specified, 2- inch
and under that run in dry locations shall be galvanized or
sherardized electric metalic tubing; and all conduit over
2" shall be rigid steel, galvanized o sherardized, threaded,
with reamed ends and neat bends. Vertical conduité where
exposed shall be plumbed and neatly arrvanged. Bushings
shall be provided on the ends of all conduits, and all
conduit shall be securely fastened to boxes with lock nuts
and bushings.

Conduits shall be securely clamped and supported at 10 -
feet intervals with pipe hanger devices or galvanized one
hole pipe straps and at intervals of not over 12 - inchgs
from each change in direction.

Conduit shall be installed where it is readily accessible.
Exposed conduit shall be run as straight and direct as possible,

forming right angles or parallel lines with building walls

and other pipes, and shall be neatlv spaced.
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e)

4,07
a)

All conduits shall be protected against damagé
and the entrance of foreign matter during construction.
Conduit sizes shall be in accordance with the
National Electrical Code requirements for the number and
size of wires to be carried by the conduit. No conduit,
however, shall be smaller than 3/U4 - inch except 1/2 - inch
flexible conduit with bonding wire may be used for devices

having 1/2 ~ inch hubs.

POWER SOURCES+

All power shall be obtained from existing panel boards
and where existing spare hreakers are not adequate, they
shall be replaced with the correct size and type as the

cireuits dictate. Existing panel hoards are as follows:

VOLTAGE PANET, BOARD NO. LOCATION

B60, 60 Hz, 3 4, 3 Wire

208, 60 Hz, 3 @, U Wire

120, 60 Hz, 1 @

b)

Panel board circuit breakers furnished by the Contractor
shall be in accordance with the following specifications:
(1) All 120/208 panel board circuit breakers shall be
rated nominally lé5/250 volts d.c. and 120/2U40 volts
a.c. ALL U480 volt power circuit breakers shall be
rated 600 volt a.c.
(2) . Circuit breakers shall have inverse-time characteristics
so that tripping will be prevented on momentary overloads

ut will ocour before dangerous heating is produced.
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1 Size

ires

)0

)0

!5

JA

(3)

(1)

(3)

(6

Mechanism shall trip free from the handle so that
contacts cannot be held closed against short circuits
or abnormal overloads. Automatic tripping shall be
distinguished from the manual on and off by visible
means,

Breakers shall have guick-make and guick-break action
whether operated manually or sutomatically, Breakers
shall be mechanically and electrically suitable for
fregquent operations es switches at rated current.

Each breaker shall have an identification number
and rating permanently and prominently attached.

All circuit breakers shall be Westinghouse No -
Fuse De-ion circuit breakers, or egual, and shall
conform to the reguirements of Federal Specification
W~C~375a. All breakers shall be cepable of safely
interrupting all loads up to and including the maximum

interrupting ratings listed below:

Asymmetrical

Interrupting

Trip Nominal Ratings (Amp)

Amperes Poles Voltage Based on NEMA
15-100 1,2,3 120/240 a.c. 7,500 at 2u0 V.

15-100 2,3 600 a.c,. 15,000 at 480 Vv,
. 20,000 at 240 V.

70-225 2,3 600 a.c. 20,000 at U480 V.
25,000 at 2u0 V.
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4.08 CHAMBER LIGHTING AND RECEPTACIES:

a) Test cells 1 and 2 shall be provided with work lighting
of at least 100 foot candles at 30" above floor level over
the entire floor area. The lighting fixtures if installed
inside the chamber shall be explosion proof as per National
Electrical Code, Group C, Class 1, Division 1.

b) The following receptacles connected to their respective
power source shall be provided and identified by voltage,
phase, and cycles, with phenolic nameplates with lettering
no smaller than 3/16 - inch high. Receptacles shall be
explosion proof as per National Electrical Code, Group C,
Class 1, Division 1,

(1) Eight, 120 volt, single phase, 60 Hz, 20 amperes,
3-wire receptacles for cell No, 1.

) Four, 120 volt, single phase, 60 Hz, 20 amperes,
3~wire receptacles for cell No, 2.

(3) All receptacles shall be mounted U8 - inches

above floor and shall be supplied with mating plugs.
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4,09 AUXILIARY ELECTRICAL EQUIPMENT:

a) Voltages for a.c. equipment shall be as follows:

HORSEPOWER PHASE OPERATING
RATING VOLTAGE

% or less 1lor 3 120 or 230/460 dual

% thru 100 3 230/460 dual

b) Motors furnished shall be designed and constructed in

accordance with the standardization rules of the AIEE and
NEMA and shall be single or polyphase (as required), squirrel
cage; induction type of ample size and adeguate vating and
speed to operate their respective commected loads without
exceeding the allowable temperature rise for the class of
insulation used. Ratings shall be on full load basis and

not on a service factor. Motors shall have the class of
insulation, frame and enclosure reguired by loeatiﬁn and
design duty.

c) Refrigeration compressor motors shall be suitable for
operation on only 460 volt, 3 phase source,

d) Overcurrent protected devices shall comply with the
requirvements of NFPA No. 70, Article 240, and shall be
installed outside of, and adjacent to, the chamber. Eguip-
ment used inside the chamber may have its own individual
overcurrent devices incorporated within the eguipment,
provided this device is approved for Class 1, Division 1,
Group C atmospheres at the maximum vacuum and oxygen
eonéentration attainable. Each cirecuit shall have its own

individual oOvercurrént protection,
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g)

h)

Controllers shall be furnished for all loads as follows:

&N For single-phase motors, thermal/motor switches,
or equal.
(2) For three-phase motors operating at 230/460 volts,

magnetically operated across-the-line starters with

manual reset, inverse-time thermo-overload relays

and under voltage protection or release as reguired by

the control circuits.

Control and indicating devices associated with each
controller shall be provided in a@ccordance with approved
control circuits.

Reduced voltage control shall be employed for all equip-
ment operated on line voltage in excess of nominal 120 volts.
The control circuit voltage will be nominal 120 valts, or
less, obtainable from a separate, suitably rated control
transformer, furnished with ezch starter enclosure, ZEach
transformer shall have an isolated secondary winding with
a voltage rating of 115 wvolts. Control circuits shall be
fused on the operating side and grounded on the coil side.

Auxiliary reiays in control circuits shall have sufficient
contacts to meet all control requirements., At least one
extra contact shall be provided on each control relay. Coils
shall be suitable for conmtinuous operation from the voltage
of the associated control circuit. Contacts shall be self-
aligning with no adjustment required, and shall have sufficient
rating to safely carry the imposed loads without burning or

pitting of contacts.
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3)

K)

1)

Control devices such as limit switches, pressure
switches, control switches, ete., shall have accurate
repeat performance, long flexure life, high electrical
capacity and long contact life, They shall be adequately
rated for the control circuits with which they are
associated and shall have sufficient number of contacts
to meet the performance requirements.

Push button controls shall be rated 250 volt minimur
and sufficient in quantity for the duty intended, and sha
be properly inscribed as regards to the function and the
applied.circuits. Where a push bufton control station is
located remotely from the item controlled, it shall be
identified by an engraved laminaéed phenolic nameplate
describing the item controlled and securely fastened to
the control station.

Solenoid operated valves shall be suitable for the
mechanical use intended. Coils shall be rated for continucus
operation on 120 volts a.c. except the solenoid operated
valves for the fire protection system shall operate on 2l volts
d.c. Each solenoid shall be incased in a houéing suitable for
conduit connection.

Electrical equipment inside the test cells, such as
relays, switcﬁes and solenoids, unless otherwise specified,
shall be hermetically sealed. Dﬁ#n wire terminations, solder
lugs, ‘terminal blocks and connections shall be potted with a

sulitable material.
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L.10

a)

b)

EMERGENCY POWER GENERATOR:

The Contractor shall provide an emergency power
generator and associated control equipment described
in this specification.

Generalé‘

The emergency power generator shall be a complete
natural gas engine-generator set having a stand-by rating
with sufficient capacity to operate both test cells
simultaneously. It shall be a Kurz and Root Co. Model KG
‘Q}us accessories and equipment as called Ffor hereiﬁ, or
approved equal. The voltage regulator and generator shall
be of one manufacture and tested together at its design
rating and speed prior to assembly to the engine to insure
compatibility of electrical components., The unit shall be
assembled and tested prior to shipment to the Contractor,
This test shall include loading at 1/%, 1/2, 3/4, and full
load. The test shall ineclude operation tests of all
control and safety devices on the unit.

The generator set shall consist of a natural gas
engine, direct connected to a brushless a.c. generator
with a brushless exciter and a unit-mounted generator
control panel mounted +o the a.c. generator. Automatic
controls shall be furnished to start the unit and.
automatically transfer the mormal load to the generator

within 10 seconds of power failure.
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d)

Engine:

The engine shall be natural gas fuel, naturally
aspirated, U-cycle, water cooled with mounted radiator
and water pump. The horsepower rating shall be compatible
with the required generator load. Intake and exhaust valves
shall be heat resistant alloy steel. Full pressure
lubrication shall be supplied by a gear oil -pump. The
engine shall have an oil filter with replaceable element.
Engine speed shall be governed by a mechanical governor to
maintain alternator freguency within 3 eycleé from no load
to full load alternator output. The engine shall have a
2l volt, d.c. battery charging generator and voltage
regulator, Starting shall be by 24 volt electric starter.

Ehgine Controls:

The electric plant controls shall include a start-stop
selector switch, high water temperature, low oil pressure,
and over speed shutdown with signal light and alarm terminal

shall also be provided as safety devices.

Generator:

The a,c. generator shall be of the revolving field,
4-pull brushless type, a solid state S.C.R. voltage
regulator. It shall have a NEMA rating for 480 volts,

3 phase, 3 wife, 60 Hz., with a éapacity egual to the
total design load of the ehamber; It shall be rated
class "F" insulation, 90°C rise over W0°C ambient, and
shall be capable of operating at stand-by rating of rated

load with non-injurious heating and shall-be,attached

88



rigidly to the engine fly wheel housing and driven
by means of a steel disc type flexible coupling,
Generator shall have 12 leads capable of reconnection
to other voltages in the future, if desired.
)  Dnit:

The engine-generator plus radiator shall be mounted
on a steel sub-base which is suitable for installation
on & concrete foundation. The generator set shall he
provided with vibration isolators of the type, guantity
and size recommended by the manufacturer between the
engine-generator set sub-base and the concrete foundation.

23] Controlss

The generator control panel shall be unit shock
mounted and shall include an a,c, volt meter, a.c.. ammeter,
molded case circuit breaker, static S,.C,R, voltage regulation,
voltage adjusting reostat start-stop control, unit wiring,
current transformers and terminals for load connection.
Steady state regulation shall be 1/10% from no load to
full load and the instantaneous voltage dip shall be not
more than 13% upoﬁ application of full load at ratéd power
factor. The voltage shall recover to 100% within 500 milli-
seconds. Also include elapse time meter, freguency meter,
and phase selector switch,

The panels shall also include freguency meter, hour
meter, 200 ampere molded case circuit breaker, cycle type
automatic cranking controls, four safety shutdown indicating

lights, and panel light.
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h)

Eguipment: :
The battery for the engine starting system shall be

24 volt d.c., dry charged with the battery electrolyte

furnished along with the generator set separately. The

battery shall be unit mounted along with battery cables,

A residential exhaust silencer and flexible connection

shall he furnished. The fuel system for the engine shall

include & 24 volt d.c. solenoid valve, gas regulator, and

flexible commection. Provide a battery trickle charger

120 voit a.c. imput with amp ammeter, automatic vegulator,

and automatic "start disconnect™ relay,

Conditions:

The manufacturer shall submit four copies of outline
dimension drawings of the generator set plus wiring diagrams.
The Contractor shall run a test on the generator set
upon completion of installation and shall include operation -

of generator éet at 3/4 and stand-by load ratings for a
period of not less than 2 hours each, after suitable
operations have been established. Manufacturer shall have
a published warranty to be supplied with the unit,

The manufacturer shall warranty all eguipment for stand-
by service for a period of one year from the date of

acceptance by the Contractor.
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4.11

a)

b)

d)

FIRE ATARM AND PROTECTION SYSTEM:

A fire alarm associated with the fire protection system
shall be provided for each test cell, designed to operate
from 24 volt d.c. rectified 120 volt a.c. source, and shall be
capable of automatically operating from the emergency 2 volt
d.c., battery supply in the event of 120 volt a.c. power failure,
Detection of fire shall be sutomatic using an ultra
violet system. The detection system shall be capable of

disseminating between normal chamber illumination and fire

. radiation, Detectors shall be so located to constantly provide ~

surveillance of all areas of the chamber, its eguipment and
occupants, Electronic devices shall be housed and con-
structed of materials compatible with accepted atmospheres
and ambient pressure and shall be designed in accordance with
National Electricel Code, Division 1, Class 1, Group C. The
sutomatic function shall have a manual override located at
the external comtrol consoles.

The fire alarm system shall be as described in the
mechanical section paragraph 3.09.

Manual activation of fire system from inside and outside
of chamber shall be provided. Fire alarm bells shall be
provided for each test cell and shall be 10" in diameter, rust-
proof, finishéd in red lacguer, and of the vibrating type.

In addition, two normally open and two normally closed contacts
shall be provided for a remote alarm device., The alarm system
shall include a red light atop each test cell to indicate the
alarm circuit is activated. The 1light shall be Russell and
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Stoll Company Catalog No. VLP-GSHH-A-& or equal.

e) The fire alarm system wiring shall be run in a
separate conduit system &nd shall be entirely independent
of all other systems,

) Interlocking shall be provided that will stop =all
vacuum pumps and the ventilating system when the fire

protection system is activated.

4,12 OXYGEN ALARM:

a) An oxygen alarm buzzer system shall be provided for
each test cell, designed to operate from 28 volt d.c.
battery supply in the event of 120 volts a.c. power failure

b) The oxygen alarm system shall operate in conjunction
with the oxygen analysis system and shall be activated
when an oxygen concentration exceeds the pre~desir;d set
point. The alarm system shall be provided with a manual
override located on each external control console and
a blue light (Russell & Stoll Co. Catalog VLP-~-634UA-V
or egqual), mounted atop each test cell adjacent to the
fire alarm light to indicate that the alarm circuit is

activated.

4+.13  EXTERNAL CONTROL CONSOLE:

a) All controls and eguipment necessary for the operation
of the test chamber shell be mounted in control panel enclosures
bolted together to form an enclosure assembly as shown on

drawing J70296. The sloped front enclosures shall be at 90° to
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the vertical enclosures and shall have & maximum height

of U3 - inches, and end panel enclosures may have a height
of 78 - inches. Each enclosure shall be of sheet steel
construction and with front bolted panels and hinged rear
doors. The panel enclosures shall be Emcor modular
enclosures as manufactured by Ingersoll Products, Division
of Borg-Warner, or eguzl, The color of all panel enclosures
and accessories shall match the sample rmumbher blank as
speeified in Federal Standards No. 595 - Colors.

b) The control components shall be assembled in the control
consoles and wired to terminal strips at the Contractor's
plant. They shall bhe suitablefor final installation at the
site without requiring disassembly for shipment.

c) All control and indicating devices mounted on or in the
external control comsole shall ‘bhe identified with phenolic
nameplates with lettering 3/16 inch in height.

d) The external control console shall have controls and
monitoring.instrumentation for the operation of test cell 2,
and any other incidental or necessary controls and

instrumentation for the operator of the test chamber.

4.14  CONTROLS:

a) The fest‘chamber complex and all its support eguipment
shall be controlled from the external control console and/or
test cells as Indicated on the drawings and as spelled out
in this speéifieation. The systems shall be controlled and

the performance monitored from these locations.
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b)

The main switch shall be provided on the external

control console for the test cell +to disconnect +he

control power of the system,

All control systems and safety interlocks shall be

designed for "fail-safe operation.

d)

The vacuum pump shall be interlocked with the sealing

water flow, so that insufficient water flow will prevent

operation of the vacuum pumps., Indicating lichts shall be

installed on the external control console +o indicate

insufficient water flow.

4,15  INSTRUMENTATION:

a) Recorder~Controllers

(1)

(2

Six recorder-controllers shall be Furnished and
ingtalled on the external control console for.test
cell No. 2,

The recorder-controllers shall record and control
the temperature, humidity, totad pressure, liner
differential pressure, oxygen, and carbon dioxide partial
pressure of the test cell, The humidity recorder-con-
troller shall operate in conjunction with the dew point
hygrometer specified in this section, the pressure
recorder-controller shall operste in conjunction with the
remote precision pressure gauges-as specified in this
section, and the oxygen and carbon dioxide recorder-
Eontroller shall operate in conjunction with the oxygen
and carbon dioxide analyzers respectively. Temperature,

humidity, total pressure, differential pressure, oxygen
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(3

partial pressure, and carbon dioxide partial
pressure shall be automatically controlled. The
oxygen partial pressure snd the carbon dioxide
partial pressure controllers shall be capable of
manual control as well.

The recorder-controllers shall include a strip-

chart recorder, electric proportional control, adjustable

range unit, and an I/P transducer and shall be in
accordance with the following specifications:

(a) Strip-Chart Recorder

(1) Actuators shall be potentiometric providing

a2 measurement of 0 -~ 10 millivolts.
{(2) A span step response time of one second or
less shall be supplied.

(3 Strip chart papers shall have a calibrated

width of 6" and be 120 ft. long., Recorder shall
have a basic speed of 30"/Hr. and change gears

shall be supplied for speeds of 1/2 and 2 times

basic speeds.
(4) Pen assemblies shall be remote reservoir,

capillary type.

(5) Scale shall be calibrated length of 6" with

black numerals on white background and shall have

a red pointer.

(6) Set-point index on indicator scale shall be

supplied.
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(7 Measuring slide-wire shall be & circular
type, precision wound, mounted in a shielded
compartment on & swivel drive.

(8) Constant voltage circuit shall be zenor diode
regulated.

(9) Calibrated accuracy shall be t 0.3% of spamn.

(10) Anbient temperature limits shall be 16°F to
140°F.

(11) Dead ban shall be 0.1% or less.

(12) Source impedance range shall be 0 - 200 K.

(13) Shall opevate from 100 to 130 volts a.c;,
60 Hz., single phase electrical source and shall
he equipped with American Standard 3-wire plug
and cord. -

(1) Accessories shall include a minimum of 8 oz.
of ink, and mounting accessories.

(15) Chart paper range and gquantity shall be as
specified in paragraph 4.15(c).

(b) Current Probor{ibhal Control:

(1) The unit shall be an all-transistorized
current propoptioning controller and shall
provide Y4 to 20 ma d.c. current output. The
-output shall be capable of operating with a
low resistance of 0 to 1500 ohms.

(2) Proportioning resistor shall be 100% of

Tull scale.
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(3 Unit shall be adjustable from 0.5 to 500%.
Adjustment switch shall permit proportional
band adjustment without upset of the controller
output.

)] Reset time shall be adjustable from 0,02 to
180 repeats per minute in 11 steps and off
position,

(5) Rate time shall be adjustable from 0.01 - 10
minutes with interval switch to provide true
0 rate time, permitting operation as a 2-mode
controller,

(6) Automatic to manual switching shall be
supplied.

(7) Output meter on front of unit shall. be provided.

(6) Adjustable Range Unit

(1) This unit shell be capable of rapidly changing
the above recorders range or span without
interrupting operation and without changing
measuring circuit modules or range cards.

(2) | Range shall be 0 ~ 2 mv to 0 - 5 volts.

(3) Unit shall have suppression capability.
Suppression voltage shall be displayed with
normal decimal point, located by marker lamps.

(W) Calibrated system accuracy when used with

a recorder shall be at least 0.25% of span.
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Recorders

(5) Output impedance shall be 25000 ohms.

(6) The unit shall reguire 107 to 127 volts a.c.,
b0 Hz, single phase electrical source and shall
‘be eguipped with American Standard S—Qire plug -
and cord.

I/P Transducer

(1) Unit shall convert voltage signals into
standard pneumatic signals. ‘

(2) Unit shall have accuracy of z 0.25% of span,

(3 Unit shall have fine and coarse adjustments.

(B)  Standard wall mounting brackets shall be
supplied,

(5) Imput to unit shall be Y- 20 ma d.c.

(6) Output of unit shall be 3- 15 psigs

(N Speed of response shall be 0.5 seconds for
98% response to a 50% step change in imput with
output dead-ended,

{(8) Required air supply shall be 20 psig Io psig
(filtered) .

(9) Internal imput resistance shall be nominal

LO0 ohms.

One recorder as specified in paragraph 4.15 (a) (1) (a)

shall be furnished and installed on the external

control console to record the flow rate in liters per

minute of oxygen to test cell No. 2, and shall operate
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in conjunction with the mass-flow meters specified

in this section paragraph.

A selector switch as

shown on the oxygen system schematic shall be furnisueu

to select the output signal of either mass-flow meter

to te supplied to the recorder.

Indicating lights shall

be installed on the console to indicate which flow is

being recorded,

¢) Recorders' Range
(1) All strip-chart recorders shall be furnished with
range as follows:
) Divisions

Recorder Range Units Full Scale
Temperature 0 - 120 °F 100
Humidity 0 - 120 °F 100
Pressure (total) 0 - 1500 MM HgA 100
Pressure 0 - 50 MM HoA 100
(Differential)
Pressure 0 - 100 100
(Oxygen pp)
Pressure 0 - 100 MM HgA 100
(Carbon: Dioxide
PP)
Flow (Oxygen) 0 - 10 Liters/Min, 100

0 - 100 Liters/Min. 100
d) Hygrometer

A dew point hygrometer shall be installed to monitor

the dew point temperature of test cell No. 2.

The hygrometex

shall be EG&G, Envirommental Egquipment Division Model 992-Cl1-T1,

or equal, and shall have the following features and

characteristics:
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(1)

(2

(3

(4

(3)

(6)

(7

(8)

The dew point depression capability shall vary
linearly from + 105°F @ 120°F ambient air temperatures
to 65°F @ 0°F ambient air temperature.

Maximum condensation air shall be ! 0.3°F between
a dew point temperature of + 120°F and +32°F; T o.6°F
between a dew point of +32°F and +0°F, Maximum system
air using calibration data shall he z 1.0°F between

* 2.0°F between432 and 0°F,

+120 and +32°F;

Cooling rate to reach 100% of a 3.0 F degree
dovnward step change in dew point temperature within the
range of +120°F to +32°F shall be one second, and within
the range of +32°F +to 0°F shall be 1.8 seconds.

Repeatability shall be pa 0,3°F for a constant sample,

Unit shall be capable of measuring dew point
temperatures from +120°F to 0°F,

Sample temperature variation from measured dew
point temperature to +1U0°F shall not change the
instruments measurement.

Sample gases of oxygen, nitrogen, helium, carbon
dioxide, and hydrogen in a breathable atmosphere shall not
affect measuvement,

The hygrometer shall be able to operate in a pressure
environment varying from 760 mm HgA to 180 mm HgA
without affecting the instruments measurement., The
sample flow rate variation shall not affect the measurement.

Instrument ambient temperatures from 40 to 125°F shall not

affect measurement.
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(9 Heat sink shall be a thermoelectrie heat pump.

(10) Operation shall be automatic and shall require
no operator.

(11) The dew point temperature shall be sensed with
an aged precision thegmostat and a platinum resistance
thermometer. The platinum resistance thermometers
output shall be converted to 0-10 millivolts, d.c.,
at 200 ohms maximum independence,

(12) Instrument shall be supplied with a meter indicator
which will convert the resistance change of the
thermostat to a dew point in degrees F meter range
from 0° to 120°F.

(13 System shall contain heaters and a manual on-off
switch to prevent condensation within the instrument
when measuring dew points from ambient temperatures to
120°F. These heaters shall be thermostatically controlled
to prevent overheating of the instrument. ‘

(1) System shall include the sensor, control unit,
power supply, required blowers and indicator,

(15) - Maximum power requirement shall be 120 watts,
using 115 volts, 60 Hz,, and shall be equipped with an
American Standard 3-wire plug and cord.

(1.6) Instrument shall be rack mounted and all controls

shall be easily accessible.

(17) Three copies of the air curve of the accuracy in

T po versus the dew point temperature from a dew point
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(18)

aof +120°F to +0°F shall be included with this

system. Calibration data or curves for all other
readout such as meters in partial pressure, dew
point, ete., shall be included.

The sample system shall be provided by the
Contractor capable'of cperating with gases at
pressures ranging from 760 mm HgA to 180 mm HgA.

The sample pumps shall have a separate electrical
on-off switch. Sample pumps shall have a maximum
noise level of 60 decibels. The pumps shall inject
no contamination into the sample lines and shall not
affect measurement due to pressure modulation.

A second complete hygrometer shall be furnished as

a spare.

Flow Meters

(1)

The oxygen flow meters shall be Hastings HF Sevies
mass flow meters, or equal, and shall have the following

characteristics and features:

(8) Power: 110 V, a.c., 60 Hz, 115 Watts

(b) Temperatures: Ambient temperatures from LO°F
to 120°F

(c) Sensitivity: Down to 1/2% of full scale

(d) Resbonse Times 5 seconds

(€) Repeatability: 1%

(f) Working Pressure: 5 psia to 250 psia
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(g) Principle of The mass flow meters shall
Operation:
operate on the principle of
an electrically heated tube
and an arvangement of the
thermocouples to measure
differential cooling caused by
the gas passing through the tube.
Thermoelectric elements shall
generafe a d.c. voltage
proportional to the mass flow of
the gas through the tube. There
shall he no fragile elements
projecting into the stream,
(2) The flow meters shall have the following- ranges:
Flow Meter #1 - 0 +to 10 liters/minute
Flow Meter #2 -~ 0 to 100 liters/minute
(3) The flow meters shall be calibrated prior to
installation, The flow meters shall be linear,

Precision Pressure Gauge

(1) The remote precision pressure gauges shall be Texas
Instruments, Tno., Model 145 Fused Quartz precision
pressure gauges, or equal, and shall have the following
features-and characteristics:

(a) Resolution:
0.001% of full scale
(b) Repeatability:
"0,0017% of full scale
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{c) Operating Temperature Range:
50 - 100°F
(&) Power Requirements:
120 Volts a.c., 130 Watts
(e} Tilt Sensitivity:
Maximum 0.0005% of full scale range
per degree of tilt,
(F) Slew Rate: (100° Burdon Tube Deflection)
2.1 minutes
(g) <Temperature Sensitivity:
Less than .0005% of full scale per degree
C ambient temperature change
() Range:

0 - 1270 mm Hed

4,16 COMMUNICATION SYSTEM:

a)

Two audio commmication systems shall be provided

For each test cell,

(1)

System 1 shall include a master station on the
external control console and a respective slave in
the test cell. The slave shall originate as well
as receive calls and shall be capable of commmicatin
with the master, hands-free. The slave shall be
explosion proof talk-bhack type speakers in accordance
with the National Electrical Code, Division 1, Class
Group C. The intercommmication amplification center

shall provide at least 6 stations with announciators
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and a three position talk/listen control for private
remote reply and talk flexibility.

(2) System 2 shall include head-band -- headsets
(2 ear) with mask microphones (supplied with oxygen
mask} for chamber internal use, speaker for provisions
for private comversation for external use, and central
amplification system. Two headset stdtions shall be
provided on each Long wall of the test cells. The
headset chamnel will be common talk with all stations,
and independent of system l. The head-~band headsets
shall be Roanwell Model RHM-2 Type III, or’equal° The
master amplification system shall have the capahility
of hands free talk, push totalk, or private talk.

(3) The amplifiers for the communication systems shall
be of solid state design to operate normally from 120
volts, 60 Hz. supply. At least one of the communication
system amplifiers shall have provisions to provide for

a& tape recording.
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9-16-65

SECTION 6 - WELDING

"6 -0L. Scopet

(a) Under this section the Contractor shall do all welding,
either in the shop or in the field, ineluding the furnishing
of all plant, equipment, tools, services and materials, and

- performing all operations necessary for or incidental to a
complete project in accordance with the plans and these
 specifications. C

‘6 =02, General:

“(a) TERMINOLOGY: Welddng terms used in this specifications sha
be interpreted according to the American Welding Society
definitions.

(b) WELDING SYMBOLS: The American Welding Society standard

welding symbols shall be used on all drawings prepared by
the Contractor.

(e) All welding processes shall be done in accordance with the
specifications and best practice recommendations of the

American Welding Society and the American Society of Mechanical
Engineers. ’ ;

(d) PROCESSES: TUnless otherwise called for on the drawings or
in these specifications, all fusion welding shall be done
. by either the metallic arc or the gas process. The metallic
arc processes shall utilize either AC or DC current,
consistent with the type weldment being formed. Gas welding
shall be done by the oxyacetylene process.

6 -03. Process and Operator Qualification:

(a) Except where specifically excepted by other provisions of
these specifications, welding processes shall be qualified
in accordance with the "Standard Qualification Procedure™
of the American Welding Society or the ASME, whichever is
applicable. The Contracting Officer reserves the right to
require that test specimens be made in the presence of an
suthorized representative of the Government, and. that such
test specimens be tested by an approved testing laboratory.



(e)

6-042
(a)

6-05.

A1l welding operators shall be gualified under the provisions of
the "Standard Qualification Procedure” of the®American Welding
Society, or the ASME, or under an equivalent gpalification test
approved in advance by the Contracting Officep. In addition to
the above requirements, all tests shall be performed on test
pieces in positiohs and with clearances eqniv.lent +o those
actually encountered in construction. If & tﬁst weld fails to
meet requirements, an immediate retest of two ‘test welds shall

be made, and each test weld shall pass. Failyre in the immediate
retest will require that the welder be retested after further

practice or training, and a complete set of test welds shall be
made.

For welding to be performed at other than LRC, the Contracting
Officer may, at his option, accept certification from an approved
testing agency that each operator has satisfactorily performed the

-required tests and has been engaged in the process of welding withi
‘a period of three months prior ic the contract date. Operators

shall be permitted to make only those types of weldments -for which
each is specifically qualified.’: )

Equipment:

Equipment used in the metallic arc fusion welding process shall
be manufactured in accordance with NEMA standards. Power
equipment shall be equipped with voltmeters, ammeters or voltam-
meters, except that detachable test meters mey be used in lieu
of permanently attached equipment. Meters shall have been
tested and calibrated within 6 months of the date of award of
contract and shall thereafter be retested at regular intervals
not exceeding 6 months. Suitable devices shall be employed.
for regulating and maintaining voltage and current compatible
with the weldments being made. Welding leads shall be of

sizes recommended by the American Welding Society for the

"particular length and current used. Electrode holders, eable

splices-and ground clamps shall bé securely fastened to their
leads. Acetylene generators shall not be used on the Government
reservation.

Safety Measures:

In addition to ordinary precautions against fire and other
accidents normally associated with welding, the Contractor )
shall consult with the Contracting Officer to acquaint himself
with any unusual hazards in the vicinity of work to be
performed and shall take such additional precautions as the
Contracting Officer may consider necessary to safeguard
personnel and property.



6-06. Oxygen and Air-Arc Cutting and Flame Gouging:

(a) Oxygen or air-arc cutting will be permitted on steels with
ladle analysis of alloying agents not exceeding those listed
below, where the cut edge is not incorporated in the weldment:

MN-O percent; Si-4 percent; Cr-5 percent; Ni-7 percent;
Mo-5 percent; W-14 percent; Cu-2 percent; Al-9 percent;
s P-S . va“‘unlimited . N

Steels with higher content of alloying agents may be cut, provided
the technique and procesgses to be used are specifically approved
in advance by the Contracting Officer.

(b) Oxygen or air-arc cutting of faces to be welded will be permitied
only on carbon steels have a ladle analysis of 0.35 percent
carbon and less.

(e) Machine oxygen or air-arc cutting shall be used wherever
practicable 'in cutting material one-half inch or greater in
thickness.

(d) Oxygen or air-arc cut surfaces on material not to be incor-

porated in a welded joint shall exhibit surfaces reasonably
smooth, free of under-cutting or melting of top edge. Oxygen
or air-arc cut surfaces to be welded shall not contain gouges
or other irregularities which might produce defective bond in
the completed weldment. Large uncut corners will not be
permitted.

(e) . Flame gouging will be permitted only on carbon steels with a
ladle analysis of 0.35 carbon and less, and on such steels
only for the following operations:

(1) Removal of the root of the original weld on a buti
welded joint.

(2} Removal—ofchfective weld metal and temporary tack
welds. '

(3) Edge preparation for U, J and V butt and corner welds.

() Air-arc cutting and flame gouging shall be done with tips
. especially designed for- that purpose



6 -07.
(a)

' (v)
(e}
(a)

(e)

(£)

6 -08.

(b)

(e)

Weld Metal:

Iron and steel arc-welding electrodes shall be of the heavy
coated type and shall conform to ASTM Serial Designation A233.
Low hydrogen electrodes of Classification E-70 through E-120
shall be used with steels having a higher tensile strength
than the electrodes listed under A-233.

Iron and steel gas welding rods shall conform to ASTM
Designation A251.

‘Aluminum and aluminum alloy metal arc-welding electrodes shall

conform to ASTM Designation Bl84.

Corrogion resisting chromium and chromium-nickel steel .
welding electrodes shall conform to ASTM Designation A298.

Welding rods and electrodes shall be selected on a usability
basis consistent with the specifications given in paragraphs
6-07(a), (b), (c) and (4) above. Weld metal shall have
essentially the same composition and characteristics as the
parent (base) metal, and shall be approved in advance by the
Contracting Officer.

Except where specifically called for on the drawings or in
these specifications, no metal filler or other material except
deposited weld metal will be permitted in a weldment.

Joint Preparation:

Surfaces to be welded shall be free from rust, scale, water,
0il, dirt, paint and other foreign material except that a
light coat of rust preventing preservative which will not be
detrimental to the finished weld need not be removed. These
surfaces shall be thoroughly dried and maintained dry during
welding operation.

Slag adhering to oxygen or air-arc cut edges shall be removed
prior to welding these edges. Joint gurfaces shall be smooth,
uniform and free from fins, tears and other defects.

The welding edges of plates may be universal mill edges or
may be prepared by shearing, machining, chipping or
mechanically guided oxygen or air-arc cutting,. except that
edges of irregular shape may be prepared by manually guided
oxygen cutting.

6 4



(d)

6 ~09.
(a)

(b)

(e) -

(a)

(e)

(£)

Shearing shall not be employed for butt joints in material
more than one-half inch in thickness. Shearing may be
employed for lap joints in materisl of any thickness.

Procedure:

. Before any welding is begun on any particular section of the

structure, or any assembly thereof, the Contractor shall

submit a general welding procedure for the

approval of the Contracting Officer. Detailed welding
procedures may be required for all work, and shall be submitted
for all weldments of major structural importance. Where
pre-heat and post-heat treatments are to be used, the procedure
shall include complete treatment to be followed.

The actual welding of structures and of all parts entering
into their construction shall be done in such a manner that
the magnitude and extent of regidual or locked~up stresses
in the welds and structural membor will be reduced to a
minimun.

Butt welds in structural members shall be made before those
members are permanently fastened in place. Where circumstances
make it impracticable to comply with the above requirement,

the Contracting Officer may approve the use of an un-strapped
butt, which is not free to move and which may be welded, '
provided its members are unsecured on either side of the joint
for a distance of at least twelve inches, and are bowed
sufficiently to allow for shrinkage.

Riveting within the area affecfed by the heat of welding shall
be done after the welding is completed, unless otherwise
specifically approved by the Contracting Officer.

Continuous lines of welding shall be made by the back-step,
cagcade, wandering, block or. other approved sequence, in
order to reduce local heating and resultant warping. Welding
shall progress symmetrically so that the shrinkage on both

- sides of the structure will be equalized,

Flat plate structures supported and/or stiffened by inter-

. secting systems of rolled or built.up sections shall be

asgsembled in such sequence that welding of joints between
support and/or stiffener members proceeds substantially ahead
of the adjacent joints between plate members or between
plates and support and/or stiffener members.

6_5



(g)

(r)

)

(k)

(1)

Seam welds shall not be carried beyond unwelded intersecting
butt or butt lap Joints until the latter have been welded,
unless specifically approved by the Contracting Officer.

In order to insure adherence to the specified tolerances, it
may be necessary to provide extra length and width on certain
plates and shapes to allow for shrinkage. Check measurements

shall be made frequently during construction, and all possible
corrective measures shall be taken.

Longitudinal joints in plates shall be staggered or separated
a minimum of 5 times the thickness of the thicker plate joined.

Parts to be joined by fillet welds shall be brought into as
close contact as practicable, and in no event shall be
separated by more than 3/16 inch. If the separation is

1/16 inch or greater, the size of the fillet weld shall be

increased by the amount of the separation. The separation
between faying surfaces of lap joints and of butt joints landing
on a backing structure shall not exceed 1/16 inch. The fit of
the joints produced by contact surfaces which are not sealed

by welds throughout their length shall be sufficiently close

to exclude water after the required painting.

Abutting parts to be joined by butt welds shall be carefully
aligned. Where the parts are effectively restrained against
bending due to eccentricity in alignments, except as permitted
by paragraph 6 -09(1) below, departure from the theoretical
alignment shall not exceed 10 percent of the thickness of

the thinner part joined, or 1/8 inch, whichever is less. In
correcting misalgmnment in such cases, the parts shall not be
drawn into a slope greater than two degrees (7/16 inch in 12
inches). .

For circumferential joints in tunnel plates.and pressure
vessels the alignment tolerances shall be, except as other-
wise specified, as follows:

For plates less than 1/4 inch in thickness . . . 1/16 inch

For plates 1/4 inch to 3/4 inch in thickness . .25 percent of
plate thickness

For plates 3/4 inch to 1-1/2 inches in thickness.. 3/16 inch

. For plates over 1-1/2 inch in thickness . . 12-1/2 percent of

plate thickness, but not to exceed 1/4 inch’

6 -6



{m)

Members to be welded shall be held in correc} position by
bolts, clamps, wedges, guy lines, struts, orother suitable
devices, or by tack welds, until welding has'been completed,
except that bolts shall not be used with pressure vessels.
Bolts shall be located in such a manner that they are not
detrimental to the functiering of the completed structure.
Wherever practicable, holes for erection bolts shall be
restricted to clip angles and secondary members. Such
fastening devices as may be used shall be adequate to insure
safety during assembly. Suitable allowances shall be made for
warpage and shrinkage. Where, in the opinion of the Contracting
Officer, erection bolts or tack welds are detrimental to the
finished appearance or functioning of the completed structure
they shall be removed and the holes thus exposed shall be
repaired in the same manner as that described in paragraph

. 6 -13(j).

(n)

(o)

(p)

(q)

6 -10.
(a)

‘Defective, cracked or brokentack welds or welds not of the
same quality or not made by the same procedure as the
completed weld shall be removed before final welding.

No welding of any kind shall be done when the temperature
of the base metal 1s lower than zero degrees Fahrenheit. At
temperatures between 32 degrees and zero degrees Fahrenheit,
the surface of all areas within 3 inches of the point where
a weld is to be started shall be heated to a temperature at
least warm to the hand before welding is started.

When welds are being made in parts where thicknesses of more
than 1-1/2 inches are involved, the base metal adjacent fo
the welding shall be heated to a temperature of not less
than 70 degrees Fahrenheit.

Welding shall not be done when snow is falling on the surfaces
to be welded, or when they are wet, ice coated, or exposed to
high wind,. . '

Technique of Arc Weldings

Welding current shall conforﬁ with respect to voltage and
amperage (and polarity if direct current is used) to the

-recommendations of the manufacturer of the electrode being

used, as indicated in the instructions included with each
container of electrodes. Arc length, voliage ‘and amperage
shall be suited to the thickness of material, tyme nf srnova
nd other-circumstances-attending the work.

6_7



(v) The electrode manipulation during welding shail be such as
to insure that: !

‘{1) The base metal is in a fused state when the filler metal
makes contact with it.

(2) The weld metal does not overflow upon any unfused base
metal.,

(3) The base metal is not undercut along the weld edges.

(4) The flowing metal floats slag, oxides and gas bubbles
to the surface behind the advancing pool. ’

The current shall be adjusted or the electrode size changed, if
necessary, to insure conformance with these requirements.

(e) Electirode sizes shall not exceed the following:

(1) Passes following the root pass in flat position welds:
1/4 inch -

(2) Horizontal fillet welds: 3/16 inch
(3) M1 otherlwelds: 3/16 inch
(d) Fillet welds made in one pass shall not exceed the following:
(1} Vertical welds made upward: 1/2 inch
(2) 411 others: 5/16 inch

(e) Weld metal built up behind the advancing arc shall not exceed
the following thicknesses:

(1) sSingle pass fillet weld ) As specified in
. )} paragraph 6 -10
(2) Root pass of a multi-pass fillet weld } (d) above
(3} Root pass of a butt weld:® 1/4 inch
(4) A1l others: 1/8 inch
(f) Each time tﬁe arc is gltarted, the elecirode travel shall be
delayed until base metal fusion at the starting point is

assured. At the completion of a pass, the electrode travel
shall be delayed sufficiently to fill the arc érater. After

6-8



(g)

(h)

6-11.
(a)

(o)

(e) -

every interruption of the arc, except at completion of a

pass, the arc shall be restarted ahead of the .previous

deposit and then moved back to fill the crater; Alternative
techniques which will insure complete filling of the-crater,
complete fusion between the new ard .cld deposits and base
metal at the point of junction, and complete resultant
continuity of weld will be permitted, with the approval of the’
Contracting Officer. ;

Before welding over previously deposited weld ‘metal, all traces
of slag shall be removed from the deposit by chipping, if
necessary, and the deposit and adjoining base metal shall be
wirs-brushed until clean at all points. This requirement
shall apply not only to successive layers,-but also to
successive beads and to the overlapping area wherever a
junction is made on starting a mnew electrode, but shall not
apply to the making of plug and slot welds deposited in the
flat position.

In meking plug and slot welds the metal may be deposited by a
continuous manipulation of the electrodes which will keep the
slag molien and floating on the top of the pool. The technique
used shall be such as to insure the deposition of sound weld
metal, free from any slag inclusions and shrinkage cracks.

Technique of Gas Weldings

-The welding flame shall be either neutral or slightly reducing,
as appropriate for the work. The size of the inner cone or cones
shall be regulated to suit the thickness of the base metal,

the criterion being heat production at a rate which maintains

a quiet pool of molten metal and causes fusion of the filler
metal with both base metal parts. The orifice of the welding -
tip shall be clean at all times, An irregular or unsym—
metrical inner cone shall be taken as evidence that the tip
needs cleaning or repair.

The size of the welding rod shall be suited to the base metal
thickness, the size of the pool of molten metal to be :
maintained, and the size of the inner cone or inner cones of
ths welding flame or flames, the criterion for correct welding
rod size being that it permits maintaining a welding pool of
the required size in a quiet molten state. - ‘

When starting a weld, the base metal shall be heated.to a-dull
red for a distance of 1 -to 2 inches along the ‘joint- before
filler metal is added. Whenever welding is interrupted, this
preheating shall be repeated before resuming addition of
filler metal.
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(a) The welding torch and the welding rod shall be manipulated in
such a manner as to maintain a pool of molten weld metal, with-
out concentrating the heat sufficiently to burn or otherwise
injure the base metal or weld metal. The end of the welding
rod shall be kept within the pool of molten metal at all times
during welding. Special care shall be exercised to avoid
disturbance of the rear edge of the pool and thereby to avoid
slag becoming entrapped in the molten metal. ‘Either backhand
or forehend technique may be employed. The weld shall be
formed by advancing the welding rod and flame and thereby
advancing the pool of molten metal and allowing the metal at
the rear end of the pool to freeze progressively. The flame
shall be alternately advanced and retracted in such manner
as to preheat the base metal surfaces ahead of the advancing
pool of metal, to a state of surface fusion. The manipulation
shall be such as to prevent the pool from overflowing the base
metal which has not yet melted at its surface, When welding
in vertical and overhead positions the pool of molten metal
shall not be so deep as to flow out of bounds or overflow upon
unfused base metal. Special care shall be exercised to maintain
the pool in a sufficiently liquid state to avoid entrapping
surface oxides or slag in the weld metal.

(e) When making fillet welds in the horizontal position, the flame
shall be directed more against the horizontal face than )
against the vertical face. The welding rod and flame shall be
manipulated so as to insure thorough fusion at the root.

(£) When making butt welds in the flat position, the welding rod
and flame shall be manipulated in such a manner that the
" base metal at the root is-fused slightly in advance of the
higher positions of the walls, in order that the pool of
molten metal shall not overflow into the root in advance of
the point at which the base metal is fused.

(g) The welding operator shall not carry a deeper pool of molten
metal than he can effectively control. A weld larger than
can be formed with continuous and effective control of the
pool shall be made in two or more layers.

(n) "In multi-layer welding the several layers may be made
successively, completing each layer before starting the
next, or may be made by the "step" method. When the
"step' method is employed, the length of each step need
be only sufficient to provide a solid foundation of weld
metal for the superimposed layer, except that if anneallng
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6-12.
(a)

. (v)

(e)

(d)

(e)

of *the underlying layers is desired the length,of each
stép shall be sufficient so that the starting end therec?
will cool to at least a black heat before metal is
deposited thereon.

Details of Welds:

The size and shape of fillet welds and the amount of
reinforcement of groove welds shall be checked by a gage
similar to that shown in Figure (16), or of equivalent
design specifically approved by the Contracting Officer.

" Fillet welds 3/8 inch size or smaller shall not vary from

the specified size, at any peint, by more than one gauge
size, and variations shall not exceed the gage limits of
the specified size over any length exceeding six inches,
nor over total lengths exceeding one-fourth the length of
the weld. Fillet welds 7/16 inch size or larger shall no
vary beyond the gage limits of the specified size at any
point.

Exposed faces of welds shall be made reasonably smooth am
regular, shall conform as closely as practicable to desig:
requirements, and shall not at any place be insgide the
intended cross sections.

Before starting welding on the back side of a complete
penetration butt weld, the initial layer shall be gouged ux
chipped out, except that welds produced with the aid of
backing material or welded from both sides in square edged
material 5/16 inch or less in thickness and having a root
opening less than half the thickness of the thinner part
need not be gouged or chipped out. Butt welds made with the
use of a backing of the same material as the base metal shall
have the weld metal thoroughly fused with the backing material.
Backing strips may be removed by means of gas cutting, after
welding is completed, provided no injury is done to the base
and weld metal and provided the weld surface is left flush
or slightly convex, with full throat thickness.

To insure soun&ness, the ends of butt welds carrying stresses
approaching the meximum allowable working stress shall be

‘extended past the edges of the parts. joined, by means of

short extession bars providing a similar joint preparatign
and having a width not less than the thickness of the th%cker
part joined. If extension bars are removed upon completion
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(£).

(&)

(h)

(1)

6-13.
(a)

(b)

of' the weld,. the ends of the weld shall be lefiy smooth and-
flush with the edges of the abutting parts. Tke extension
bars. may be omitted on metal 3/4 inch or less fn thickness
if the ends of the butt weld are chipped or cut down to
solid metal,. and side welds are applied to fill‘out the ends
to the same reinforcement as the faces of the weld.

Welds shall not be dressed, smoothed, or finislhed for the
purpose of improving their appearance unless specifically
called for in these specifications or on the gontract
drawings. )

Where any welded material, either temporary or permanent, is
removed from surfaces exposed to view, and is not to be
replaced, the areas so exposed shall be made as smooth as the
unwelded surrounding structure. In locations not exposed

to view, weld metal shall be removed when such weld metal
constitutes a hazard to personnel or to equipment. In
removing welding material, care shall be employed not to

tear out or- gouge the base metal. Such holes. or undercutting
as may result. shall be filled by welding.

When grinding or chipping welds, care shall be taken to
avoid undercutting or nicking the surface of the plate in
the vieinity of the weld.

Slag and spatter adhering to the weld deposit and contiguous

~ material shall be carefully removed,, and. the surface of the

completed weldment shall be painted or coated as soon as
practicable after the weld metal has been deposited and

_ the  weldment has been inspected and approved by the

Contracting Officer.

Corrections and Repairs to Welds:

Removal or part or all of the weld, or a portion of the

base metal, for the purpose of correcting defects as specified
below, shall be effected by chipping, machining, grinding,

gas or air-arc cutting or gouging. Cutting shall not be
performed on a member while under- stress, except. that detail
cutting to correct minor errors may be done if the removal of
metal does not reduce the strength below. design requirements.

Defective or unsound welds shall be corrected either by
removing and replacing the- welds, or as follows:.

‘(ly EXCESSIVE CONVEXITY - ‘Reduce to size by removal of' excess

", weld -metal. -
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(e)-

(£)

(e)
. (h)

{2) SHRINKAGE CRACKS, CRACKS IN BASE METAL; CRATERS,
BLOWHOLES AND EXCESSIVE POROSITY - Remoye defective
portions of base and weld metal down to, sound metal,

- and deposit additional weld metal.

(3) UNDERCUTTING, UNDERSIZE AND EXCESSIVE CONCAVITY - Clean
and deposit additional weld metal. i : :

(4) OVERLA?PING AND LACK OF FUSION - Remové and replace the
weld.

(5) SLAG INCLUSIONS - Remove thoses parts of the weld
containing slag, and fill with weld metal.

(6) REMOVAL OF ADJACENT BASE METAL DURING WELDING - Clean
and form full size by depositing additional weld metal.

Wherever corrections necessitate the depositing of additional ‘
weld metal, an electrode or welding rod of a size not
exceeding 5/32 inch shall be used.

. A cracked weld shall be removed throughout its length, unless

by the use of acid etching, magnetic inspection, radiographing
or other equally positive means the extent of the crack can
be ascertained to be limited, in which case sound weld metal
two inches or more beyond each end of the crack need not be
removed.

In removing defective parts of a weld, the gas gouging,
chipping or grinding shall not extend into the base metal
any substantial amount beyond the depth of weld -penetration,
unless cracks or other defects exist in the base metal. The
weld or base metal shall not be nicked or under cut in
chipping, grinding or gas gougning.

Where work performed subsequent to the making of a deficienﬁ

_ weld has rendered the weld inacecessible or has caused

conditions which would make the correction of the deficiency
dangerous or ineffectual, said conditions shall be mitigated
by removal of welds or members or both, if necessary, before
making the corrections, or else the deficlency shall be
compensated by additional work according 1o an approved
revised design.

-Gauikiné of welds will not be permitted.

Before adding weld metal or‘féwelding, the surfaces shall
be thoroughly cleaned.
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(1)

k0

Improperly fitted or misaligned parts may be cut’apart and
rewelded. Members distorted by the heat of weldipg may be
straightened by mechanical means or by the carefyily super-
vised application of limited amount of heat. Sudk areas
shall not be heated to more than 1200 degrees Fahrenheit

(a dull red color). Under no circumstances shallf heated
portions be quenched. Parts shall be substantially
unloaded before heating for straightening. '

Holes in welded joints left by the removal of trepanned
plug specimens, and holes made to provide access for radio-

graphic inspection shall be closed by one of the following
methods:

(1) Insert and weld in special plugs, some acceptable iypes
of which are shown in Figure 17. Type (a) is adapted to
welding from both sides and shell be used wherever
practicable. Types {b) or (c) shall be used vwhen access
is possible from only one side., The diameter of the
filler plug shall be such as to make a snug fit in the
hole to be filled. Each layer of weld metal shall be
thoroughly peened, as deposited, to reduce residual
stresses. The 1/4 inch holes in the center of the plugs
as shown in Figure 17 may afterwards be closed by any
ressonable method. Plain plugs without holes may be
used.

(2) Fill the hole completely with weld metal. If the thickne
of the thinner plate is less than 1/3 of the diameter of
the hole, a backing plate shall be tack welded on the

. inside of the shell over the opening, and the opening
shall be closed by welding from the outside only. If
the thickness of the thinner plate is between one-third
and two-thirds the diameter of the hole, the weld metal
shall be applied from both sides, without the use of
a backing plate. Fillet welds, where cut, shall be
re-built.

(3) For butt joints where the thickness of the thinner plate
at the joint does not exceed 7/8 inch, chip a groove on
one side of the plate each way along the seam from the
hole. The groove at the opening shall have sufficient
width to provide a taper to the bottom®of the hole, and
the length of the groove on each side of the opening
shall have a slope of approximately 1 to 3. Use a backing
plate on the side opposite that on which the chipping is
done or a thin disk (not over 1/8 inch thick) at the
bottom of the hole and fill the groove and the hole with
weld metal.
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(k)

(1)

(m)

(n)

614,
(a)

4} For butt joints, and for plates of any thlckness,

chip a groove on both sides of the plate each way
~along the seam from the hole. The groove at the

opening shall have sufficient width to provide a
taper to the middle of the plate, and the length of
the groove on each side of the opening shall have a
slope of approximately 1 to 3. Place a thin disk
(not over 1/8 inch thick) in the hole at the middle of
the plate and fill the groove and the hole on both sides
with weld metal.

Holes in welded joints left by the removal of spherical segmen:
specimens shall be closed by filling the opening completely
with weld metal, working from one side only and using a backing
plate where necessary. Rebuild fillets where cut.

Where gas welding is used, the ares surrounding the holes
referred to in paragraphs6.13(j) and (k) shall be preheated
to approximately 400 degrees Fahrenheit prior to welding.

Galvanized surfaces damaééd by welding shall be repaired by
the application of zinec by one of the following processess

(1) Metal spray (wire or powder)
(2} Electro-brush plating
(3) Hot application of commercially pure zinc

Welds and damagé&lsurfaces on assemblies to be galvanized
after weldings shall be cleaned by sandblasting.

Surfaces on which all mill scale has been previously removed
shall have all scale resulting from welding removed.

Peening and Chipping:

Where required, multiple-layer welds may be peened with
light blows from a power hammer, using an elongated round
nosed tool, except that the first and last layers shall not
be peened. Peening shall be done after the weld has cocled
to a temperature warm to the hand, and after the slag has
been removed. Peening shall be done only by experienced

- workmen and care shall .be exercised to prevent scaling,

flaking, rupturing of the weld or excessive strain-hardening

dua to over peening.
" L)



(o)

6~15.
(a)

6-16.
(a)

kY

Groove welds to be welded from both sides shall have the
root weld chipped out to sound metal after suffigient weld
metal has been deposited on one side of the joint, and before
any welding is done on the opposite side of the joint, as
indicated by figures (1) through (14), inclusive. A round
nosed tool having a radius of not less than 3/16 inch shall
be used for such chipping.

Preheating:

Welded joints in carbon-molybdenum steel and in carbon steel
having a carbon content in excess of 0.35 percent with a
nominal plate thickness of 1/2-inch or greater shall be pre-
heated adjacent to the welding zone to a temperature of not
less than 400 degress Fahrerheit. Preheating may be
accomplished by any suitable method, providing it is uniform

* and the temperature is maintained during the actual welding

#,

operation.

Thermal Stress Reliefs’

The operation of relieving residual stresses in carbon and
low-alloy steel structures by heating shall be carried out
by one of the following methods:

(1) Heating the structure as & whole in an enclosed fu:g‘nace.
This method is preferable and should be used whenever
practicable.

(2) Heating the structure in two heats in a furnace,

" provided the overlap of the heated sections of the
structure is al least 5 feet. When this method is
used that portion outside of the furnace shall be
protected so that the temperature gradient is not
harmful,

(3) Heating small sections and/or portions of structures
to stress relieve longitudinal joints or complicated
welded details before joining together to make the
completed structure. When stress relieving cf the
entire structure is required, and it is not practicable
to stress relieve the completed structure as a whole
or in tuo heats, as described above, any circumferential
joints not previously stress relieved may be stress
relieved after the completion of the structure by
heating uniformly a circumferential band having a mini-
Jum width of each side of the welded joint of 6 times
the plate thickness, or the portion outside the furnace
shall be protected so that the temperature gradient is
not harmful. This procedure may also be used in the
stress relieving of portions of structures after repairs.
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(b)

()

(5)

(6)

Heating the structure internally, if the structure

is a vessel, pipe or other compatible type, by any
appropriate means and with the use of adequate
indicating and recording temperature devices to aid in
the control and maintenance of, uniform distribution of
temperature in the structure wall. Previous to this

-operation the structure shall be fully enclosed with

insulating material, or the permanent insulation may be
installed, provided it is suitable for' the required
temperature. In this process the internal pressure
shall be kept as low as practicable, but shall not
exceed 50 percent of the maximum allowable working
pressure at the highest metal temperature expected
during the stress relieving period. -

Nozzles or other welded attachments for which siress
relief is required may be locally stress relieved by
heating uniformly a circumferential band around the
entire structure in such a manner that the entire band
is brought up to the temperature and held for the

time specified in this paragraph for stress relieving.
The circumferential band shall include the nozzle or
welded attachment and shall extend at least 6 times
the plate thickness beyond the welding which connects
the nozzle or other attachment to the structure. The
portion of the structure outside of the circumferentia
band shall be protected so that the temperature gradie

* ig not harmful.

Induction heating in the case of welded circumferential.

joints in piping and tubing, the width of the heated
band shall be at least three times the width of the
widest part of the welding groove, but in no case less
than twice the width of the weld reinforcement.

In any of these methods the stress relieving shall be carried
out as follows:

(1)

The furnace shall be of such design that the flame

_cannot impinge Girectly on the structure to be heated,

at any point, and that the temperature variation, within
the position being heated can, during the holding period,
be maintained within a range of 150 degrees Fahrenheit.
The furnace atmosphere shall be so controlled &s to

avoid excessive oxidation of the surface of the structure.
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(2)

(3)

(4)

(5)

(6)

At the time the structure or part is placed in the
furnace, the furnace temperature shall not exceed
600 degrees Fahrenheit.

The temperature of the furnace shall be raised to such

a point that the temperature of the structure of part
reaches a minimum of 1100 degrees Fahrenheit, at such a
rate that the variation of temperature within any .
15-foot interval of length of the structure or part being
heated does not at any time exceed 250degrees

Fahrenheit. 1In no case ghall the rate of heating be
greater than 400 degrees Fahrenheit per hour, or 400
degrees Fahrenheit per hour divided by the maximum

- metal thickness in inches, whichever is less.

The temperature shall be maintained at a minimum of

1100 degrees Fahrenheit for a period of one hour for

each inch of maximum metal thickness, except as specified
in paragraph 6-16(b)(6) below.

The siructure or part shall be cooled from the maximum
down to 600 degrees Fahrenheit in a closed furnace or
cooling chamber at a maximum rate of 500 degrees
Fahrenheit per hour, or 500 degrees Fahrenheit per hour

divided by the maximum metal thickness in inches, which-

ever is less. Below 600 degrees Fahrenheit the structure
or part may be cooled in still air.

Where stress relleving at 1100 degrees Fahrenheit is
impracticable, lower temperatures may be used and the
holding time inecreased in accordance with the following
schedule: . )

Metal Temperature Holding Time
(Degrees Fahrenheit) (Hours per inch of metal thickness)
1100 1l
1050 2
1000 3
950 5
nne 10

(Intermediate temperatures and holding times may be
determined by straight line interpolation.)
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{e)

(d)

(e)

(£)

{h)

()

Minimum temperature shall be taken to mean the actual minimum
temperature of any part of the plate material of the siructure
as determined by thermocouples attached thereto.

. ; .
Stress relieving of structures or parts shall include all
connections attached by fusion welding, except that small
gscattered fusion welded connections added to the structure

subsequent to stress-relieving need not themselves be
stress relieved if: : )

(1) The diameter of the opening cut in the structure wall
for the attachment does not excead 2 inches.

(2) Neither inside nor outside attachment weld exceeds
' 3/8 inch in throat dimension.

(3) The connection is not so placed as to form a ligament
in the shell, the efficiency of which affects the
shell thickness. )

When a structure is to be stress relleved, all welded
attachments for supporting the vessel shall be stress relieved
with the vessel after attachment,-except as otherwise
provided in paragraph 6 -16(f).

Supporting members such as angles and plates outside or inside
the structure, when attached by welds having a throat thickness
greater than 3/8 inch for circumferential welds, and 1/4 inch
for longitudinal welds, shall be attached before stress )
relieving of the structure, if siress relieving is required.

When rewelding or alterations requiring additional welding
have been made on new structures which have been stress
relieved, those structures shall again be stress relieved,

_except as permitted by paragraph 6 -16(d).

Stress relieving, when required, shall be done before
hydrostatic test, if any. A preliminary hydrostatic test
to reveal leaks prior to the stress relieving operation is

_permissible.

For structures fabricated of materials for which the pro-
cedures given in paragraph 6 -16(a) and (b) are not suitable,
the procedures to be followed in stress relieving shall he
determined by the fabricator in' consultation with the
manufacturer of the materials, and shellihe annroved ir
advance by the.Contracting Officeri:
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6 'lTa
(a)

(o)

(e)

Inspection:

All welding shall b¢ subject to inmspection by the Contracting Officer
who shall have full access at all times to the welded work and shall
be provided with facilities for the inspection thereof. The Contractin
Officer shall be notified in advance of any welding operations, end
shall be furnished with complete detail drawings showing size, length,
type and disposition of welds to be made. He may require each welding
operator to have an identifying stamp or mark with vhich to identify
all work done by him. . '

For the purpose of mainteining a general high quality of work, all
welders shall be tested and certified by LRC on their first job at LRC.
LRC will not recognize any other agency certification. Any welder
nolding a LRC certification will be permitted to perform on the certified
type of welding for any Contractor performing work at LRC. Aay velder
shall be required to requalify only under any of the following conditionms.

{1) vhen he has not engaged in welding for 90 days or longer.
(2) He has performed no work at LRC for 90 days or longer.

(3) When in the opinion of the Contracting Officer the welder's
work is questionable, or when it is thought to be necessary to
check his experience and ability to perform satisfactory welding
of the type.called for in the specifications.

The technique for radiographic exemination of welded joints, described
paragraph 5-11,and the acceptability of weldments thus examined shall be a
described in paragraph UW-51, Rules for Construction of Unfired Pressure
Vessels, of the ASME unless specified otherwise. The technique for
radiographic examination of the shell welds,described in paragraph 5-02(&1
and the acceptability of weldments thus examined shall be as deseribed in
paragraph UW-52. The Contractor shall submit to the Contracting Officer
for approval, the procedure detailing the steps he proposes to employ in
making all radiographs, in particular the type, size and strength of the
source, penetrometer information to include location in respect to source,
penetrometer number, thickness of shims and the shim material; also the
type, number and size of films for each size and type of welded joint.

The procedure shall include a code acceptable method of permanently markin,
each weld joint. Sketches shall be prepared showing all welds to be
radiographed and the corresponding marking of each shall be indicated
thereon. The sketches shall be submitted with the films for identificatiol
and record purposes. No film will be accepted for interpretation unless
the sketches have been submittéed and approved. Prior to the completion of
+the contract, the Contractor shall submit an "as built" drawing showing al.
welds for which radiographs were submitted and approved. The welds as shol
on the drawing shall be identified in the same menner as the corresponding
radiographs. Notwithstanding the provisions of paragraph 3-02-as '
amended, all radiographs shall-be submitted directly to or addressed to
the Inspection Office. All radiographs will be examined, interpreted,

and approved by the Chief Inspector. When submitting radiographs for
inspection, the Contractor will certify that to the best of his

knowledge and belief the welds do meet the criterias of acceptability as

_provided by the terms of the contract. In the event of a dispute as to.
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’

e
whether or not a weld 1s acceptable, the weld wigl be cut out in a manner
approved by the Government in the presence of an gnspector with the area
in question preserved. In the event of a disputé“as to waether or not a

radiographs is acceptable, the Contractor shall getake the X-ray and
submit both the retake and the rejected film to the Inspection Office.
The retake will be identified with.the prefix "R" and numbered whether
it 1s the first, second, elc. rétake, . . ) '

(a) Magnetic-powder testing and sonic testing of weldments
may be performed at the discretion of the Contrgcting
Officer and at Government expense and may form the basis
for rejection of weldments. )

6«18, Provigsions Applicable Only to_ Building Construction:

{(a) . The term "Building Construction" shall be interpreted to
include all low carbon steel structures, and low carbon
steel supports and other appurtenances.to pressure vessels
and pipes which are not specifically covered in paragraphs
6 -19 and 6 -20.

(b} ° Except as otherwise specifically noted ia these specificatic
or on the drawings, the AISC Code of Standard Practlce and
Specifications for the Design, Fabricatlon and Erection of
Structural Steel for Buildings shall apply to all work under
thege gpecifications.

(e} In new work, rivets or bolts in combination with welds shall
ot be considered as sharing the stress, and welds shall be
provided to carry the entire stress for which the connection
is designed. In making alterations to structures, existlng
rivets may be considered as carrying stresses resulting from
existing dead loads, and welding shall be provided to carry

. all additional stress.

(d) Permissible Unit Stresses:

(1) Welded joints shall be proporticned so thai the stresses
" caused therein by the loads specified on the drawings
‘or in these specifications shall not exceed the following

values:

a. Tension, compression or shear on a section through
the throat of butt welds: same as corresponding
allowable stress for base metal.

b. Shear on a section through the throat of fillet
welds, or on faying surface area of plug or slot
welds: 13,600 pounds per square inch.

Fiber stregses due to bending shall not exceed the
values prescribed above for tension and compression,
respectively. Stress in a fillet weld shall be
considered as shear on the throat, for any direction of
the applied stress. Plug or slot welds shall not be
agcribed any value in resistance to stress other than °
ghear. . 6 . 21



(e)

{2) In the case of fillet welds subjected to both shear

3)

and bending stresses, the maximum unit stress resulting
from the combination shall not exceed that allowed for
shear in paragraph 6-18(d)(1). '

Where, under paragraph 6-18(b) of these specifications,
an increase in unit stresses is allowed for stresses '
due to combination of loads, or to secondgry or erection
stresses, a corresponding inerease shall be applied to
the allowable unit stresges in welds.

Effective Sizes:

(1)

(2)

(3)

(4)

(5)

(6)

(7

The effective area of a butt or fillet weld shall be
considered as the effective length of weld times the
effective throat thickness.

The effective shearing area of a plug or slot weld shal
be considered as the nominal cross-sectional area of th
hole or slot, in the plane of the faying surface.

The effective areas of fillet welds in holes and slots
shall be computed as specified in paragraph 6-18(e) (1)
for fillet welds, using for the effective length the
length along the center line of the weld through the
center of the plane through the throat. In the case of
overlapping fillets, the area thus computed shall not
exceed the nominal eross-sectional area of the hole

or sglot.

The effective length of a fillet weld shall be the
gverall length of the full size fillet, including
returns.

The effective length of a butt weld, when the ends

of the weld are made as specified in paragraph 6-12(e),
shall be the width of the parts joined. A transverse
skewed butt weld shall not be assumed to be longer than
the width of the joint or piece perpendicular to the
direction of stress.

The effective throat thickness of a fillet weld shall
be the shortest distance from ‘the root to the face of
the diagrammatic weld.

The effective throat thickness of a complete—-penetration

butt weld shall be the thickness of the thinner part
joined. :
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(£)

(g)

(8)

(1)

2}

(3)

The effective throat thickness of an incomplete-
senetration butt weld shall, for design purposes, be
sonsidered as reduced in accordance with the provisions
>f paragraph 6 -18(£)(3), hereinafter.

Dotails of Welded dolnts:

Framing connections of beams, girders ﬁnd columns

shall be of types compatible with the type construction
used. Connections shall be designed for the degree of
restraint indicated on the drawings, or elsewhere in
these gpecificationa. Where typical details for
framing connectiona are not given on the drawings, pro-
posed @ypjcal details shall be submitted to the
Contracting Officer for approval before preparing shop
drawings of the framing. -

“Procedure qualification tests will not be required for
. complete-penetration.butt welds in joints made in
- gecordance with Figures (1) through (10), numbers B-2

through 5, B-11 through 20, B-31, B-32, B-41 through
bdyy B-61, B-62, C-2, C-12, c-14, C-15, ¢-19, C-21, C-32,
G-42, C-45, C-49 through 51, C~54, C-55, 0-62, T-14,
T~32, Tébh, T-46, T-48, and T-62. ;

Tncomplete-penetration butt welds may be used on joints

heade 'in accordance with Figures (1) through (10),
numbers B-1, C-1, G-11, G-lk, C=17, G-20, G-4l, C-i, C-kS,
and T-42, provided:

a. Penstration is as nearly complete as the method
- of welding will permit. :

b. If designed to carry caleulated tensile stress, the
~ joint is restrained to prevent any rotation.which
might result from the eccentricity of the weld with
réspect to the welded parts.

c. If designed to carry any calculated stress, the
refficiency of the joint is reduced as follows:
B-1l and C-1 to 50 percent; ¢-14, €-17, C-20,
Gbly C=bdy C-i4B, T—h2 t5-75 vercent: C-11 to
85 percen* = aw o

Fillet Welds:

(1) Fillet welds nay‘be vead” irithout orocedure qualification

tests.
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(2) The relation between weld size and the maximum- thickness:
of material on. which: various sizes of load carrying
£illet weld may be used shall be in accordance with the.
following tables

Nominal size of filTet weld Maximum thickness of part

(Inches). {Inched).
3/16 1/2
1/4 3/
5/16 1-1/4
3/8 -2

1/2 6

5/8 Over 6

The maximum nominal size of fillet weld applied to a
nominally squere edge of a plate or section shall be
.1/16 inch less than the nominal thickness of the edge,
and the nominel aize of fillet weld used along the toe
of an angle.or- the edge of a rounded or sloping flange
shall not exceed three-fourths the nominal edge
thickness of the sloping flange; except. that when
required by the design conditions. and specifically
designated on the drawings, fillet welds equal in

size to the edge of a plate or rolled sectionm may be
used, provided the weld is built out in such. a. mamner
ag to-insure full throat thickness, full fusion arss
and no injury to the base metal that will reduce its
thickness adjacent to the weld.

(3) The ratio of the effective length to the nominal
effective gize of a load carrying fillet weld, as
used in strength computations, shall be not less
than 4 to 1..

(4) IT longitudinal fillet welds are used alone in end
connections, the length of each fillet.weld shall be
not less than the perpendicular distance between
them.. The transverge gpacing of longitudinal fillet
welds used. in end connectlons shall not exceed 8 inchseas,.
unlesd end.transverse welds or intermadiate plug or
slot welds are used. .

(5) Intermediate fillet welds may be used to. transfer -
calculated stress across a joint of faying surfaces

. When the strength required is. less than that. developed

by a continuous. fillet weld of the smallest practical

.6 -2



(b)

(6)

™

" (8)

Plug

1y

size. The effective ‘length of any segment pf
‘intermittent fillet weld shall be not less ‘s than

four times the weld size, with a minimum of* 1~1/2 inches.
The ratio of the clear spacing between the :effective
lengths of such segments at the edges of plates and
unsupported edges of rolled shapes carrying calculated
stress and the thickness of the thinner part joined
shall not exceed ‘the following

For compression- 16 to*1

For tension: 24, %0 1

The clear spacing shall in no case be more than 12
inches. The effective length of longitudinal fillet

welds at the ends of built-up members shall be not
less than the width of the component part Joined.

The miniman width of laps, on lap jolnts, shall be five
times the thickness of the thinner part joined and not .

loss than one inch. Lap joints joining plates or bars

subjected to axisl stress shall be double fillst welded,
except where deflection of the lapped parts is
sufficiently restrained to prevent opening of the

joint under maximum loading.

Side or end fillet welds terminating at ends or sides,
respectively, of parts or members shall, wherever
practicable, be returned continuously around eorners -
for a distance not less than twice the nominal size of
the weld. This provision shall apply to side and top
fillet.welds connecting brackets, beam-seats and
similar connections at.the tension side of such con-
nections on the plane about which bending moments are
computed. End returns shall be indlcated on the
detail drawings.

Eillet welds in holes or slots may be used to transmit

.8hear in lap joints or to prevent the buckling or

separation of lapped parts. Such Tillet welds may ove

.lap, subjact to the provigions of .paragraph 6-18(a)(3

and Slot Weldss-

Plug or slot welds may be used in plates’ not more than -
one inch thick, whers aubjected principally to ‘shearing

stressea,,or where needed to prevent buckllng 'or lapped
parts.
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(2) The transverse spacing between slots shall not exceed.
8 inches unléss the design otherwise prevents excessive
transverse bending in the commection. .

(3) If thé wmaterial is not over 5/8 inch in thickness, the
hole shall be filled with weld metal approxlmately flusk
with the surface of the part; if the matérial is over
5/8 inch in thickness, the hole shall be filled with
veld metal to at least 5/8 inch in depth.

(4) Holes for plug welds shall ba eirecular. The diameter
of the hole shall not be less than the thickness of the
part containing the hole plus 5/16 inch, rounded to the
next greater odd sixteenth.. It shsll not be greater th
three timea the 'thickness of the weld metal.

§5) The width of slot shall be not leas than the above-

) specified diameter for plug welds. The maximum leneth
of slot shall not exceed 10 times the thickness of
the part containing the slot.

{6) The ends of slots qhall be semicircular er shall have
the corners rounded to a radius not less than the
thickness of the part containing the slot.

(1) Eccentricitys:

‘(1) In designing welded joints, adequate provisions shall
be made for bending stresses due to eccentricity, if
any, in the disposition and .section of base metal
parts and in the location and types of welded joints.

(i) combination of Welds:

(1) If two or more of the general types of weld (butt,
fillet, plug, slot) are combined in a single joint, th
effective capacity of each shall be separately compute
+with reference to the axis;of the group,. in order to
determine the allowable capacity of the combination.

(x) Stitch Weldss If two or more plates .or rolled shapes are -
: used- to build up a member, sufficient stitch welding (of t
fillet, plug or slot type) shall -be provided to make the
parts act in unison. Except where ‘transfer of calculated
streass between the parts Joined requires closer spacing,
such stitch welding shall be as fol*~—~- -
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)

(m)

(n)

{1) For plates, the longitudinal.clear spacing between

stitch welds shall not exceed that specified in
" paragraph 6-18(g) (4) and the transverse spacing
ghall not exceed 32 times the thickness of the thinner
.of the plates joined. :

(2) For members composed of two or more rolled sbapes, in
_ contact with another, the longitudinal spacing of
. stiteh welds shall not exceed 24 inches or the limits
described in paragraph 6-18(k)(3). -

(3) For members composed of rolled shapes, separated one
from the other by a gusset plate, the component parts
shall be stitched together at intervals such that the
eritical ratioc,1l/r for each component between
stitching, shall not.exceed three-fourths' the critical
ratio for_ the whole member.

Girders and Beamns:

)

Girders shall be proportioned by their moments of inertia.

Butt welded splices shall be complete penstration butt ’
welds. If the flanges are spliced, the splices shall either
develop the full 'effective strength of the material or they
shall develop the strength required by the total stresses,

calculated on the assumption that all.live and impact loads
are inecreased 15 percent, butin no case shall such strength
developed be less than 50 percent of the effective strength
of the material spliced. o . s

Connections of Tension and Gompression Members in Trussesi

_ Welded connections at ends of tension or compression

members in trusses .shell develop either the full effectiv
atrength of the material or the strength required by total

.stresses, calculated on the assumption that all live and

jmpact loads are increased 15 percent; bub in no case
ahall such strength developed be:-less than 50 percent of
the effective strength of the material connected.

Milled Joints in ‘Compression Members:
(1) ‘Where compression members are in full-milled bearing.
"~ 7. "on base plates, and whers full-milled tier-building

. colimns are spliced there shall be sufficient welding
to hold all parts securely in nlaca.
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(o)

(p)

(q)-

(r)

6 "'1'9--

(a)

{2) Where other compression members are spliced by full-
milled bearing, the splice material and its welding
gshall be arranged to hold all parts in line and shall
be proportioned for 50 percent of the computed stress.

(3) A1l the foregoing joints shall be proportioned to resist
any tension that would be developed by specified wind
forces acting in conjunetion with 75 percent of the
calculated dead load without live load, or with full
dead load and full live load, whichever produces the
greater tension. ’

Filler Plgtes:

Fillers of less than 1/4 inech thickness shall not be used

- to transfer stress, but shall be trimmed flush with the

welded edges of the stress-carrying element and the sizes
of the welds along the edges shall be increased over the

required sizes by an amount equal to the thickness of the
filler.

Heat Treating:

Preheating and thermal stress relief shall be used in building
construction only where specifically required by the contract.

Inspection:
{1) Inspection shall be as outlined in paragraph 6-17,

except that radiographic examination of weldments .
gshall not be required.

.Galvanized Members:

“there the zinc coating on galvanized members has been’
lestroyed either by welding, cutting or drilling such coating
shall be replaced after assembly by the use of either
galvanizing stick or powder &imilar and equal to those
manufactured by the pmerican Solder end wlux Company.

Provisions Applicable only to Préssure Vessels:

Part UW, raqnireﬁents for welded pressure vessels of carbon
and low alloy steel, of the ASME Rules for Congtruction of
Unfired Presasure Vessels shall be applicable to all work -
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(v)
(e)
@

(ej

(£)

(8)

(1)

under these specifications, except that the provisions of
paragraph 6-01 through 6-17 of these specifications and
of the paragraphs below shall supplement and take precedenc
over affected portions of  these rules.

Qualification of welding procedure shall be performed.as
speclfied under paragraph 6-03(a).

Forge, pressure and submerged arc welding shall be usged onl

with the specific approval of the Contracting Officer.

‘Profiles and details of welds shall conform to Figures (1)

through (15)

Within the restrictions provided in paragraph 6-19(a),
complete or spot radiographing, or sectioning or a combinat
of both may be required at the option of the Contracting

Officer. Wnere spot radiographing, sectioning or a

combination of both is used, at least one spot shall be
examined for every 50 feet of weld.

Where joint efficiencies require complete radiographing,
pressure vessels shall bear the stamp of the ASME.

Where the vessel or piping ia 30 inches or wore in diameter
or is fabricated from steel listed under a pressure vessel
classification, Section VIII of the ASME Code for Unfired
Pressure Vessels shall govern, except as modified by
gspecific provisions of these specifications.

Where reinforcement is required for a nezzle, the reinforcement
pad shall be welded to the vessel before welding in the nozzle.

-Where joints require stress relieving, the vessel thickness

gshall be designed to the allowable stress for the weld material.

A1l individusl pieces shall be permanently, marked to permit
ready identification and correlation with the mill reports.

Fabrication drawings, including marks on each plece for

‘identification with the mill reporta, shsll be submitted

for approval.

Where radiographing is specified, and stress relieving is
required, radiographing shall be done aefter stress relieving.
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6-20. Provisions Applicable Only to Piping System:

(2)

Welded joints in pressure piping shall be designed and fabricated
in accordance with paragraph 5-11(a), except that the provisions
of paragraphs_ 6-01 through 6-17 of these specifications and the
parsgraphs below shall supplement and take precedénce over
affected portions of the referenced ASA Code.

~(6) All welded joints, including socket welds and welds in manufactured ™

(a)

(e)

(£)

621
(2)

components, for any working pressure above 125, shall be 100 percent
radiographically inspected in accordance with paragrarh 6-17(L).
See Section 5, paragraph 5-11(a).

Inspection of joints shall be as prescribed in paragraph 617,
Inspection. Trepanned plug or spherical segment specimens shall be
taken as dirvected in paragraph 617, if deemed necessary by the
Contracting Officer to determine the extent of a defect and shall

be removed at no additionel cost to the Government, or, at the option
of the Contractor, the weld shall be removed throughout this entire
length.

Approved backing rings shall be used at all butt weld piping connections
not requiring radiographic inspection. Backing rings shall be knock-
off spacer type. Consumable type inserts, ARCOS EB Type A, or equal,
shall be used at all butt weld@ piping connections requiring radiographic
inspection.

Backing gas inside all welds requiring radiographic inspectiom shall
he Argon.

Pipe welding shall conform to Figure 18.

Brazing and Soldering:

All brazing and solderin, i .
- g shall be performed in accorda i
Section 7 - Brazing and Silver Soldering. eeomdance with
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ROTE 4= QIMENSION"T" 18 PLAYE
WESS MAY B GREATER FOR JOINTS MODICATED

DESIGN DATA FOR GROOVE BUTT JOINTS

IMPORTANT=—NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

MOTE = THIS JOINT SWALL WOT BE USEO WHEN ROOT OF WELD 13 BUBJECT TG TEMSION BENDING.
HOTE 2= ROOY OF WELD SHALL 3E CHIPPED QUT TO SOUND KETAL BEFORE QPPFOSITE SIDE (3 WELDED.
HOTEZ 3= BACKING STRAP SHALL BE REMOVED O ROCT OF WELD CHIPPED OUT TO SOUND METAL & REWELOED
THICKNESS TO WHICH NOPMALLY AFI“I.ICIUI.I. 1F QESINED, PLATE THICK-

"

8- SQUARE ~ BUTT JOINT, WELDED ONE SiDE

B8+5, OPEN SQ~BUTT JOINT, WELDED EOTH SIDES

{$EE moTE 1}
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i el P 4

"
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e :

{SEE HOTE 2)
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we B3
¥ "'[:'r

e " HEN.:"J

B‘m :

B8~-2.SQUARE ~BUTT JOINT, WELDED BOTH SIDES

B8-I1. SINGLE~Y BUTT JOINT, \‘JELDEB ONE SIDE
ON BACKING STRUCTURE

173" 1o 18"
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i

et

"7 374" dAX,

B~3. OPEN SQ-EUTT JOINT, WELDED ONE
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B=-12, SINGLE-V BUTT JOINT, WELDED BOTH
SIDES USING REMOVABLC BACKING STRAP
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Y 1

{SEE NOTES 3 8 4)
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DESIGN DATA FOR GR

18 INCHES TO THE EOGL OF THE BEVELED P

OOVE BUTT JOINTS

IMPORTANT-NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

NOTE i=ROOT OF WELD SHALL 8L CHIFPED QUY TO SOUND METAL BEFCAZ OFFOSITE SIDE OF JOMT 13 WELDZO.
KOTE 2~@ACKING STAAP ShALL OF REMOVED AND ROOT OF WELD ORFFLD QUT TO SOUND WETAL & REWELDEID

MOYE 3=WHEN THIS JOINT IS USED W THL FLAT & OVERHEAD POSITIONS OF WELDIHG N0 OBSTRUCTION
SHALL BE CLOSER THAN & INCHES TO THE LOGE OF THRE BEVILED PLATE. WHER THE JOINT 13 USED
W THE RONIZONTAL & VERTICAL POSITIONS OF WELDING NO OBSTRUCTION SHALL BE CLOSER TiAM

LATE

NOTE 4=THE JOWMT A3 BHOWN CHALL BZ USED IN YHE FLAT & OVERMEAD POSITIONS OMLY. WHER USED |
THE HORITONTAL & VEATICAL POSITIONS THE INCLUDED ANGLE $MALL WOT BE LESS THAM P

MOTE 3~DIMENSION “T" IS PLATE THICKNESS TO WRICH NORMALLY APPLICANLE. IF DESINLD, PLATE TRICK=~
WESS MAY BL GREATSR FOR JOINTS INDICATED. .

B—i4, SINGLE—V BUTTY JOINT,
B0TH SIDES,

WELDED

B—10 SWGLE DEVEL OUTT JOINT,WELOED BOTH
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MOTE 2« OACNING STRAP SHALL BE REUQVED AKD RQOT

M THE HORIZONTAL B VERTICAL POSITIONS OF

LESS FOR JOINTS INRICATED

DESIGN DATA FOR GROOVE BUTT JOINTS

IMPORTANT=-NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

HOTE ¢+ ROOT OF WILD SHALL B€ CHIPPED QUT TO SOUND WETAL DEFORE OPPOSITE SIDE OF JOINT IS WELDEQ

OF WELD CWIPPED QUT TO SOUND METAL & REWELOED.

KQTE 3= WHEN THIS JQINT 15 USED N THE FLAT & OVERHEAD POBITIONG OF WELDING NO O3ISTRUCTION
SHALL BE CLOSER THAN 8 INCHES TO THE EDGE OF THE BEVELED PLATE WHEN THE JOINT I3 USED

WELDING MO Q2STAUGTION SHALL RE CLOSER THAM

18 INGHES TO THE EDGE OF THE BEVELED PLATE.

XOTE 4=THE JOWTY AS SHOWN SWALL BE USED 1N THE FLAT B OVERHEAD POSITIONS OWLY. WHEN USEO ™
THE HORIZONTAL & VERTICAL POSITIONS THE JNCLUDED ANOLE SHALL WOT BE LESS THAN 43,
NOTE 3~ OMCNSIOH ‘7715 PLATE THICKHESS TO WHICH NORMALLY APPLICABLE.IF DESIRED,PLATE THICKNESS MAY

NOTE &~ ROOI’ £CGES SHALL BE INDEPENDENTLY FUSED TO THE SACKING STRUCTURE WiTH 3/32" DIA ELECTRODL

DESIGN DATA FOR GROOVE CORNER JOINTS

IMPORTANT— NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED,

NOTE 1= RODT OF WELD SHALL BE CHIPPED CUT TO SOUNO MCTAL OEFORE OPPOSITE SIDE QF JOINT 13 WELDED
NOTE 2= THIS JOINT SHALL HOT BE USED WHEN ROOT OF WELD IS SUBIECT TO TENSION SERDING

MOTE 3= WHEH THIS JOIXT 15 USED IN THE FLAT B OVERHEAD POSITIORS OF WELDING WO OSSTRUCTION SHALL
DE CLOSEN THAN & INCHES T0 THE EDGE OF THE BEVELED PRATE. WHEN USED IN THE HORIIONTAL
& VERTICAL FOSITIONS OF WELCIAG NO OBSTRUGTION SHALL BE GCLOSER TxAH (8 {NCHES TQ THE
EOGE OF THE BEVELED PLATL
NOTE &= wul:n THIS JOIKT (3 USED NO ODSTAUGTION SHALL BE CLOSER THAN I8 INCHES YO THL EDCE

THE BEVELED PLATE

NOTE S~DIMENSIOR "1 1S PLATE THICKNESS TO WHICH HORMALLY APPLICABLE.
MAY RE GREATER FOR JOINTY INDICATED.

IF DESIRED, PLATE ﬂ(lClKl!S
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C=11. SINGLE=-V CORNER JOINT, WELODED
ONE_SIDE
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EDGE OF THE DEVELED PLATE.
THE BEVELED PLATL.

GAEATER FOR JOINTS INDICATED

BE LESS FOR JOINTS INDICATED

" DESIGN DATA FOR GROOVE' CORNER JOINTS
IMPORTANT—NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

MOTE 1= ROOT OF WELD SHALL BE CHIPPED QUT TO SQ0UND MEYAL SEFORE OPPOSITE SIGE OF JOINT IS WELDED
HOTE 2~THI3 JOMT SHALL NOT BE USED WhEN AQOT OF WELD I3 SUBLECT YO TENSION NENDING

NOTE 3~ WHIN THIS JOINT 13 USED IN THE FLAT B OVERHEAD PFOSITIONS OF WELDING NO OBSTRUCTION SHALL
#E CLOSER THAN & INCHES TO THE EDGE OF THE BEVELED PLATE WHEHN USED IN THE HWORIZONYAL
* & VEATICAL POSITIONS OF WELOING NO QDSTRUCTION SHALL DE GLOSER THAN 10 INCHES TQ THE

NOTE 1-\:"(" THIS JOINT IS USED NO QBSTAUCTION 3HALL BE CLOSER
NOTE ﬂ'l-!lﬂtﬂslo?l T*18 PLATE THICKNESS TO WHICH NORMALLY APPLICABLE, iF OEJINED, PLATE THICKMESS MAY
NOTE “T:E JOMT A3 SHOWH SHALL BE USED IN THE FLAT O OVERHEAD POSITIONS OHLY., WHIN USED

THE NDR!ZDMTAL 8 VERTICAL POSITIONS THE INCLUDED ANGLE SHALL WOT BE LESS THAM 43°
KoL ?"alllENSION ‘T" 13 PLATE THICHNESS TO WHICH NORMALLY APPLICAGLE, IF DEJ!RED, PLATE THICKNESS

THAK 16 INCHES TO THL EO0CGE

C=~20, OUTSIDE SINGLE FILLET WELDED
CORNER JQINT,
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REINFORCED
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CASE- mn_‘m ‘mm

C—-2. BOUBLE FILLET WELDED CORNER
JOINT,

C=~44, QUTSIDE SINGLE=J CORNER JOINT,
WELDED ONE SIDE.

I31E NOTES | B 3)  wgey sy “y= BUT IN KO CASE
SNEATER

THAN 3/87
- ]
'," ! i “I' 4 T u374" MAK,
/ ‘e
e
a” 10 1737

{SEE NOTES 2, 3,6 4T} 23 mu_? "R IR MIR
u-um‘;’) V32" To Mt T WA MIN,
“";: ] |
ll iu ¥ ;
% e A
E“ e 373"
=R

s o

C-32 DOUBLE BEVEL CORNER JOINT,
FILLET REINFORCED.

{3EL NOTC 3}
FOR QUTSDE Wi
{SLE NOTE 3],
Fok IN3IDE WELD

“L'arm TV BUT 1
no ust nuu'rn
THAN /8]

[“ LAl
Ewlz‘m e

¥ ’

Poe 1=1/2" MAK.

C~43. QUTSIDE SINGLE ~J CORNER JOINT,

FILLET REINFORCED
(SEE HOTES 1.3, €87 ) 230N p i

25° Uiy 17327 TO m-_._( “1

\n

’i';" :

]
oy A IO
p’o 'l'oilno" ”’j,;’.‘.”}
&:.—.a T W em—
:u:—- LN, T 34T NN
12, T3 BUT 4 NO CASE GREATER

C—41 SINGLE-U GORNER JOINT, WELDED

L 332710 3,32
~o b0 TO /B"

t-‘l}—;‘—\

C~48 INSIDE SINGLE—J CGRNER JOINT,
ONE SIDE. WELDED ONE SIDE, FILLET REINFORCED
{IEX NOTES B, 88 7)
sogun BEENOTES 2,4,667) G
\“‘ “-/ 32" T0 AT
F—— Sl i 32" 0 1/
L L :
2218° MiN DN H

1 “Tra AT IN
] — A3
T 2™ Hﬂ?. Ta s I‘“suz“ TO %32
"$"wI/E "TT BUT IN MO CASE

GREATER YHAU 378

Figure 5.

EOCE OF THE DEVELED PLATE.

THE BEVELCD PLAT
Y BE LESS FOR JOINT IHDICATED.

“c\BLE

PRUD

e

—

™

o

DESIGN DATA FOR GROOVE CORNER JOINTS

IMPORTANT=~NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

NOTE |~ ROOT OF WELD SHALL 8 CHIPRED OUT TO SOUND METAL BEFCRE OPPOSITE SIDE OF JOINT |3 WELDED

NOTE 2= RACKING STRAF SHALL BE REMOVED & ROOT OF WELD CHIPPED CUT TO 30UND METAL & REWELDEQ

WOTE 3= WHEN THIS JOINT IS USED IN THE FLAT & CVEAHEAD POSITIONS OF WELDING MO OBSTRUCTION SHALL
BZ CLOSER THAN G INCHES TO THE E£0GE OF THE REVELED PLATE
B VERTIGAL POSITIONS OF WELDING NO OBSTRUCTION SHALL BT CLOSER THAM (8 INCHES TO THE

NOTE 4-‘1!!" THIS JOINT i3 U!!O N0 CBSTRUCTION 3HALL SE CLO3ER THlK I8 INCHES TO THE EOGE

WOTED- DIHEN!IO‘I "115 PLATE 7“!61“!!3.'- TO WHICH NOAMALLY APPLICADLE, IF DESIRED, PLATL THICKNESS

A

S=THE JOINT AS SHOWN SHALL BE USED I THE FLAT & OVERHEAD POSITIONS OMLY WHEM USED
mare m" THE HORIZONTAL % VERTICAL POSITIONS THE INCLUBED ANGLE SHALL NOT Gf LESS THAN 43

WHEN USED IN THE WGRIZONTAL

€~49 INSIDE SINGLE—J CORNER JOINT, WELDED
B

OTH SIDES FILLET REINFORCED.

¢=54. INSIDE SINGLE BEVEL GORNER JOINT,
WITH BACKING STRUCTURE, FILLET REINFORCED

ISKE NOTES 1, 4,58 8]

tc-#?)‘ﬁ—\

3" 10 18, LI

*s"a /8 *1T" OUY mT‘n s

WO CASE GREATER
THAN 3,87 —!Lo' TO tra”

23:‘ M,

{SEE WOTES 4,38 6) vy, -uz “T" BUT IN HD GASE

P- EATER THAN 3/8,
c-ﬂ)-g-\ = 25'3&
LR __L-vu ™ Vet
[
H iy
! ,’ "1'm 34" W
N
SO A
U |

=50 OUTSIDE SINGLE BEVEL CORNER JOINT,
WELDED ONE SIDE, ON BACKING STRUCTURE

(SEE NOTES a:s LTI -
©32" T0 w-\u_(lg—

G~55. INSIDE SINGLE BEVEL CORNER JOINT, WITH
REMOVABLE BACKING STRAP FILLET REINFCRCED

et s, T {i )

s::w_-o]uﬂ:f'_‘

“3" AS RZOUIRED

(SEE NOTES 2,4,8 66)  »g'uya %™ gut 1y uo CASE

GREATER THAN 3/

26° WIN,
TACK WELD
o8 £

- -
\\.‘ l—usz To t/8

A
il

=R A

=5l QUTSIDE SINGLE BEVEL GORNER JOINTWITH
REMIWALE BACKING STRAF, FILLET REINFORCED

- - [ ¥
O e R, Y
LI HITE 4

1327 70 W8y {

“t'a 3!4"\!514__:

BECROTES TN I6E)  ammn, Ly
' /'R'«"'

meeweno, d- L
OR CLAMP v __J
378" 1IN,

REINFORCED.  £D)  wieh 5t
TSEE HOTES 1,5 a &} za‘.SN_.fw"“ YO 78"
)

)
(' rame” o arze”

—-.—

H ,..l—
25" Uit
fover




DESIGN DATA FOR EDGE JOINTS

IMPORTANT-NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

MOTE I=TH!S JOINY BHALL NOT OE USED WHEN ROOT QOF WELD 1S SUBJECT TD TENWSION DENDING,

KOTE T=THE JOINT AS SKOWN SHALL BE USED N THD FLAT A OVEAHEAD POSITIONS ONLY WHEN
USED IN THE HOAIZONTAL ® VERTICAL POSITIONS THE (WCLUDED ANGLE SHALL NOT BE LESS
THAN 457

MOTE 3~ OIMERGION T 15 PLATE THICKMESS TO WHICH NORMALLY APPLICASLE,(F DESIRED, PLATE THICK~
MESS MAY DE GREATIR FOR JOINTS INDICATED.

KOTE 4 -+ DIMENSION “T™ IS PLATE THICKNESS TO WHICH NORMALLY APPLICANLE W CESIRED, PLATE THICK-~
WESS MWAY BE LESS FOR JOINTS INDICATED

DESIGN DATA FOR LAP JOINTS

IMPORTANT=NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

NOTE 1 =THIS JOINT SHALL NOT BL USED ON MEMBERS EURJICT T MSH STALIMES oA CONRRESSION
LOADIXO,

NOTE 2~DMEHIION T 1S PLATE THICKNESS TO WHICH NORMALLY APSLICABLL. i OESIRED, PLATE THICK-
WISS MAY 8E GREATER FOR JOINTS INDICATED.

NOTE B~ 8LOT WELDS SHALL BE GEVELED 46" INGLUDED AKGLE WREW 7" I3 LESN THAN 4/0

€=l QEAD EDGE JOINT
{SEE WOTES | & 3}

AT -
1

"y ua".me i Lr"'a 170" MAX

e~ |

E~tt SINGLE-V EDGE JOINT.
{SEE mOTES 104}

- ‘é,.-so' I-usz“ 10 178"
5
¥ T
F07 T4 D AF

fe=3/18" WIN.
PR

P 34 U~

Er\

E- 4}, SINGLE-U EDGE JOINT.
_(SEE WOYEG 1,2, E4)

2° um.-"‘-__-'-'_‘:-, {1327 To e
N Y

LA A
LN
$1 NEZ T mans =isamon,
[*=3/15" MM,
e 34" M npn |
Lt

E'“}_f\_\
Figure 7.

L~{. DOUBLE FILLET‘WELDED LAP JOINT, L=1i PLUG WELDED LAP JOINT,
(SEE NOTES (B2) {9EE woTE 2}

T a3/4" MAX 3

.,':" .,;y':/r' oy i
1] Erd j
1‘1‘= fo—3 *T" MIN-w1TS
" L
WHEW “2"al/8" O LESS, DIA 4 MiK,
WHER “TL1/4" T3 1727 DIA=ZT WIN
l-"l)-'B—\ WHEN T 48 OVER (/2] Dikm) TTH UL
I, ~2 DOUBLE FILLET WELDED SET LAP JOINT| L={2 SLOT WELDED LAP JOINT,
{SEE NOTES 1 & 2} ‘(u: NOTES £ 83} AU = 17T l
e e oy 14 é—l—%
q‘an HAX. - )'m 240 w Ic
) 4 132" 10 ety |
] L3 i T
LT‘L—. BT MIN ..J,:‘r:l ‘T.‘ﬂ. -""‘:T“ ----------- -‘m
te 7
‘-'2>'+'1 WHEN "T7 13 BELOD 174" "W a 277" MiN,
WHER "T"w 174" & OYER, "Wkl IR"T"UN e

L=3 DOUBLE FILLET WELDED JOGGLED _
LAP JOINT. L—I3 SLOT LAP JOINT, FILLET WELDED.

{SEL NOTES I & 2} {sEE NOTE 2} DS 1T 3
“re 347 MAK. 4 wde

-ﬂ__ . >
T ([r9=y] 4 et ]
L £ o1 .

s v um] 2rtms T un—tr L‘ PN MAR T

T

53 "Wt 17T UTYMIN. O 172" WHIGHEVER
. 13 GREATER,

Figure 8.
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BE GREATER FOR JOINYS LHDICATED,

NO CASE LESS THAM } INCH.

EXCEEC 12 INCMES,

OF THE BEVELED PLATE

DESIGN DATA FOR TEE JOINTS

IMPORTANT ~NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

MOTE = WHERE THE CLEARAMCE BETWEEN MEMBERS TO BE JOIKED “A” IS GREATER THAN 1/18" THE
SIZE OF FILLET WELD SHALL DE THE SIZE SPECIFIED PLUS THE CLEARAMLE,
NOTE 2~ E::ymsmn “T™ {8 PLATE THICXNESS TO WHICH NORMALLY APPLICABLE, (F DESINED, PLATE THICKNESS

MOTE 3=THE MINIMUM LENGTH QF AN IHCREMENT SHALL BE 4 TIMES THE 3IZE OF THE WELD, Out th

WOTE 4~ THE MAXINUM LEMGTH OF AN INCREMENT SHALL EE 16 TIMES THE THICKNESS OF THE THINKER
MEMBZR, BUT IN HO CASE SHALL THIS MAXIMUM EXCEED & INCHES.

WOTE 8-~ THE MAXINUM CENTER TO CENTER SPACING DETWEEN IHCREMENTS SHALL BE 18 TIMES THE
THICKNESS OF THE THINNER MEMBER, OUT [N NO CASE SHALL THIS MAXIMUR EXCEED (X INCHES.

NOTE 8= THE MAXIUUM CINTER TQ CENTER SPACING BETWEEN INCREMENTS ON THE SAME SIDE OF THE
JOINT SHALL BE 32 TIMES THE TMICKNESS OF THE THINHER MWEMBER, BUT (N NO CASE
SHALL THIS SPACIKG BETWEEN ADJACENT [INCREMEWTS ON OPPOSITE 3IDES OF THE HEMBER

NOTE T= THIS JOINT SHALL NOT BE USED WHEN ROOT OF WELD 3 SUBJECY TO TENSION BENDING,
NOTE 8= WHEN THIS JOINT (S USED M0 OBSTRUCTION SHALL BE CLOSER THANM I8 INCHES TO THE EDGE

NOTE 9—~ROOT OF WELD SHALL OE CHIPPED OUT TO SOUKD METAL DEFORE OPPOSITE SIDE OF JOINT 1S WELOZG.

t

-

F THE DEVELED PLATE.

MAY SE LESS FOR JOINTS INDICATED

DESIGN DATA 'FOR GROOVE TEE JOINTS

IMPORTANT—NOTES APPLY ONLY TO ILLUSTRATIONS ON WHICH REFERENCED.

NOTE 1=ROCY OF WELD SHALL 8E CHIPPED QUT TO SOUND METAL SEFORE OFRISITE SIDE OF JOINT |3 WELDED,

WOTE £-SACKING STRAP SMALL OE REMOVED AND AOOT OF WELD CHIPPED OUF-TO 0UND METAL & REWELDEDR

HOTE 3~WHEN THIS JOINT IS USED WO ODSTRUCTION SHALL #€ CLOSER TIAN (9 INCHES YO THE €06€
0

MOTE 4=THIS JOINT SHALL NOT 8E USED WHEN RQOT S$I0E OF WELD IS SUBJECT TO TENSION DENDING

NQTE 5= THE JOINT AS SHOWN SMALL OE USED IN THE FLAT O CVCAHCAD POSITIONS ONLY, WHEM USED N
YHE HORIZONTAL & VEATICAL POSITIONS THE INCLUDED ANGLE SWALL XOT BT LESS THAN 43°

HOTE d= DIMENSION “T™ 13 PLATE THICKHESS TO WHICH WORMALLY APPLICABRE. ¥ DESMED, PLATE THICKNESS

T=1. DOUBLE FILLET WELDED TEE JOINT,

T3, STAGGERED INTERMITTENT WELDED
TEE JOINT.

(3IE KOTES ia g}

_ E ST 172" MAX.

- AS REQUIRED,
-AL:- = ..:"
il — A

w0® TO 1/8" FOR SYRAICHT SURFACES,
A"« 0" TO 3/16™ FOR CURVED SURFACES.

(SEE HOTES £,3,4 B &)

e
foosmy ! cagietopeti, | $ go=mn &,
j——r ———
{ . 1 T‘l i
[

T m 174" MAX.
=T WaX,

NSk

T—32, DOUBLE BEVEL TEE JOINT, FILLET
REINFORCED

T-46 SINGLE BEVEL TEE JOINT, WELOEID ONE
SIDE ON BACKING STRUCTURE FILLET REINFORCED

SZE HOTES 1O “ete 1= 1727 MAX

{SEC NOTES 3.5 A&} STRI/M4" MM
“s"s /2 "T°0UT IN NO

i /\,,..,‘ 5o

*g'slM "TT BUT
thanese

THAN 378

Tﬂ)—t\ ‘r..-v' GASE GREATER THAN
e /\ , 257 Mew,

/" mn.\z Py 5{7.\“5.;
At 1}

T—2. CHAIN INTERMITTENT WELDED TEE

T-i2, SINGLE BEVEL TEE JOINT, WELDED

g e T wax.

e JOINT. ONE SIDE FILLET REINFORCED
T3EE_WOTES £,3,4 4 0) T3CC WoTES 2,7 6 0) =
T 374" MAX.
T-2P—a l : "$"a1/2 "T" BUT IN HO
| Ly
{ 8* WIN,
L= P I W e | j' 010 1/8% -/:1\
—— " o W st nra»l “\"s"
hsl
-= "
"7 14" HAX, f-!?)-n

T—|4. SINGLE BEVEL TEE JOINT, WELDED
BOTH SIDES, FILLET REINFORCED.

P, ot
(SEE NOTES 2.4 89}

“s"ei/2 "T" SUT (M MO
CASE GREATEN
AR 3787

¥ 324" MAK,

Figure 9.

T- 42, SINGLE~J TEE JOINT, WELOED ONE
SIDE, FILLET REINFORCEQ

{SEE NOTES 3,436 6) “s"at/2 "1" QUT IK NO

Z GR
“TVm 34T M s :‘3-?“"' o
et 10 sr.u‘_-:_- /\
257 MIN,
38 ) m"—.L. LIS ) g
e

[7-48 SING

LE BEVEL TEE JOINT, WITH REMOV=—
ABLE BACKING STRAP, WELDED BOTH SIDES,
FILLET REINFORCED
SCE NOTES 23,586 T 3447 UK

"= 17z "1TBUT IN K
TACK WELD OR
et CASE c;;:;m THAN

1E" MIN—at
- 1

"

N F. 25% WIK, w Dol
we® uw s Pyt

r-c&h F ARl

T— 44, SINGLE-J TEE JDINT, WELDED BOTH
SIDES, FILLET REINFORCED.

ISEE NOTES 1,3,206)

T = 34" WIN,

"s"a 172 "7 BUT IN_NO
o R CASE GREATER THAN
37327 T0 8/32 RT1)

0" 10 8% 252 N

T-62. DOUBLE-J TEE JOWNT, FILLET
REMFORCED
3EE HOTES T, 3,
506

TR WIN
“3% 178 "1 BUT 1M MO
CASE GRLATER

e

32710 3032 THAN

V2" RADIVS WIN <]

A
o"To ua‘:-l-:z Y "_;:Lm" !% (rez!

-!'s";-- et

U2 RADIUS MM,

Figure 10,



DESIGN DATA FOR WELDED PiPING

g

P~=1. SQUARE BUTT JOINT, SADDLE WELDED,

T PRESSURE. 50% & LESS FOR ALL SIZES

=l
"'-.""\l T
TEMPEHATURE, 212°F MAX. FOR ALL SIZES,

SERVICE. ALL EXCEPT SALT WATER.

P=2. 5LIP-ON SLEEVE BUTT JOINT, FILLET WELDED,

JA2T t Lr  PRESSURE: 150% @ LESS, OVER 2" —ALL

P v NN R PRESSURES, £" & LESS.

\\\\‘\‘\‘*\7 TEMPERATURE 212°F. MAX., OVER 2" —ALL
TEMPERATURES, 2" 8 LESS

SERVICE ALL EXCEPT SALT WATER.

‘DESIGN DATA FOR WELDED PIPING

HMPORTANT. NOTRES APPLY ONLY TO ILLUSTRA—

HOTE' SEE TABLE FOR DIMERSION "L

NOTE 2. INTERANAL WELD SHALL BE MADE FIRST,

NGTE 3. 00T OF WELD TG BE CUTOUT 7O SOUND METAL
BEFORE OPPOSITE $IDE OF JOWNT IS WELDED.

NOTE 4.FOR PIPING 3" 8 SMALLER INTERNAL REINFORGE-
MENT SHALL BE MADE FLUSH WITH INSIDE DIA—
METER OF PIPING.

NOTE 9 FOR PIPING 2”& SMALLCR, NIPPLE DIMENSION'C!
SHALL HOT EXCEED 67 MAX.

TIONS ON WHICH REFERENCED,

JABLE FCR DIMENSICN’
TRIPPLE_FOR FITTINGS n
BRANCH QUTLETS

LR S, [T MAX

P-3. v-BUTT JOINT.

/7\—<P-3

P—2{, SQUARE BUTT JOINT, WELDED BOTH SIDES.

327 T0 178" pprssure ALL, ovER 2°
o G TEMPERATURE" ALL, OVER 2"
T Ei.. SERVICE ALL [NGLUDING SALY WATER.
MaAX, SEE MOTES 1,2,3 B 4,

PRESSURE. 150" @ LESS
TEMPERATURE® 212°F MAX

SERVICE: ALL EXCEPT SALT WATER.

P~4. v-BUTT JOINT, WELDED ON PLAIN TYPE BACKING RING.

{ ]
45 M PRESSURE. AL, 3} & LARGER.

[ §
i:'!TO 8 i
TEMPERATURE ALL, 3'!2 & LARGER.

SERVIGE. ALL INGLUDING SALT WATER.

P—-22. v. BUTT JOINT, WELDED BGTH SIDES,

MAX,

60°% MIN,
1732”10 173"
b TEMPERATURE: ALL,OVER 2

PRESSURE: ALL,OVER 2%

SEE_MOTES (238 4

[ﬁ—q-‘-za

SERVICE: ALL INCLUDING SALT WATER.

i
-— FLOW T

/-7\—0-4

P~5, v-BUTT JOINT, WELDED ON FLARED TYPE BACKING RING.

45" mrc._E_ 'ro ; - PRESSURE ALL,FOR ALL SIZES

'-"" TEMPERATURL: ALL,FOR ALL S(ZES.

:/: SERVIGE. ALL INGLUDING SALT WATER.
= kedun, el

P—~23, DOUBLE V.BUTT JOINT, WELDED BOTH SIDES.

e ‘*\Jj

[0y M!N

7_‘, 17327 T0 178"

PRESSURE" ALL, OVER 2V
TEMPERATURE’ ALL, CVER 2"

SEE NOTES 1,23 6 4

;2

SERVICE! ALL INCLUDING SALT WATER.

el

T

P=24. v. BUTT JOINT, WELDED ON REMOVABLE BACKING RING.

[PIPING. FITTING, & BRANCH OUTLET CONNECTIONS |

Figure 11,

[P2o-F~ |
7y um.—\Q;'" Zivsz" 10 170"

1 1

Leb~a}

SEE NOTE 5.

|_~~TACKING RING SHALL BE MACMINED BLUSH
il WITH _INSIOE DIAMETER OF FIPING

A5 PRESSURE’ ALL, FOR ALL SIZES,
TEMPERATURE: ALL, FOR ALL SIZES.
A J SERVICE' ALL INCLUDING SALT WATER.

FITTING, FL.&NG IGE,

T GONNECTIONS

E, AND EXTRUDED BRANCH

Figure 12.



DESIGN DATA FOR WELDED PIPING

P=4], FILLET WELDED SOCKET.

PAESSURE ALL, " & SMALLER
TEMPERATURE ALL, 2" 8- SMALLER
SERVICE: ALL EXCEPT SALT WATER

P~42., FILLET WELDED SLIP—ON FLANGE.

SLIF—0H FLANGE

TEMPERATURE: 630° £ MAX.
) SERVICE. ALL, EXCEPT FERROUS PIPING

FOR SALT WATER,
/TD

SUT MOT LESS THAN 3187

-.-...s/(:

-

PRESSURE: ESO‘B LESS FOR ALL 3IZES.

DESIGN DATA FOR WELDED PIPING

IMPORTANT NOTES APPLY ONLY TO
ILLUSTRATION ON WHICH REFERENCED.
NOTE. I. INTERNAL WELD SHALL BE MADE FIRSY

TABLE FOR DIMENSION L.
HIPMLE FOR BRANCH OQUTLETS

o
NOTE 2, ROOT OF WELD SHALL BE GUT OUT TO 185 M
SGUND METAL BEFORE OPPOSITE SIDE OF ol il
JOINT 13° WELDED. 2vr| &
NOTE 5 FOR PIPIRG LARGEQ' THAN 2" SEE 3-1 0]
E FOR DIMENSIO

5
NOTI E 4 FOR PI2ING 2" & sun.l.ca HIPPLE 32"y 6"
DIMENSION "L" SHALL NOT EXCEED 6" MAX. a0 7"
NOTE' 3. FOR FIPING 3"8 SHMALLER, INTERNAL = -
| wrsheiy gt <o s e
' Goup| 10"

P~—6]. SQ. BUTT, FILLET WELDED, BRANCH OUTLET COMNEGTION,

’1’
/‘I‘L

7

erEssuR: 50™ & LESS, FOR ALL SIZES
TEMPERATURE: RIZ® F, WAX.
SEAVICE. ALL,EXCEFT SALY WATER,

¥ s e

P—62._BEVEL— FILLET REINFORCED, BRANCH OUTLET CONNECTION.

PRESSURE! 150" & LESS
TEMPERATURE: 212° . MAX.
SERVIGE! ALL, CXCEPT SALY WATER.

/—F-@-éa

P-43, FILLET 6 BEVEL WELOED SLIP-ON FLANGE.
SLIP—ON FLANGE LIGHT WEIGHT FLANGES

45° MIN,
. R/ D" | PIPE OR TUBE SIZE

3/167 THRU 4
A 174" " a6
5/16" T'IHRU tO"

3/8" 1" THRU 1™

PPING d STANDARD FLANGES
3/18° THRL 2"
j’ 174" 22" thry 7"

/16" 8" THRU 16"
BUT HOT LESS THAN 3/18% PRESSURE;150% & LESS FOR ALL SIZES.

TEMPERATURE, 630" F. MAX.
SERVICE. ALL, INCLUDING SALT WATER.

P~63. BEVEL-NIPPLE OUTLET CONNECTION, WELDED BOTH SIDES.
13z 1o
8"

PRESSURE: ALL, OVER 2V
TEMPERATURE! ALL, GVER 2"

T SERVIGE: ALL, INCLUDING SALT WATER,
" ¥ SEE WOTES 1,2,3-8 5, ),-ﬂ-t;—
ax . RO K

I SOCKET & SLiIP—-ON FLANGE CONNECTIONS

Figure 13,

P—64, BEVEL-NIPPLE OUTLET CONNECTION, WELDED TO BACKING RING.

P-64
JPRESSURE. ALL, FOR ALL 31ZES.

TEMPERATURE, ALL, FOR ALL 3ITES,
SERVICE: ALL, INCLUDING SALT WATER.
SEE NOTE 4,

BRANCH & NIPPLE OUTLET CONNEGTIONS

|

Figure 14.



PLUG WELD
\"45.\7
- d' P 'ITI‘

¥ o DA, p—F—a—

DIA.= 174" WHEN "T"=1/8" OR LESS.
Dia.s 2 “T" MIN. WHEN “T"=18" 1o 12!
DIA. = "T" 4 172" WHEN "T" 1S OVER 12!

EQUATION FOR DETERMINING ULTIMATE VALUE OF WELD IN DIR=-
ECTION B P-"-}sz 480G0 PRSI

SLOT WELD

(W2 W2~
ot
1

w=2"T" MIN. WHEN "T" IS LESS 'nmﬁ 174!
W= =172 "T" MIN. WHEN "T"1S 114" & OVER.
EQUATION FOR DETERMINING ULTIMATE VALUE OF WELD IN
piecTion . p=(T¥% (L x W) x 48000 PSI. -

Ji

SLOT=FILLET WELD

3 W/B\,‘
fe——— t————

o L8 o L e
___________ =
P ____n __________ .@ 4 ll%tlé_.p

Wzi-172 T MIN. OR 172" WHICHEVER IS GREATER

o
X
N

AL
f 4

EQUATION FOR DETERMINING ULTIMATE VALUE OF WELD IN
DIRECTION P Px [2L+ 97 (w — £) ] » 707F»48000.RS1.

DESIGN DATA FOR SLOT & PLUG WELDS

\

Figure 15.
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BUYT AND FILLET WELD GAUGE BUTT AND FILLET WELD GAUGE j
{INSTRUCTIONS FOR USING)

23 L
bt
"
ir Sy 13-
\ L 2 " TO DETERMINE THE SIZE OF TO CHECK THE PERMISSIBLE
. ROOT = _."Ef"\ﬂ“‘-‘)":;z?*l“ A CONVEX FILLET WELD TOLERANCE OF CONVEXITY
ore I i l{% y Zw Y
1 OFed. 29 rach oivizicns.oear® A
\ ) et
s [*is™ ﬁ; = CNLET
5 =? 31 ¢ !-
‘3.\ 2755 iz ipe 3
$ . Yo | l'LllIlihl'l £
. s -N 2u3e%e] b33 I-é- Tin
3 ;i e 4 — Sy
3 L : -t TS TIT ‘- TIoqT b
T TTTTT] [TTT i
Y s\ 111t -
. s 3 F
SIZE OF MAXIM %
q CONVEX COMVEXITYA " 3‘;‘ ;
" ; FiLLEY ACH DivIStons 03047
) 2 PLACE GAUGE AGAINST THE TOE OF AFTER THE SIZE OF A CONVEX
. 3eh THE SHORTEST LEG OF THE FILLET AND t- VELD HAS BEEN DETERMINED, PLACE THE
.-103 £ IDE POINTER OUT UNTIL' IT TOUCHES STRUC- GAUGE AGAINST THE STRUCTURE AND SLIDE
. s 4 ¢ Pod . RILL FOR 1787 FLAT KO\ WIVET TURE A4S SHOWH. POINTER UNTIL IT TOUCHES FACE OF FilL-
L " ) qi),gu oe2s” READ “SIZE OF CONVEX FILLET™ QM E2-WELD AS BHOWH,
- \'k-t Shove t f' ! EACH DIVISiON® O 023 FACE CF GAUGE, VHE MAXIMUM CONVEXITY SHOULD

HOT BC CREATER THAN THAT INDICATED &Y

- SEE GENERAL SPECIFICATIONS FOR "MAXIMUM CONVEXITY ™ FOR THE SIZE OF
. et §—— " INSPECTION OF MATERIAL=APPENDIX Vil- FILLETe BEING CHEGKED.
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SECTION T — BRAZING AND SILVER SOLDERING

T0l. Scops:

(a) Under this section the Contractor shall do all brazing amd silver-
soldering required on the project,

(b) This section shall apply to operaticns performed by any trade under
these specifieations.

T-02. ¥aterials:

-(a) Materials not specified on the drawings or in other sections of these

specifications shall meet the following minimum standards:

Flux, low melting point silver alloy, brazing 0-F-499
Pipe, brass, seamless, iron-pipe size WH-P~351
Pipe, copper, seanmless WiH-F=37Tb
Pipe fittings, bronze (screwed),l25-pounds and 250-pounds  WR-P-4L50
Pipe fittings, bushings, locknuts and plugs, brass or
bronze, iron or steel, and aluminum (screwed) 125-pounds
and 250-pounds WW-P=L71la
Tubes, condenser and ferrule stock, admiralty , WH=T=-756¢
Tubes, copper, seamless {general use) WE-T-775
Tubes, copper, seamless (6,000-psi maximum pressure) WH-T-797a
Tube, steel, alloy, round, seamless and welded QQ~-T-825
Tube, steel, and open hearth iron, seamless and welded,
boiler use T WH-T-731c
Tubing, brass, seamless WW-T=791
Tubing, copper, seamless (for use with solder-joint
or flared-tube fittings) ) WH-T=799a
Solder, brazing QQ-B-650
Sclder, silver QQ-s-5614d-
Class 4



T=03. Workmanship:

fa) General:

(ll Before being permitted to perform any production work,:each brazing and

silver soldering operator shall have passed the applicable qualification test
specified below not earlier than 365 calendar days pribr to date of receipt
of Notice to Proceed with this contract work. Hach operator shall make the
.Joints with the type of equipment and under working conditions that he is to
‘use in production., Where testing is necessary, the Contractor shall direct
and supervise the testing of operators and shall bear the expense of conducting
_these tests. 'The testing shall be witnessed by a Government Inspectnr.

(2)“‘The Contractor shall require any opsrator to repeat these tests

when, in the opinion of the Contracting Officer, there is a
reasonable doubt of the coperator's ability, arnd any such operator
shall not be permitted to resume work until he passes the retest.

(3) All qualification specimens shall be stamped, stenciled, or

otherwise indelibly marked with the operator's jdentification
number and other applicable markings sufficient to establish
the identity of the specimen.,

(4L) Operators who are qualified to work with a specific combination

(5)

(6)

(7)

of the materials listed below, shall be considered qualified to
work with this combination and all other combinations listed
helow this combination in the same class.

Operators who are to work in the field or outside of the shop
shall be required to pass qualification test No. 1. Operators who

are qualified under test No. 1 shall be considered qualified under
test No, 2. .

Operators who are to work in the shop only shall be required to
pass qualification test No. 2.

The reéults of the qualification tests, together with identification
data, shall be filed in the office of the NASA Chief Inspector.

{b) Detail Requirements:

@)

Each operator who is to do work at the construction site shall
pass qualification tests number 1 as specified below, on

the applicable material representing each composition class which
he will be required to braze. Operators who are to do work by
the face feeding method shall be qualified by that method.
Operators who are to do work by the insert method shall be
qualified by that method, Operators who are to do work by both
face feed and insert methods may be qualified by means of a single
specimen, using insert type coupling and face feed type caps.
Operators who are to do work on other than standard designed fittings
may be required to pass special qualification tests as required
by the Contracting Officer.

7T-2



{c¢) Materials:

(1) The grade, size and shape of the silver brazifig alloy to be used
shall conform to the following requirements:Y, .

Material

BRAZING ALLOY - QQ-S-561d

};J

Size and Shape For Use On

1

Mo e Class | b ing-2" Size & Under ' | Tbing—2-1/2" Size &

I170-30M 0" 70-30" ;Zi‘:r;ee 2 L "‘S,.i‘;"p lie: % ‘—Ea—'rfs Suppl;iced 3
L] Wire 1/16" Dia, ! Wire 3/32" Dia.

insert 4 As §upplied o As supplied
"70-30"to Bronze | pace Feed L %ﬁi;plﬂigﬁxnié?"x 20" %;391§§;§"1£§:f !
Copper to Bronze Eﬁi?m e "Qir?}.fpﬁééﬁi T787x 20“"%%“
Copper to Copper |Fce g i éiriﬁpﬁééﬁi 1/B7% 20" ‘gis‘ﬁ;ﬁei/&'x 35"
GRS, to 0.5, | ge SR
TR Ly o S 7
Steel to Steel ézizr;bed ﬁ ﬁgr:uiﬁizﬁdnia. ‘§§?§E§§§§§db1a.
"70-30" to Steel oo pori %?;r:“{?igﬁ%ia, ﬁiriu‘a’%;%“nia,
Copper to Steel Igizrte ﬁ ‘%grzqgﬁi;ﬁlea. ﬁzrzugfigﬁ?Dlao

(2) The combinations of fittings and tubing which are to be used are

classified as follows:

Non-Ferrous Class

Ferrous Class

Tubing Fittings Tubing Fittings
Copper-Nickel |Copper-Nickel |Corrosion Re— Corrosion He-
2110y (70:30) [Alloy(70:30) |[sisting Stesel sistant Steel
Copper~-Nickel | Bronze Corrosion Re- Steel
A1loy(70:30) sisting Steel
Copper Bronze Steel Steel
‘Copper Copper Copper-Nickel Steel

Alloy(70:30)
Copper ‘Steel
7T -3




{,ﬁ:) Qualification Test Number 1:

)

(2)

(3)

(b)

Qualificatlon test No. 1 shall consist of silver brazing a
specimen prepared in accordance with the requirements of
Figures 1 and 2, which, after brazing, shall be subjected to
a visual examination of the exterior of the agsembly, a

hydrostatic test, and a visual examination of the interior of
the assembly. :

Exterior examination of, the joints shall show a complete ring of
filler metal between the tube and the outer end of the fitting.
Surfaces of the specimen shall be fres of globules of filler metal.

Fillets, if present, shall be concave, and of the minimum practicable
dimension.

Hydrostatic test shall be held for lO-minutes at the pressure
indicated below without showing any weeps at the joint.

Tublng Test Pressure
{Younds per sq. inch)
Copper Nickel Alloy (70:30) 1600
Copper 10G0
Corrosion Resisting Steel 2700
Steel 3000

If the specimen passes the hyirostatic test, it shall be saw-cut
as Indicated in Figure 2 and visuval examination of the joints shall
show complete penetration of the filler metal throughout at least
75~percent of- the circumference of the fittings. The presence of
at least a metallic stain of silver at the end of the tubing shall
be considered as evidence of penetration of the alloy. The stain .
resulting from the penetration of the flux shall not be considered as
penetration. The metallic stain may be differentiated from the flux
by its color, which is grayish white. The flux stain is glassy

in appearance.

(e) Qualification Test Number 2;

(1)

Qualification test No. 2 shall consist of silver brazing a speciman
prepared in accordance with the requirements of Figures 3 and k,
which, after brazing, shall be subjected to a visual examination
of the exterior of .the assembly, a hydrostatic test, and a visual
examination of the interior of the assembly.



(2)

(3)
)

Exterior examination of the joints shall show a complete ring
of filler metal between the tube and the ocuter emd of the
fitting. Surfaces of the specimen shall be free of globules of

£iller metal, Fillets, if present, shall be concave, ard of
the ninimum practicable dimension.

Hydrostatic test shall be the same as for test No. l.

If the specimen passes the hydrostatic test it shall be cut as
indicated in Figure L and visual examination of ihe joints shall
show complete penetration of the filler metal throughout at least

75-perc)ant. of the circumference of the fittings. (See 7.-03(d)(4)
above.)



£2.378" 0.0. TUBNG, 8" LONG
2" COUPLING
/4

e
//T’*' b e
r |

e e N T &
1
]

L gree reates

C R O TS

et |

|

24" MIN.

\

APPROX, 8-0" FROM FLOOR.

NOTES:

I. JOINTS TO BE BRAZED IN HORIZONTAL POSITION WITHOUT
ROTATING THE ASSEMBLY.

2. AFTER JOINTS HAVE BEEN BRAZED IN THE POSITION SHOWN
ABOVE SPECIMEN SHALL BE COMPLETED AS SHOWN IN FIGURE 2.

FIG. |.-

- QUALIFICATION TEST ‘NO. L




STEEL PLATES —m—--

Lo "“'"r'
- 1
| i
[ 4
[ ]
PIPE_SUPPOAY WITH CLAMPING STRAP 7
f [ +— - .
'/ — = 3
4 PIPE,EAGH END,FOR P4 )
HMYOROSTATIC TESY —— ————
£ CAP —— ] i
..-J:.-... __.:._._.-
SAW CUT INOTE: 2) ---—: 1 ' f
/v“ B T
£.375" 0.0. TUBING ——] b | 1’
! [}
T 2 _:: ] 1
2° couPLING —————L ? " 5
u.;..-... --_u-/l H s
R A " e ol -
SAW CUT {NOTE:R)})--——-— -}~ b l o
, ——
R
AW CUT (NOTE:2)— | : : e
H (] ] [,
1 ]
X....:_a. . : - *
- [:----“.I!'

NOTES: fmm — —
l. JOINTS TO BE BRAZED IN VERTICAL POSITION WITHOUT ROTATING ASSEMBLY.
2. TUBING TO BE GUT FOR VISUAL INSPECTION AFTER HYDROSTAYIC TEST.

FiG. 2.

-

QUALIFICATION TEST NO. L.

2T T



2.375" 0.0, TUBING, 3°LONG

— 2" GOUPLING

----- CIETITLITEY

L

NOTES:
L JOINTS TO BE BRAZED IN HOR’IZON'IN. POSITIOH WITHOUT ROTATING
THE ASSEMBLY.

2. AFTER JOINTS HAVE BEEN BRAZED IN THE POSITION SHKOWN ABOVE
SPECIMEN SHALL BE COMPLETED AS SHOWN IN FIGURE 4.
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