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Enclosed on thefollowing pagesisonein aseriesof paperswritten by the Engineering Department of Specialty
Plastics, Inc. on fiberglass reinforced plastic (FRP) piping systems. This paper, which describesthe different
types of engineering services applicable to FRP piping systems, is onein aline of papers written on the basic
principlesinvolved in the selection, specification, and design of the components involved in fiberglass piping
systems.

Speciaty Plastics, Inc., asadesigner, manufacturer, and installer of fiberglass piping systemswith two decades
experience in the advanced composites industry, provides this paper as a serviceto its customersinvolved in
the design and selection of fiberglass reinforced plastic piping systems.

The intention of this report is to provide a complete and thorough description of the various engineering
services that can be employed on projects involving fiberglass piping. The information is presented as
independent data, thus allowing the user to make his own independent conclusions and to determine which
engineering services are required.

Theguiddinesdrawninthereport are based onthe history and experience of Specialty Plasticsinthefiberglass
composite pipeindustry. These guiddines, however, areintended to bejust that - guidelines. Each application
of an FRP piping system is unique and must be treated as such. Furthermore, because of certain intangibles
involved with FRP piping systems, a"pre-engineered” system isnot recommended. A detailed design of each
piping system is necessary to achieve the full potential of the FRP piping system. By doing so, the customer
isensured of a"custom-designed,” " custom-manufactured,” and " custom-installed" systemto hisspecifications
and needs.
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I ntroduction:

When investigating the use of fiberglass reinforced plastic (FRP) pipein the chemical, petrochemical, marine,
and other industries, severa decisions have to be made early on in the design of the piping system. These
includethe pipefabricati on technique (filament winding vshand-lay up, for example), themethod of installation
(flanged pipe vs plain end pipe, and field-fabricated vs shop-fabricated spools), and the joining system
(adhesive-bonded vs butt and strap, for example), to name a few.

The engineering that must be performed in the design stage of the project is critical to al future phases of the
project. Engineering services include design calculations, piping stress analyses, piping support drawings,
piping orthographic drawings, piping isometrics, and shop fabrication spool drawings. Each type of service
offers different information to different parties. Engineering information is of value to designers, draftsmen,
project engineers, purchasing agents, mechanical contractors, manufacturers, and subcontractors. Each party
requires different types of engineering services depending upon hisrole in the project. Thisreport will givea
description of each type of the various engineering services available and where these services are typically
employed.

The purpose of thisreport isto provide theinterested reader with independent information on the engineering
servicestypically employed on projectswith FRP. Thisisbut one of the many aspects of FRP piping systems
that must be investigated before a successful design can be completed. Fabrication materials, pipeflexibility,
and pipe strength, are but a few of the additional aspects that should be considered. By reading and
understanding the information in this report, one step of many is taken toward the successful design of a
fiberglass piping system.

A Description of Engineering Services

Design Calculations

Design calculations are the design of piping components only. Standard cal culations include hoop stress due
tointerna pressure, axial stressdueto thermal expansion, allowable external collapse pressure, recommended
support spacing, etc.
These design calculations are an excdlent tool for use in the preliminary design of piping systems with
fiberglass. These general calculations will often inform the designer as to whether or not fiberglass will be
suitablefor aparticul ar application. Also, in piping systemswhere pressuresand temperaturesarelow, smple
design calculations are all that need be employed.
Design calculations will provide the designer and project engineers with the following pieces of information:
The design conditions and any relevant codes and standards
A complete listing of piping component stresses, deflections, etc.
Safety factors or allowables for stresses, deflections, etc.

Additional calculations per customer specifications

Piping Stress or " Flexibility" Analysis
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A piping stress analysisis the detailed "flexibility" analysis performed on an entire piping system. A piping
stress analysis is performed to determine the deflections, rotations, forces, and moments acting on a piping
system. The piping stressanalysisalso cal cul ates stresses, such ashoop, axial, bending, and torsional stresses,
due to the design conditions.

The piping stress analysis is a much more detailed engineering service that can be performed on fiberglass
piping systems. Due to the many unique features of FRP, this type of service is not uncommon. When FRP
pipingisexposedtorelatively high pressuresand temperatures, or when specia external loadsare present, such
aswind loads, a piping system stress analysis is often undertaken to ensure adequate design.

The piping stress analysiswill provide information to the designers and project engineers. It will aso provide
valuable information to the installation contractors for locating supports, guides, and anchors. This
information includes the following:

An isometric of the piping system identifying all parts of the system, including elbows, tees, and al
supports

A complete listing of deflections, rotations, forces, and moments of the piping system
A complete listing of system stresses

A restraint summary of all of the supports in the piping system
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Figure 1 A typical piping stress isometric.
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Piping Support Drawings

A piping support drawing is atwo-dimensional drawing providing detailed dimensions for each type of pipe
support. The piping support drawing also provides design information, such as allowable vertical load,
alowable anchor load, etc.

Piping support drawings are often utilized on fiberglass piping systems since most FRP piping is custom
manufactured with O.D.s different from standard carbon steel. The piping support drawings are normally
produced for each project with the exact dimensions necessary for fabrication.

Piping support drawings are used by the designer to ensure that the pipe supports can withstand the design
loads. Piping support drawings are a so used by the manufacturer for fabrication. A piping support drawing
includes the following:

A 2-D or isometric view of the pipe support to provide enough detail for manufacturing. Sectionsare
provided where necessary

Bill of materials for fabrication
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Figure 2 A typical pipe support drawing.
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Piping Orthographic Drawings

Piping orthographic drawings are two-dimensional drawings, such as plans, elevations, and sections. These
drawings provide detailed information for the entire piping system, including T.O.S. elevations, B.O.P.
elevations, structural steel locations, tank and vessel locations, routing dimensions, valve takeout, gasket
locations, flange orientations, etc.

Piping orthographic drawings are essential engineering documents used throughout all phases of a piping
project. Designers, project engineers, draftsmen, contractors, and manufacturersall use orthographic drawings.

Piping orthographic drawings are often used by project engineers and by installation contractors during the
installation phase of the project. When isometric drawings are not available, orthographic drawings are used
by draftsmen to produce shop fabrication spool drawings.

Piping | sometrics

Piping isometrics are isometric drawings which provide detailed dimensions for each individual piping run.
Piping isometrics include centerline e evations, routing dimensions, vave takeouts, gasket locations, flange
orientations, etc. Piping isometrics differ from orthographic drawings in that the isometrics provide detailed
information for each individual piping run whereas orthographic drawings provide detailed information for the
entire project site.

Piping isometrics are generally produced from orthographic drawings and are important pieces of information
to engineers. In very complex or large piping systems, piping isometrics are essential to the design and
manufacturing phases of a project.

Piping isometrics are often used by designers prior to a stress analysis and are also used by draftsmen to
produce shop fabrication spool drawings. 1sometric drawingsarealso hel pful to install ation contractorsduring
the field portion of the project. Some of the information on piping isometrics includes:

An isometric view of each individual piping system

Reference points to orthographic views from which the isometrics were generated

The location of all field welds and pipe supports

Shop Fabrication Drawings

Shop fabrication spool drawings (also referred to as spool drawings or spool assembly drawings) are assembly
drawings providing detailed manufacturing and fabrication information for each unique "spool” piece. Spool
drawings include dimensions and angles, a bill of materials, and manufacturing information.

On prefabricated piping projects, shop fabrication drawings are essential pieces of information. Shop
fabrication drawings are normally produced from piping isometrics or, when these are not available,
orthographic drawings.

Spool fabrication drawings are used extensively by the fabricator doing the shop assembly work and
installation contractors performing the field work. Shop fabrication drawings provide the following pieces of
information:
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A 2-D or isometric view of the spool piece to provide enough detail for manufacturing. Sections are
provided where necessary

A bill of materials for fabrication

Field installation information, where required, such as a line tag number and field tie-in numbers

Recommended support spacing and flange torque

1 Rev: August 1995



040

Engineering Series ES

Ol 1v07 Lo G u::l.u

Q AOLVI0T LIFTR 2 0 ot 000 | O P, ] Y
A3y INYN LII0Ad| s O wanw O - — — — — -
&OLSND SNDISIAZY ] e I B4 T A %
L i L 124 o
QU4 VNI Q3AD3daY | 31vd  |A3 ] o | i | am | as | 3
Ty R4 L S Wt )
BL-IdS-W ONIAVITD [-30}'] eb-20-1| O 21 27 st £} N ol
©90L02 SOM  {IAHD
voN 80| Ges0L00 JOV  NAVSD
vON Od| HILvE MNON 133§
[vT30N08 NOLVE “ONI ‘$JILSVId ALWIJIJS AH Q33NLIVINNVH
SNULSAS DNIdId «dNOGYJddId
T 5 0; RO W SBa1: oy 9 80
™ T TR S0N II3dS
DIS4™¥EF 803 d31ve S03A 1104 3700 '38NLvE3an3IL NDIS3D [«KekM A
DIS4™TF 404 d31va TINVIS DISd™TxF 3NSS38d NDISI
v JAIS IV 70N S S073A 130308 AT
T 0l 80700 TTAGSER A 7= e et ol NOILJ310Md 201831X3
SHMNIT To1 1% SSNXJHL 1WA WI0L
AW o= ¥3lssve NOISOs0) WwiOL _
1VW 20 €1 SN 50w -33138ve NOISO330 ASVINDD3S B N
INFIONIIE -5 SN of ¥3l38vl NOISONN0D r3vWidd 1
TG WALSAS 38N T ORT-RR VAT WIISAS NISIY O, @./ @./ Q
NOILVD1 J132dS 4IWOLSID ﬁ
TR W SOO0EED . S3183S 3did SSvI0u361 4 IN08 8381 4 2 |
N ) & 1 | g
sl 5
" /@ @.\
0
21
0 _|
ol I .b-.0v:
6
8 ‘PIemse & % @u3IaA Q-2 «JION
L
9
S
b'l 1N 013m 013 0 v mid |va| L | ¥ NON :SN[-3]1 310N SV
bl 018 LN vio wa| wm@d |va| v | ¢ 126/026-0 434 U3AD¥ddY
[X) 0zZ9d 34 M0 Ob w0 wa| 1o [va| 2 | 2 bl#t 10045 01 03A03ddv
[ 3ad viad W] ams [1a| v | 1 1.0 -.02] 2 [w aLls 10045  WONS| —BETOBTLIHOIIA| s o vioms o
19A WLl 3009 [unnfaso] m ‘91.9-.0[1[w 200-21b-5-MJ-2 “ON JNAVH 700dS ALaW3 .iw..M .m mat....mmm.mm
SIVIYIIVA 40 1118 SH1ON31 3did 0331003y vivl NOILYIIVLSNI 01314 10.033 'ON| 359317400 10N DO
I I E— S

Engineering Services

Specialty Plastics, Inc.

Rev: August 1995

Figure 3 A typical shop fabrication spool drawing.
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Applicationsfor Each Engineering Service

Itisnot theintent of thisreport to draw conclusionsfrom theinformation presented above. Rather, thedecision
on which engineering serviceis to be employed isleft up to the user. There are, however, certain parts of the
design process and certain applications that merit the use of one or more of the above described engineering
services. This has been summarized in the tables below.
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Summary of Engineering Services- Table 1

Design Calculations

Stress Analysis

Support Drawings

Who Performs This
Function?

Normally performed by
the engineering firm
responsible for the design
of the piping system.
Manufacturers with
independent engineering
departments, such as
Specialty Plastics, are
also capable of
performing this service.

Normally performed by
the engineering firm
responsible for the design
of the piping system.
Manufacturers with
independent engineering
departments, such as
Specialty Plastics, are
also capable of
performing this service.

Normally completed by
the piping support
manufacturer. However,
itiscommon in
fiberglass piping
systems for the piping
manufacturer to also
supply the piping
supports, due to the
unique characteristics of
FRP.

When Is This Service
Performed?

Usually performed
during the preliminary
design phase and during
feasibility studies. Also
employed during the
detailed design phase.

Always performed during
the detailed design
phase.

Can be completed
during the detailed
design phase, however,
in some cases, it is not
performed until
manufacturing has
commenced.

Why Is This Service
Employed?

To determine the
feasibility of whether or
not an intended product
can meet the minimum
reguirements of the
design.

For detailed design work
on critical or essential
services where unique
loading conditions justify
this type of service.

Due to FRP being a non-
standard O.D. product,
custom manufactured
piping supports are
normally employed.

Unique Characteristics

Valuable tool during the
preliminary design to
determine whether or not
the intended product is
adequate for the design
service.

An excellent engineering
tool which is becoming
more and more common
because of its reliability
and its lower cost.

A must for FRP piping
systems. FRP piping,
with its non-standard
O.D.srequires special
piping supports for each
project.
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Summary of Engineering Services - Table 2

Ortho Drawings

| sometrics

Spool Drawings

Who Performs This
Function?

Normally performed by
the engineering firm
responsible for the design
of the piping system.

Normally performed by
the engineering firm
responsible for the design
of the piping system.
Manufacturers providing
shop fabrication services,
such as Specialty
Plastics, are aso capable
of performing this
service.

Manufacturers providing
the shop fabrication
services normally
perform this function.

When Is This Service
Performed?

Always released during
the detailed design phase
of the project. These

On small piping systems,
this serviceis not always
performed. On large and

Normally completed
once the ortho or
isometric drawings are

Employed?

of the necessary details
for manufacture and
fabrication in all stages
of the project.

drawings are also complex piping systems, | released to the
released during the bid isometrics are normally manufacturer for
stages of a project for required and completed fabrication.
purchasing purposes. once orthographic
drawings are complete.
Why Is This Service This service provides all These drawings provide Always used on shop

detailed information in a
much more compact
format for use in the
manufacture and
fabrication of specific
piping systems.

fabrication projects.

Unique Characteristics

One of the most valuable
tools for the
manufacturers and
contractorsinvolved in
FRP piping systems.

| sometrics drawings
provide very specific
information in a clean
and easy to read format.
A very valuable tool for
designers,
manufacturers, and
installation contractors.

A strongly
recommended tool for
projects utilizing FRP.
Shop fabrication greatly
reduces the time
dedicated to field
installation and often
proves more economical.

Sdlection Process Guiddines:

To summarizetheinformation presented inthisreport, aset of criteriahas been tabulated below. Thesecriteria
make up many, but not al of the considerations that need to be taken into account during the sel ection process.
By answering each of the questions, the user can have a better idea of which engineering service to employ.

1
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! |sthe piping system part of an essential or critical service?

It is becoming more and more common to require a piping stress or “flexibility" analysis of
fiberglass piping systems. This is even more so when the system is deemed critical or
essentia or in relatively severe services. Piping systems that operate above 200 psig and
above 150°F are commonly subject to aflexibility anaysis.

1 |sfiberglass smply being considered as an alter native material to existing sandards?

Detailed calculations are often very easy to perform and provide very valuable pieces of
information during a feasibility study. These calculations can often give someinformation to
the designer as to whether or not FRP is suitable for the design conditions.

! |sfidd installation of the project going to be time critical?

Where fidld ingtallation needs to be minimized or where conditions are adverse, shop
fabrication spool drawings should be produced and the piping system should be shop
fabricated to the greatest extent possible. Thiswill greatly minimize field installation time.

1 |sshop fabrication or field installation going to be consider ed during the pur chasing phase of
the project?

Shop fabrication and field install ation services are often employed by end users of fiberglass
piping systems. Piping isometricsor orthographic drawings should be used by the Purchasing
Department of the end user to obtain not only bids for the supply of pipe and fittings, but also
bids for the performance of shop fabrication and field installation. It is often an economic
advantage to the end user to purchase FRP with these considerations in mind.

One aspect of the selection process that should be seen as an advantage is the wide variety of custom
products that can be offered in the fiberglass pipe industry. Thisisan advantage in the sense that it
allows the designer to specify a product that best fits its purpose. Among the variables open to the
designer is pipe construction (including resin, reinforcement type, helix angle (for filament winding),
liner reinforcement, liner thickness, and exterior corrosion barrier.), pipe manufacturing method,
joining method, and installation method.

These variables, however, are often seen as a disadvantage to the selection process due to the non-
standardization of the products. Thisistrue only to those unfamiliar with thefiberglassindustry. As
one becomes more and more familiar with the composites industry and sees the advantages of
fiberglass, it becomes apparent that flexibility in design is one of its greatest advantages.
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