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Foreword

This Cooling Technology Institute (CTI) publication is published as an aid to cooling tower purchasers and designers. It may
be used by anyone desiring to do so, and efforts have been made by CTI to assure the accuracy and reliability of the data
contained herein. However, CTI makes no warranty of fitness for particular purpose or merchantability nor any other
warranty expressed, implied or statutory. In no event shall CTI be liable or responsible for Incidental, Consequential or
Commercial losses or damage of any kind resulting from this publication's use; or violation of any federal, state, or municipal
regulation with which this publication may conflict or for the infringement of any patent resulting from the use of this
publication.

All CTI codes and standards are copyrighted with all rights reserved to CTI. The reproduction of any part of this or any other
CTI code or standard is a violation of Federal Law. One must recognize and appreciate commitment by a number of
volunteer members who donate their time to develop and update CTI codes and standards. The monies spent for code
development, administrative staff support and publication are essential and constitute a substantial drain on CTIl. The
purchase price of these documents helps to offset these costs. Reproduction and distribution by others, in addition to being
unethical, undermines this system and constitutes a further financial drain on CTIl. When copies are needed, you are
requested to call or write the Cooling Technology Institute, P.O. Box 681807, Houston, Texas 77268, (281) 583-4087.
Please request that your associates buy the required codes and standards rather than copy them. Your cooperation in this
matter is greatly appreciated.

Nothing contained herein is to be construed as granting any right for the manufacture, sale or use in connection with any
method, apparatus, or product covered by letters patent, nor as insuring anyone against liability for infringement of letters
patent.

This guideline document summarizes the best current state of knowledge regarding the specific subject. This document

represents a consensus of those individual members who have reviewed this document, its scope and provisions. It is
intended to aid all users or potential users of cooling towers.

Approved by the CTI Executive Board.

This document has been revised and approved
as part of CTI’s Five Year Review Cycle. This
document is again subject to review in 2022.

Copyright 2017
Approved by the by Cooling Technology Institute CTI - Bulletin
CTI Executive Board Printed in U.S.A. STD-137
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Fiberglass Pultruded Structural
Products for Use in Cooling Towers

1.0 Scope 2.9 ASTM D792 - Test Methods for Specific Gravity and

1.1 This Specification offers recommendations for Density of Plastics by Displacement.
classification, materials of construction, tolerances, 2.10 ASTM D883 - Definitions of Terms Relating to
defects, workmanship, inspection, physical, mechanical Plastics.
and design properties of glass fiber-reinforced .
pultruded structural shapes intended for use as 2.11 g?;Mth?)QfSPﬁa;tiiga?dard Test Method for Bearing
construction items in cooling tower applications. g

e . . 212 ASTM D2344 - Apparent Interlaminar Shear

1.2 These specification recommendations are defined by : -
existing American Society for Testing and Materials i;:iﬂg;h of Parallel Fiber Composites by Short-Beam
(ASTM) documents. Supplementary information on '
glass fiber-reinforced plastic pultruded structural 2.13 ASTM D2583 - Test Method for Indentation
products may be obtained from the pultrusion supplier. Hardness of Rigid Plastics by Means of a Barcol
It is not intended to restrict or limit technological Impressor.
changes affecting performance when those changes are .
agreed upon by the pultrusion supplier and cooling 2.14 é‘STZ/IRD.Z?SA' ;j'RI'esF Method of Ignition Loss of
tower manufacturer. ured Remnforced Resins.

1.3 Laboratory tests under controlled conditions should be 2.15 ':‘STMt.D3Of3g I Stanﬂ;rij .Teé’t Meth_?dl\;o; Telnsne
used to measure and describe the properties of roperties ot Folymer Miatrix ©omposite Miaterials
materials, products or assemblies covered by this 216 ASTM D3647 - Practice for Classifying Reinforced
standard and not to assess risk conditions. It is the Plastic Pultruded Shapes According to Composition
responsibility of the user of the document to establish ’ hod f i .
appropriate safety and health practices and determine 17 A}ST'\I/' D3916|' Test'l\/lfet ° (I)r Ten5| & Properties
the applicability of regulatory limitations prior to use. of Pultruded Glass-Reinforced Plastic Rod.

: 2.18 ASTM D3917 - Specification for Dimensional
2.0 Applicable Documents : . -
PP Tolerance of Thermosetting Glass-Reinforced Plastic
2.1 ASTM C177 - Standard Test Method for Steady- Pultruded Shapes.
State Heat Flux Measurements and Thermal . .
Transmission Properties by Means of the Guarded- 219 QS_T:CVI Dg’%llS ; lge?nltéogspof dTerms Relating to
Hot-Plate Apparatus einforced Plastic Pultruded Products.
22 ASTM D256 - Test Methods for Impact Resistance ~ 2-20 ASTM D4385 - Practice for Classifying Visual
of Plastics and Electrical Insulating Materials. Defects in Thermosetting Reinforced Plastic
Pultruded Products.
2.3 ASTM D570 - Test Method for Water Absorption of
Plastics. P 2.21 ASTM D5379 - Standard Test Method for Shear
Properties of Composite Materials by the VV-Notched
2.24 ASTM D578 - Standard Specification for Glass Beam Method
Fiber Strands
222 ASTM D6641 - Standard Test Method for
2.5 ASTM D638 - Test Method for Tensile Properties of Compressive  Properties of  Polymer  Matrix
Plastics. Composite Materials Using a Combined Loading
26 ASTM D695 - Test Method for Compressive Compression (CLC) Test Fixture
Properties of Rigid Plastics. 2.23 ASTM D8069 - Standard Test Method for
. : Determining Flexural Modulus of Full Section

27 ASTM D - Test Method f ff fL . .

S 696 est Met Od- or Coefficient of Linear Pultruded Fiber Reinforced Polymer (FRP)
Thermal Expansion of Plastics. . . .
Composite Members with Doubly Symmetric Cross

2.8 ASTM D790 - Test Methods for Flexural Properties Sections under Bending

of Unreinforced and Reinforced Plastics and .
Electrical Insulating Materials. 2.24 ASTM E84 - Test .Method for Surface Burning
Characteristic of Burning Materials.
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5 Document Sharing Hub

Copyright Cooling Technology Institute
Provided by IHS Markit under license with CTI
No reproduction or networking permitted without license from IHS

Full document details: CTI STD-137 2017

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/cti-std-137-2017
http://www.avadocuments.com/doc/cti-std-137-2017

3.1

3.2

3.3

3.4

3.0 Terminology

Definition of terms relative to STD-137
(see Appendix — Glossary of Terms)

Pultrusion - The process of pulling continuous forms of
reinforcing materials, such as glass-fiber rovings, glass-
fiber mats and various surfacing veils through a bath of
liquid resin or through direct die injection of the resin.
The mass of fully wetted-out material then continues to
a pre-former and directly into a heated forming and
curing die where a chemical reaction is initiated which
causes the thermosetting resin to harden and the
composite structural shape is formed. An optional
method of cure is to pass the wetted-out composite
through a radio frequency (RF) preheater. The RF
preheat initiates the cure process prior to entering the
heated forming die. This process is particularly useful
for heavy section processing. The hardened (or cured)
shape is cooled in line by water or air and then enters a
pulling device where continuous pulling is maintained.
Both caterpillar type and reciprocating pullers are used
in pultrusion. Upon exiting the puller, the composite
structural shape is cut to the desired length.

Definition of terms relative to pultrusion can be found
in ASTM D883 and ASTM D3918.

Other forms or combinations of reinforcements such as
carbon fiber, aramid fiber, etc. can also be utilized
when different mechanical and physical properties are
required. Specific mechanical and physical properties
should be negotiated between the pultrusion supplier

composite may be composed of a non-halogenated resin
with the appropriate halogenated additives. However,
the flame retardancy requirements must be associated
with the composite and not with a particular resin. The
cooling tower manufacturer should contact the
pultrusion manufacturer for resin recommendations
based on the anticipated application requirements;
chemical exposure in the recirculating water or air,
temperature extremes, flame spread/flammability
ratings, etc. The resin grades are:

4.2.1 Grade 1 - Isophthalic polyester resin composite
with a 25 or less flame spread rating per ASTM E84 or
vertical burn test per UL listing of 94 V0.

4.2.2 Grade 2 - Isophthalic polyester resin (no flame
retardant additives).

4.2.3 Grade 3 - A vinyl ester flame retardant resin
composite with a 25 or less flame spread rating per
ASTM EB84 or UL listing of 94 V0.

4.2.4 Grade 4 - Vinyl ester resin (no flame retardant
additives).

4.2.5 Grade 5 - Other resin (with a specified level of
flame spread per ASTM E84 or UL if flame retardance
is to be claimed) to be selected by the cooling tower
manufacturer in conjunction with the pultruded
structural product supplier. Additives, not part of the
resin matrix, may be used in the final composite to
achieve other performance characteristics (i.e. mold
release, fillers, UV inhibitor or antimony trioxide for
flame retardancy).

and cooling tower manufacturer for particular
applications. 5.0 Materials
4.0 Classification 5.1 Glass fiber-reinforcements may be either continuous
41 41.1 Type Il - Fiberglass pultruded flat plate with rovings, continuous strand mats, woven or non-woven

4.2

synthetic or polyester fiber surfacing veil meeting the
minimum mechanical properties of Table 1/1A.

4.1.2 Type I - Fiberglass pultruded standard shapes
with synthetic polyester fiber surfacing veil meeting the
minimum mechanical properties of Table 1/1A.

4.1.3 Type IV - Custom pultruded structural products or
modifications to Type Il or Ill, as specified by OEM
and or owner/operator and agreed to by the pultrusion
manufacturer.

Note - Type I (rod and bar) has been deleted.

Fiberglass pultruded structural products utilize various
resin systems to hold the composite together. The resin
system selected, type and volume of reinforcement,
loading, surfacing material, degree and method of fire
retardancy and temperature requirements are several
determining factors for corrosion resistance to the
exposure encountered and the cost of the product. The
flame retardancy of the composite can be achieved
using a number of different techniques. Either a
halogenated resin may be utilized in pultrusion, or the

fabrics, uni-directional fabrics or combinations of these.
Glass fibers shall be made for A, C, E, E-CR or S-type
glass. Other reinforcements may be specified for
custom applications. Definitions for the most common
types of glass and glass forms used in pultruded shapes
for cooling towers are as follows:

E-glass is a low alkali glass with good corrosion
resistance and good electrical properties. This is
the standard glass reinforcement used in the
pultrusion industry.

S-glass has higher tensile strength and modulus than E-
glass but is seldom used due to its significantly
higher costs.

C-glass is used primarily as a surfacing material in very
corrosive applications but is seldom used for
pultruded shapes used in cooling towers.

A-glass reinforcements are primarily used to improve
the aesthetic surface of pultruded profiles and to
aid in processing. They have slightly lower

strength than E-glass reinfw&reﬁm ents
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5.2

5.3

6.1

7.1

E-CR Boron free modified E-glass compositions for
improved resistance to corrosion by most acids

Rovings are a form of glass reinforcement that provides
strength along the length of the profile.

CSM is continuous strand mat and provides random
reinforcement in the form of sheets to supply off-
axis reinforcement.

Stitched glass reinforcements combine glass rovings
together into specific orientations such as 0°/90°
or +45°,

The resin used throughout the part shall be either an
isophthalic polyester, vinyl ester or other resin agreed
upon  between cooling tower OEM  and/or
owner/operator and cooling tower manufacturer. The
resin may contain additives for various purposes such
as flame retardancy, UV stabilization, pigmentation or
smoke reduction. These additives should be selected so
as to add to the overall performance of the product
without affecting the structural properties, chemical
resistance and/or longevity of the part.

Surfacing veils are thin (7 mils nominal) tissue-type
products  incorporated  during the  pultrusion
manufacturing operation as the outermost surface layer
of non-resinous material. The function of the veil is
improved surface appearance, assistance in chemical
resistance, improved weatherability and to prevent glass
fibers from coming to the surface as a result of wear or
UV attack. Heavier surfacing veils can be requested for
custom applications. The final degree of UV protection
is a function of the total manufactured thickness of the
surfacing veils and/or surface coatings.

6.0 Physical Properties

Dimensional tolerances shall be in accordance with
ASTM D3917 "Specification for Dimensional
Tolerance of Thermosetting Glass-Reinforced Plastic
Pultruded Shapes". Physical properties are listed in
Table 1/1A.

7.0 Mechanical Properties From Coupons

Minimum mechanical properties (average value taken
from at least five coupons per property) for Types Il
and 111 composites, when tested at 77°F, are listed in
Table 1/1A. For Type IV products, the pultrusion
supplier should supply the cooling tower manufacturer
with  minimum mechanical properties. These
mechanical properties taken from the coupons are
intended to be used as a proof test for the composite
supplied and not to be used directly for design
purposes. The cooling tower designer should consult
appropriate design manuals to obtain the necessary
design data for any agreed upon qualifying tests on full
sections. Test coupons shall normally be taken from
the largest flat surface of the composite. Not all

8.1

8.2

8.3

8.4

8.5

properties can be tested, depending on geometry of the
member.

8.0 Design Criteria and Allowable Design Values

Allowable design values for pultruded, flat sheet and
structural shapes used under flexural and/or
compressive loads must be obtained from an
appropriate engineering design guide, (i.e. The CTI
FRP Design Guideline ESG-152) or the pultrusion
supplier.

For members in cooling towers which are subjected to
extended periods of operation in temperatures greater
than 77°F, the pultrusion suppliers published allowable
design values for flexural and compressive loads shall
be reduced to account for reduced properties at the
higher temperatures.  These correction factors are
published in Table 2.1 and 2.2. All structural
components for the tower should be selected to account
for maximum expected hot water temperature including
any upset conditions as a minimum (i.e. maximum hot
water temperature +212°F/100°C). This will account
for the possible effects of the fan-off operation, tower
idle in hot weather, and load excursions. A statement
indicating the design temperature should be included as
part of the cooling tower manufacturer's proposal.

The effects of long term exposure to water has been
documented by a two year research study sponsored by
the CTIl FRP Subcommittee and using material from the
three U.S. primary suppliers of pultruded profiles. A
chart listing the correction factors for total water
immersion is published in Table 2.3.

Service Factors: The effective operating life of any
pultruded FRP component is related to the service
factor applied by the tower manufacturers design
engineer and the severity of conditions to which the
component is subjected. Sustained loads should carry a
service factor sufficiently high to minimize long-term
creep. On short-term loads such as wind, seismic, ice,
etc., lower service factors may be acceptable. The
tower manufacturer's design engineer should provide
allowable design values, service factors and L/D ratios
used to determine the tower design life. CTIl ESG-152,
Structural Design of FRP Components, can be used as a
guide for FRP service factors as well as the different
design criteria that should be considered in a FRP
structural tower.

Except where more restrictive design load specification
requirements are indicated, the tower structure shall be
designed, fabricated and built in accordance with the
local building codes and cooling tower manufacturer's
design data and CTIl ESG-152, Structural Design of
FRP Components.
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9.1 Fiberglass pultruded structural

9.0 Workmanship

products shall be
supplied to the requirements listed in ASTM D4385
"Visual Defects in Thermosetting Reinforced Plastic
Pultruded Products". A two-year research study
revealed that sealing of cut and drilled edges does not
positively affect the performance of pultruded structural
shapes. Hence sealing of cut and drilled edges at the
point of manufacture or at the field erected tower site is
not required.

10.0 Quality Assurance

10.1 The final inspection and acceptance criteria for the

fiberglass reinforced pultruded structural products
should be agreed upon between the pultrusion
supplier and cooling tower manufacturer/purchaser.
If the pultrusion supplier has an 1SO 9001 certificate,
then the pultrusion supplier is considered being in
compliance with all requirements listed in paragraphs
10.1. If the FRP supplier is not an 1ISO 9001 certified
manufacturer, the pultrusion supplier is responsible
for developing a special quality assurance manual
applicable to the particular CTI cooling tower
manufacturer. The quality assurance system should
contain the following as a minimum:

10.1.1 A quality assurance incoming inspection
system that audits each shipment of resin and glass
for previously agreed upon specifications between
pultrusion supplier and cooling tower manufacturer
using appropriate techniques to assure consistency of
materials. The inspection intervals required are
determined by the pultrusion manufacturer to ensure
final pultruded products meet the specification.

10.1.2 Pultrusion supplier and cooling tower
manufacturer should review process controls to
verify that production parts meet or exceed design
values.

10.1.3 A glass content verification program for each
particular structural pultrusion.

10.1.4 The capacity to perform in house mechanical
property audits as required.

10.1.5 A modulus of elasticity verification on the
pultruded structural shapes.

10.1.6 Procedures to calibrate test equipment.
10.1.7 Procedure to handle non-conforming product.

10.1.8 The ability to write a Certificate of
Conformance to be supplied with the shipments

Documents

8 Document Sharing Hub

Copyright Cooling Technology Institute
Provided by IHS Markit under license with CTI
No reproduction or networking permitted without license from IHS

Full document details: CTI STD-137 2017

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/cti-std-137-2017
http://www.avadocuments.com/doc/cti-std-137-2017

