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FOREWORD

In early 1994, the American Society of Civil
Engineers was approached by a group interested in for-
mulating a standard for the design, fabrication, and erec-
tion of fiberglass reinforced plastic (FRP) stacks and
their appurtenances. They felt there was a need for an
FRP stack standard, similar to the ASME steel stack
standard STS-1, to establish a better level of standardiza-
tion in the industry and for safeguarding the community.

Therefore, in 1994 a group comprising FRP stack
users, researchers, designers, fabricators, and erectors

convened under the auspices of the American Society
of Civil Engineers to formulate such a standard.

With the aforementioned mission in mind, the
group subdivided and began gathering information to
formulate guidelines for material selection, mechanical
and structural design, vibration, access, safety, electri-
cal, fabrication, erection, inspection, and maintenance
requirements.

The following publication is a result of their work
and investigation.

STANDARDS COMMITTEE ROSTER

OFFICERS

J. J. Carty, Chair
L. J. Spellerberg, Vice Chair
R. K. Simonetti, Secretary

SUBCOMMITTEE 1—MATERIALS,
NOTATION, AND DEFINITIONS

S. L. Reid, Chair
C. B. Reid

J. J. Carty

T. J. Fowler

SUBCOMMITTEE 2—MECHANICAL DESIGN

S. L. Reid, Chair
C. B. Reid

V. R. Rogers

J. J. Carty

R. M. Warren

SUBCOMMITTEE 3—STRUCTURAL DESIGN

L. J. Spellerberg, Chair
J. A. Thodiyil
N. K. Zarrabi
R. K. Simonetti
T. J. Fowler

S. L. Reid

C. B. Reid

M. S. Zarghmee
O. Bayazid

W. J. Gladstone
D. J. Bednash
L. Yadav

D. C. Mattes

SUBCOMMITTEE 4—VIBRATIONS

N. K. Zarrabi, Chair
J. J. Carty

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE
No reproduction or networking permitted without license from IHS

Full document details: ASCE 52-10 2010

D. J. Bednash

L. J. Spellerberg
G. R. Gardner

T. J. Fowler

M. S. Zarghamee
L. Yadav

SUBCOMMITTEE 5—ACCESS, SAFETY,
AND ELECTRICAL

N. K. Zarrabi, Chair
W. Norman

R. K. Simonetti

J. D. Correll

SUBCOMMITTEE 6—FABRICATION
AND ERECTION

T. J. Fowler, Chair
W. Norman

V. R. Rogers

G. R. Gardner

J. J. Carty

N. K. Zarrabi

R. D. Brady

H. A. Ershig

H. B. Daugherty

SUBCOMMITTEE 7—INSPECTION
AND MAINTENANCE

J. 1. Carty, Chair
M. K. Zarrabi
W. Norman

R. K. Simonetti
R. D. Brady

H. A. Ershig

H. B. Daugherty

Documents

Document Sharing Hub

Licensee=University of Texas Revised Sub Account/5620001114
Not for Resale, 04/08/2016 00:07:01 MDT


http://www.avadocuments.com/doc/asce-52-10-2010
http://www.avadocuments.com/doc/asce-52-10-2010

Documents

Document Sharing Hub

Copyright American Society of Civil Engineers
Provided by IHS under license with ASCE Licensee=University of Texas Revised Sub Account/5620001114
No reproduction or networking permitted without license from IHS Not for Resale, 04/08/2016 00:07:01 MDT

Full document details: ASCE 52-10 2010


http://www.avadocuments.com/doc/asce-52-10-2010
http://www.avadocuments.com/doc/asce-52-10-2010

INTRODUCTION

The following standard applies to fiberglass-reinforced
plastic (FRP) stacks, that is, those stacks where the
primary supporting shell is made of FRP. This stan-
dard can be applicable to both single- and multiple-
walled FRP stacks, guyed FRP stacks, or certain
aspects of tower stacks. The stack may be supported
on a foundation or from another structure.

This Standard covers the design of FRP stacks.
The Standard outlines the considerations which must
be made for both the mechanical and structural design;
emphasizes what consideration must be taken for wind
and seismic-induced vibrations; gives guidelines for
the ultraviolet protection, selection of materials,
linings, and coatings; states the requirements for
lighting and lightning protection based upon existing
building and federal codes; gives the requirements for
climbing and access based upon current Occupational
Safety and Health Administration (OSHA) standards;
emphasizes the important areas regarding fabrication
and construction; and outlines areas requiring mainte-
nance and inspection following initial operation.

The information presented has been prepared in
accordance with established engineering principles uti-
lizing state-of-the-art information and is intended for
general information. While every effort has been made
to ensure its accuracy, the information should not be
relied upon for any specific application without the
consultation of a competent, licensed professional
engineer, to determine its suitability. It is therefore rec-
ommended that Engineering/Design drawings and
related documents of the stack bear the Professional
Engineer Seal, signature, and date.

Nothing in the Standard shall be construed to alter
or subvert the requirements of any existing code or
authority having jurisdiction over the facility.
Furthermore, alternate methods and materials to those
herein indicated may be used, provided that the engi-
neer can demonstrate their suitability to all agencies
and authorities. Note that several of the sections are
similar to ASTM D 5364 and ASME Steel Stack STS-1
Standard, and many members of that committee are
also on the FRP Stack Standard Committee.
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CHAPTER 1 DEFINITIONS AND MATERIALS
1.1 DEFINITIONS

Acoustic Emission (AE): The class of phenomenon
whereby transient elastic waves are generated by

the rapid release of energy from localized sources
within a material, or the transient waves so generated
(ASTM E 1316). In FRP, AE is caused by cracking
of the matrix, debonding of the matrix from the
fibers, laminate separation, fiber pullout, and

fiber breakage.

Acoustic emission monitoring: A non-destructive
test method by which the location and severity of
active flaws are determined by monitoring the acoustic
emission from the defects. This particularly useful
NDT technique determines structural integrity.

Aggregate: Siliceous sand conforming to ASTM
C 33, except that the requirements for gradation need
not apply.

Barcol hardness: A hardness value obtained by
measuring the resistance to penetration of a sharp steel
point under a spring load. The instrument, called the
Barcol impressor, gives a direct reading on a 0 to 100
scale. The hardness value is often used as a measure
of the degree of cure of the resin. The resin must
be properly cured to develop intended degradation
resistance.

Bell and Spigot Joint: A typical field joint
consisting of a deterioration barrier and reinforcing
layer.

Bi-directional laminate: A reinforced polymer
laminate with the fibers oriented in various directions
in the plane of the laminate: a cross laminate. See also
unidirectional laminate.

Binder: The agent applied to glass mat or forms
to bond the fibers prior to laminating or molding.

Bisphenol A fumarate: A condensation product
formed by reaction to two (bis) molecules of phenol
with acetone (A) used as a component in one type of
traditional corrosion-resistant FRP resin.

Blister: An undesirable rounded elevation of the
surface of a plastic, whose boundaries may be more or
less sharply defined. The blister may burst and become
flattened.

Bond strength: The amount of adhesion between
bonded surfaces; a measure of the stress required to
separate a layer of material from the base to which it
is bonded. See also peel strength.

Benzoyl peroxide/dimethylaniline (BPO/DMA):
A resin catalyst system that provides improved deteri-
oration resistance in some chemical environments that
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are reactive to the cobalt in the more commonly used
MEKP/CoNap catalyst system.

Bromine: A fire retardant (halogen), which is
used to reduce or eliminate a resin’s tendency to burn.
Often used in conjunction with chemicals such as
antimony trioxide and pentoxide to achieve a maxi-
mum Class I fire retardancy rating and often used in
ducting systems.

Butt wrap joint: A secondary laminate wrapped
around two or more components in an edge-to-edge
configuration used to join them together.

Catalyst: A substance which changes the rate of
a chemical reaction without itself undergoing perma-
nent change in its composition; a substance which
markedly speeds up the cure of a compound when
added in minor quantity compared to the amounts of
primary reactants (hardener, initiator, or curing agent).

C Glass: A special type of glass used as a fiber
reinforcement, made and applied specifically for high
chemical resistance. The symbol C was originally
chosen for chemical resistance.

Composite: A homogeneous material created by
the synthetic assembly of two or more materials
(selected reinforcing elements and compatible matrix
resin) to obtain specific characteristics and properties.

Contact molding: A process for molding rein-
forced plastics in which reinforcement materials, such
as mat and woven roving saturated with resin, are
applied to a mold. The cure is either at room tempera-
ture using a catalyst-promoter system or heated in an
oven with no additional pressure.

Corrosion liner: see Liner.

Cross-link: The formation of a three dimensional
polymer by means of inter-chain reactions resulting in
changes in physical properties.

Cure: To change the properties of a resin by
chemical reaction, which may be condensation or
addition - usually accomplished by the action of either
heat or catalyst or both, and with or without pressure.

Delamination: To split a laminated polymer
material along the plane of its layers. Physical separa-
tion or loss of bond between laminate plies.

Discontinuity stress: Additional stress produced
where abrupt changes in geometry, materials, and/or
loading occur in an FRP laminate.

Differential scanning calorimetry (DSC): DSC
is used to determine the glass transition temperature
and the degree of cure of an FRP laminate by
measuring the heat flow into and out of a sample
as the material is heated at a constant heating rate
under a nitrogen purged atmosphere. The degree of
cure may be determined by repeated heating of a
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DESIGN OF FIBERGLASS-REINFORCED PLASTIC (FRP) STACKS

sample beyond the glass transition temperature. If the
laminate was undercured, the glass transition tempera-
ture will continue to increase.

E glass: A borosilicate glass; the type most used
for glass fibers for reinforced polymers; suitable for
electrical laminates because of its high resistivity.

ECR glass: A deterioration grade glass exhibiting
deterioration-resistant properties superior to E glass.
Superior resistance to acids and alkalis is obtained
through the application of special treatments and
sizings to E fibers.

Epoxy plastics: Plastics based on resins made by
the reaction of epoxides or oxiranes with other materi-
als such as amines, alcohols, phenols, carboxylic
acids, acid anhydrides, and unsaturated compounds.

Epoxy resin (thermosetting): A polymer contain-
ing two or more three-membered rings, each consisting
of one oxygen and two carbon atoms. The polymer is
cured by cross-linking with an amine or anhydride
hardener, with or without heat, catalyst, or both.

Exotherm: The liberation or evolution of heat
during the curing of a plastic product.

Fiberglass-reinforced polymer (FRP): A general
term covering any type of polymer reinforced cloth,
mat, strands, or any other form of fibrous glass.

Filament winding: A process for fabrication of a
composite structure in which continuous reinforce-
ments, either previously impregnated with a matrix
material or impregnated during the winding, are
placed over a rotating and removable form or mandrel
in a previously prescribed way to meet certain stress
conditions.

Generally, the shape is a surface of revolution, may
or may not include end closures, and is either 90 degrees
to the axis of rotation (hoop filament winding) or in a
prescribed helical or dual helical pattern (helical filament
winding). When the right number of layers is applied,
the wound form is cured and the mandrel removed.

Filler: A relatively inert material added to a plas-
tic mixture to reduce cost, to modify mechanical prop-
erties, to provide thixotropy, to serve as a base for
color effects, or to improve the surface texture.

First crack strength: The strain or stress level
present at the onset of significant laminate damage.
The laminate damage is the result of resin micro-
cracking, debonding of fibers in the resin matrix, and,
occasionally, local failure of fibers.

Gelation time: That interval of time in connec-
tion with the use of thermosetting resins, extending
from the introduction of a catalyst into a liquid adhe-
sive system until the interval of gel formation.

Glass fabric: A bi-directional fabric reinforcing
material made by the weaving of glass-fiber yarn.

Glass fibers: A commercial grade of glass fila-
ments with binder and sizing that are compatible with
the impregnating resin.

Glass reinforcement: An inorganic product of
fusion in the form of a filament, which has cooled to a
rigid condition without crystallizing. Glass filaments
are combined, cut, woven, or matted into many types
of reinforcements.

Halogenated resin: A resin combined with chlo-
rine or bromine to increase fire retardancy.

Hand lay-up: The process of placing and
working successive plies of reinforcing material or
resin-impregnated reinforcement in position on all
molds by hand.

Heat distortion temperature (HDT): The tem-
perature at which a standard test bar deflects under a
stated load.

Helix angle: The angle at which continuous fila-
ments are placed relative to the longitudinal mandrel
axis in the filament winding process.

Ignition loss: The difference in weight before
and after burning; as with glass, the burning off of the
binder or size. Used to determine the amount of glass
reinforcement.

Inhibitor: A substance, which retards a chemical
reaction, used in certain types of monomers and resins
to prolong storage life.

Isotropic laminate: One in which the strength
properties are equal in all directions, such as contact
molded laminates or metals.

Knuckle: The transition area between a shell and
bottom or end.

Laminate: To unite sheets of material by bonding
with a resin matrix. A product made by bonding.

Lamination theory: An analytical procedure in
which composite physical properties are predicted
from an examination of the properties and interaction
of the individual plies that comprise the laminate.

Liner: The continuous, usually flexible, rein-
forced resin barrier on the inside surface of the FRP
laminate, used to protect the laminate from chemical
attack or to prevent leakage under stress.

Mandrel: The mold around which resin-impreg-
nated glass is wound or placed by hand to form pipes,
tubes, vessels, or irregularly shaped components.

Mat: A fibrous material consisting of randomly
oriented chopped or swirled filaments loosely held
together with a binder.

Matrix: The resin in which the glass reinforce-
ments are distributed.

Monomer: A simple molecule which is capable
of reacting with like or unlike molecules to form a
polymer; the smallest repeating structure of a polymer.
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Orthotropic: Having three mutually perpendicu-
lar planes of elastic symmetry, usually with differing
properties, typically filament wound laminates.

Peel strength: Bond strength, in pounds per inch
of width, obtained by peeling the layer.

Ply: An individual layer of reinforcement with a
total laminate comprised of several such layers.

Polyester: Thermosetting resins, produced by dis-
solving unsaturated, generally linear, alkyd resins in a
vinyl-type active monomer such as styrene, methyl
styrene, and diallyl phthalate. The resins are usually
furnished in solution form, but powdered solids are
also available.

Polyester resin (thermosetting): An ethylenic
unsaturated polymer with two or more ester groups
dissolved in a reactive diluent with vinyl unsaturation.
The polymer is cured by cross-linking by means of a
free-radical-initiated curing mechanism, such as per-
oxide catalyst and heat.

Polymer: A high-molecular-weight organic com-
pound, natural or synthetic, whose structure can be
represented by a repeated small unit. Some polymers
are elastomers while others are plastics. When two or
more monomers are involved, the product is called a
co-polymer.

Postcure: Additional elevated temperature cure,
usually without pressure, to improve final properties
and/or complete the cure. In certain resins, complete
cure and ultimate mechanical properties are attained
only by exposure of the cured resin to higher tempera-
tures than those of curing.

Promoter: A chemical, itself a weak catalyst
which, when mixed with a catalyzed resin, will speed
up the chemical reaction between the catalyst and the
resin. Also known as accelerator.

Purchaser: The firm, corporation, or government
subdivision entering into a contract or agreement to
purchase products according to this standard.

Putty: FRP matrix applied to repair minute defects.

Resin: Any of a class of solid or pseudo-solid
organic materials, often of high molecular weight,
with no definite melting point. In the broad sense, the
term is used to designate any polymer that is a basic
material for plastics.

Roving (filament winding): The term roving is
used to designate a collection of bundles of continuous
filaments either as untwisted strands or as twisted
yarns. Glass rovings are predominantly used in fila-
ment winding.

Size: A treatment consisting of starch, gelatin, oil,
wax, or other suitable ingredient which is applied to
fibers at the time of formation to protect the surface
and aid the process of handling and fabrication or to
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control the fiber characteristics. The treatment contains
ingredients which provide surface lubricity and binding
action but, unlike a finish, contains no coupling agent.

Steady state: Stable operating or other load con-
ditions that do not change with time.

Stiffness class: The nominal stiffness of a speci-
fied pipe. Pipes are currently defined as 9, 18, 36, or
72 stiffness class.

Stress relaxation: Stress relaxation occurs when
the stresses in the structure decrease while the defor-
mation is held constant. Under this condition, the FRP
laminate will assume a permanently deformed shape
after mechanical and thermal loads are removed.

Structural laminates: That portion of the total
laminate that is designed to take the imposed equip-
ment loads. Normally does not include the corrosion
barrier or liner.

Surface layer: A filled or unfilled resin layer,
non-reinforced or reinforced, applied to the exterior
surface of the pipe structural wall.

Surfacing mat: A thin mat of fine fibers used pri-
marily to produce a smooth surface on a reinforced
polymer.

Synthetic fiber: Fibers made of materials other
than glass, such as polyester.

Tape: A unidirectional glass fiber reinforcement
consisting of rovings knitted or woven into ribbon form.

Thermoplastic: Capable of being repeatedly soft-
ened by increase of temperature and hardened by
decrease of temperature.

Thermoplastic resin: A polymer that can be repeat-
edly softened by heating and hardened by cooling and
that in the softened state can be fused or shaped by flow.

Thermoset: A polymer which, when cured by
application of heat or chemical means, changes into a
substantially infusible and insoluble material.

Thermosetting resin: A polymer that, after hav-
ing been cured by heat or other means, is substantially
infusible and insoluble.

Thixotropic: Concerning materials that are gel-
like at rest but fluid when agitated: having high static
shear strength and low dynamic shear strength, at the
same time.

Unidirectional laminate: A reinforced polymer
laminate in which substantially all of the fibers are
oriented in the same direction.

Veil: An ultra-thin mat often composed of organic
fibers as well as organic or glass fibers used primarily
in the corrosion-resistant liner. Note: The primary
function of a conductive carbon veil is to ensure elec-
trical grounding to the lightning protection system.

Warp: The yam running lengthwise in a woven
fabric.
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Weft: The transverse threads or fibers in a woven
fabric; those fibers running perpendicular to the warp.

Weeping: A slow passage of process fluid
through an FRP laminate that can occur when a leak
path is established by extensive cracking.

Woven roving: A heavy glass fiber fabric made
by the weaving of roving and used as the primary
structural material in the laminate.

1.2 MATERIALS

Fiber-reinforced plastics (FRP) (also referred to as
glass-reinforced plastics, GRP) are a composite of
resin and reinforcements which form a laminate. The
properties of these laminates are not isotropic but can
be suited for an intended service by proper selection
and construction of its components. FRP laminates for
stack service are categorized by their construction
method as either hand lay-up or filament wound.

For either type of construction, the laminate is
formed using a selection of glass reinforcement layers
impregnated with resin. The wall construction in FRP
laminate construction usually consists of four unique
layers: the inner surface, interior layers, the structural
layer, and the outer surface.

The glass content in the first two layers is rela-
tively low; hence, the two layers together act as a cor-
rosion liner. Because cracking of the first two layers
will permit penetration of deleterious chemicals into
the structural layer, high elongation resins should be
used in their construction. This material is especially
true for structures such as stacks and liners, which are
subject to stress reversals from wind loads.

The first (or interior) layer consists of a thin veil
approximately 2.5 to 5.0 mm (0.10 to 0.20 in.) thick
with a low fiber content (only about 10% to 30%) by
weight. This layer provides a smooth interior surface
with excellent durability (corrosion resistance). Due to
its low glass content, this interior surface is also highly
resistant to micro-crack formations called crazing.

The second layer consists of a discontinuous rein-
forcement layer approximately 1.25 to 2.5 mm (0.050
to 0.100 in.) thick with a glass content of about 20%
to 30% by weight. This layer acts as a liquid seal
layer. Although glass can deteriorate under a variety of
chemical exposures, appropriate resins can be chosen
to protect the glass from most severe environments.

The corrosion liner shall have flexible properties
to resist cracking.

Prior to use in fabrication, the resin shall be
inspected, tested, and found acceptable by the inspec-
tion and tests specified in Appendix M-3 of ASME

RTP-1. Core samples for laboratory testing are taken
with a precision core drill.

1.3 RESINS
1.3.1 Polyester Resins

1.3.1.1 Bisphenol A Polyester Fumerates

These fumerates are unsaturated, rigid polyesters
made by reacting bisphenol A with propylene oxide to
form a glycol and then reacting the glycol with
fumaric acid to produce the resin. Bisphenol A
fumarate resins exhibit excellent durability resistance
to both aggressive acid and mild alkali environments
up to 250 °F but are not suitable in strong oxidizing
conditions or solvent applications. They are substan-
tially better than the isophthalics in many severe appli-
cations. Fire-retardant varieties of bisphenol A resins
are available.

1.3.1.2 Chlorendic Polyester Resins

Chlorendic resins are unsaturated halogenated
polyester resins based on HET (hexachloro-cyclopen-
tadiene) acid or chlorendic anhydride reacted with a
stable glycol (such as neopentyl glycol). They are par-
ticularly well suited for use at elevated temperatures,
up to 350°F, because the chlorendic backbone is
highly resistant to distortion by heat. They are able to
handle aggressive, highly oxidizing environments,
concentrated acids, and some solvents very well but
are poor in alkaline service. Chlorendic resins can be
formulated to achieve Class 1 fire rating (based on the
standard test, discussed later).

1.3.2 Vinyl Ester Resins

These resins exhibit excellent resistance to acids,
alkalis, hypochlorite, and many solvents. Conventional
vinyl ester resins are the most commonly used resin
used in FRP stack construction. Conventional vinyl
ester resins are modified (methacrylated) epoxies that
are very similar to polyester resins, although they are
classified separately. They offer excellent physical
strength and, in general, much better impact strength
and fracture toughness than the more rigid polyester
resins. Conventional vinyl ester resins are limited to
200°F to 225°F in most liquid service applications.
Modified vinyl esters with higher-density cross-linking
are suitable for 240°F and higher in liquid service.
Due to its excellent insulating properties, however,
FRP can be designed for air handling systems in
continuous service up to 350 °F. Brominated versions
of vinyl esters are available when a fire-retardant
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