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developed based upon ASTM D3917, your pultruder’s experience,
and the part application.

In-process dimensional checks are required to be performed as
outlined in the internal pultrusion manufacturing procedure. Spe-
cifically, QA toleranced drawings along with engineering and vi-
sual specifications are required to be on the production floor at the
pultrusion machine prior to and during production.    The drawings
are incorporated into an IPI inspection document as detailed in
Illustration Three. The documented inspections are to be completed
between every third and fourth hour per twelve hour shift.   The
operator is responsible for the quality of every part and to docu-
ment that inspections are being performed and that the pultrusion
is being manufactured within the set QA parameters.  Illustration
Four depicts a wall thickness check of a square tube with calibrated
dial calipers that have been calibrated per the documented calibra-
tion procedure. Random documented audits are performed by QA
personnel in order to verify that the line operators are performing
their measurement and inspections per the documented procedures.

Illustration Three

Illustration Four

Strength of Materials Inspection
Most pultruders convey their products mechanical and physical
properties via a pultrusion design manual and product data sheets.
Currently there are no set standards for deriving published values.
Some pultruders publish values based on two or three standard
deviations subtracted from the mean value based on a set number
of coupon values.  No formal standard exists that describes to the
engineering community or to a pultruder how the data is to be
determined and reported. For this reason, it is necessary for the
customer and designer to understand how a pultruder derived their
published design values.

Both custom and standard pultruded shapes require minimum de-
sign values to be published which have been agreed upon by both
the customer and pultruder.  It is essential that a QA system be built
around the design requirements of the finished product. For ex-
ample, both coupon and full section testing should be performed to
determine the minimum design values.  The data should be derived
from multiple production runs and should contain a sufficient num-
ber  of data points.  The number of data points may range from 25 to
50. Typically, two to three times the standard deviation is sub-
tracted from the mean in order to generate the minimum published
design values. The manufacturer should then monitor the mechani-
cal property values via coupon and full section testing at some
agreed upon interval.  As an example, at approximately 5,000 feet
intervals, samples are pulled from the pultrusion line, tested and
compared to the minimum agreed upon values.  The test results can
be used for both QA purposes, as well as, continuous process
development tools.

An example of some common QA tests can be viewed in Illustra-
tions Five and Six.   Illustration Five depicts a full scale beam tested
to failure. Specifically, a pultruded beam is positioned in a full sec-
tion test fixture, and loaded in a three point bend scenario.  Load
versus deflection measurements are recorded until failure. The load/
deflection values are utilized to verify that the minimum stiffness
values are being acgieved.  The failure load is utilized to verify that
the beam meets the minimum strength requirements. Illustration Six
depicts a full section test being performed on a connection.  The
full section test verifies that the minimum hole bearing strength is
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being achieved. In addition to the full section hole bearing test,
coupon level testing is performed to verify the lengthwise com-
pression strength and modulus of elasticity.  Both values are criti-
cal to the structural behavior to cooling tower structures.

Illustration Five

Illustration Six

ASTM D 7290-06 initiative
Some specifications, evolving from the LRFD initiative, are leaning
towards the adoption of the ASTM D 7290-06 Standard Practice for
Evaluating Material Property Characteristic Values for Polymeric
Composites for Civil Engineering Structural Applications.This
ASTM-endorsed procedure describes the statistical method re-
quired to provide, the characteristic value material property, repre-
senting the 80 % lower confidence bound on the 5th-percentile
value of a specified population. Characteristic values determined

using this standard practice can be used to calculate structural
member resistance values in design codes for composite civil engi-
neering structures and for establishing limits upon which qualifica-
tion and acceptance criteria can be based. The adoption of this
specification will go a long way in standardizing the method used
by pultruders to establish minimum design values.  The D7290-06
statistical method weighs heavily on the number of specimens tested
and the coefficient of variation (COV) between test specimens.
Therefore, the tighter the COV, the less the reduction factor applied
to the mean property value.  Pultruders with good process control,
thus less variation in material properties, will be rewarded by pub-
lishing higher values than those pultruders with less process con-
trol.

The adoption of the standard will encourage the pultrusion indus-
try to strive for continuous process improvement. The end result
will be the output of shapes that will be more efficient and cost
competitive against wood, concrete and steel.

Fabrication Inspection
Fabrication inspection is very similar to the pultrusion inspection
process noted above.  The initial fabricated profile is put through a
First Article Inspection as outlined in the written procedure.  The
documented inspection is required to be signed by the Fabricator
and the Fabrication Supervisor releasing the part to production
status. Then, during the fabrication process, a minimum of three
documented inspections are required per shift. The first and last
part fabricated requires a documented inspection. The Fabricator is
responsible for the quality of each part fabricated and should per-
form more inspections than are required to be documented. The
documented inspections are reviewed by a QA technician, for com-
pleteness, prior to being saved in the internal database for future
reference.  Note that random documented inspections are performed
by QA technicians in order to provide oversight to the fabrication
inspection process.

Construction Site Receiving Inspection
The Pultrusion manufacturer, in conjunction with the field-erected
cooling tower provider, has developed a Quality Assurance/In-
spection training program for the construction field superinten-
dents.  The program involves arming the field superintendents with
manuals that describe possible visual and mechanical defects as-
sociated with pultrusion. The superintendents know exactly what
to look for when receiving a shipment of pultruded profiles. The
pultrusions are visually inspected to ensure, one last time, that the
products meet the standards prior to becoming a permanent mem-
ber in a cooling tower structure.

In the event a substandard section is found, either due to manufac-
turing defects or shipping damage, a well trained construction su-
perintendent can make the call to either repair the member or re-
place it. Your inspection training program/inspection manual should
include definitive information regarding which types of defects are
filed repairable, as well as, a step by step repair procedure for cor-
recting the defects.  The manual should also include a repair autho-
rization form, to be completed by the cooling tower provider, and a
corrective action plan in order to document the issue and to ensure
that actions have been instated to keep similar issues from arising
again.
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Conclusion
The pultrusion manufacturing process, like many others, can be
described as a combination of engineering and art, derived from
years of manufacturing experience.   As time progresses and more
engineering and process controls are applied to everyday produc-
tion, the art portion will continue to diminish and sometime in the
future will account for less of the pultrusion manufacturing disci-
pline.  But, there is no substitute for experience in developing and
maintaining a quality FRP pultrusion product.

A quote that I picked up from the book THE TOYOTA PRODUCT
DEVELOPMENT SYSTEM has stuck in my mind. “A company
that cannot standardize will struggle to learn from experience and
will rely on little more than undocumented hearsay and a wide
range of opinions among its employees only to eventually dis-
cover that it has been here before.”  I relate this statement to the
pultrusion industry as a whole.   Although the industry uses many
ASTM specifications, and I’m sure every pultruder has their own
QA/QC systems and procedures, the pultrusion industry has a

great need to adopt standards that will place everyone on a level
playing field.

The LRFD initiative, along with the adoption of the ASTM D 7290-
06, will allow our industry to mature and will allow for the design
and construction of more efficient and economical cooling tower
structures.

The Cooling Technology Institute will be well advised to monitor
and adopt some of the procedures and standards that will come as
a result of the pultrusion industry’s lead in the Load & Resistance
Factor Design initiative.

The general description of the QA/QC program between this major
pultrusion company, and one of its major customers for structural
FRP components is intended to get pultruders, designers, and own-
ers thinking about the importance of an agreed upon manufactur-
ing and design standard, as well as, an agreed upon QA and In-
spection Program.  As we see more and more pultruded parts being
shipped in from new overseas suppliers, it is crucial that all
pultruders be held to the same high quality standards.
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Cooling Technology Institute
Licensed Testing Agencies

For nearly thirty years, the Cooling Technology Institute has
provided a truly independent, third party, thermal performance
testing service to the cooling tower industry.  In 1995, the CTI
also began providing an independent, third party, drift
performance testing service as
well.  Both these services are
administered through the CTI
Multi-Agency Tower Perfor-
mance Test Program and provide
comparisons of the actual operat-
ing performance of a specific
tower installation to the design
performance.  By providing such
information on a specific tower
installation, the CTI Multi-
Agency Testing Program stands
in contrast to the CTI Cooling
Tower Certification Program
which certifies all models of a
specific manufacturer's line of cooling towers perform in
accordance with their published thermal ratings.

To be licensed as a CTI Cooling Tower Performance Test

Licensed CTI Thermal Testing Agencies
License Agency Name Contact Person Telephone
Type* Address Website / Email Fax

A,B Clean Air Engineering Kenneth Hennon 800.208.6162
7936 Conner Rd www.cleanair.com 865.938.7569

Powell, TN 37849 khennon@cleanair.com

A, B Cooling Tower Technologies Pty Ltd Ronald Rayner 61 2 9789 5900
PO Box N157 coolingtwrtech@bigpond.com 61 2 9789 5922

Bexley North, NSW 2207
AUSTRALIA

A,B Cooling Tower Test Associates, Inc. Thomas E. Weast 913.681.0027
15325 Melrose Dr. www.cttai.com 913.681.0039

Stanley, KS 66221-9720 cttakc@aol.com

A, B McHale & Associates, Inc Thomas Wheelock 865.588.2654
6430 Baum Drive www.mchale.org 425.557.8377

Knoxville, TN 37919 tom.wheelock@mchale.org

* Type A license is for the use of mercury in glass thermometers typically used for smaller towers.
    Type B license is for the use of remote data acquisition devices which can accommodate multiple measurement locations required by larger towers.

Licensed CTI Drift Testing Agencies
Agency Name Contact Person Telephone

Address Website / Email Fax

Clean Air Engineering Kenneth Hennon 800.208.6162
7936 Conner Rd www.cleanair.com 865.938.7569

Powell, TN 37849 khennon@cleanair.com

McHale & Associates, Inc. Thomas Wheelock 865.588.2654
6430 Baum Drive www.mchale.org 425.557.8377

Knoxville, TN 37919 tom.wheelock@mchale.org

Agency, the agency must pass a rigorous screening process and
demonstrate a high level of technical expertise.  Additionally, it
must have a sufficient number of test instruments, all meeting
rigid requirements for accuracy and calibration.

Once licensed, the Test Agencies
for both thermal and drift testing
must operate in full compliance
with the provisions of the CTI
License Agreements and Testing
Manuals which were developed
by a panel of testing experts
specifically for this program.  In-
cluded in these requirements are
strict guidelines regarding conflict
of interest to insure CTI Tests are
conducted in a fair, unbiased
manner.

Cooling tower owners and manu-
facturers are strongly encouraged

to utilize the services of the licensed CTI Cooling Tower
Performance Test Agencies.  The currently licensed agencies are
listed below.
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As stated in its opening paragraph, CTI Standard 201... “sets forth a pro-
gram whereby the Cooling Technology Institute will certify that all models
of a line of water cooling towers offered for sale by a specific Manufacturer
will perform thermally in accordance with the Manufacturer’s published rat-
ings...” By the purchase of a “certified” model, the User has assurance that
the tower will perform as specified, provided that its circulating water is no
more than acceptably contaminated-and that its air supply is ample and
unobstructed.  Either that model, or one of its close design family members,
will have been thoroughly tested by the single CTI-licensed testing agency
for Certification and found to perform as claimed by the Manufacturer.

CTI Certification under STD-201 is limited to thermal operating conditions
with entering wet bulb temperatures between 12.8°C and 32.2°C (55°F to
90°F), a maximum process fluid temperature of 51.7°C (125°F), a cooling
range of 2.2°C (4°F) or greater, and a cooling approach of 2.8°C (5°F) or

greater.  The manufacturer may set more restrictive limits if desired or publish less restrictive limits if the CTI limits are clearly defined and
noted in the publication.

Following is a list of cooling tower models currently certified under STD-201.  They are part of product lines offered by Advance GRP
(Advance) Cooling Towers, Pvt, Ltd.; Aggreko Cooling Tower Services; Amcot Cooling Tower Corporation; AONE E&C Corporation Ltd;
Baltimore Aircoil Company, Inc.; Delta Cooling Towers, Inc.; Evapco, Inc.; Fabrica Mexicana De Torres, S.A.; HVAC/R International, Inc.;
Imeco, div of York International; Ltd; KIMCO (Kyung In Machinery Company, Ltd.); King Sun Industry Co. Ltd.; Liang Chi Industry
Company, Ltd.; Marley (SPX Cooling Technologies); Mesan Cooling Tower, Ltd; Nihon Spindle Manufacturing Company, Ltd.; Polacel
b.v.; Protec Cooling Towers; RSD Cooling Towers; Ryowo (Holding) Company, Ltd; Ta Shin F.R.P. Company, Ltd.; The Cooling Tower
Company, L.C; The Trane Company; Tower Tech, Inc; and Zhejiang Jinling Refrigeration Engineering Company who are committed to the
manufacture and installation of full-performance towers.  In competition with each other, these manufacturers benefit from knowing that
they each achieve their published performance capability.  They are; therefore, free to distinguish themselves through design excellence
and concern for the User’s operational safety and convenience.

Those Manufacturers who have not yet chosen to certify their product lines are invited to do so at the earliest opportunity.  You can
contact Virginia A. Manser, Cooling Technology Institute, PO Box 73383, Houston, TX 77273 for further information.

Cooling Towers Certified by CTI Under STD-201
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