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NOTE: This specification covers the requirenents
for aboveground | ow vacuum systens defined for the
purposes of this section as systens at pressures

| ess than atnospheric and ranging to approxi nately
100 kil opascal (29.5 inches of nercury), 1.734

kil opascal (0.25144 psi) or 13 mllimeter of mercury
29.5 inches of nercury vacuum or the approximtely
absol ute; 0.25144 pound per square inch, absol ute,
13,000 m crons of nercury absolute, or 13 torr

Drawi ngs nust conpletely detail anchors, restraining
gui des, sway braces, and shock absorbi ng provisions
to accommodate reaction forces encountered, as well
as ot her piping support elenents not covered by the
foll owi ng specifications.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itenms, choose applicable itens(s) or
insert appropriate information

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

Commrent s and suggestions on this guide specification
are wel cone and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
desi gnation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS shoul d be subnmitted as
a Criteria Change Request (CCR)
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PART 1 GENERAL

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

Use the Reference Wzard's Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

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

speci ficati on when you choose to reconcile
references in the publish print process.

EE R R R S R I R R I R S R R R R R S R I R I R R R S R R S R R O

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

AMERI CAN ASSOCI ATI ON OF STATE HI GHMAY AND TRANSPORTATI ON OFFI Cl ALS
( AASHTO)

AASHTO M 314 (1990; R 2004) Standard Specification for
Steel Anchor Bolts

AMERI CAN | NSTI TUTE OF STEEL CONSTRUCTI ON (Al SC)

Al SC 360 (2005) Specification for Structural Stee
Bui I di ngs, with Conmmentary

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWAA)
AWM C207 (2007) Standard for Steel Pipe Flanges for
Wat er wor ks Servi ce-Si zes 100 nm t hr ough
3600 mMm 4 in. through 144 in.

AWM C208 (2007) Standard for Dinensions for
Fabricated Steel Water Pipe Fittings

AWM C504 (2006) Standard for Rubber- Seated
Butterfly Val ves

AMERI CAN VELDI NG SCCI ETY ( AW5)

AVS VHB- 2. 9 (2004) wel di ng Handbook; Vol unme Two -
Wl di ng Processes

ASME | NTERNATI ONAL ( ASME)

ASME B16. 1 (2005) Standard for Gray Iron Threaded
Fittings; dasses 125 and 250

ASME B16. 11 (2005) Forged Fittings, Socket-Wl ding and
Thr eaded
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ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

ASME

B16. 22

B16. 3

B16. 39

B16. 5

B16. 9

B18.2.1

B18. 2. 2

B31.1

B31. 3

B40. 100

B46. 1

(2001; R 2005) Standard for Wought Copper
and Copper Alloy Sol der Joint Pressure
Fittings

(2006) Malleable Iron Threaded Fittings,
Cl asses 150 and 300

(1998; R 2006) Standard for Malleable Iron
Threaded Pi pe Uni ons; C asses 150, 250,
and 300

(2009) Standard for Pipe Flanges and
Fl anged Fittings: NPS 1/2 Through NPS 24

(2007) Standard for Factory-Made W ought
Steel Buttwelding Fittings

(1996; Addenda A 1999; Errata 2003; R
2005) Square and Hex Bolts and Screws
(I'nch Series)

(1987; R 2005) Standard for Square and Hex
Nut s

(2007; Addenda 2008) Power Pi pi ng
(2008) Process Piping

(2005) Pressure Gauges and Gauge
Attachnents

(2002) Surface Texture (Surface Roughness,
Wavi ness and Lay)

ASTM | NTERNATI ONAL (ASTM

ASTM A 105/ A 105M

ASTM A 126

ASTM A 139/ A 139M

ASTM A 181/ A 181M

ASTM A 183

ASTM A 197/ A 197M

ASTM A 216/ A 216M

(2005) Standard Specification for Carbon
Steel Forgings for Piping Applications

(2004) Standard Specification for G ay
Iron Castings for Valves, Flanges, and
Pi pe Fittings

(2004) Standard Specification for
El ectri c- Fusi on (ARC)-Wl ded Steel Pipe
(NPS 4 and over)

(2006) Standard Specification for Carbon
St eel Forgings, for General-Purpose Piping

(2003; R 2009) Standard Specification for
Carbon Steel Track Bolts and Nuts

(2000; R 2006) Standard Specification for
Cupol a Mall eabl e Iron

(2008) Standard Specification for Stee
Castings, Carbon, Suitable for Fusion
Wl di ng, for High-Tenperature Service

SECTION 40 18 00 Page 5



ASTM A 234/ A 234M

ASTM A 307

ASTM A 351/ A 351M

ASTM A 436

ASTM A 53/ A 53M

ASTM A 694/ A 694M

ASTM B 148

ASTM B 164

ASTM B 280

ASTM B 370

ASTM B 62

ASTM B 749

ASTM C 592

ASTM C 920

ASTM D 2000

ASTM E 1

(2007) Standard Specification for Piping
Fittings of Wought Carbon Steel and All oy
Steel for Moderate and H gh Tenperature
Servi ce

(2007b) Standard Specification for Carbon
Steel Bolts and Studs, 60 000 PSI Tensile
Strength

(2006) Standard Specification for
Castings, Austenitic, Austenitic-Ferritic
(Dupl ex), for Pressure-Containing Parts

(1984; R 2006) Standard Specification for
Austenitic Gray Iron Castings

(2007) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess

(2008) Standard Specification for Carbon
and Alloy Steel Forgings for Pipe Flanges,
Fittings, Valves, and Parts for

Hi gh- Pressure Transni ssion Service

(1997; R 2003el) Standard Specification
for Al um num Bronze Sand Casti ngs

(2003; R 2008) Standard Specification for
Ni ckel - Copper Alloy Rod, Bar, and Wre

(2008) Standard Specification for Seam ess
Copper Tube for Air Conditioning and
Refrigeration Field Service

(2009) Standard Specification for Copper
Sheet and Strip for Building Construction

(2009) Standard Specification for
Conposition Bronze or Qunce Metal Castings

(2003) Standard Specification for Lead and
Lead Alloy Strip, Sheet and Plate Products

(2008a) Standard Specification for M neral
Fi ber Bl anket |nsulation and Bl anket - Type
Pi pe Insulation (Metal-Msh Covered)
(I'ndustrial Type)

(2008) Standard Specification for
El ast oneric Joint Seal ants

(2008) Standard O assification Systemfor
Rubber Products in Autonotive Applications

(2007) Standard Specification for ASTM
Li qui d-in-d ass Thernoneters
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ASTM F 1120 (1987; R 2004) Standard Specification for
Circular Metallic Bellows Type Expansion
Joints for Piping Applications

ASTM F 147 (1987; R 2003) Standard Test Method for
Flexibility of Non-Metallic Gasket Materi al

ASTM F 568M (2007) Standard Specification for Carbon
and Alloy Steel Externally Threaded Metric
Fast eners

FLU D SEALI NG ASSOCI ATI ON ( FSA)

FSA- 0017 (1995e6) Standard for Non-Metallic
Expansi on Joints and Fl exi bl e Pi pe
Connect ors Techni cal Handbook

| NSTI TUTE OF ENVI RONMENTAL SClI ENCES AND TECHNOLOGY (| EST)

| EST- STD- CC1246D (2002) Product d eanliness Levels and
Cont am nati on Control Program

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MSS)

MBS SP-104 (2003) Standard for Wought Copper Sol der
Joint Pressure Fittings

MBS SP-43 (2008) Standard for Wought Stainless
Steel Butt-Wlding Fittings

MBS SP-58 (2002) Standard for Pipe Hangers and
Supports - Materials, Design and
Manuf act ur e

MBS SP- 67 (2002a; R 2004) Standard for Butterfly
Val ves

MBS SP- 69 (2003; R 2004) Standard for Pipe Hangers
and Supports - Sel ection and Application

MBS SP-72 (1999) Standard for Ball Valves with
FI anged or Butt-Wel ding Ends for General
Service

MBS SP- 80 (2008) Bronze Gate, d obe, Angle and Check
Val ves

MBS SP- 83 (2006) Standard for dass 3000 Steel Pipe

Uni ons Socket Wl ding and Threaded
VMBS SP- 86 (2002) Quidelines for Metric Data in
Standards for Valves, Flanges, Fittings
and Actuators
SCCI ETY OF AUTOMOTI VE ENG NEERS | NTERNATI ONAL ( SAE)
SAE AMS- C- 6183 (1998; R 2007) Cork and Rubber Conposition
Sheet; for Aromatic Fuel and O Resistant
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Gasket s
U. S. DEPARTMENT OF DEFENSE ( DCD)

M L- L- 25567 (Rev E; Notice 1) Leak Detection Compound,
Oxygen Systens (Metric)

U.S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)

FS FF-S-325 (I'nt And 3) Shield, Expansion; Nail,
Expansi on; and Nail, Drive Screw (Devices,
Anchoring, Msonry)

1.2 SUBM TTALS

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEEEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Review Subnittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnittals
required for the project. Submittals should be kept
to the mninumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
subnmittals are already marked with a “G'. Only
delete an existing “G if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags may be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Management System (RMB) are: "AE" for
Architect-Engineer; "DO for District Ofice

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

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

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

Covernment approval is required for submittals with a "G designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the subnmittal for
the Governnment.] Submt the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs

Submit Detail Drawi ngs in accordance with paragraph entitled,
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"CGeneral Requirenents," of this section.

Submit installation drawi ngs for | ow vacuum pi ping systens in
accordance with paragraph entitled, "Aboveground Piping Systens
Installation," of this section.

SD- 03 Product Data
Submit manufacturer's catal og data for the follow ng itens:

Aboveground Piping Materials
Val ves

M scel | aneous Material s
Supporting El enents

SD-06 Test Reports

Submit test reports for the follow ng itens show ng Governnment and
Contractor test personnel responsibilities, dates, test gage
identification nunbers, anbient tenperatures, pressure ranges,
rates of pressure drop, and | eakage rates.

Hydrostatic Tests
Leakage Tests

SD-07 Certificates

Submit certificates for the following itens show ng confornmance
with the referenced standards contained in this section

Aboveground Piping Materials
Val ves

M scel | aneous Materi al s
Supporting El enents

1.3 GENERAL REQUI REMENTS

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

NOTE: If Section 23 00 00 AIR SUPPLY, DI STRI BUTI ON
VENTI LATI ON, AND EXHAUST SYSTEMS is not included in
the project specification, applicable requirenents
therefrom should be inserted and the first paragraph
deleted. If Section 23 05 48 VI BRATI ON AND SEI SM C
CONTRCOLS FOR HVAC PI PI NG AND EQUI PMENT i s not

i ncluded in the project specification, applicable
requi renents therefromshould be inserted and the
second paragraph deleted. |If Section 40 17 30.00 40
VELDI NG GENERAL PIPING is not included in the

proj ect specification, applicable requirenments

t herefrom shoul d be inserted and the third paragraph
del et ed.

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

[Section 23 00 00 AIR SUPPLY, DI STRIBUTI ON, VENTILATI QN, AND EXHAUST
SYSTEMS apply to work specified in this section.]

[ Section 23 05 48 VI BRATI ON AND SEI SM C CONTROLS FOR HVAC PI PI NG AND
EQUI PMENT applies to work in this section.]
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[ Section 40 17 30.00 40 WELDI NG GENERAL PI PI NG applies to work specified in
this section.]

Detail Drawi ngs must include the manufacturer's design and construction
calculations, the forces required to obtain rated axial and latera
novenents, installation criteria, anchor and guide requirenments, and al
ot her pertinent data required for evaluation of proposed equi pnent.

Drawi ngs nmust specifically call out the procedures to be foll owed and
provi sions required to protect expansion joints during specified testing
operati ons.

In lieu of separate hangers, the Contractor may subnit for approval a
detail draw ng of proposed trapeze hangers with turnbuckles on rods and a
solid or split-ring clamp for each pipe.

PART 2 PRODUCTS

2.

2.

1  ABOVEGROUND PI PI NG MATERI ALS

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: Coordi nate indicated and specified vacuum and
pressure ratings with test criteria.

EE R R R S I R R I R I R S R R R R R S R R I R R R R R R R R O

1.1 Vacuum Systens To 100 Kpa 29.5 Inches OF Mercury Vacuum
Type BCS: Bl ack carbon stee

Pi pe DN6 through DN30 1/8 inch through 1-1/2 inches: Schedule 40, furnace
butt weld, black carbon steel, conformng to ASTM A 53/ A 53V, Type F

Pi pe DN5O t hrough DN200 2 t hrough 8 inches where indicated: Schedule 40,
seam ess (Type 5) or electric (Type E) resistance-wel ded, black carbon
steel, conformng to ASTM A 53/ A 53V, Grade B, Type [E] [S]. G ade A
shoul d be used for pernmissible field bending.

Fittings DN50 2 inches and under: 1050 kil opascal 150-pounds per square
inch, gage (psig) working steam pressure (wsp), banded, black nalleable
iron, screwed, conformng to ASTM A 197/ A 197, ASTM A 234/ A 234N and
ASME B16. 3

Uni ons DN50 2 inches and under: 1724 kil opascal 250-psig wsp, fenale,
screwed, black malleable iron, with brass to iron seat and ground joint,
conform ng to ASME B16.39 and MSS SP- 83

Couplings DN50 2 inches and under: Standard wei ght, screwed, black carbon
st eel

Fittings DN65 2-1/2 inches and over: Steel, butt weld, conforming to
MSS SP-43, ASTM A 234/ A 234N and ASME B16.9

Fl anges DN65 2-1/2 inches and over: 1050 kil opascal 150-psig wsp, forged
steel, welding neck, to match pipe wall thickness, conformng to ASVE B16.5
and ASTM A 694/ A 694M

Grooved pipe couplings and fittings DN65 2-1/2 inches and over: Contractor
has the option of using malleable iron couplings and fittings confornmng to
requi renents specified under "G ooved Pipe Couplings and Fittings" in this

section
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Type GCS: (al vani zed carbon stee

Pi pe DN6 through DN4O 1/8 inch through 1-1/2 inches: Schedule 40, furnace
butt weld, black carbon steel, conformng to ASTM A 53/ A 53V, Type F

Pi pe DN50 through DN200 2 through 8 inches where indicated: Schedul e 40,
seam ess or electric resistance wel ded, gal vani zed steel, confornming to
ASTM A 53/ A 53N, Grade B, Type E or S

Fittings DN200 and under: 1050 kil opascal 8 inches and under: 150-psig
wsp, banded, gal vani zed, nmalleable iron, screwed, confornmng to
ASTM A 197/ A 197N, ASTM A 234/ A 234N and ASME B16. 3

Uni ons DN50O and under: 2068 kil opascal 2 inches and under: 300-psig wsp,
femal e, screwed, galvanized, nalleable iron with brass to iron seat and
ground joint conform ng to ASME B16. 39.

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

NOTE: Type SWP wal |l thickness is based on stress
val ues of 86.2 Megapascal 12,500 pounds per square
inch (psi), 85 percent of external average coll apse
pressure with a safety factor of 4.

EE R I R R S b b R S b I b R S R b S R I S S I R S R I S b I R I R I I R O I
Type SWP: Spiral wel ded pi pe
Pi pe [ DN150 t hrough DN9006 through 36 inches:] Electric fusion welded,

carbon steel, conformng to ASTM A 139/ A 139V, Grade B, with wall thickness
as foll ows:

NOM NAL M NI MUM
DI AVETER WALL THI CKNESS
M LLI METER M LLI METER (| NCH)
300 3.18 (0. 125)
350 3.58 (0.141)
400 4.37 (0.172)
450 4.78 (0.188)
550 5.56 (0.219)
600 6.35 (0.250)
700 7.14 (0.281)
750 7.92 (0.312)
900 9.53 (0.375)
NOM NAL M NI MUM
DI AVETER WALL THI CKNESS
| NCHES | NCH

12. 00 0. 125
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NOM NAL M NI MUM

DI AMETER WALL THI CKNESS
I NCHES I NCH
14. 00 0. 141
16. 00 0.172
18. 00 0.188
22.00 0. 219
24. 00 0. 250
28. 00 0.281
30. 00 0. 312
36.00 0. 375

Refer to "Supporting Elements Installation" in this section for
addi ti onal requirenents.

Fittings Specify materials and thicknesses
(all sizes) for pipe. Fittings configura-
tion and di nensi ons nmust conformto
AWM C208, Tables 1 and 2
and MSS SP- 86

Fittings must be butt weld end type

13789 kil opascal, 2,000 pounds per square inch (psi),
forged carbon steel, threaded

hal f coupling, conformng to ASTM A 105/ A 105M

and ASME B16. 11

Retap threads after welding.

Fl anges Forged carbon steel, slip-on type, con-

(all sizes) formng to ASTM A 181/ A 181N, Class 60 or 70
and AWM C207, Cass D, and ASTM A 105/ A 105M
concentric serrated finish

[ G ooved couplings Refer to "G ooved Pipe Couplings and
Fittings" in this section
Pi pe ends nust have wel ded collars
grooved to fit couplings, fabricated
from ASTM A 53/ A 53N pi pe.]

2.1.2 Control And Instrumentation System Tubing

Type CPR-C& : Copper

Tubi ng

Al sizes DN8 1/4-inch mnimum Hard drawn or anneal ed, seanl ess
copper, conformng to ASTM B 280, No. C12200

Fittings
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2.

2.1. 4

2.

2.

Al sizes: Solder joint, wought copper, conformng to ASVE B16.22 and
MSS SP-104
Bal | sl eeve conpression type, rod or
forged brass conforning to SAE A 360 or SAE
CA 377, UL-approved, with mninum pressure rating
of 1380 kil opascal at 38 degrees C 200 psi at 100 degrees F
Sol der

95-5 tin-antinony, alloy Sbh5, conforning
to AW5S WHB- 2. 9.

1.3 Pressure Gages

Pressure gages nust conformto ASME B40.100 and to requirenments specified
herein. Pressure gages must be Type Il, Cass 1 (pressure); Cass 2
(vacuum; or Class 3 (pressure-vacuun). Pressure gage size must be 90
mllineter 3-1/2 inches nom nal diameter. Case must be corrosion-resistant
steel conforming to any of the AISI 300 series with an ASM No. 4 standard

commercial polish or better. Equip all gages with adjustable red marking
poi nter and danper screw adjustment in inlet connection.

Ther nonet er s

Thernoneters nmust conformto ASTM E 1. Thernoneters mnmust be industrial
pattern Type |, Cass 3. Thernoneters installed 1830 mllineter 6 feet or
hi gher above the floor nust have an adjustabl e angle body. Scal e nust be

not

1

5

|l ess than 175 millinmeter 7 inches |ong, and case face to be

manuf actured from manufacturer's standard polished al um numor Al SI 300
series polished corrosion-resistant steel. |Indicate thernmoneter range.
Provi de thermonmeters with nonferrous separable wells.

Grooved Pipe Couplings And Fittings

Coupl i ngs must have a housing fabricated in two or nore parts of malleable
iron castings. Coupling gasket must be nol ded synthetic rubber, conformng
to requirements of ASTM D 2000. Coupling bolts must be oval neck track
head type wi th hexagonal heavy nuts, conformng to ASTM A 183.

Pipe fittings used with couplings nust be fabricated of nalleable iron
castings. Were a manufacturer's standard size nalleable iron fitting
pattern is not available, use fabricated fittings.

Fabricate fittings from Schedule 40 or 9.53 mllineter 0.375-inch wall
ASTM A 53/ A 53N, seaml ess steel pipe; |ong-radius seam ess welding fittings
with wall thickness to match pipe, conformng to ASTM A 234/ A 234N,

ASME B16.9 and MSS SP-43.

1

6

Metal I i ¢ Expansion Joints

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

NOTE: This specification does not include slip type
expansion joints or ball joints.

Rk Rk kR IR R R Sk O kb S O I AR R R R Rk O ok O O R IR I bk S A R

Expansi on joints nmust be packl ess bell ows type conformng to ASTM F 1120,
except as otherw se nodified or suppl enented by requirenents.
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Design netallic bellows in accordance with ASVE B31. 3, Appendi x X, and
St andards of the Expansion Joint Manufacturers Association.

Expansi on joints nmust be [Type |, Cass 1.] [Type |, Oass 2.] [Type |l
Class 1.] [Type II, Cass 2.] [tied, hinged, or ginbaled.]

Desi gn and construct joints to absorb all noverment of the pipe sections in
which they are installed with no detrimental effect on the pipe or
supporting structure.

[ Operating pressures and tenperatures for each joint nmust be as shown.]

[ Rate, design, and construct joints for service with vacuumto 2 mllineter
of mercury absolute, pressures to 345 kil opascal 50 psig, and tenperatures
to 121 degrees C 250 degrees F.]

[ Rate, design, and construct joints for service with vacuumto 2 mllineter
of mercury absolute, pressures to 1050 kil opascal 150 psig, and
tenmperatures to 260 degrees C 500 degrees F.]

Design joints with bursting strength in excess of four tines their rated
pressure.

Joints nmust be capable of withstanding a Hydrostatic Tests of 1.5 tines
their rated pressure without | eakage or distortion while held at their
unconpressed |l ength. Life expectancy nust be not |ess than 10, 000 cycl es.

Moverrent capability of each joint nust exceed cal cul ated novenent of piping
by [33] [ ] percent.

Bel l ows and internal sleeve material must be AISI 304[L]

corrosion-resistant steel. Use Type C 22 Hastelloy alloy for bellows
exposed to highly corrosive environnents, such as those found within 1 mle
of the ocean or at a launch pad utilizing propellants with corrosive
exhaust products.

End connections nust be as indicated and require no field preparation
ot her than mai ntenance of cl eanliness.

[Butt weld end preparation of expansion joints nust conformto the sane
codes and standards requirenents as applicable to the piping system
materials at the indicated joint |ocation.]

[ Fl anges of flanged end expansion joints nmust conformto the sane codes and
standards requirenents as are applicable to conpanion flanges specified for
the given piping systemat the indicated joint |ocation.]

Van stone flanges nmust not be acceptable.

Joints 65 millimeter 2-1/2 inches and smaller must have internal guides and
limt stops.

Provide joints 75 mllineter 3 inches and | arger with renovabl e externa
covers, internal sleeves, and purging connection. Size sleeves to
accommdate | ateral clearance required with mnimumreduction of flow area
usi ng oversized bell ows where necessary. Wen sleeve requires a gasket as
part of |ocking arrangenent, this gasket nust be provided by the

manuf acturer. Joints w thout purging connections may be provided; however,
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these must be renpved fromthe line or not installed until after cleaning
operati ons have been conpl et ed.

[Provide cylindrical end portion of the reinforced bellows elenent with a
thrust sleeve of sufficient thickness to bring this portion within
appl i cabl e code allowabl e stress. This sl eeve nmust provide 360-degree
support for the element and end reinforcing ring.]

[ Expansi on joints nust have four, equidistant, permanent tram points
clearly marked on each joint end. Locate points to prevent obliteration
during installation. Distance between trampoints (indicating installed

| engths) nmust be as noted. Overall dinmension is subject to approval by the
Contracting Oficer after joint installation.]

Expansi on joints rmust have adjustable clanps or yokes provided at quarter
points straddling the bellows. Set overall joint length by the
manufacturer to maintain joints in manufacturer's recomended position
during installation.

Clearly and legibly mark joints with the manufacturer's name or trademark
and serial number and with the size and series or catal ogue nunber, bell ows
material, and directional flow arrow.

Preservation provisions nmust be Level A of ASTM F 1120.
Packi ng provisions must be Level B of ASTM F 1120.

.2 VALVES

2.1 Bal | Val ves, Vacuum ( BAW)

Bal | val ves must conformto MsSS SP-72 Style [1] [3].

Val ves nust be UL approved for certain conpressed gases and a pressure
rating of not |less than 1210 kil opascal at 93 degrees C 175 psi at 200
degrees F; and certified suitable for |eaktight service under a vacuum of 2
mllinmeter of mercury absol ute.

Val ve bodies in sizes DN50 2-inch iron pipe size (ips) and smaller nust be
screwed- end- connection type constructed of Cl ass A copper alloy.

Val ve bodies in sizes DN75 2-1/2-inch ips and | arger nust be
fl anged- end- connection type constructed of Class [D [E] [F] material
unl ess ot herw se specifi ed.

Bal |l s and stens of valves DN50 2-inch ips and snaller nust be

manuf acturer's standard Cl ass A copper alloy with 900 Brinell hard
chrone-plating finish or Class C corrosion-resistant steel alloy with hard
chrone-plating. Electroless nickel-plating is acceptable.

Bal | s and stens of valves DN75 2-1/2-inch ips and | arger nust be

manuf acturer's standard Class C corrosion-resistant steel alloy with hard
chrone-plating. 1In valves DN150 6-inch ips and |arger, balls nmay be C ass
Dwith 900 Brinell hard chrone-plating. Electroless nickel-plating is
accept abl e.

Val ves nmust be suitable for flow fromeither direction and sealed tightly
in either direction.
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2.

Val ves nust have full pipe size flow areas where noted.

Valves with ball seats kept in place by spring washers are not acceptable.
Seats and seals nust be filled tetrafluoroethyl ene or manufacturer's
standard naterial for the specified service.

Val ve body construction nust be such that:

Torque froma pipe with valve installed nust not tend to di sassenble
the valve by stripping setscrews or by |oosening body end inserts or
coupl i ng nuts.

Resi st torque froma pipe by a one-piece body between end connections
or by bolts in shear where body is of mating flange or surface bolted
construction.

2.2 Butterfly Val ves, Vacuum ( BUW)

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

NOTE: Review service tenperature range prior to
selection of materials to ensure long elastomer life
under nonl ubricated conditions.

The following is limted to valve sizes through
DN1050 42 inches. Draw ngs rmust show tenperature
range and negative (vacuum) and positive pressures
at which systemw |l operate. Check for sonic
velocities. Coordinate with shaft selection. Mass
spectroneter tests utilizing heliumshould be
specified only if necessary with | eak detector
sensitivity of at least 1 tinmes 10 to the minus 6

cubic centinmeter per second.
EIE I R R R R I S I I IR I I I I I R R S I I IR R R I I I I R I S I R I I I R I I S I b b b b I b I b I b I b b b b b I I b I b b b I

Butterfly val ves nmust conformto MSS SP-67.

Butterfly val ves through DN500 20 inches must be wafer type; in sizes

| arger than DN500 20 inches, valves nust be the two-flange type for
mounti ng between specified flanges. Drilled and tapped holes at the valve
bearing areas will be acceptable for valves | arger than DN500 20 i nches.

Rate val ves for indicated velocities and shutoff and nonshock working
pressure.

Body nust be cast ferrous netal conforming to mninmumrequirements of
ASTM A 126, Class B and to ASME B16.1 for body wall thickness.

Certify all sizes of valves as tested and suitable for |eaktight service
under a vacuumof 2 millinmeter of mercury absol ute.

Layi ng | engths of wafer valves nust conformto M5SS SP-67.

Layi ng I engths of flanged val ves nust conformto AWM C504, Table 3, and
VMBS SP-86 short body | ength.

Di sk nust be free of external ribs and streamlined. Fabricate disk from
cast ferrous or nonferrous alloys conform ng to ASTM A 436, Type 2
copper-free (austenitic cast iron), ASTM A 216/ A 216N, G ade WB (cast
steel), ASTM A 351/ A 351N, Grade CF8M (corrosion-resistant steel), or
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ASTM B 148, No. C95500 (al unmi num bronze).

[ Wher e vacuum pi pi ng systens are corrosion-protected internally, all
ferrous val ve surfaces exposed to airstream nmust be of corrosion-resistant
steel or electroplated or flanme-sprayed with a corrosion-resistant neta
such as alum num zinc, tin or cadmum Protection provided nust be
specifically certified as suitable for the intended service.]

Fabricate shaft from AlSI 300 series or 17-4 pH corrosion-resistant steel,
or nickel -copper alloy conformng to ASTM B 164, and may be one piece or
stub-shaft type. Extend stub shafts into the disk hub at |east 1-1/2 shaft
di aneters. Design the connection between the valve shaft and disk to
transmt shaft torque equivalent to not |ess than 75 percent of the
torsional strength of the m nimumrequired shaft dianeter. M ni mum nom na
shaft dianeter for all valves nust be in accordance with the followi ng list:

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

NOTE: Select the followi ng based on AWM C504,
Cl ass 25A, and MSS SP-86 for normal service where
dynamic torque is not involved.

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

VALVE S| ZE SHAFT DI AVETER VALVE S| ZE SHAFT DI AVETER

M LLI METER ( DN) M LLI METER M LLI METER ( DN) M LLI METER
75 13 (1/2) 400 34 (1-3/8)
100 16 (5/8) 450 38 (1-1/2)
150 19 (3/4) 500 38 (1-1/2)
200 22 (7/8) 600 44 (1-3/4)
250 25 (1) 750 50 (2)
300 28 (1-1/8) 900 63 (2-1/2)
350 31 (1-1/4) 1050 72 (2-7/8)

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: Select the followi ng based on AWM C504,
Class 75B, and MSS SP-86 where shaft dianmeters are
suitable for seating and cal cul ated dynanic torque.

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

VALVE SI ZE SHAFT DI AVETER VALVE SI ZE SHAFT DI AVETER
I NCHES I NCHES I NCHES I NCHES
3 1/ 2 16 1-3/8
4 5/ 8 18 1-1/2
6 3/4 20 1-1/2
8 7/ 8 24 1-3/ 4
10 1 30 2
12 1-1/8 36 2-1/2
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VALVE S| ZE
| NCHES

14

VALVE S| ZE
M LLI METER ( DN)

75

100

150

200

250

300

350

SHAFT DI AMETER
| NCHES

1-1/4

SHAFT DI AMETER
M LLI VETER

13 (1/2)
16 (5/8)
19 (3/4)
22 (718)
25 (1)

28 (1-1/8)

35 (1-3/8)

VALVE S| ZE
| NCHES

42

VALVE S| ZE
M LLI METER ( DN)

400

450

500

600

750

900

1050

SHAFT DI AMETER
| NCHES

2-7/8

SHAFT DI AMETER
M LLI METER

38 (1-1/2)
41 (1-5/8)
48 (1-7/8)
57 (2-1/4)
70 (2-3/4)
89 (3-1/2)

95 (3-3/4)

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: Select the followi ng based on AWM C504,

O ass 150B, and MSS SP-86 where shaft dianeters are
suitable for seating and cal cul ated dynam c torque.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

VALVE S| ZE
| NCHES

3

4

10
12
14

VALVE SI ZE
M LLI METER ( DN)

75

100

150

200

250

SHAFT DI AMETER
| NCHES

1/2
5/ 8
3/4
7/8

1
1-1/8
1-3/8

SHAFT DI AMETER
M LLI VETER

13 (1/2)
16 (5/8)
25 (1)

28 (1-1/8)

35 (1-3/8)

VALVE S| ZE
| NCHES

16
18
20
24
30
36
42

VALVE SI ZE
M LLI METER ( DN)

400

450

500

600

750
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SHAFT DI AMETER
| NCHES

1-1/2
1-5/8
1-7/8
2-1/4
2-3/4
3-1/2
3-3/4

SHAFT DI AMETER
M LLI METER

50 (2)
57 (2-1/4)
63 (2-1/2)
76 (3)

92 (3-5/8)



VALVE S| ZE SHAFT DI AVETER VALVE S| ZE SHAFT DI AVETER
M LLI METER ( DN) M LLI METER M LLI METER ( DN) M LLI METER
300 38 (1-1/2) 900 111 (4-378)
350 44 (1-3/4) 1050 127 (5)
VALVE S| ZE SHAFT DI AVETER VALVE S| ZE SHAFT DI AVETER
| NCHES | NCHES | NCHES | NCHES
3 1/ 2 16 2
4 5/8 18 2-1/ 4
6 1 20 2-1/2
8 1-1/8 24 3
10 1-3/8 30 3-5/8
12 1-1/2 36 4-3/8
14 1-3/ 4 42 5

In the sealing areas, shaft nmust have a surface finish conformng to
ASME B46.1, 0.27 millimeter root mean square or better.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: Cycle life of elastonmer is severely reduced
in dry service as pressure and tenperature increase
typically: 4,000 cycles at 24 degrees C at 1050
kil opascal 75 degrees F at 150 psi; 250 cycles at
107 degrees C at 517.1 kil opascal 225 degrees F at
75 psi. Rewite follow ng paragraph to include
cycle life if necessary.

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

Seats and seals nmust be resilient elastomer type. Seats nust be
mechani cally retained type, designed for field renpval and repl acenent
unl ess otherw se specified. Formulate elastonmers for continuous

nonl ubri cated service at indicated tenperatures and pressures.

[ Seats nust be bonded type. Where bondi ng adhesives are used, these nust
comply with el astomer tenperature requirenments and have an effective life
equal to or greater than the el astoner.]

[Seats may be installed in the val ve body or on the disk, except that
circular cross-section Oring construction is not acceptable.]

Shaft seals nust be of the four Oring type, nmounted in a nonferrous netal
cage. Use two rings as a shaft seal; use the other two rings as a housing
seal. Make provisions to introduce hi gh-vacuum grease to lubricate all

four Orings. Submit high-vacuum grease for Contracting O ficer approval.

Seat or disk mating surfaces nmust be corrosion-resistant steel, austenitic
gray cast iron, or bronzes specified for the disk or the materials
specified for stens. Wl d these materials to substrate and ground or
nechanically retain. Plated or simlarly applied surfacing materials are
not acceptabl e.
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Bearings nmust be sl eeve type of manufacturer's standard corrosion-resistant
steel, bronze, nickel-copper alloy, or filled tetrafluoroethylene. Design
bearings for a pressure not exceeding the published design |oad for the
bearing material or one-fifth of the conpressive strength of the bearing or
shaft material. Provide operating end of the shaft with dual inboard
bearings or a single inboard and an outboard bearing in or beyond the

oper ator.

Provi de val ves | arger than DN500 20 inches with thrust bearings set to hold
disk firmy in place.

Provide | ocking feature to nmake val ve tanperproof where indicated.

Provi de manual nonchai n-operated val ves through DN200 8 inches with not
| ess than nine-position-level |ock handl es not exceeding 450 mllineter 18
inches in | ength.

Manual val ves DN250 10 inches and larger, or smaller if the application
torque exceeds a pull of 110 newton-neter 80 foot-pounds or if so
i ndi cated, provide with gear operators.

Wiere val ves are indicated to be chain operated, equip all sizes with gear
operators, and chain length nust be suitable for proper storage and
operati on.

Gear operators nust be wormgear type. GCears nust be hob-cut and totally
enclosed in a cast-iron housing suitable for grease or oil-flood

| ubrication. Support gears and gear shafts on bronze or
corrosion-resistant, lubricated bearings. Size operators to provide the
required torque, static or dynamc, with a maxi nrum manual pull of 110
newt on- neter 80 foot-pounds on the handwheel or chain wheel.

Modul ating or renptely actuated two-position service val ves, where

i ndi cated, provide with pneunatic operators, pilot positioners, valve
position indicators, and boosters and rel ays where necessary. Note
operating air-supply pressure.

Maxi mum | oad on a pneumatic operator must not exceed 85 percent of rated
operator capacity.

. 2.3 Di aphragm Control And | nstrunent Val ves (DClV)

Di aphragm val ves in sizes DN8 and DN10 1/4- and 3/8-inch nust have a forged
brass body with reinforced tetrafl uoroethyl ene di aphragm an Al SI 300
series corrosion-resistant steel spring, and a round phenolic handle. Fit
handl e with | SA col or code di sks.

. 2.4 Gage Cocks (GO

Gage cocks must be T-head or |ever handl e ground key type with washer and
screw, constructed of polished ASTM B 62 bronze and rated for 862

ki | opascal 125-psi saturated steam service. End connections nust suit the
service, with or w thout union and nipple.

.2.5 G obe And Angle Valves (GLV And ANV)

d obe and angl e val ves DN50 2 inches and snaller, nmust conformto MSS SP-80
and to requirenents specified herein. Valves nust be union-ring bonnet,
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2.

screwed end type with backseating stem Disk nust be free to swivel on the
stemin all valve sizes and have a fiberglass filled, tetrafluoroethyl ene
composition seating surface. Packing nust be woven non-asbestos fi ber

i mpregnated with not | ess than 25 percent, by weight, of

tetrafl uoroethyl ene resin

.3 M SCELLANEQUS MATERI ALS

. 3.1 Bol ti ng

Fl ange and general purpose bolting nust be hex-bolts and conformto
ASTM F 568N ASTM A 307, Grade B. Heavy hex-nuts shall conformto
ASME B18.2.1 ASME B18.2.2. Square-head bolts and nuts are not acceptable.

.3.2 El ast oner Cal k

Pol ysul phi de or pol yurethane base el astoner cal king naterial nust be
t wo- conponent conforming to ASTM C 920.

.3.3 Fl ashi ng

Lead

Sheet |lead must conformto ASTM B 749 , Grade [B] [C] [Dl and wei gh not
| ess than 95 kil ogram per square neter 4 pounds per square foot.

Copper

Sheet copper nust conformto ASTM B 370 and weigh not less than 5
kil ogram per square neter 16 ounces per square foot.

.3.4 Fl ange Gaskets

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: For average vacuum servi ce application use
chl oroprene, 60 to 65 shore a duroneter hardness.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

Type A: Soft chl oroprene sheet, 45 to 60 Shore A duroneter hardness,
conformng to ASTM F 147 and SAE AMS-C-6183, Type Il, Cass 2, Grade A

Type B: Medi um chl oroprene sheet, 60 to 65 Shore A duroneter hardness,
conform ng to ASTM F 147 and SAE ANV5- C-6183, Type Il, Cass 2, Gade B

Type C.  Firmchl oroprene sheet, 70 to 80 Shore A duromneter hardness,
conformng to ASTM F 147 and SAE AMS-C-6183, Type |1, Cass 2, Grade C

.3.5 Pi pe Thread Conpounds

Tetrafl uoroet hyl ene tape not less than [ ] [0.0508] millineter [2] mls
thick nmust be used in conpressed air systens for pipe sizes to and including
DN25 1-inch ips. Tetrafl uoroethyl ene dispersions and other suitable
conpounds nmay be used for all other applications upon approval by the
Contracting O ficer.

4 SUPPORTI NG ELEMENTS

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: Type SWP pi ping horizontal and vertica
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pi ping attachnments and mi || -provided reinforcenent
of piping should be detailed to suit project
conditions. Support spacing should be based on an
al | owabl e bendi ng stress of approxi mately 20700

ki | opascal (3000 psi), 3,000 pounds per square inch
desired deflections, and natural frequency of piping

when connected to pul sating equi prent.
ER R IR I I R R R R R I I R R R R R I I I R R R R S I I R R R R I I I I R R R R I I R O I I I I R R R R R I I I

2.4.1 Supports

Provide all necessary piping system conmponents and m scel | aneous supporting
el ements, including but not limted to, building structure attachnents,
suppl enentary steel, hanger rods, stanchions and fixtures, vertical pipe
attachments, pipe attachnments, anchors, guides, shock absorbers, and

vari abl e and constant supports. All supporting elenents nust be suitable
for stresses inposed by system pressures and tenperatures and natural and
other external forces. Refer to Section 23 05 48 VI BRATI ON AND SEI SM C
CONTROLS FOR HVAC PI PI NG AND EQUI PMENT for vibration isolation

consi derati ons.

Supporting el ements nust be UL approved or listed and conformto
requi renents of ASME B31l.1, MSS SP-58, and MSS SP-69.

"Type" devices specified are defined as MSS st andards.

[Horizontal and vertical piping attachments and certain other details for
pi ping systens utilizing variable wall thickness, Type SWP spiral wel ded
pi pe materials nust be as noted.]

2.4.2 Buil ding Structure Attachments
Anchor devi ces, concrete and nasonry
Anchor devices must conformto requirenents of AASHTO M 314, and
FS FF-S-325 FS FF-S-325, [Goup I] [Goup Il, Type 2, Cass 2, Style
[1] [2]] [Goup III] [Goup VIIIT].

Cast-in, floor-nounted equi pnent anchor devi ces nmust provide adjustable
posi tions.

Masonry anchor devices nust be built-in.

Do not use powder-actuated anchoring devices to support any nechanica
systens conmponents.

Beam cl anps

Beam cl anps must be center |oading Type [21] [28] [29] [30], UL listed,
cat al ogued and | ow rated, commercially manufactured products.

[ G cl anps
EE R I b R S b b R S b I b R S I R R R I S S R R I R I S R I R S R b I S

NOTE: C-clanps, as a neans of attaching hangers to
structural steel, should be avoided. Were used,
consi der vibration forces and single or accumnul at ed
| oad and resultant nonment on structural steel

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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C-clamps may be used to support piping sizes DNAO 1-1/2-inches and
smal l er. C-clanps nmust be FM approved and UL |isted with hardened cup
tip, setscrew, |locknut, and retaining strap. Retaining strap section

nmust be not less than 3 by 25 millinmeter 1/8 by 1 inch. Beamflange
t hi ckness to which clanps are attached must not exceed 15.2 millineter
0. 60 inch.]

[l nserts, concrete

Construct concrete inserts in accordance with MsS SP-58 for Type 18 and
MBS SP-69. Wen applied to piping in sizes DN5O 2-inch ips and | arger
and where otherw se required by inposed |oads, insert and wire a 300
mllineter length of 15 millinmeter 1-foot |ength of 1/2-inch
reinforcing rod through wing slots. Approved proprietary-type
continuous inserts may be simlarly used.]

2.4.3 Hori zontal Pipe Attachnents
Si ngl e pi pes
Piping in sizes to and including DN5O 2-inch ips nust be supported by
Type 6 solid malleable iron pipe rings except that split-band-type

rings nmust be used in sizes up to DN25 1-inch ips.

Support piping in sizes through DN200 8-inch ips inclusive by Types [1]
[3] [4] attachnents.

Pipe rolls nmust be Type 41 or Type 49.

Provi de spring supports in accordance with referenced codes and
standards. Submit conplete shop drawi ng data for approval

Paral | el pipes
Use trapeze hangers fabricated from approved structural steel shapes,
with U-bolts, in congested areas and where mnultiple pipe runs occur
Structural steel shapes must conformto suppl enentary stee
requi renents or the support may be comrercially available, proprietary
design, rolled steel
2.4.4 Vertical Pipe Attachnents
Vertical pipe attachments nust be Type 8, single pipes.
2.4.5 Hanger Rods And Fi xtures
Use only circular cross section rod hangers to connect building structure
attachnments to pipe support devices. Pipe straps, or bars of equivalent
strength may be used for hangers only where approved by the Contracting
Oficer.

Provi de turnbuckles, sw ng eyes, and clevises as required by support system
to accommopdat e pipe accessibility and adjustrment for |oad and pitch.

2.4.6 Suppl emrentary Stee

VWhere it is necessary to frame structural nenbers between existing nmenbers
or where structural menbers are used in lieu of comercially rated
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supports, such supplenmentary steel shall be designed and fabricated in
accordance with Al SC 360.

PART 3 EXECUTI ON
3.1  ABOVEGROUND PI PI NG SYSTEMS | NSTALLATI ON

3.1.1 Pi pi ng Systemns

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Projects with users requiring a high-grade
vacuum and hi gh-purity systens such as anal ytica

| aboratory or spaceflight operations should consider
preci sion chenical cleaning for particul ate and
non-vol atile residue (NVR) renmoval. The presence of
resi dual hydrocarbons within piping nay hanper the
ability to pull and sustain high vacuum|evel s and
pose contaninant migration to downstream servi ces.

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

Fabricate and install systems in accordance with ASME B31.1, MSS SP-69 and
AWS VWHB- 2. 9.

Installation of piping systens materials nust be in accordance with
manuf acturer's instructions.

Fabricate pipe to neasurements established on the job and carefully work
into place without springing or forcing. Make adequate provisions for
absorbing all expansion and contracti on without undue stress in any part of
the system

Pi pe, tubing, fittings, valves, equipment, and accessories nust be clean
and free of foreign material before being installed in their respective
syst ens.

[ A ean pi pe by hamering, shaking, or swabbing or by a conbination of
net hods.] [Precision cleaning shall be conducted in accordance with
| EST- STD- CC1246C to a cl eanliness | evel of 300A or |ower.]

Purge lines with dry, oil-free conpressed air after erection, but purging
nmust not be relied upon for renoving all foreign matter. Perform purging
at a velocity greater than nmaxi mum normal -fl ow vel ocity and be approved by
the Contracting O ficer.

During the progress of construction, properly protect open ends of pipe,
fittings, and valves at all tinmes to prevent the adm ssion of foreign
matter. Place plugs or caps in the ends of all installed work at all tines
when connections are not actually under way. Plugs nust be comercially
manuf act ured products.

Install piping straight and true with approved offsets around obstructions
and with necessary expansion bends or fitting offsets essential to a
satisfactory installation and as may be necessary to increase headroom or
to avoid interference with the building construction, electric conduit, or
facilities equi pment. Installation nust also allow tool space around
fittings subject to disassenbly.

Use standard | ong-sweep pipe fittings for changes in direction, unless
ot herwi se specified or approved by the Contracting Oficer.
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[Mtered joint fittings are not permtted.]

[Mtered joint fittings are not permtted in Schedule 40 wall thickness
pi ping systens but are permtted, as specified, in systens utilizing Type
SWP materials.]

Pi pe bends in seam ess pipe of not |ess than five pipe dianmeters radius my
be made with hydraulic benders in the field for pipe sizes to DN1OO 4-inch
i ps upon approval of the Contracting Oficer.

Make T-connections with screwed T-fittings, grooved T-fittings, or where
pipe is being welded, with either welding T-fittings or forged branch
outlet fittings (wWithout size limtations). Branch outlet fittings, where
used, must be forged, flared for inproved fl ow where attached to the run,
rei nforced agai nst external strains, and designed to withstand ful

pi pe-burst strength requirenents.

Short-radi us el bows nay be used only where specifically authorized by the
Contracting O ficer.

Hori zontal piping nmust have a grade and sl ope direction as noted.

Eccentric reducers shall be used where required to permt proper drainage
of pipe lines. Bushings shall not be used for this purpose.

[Provide drain valves in all piping systens at |ow points and where
otherw se indicated. Pipe drains nmust consist of DN15 1/2-inch ball valves
with DN20 3/4-inch hose, gasketed, and capped adapter.]

When pi ping design pernmits flange | oads on connected equi pnent, the | oad
must not exceed 75 percent of maxi mum all owed by equi pnent manuf act urer.

[ Make expansi on bends from pi pe sections and | ong-radi us welding el bows in
sizes DN25 1 inch and | arger. Expansion bends nmust be cold sprung and

wel ded into the |ine, which nmust be anchored before renoving the spreader
fromthe expansion bend. |ndicate anbunt of cold spring.]

[ Provi de expansion joints at points indicated. Protect all expansion joint
surfaces from nechani cal damage, including weld spatter, during
installation and testing operations.]

Install expansion joint with the sealed end of the internal sleeve as

| eading edge in direction of flow Lateral stresses must not be induced by
springing pipe during installation. Locate expansion joints close to an
anchor with the first pipe guide |ocated not nore than 4 pipe dianeters
away fromthe joint and the second guide | ocated not nore than 12 to 14
pi pe dianeters fromthe joint. Internedi ate pipe gui de spacing nust be in
accordance with FSA-0017. Contracting Oficer will reject any installed
joint with nicks, scratches, dents, and other damage, even when ot herw se
properly install ed.

Bef ore acceptance of an expansion joint installation, cycle each joint from
"zero" condition to maxi mum | oad not |less than five tines; joint, piping,
and equi prent al i gnnent shall be checked each time in the presence of the
Contracting Oficer.

[ Lubricate guides located in lines with expansion joints with silicone
nol ybdenum di sul fide | ubricant.]
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3.

1.2 Joints
Ream pi pe ends before joint connections are nade.
Make up screwed joints with joint conpound.

Apply joint conmpounds to the nale thread only, and care must be exercised
to prevent conpound fromreaching the interior of the pipe.

Threads will be inspected by the Contracting O ficer at midpoint of a cut
for chaser alignnent, proper grinding, thread track, chatter, and for
cool ant and | ubricant effectiveness.

Provi de unions or flanges wherever required to pernit convenient renoval of
equi pnent, val ves, and pi ping accessories fromthe piping system

Assenbl e flanged joints with appropriate flanges, gaskets, and bolting.

Cl earance between flange faces nmust be such that the connections can be
gasketed and bolted tight w thout inposing unaccounted strain on the piping
system Flange faces nust be parallel and the bores concentric; center
gaskets on the flange faces without projecting into the bore. Lubricate
bolting with oil and graphite before assenbly to ensure uniform bolt
stressing. Draw up and tighten flange bolts in staggered sequence in order
to prevent unequal gasket conpression and deformation of the flanges.
VWherever a flange with a raised face is joined to a conpanion flange with a
flat face, the raised face nmust be machined down to a snooth matching
surface and use a full face gasket. After the piping system has been
tested, retighten all bolting. Only use hex-head nuts and bolts. Gasket
material must be fresh stock, 1.6 nmillineter 1/16 inch thick.

Al field-welded joints nust conformto AWS WHB-2.9 and ASMVE B31. 1.

. 1.3 Control And Instrunment Air Piping

Use hard core tubing in all exposed areas and either hard drawn or anneal ed
i f conceal ed.

Fittings for supply system copper tubing nmust be w ought-copper sol der
joint type except at connection to apparatus where specified brass
nechani cal and ips thread adapter fittings may be used. Tool-nmade bends in
lieu of fittings are acceptable. Miltiple tube runs nust be neatly nested.

Tubi ng must be mechanically attached to supporting surfaces. Supports
usi ng adhesi ves are not acceptabl e.

Copper tubing horizontal supports for |ess than three tubes nust be rigid
25 by 10 millinmeter 1- by 3/8-inch netal channel. Provide proprietary
netal tube race for three or nore tubes.

Copper tubing runs enbedded in concrete nmust be anneal ed and protected by
netallic or plastic electric conduit.

Copper tubing runs in soil nust be jointless and protected by 0.3048
mllinmeter 12-mi| thick bitum nous coating or equival ent PVC tape w apping.

Tubi ng penetrations of concrete surfaces must be made w th m ni mur DN25

1-inch ips, Schedule 40 rigid unplasticized PVC pi pe sl eeves except that
nmul titube harnesses DN4O 1-1/2 inches od and | arger need not have
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addi tional protection. Sleeve nust extend 150 millineter 6 inches above
floors and 25 mllineter 1 inch bel ow grade surface of slabs. Were
wat er - or vapor-barrier sealing is required, 13 mllineter 1/2-inch deep
el astonmer cal k nmust be applied to surfaces cleaned of oil and ot her

del et eri ous substances.

Tubi ng must be sequentially purged with dry, oil-free conpressed air to rid
system of inpurities generated during joint making and installation and
at nospheric noi sture before connecting control instrunents.

.1.4 Supporting Elenents Installation

Provi de supporting elenments in accordance with the requirements of
referenced codes and standards.

Hang pi ping frombuilding construction. Do not hang piping fromroof deck
or from ot her pipe.

Wel ding and cutting of building structural steel is prohibited.

Attachnment to buil ding construction concrete nust be by approved cast-in
concrete inserts or by built-in anchors. Where attachnment by either of

above nethods is not practical, specified masonry anchor devices may be

used upon recei pt of witten approval fromthe Contracting Oficer.

Enbed fish plates in the concrete to transnit hanger |oads to the
rei nforcing steel where hanger rods exceed 22 mllineter 7/8-inch in
di aneter.

Construct masonry anchors selected for overhead applications of ferrous
materials only.

Masonry anchors of AASHTO M 314 and FS FF-S-325, Goup |I; Goup Il, Type 2
Class 2, Style 1, or Style 2; or Goup VIIl nust be installed in rotary,
nonpercussion, electrically drilled holes. Self-drilling anchors (G oup
[11) may be used provided masonry drilling is done with electric hammers

sel ected and applied in a manner that will preclude concrete spalling or
cracking (visible or invisible). Pneumatic tools are not allowed.

Sel ect percussive action, electric hammers, and conbination rotary-electric
hamrers used for the installation of self-drilling anchors in accordance
with the follow ng guide:

Tool for anchor devices, nom nal sizes 6 through 13 mllinmeter 1/4-

t hrough 1/2-inch, may be hanmer type only or conbination rotary-hanmer
type and nust be rated at load to draw not nore than 5.0 to 5.5 anperes
when operating on 120-volt 60-hertz power.

Tool for anchor devices, nominal sizes 16 mllinmeter 5/8 inch and

| arger, hanmer-type only, nust be rated at load to draw not nore than
8.0 amperes when operating on 120-volt, 60-hertz power. Conbination
rotary-hamer tools on the same power supply nust have a full | oad
current rating not to exceed 10 anperes.

Size inserts and anchors for the total stress to be applied with a safety
factor as required by applicable codes, but in no case | ess than 4.

I nsert anchor devices into concrete sections not |less than twice the
overall length of the device and | ocate not |ess than the follow ng
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di stance fromany side or end edge or centerline of adjacent anchor service:

Anchor Bolt Size
M Desi gnati on 6 8 10 13 16 19 22

M ni mum Edge
Space (millineter)* 90 85 105 130 150 180 200

Anchor Bolt Size 1/4 5/16 3/8 1/2 5/8 3/4 7/8
(i nches)

M ni mum Edge 3-1/2 3-1/4 4 5 6 7 8
Space (inches)*

*Except where manufacturer requires greater distance.

In special circunstances, upon prior witten approval of the Contracting
Oficer, center-to-center distance may be reduced to 50 percent of given

di stance provided the [oad on the device is reduced in direct proportion to
the reduced di stance.

Run all piping parallel with the lines of the building unless otherw se

i ndi cated. Space and install piping and conponents so that a threaded pipe
fitting may be renoved between adjacent pipes and so that there will be not
less than 13 millinmeter 1/2 inch of clear space between the finished
surface and adj acent piping. Hangers on different adjacent service lines
running parallel with each other nust be arranged in line with each ot her
and parallel to the lines of the building.

Pl ace identical service systens piping, where practicable, at sane
el evation and hung on trapeze hangers adjusted for proper pitch.

Spaci ng of trapeze hangers where piping is grouped in parallel runs nust be
the closest interval required for any size pipe supported.

Where it is necessary to avoid any transfer of |oad from support to support
or onto connecting equi pnment, pipe hangers nust be constant support type.

Wel d anchors and al i gnment gui des incorporated in piping systems to the
pi ping and attached to the building structure in accordance wth
requirenents specified herein or as approved by the Contracting O ficer.

Sui tably brace piping agai nst reaction, sway, and vibration. Bracing nust
consi st of hydraulic and spring devices, brackets, anchor chairs, rods, or
structural steel, or any suitable comnbination thereof.

Locate pipe lines, when supported fromroof purlins, not greater than
one-sixth of the purlin span fromthe roof truss. Load per hanger mnust not
exceed 1780 newt on 400 pounds when support is froma single purlin or 3560
newt on 800 pounds when hanger load is applied to purlins hal fway between
purlins by means of auxiliary support steel by supplied by the piping
Contractor. Wen support is not hal fway between purlins, the allowable
hanger | oad nmust be the product of 400 tines the inverse ratio of the

| ongest distance to purlin-to-purlin service.

When the hanger | oad exceeds the above linmits, furnish and instal

reinforcing of the roof purlin(s) or additional support bean(s). Wen an
additional beamis used, the beam nust bear on the top chord of the roof
trusses, and bearing nust be over gusset plates of top chord. Stabilize
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beam by connection to roof purlin along bottom fl ange.

Purlins used to support fire protection sprinkler lines, electrica
lighting fixtures, and el ectrical power duct or cable tray nust be
considered fully | oaded, and supplenental reinforcing for these purlins or
auxi liary support steel nmust be provided.

Install hangers and supports for piping at specified intervals at |ocations
not nore than 900 mllinmeter 3 feet fromthe ends of each runout and not
over 25 percent of specified interval fromeach change in direction of

pi pi ng.

Load rating for all pipe hangers must be based on wei ght and forces inposed
on all lines. Deflection per span nust not exceed sl ope gradient of pipe.

[ Support provisions and support spacing for Type SWP materials nust be in
accordance with the manufacturer's recommendati ons for the application.]

Schedul e 40 and heavi er pipe supports nust be in accordance with the
following mi ni mumrod size and maxi mum al | owabl e hanger spaci ng;

concentrated |l oads will reduce all owabl e span proportionately:
PI PE SI ZE ROD SI ZE STEEL PI PE
M LLI METER ( DN) M LLI METER (| NCH) M LLI METER
Up to 25 10.0 (3/8) 2438
32 to 40 10.0 (3/8) 3048
50 10.0 (3/8) 3658
65 to 90 13.0 (1/2) 3658
100 to 125 16.0 (5/8) 4877
150 19.0 (3/4) 4877
200 22.0 (7/8) 6096
Pl PE SI ZE ROD SI ZE STEEL PI PE
(1 NCHES) (1 NCHES) (FEET)
Up to 1 3/8 8
1-1/4 to 1-1/2 3/8 10
2 3/8 12
2-1/2 to 3/1/2 1/2 12
4to5 5/8 16
6 34 16
8 718 20

Support vertical risers independently of connected horizontal piping
wher ever practicable and guide for lateral stability. Place clanps under
fittings.
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[ Support pipe at each floor and at not nore than 4500 mllinmeter 15-foot
intervals for pipe DN5O 2 inches and snaller, and at not nore than 6100
mllineter 20-foot intervals for pipe DN65 2-1/2 inches and | arger.]

[After the piping systens have been installed, tested, and placed in
sati sfactory operation, the Contractor rnust tighten hanger rod nuts and jam
nuts to prevent any | oosening.]

.1.5 Sound St oppi ng

Provi de effective sound stopping and adequate operating clearance to
prevent structure contact where pipes penetrate walls, floors, or
ceilings. \Where penetrations occur from pi pe chases into occupi ed spaces,
provi de special acoustic treatnment of ceilings. Finish penetration to be
conpatible with surface bei ng penetrated.

Sound stopping nust be as specified under "Sleeves" in this section.

Leadwool and vi scoel astic danpi ng conpounds nay be proposed for use where
ot her sound- st oppi ng methods are not practicable provided tenperature and
fire-resistance characteristics of the conpound are suitable for the
servi ce.

.1.6 Sl eeves

Supply and install sleeves where piping passes through roofs, through
masonry or concrete walls, and through floors.

Lay out sleeve work before placenment of slabs or construction of walls and
roof, and set all sleeves necessary to conplete the work.

VWere pipe sleeves are required after slabs and masonry are install ed,

hol es to accommodate these sl eeves nust be made with core drills. Set

sl eeves in place with a two-conponent epoxy adhesive system approved by the
Contracting Oficer. No |load are to be carried by such sleeves unless
approved by the Contracting Oficer.

Sl eeves must be flush with ceilings.

Sl eeves nust be flush with the floor in finished spaces and extend 50
mllineter 2 inches above the floor in unfinished spaces.

Sl eeves passing through steel decks nmust be continuously wel ded or brazed
to the deck.

Sl eeves extendi ng through floors, roofs, |oad bearing walls, and fire
barriers nust be continuous and fabricated from Schedul e 40 steel pipe with
wel ded anchor lugs. Formall other sleeves by nolded |inear polyethylene
liners or simlar materials which are renmovable. D ameter of sleeves nust
be |l arge enough to acconmodat e pipe and sealing materials with a m ni mum of
10 millineter 3/8-inch clearance. Sleeve nust accommopdat e nechani cal and
thermal notion of pipe to preclude transni ssion of vibration to walls and
the generation of noise.

Space between a pipe and the inside of a pipe sleeve or a construction
surface penetration nmust be packed solid with a mneral fiber conformng to
ASTM C 592, Form B, Class 8 wherever the piping passes through firewalls,
equi prent roomwalls, floors, and ceilings connected to occupi ed spaces,
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3.

3.

and at other |ocations where sleeves or construction surface penetrations
occur between conditioned and unconditioned spaces. Fill space between a
pi pe, bare or insulated, and the inside of a pipe sleeve or construction
surface penetration with an elastonmer calk to a depth of 13 mllineter 1/2
inch. Surfaces to be cal ked nust be oil- and grease-free.

1.7 Escut cheons

Provi de escutcheons at all penetrations of piping into finished areas.
Where finished areas are separated by partitions through which piping
passes, provide escutcheons on both sides of the partition. Were
suspended ceilings are installed, provide plates at the underside only of
such ceilings. Escutcheons nmust be chrone-plated in occupi ed spaces and of
sufficient size to conceal openings in building construction. Escutcheons
must be firmy attached, preferably with setscrews.

.1.8 Fl ashi ngs

Provide required flashings at mechanical systems penetrations of building
boundari es.

2 VACUUM SYSTEMS TESTI NG

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: Delete paragraph title and foll ow ng
par agr aphs when vacuum systens are not applicable to
t he project.
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2.1 Vacuum Syst ens

Prior to acceptance of the work, conpleted systens nmust be pressure and
vacuumtested in the presence of the Contracting Oficer.

EE R R R S I R R R I O I R R R R I O S R R I R R R R R R R R O

NOTE: Because of the expansive force of conpressed
air, pneumatic testing requires special precautions
and conpetent supervision to prevent injury and
damage should a failure occur

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

Pressure tests nust be pneunatic and utilize dry, oil-free conpressed [air]
[carbon dioxide] [nitrogen] for the systemunder test. Pressure testing
must be done in two stages, prelimnary and acceptance.

Personnel not directly involved in pneunatic pressure testing of ferrous
pi ping in excess of 34.5 kilopascal 5 psi nust be evacuated fromthe area.

Contractor may conduct tests for his purposes, but prelimnary tests and
acceptance tests nust be conducted as specified herein.

Pressure testing of any system for any purpose nust include prelimnary
testing by applying internal pressures not in excess of 35 kilopascal 5 psi,
swabbing joints under test with standard high filmstrength soap sol ution
conformng to M L-L-25567, and observing for bubbles.

When testing reveal s that | eakage exceeds specified limts, the |eaks nust

be isolated, replace repaired defective materials where necessary, and
retest the systemuntil specified requirenents are conplied with. Remake

SECTION 40 18 00 Page 31



| eaki ng gasket joints with new gaskets and new fl ange bolting and discard
used bolting and gaskets. Remake |eaking tubing joints with the new
fittings and new tube ends.

Only use standard piping flanges, plugs, caps, and valves for sealing off
pi ping for test purposes.

Renove conponents that woul d otherw se sustain danage due to test pressure
from pi ping systems during testing. Check piping system conponents such as
val ves for proper operation under systemtest pressure.

[ Protect expansion joints against system pressures by suitable
nmovenent-limting devices.]

Add no test media to a systemduring a test for a period as specified or to
be determ ned by the Contracting O ficer.

Duration of a test will be determ ned by the Contracting Officer. Test may
be terminated by direction of the Contracting Officer at any point during a
24-hour period after it has been determ ned that the perm ssible | eakage
rate has not been exceeded.

3.2.2 Test Gages

[Contractor's pressure test gages nust conformto ASMVE B40. 100 and have a
dial diameter of at least 125 millineter 4-1/2 inches. Maximum pernissible
scal e range for a given pressure test must be such that the pointer during
a test has a starting position at mdpoint of the dial or within the mddle
third of the scale range. Certification of accuracy and correction table
nust bear a date within 90 cal endar days prior to test use, test gage
nunber, and the project nunber, unless otherw se approved by the
Contracting O ficer.]

[ Governnment will furnish vacuumtest gages.]
[ Governnment will furnish pressure and vacuumtest gages.]
3.2.3 Accept ance Pressure Testing
Testing nmust take place during steady-state anbient tenperature conditions.

Test piping systens at 175 kil opascal 25 psi. Miintain test pressure for a
period of not less than 2 hours with no pressure drop.

Test control and instrumentation tubing systenms at 210 kil opascal 30 psi.
Maintain test pressure for not |ess than 24 hours with no neasurabl e
pressure drop.

3.2. 4 Accept ance Vacuum Testi ng
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NOTE: Prior to selection of the follow ng test
criteria, review provisions to ensure suitability
for project application.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

Evacuate piping systemto a pressure of 13 mllimeter of nercury, absolute.
Operate each systemat least three tinmes during Leakage Tests. Rate of
pressure rise nmust not exceed 0.8 mllimeter of mercury per hour.

SECTION 40 18 00 Page 32



When | eakage exceeds the allowable rate, use the follow ng methods to
| ocate | eakage source:

Test suspected area utilizing a helium mass spectronmeter in either the
det ect or- probe or tracer-probe configuration

Detector Probe Method: Internally pressurize test piece with helium
gas and a mass spectroneter (tuned for helium nust be used to probe
the exterior surface to spatially isolate the |eak. Enploy a flexible
line to scan a capillary tube over the surface to detect the |eak

Tracer Probe Method: Evacuate the test piece and fl ood the suspect
area in heliumgas. Simultaneously,use a helium nmass spectroneter to
exam ne the atnmosphere within the test piece to determne the extent to
whi ch heliumis drawn into the evacuated volune. For nore accurate
neasurenents, the suspect area can be jacketed and the area between the
jacket and the test piece can be filled with 90 to 100-percent pure
helium gas as the testing is conducted.

-- End of Section --
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