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Straight Socket Joints and
Butt&Wrap Joints

Thisfabrication manualis offered to assist you in the proper
fabrication and installation procedures when assembling your
Fiber Glass Systems piping system.

Ifyou do not find the answer to your questions in the manual, feel
free to contact your Regional Manager, local distributor, or the
factory.

The products must beinstalled and used in accordance with
sound, proven practice and common sense.

Theinformation supplied in our literature must be considered
asan expression of guidelines based on field experience rather
than awarranty forwhich we assume responsibility. Fiber Glass
Systems offers a limited warranty of its productsin the Terms and
Conditions of Sale. The information contained in the literature
and catalogs furnished cannot ensure, of itself, a successful
installation and is offered to customers subject to these
limitations and explanations.

Itisour policy toimproveits products continually. Therefore,

the company reserves theright, without notice, to change
specifications and/or design at any time withoutincurringan
obligation forequipment previously sold. Descriptions contained
in this catalogareforthe purpose of identification and neither
limit nor extend the standard product limited warranty set forth
inthe Terms and Conditions of Sale and Trade Customs.

Installing fiberglass pipeis easier than installing carbon steel,
stainless steel and lined steel dueto light weight. Learning the
proper methodsto prepare and make-up socket orbutt&wrap
joints can help ensure the reliability and long-term performance
of your piping system.
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We offerthe TQI Plus (ASME B31.3) Fabrication and Assembly
certification program. Qualified Field Service Representatives
train fabrication and assembly crews, conduct and supervise
fabrication work, and inspect work in progress.

Forcomplete information concerning these training seminars,
contactyourlocal distributor or Regional Manager

Forcompleteinformation concerningthese training seminars,
contactyourlocal distributoror Fiber Glass Systems.

SAFETY

Thesafety alert symbolindicates animportant safety
message. When you see this symbol, bealerttothe
possibility of personalinjury

CAUTION

As this pipe may carry hazardous material and/or operate at a
hazardous pressure level, you must follow instructions in this
manual to avoid serious personal injury or property damage. In
anyevent,improperinstallation can causeinjury ordamage.

In addition, installers should read and follow all cautions and
warnings on adhesive kits, heat packs, propanetorches, etc. to
avoid personalinjury. Also, observe general safety practices
with all saws, tools, etc. to avoid personalinjury. Wear protective
clothingwhen necessary. Make surework surfaces are clean and
stableand thatwork areas are properly ventilated.

Safety Data Sheets (SDS) are available on our website at
www.nov.com/fgs.
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Description of pipe products

The performance characteristics of a fiberglass pipe system
dependonseveralimportant elementsincluding the resin and
curing agent, as well as the manufacturing process and type and
thickness of the pipe’s corrosion barrier.

Our piping systems are manufactured using epoxy, vinyl ester,
orisophthalic polyesterresin systems. All are heat cured
foroptimum chemical resistance and physical properties.
Match yourtemperature, pressure and chemical resistance
requirements to the piping system.

Fiberglass piping systems offers:

+ Smoothiron pipesize O.D.

+ Usedwithstandard IPS pipe hangers

+ Highstrengthforlongspans

+ Excellentcorrosion resistance

+ Lightweight

+ Completeline offittings and accessories available

+ Costscan beoptimized by selecting pipe grades for specific
services

+ Fullvacuum capability in premium grades
+ Easytorepairifdamaged

Centrifugally Cast Pipe

Centrifugally cast FRP pipe (Centricast) consists of reinforcement
fabric layers saturated with thermosetting resin, then curedina
casting machine. Cast pipe features a pureresin interior barrier
for maximum corrosion resistance. The glass fabric gives the
pipeitsstructural strength and the resin provides the corrosion
resistance. Pipeis availablein premium epoxy (ZC), epoxy (RB)
andvinylester (CL) resin grades.

a. Sizes1"-14"diameter

b.  Straightsocketadhesive joint method

c.  Nospecial fabrication tools required

d.  10milresin-rich exteriorresistantto UV attack.
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FilamentWound Pipe

Ourfilament wound pipe begins with resin-saturated fiberglass
orotherman-made materials as aninnerliner or corrosion
barrier. The lineristhen covered with aresinimpregnated
filamentwound matrix of fiberglass. The matrixis applied under
controlled tensionin a predetermined pattern to the specified
wallthickness.

Custom Filament Wound Product

F-Chemisavailablein epoxy, vinyl ester, isophthalic polyester
and fire retardant resin grades.

a.Sizes1"-72"diameter
b. Joining methods include:
« Plainend buttand wrap
+ Matched tapered bell &spigot

c.Nospecial fabrication tools required.

Pipe Grades
Centricast Plus RB-2530

Highly corrosion resistant epoxy pipe
grade handles most caustics, salts,
solvents, many acids and chemical
process solutions up to 250°F, 100 mil
pureresin corrosion barrier. Pipe has
durable heavy wall construction for long spans, greatimpact
resistance, tensile, bending and compressive strengths.

Centricast RB-1520

Epoxy pipe grade recommended for many caustics, acids, salts,
solvents and chemical process solutions up to 250°F, 50 mil pure
resin corrosion barrier. Pipe has long spans, integral socket joints,
and low thermal expansion loads forthe lowestinstalled cost.
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Z-Core

Premium epoxy pipe with proprietary
resinforoutstanding corrosion resistance
toaggressive solvents and strong acids,
including 98% sulfuric acid. Rated for
temperatures up to 275°F, 100 mil resin-
rich liner. Heavy wall construction for greatimpact resistance, long
spansandlow thermalexpansion.

Centricast Plus CL-2030

Highly corrosion resistant vinyl ester
pipe grade usedforover25yearsinthe
harshest hotacid, chlorine, and other
chemical services up to 200°F, 100 mil
pureresin corrosion barrier also provides
impact and abrasion resistance. Pipe has high strength heavy wall
construction.

Centricast CL-1520

Vinylester pipe grade used for many hot acid, chlorine and
corrosive chemical services up to 200°F, 50 mil pure resin corrosion
barrier. Longspans, integral socket joints, and low thermal
expansion loads provide for alowinstalled cost system.

F-Chem and F-Chem AR*

Custom filamentwound construction
offersmore flexibility in resin systems,
corrosion barriers and wall thickness than
ourstandard products. Let us assistyou
in selecting theright pipe for a specific
application.

*AR gradeis manufactured foradded abrasion resistance.
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Fittings

Fittings are color coded. Epoxy Fittings: RBfittings are brown;
Z-Corefittings are dark green or black. Vinyl Ester Fittings: CL
fittings are off-white. Be sure to use the correct grade of pipe and
fittings foryourservice. Consult Bulletins for pressure rating limits
onvariousfittings. Be sure your system pressure requirements do
not exceed the lowest rated component fittings.

Most compression-molded fittings have a center line dot or

cross which will assist you in making measurements. Take-off
dimensions for most standard fittings are shown in Tables 6-8 on
startingon page 30. The positive stop or "land" in the socket helps
you make exact fabrications.

Photo 1
Fittings

Adhesives

Adhesives are formulated for specific use with the companion
pipe grades. Use only the recommended adhesive with each

pipe grade-do not mixsystems! Standard adhesives are a
two-component system (Parts A and B) which must be mixed
priorto use. CL-200 Quick Set (QS) adhesives are available for
reduced curetime where necessary. Detailed instructions for
adhesives are provided with each kit. Read these instructions
thoroughly and follow the recommended procedures. The pot life
and curetime of the adhesive is dependent ontemperature; refer
topages 13,14 and 49. Ambienttemperatures above 100°F require
extracare by the fabricator to assure sufficientworking time of the
adhesive. Referto Adverse Weather Recommendations on page
20.
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Adhesive Selection

Standard adhesive kits are designed to be used with specific
piping systems asshownin Table 1.

Table 1

Adhesive Selection

Standard adhesive kits are designed to be used with specific piping systems
as shown below

U.se.with these Kit Number(2)s Maximum Service
Piping Systems Temperature
Z-Core Weldfast™ zC-275 275°F
Centricast Plus o
€L-2030 & CL1520 Weldfast CL-200 200°F
Centricast Plus

K @) °
CL-2030 CL-1520 Weldfast CL-200 QS 200°F
Centricast Plus o
RB-2530 & RB-1520 Weldfast ZC-275 250°F
F-Chem Vinyl Ester, Butt Weld Kit 250°F

NOTES:

1. Although all of the adhesives will cure at ambient temperatures above
70°F, it is mandatory they be heat-cured at temperatures of at least 275°F
to maximize physical properties and corrosion resistance. See pages
38-42 forinstructions for using heat blankets or collars for heat-curing
joints.

2. For complete detailed instructions on using adhesive, refer to the step-
by-step instruction bulletin included in the adhesive kits.

3. Referto Chemical Resistance Guide, for adhesive chemical resistance
rating.

4. Quick-set adhesive for use when faster cure time is required and the
ambient temperature is below 90°F. Weldfast CL-200-QS is the same as
Weldfast CL-200 except a third component, Part C, has been added to
the kit.

Adhesive Working Life

Working life or pot lifeis the time it takes for the adhesive to
hardenin the mixing can. Referto Table 2.
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Table 2
Adhesive Estimated Pot Life
Pipe Resin Adhesive PotLife @ 70°F (min.) | Pot Life @ 90°F (min.)
Systems (see note) (see note)
Epoxy 275 30-40 15-25
Vinyl Ester 200 20-30 6-12
Vinyl Ester 200QS 7-15 4-7
Vinyl Ester Butt Weld* 20-40 8-15
NOTES:

Pot life or working life is the time available for fabrication. Times may vary
depending upon temperature, humidity, etc.

* Based on 16 ml of catalyst per quart of resin.

Table 3
Approximate Number of Bonds per Kit
Pipe Size
1 12 2 3 4 6 8 10 12 14
Number
. 12 10 8 5 3 2 1 1/2 | 1/2 | 1/2
of Joints

Fabrication Accessories

Heat Collars and Heat Blankets

Silicone heat blankets and high temperature heat collars are
offered for use in curing of adhesive socket joints. The blankets
and collarshave a pre-set thermostat which controls the
temperature of the unit. See pages 38-39 forinstructions and
curetimes foradhesive jointfabrications.

Photo2
HeatBlanket
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HeatGun

High wattage electricheat guns are also available to heat
adhesive joints. The heat guns are 1600 watt capacity.

Photo3
HeatGun

Joining Systems

Socket Joint

Straight socket adhesive joints have positive stop lands for
precise makeup.

“ figure?
Socket Joint

Butt &Wrap Joint

Two pieces of plain end pipe or pipe and fittings are butted
together, then several layers of resin saturated mat or woven
roving are wrapped around the area and cured. Highly reliable
jointin critical service applications.

Figure2
Butt&Wrap Joint
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Site Considerations
Storage and Handling

Pipe and Fittings

Fiberglass reinforced pipe, fittings, and adhesives require special
storage and handling. Care should be takenintransporting,
unloading, handling, and storing products to preventimpactand
otherdamage.

When transporting pipe, the spacers under and between the pipe
joints must be of sufficient width to avoid point loading, which
could produce cracking or bucklingdamage. A minimum of four
spacersshould be used forsupporting 14" and larger 40' long pipe
joints. More spacers should be used for smaller pipe orif pipeis
stacked over eightfeet high.

Duetoitslight weight, liftingequipment is usually not required for
1"- 14" pipe. When lifting equipment is required, use nylon slings or
chokers. Do notallow chains or cables to contact the pipe during
transportorhandling. Ifa pipe orfabrication is more than 20 feet
long, use atleast two support points.

Forstorage, a board (2 x4 minimum) should be placed undereach
layer of pipe approximately every five feet. The intentis to support
the pipe and distribute the load evenly. The pipe should also be
braced on eitherside of the piperack to prevent unnecessary pipe
movement. Avoid placing pipe on sharp edges, narrow supports,
orotherobjects that could cause damage to the pipe wall. When
storing pipedirectly on the ground, select a flat area free of rocks
and otherdebris that could damage the pipe.

Pipeisfurnished factory packagedin compact, easy-to-handle
bundles complete with protective end caps. Leave these capsin
place untilinstallation timeto protect the pipeends aswell asto
preventdirtorother material from gettinginto the pipe. Fittings
are packaged in cardboard boxes and should be storedinadry
area. Iffittings are removed from the boxes, protect machined
bells and spigots from exposure to direct sunlight.

Pipe canbe damaged when joints or bundles of pipe are dropped
duringhandlingorshipping. Severe localized impact blows may

‘l7l
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resultin damage to thefiberglass reinforced structurein the pipe
wall. Before installation, inspect the pipe's outer surface

and inner surface (if possible) for any damage. Do not use
damaged pipe unlessinspected and approved by acompany
representative. Ifimpactdamage occurs, the damaged areas may
berecognized by astartype fracture on theinterior of cast pipe or
the exterior of filamentwound pipe. Pipe that has been damaged
should have alength cut away approximately one foot eitherside
ofthedamaged orcracked area.

NOTE:
Donotallowthe bellend of the pipeto supportany pipe weight.
Do notallow deformation of the pipe due to supports orstraps.

Adhesive

Werecommend adhesives bestoredin adry areawhere
temperatures do notexceed 80°F. Refer to adhesive instructions
includedin each kit for storage life recommendations. Vinyl ester
adhesives are particularly susceptible to damage caused by high
temperature storage.

Tools, Equipment and Supplies

Requirements for Installation

Formaximum efficiency, the following tools and equipment are
recommended priorto anyinstallation:

« FabTables, Pipe Stands, Jacks &Vice
« Hand Tools

- Level, Marking Pen, Tape Measure, Pipe Wrap
-Hacksaw (22-28 teeth/inch)

« PowerTools

-1"or2"drumsander

-Disksander

-Circular power saw with a grit edge abrasive blade,
aluminum oxide, carbide ordiamond.

-Band Saw with 16-22 teeth/inch at speeds of 200-600 ft./min.
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- Sabersaw with carbide-tipped blade
- Chop saw with aluminum oxide blade
-Heat gun and heat blanket may be required

« Expendables

-Impermeable Gloves

-Chemical Splash Goggles

-Clean, Dry, Lint-Free Shop Cloths
-Sandpaper Disc/Emery Cloth (36-60 grit)

NOTE: Wesuggestsecuringan areawherework can be planned, staged,
and quickly executed more efficiently. Powertools greatly reduce the time
required to sand pipe andfittings priorto bonding.

Equipment for Cool Weather pipe assembly (Below 70°F):

+ Heatsource

-Portable torch with spreadertip, or
-Portableelectricheatlamp, or
-Industrial hotairgun

« Ameansof maintaining adhesive kits at 70°-80°F:

-Aboxwith a25wattlight bulb, or
-Inside of awarm vehicle with the heat running.

+ Heatassisted curing

- Electric heating collars or blankets
-Chemical heat packs

WARNING: Be surethere are no flammable material or gas
presentwhen usingany type of heating device.

r
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Recommendations for Fabricationin Adverse Weather
Conditions

FRP piping can beinstalled in adverse weather conditions when
the necessary precautions aretaken. Actual work will often be
more quickly completed in high temperature conditions. Low
temperatures canincrease the work time 20%-35% over normal
shop conditions. Asimilarincrease is common for high moisture
conditions.

Hot Weather Installation Tips

Hot weather conditions, temperatures above 90°F, will greatly
reduce the working time of the adhesive. The following steps
arerecommended when fabricating in hot weather conditions:

1. Avoiddirectsunlightonthejoiningsurfaces.
2. Storeadhesiveinacoolarea.

3. Keep mixed adhesivein anice chest with sealed bagofice
orice pack.

4. Refertothefield fabricationinstructionssuppliedin
adhesive kit for the proper amount of catalystin vinyl ester
kits.

5. Buttweld laminates must be "staged" by applying no
more than four layers of fabmat at a time. Staging prevents
excess exothermic heat. Sand the bonding surface after
each stage has gelled and cooled to less than 120°F.

Cold Weather Installation Tips

Adhesive cure timeis directly related to the temperature. Colder
temperaturesresultin longer cure times.

Thefollowing steps should be used when fabricatingin colder
temperatures:

1. Adhesive kits should be placed in awarm room for six
to twelve hours before applicationin orderto reach
temperatures of 80°F-100°F. This will make mixing much
easierand speed curetimes. Oruse aboxwith a 25 watt light
bulbtowarm adhesive kits.

©) -
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2.

When possible, piping should be bonded indoorsinto
sub-assemblies. The warmer conditions of these areas will
allow fastercuretimes.

Pre-warm bonding surfacesto 80°F-100°F when temperature
falls below 70°F.

Refertothefield fabrication instructions supplied in the
adhesive kit forthe properamount of catalyst forvinyl ester
kits.

Aheatgun, collarorblanket may be used to obtain a faster
curetime. Apply alayer of fiberglassinsulation or a welding
blanket around the heat collars or blankets when installation
temperatures are below 50°F.

Extreme Moisture

Adhesive Joints

Iffittings or pipe have moisture on the bonding surface,
wipethemdry prior to sanding.

Sand pipe orfittingsimmediately before applying the
adhesive to bond thejoint. Sand surfaces until a fresh,
drysurfaceis present, then remove dust with acleandry
cloth, and apply adhesive.

Cure perthe previous recommendations for normal,
extreme heat or extreme cold temperatures.

Laminate Joints

Keep the glass fabricdry, asresins will not saturate
wet fabric. Discard glass fabric which has been wet or
exposed torain, as moisture can remove the bonding
agent.

In high humidity environments, keep the glass fabricin
the plastic wrap until ready to use.

Ifitis raining, move the work to a shelter, or construct a
temporary shelter.

Bonding surfaces must be sanded immediately prior
to application of theresin to the pipe orfitting. Sand or
grind until afresh, dry surfaceis present, then wipe off
the dust and apply resin.



« Saturatethefabric with theresin and apply a coat of
resin to the sanded surface prior to applying the fabric.

« Refertorecommendationsfor conditions of extreme
heat, cold, or normal conditions for curing.

+  Whenalaminate requires staging, repeat the above
precautions for each step.

+ Moisture will not affect the cured laminate joint.

Burial Recommendations

These are general guidelines only. For more details see
Engineering and Piping Design Guide.

Burial Depth:

Minimum burial depth in unpaved areas for pipe subjected to
vehicularloadsdepends on pipe grade, pipe size, vehicle axle
weight, and the bedding material. Depths for axle loads of 34,000
lbs., minimum depth of cover (from the top of the pipe to the
surface) and moderately compacted non-clay bearing soilsis
showninTable4.

The pipe should always be buried below the frost line.

Maximum burial depthis dependent on the backfill material. For
moderately compacted soils that do not contain large amounts
of highly expansive clays, the maximum burial depthis shownin
Table4.

Trench Preparation - Final bedding of the trench must be as
uniformand continuous as possible. Before backfilling, fill all
gaps underthe pipe with proper bedding material. Avoid sharp
bendsandsudden changesinslope. Itisimportanttoremoveall
sharp rocks, cribbage, or other foreign objects that could comein
contactwith the piping.
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Table 4
Burial Depths*

Product Minimum Maximum
ft m ft m

Centricast CL-1520 2 0.6 20 4.6
Centricast CL-2030 2 0.9 20 4.6
Centricast RB-1520 2 0.6 20 4.6
Centricast RB-2530 2 0.9 20 4.6
Z-Core 2 0.6 20 4.6
F-Chem Custom Piping** 3-5 0.9-1.5 | 12-20 3.7-4.6

* Based on a 1000 psi composite constrained modulus. Contact the factory for detailed
information for your specific application.
** F-Chem is designed for specific burial applications according to AWWA M45

Bedding Requirements - Fiberglass pipe can be damaged by
pointcontactorwear with the trench bottom and walls, improper
bedding materials, or adjacent pipe. Use recommended bedding
material a minimum of 6 inches thick at the bottom, sides,

and top of the piping (refer to Table 4). Adjacent pipes should

be spaced the greaterof 6inches or one pipe diameter. The
piping can be laid directly on the trench bottom if the native soil
meets the requirements of arecommended bedding material
(referto Table 5). In somessituations, the trench bottom can be
“scratched” such thata natural cradle of dirtis formed. Never

lay fiberglass piping directly against native rock or shale. Always
usedry, unfrozen bedding materials that do not contain foreign
objects ordebris. Never use water flood for compaction. Slurries
can beusedthatareintended for burial of flexible piping systems.
When usingslurries, care must be taken to prevent floating or
deformation of the piping.

T

Areas "a" mus’t'firmlv suppott pipe haunches



Table 5

Recommended Bedding Materials

. . m ion Pr: r
Bedding Material Co |.)act|o octo
Density
Crushed rock or pea gravel 3/4” maximum size Not Required
Coarse-grained sand or soil with little or no fines 75-85%
Coarse-grained sand or soil with more than 12%
X 85-95%
fines
Sand or gravel with more than 30% coarse-
. . 85-95%
grained particles
Sand or gravel with less than 30% coarse-
. . Greater than 95%
grained particles

Pipe Support-Fiberglass pipeis flexible and requires the
supportof the bedding material to keep the pipe round in burial
applications. Itisveryimportant that arecommended bedding
materialis properly compacted around the entire circumference
of the pipe. (Referto Table 5) Tamp the bedding material under
the bottom half of the piping to preventvoids or areas of low
compaction. Vibratory orsimilar tamping equipment can drive
small stones ordebrisinto the pipe wallif they are presentin

the bedding material. Avoid striking the pipe with tamping
equipment as the pipe may be fractured.

High Water Tables or Vacuum - Consult factory for
recommendations.

Ernzure Firm
Compaction

Mo Woids

ProperBedding ImproperBedding
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Road Crossings-When —————— )~

layingfiberglass pipe under T T e, e

road crossings, itmay be WN‘\

through conduit to protect
the pipe. Pad the pipe to
preventrubbingor point
loads againstthe conduit.

necessaryto passthe pipe @%
)

Wall Penetrations

Where the pipe goes through or passes undera concrete
structure, precautions must be taken to prevent bending or point
loading of the pipe due to settling. Aminimum 2” thick pad of
resilient material should be wrapped around the pipe to provide
flexibility and prevent contact with the concrete. If bolts are used
intheresilient material, care should be taken that the bolts, nuts,
orwashers cannot come into pointload contact with the pipe.
Beddingdepth under the pipe should beincreased to a minimum
of 12" orone pipe diameter, whicheveris greater, for one pipe
jointlength away from the concrete.

Thick Pad of
Resilient Material

Timing - Test and coverthe pipe assoon as possible to reduce
the chance of damage to the pipe, floating of the pipe due to
flooding, or shifting of the line due to cave-ins.

©)
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Anchors, Guides and Supports

Pipe Hangers - Pipe hangerssuch
asthose shown are often used
tosupport pipeinbuildings and
piperacks. However, the use of

too manyhangersin succession
canresultinanunstablelinewhen
controlvalves operate, and during
pump start-up and shutdown. To
avoid this condition, the designer
shouldincorporate auxiliary guides
periodicallyinthelineto add lateral
and axial stability.

Pipe Guides- arerigidly fixed to the V" Min.- /4" Max.

. Clearance per side
supporting structure and allow the
pipeto moveinthe axial direction
only. Proper guide placementand
spacingareimportantto ensure proper
movement of expansion joints orloops
andto preventbucklingof theline.

The guidingmechanism should be loose

soitwill allow free axial movement of the pipe. “U” bolts, double-
nutted so they cannot be pulled downtight, are often utilized for
guides.

Primary and secondary guides, i.e., thoseimmediately adjacent
toexpansionjoints, are spaced more closely than intermediate
guides. Referto Engineering & Piping Design Manual, for details.

Piping entering expansion joints orexpansion loops require
additional guides. Referto Engineering & Piping Design Manual for
details.

Pipe Supports-spacingshould be
spaced atintervalsasshowninthe
productbulletins.

NOTE: Properly spaced supports
do not alleviate the need for guides
asrecommended in the preceding
section. Supportsthat make only point contactorthat provide
narrow supportingareas should be avoided. Some means of

©) -
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increasing the supporting area should be used; sleeves made
from halfofa couplingor pipe are suitable. Support pumps,
valves and other heavy equipmentindependent of the pipe. Refer
to pump andvalve connectioninstructions on page61.

Pipe Anchors-divide a pipelineintoindividual expanding
sections. In most applications, major pieces of connected
equipment, such as pumps and tanks, function as anchors.
Additional anchors are usually located atvalves, nearchangesin
direction of the piping, at blind ends of pipe, and at major branch
connections. Provisions for expansion should be designed into
eachoftheindividual pipe sections.

Do notinstall more than one expansion joint or expansion loop
betweentwo anchors.

Donotanchor pipe by applying external pressure as point loads,
suchasa"U"-bolt, directly to the bare pipe

Referto Engineering & Piping Design Guide, for a thorough
discussion on supports,anchors and guides.

FRP Anchor Sleeve

Snug fit

Clamp, snug
but not tight

Weld or bolt
anchor to support
member



Cutting Fiberglass Pipe

Fiber Glass Systems’ pipe should be cut using one of the methods
referred to under Tools and Equipment on page 18.

1. Measure pipe, rememberingto allow for spigot and fitting
dimensions.

2. Scribeacutting guide around the pipetoensurea
perpendicular cut for properfit.

3. Holdthe pipefirmly but notto the point of crushing. If chain
vises or other mechanical holding devices are used, care
should be taken to prevent crushing or point loading of the
pipe. To preventdamage to the pipe, 180 degree sections of
pipe can be used for protective covers.

4. Saw the pipe assmoothly as possible. The pipe ends should
be square within 1/8inch.

1 T
- 1

Cuttingguide Sawingthe pipe

NOTES:
+ Centricast pipe should be above 55°F when cutting. Preheat
with a heat blanket if ambienttemperature is below 55°F.

+ Z-Core pipe should be warmed to a minimum ID temperature
of 100°F priorto cutting using a heat blanket.

+ Inspecttheinside diameterof the pipe after cuttingto be sure it
has not been damaged by saw cracking or during handling.
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Assembly Layout

Referto Table 6 for "Take-Off Dimensions" for socket joint fittings
orTables 7and 8. The method for calculationis similar to the
method forany other piping system.

a.

Determinethe required finished length of the pipe spool
sections fromthe drawing.

. Subtract the take-off dimension foreach fitting in the

spool section.

. Cutthe pipetothe length determined as the take-off

dimension (b. above).

. Asadouble check, dryfit the pipe andfitting(s) to confirm the

finished lengthis correct.

. Markthe cut pipe lengths with the pipe spoolidentification

number from the blueprint to avoid later confusion. Many pipe
lengths can be cut at one time to allow improved efficiencyin
pipe fabrication.

Consult Fittings & Accessories Bulletins for completefitting
dimensions and other data.
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Table 6.0

Take-off Dimensions for CL, RB & ZC Socket Fittings

Pipe stop to fittings’ center line dimensions. The dimensions are used
to calculate pipe length requirements to meet pipeline center line to

center line dimensions.
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Table 7.0

Take-off Dimensions for 14"-72" F-Chem Plain End & Flanged Fittings
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Table 8.0
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Section 3

Socket Joint
Fabrication

Cutting Fiberglass Pipe



Socket Joint Fabrication

Straight socket adhesive joints are designed for:
1. Highstrength
2. Easy, quick fabrications
3.Minimum of tools and procedures
4. High reliability

The adhesives provide reinforcementinthebond area and are
designed to preventvoid areas. There are only a few important
procedures, butyou must follow them correctly to achieve
agood bond. (Note: Follow complete detailed instructions
supplied with each adhesive kit.).

Preparation of1'""-14" CL,ZC & RB Pipe and Fittings for
Bonding

Key requirements for a good bond are:

1. CL,ZCand RB piping: Measure the length of the socket, add
1/2"and thoroughly sand the pipe OD with 36-60 grit material
untilthere are no glossy areas. Re-sand the fittings sockets
with 36-60 grit material to thoroughly clean the bond area. A
clean, rough surface provides a bond area for good adhesion.
Do notuseaflapperwheelto sand pipe OD orfitting socket.
Useaclean,dryragorpapertowelto remove sanding dust.
Do not use solvents. Do not use compressed air to blow
sanding dust off the prepared ends as it may contain
contaminates detrimentalto bond strength.

Never sand the joint surfaces more than two (2) hours
before making thejoint.

"Shoe Shine" method using Emery cloth of Disk powersanderfor large diameter pipe.
36-60gritabrasive Use36-60gritabrasive
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Highspeed die grinderforsanding sockets.
Usedrum with 36-60 gritabrasive

2. Thoroughly mix the
adhesive untilthe coloris

consistent. Apoor mix may
resultin aleaky connection.
Do not mix lessthan afull
kit ortryto estimate partial
quantities.

3. Thoroughly wet-out the
fitting socket (see note 1
for1"-2"joint) byworkinga
thin layer (approx. 1/16") of
adhesiveinto the bonding
surface of thefitting. In
asimilarmanner, apply
agenerous layer (1/8"
minimum) onto the pipe's
OD. Also coatthe cutend of
the pipeto preventchemical attack. CAUTION: Do not continue
tousetheadhesiveonceithasbeguntosetupinthecan.

4. Pushthefitting smoothly, straight
ontothe pipe. Do not turn, twist, or
workthefittingasthat could pull air
into the jointand create avoid area.
Slight rotation (approx. 1/2") after
insertion isacceptableforfitting
alignment. Be sure thereissqueeze-
outall around the hub of thefitting.

5. Donotmovethejointduringthe
gelling period of the cure cycle.

(36'
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Movement can cause out-of-
plumbfitting alignment

and aleakyjoint. Heat
cureisrecommended for
Centricast piping systems.
Referto pages 38-42 for heat
curing.

WARNING: Do not use the heat blanket or collaron the CL
orRBjoints untilthe adhesivefilletis gelled and firm to the
touch.

NOTE: 1”,1%>”, & 2” Centricast Pipe - Small diameter adhesive
socket joints may be obstructed by excessive adhesive ifthe
following instructions are not followed. Apply adhesive to the
fitting socket forcingitinto the sanded surface. Make sure all
ofthebondingsurfaces are completely coated with adhesive.
Removethe adhesive with the applicator leaving only avery thin
film to wet all the bonding surfaces.

Any excessive adhesive leftin thefittings socket will be forced
into the pipe duringjoining and may obstruct fluid flow in the
system. Wet the end of the pipe leaving a small bead of adhesive.
The adhesive will prevent chemical attack of the pipe end. Apply
athinfilm of adhesive to the pipe forcing it into the sanded
bondingsurface. Next coat the bonding area of the pipe only
with adhesive at least 14" thick. Make sure there is not excessive
adhesive ontheend of the pipe orin the pipe bore before placing
thefittingonthe pipe.

Joint Cure

Heat Assist Gel: Place anindustrial heat gun (1600 watt)
approximately 6" away from thefitting and point at the socket.
Continuously rotate slowly around thefitting until the bead is firm
tothetouch.

Heat Cure: We require heat curing all Centricastjoints with
electric heating blanket for maximum joint strength, corrosion
resistance and accelerated assembly time. See pages 38-42 for
Instructions for Using Heat Blankets and Collars.

Adhesive Disposal: Once the adhesive and hardenerhave been
mixed and reacted, nothing can be extracted, and itis
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classified as non-hazardous material. Dispose of in anormal
manner as other solid waste. Hardenerjars, when empty are not
subjectto EPAregulation and can be disposed of in anormal
manner. These guidelines are based on federal regulations. State
and localregulations and ordinances should be reviewed.

Instructions for Using Heat Blankets and Controller

CAUTION - Refer to Heat Blanket Instructions for complete
operatinginstructions

+ Use only with 120 volt power outlet. Special 240 volt heat
collars are available.

« Blanket should not be used in wet conditions.

« Tears, cuts or puncturesin the blanket can create a potential
safety hazard.

1. Useonlythe propersize heatblanket forthe pipe being
joined. See Table9.

2. Wraptheblanket aroundthejoint placing the thermistor
side outand the smootherside of the blanket down against
thejoint. Wrap around the joint until reaching the overlap.
Oncetheblanketstartsto overlap, place the tail of the
blanket throughtheslitin the thickend of the blanket and
pullittight. The entire joint should be covered now and the
smallamount of blanket left should be laid out off of the
thermistor. Now run the straps around the pipe, put them
through theirrespective slots, and then pull tight. This will
ensure a tight-fighting heat blanket providing you with the
bestcure.

NOTE: Check heat blanket temperature to be sureitis heating
properly.

3. Flangejointsrequire heating from theinside. First, lay the
blanket flat with the thermistor down. Next, roll up the
blanket from thetail so that once rolled up, the thermistor
isfacingouttowards theinside of the pipe. Insert the
blanketinto the pipe orfitting to the depth of the adhesive
joint. Leave the cord and the remaining part of the blanket
exposed. The blanket may be held in position against the
ID of the joint being heated by inserting a short section of
smaller FRP pipeinside the rolled blanket.

4. Avoid excess flexing of the blanket. Abnormal flexing can
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cause breakage and shorten the service life of the blanket.
DONOT creasethe heat blanket.

5. DONOT usecleaningsolvents. Solvents penetrate the
rubberand damage the heating wires.

6. DONOT carry ormovethe blanket by lifting it with the cord
alone. Supportthe weight of the blanket separately from the
cord to avoid abusing the cord-to-blanket connection.

Impropersizing or use of the heat blankets can cause excess
heating which can damage both the piping and heat blankets.

Table 9
Heat Blanket Models

Pipe Size 1"-3" an-g" 10"-14" 16"-20"

Model B C D E

Heat Blanket Cure Time

High temperature heat collars are to be used to cure Z-Core, CL
and RB Centricast pipe and fittings bonded with ZC-275 and
CL-200 series adhesive. The adhesive must be gelled before
applying heat blankets. The use of high temperature heating
blankets maximizes the strength and the corrosion resistance
ofthejoint. The recommended cure times varies with pipe size
asshowninTable 10. These cure times arevalid for fabrication
in environments between 70°F and 100°F. Please referto Part
I, Site Considerations, Adverse Weather Conditions for adverse
environmental considerations.

Table 10

Heat Blanket Cure Times

Adhesive Grades Pipe Size All Joints &Fittings
(hours)

ZC-275 1"-14" 1

CL-200 1"-14" 1/2

Based on controller style heat blanket

The curetime refersto thetime a powered heat blanket must
remain onthejointbeing cured. Oncethe curetime has
beenreachedthe blanket may be removed. Thejointwill be
structurally sound and may be moved as required to furtherthe
piping system assembly. Thejoint should be allowed to coolto
ambient temperature priorto hydro testing.
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Instructions for Using High Temperature Heat Collars

CAUTION - Referto Heat Collar Bulleting for complete operating
instructions.

+ Do notbend orfold heating collar as this may break the heating
elements and causethe collarto workimproperly ornot at all.

For Pipe and Fittings:

1. Usethesamesize heatingcollarasthe pipesizeyou are
installing, with the exception of flanges. Do not use a heating
collarthatis designed for a larger size pipe. See Table 12.

2. Withtheun-insulated flap on the bottom (next to thefitting),
carefully wrap the heating collar around the joint. Feed the
strap throughthe squarering. Caution: The un-insulated
flapis extremely hot when the collarison. DONOT TOUCH
with barehands.

3. Tightenthestrapsuntilthe heating collaris snugagainst the
joint.
ForFlanges:

1. Forl",11/2"and 2" flanges, anindustrial heat gun may be
usedto curethejoint. Besurethattheend ofthe gunisat
least sixinchesfromthe opening of the flange.

2. For3"through 14" flange joints, use a heating collar thatis
one pipesize smallerthan the productyou are working with.
Removethe straps from the heating collar.

3. Carefullyturnthecollarinside out with the heated area
facingthel.D. of the pipe. Place the heatingcollarin thel.D.
oftheflange. Asplitring of pipe may be used to hold the
collarin place while the jointis curing.

For Saddles:

1. Placetheheating collar overthe saddle outlet. During cool
weather, awind shield isrecommended to keep heat on the
joint. Saddles must be heat cured fortwo hours.

Allow the joint to return to ambient temperature before applying
stresstothejoint.
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NOTE: High Temperature electric heating collars are designed to
fitaround fittings, and will overlap on pipe joints and couplings.
Exceedingthe recommended curetime on pipe joints wherethe
heating collar overlaps may shorten the life of the heating collar
and/ordamage the pipe.

The use of insulation may be necessary below 40°F to prevent
heatloss.

High Temperature Heat Collars Cure Times

High temperature heat collars are to be used to cure Z-Core
and RBseries Centricast pipe and fittings bonded with ZC 275
series epoxy adhesive. The adhesive must be gelled before
applying heatcollars. The use of high temperature heating
collars maximizes the strength and the corrosion resistance of
thejoint. The recommended cure times varies with pipe size as
shownin Table 11. These cure times are valid for fabrication in
environments between 70°F and 100°F. Please referto Partll,
Site Considerations, Adverse Weather Conditions for adverse
environmental considerations.

Table 11
High Temperature Heat Collar Cure Times
Pipe Size All Joints & Fittings (hours)
1ngn 12
8"-14" 1

The curetime refersto the time a powered heat collar must
remain onthejoint being cured. Once the curetime has been
reached the collar may be removed. The jointwill be structurally
sound and may be moved as required to furtherthe piping
system assembly. Thejointshould be allowed to coolto ambient
temperature priorto hydro testing.



Table 12
High Temperature Heat Collar Cure Models (for use with ZC and RB pipe only)

Pipe size Model Number
110 VAC 240VAC

1" 005990-500-0 005990-500-1
1" 005990-501-0 005990-501-1
2" 005990-502-0 005990-502-1
3" 005990-503-0 005990-503-1
4" 005990-504-0 005990-504-1
6" 005990-505-0 005990-505-1
8" 005990-506-0 005990-506-1
10" 005990-507-0 005990-507-1
12" 005990-508-0 005990-508-1
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Butt & Wrap Joint Fabrication

Surface/End Preparation

NOTE: Itis essential to good fabrication that pipe and fitting
surfaces besanded, clean, dry,and freeofod grease and solvent
contamination. o f

1. Preparebothendsofthe pipe, or
pipe andfitting to be joined, by
sanding the bonding surfaces with
361060 gritabrasive. The sanded
areashould extend at least 12"
beyond the widest layer of glass.

Example: 14" Pipe Size.

The widest layer of fiberglassis 8", therefore, sand the pipe ends
toadistanceof4 1/2" from each cutend.

2. Neversandthejointsurfaces morethan two (2) hours before
makingthejoint.

3. Wipethesanded areawith aclean, dry, lint-free cloth, and
avoid touching the surfaces with bare hands or dirty gloves.
Do notusesolvents.

Interior Surface Preparation

For24"and larger piping, where
accessible, use adie grinderto sand the
interior surface of the pipe 3" from the
jointends. Thiswill provide a proper
bondingsurface forapplyingthe veil,
mat, and resin to the pipe'sinterior
surface.

Sealing and Securing The Pipe Ends

Coatthe sawed ends of the pipe and/or
fittings with catalyzed resin or Weldfast
CL-200Adhesive before joining the ends.
Mix Weldfast CL-200 per the instructions
inthe Weldfast Kit. Sealing the pipe ends
protects the fiberglass reinforcement from chemical attack.

.
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Hot Patches

Hot patches are used to prevent joint
movementduring the Field Weld
procedure. Hot patches are small pieces
of Fabmat, approximately 4" x6", which
areincludedin the Field Weld Kit. Two
(2) patches should be used on pipe up
to 20" diameter, and three (3) patches
on all pipe largerthan 20". Only a small i |
amountofresinis required to apply hot |
patches. Mixone pint of resin with 12 ml.
of catalyst. Saturate the patches with
the catalyzed resin, and apply to the
piping with the matside to the pipe.

The hot patches need to harden before applying joint filler. Heat
may be applied to accelerate hardening of the catalyzed resin.

JointFiller

Weldfast CL-200 adhesiveis used tofill
gaps andvoids caused by uneven saw
cutsand differencesin pipe outside
diameters.

Mix according to theinstructions
providedin the Weldfast Kit. Apply
enough catalyzed adhesive tofill
allofthe gaps and provide smooth
transitions where the pipesjoin. Let
the adhesive harden and re-sand the
joining surfaces before applying the
Field Weld resin and glass. Heat may be
applied to accelerate hardening of the
adhesive.

Mixing the Standard Lay-Up Resin

1. Measuretherecommended amount of catalyst using the
graduated measuring beaker. See the Cure Times Charton
page49.
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2. Pourthe measured catalystinto 1 quart of vinyl ester resin
andstiruntilcompletely blended. When theresin is properly
blended, the colorwill be consistent and will start to foam.

The standard mix of resinis 16 ml. of catalyst for each quart of
vinyl esterresin. After the first quart of resin is mixed and a layer
of fiberglass has been applied, it may be evident that the ratio of
catalyst should be changed to allow more orless working time.
If more working timeis required, use as little as 13 ml. of catalyst
toeach quartof resin. This will normally double the pot life and
the curingtime. If a quicker cureisrequired, use up to 22 ml. of
catalystforeach quart of resin. This will shorten the pot life and
curetime.

IMPORTANT NOTE! Never use less than 13 ml.or more than 22

ml. of catalystforeach quart of resin. "Smoking" or "crazing" of

ajointindicates an over-catalyzed resin. Joints made with over

catalyzed resin will be structurally weak, provide poor chemical
resistance, and should not be used.

Inside Corrosion Barrier (24" Diameter and Larger Piping)
Fab-Mat

Veil, Mat Corrosion
Barrier

Application Diagram - (24” Diameter and Larger Piping)

Fab-Mat Layers Per Packing List 5

5" Veil oy

4” Mats

Inside corrosion barriersimprove the Y &
structural and chemical integrity of | i
the pipe. When possible, always make
inside corrosion barriers when joining
large diameter pipe, using the following
procedures:

1. Wetthesandedsurfaceofthe
pipinginteriorwith a light coat of catalyzed resin.
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2. Arrangingthe materialson a flat surface ortable top,
pre-wet two layers of 4" wide, fiberglass mat, and one layer
of veil. Be surethe veilis the top layer.

3. Applythe pre-wetted layers, centering the glass over the
joint. Be surethe veilis toward the center of the pipe.

Veil, Mat Corrosion Fab-Mat
Barrier

Fab-Mat Layers Per Packing List ===

Application Diagram - 5" Veil [0

(Smaller Than 24"
Diameter Piping} 4” Mat B

Exterior Corrosion Barrier (Smaller Than 24" Diameter Piping)

Ifaninside corrosion barrier cannot be
made, a corrosion barrier must be made
onthe exterior joining surfaces of the
piping, using the following procedures:

1. Wetthesandedsurfaceofthe
piping exterior with alight coat of
catalyzedresin.

2. Arrangingthe materialson a flat surface ortable top,
pre-wet two layers of 4" wide fiberglass mat, and one layer of
veil. Besuretheveilisthetop layer.

3. Applythe pre-wetted layers, centering the glass overthe
joint. Be suretheveilis against the pipe.

Applying the Fiberglass Reinforcement

Apply allthefiberglass layers, as suppliedin the Field Weld Kit,
forthe pressure rating and size of the pipe beingjoined. Start
with the narrowest Fabmat at the pipe surface and proceed to
the widest Fabmat. (See Application Diagram for the proper
sequence and staging of fiberglass strips to be laid-up.)
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Pre-wetwithresin, a layer of fiberglass
onatableorflatsurface. Pickup the
wetted layer of fiberglass and place
itoverthejoint. Apply each layer of
Fabmatwith the matsidedown.As each
layerisapplied, roll out the wrinkles or
trapped airwith the 3" paintroller.

Mixing and Applying The Finish Coat

Afterallthe layers of fiberglass have
been appliedtothejoint, and thejoint
has gelled orsemi-hardened, apply a
final coat of catalyzed resin usingthe 3"
paintrollerora brush. Thisfinish coating
isin aseparatecontainermarked
"Finish Coat Resin." Thisresin should be :
catalyzed using the same procedure as for the standard lay-up
resin. Ifless than one quart of Finish Coat Resin is required, reduce
therecommended amounts of catalyst proportionately.

Application of the special Finish Coat Resin is critical to
developinga chemical resistant piping surface and joint.

ADHESIVE DISPOSAL: Once the adhesive and hardener have
been mixed and reacted, nothing can be extracted, and itis
classified as non-hazardous material. Dispose of in a normal
manner as other solid waste. Excess adhesive and hardener can
be mixed, allowed to react, and disposed of as above. If extra jars
of adhesive orhardener have accumulated without the other
componentto mixand react, contactyour Regional Manager.
Hardenerjars,when empty are not subjectto EPAregulation and
can bedisposed ofinanormal manner. These guidelines are
based onfederal regulations. State and local regulations and
ordinances should be reviewed.
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JointCure

The minimum required cure timeis 24 hours at 70°F. Inadequate
jointstrength will result if the catalyzed resin is cured at
temperatures lessthan 60°F. Heat cure at 200°F to 275°F will
accelerate curetime andincrease jointstrength.

Heat cureis highly recommended for piping systems carrying
fluids at temperatures above 120°F. Before pressurizing the
piping system, or moving the piping, cure thejoint. See the Cure
Times Chart below.

NOTE: See pages 62-63 for hydrostatic testingand system
start-up procedure. Bonding surfaces must be dry, so be sure all
solventhas evaporated before applying adhesive.

Table 13
Vinyl Ester Butt Weld Kit Cure Times
Tem PartA PartB Pot Gel Joint Cure
(OF)'" ShelfLife | ShelfLife | Life Time Time
(months) | (months) (min) (min) (hours)
40-49 6 12 N/R N/R N/R
50-59 5 12 N/R N/R N/R
60-69 3-4 12 20-40 25-45 36
70-79 3-4 12 20-40 25-45 24
80-89 2-3 9 15-35 18-38 24
90-100 1-2 4 8-15 10-18 16
200-250 - - - - 2-4
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Flange & Fitting Alignment

Aswith any piping system, flanges must be set for proper
alignmentof bolt patterns and fittings must be set to be plumb.
Arrangement of the work pieces before adhesive bondingis the
key to easy fabrication.

1. Levelthe pipeontheworktableorpipestands.
2. Dry-fitcomponentsto check dimensions.

3. Layoutlevels, plumbbobsthat will be needed.
4

Follow the recommended proceduresinsanding, adhesive
mixing and bonding.

5. Immediately afterinserting the pipeinto the fitting socket,
adjust the fabrication for correct alignment. Forexample, a
flange may need to be rotated slightly for correct bolt hole
alignment. About V2" of rotation on a flange should be the
limitof movement. The same applies for plumbingan elbow.
Excessive movement can create entrapped airand a leak
pathwhenthe system s pressurized.

6. Holdthefabrication rigid - no movement - until the adhesive
gels. This may require tape, pipe supports, or shims.

7. Checkthefabrication during the gel stage to be sureithas
notbeen bumped or moved.

8. Thoroughly heat-cure the joint before applying pressure.

NOTE: If afabrication hasbeen moved so thatthebond s
questionable, pullitapartand re-fabricate. If the adhesiveis fresh
and soft, simply re-apply adhesive to the pipe and fitting. If the
adhesive hasbegunto gel,itis probably easierto letit cure, sand
itoffand re-do the entire joint procedure.

Pipe Alignment: Proper alignmentis one of the mostimportant
tasks performed by the pipefitter. If done correctly, installation
will be much easierand the piping system will be properly
fabricated. If alignmentis poor, however, fit-up will be difficult
and the piping system may not function properly.

Methods of alignmentvary widely throughout the trade.
The procedurein this manual will enable you to obtain good
alignment.
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Pipe-To-Pipe: Bond pipe lengths
togetherwith coupling. Take a //&.
longstraightedge and placeon \ w/ (

top of pipes. Measure several

locations to make sure both pipes ﬁ// \\

are parallel with the straight edge.

Adjust pipes as needed. Move straight edge to the side of the pipes
and repeat measurements. Correct alignment by moving pipes as
needed.Hold pipesrigid until adhesive is gelled.

90 Degree Elbow-To-Pipe: Install
fittingon pipeto close visual
alignment. Centersquare ontop
of pipe. Centersecond square
onelbow's alternate face. Move
elbow untilsquares are aligned.

Hold rigid until adhesiveis gelled.

Alternate Method: Use same
procedureto bond fittingto pipe.

Level pipeinstand.Place spirit T
levelon elbow's alternate face

and adjustif needed. Move spirit

levelto opposite direction and

rotateto level. Hold rigid until

adhesiveis gelled.

e T
il (0] [€] I:[ /
45 Degree Elbow-To-Pipe: Install
fitting on pipe to close visual
alignment. Follow procedure
described above; squares will
cross. Toobtain correct45 degree
angle, alignthesamenumberson
theinside scale of thetilted square
and adjust fitting to conform. Hold
rigid untiladhesiveis gelled.
o

Alternate Method: Use same

[E] [0]

procedureto bond pipe and <—15
fitting. Centerspiritlevel on pipe. 1 S0
Next, center45 degree spirit level rﬁ
onface of elbow and move elbow 4 N
until45 degree bubbleis centered. '

Hold rigid until adhesiveis gelled.
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Tee-To-Pipe: Place squareon tee
asillustrated. Centerrule ontop
of pipe. Blade of square should
be parallel with pipe. Check by
measuringwith rule at several
points along the pipe. Move
square 90 degrees to side of pipe
andrecheck plumb by measuring
with rule along side of pipe. Hold
rigid untiladhesiveis gelled.

Flange-To-Pipe:

Step1 Levelpipeinstandsor
vise.

Step2 Installflange on pipeto
closevisualalignment.
Align top two holes of
flange with spirit level.
Move flange until bubble
is centered.

Step3 Usespiritlevelto adjust
flange face to be vertical
orplumb.

Step4 Rotate assembly 90
degrees andrepeat Step 3.

Step5 Holdrigid until adhesiveis gelled.
Alternate Method:

Stepl Installflange on pipeto
closevisual alignment.
Align top two holes of
flange with spirit level.
Move flange until bubbleis
centered.

Step2 Centersquareon face of
flange. Centerruleontop
of pipe. Move flange until
square and pipe are parallel.

Step3 Centersquareonface of flange. Center rule on side of
pipeandalignasin Step 2.

Step4 Hold rigid until adhesiveis gelled.
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Flanges
Flange Gaskets & O-Ring Requirements

ForRB, CL, & ZC, full-face gasketing materials, 3/16" thick, with
aShoreAhardnessof 60 to 70 durometer, are recommended.
F-Chemflanges require full-face gasketing material 14" thick or
O-ringsealsdependingon pressureratings. Referto Table 14.

Flat gaskets made from Teflon®and PVC usually have high
durometerratings and are not acceptable.

Table 14
Gasket & O-Ring Requirements for F-Chem Stub Flanges & Flanged Fittings
Gasket" 0-Ring®?
Pipe Pressure
size Rating 1.D. 0.D. Cross 1.D.
Section

in psig in in in in

14 50-100 14 %6 21 = =
125-150 = = 275 15.475

50-100 - -

3 1,

16 125 16 %o 8% 275 17.455

18 50-100 18 %6 25 = =
125 = = 275 19.455

20 50-75 20 %6 27% - -
100 - - 275 21.629

24 50-75 24 %6 32 - -
100 = = 275 26.129

30 50-75 30 %6 38% - -
100 - - 375 31.975

36 50-75 36 %16 46 - -
100 = = 375 36.180

o 50 42 e 53 - -
75-100 - - 375 44.620

48 50 48 Ve 59 %4 - -
75-100 = = .500 50.680
54 50-75 - - .500 56.770
60 50-75 - - .750 62.590
72 50-75 - - .750 75.340

1 Use ANSI 16.1 class 125 b drilling gasket with a hardness of 50 to 70 durometer on the
Shore Ascale.
2 Use O-Ring with a hardness of 50-70 durometer on the Shore A scale.



Standard Bolting Conditions

Flanges meet OD, bolt circle diameter, number of holes and bolt
hole diameter dimensions for ANSIB16.1,125 |b. castiron sizes
30"-72"and ANSIB16.5, 150 |b. steel for 1"-24" diameters.

NOTES:
1. Standard Bolt Description:
Diameter-Threads perinch xlength.

2. Boltlengths are nominal. When joining flanges to flanges of
other material ormanufacturers, the bolt length must be
calculated.

3. Usetwowasherswith each bolt. Use SAE standard washers
underallnuts and bolt heads up to 48" size. Use USS
wroughtwashersfor 54" and larger sizes.

4. Bolttorque based on National Coarse threads.

Table 15
Bolt, Washer & Torque Requirements for CL, RB, ZC Flanges & Fabricated
Flanged Fittings

Flange # of Machine Bolt Stud Bolt Maximum Allowable
Size (in) Bolts Size Size Torque ft. lbs.
1 4 Y2-13x3 Ya-13x3"% 10/10
112 4 Ya-13x3"% Ya-13x4 20/15
2 4 %-11x3% %-11x4% 50/35
3 4 %-11x3% %-11x4% 50/35
4 8 %-11x4% %-11x5 50/35
6 8 %-10x4% | 34-10x5% 50/35
8 8 %-10x5% | 34-10x6% 50/35
10 12 T%-9x8 78-9x9 50/35
12 12 T%-9x8 78-9x9 50/35
14 12 1-8x10% 1-8x12 50/35
Integral Flanged Fittings
1 4 Y5-13x3 Ya-11x3"% 10/10
1% 4 Y2-13x3% Ya-13x4 20/15
2 4 %-11x3% | %-11x4% 30/20
3 4 %-11x3% | %-11x4% 30/20
4 8 %-11x4% %-11x5 30/20
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Table 16

Bolt, Washer & Torque Requirements for Van Stone-Type Flanges

Maximum
Flsai';'ze BFal::meg #of | Machine it:l‘ti Allowable Torque
. g Bolts | Bolt Size . ft. lbs.
(in) Material Size
Dry/Lubricated
2 4 %-11x5 | %-11x5% 50/35
3 FRp 4 %-11x5 | %-11x5% 50/35
4 8 %-11x5 | %-11x6 50/35
6 8 |%-10x5%| %-10x6"% 50/35
2 4 %-11x4 | %-11x4% 50/35
3 4 %-11x4 | %-11x4% 50/35
Steel 5 5 7
4 8 %-11x4 | %-11x4% 50/35
6 8 %-10x4 | %-10x5 50/35




Table 17
Bolt, Washer & Torque Requirements for F-CHEM Flanges & Flanged Fittings
Flange | Pressure A

size Rating #of Machine Stud Bolt Torque

. - Bolt® Bolt ® (ft b)

(in) (psi) Bolts . .
Size Size

in psi nom | max
50 12 1-8x4% 1-8x6 75 100
75 12 1-8x5 1-8x6 85 110
14 100 12 1-8x5 1-8x7 90 120
125 12 1-8x5% 1-8x7 50 100
150 12 1-8x6 1-8x7 50 100
50 16 1-8x4% 1-8x6 75 100
16 75 16 1-8x5 1-8x6 85 110
100 16 1-8x5% 1-8x7 90 120
125 16 1-8x6 1-8x7 50 100
50 16 1%-7x5 1%-7x6 75 100
18 75 16 1%-T7x5% 1%-7x7 85 110
100 16 1%-7x6 1%-7x7 90 120
125 16 1%-T7x6% 1%-7x8 50 100
50 20 1%-7x5 1%-7Tx7 90 120
20 75 20 1%-7x5% 1%-7Tx7 105 140
100 20 1%-7x6 1%8-7x8 75 125
50 20 1Y% -7 x5% 1Va-7x7 90 120
24 75 20 1%-7x6 1%-7x8 105 140
100 20 1% -7x6% 1%-7x8 75 125
50 28 1%-7x6 1%-7x8 105 140
30 75 28 1Y% -7x6% 1%-7x8 120 160
100 28 1Va-7x7 1%a-7x9 75 125
50 32 1%2-6x6% 1%2-6x9 105 140
36 75 32 1%2-6xT7% 1%2-6x9 120 160
100 32 1%2-6x8 1%2-6x10 100 150
50 36 1%2-6x7 1%2-6x9 120 160
42 75 36 1%2-6x8 1%2-6x10 100 150
100 36 1%2-6x8% 1%2-6x10 100 150
50 44 1%2-6x7% 1%2-6x9 120 160
48 75 44 1%2-6x8 1%2-6x10 100 150
100 44 1%2-6x9 1%2-6x11 100 150
54 50 44 1%-5x8 13%-5x10 100 175
75 44 1%-5x9 13%-5x11 100 175
60 50 52 1%-5x8% 13%-5x11 100 175
75 52 1%-5x9% 1%-5x12 100 175
7 50 60 1%-5x9% 13%-5x11 125 200
75 60 1%-5x11 13%-5x13 125 200

WSpecial bolt lengths are required for blind flanges.



Recommended Bolt Torquing Sequence for Flanges
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Special Flange Bolting Conditions

Oftenitis necessary to mate flanges with components that
donothave afullflatface surface such asraised face flanges,
butterfly orcheckvalves with partial linerfacings, and Van
Stoneflange hubs. The addition of a hard spacer ring or steel
back-upring placed between theraised face and the outer
edge of the flange to form a full flat face on the mating flange
isrecommended. The purpose of the spaceris tofill the gap
outside theraised face to prevent bolt loads from bending and
breakingtheflange. Spacerrings are not requiredifa Van Stone-
typeflangeis used when connectingto raised face flanges, valves
orpumps.
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Back-up
~—Ring

] ;] ] Back-up Ring Thickness
/ Pipe Ring
/ Size Thickness

- 4 1"-12" 9/16"

Gasket
Flange

-]

Compression Molded Flanges

Figure8.4

Connecting to Other Piping Systems

Itis often necessary to connect our piping to another piping
system or make a connection which will not be possible using
flanges. Threaded connections are offered - primarily for
instruments, thermo wells, etc. Select the appropriate fitting
from the Fittings & Accessories Bulletins. Victaulic-type grooved
adapters are also available for use with Series 77 coupling in
certainsizes.

Threaded Joints

1. Before makinganythreadedjoints,besure all bondedjoints
arefully cured.

2. Applythread lubrication to both male and female threads.
Amaterialwhich remains soft for the life of the jointis
preferred. Be sure the thread lubeis suitable for the fluid
service.

3. Tightenthejointtoseal. Do notover-torque. FRP threads
should be handled carefully - asifthey are brass.

NOTES:

1. Theuseof adhesivetobond asteel ormetal pipeintoa
flangeis notrecommended.

2. Ifmatingour piping system to steel or other FRP system, the
preferred method is with flanges. Terminate the old system
with the other FRP flange and bolt our flange on the new
system.

3. Besuretochecktheanchors, guides,and supports of an
existing system to avoid transfer of any stresses or thermal
expansion loadsinto the system.
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4. Donottrytothread pipe orfittings. Thisisvery difficult and
risky. Purchase the required factory part.

Tips: Ifnothread lubeis available, the use of Weldfast Part "A"
will usually be acceptable. Two wraps of Teflon® tape may also be
usedin lieu of thread lubricant.

Pump & Equipment Connection

Pipe connections to pumps or other equipment that involve
vibration, shock loads or other mechanical movements should
include flexible connectors. These flexible connectors allow for
the absorption of vibration and eliminate the placing of undue
strain on the pipe and fittings. A bellows-type expansion jointis
recommended, although rubberhose has also been used with
success.

Hydrostatic Testing and System Startup

Hydrostatic Testing: When possible, piping systems should be
hydrostatically tested priorto being putinto service. Care should
betakenwhentesting, asin actualinstallation, to avoid water
hammer.

Allanchors, guides and supports mustbein place priorto testing
theline. To hydrostatically test the line, observe the following:

Wateris usually introduced into the system through a one-inch
diameter or smaller pipe. Provision for bleeding air from the
system should be made. Water should be introduced atthe
lowest pointin the system and the air bled off through a partially
openvalveorloose flange atall high pointsin the system. Slowly
closethevalve,and bring the system gradually up to the desired
pressure.

Test pressure should not be more than 1-1/2 times the working
pressure of the piping system, and never exceed 1-1/2 times the
rated operating pressure of the lowest rated componentin the
system. When testingis completed open all of the high point
airbleeds before draining the piping. This will prevent vacuum
collapse of the pipe.

Forsystems with severe chemical or temperature applications,
acyclictest may replace the static test. Contact us for
recommendations.
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WARNING: Air Testing: Hydrostatic test should be used

instead of airor compressed gas if possible. When air
orcompressed gasis used for testing, tremendous amounts
of energy can bestored inthe system. If a failure occurs, the
energy may be released catastrophically, which can resultin
property damage and personalinjury.In cases where system
contamination or fluid weight prevents the use of hydrostatic
test, airtest may be used with extreme caution. To reduce the
risk of air testing, use the table below to determine maximum
pressure. When pressurizing the system with air orcompressed
gas, the areasurrounding the piping must be cleared of
personnel to preventinjury. Hold air pressure forone hour, then
reducethe pressure to one halfthe original. Personnel can then
enterthe areato perform soap test of all joints. Again, extreme
caution must be exercised during air testing to prevent property
damage or personnelinjury. If airor compressed gas testing
isused, we will not beresponsible for any resulting injury to
personnel ordamageto property, including the piping system. Air
orcompressed gas testingis done entirely at the discretion and
risk of management at the job site.

Forlargerdiameters, contact Fiber Glass Systems.

Pipe

. 1| on 3" 4" 6" 8" | 10" | 12" | 14"
Diameter

psig 25 25 25 25 25 25 14 9 6 5

System Start-Up

On any pressurized piping system, the initial start-up should be
gradualto prevent excessive loads and pressure surges which
may damage or weaken the piping.

Onemethodisto slowlyfill the system while bleeding off all air
before starting any pumps or openingvalves into pressurized
piping.Analternate methodisto start the centrifugal pump
against a closed, adjacentvalve; then slowly open thevalve to
gradually build up system pressure. The air should be bled off
whilethelineisfillingasinthefirstmethod.

Forpositive displacement pumps, consult Engineering for
recommendations.
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Water Hammer - Avoiding Problems

Water hammeris aterm generally used to describe situations
where a pressure surge in the piping system causes violent
movement of the system. Usually this pressure surgeis caused by
asuddenvalve closing, electrical outage, pump failure, or some
otherout-of-the ordinary situation. The pressure surgeis usually
brief, but damage can be severe. In FRP piping, water hammer
usually resultsin broken fittings due to pipe system movement
caused by pressure. Insufficient system anchors, guides and
supports allow excessive movement of the piping and creates
fitting breaks.

Ifyou suspect waterhammer, consult with the project engineer
assoon as possible to eliminate the problem. This may require
installing slow operating valves, a pump bypassorsurge
protectorsinthe system.

More anchors, guides or supports may need to be added. If you
can easily move the piping by pushingon it,changesin the pipe
supportarrangementto restrict movement probably need to be
made.

Airinasystem can also cause waterhammer. Bleed air out of
the piping priorto full pressure operation. Any pipe system
which moves suddenly, creates a lot of noise, or generally seems
unstableis a candidate for problems due to water hammer.

r
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Section 6

System Repair &
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Replacing Damaged Pipe
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System Repair & Modification

Should aleak occurduring pressure testing or start up of the
piping system, the normal proceduretorepairisto cutouta
fitting oradamaged section of pipe and replace it with new

material.

Determinethefluid that has beeninthe piping system before
beginning repairsto avoid contact with chemicals.

Systems often require modification, added instrumentation, or
new branches. Components are available to easily accomplish
this.

Always use the same pipe grade, fittings, and adhesive on new
partsasisinthe existing system. Do not mix pipe grades. Ifyou
have questions about the chemicalservice, pipe grade selection,
existing system operating conditions, or other matter, call your
local Distributor or Regional Manager.

NOTES:

1. Mostleaksinapipingsystem are due to poor fabrication or
improperinstallation (i.e., not properly anchored, guided or
supported).

2. When makingrepairs, be sure all surfaces to be bonded
aredry, clean and thoroughly sanded. Good adhesive
connections cannotbe made onwet orcontaminated
surfaces.

Replacing Damaged Pipe

Pipe leaks through the pipe wall are usually the result of physical
damage to the pipe fromimpact, vacuum, excessive bending, or
other abusive conditions. The damaged section should always be
replaced by using the following procedures:

Flanged Systems: If possible, replace the entire flanged length.
Otherwise, cut outthe damaged section and bond new flanges to
the remaining pipe ends according to recommended procedures.
Next, fabricate a new flange-by-flange spool to the length
required. Boltin the new pipe section.

Flanged fittings should be removed from the system when
damaged and replaced with a new fitting.

Attempttofind the cause of the damage and take corrective
action. Solve the problem; don'tjust replace a part.
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Socket/Bonded Systems: Cut out the section of pipe which

leaks, making sure cuts are square. Dry the pipe ends. Cuta new
length of pipe to the same length as that which was cut out. Use
splitrepair couplings to adhesive bond the new pipeinto place.

1.

10.

11.

Before fabricating connection, all seepage or fluid at the
jointarea must be eliminated.

Sand the outer surface of the pipe thoroughly for a distance
of atleast 1" on eitherside of the anticipated contact area
ofthe coupling, using 36 to 60 grit abrasive. Sand the inner
and outer surface and mating edges of the inner two-piece
couplingand sandtheinnersurface and mating edges of the
outertwo-piece coupling.

Brush away all the dust from the sanded areas taking care
notto contaminate the sanded surfaces. Donotuse a
solventwipe.

Slidethe hose clamp over one of the pipe ends and out of
the way of thejoint area.

Mix the adhesive in accordance with the instructions
provided with the adhesive kit.

Coattheinnerand outersurfaces and mating edges of the
inner coupling with a thin layer of adhesive and set aside.

Coattheinnersurface and mating edges of the outer
couplingwith a thin layer of adhesive and set aside.

Coatthe cutedges of the pipe with a thin layer of adhesive.

Coatthesanded outer surfaces of the mating pipe sections
with athin layer of adhesive.

Place thetwo-pieceinner couplingonthe pipejoint,
centered over the butted pipe ends.

Inner Coupling

Place the two-piece (2 Peces)
outer coupling over
theinner coupling
withthe seam
rotated 90 degrees
away from the
seam of theinner
coupling.

Outer Coupling
(2 Pieces)

Adjustable Clamp
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12. Placethe hose clamp overthe center of the outer coupling
andtighten.

13. Remove the excessive adhesive.

14. Heat cure the adhesive in accordance with the instructions
foundinthe adhesive kit.

§ ] | 3| |8 HH 3
Split Repair Split Repair
Coupling Coupling

Alternate Method: Use Flangesto install a new section of pipe.
Cutoutthedamaged pipe length. Bond flangesto the remaining
pipeends using proper procedures. Fabricate a flange-by-flange
spooltotherequired length and boltinto place.

Replacing Damaged Fittings

Insocket adhesive systemswhich develop a leakin either afitting
orthesocketjointarea of afitting, it will usually be necessary to
cutoutthe leaking partandreplaceit.

When possible, anchors, guides and supports should be
loosened and some movement allowed during fabrication. Use
couplingstoinstall new pipe stubs and the new required fitting.
Where the systemisveryrigid, it may be necessary to use flanges
toallow boltingin of the replacement part. Also, if fittings are
close-coupled, a series of fittings may have to be removed and
replaced. Certainly, thisis not desired, and an alternate overwrap
method might be considered; see page 70.

Proceduresto be followed are:

1. Determinethebestlocationto cut the pipe section which
containsthe leak. Leave enough pipe length to make socket
joints perthe recommended procedures.

Drythesystem.

3. Ifyoucanmovethe pipeends, use couplings to bond the
new partinto place. Otherwise, use split repair couplings,
similar to the procedures shown.
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Alternate Method: If the piping arrangement does not allow
the use of couplings, bond flanges to the pipe ends and bolt the
replacementfitting or section into place.

Step1
Cutout
Section

Problem
Fitting

Split Repair

Coupling Coupling

Adhesive Adhesive

Step 2
Step 2 with Split
with Repair
Couplings Couplings

~®— Flanges

Alternate use

Completed of Flanges
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Overwrap

Aleakingfitting, pipe orjointcan be overwrapped with a

resin

and glass lay-up. Thisrequires resin, catalyst, fiberglass

reinforcement, tools, and a clean, drywork area. Many times an
overwrapisthe preferred method, particularly when fittings
arein aclose, complex manifold or assembly. Custom overwrap
kits are available foreach pipe size and pressure classification.

Cont
Appl

actFiberGlass Systems.
ication Procedure: Before making the over-wrap, read

theseinstructions carefully.

1.
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(N

S

Sand the surface area thoroughly foran equal distance on
eachsideofthe leak. The sanded surface should extent at
least 122" beyond the widest layer of glass supplied with

the kit. Remove all surface glazes, paint, oil, grease, scale,
moisture, or otherforeign material to ensure proper bonding
of the resin material to the surface.

Usethe applicator brush Veil & Fabmat
toremove all dustfromthe S?ket End Overlay
sanded area.

////////////////A /ANENNNNNNNNNNNNNNNN NN NN NN NN

If repairing a socketjoint,
usethe Weldfast adhesive
suppliedinthekittoforma
tapered bead as shownin this <
sketch. The bead will provide  Tapered
asmooth transition from Weldfast
fitting to pipe. Bead

NARRNRNSIANRRNNRANNY
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Lay out the precutfabmatand surfacing veil on aflat, clean,
drysurface (i.e., cardboard, plywood, etc.).

Add contents of Part "B" tube(s) to container of Part "A"
(resin). Using one of the wooden stirrers, mix the contents
thoroughly for at least one minute.

Usethe applicator brush to apply aliberal, even coating of
the resin mixture to the entire sanded surface.

Usingthe 3" roller, thoroughly saturate the fabmat laid out
onyourworkingsurface. Apply wet-out fabmat to the joint
tobeoverlaid placing the matsidedown. Using the 3" roller,
continuetoroll out the material until allentrapped air has
beenrolled out and the fabmatis contoured smoothly to the
surface.



Forjointsizes4" and larger, repeat step #7.

Place surfacing veil overthe fabmatand, again using the 3"
roller, apply a liberal amount of resin and work out all air as
instep #7.

NOTE: Be sure that the pipe surfaceis thoroughly wet out
with catalyzed resin.

Some guidelines on the overwrap are:

1. Theoverwrapshould beequally spaced on eachside of the
pointof the leak.

2. Theoverwrapshould be around the entire circumference of
the pipe orfitting.

3. Thepressureratingand pipe diameter will determine the
overwrap thickness. Consult Fiber Glass Systems' Technical
Services to determine specificinformation about design of
the overwrap.

4. Theresinsystem of the overwrap should be compatible with
theresin system of the existing pipe orfittings.

5. Curetheoverwrap completely before pressure testing.

Temporary Fixes

Pipe Leaks: The use of a conventional metal pipe clampis a good
method for containing a small leak.

Socket Leaks: Materials are available in the marketplace for
making "ace bandage" types of overwraps.

Fitting Leaks: A pinhole type leak can sometimes be stopped by
applying athickness of adhesive overadry,sanded area.

CAUTION: If hazardous materials or high pressures are
present, replace the damaged pipe or fitting at once. Do not
try atemporary repair. Make a permanent repair as soon as
possible.

Tappingintoaline

The two most common methods foradding a branch ortapping
into an existingline arethe use of atee orsaddle. Saddles are
often rated for lower pressure than the pipe; check the rating

of the systemversus the saddle. Consult Fittings & Accessories
Bulletins.

Generally, the use of flangestoinstall a new tee is preferred.
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Installing a Flanged Tee:

1. Cutthepipe, leavingenough pipeto bond flanges onto the
existing pipe ends.

2. Usingrecommended procedures, and with the system
dry,bond flanges to the existing pipe ends. Be sure your
measurements are exact for the new fitting to fit correctly.
Curethe adhesive.

x ] )

3. Installthenewtee.

The procedureforinstallingan adhesive socket tee will be the
same as forreplacing a damaged socket fitting (see page 68).

Saddles: Bonding a Saddle onto pipe s similarto making a
regularadhesive socket joint. The preferred methodis:

1. Layouttherequired
dimensions. Mark the R
areatobe sanded by 4
positioning the saddle on
the pipe and markingthe
pipe.

2. Sandtheentirearea
where the saddle will
bondtothepipe. A
power sanderordie grinder will save time. Refer to page 35
procedures concerning pipe and fitting preparation. Also,
sand the bondingsurface of the saddle.
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Locatethe centerofthe branchhole.

a. Saddlewithacement
socketoutlet (1"-14"). Cut
aholethesamesizeas
thesaddleoutletusinga
hole saw with pilot drill.
Do notforce the cutting
toolasthiswillmake a
rough hole. Follow the
sameinstructions as
"Cutting Pipe" on page 28
when cuttingthe hole

b. SaddleswithanIP
thread outlet (14"-1").
Preparethesurface
asabove. Install the
saddle priortodrilling
the hole. After saddle
connection hascured,
place athin metalsleeveintheoutletto protectthe
threads, drill out the opening and coat the cut edges
with adhesive. This eliminates clogging the smaller
outletswith the adhesive when the saddleis pressed
into position.

Generous amounts of adhesive must be applied to the pipe
andtheunderside of the saddle; coat the cut edges of the
holeinthe pipe. Pressthe saddle overthe holeand press
into place. Use two hose clamps to tightly band the saddle
onto the pipe.

Tighten the clamps so that the adhesive is squeezed out
aroundthesaddle. Dressthe edges and clean the squeezed
adhesive out of the branch as best asyou can.

Curethefabrication perthe adhesive recommendations.
The clamps can either be removed orremain on after the
cureiscompleted.

Pipe orfittings in the branch run can now be fabricated.
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Centigrade Fahrenheit Centigrade Fahrenheit
-200 -328.0 24 75.2
-100 -148.0 25 77.0
-90 -130.0 26 78.8
-80 -112.0 27 80.6
-70 -94.0 28 82.4
-60 -76.0 29 84.2
-50 -58.0 30 86.0
-40 -40.0 31 78.8
-30 -22.0 32 89.6
-20 -4.0 33 81.4
-10 14.0 34 93.2

0 32.0 35 95.0
1 33.8 36 96.8
2 35.6 37 98.6
3 37.4 38 100.4
4 39.2 39 102.2
5 41.0 40 104.0
6 42.8 41 105.8
7 44.6 42 107.6
8 46.4 43 109.4
9 48.2 44 111.2
10 50.0 45 113.0
11 51.8 46 114.8
12 53.6 47 116.6
13 55.4 48 118.4
14 57.2 49 120.2
15 59.0 50 122.0
16 60.8 51 123.8
17 62.6 52 125.6
18 64.4 53 127.4
19 66.2 54 129.2
20 68.0 55 131.0
21 69.8 56 132.8
22 71.6 57 134.6
23 73.4 58 136.4
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Centigrade Fahrenheit Centigrade Fahrenheit
59 138.2 94 201.2
60 140.0 95 203.0
61 141.8 96 204.8
62 143.6 97 206.6
63 145.4 98 208.4
64 147.2 99 210.2
65 149.0 100 212.0
66 150.8 110 230.0
67 152.6 120 248.0
68 154.4 130 266.0
69 156.2 140 284.0
70 158.0 150 302.0
71 159.8 160 320.0
72 161.6 170 338.0
73 163.4 180 356.0
74 165.2 190 374.0
75 167.0 200 392.0
76 168.8 210 410.0
7 170.6 212 414.0
78 172.4 220 428.0
79 174.2 230 446.0
80 176.0 240 464.0
81 177.8 250 482.0
82 179.6 260 500.0
83 181.4 270 518.0
84 183.2 280 536.0
85 185.0 290 554.0
86 186.8 300 572.0
87 188.6 310 590.0
88 190.4 320 608.0
89 192.2 330 626.0
90 194.0 340 644.0
91 195.8 350 662.0
92 197.6
93 199.4




Metric Units

U.S. Equivalents

Lengths 1 millimeter 0.03937 inch
1 centimeter 0.3937 inch
1 meter 39.37 inches
or 1.094 yards
. 1093.61 yards
1 kilometer or 0.6211 mile
Areas 1 square millimeter 0.00155 square inch
1 square centimeter 0.155 square inch
1 square meter 10.764 square feet
or 1.196 square yards
1 square kilometer 0.3861 square mile
Volumes 1 cubic millimeter 0.000061 cubic inch
1 cubic centimeter 0.061 cubicinch
1 liter 61.025 cubic inches
1 cubic meter 35.314 cubic feet
or 1.3079 cubic yards
Capacities 1 milliliter (0.001 liter) 0.0338 U.S. fluid ounce
1 liter 2.1134 U.S. liquid pints
1 liter 1.0567 U.S. liquid quarts
1 liter 0.2642 U.S. gallon
. 0.03527 avoir. ounce
Weights Lgram or 15.4324 grains
1 kilogram(1000 grams) 2.2046 avoir. pounds
U.S. System Units Metric Equivalents
. 25.4 millimeters
Lengths Linch or 2.54 centimeters
1 foot 0.3048 meter
1yard 0.9144 meter
1 mile 1.6093 kilometers
Areas 1 squareinch 645.16 square millimeters
or 6.452 square centimeters
1 square foot 0.0929 square meter
1square yard 0.8361 square meter
1square mile 2.59 square kilometers
Volumes 1 cubic inch 16,387.2 cubic .millimgters
or 16.3872 cubic centimeters
1 cubic foot 0.02832 cubic meter
1 cubic yard 0.7646 cubic meter
Capacities 1 U.S. fluid ounce 29.573 milliliters
1 U.S. liquid pint 0.47317 liter
1 U.S. liquid quart 0.94633 liter
1U.S. gallon 3.78533 liters
Weights 1grain 0.0648 gram
1 avoir. ounce 28.35 grams

1 avoir. pound

0.4536 kilogram
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31.1035 grams
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Decimal Equivalents of Fraction

inches Decimal of an inch inches Decimal of an inch
Yea 0.015625 2% 0.453125
Va2 0.03125 1942 0.46875
Vo4 0.046875 3Vea 0.484375
Y20 0.05 i 0.5

Yhe 0.0625 3% 0.515625
Y3 0.0769 32 0.53125
Ye4 0.078125 3% 0.546875
Yh2 0.0833 %6 0.5625
Y 0.0909 34 0.578125
Y2 0.09375 192 0.59375
Yo 0.1 3%a 0.609375
Vo4 0.109375 bZ] 0.625

Y 0.111 Yea 0.640625
Y% 0.125 213 0.65625
Y4 0.140625 7 0.671875
Y 0.1429 Ve 0.6875
Y2 0.15625 “oa 0.703125
Y% 0.1667 233 0.71875
Ves 0.171875 s 0.734375
e 0.1875 Ya 0.75

Y 0.2 Yo 0.765625
¥4 0.203125 2532 0.78125
732 0.21875 5Vea 0.796875
%4 0.234375 %6 0.8125

Va 0.25 534 0.828125
e 0.265625 2732 0.84375
%2 0.28125 5%a 0.859375
%a 0.296875 ] 0.875
Y6 0.3125 574 0.890625
2Vea 0.328125 2932 0.90625
i 0.333 5%a 0.921875
132 0.34375 %6 0.9375
2364 0.359375 664 0.953125
¥ 0.375 332 0.96875
2%a 0.390625 6364 0.984375
133, 0.40625 1 1.0

The 0.4375
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Conversion Constants

To Change: To: Multiply by:
Inches Feet 0.0833
Inches Millimeters 25.4
Feet Inches 12

Feet Yards 0.3333
Yards Feet 3
Square inches Square feet 0.00694
Square feet Square inches 144
Square feet Square yards 0.11111
Square yards Square feet 9

Cubic inches Cubic feet 0.00058
Cubic feet Cubic inches 1728
Cubic feet Cubic yards 0.03703
Cubic yards Cubic feet 27
Cubic inches Gallon 0.00433
Cubic feet Gallons 7.48
Gallons Cubic inches 231
Gallons Cubic feet 0.1337
Gallons Pounds of water 8.33
Pounds of water Gallons 0.12004
Ounces Pounds 0.0625
Pounds Ounces 16
Inches of water Pounds per square inch 0.0361
Inches of water Inches of mercury 0.0735
Inches of water Ounces per square inch 0.578
Inches of water Pounds per square foot 5.2
Inches of mercury Inches of water 13.6
Inches of mercury Feet of water 1.1333
Inches of mercury Pounds per square inch 0.4914
Ounces per square inch Inches of mercury 0.127
Ounces per square inch Inches of water 1.733
Pounds per square inch Inches of water 27.72
Pounds per square inch Feet of water 2.310
Pounds per square inch Inches of mercury 2.04
Pounds per square inch Atmospheres 0.0681
Feet of water Pounds per square inch 0.434
Feet of water Pounds per square foot 62.5
Feet of water Inches of mercury 0.8824
Atmospheres Pounds per square inch 14.696
Atmospheres Inches of mercury 29.92
Atmospheres Feet of water 34
Long tons Pounds 2240
Short tons Pounds 2000
Short tons Long tons 0.89285
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Feet Head of Water to PSI

Head Feet :::::’:I::I: Head Feet ::::ii::;
1 0.43 100 43.31
2 0.87 110 47.64
3 1.30 120 51.97
4 1.73 130 56.30
5 2.17 140 60.63
6 2.60 150 64.96
7 3.03 160 69.29
8 3.46 170 73.63
9 3.90 180 77.96
10 4.33 200 86.62
15 6.50 250 108.27
20 8.66 300 129.93
25 10.83 350 151.58
30 12.99 400 173.24
40 17.32 500 216.55
50 21.65 600 259.85
60 25.99 700 303.16
70 30.32 800 346.47
80 34.65 900 389.78
90 38.98 1000 433.00

NOTE: One foot of water at 62°F equals .433 pound pressure per square inch. To
find the pressure per square inch for any feet head not given in the table above,
multiply the feet head by .433.
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Useful Formulas

Geometric Properties: A= Area; Al = Surface area of solids; V =Volume; C = Cireumference
/ [= \
! .
: Y =
Rectangle Circle A=TAB
A=HE A=TR* C=2
C=TD
R=D/2

o

b
Soctor of Circle

0

T
Parallelogram Am TR 5‘;0 Sphere
AsamR
A=HL o )
L=TR ia6 ya ATR
o= 5728
R=§7286 L
o
L,
: Xr =
Triangle Trapesokd
- Ed L +L
Amg: Cone aep bt
A= TIR(S +R) 2z
RH
,
L
H
5 A
Elliptical Tanks
Restanglular Solid i
e A1-2w(.nB+m /%) i
V=THR*

V= TABH

For Above Contginers:

Capoly I gatons = oL when Vi ncubicinhes Capatngalons + 748V when Vi bl ot
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Definition of Terms

Accelerator - Any of anumber of chemicals added to the resin,
singly orin combination, which speed the hardening process or
causethe hardeningto occur (hardener, catalyst, curing agent,

promoter).

Adapter - Afitting used to join two pieces of pipe, or two fittings,
which have differentjoining systems.

Adhesive - A material formulated to bond together pipe and
fittings resulting in high strength and corrosion resistant
fabrications.

Belland Spigot - Ajoining systemin which two truncated
conical surfaces come together and bond adhesively. The bellis
thefemaleend. The spigotis the male end.

Bushing - Afitting used to join two different sizes of pipe by
reducing the size of the female end of the joint. Joints may come
threaded ortapered.

Catalyst - Seehardener.

Centrifugal Casting - A process for making pipe in which the
resin, fiberglass reinforcement and otheringredients are placed
into the interior of a spinning steel rotary mold, forming the pipe
through centrifugal force and the application of heat.

Collar-Seecoupling.

Compressive Force - The forcethat occurs when a pipeis
subjected to crushing loads. Axial compressive forces occur
when a piping systemis anchored to restrain thermal growth.

Compression Molding - A process for making fittings in which
amolding compoundis formed and curedinto the finished part
configuration through pressure and heatin a die.

Concentric Reducer - A pipefitting used tojoin two different
sizes of pipe while maintaining the same centerline.

Contact Molding - A process for making fittings in which cut
pieces of fiberglass reinforcement are laid on a mold, saturated
with resin, and cured to the finished part shape.

Coupling (collar) -Ashort heavywall cylindrical fitting used
tojoin two pieces of the samessize pipein astraightline. The
coupling always has female connection ends which can be bell,
threaded oramechanicaljoining method.
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Cure - The hardening of athermosetting resin system by the
action of heat or chemical action.

Cure Stages - Describesthe degree to which athermosetting
resin has cross-linked. Three stages, in order of increasing cross
linking, include B stage, gelled, fully cured.

Cure Time - Thetime required for a thermosetting material to
reactand develop full strength. The time is dependent upon the
temperature of the material.

Curing Agent - See hardener.

Cut and Mitered Fittings -Manufactured by cutting,
assemblingand bonding pipe sectionsinto a desired
configuration. The assembled productis then overwrapped
with resin-impregnated roving or glass cloth, to provide added
strength.

Epoxy Resin - Athermosetting resin, usually made from Bis-
phenol Aand epichlorhydrin, cured by a variety of agents such as
anhydride and amines. Theseresins contain cyclic ether groups.
See thermosetting resin.

FRP - Fiberglass Reinforced Plastic.

Fabmat- A combination of woven roving and chopped strand
mat held together with resin binders. Usually used for making
contact molded fittings and butt weld joints.

Filament Wound - A manufacturing method for pipe and
fittingsin which resinimpregnated continuous strand roving
wraps around a mandrel to achieve high reinforcement
concentration and precise filament placement.

Fillers (extender, pigments, inerts; i.e.,sand, etc.) -
Materials added to a resin which do not affect the cure of the
resin but may influence the physical properties of the resin
system.

Fitting Types - The classification of fittings by the method of
manufacture;i.e., molded, cut and mitered, filament wound,
contact molded.

GelTime - Thetimeit takes foraresin system to hardentoa
rubber-like state.
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Hand Lay-Up - The forming of resin and fiberglass into
finished pipe products or fittings by manual procedures. These
proceduresinclude over wrap techniques, contact molding,
hand molding and others.

Hardener (accelerator, catalyst, curing agent, promoter) -
Chemicals addedtotheresin, single orin combination, which
speed up the hardening process, or cause hardeningto occur.

Heat Blanket or Heat Collar - An electrical device used to heat
afabricationto reduce curetime.

Hydrostatic Test - A pressure test of acompleted fabrication
to confirm good quality. Typically, the system isfilled with water
and held at the selected pressure while checking for leaks.

Impact Resistance - The ability of a partto absorb a striking
blow without damage.

Joining (connecting systems) - Any of a variety of methods
for connecting two separate components of a piping system
together. Included are bell and spigot, threaded and coupled,
mechanical devices, etc.

Joint - Aterm used to describe anindividual length of pipe or
theactualjoiningmechanism;i.e.,adhesive bonded bell and
spigot, threaded and coupled, etc.)

Liner-Agenericterm used to describe the interior surfacein
pipe. Generally, liners are resin-rich regions from 0.005 t0 0.100
in. thick. Liners may be reinforced with fibrous material such
asveil or mat. Liners can provide extra corrosion protection
for severe chemical service. They also form a leak barrier
(elastomerbladder). The manufacturer may add a liner before,
during, or after construction of the pipe wall depending on the
manufacturing process.

Matrix - The material used to bind reinforcement and fillers
together. This material may be thermoplastic or thermosetting
and dictatesto a large extent the temperature and chemical
service conditions allowable for a pipe orfitting.

Molded Fittings - Pipe fittings formed by compressing resin,
chopped fiberand otheringredientsina mold under heatand
pressure.
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Molding - Any of several manufacturing methods where
pressure or compression molding shapes resin and reinforcing
materialsinto final products.

OverWrap - Amethod of repair orjoining in which fiberglass
reinforcementand resin are fabricated overthe selected area.

Polyester Resin - Any of a large family of resins which are
normally cured by cross linking with styrene. The physical and
chemical properties of polyester resins vary greatly. Some have
excellentchemical and physical properties while others do not.
Vinyl esters are a specific type of polyester resin. Other polyester
resinswith properties suitable for usein the manufacture of
fiberglass pipeinclude:isophthalic Bis-phenol Afumarate and
HET acid polyesters. Each type of resin has particular strengths
and weaknessesfor a given piping application.

PotLife- The time available to use thermosetting adhesives
afterthe reactive materials have been mixed.

Pressure Rating - The maximum anticipated longterm
operating pressure amanufacturer recommends for a given
product.

Promoter - See hardener.

Reinforcement - Typically, fibers of glass, carbon or synthetic
material used to provide strength and stiffnessto a composite
material.

Thetype of fiber used as reinforcement plays a majorrolein
determiningthe properties of a composite, as does the fiber
diameterand the type of sizing used. Terms relating to the
physical form of the reinforcementinclude:

Chopped Fiber - Continuous fibers cutinto short (0.125t0 2.0
inch) lengths.

Filament-Asinglefiber of glass; e.g.,a mono filament.

Mats - Coarse fabric sheets made from chopped strands
randomly placed and held together by resin binders.

Milled Fibers - Glass fibers, ground or milled, into short (0.032
t00.125-inch) lengths.

Roving- A collection of one or more filaments wound into a
cylindrical package. The typical form of glass fiber used in the
manufacture of filament wound pipe.
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Veil - Surfacing mat of porous fabric made from glass or
synthetic filaments. Used to provide a resin rich layeror liner.

Yarn - Glass fiber filaments twisted together to form textile-
typefibers.

Yield - The number of yards of material made from one pound
ofthe product.

Resin (polymer) - As applied to fiberglass pipe, resinis the
polymeror plastic material used to bind the glass fibers
together.

Resin - The polymer (liquid plastic) material which hardens with
cureto provide asolid form, holding the fiberglass reinforcement
in place. Resins provide the corrosion resistance in FRP parts.

Saddle - Afittingwhich is bonded to the exterior of a pipe to
make a branch connection.

Shelf Life - The storage time for a material untilitbecomes
unusable.

Socket Joint - Ajoining system in which two straight cylindrical
surfaces cometogetherand bond adhesively.

Stress - The force perunitof cross sectional area. Measured in
pounds persquareinch (psi). This should not be confused with
hydraulic pressures, measured as psigor psia.

Support Spacing (span) - The recommended maximum
distance between pipe supports to prevent excessive pipe
deformation and bendingstress.

Surge Pressure - Atransient pressure increase due to rapid
changesin the momentum of flowing fluids. Water hammer is
onetype of surge pressure. Rapid opening or closing of valves
oftenresultin asurge pressure or water hammer.

Thermal Conductivity - Therate at which a material transmits
heatfrom an area of high temperature to an area of lower
temperature.

Thermal Expansion - Theincrease in dimensions of a material
resultingfrom anincrease in temperature. Adecreasein
temperature resultsin adecrease in dimensions commonly
called thermal contraction.
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Thermosetting Material - A polymericresin cured by heat or
chemical additives. Once cured, a thermosetting resin becomes
essentially infusible, (cannot be re-melted) and insoluble.
Thermosetting resins used in pipe generally incorporate
reinforcements. Typical thermosetting materialsinclude:

« Vinylesters + Novolacorepoxy Novolac
« Epoxies « Unsaturated polyesters

Thrust Forces - Commonly used to describe the dynamic forces
resultantfrom changesin direction of a moving column of fluid.
Also usedto describe the axial orlongitudinal end loads at
fittings, valves, etc., resultant from static or continuously applied
hydraulic pressure.

Torque - Used to quantify a twisting moment (torsion) on pipe.
Torqueis measured as a force times the distance from the force
to the axis of rotation. Torque is expressed in foot-pounds (ft-1b)
orinch-pounds (in-Ib).

Two Holing - Amethod of aligning flanges onto pipe orfittings
so thatthe bolt circle will mate with the adjoining flange.

Vinyl Ester - Apremium thermalsetting resin system with
excellent corrosion resistance. Vinyl ester exhibits high
versatility, temperature resistance and excellent corrosion
resistance to acids.

Water Hammer - Pressure surgesin a piping system caused
by sudden changein fluid velocity, such as operation of a valve,
pump, or other component.



How to Read Flanged or Reducing Fittings

Al
N

N—,
NN N/
R

Tee
Run x Run x Branch (AxBxC)

C C
e )

Lateral
Run x Run x Branch (AxBxC)

C C
A @ B A W:E:m B
D D
Cross
Run x Run x Branch x Branch (AxBxCxD)

The above sequence should be used when describing fitting
outlets. Drawings or sketches showing outlet types, locations,
sizes and dimensional requirements are required for more
complicated fitting configurations.
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How to Figure a 45° Offset

Trwe

Length

le-Offse
Length

True Length = offset x 1.414
Offset = true length x .707

Examples:

IF: offset = 12"
12"x1.414=16.968=1'-5"
true length=1'-5"

(to nearest 1/16")

IF: true length = 24"

24 x.707=16.968=1"-5"
offset length =1'-5"

(to nearest 1/16")
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Notes:
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