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Abstract
The overall purpose of this project is to devise improved quality acceptance procedures to
examine quality characteristics of utility poles at the factory of the supplier (FAT) and on-site
upon receipt by the customer (SAT). To that end, the thesis draws upon available standards,
literature, and industry practices regarding wood, fiberglass and steel poles.
As far as the design of the research, a single case study of a major power company was chosen.
Then, a data collection plan was developed in order to build upon the existing knowledge found
in the literature, and upon the data that can be collected from three of the Company’s suppliers,
in addition to the Technical Research Institute of Sweden (SP). Documents’ analysis,
interviews, observations, and a survey were the tools of that plan.
It was found that criteria, inspection and test methods of wood poles are all sufficiently covered
in the standards and the literature; for wood is the most commonly used material for utility
poles. Next, in coverage of research, are the steel poles; while there is currently no standard
that covers fiberglass utility poles.
Indeed, quality characteristics, criteria, and acceptance procedures can altogether form parts of
a sustainable solution, as long as the quality is managed as a process whether at the Company’s
end or at the fabrication sites; that is especially true if there is some form of backward
partnership between the Company and its suppliers.
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1. Introduction
This chapter provides an understanding of the problem background, defines the aim of the
research, translates the latter into research questions, reflects upon the limitations and
delimitation plan and, finally, provides a general outline of the whole research.

1.1 Background and Problem Description
Beyond a shadow of a doubt, electricity is one of the vital basics of our societies. In fact, in the
midst of our escalating needs of high technologies, electricity became indispensable and any
interruption of its provision creates significant consequences, especially in critical nodes of the
network. Poles that carry the power lines contribute to the stability of electricity provision.
Traditionally, wood and steel are the mainly used types of utility poles; new types, however,
have seen the light recently, such as fiberglass or veneer. Each type of poles has different
advantages and disadvantages, and hence, preferred areas of application.
The capital investment incurred in purchasing utility poles and the operating costs of keeping
them in the proper state are huge and vary a lot because of different factors; that is especially
true if one takes into consideration the different life cycles and impact on the environment
besides to the different characteristics of each type of poles. According to a Swedish major
power distribution company, there are nearly five million utility poles and two million
telecommunication poles in Sweden. In 2016 alone, this very company planned to invest in
purchasing around 8,000 wood poles. When building a new power line, there are different types
of costs to be incurred; for example, cost for maintenance, inspection, repair, replacement, and
disposal. The poles’ cost represents around 10-20% of the total cost of the power line when it
is built. There are also other factors that do affect the price; for example, raw material cost,
availability, order quantity, delivery lead time and transportation (Western Wood Preservers
Institute, 1997). Moreover, one should bear in mind that logistics plays a very important role
in this equation; for example, an average cost of one wood pole could amount sometimes to
only one-third of its shipping cost, if it is to be replaced individually. For all these reasons,
ensuring the appropriate quality of utility poles, by implementing proper procedures of factory
and on-site inspection acceptance tests, so-called FAT and SAT respectively, is of significant
importance; for it would reduce the probability of the need to reject defective poles on-site and
subsequently to incur extra cost in adjustment or disposal.
Little research was conducted on devising comprehensive procedures of FAT and SAT;
therefore, this thesis will zero in the question at hand by means of conducting a single case
study with the cooperation of a major power company, named the Company henceforth, besides
to three of its suppliers; anonymized as follows, the Wood Pole Supplier, the FRP Pole
Supplier, and the Steel Pole Supplier. It should be noted that different utility poles are inspected
for different characteristics whether at the supplier’s facility, throughout the production
process, or on-site, upon receipt of the poles. Devising a comprehensive procedure, that
sentences the samples against certain criteria and keeping, both the criteria and the procedures,
updated consistently requires a systematic approach to maintaining a sustainable solution; that
is especially true since there are many stakeholders from different organizations involved in
the process; i.e. the Company, the suppliers, and the contractors. Thus, this thesis tackled this
aspect, as well, by analysing the current process map, pinpointing the problems and proposing
a modified process that incorporated procedures of FAT and SAT.
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1.2 Aim
The purpose of this research is to identify the current practices of quality acceptance tests
performed both at the suppliers’ facilities (so-called Factory Acceptance Test and abbreviated
as FAT) and on-site (so-called Site Acceptance Test and abbreviated as SAT) upon receipt of
purchased products, and to propose an improved and sustainable quality acceptance procedure
in both cases. Therefore, a case study was chosen to be conducted on the products of utility
poles with the cooperation of a major power company that operates in the field of electricity
distribution in Sweden.
However, in order to form a procedure to examine certain quality characteristics in the utility
poles, there are a number of factors that should be taken into consideration. For instance, each
type of poles has a specific set of characteristics that should be addressed differently, as
mentioned in the previous section, hence, one should specify those characteristics according to
the type of pole and consequently, define specific criteria in order to be able to differentiate
between what is conforming and what is not. Based on these criteria and characteristics, and
based on the current (and possible) tests’ methods and inspections, one can propose improved
procedures. Finally, in order to tie the ends, one should consider how to make such solution
sustainable by keeping every aspect updated in a consistent fashion.

1.3 Research Questions
RQ1. What specific quality characteristics are examined (or can be examined) in the wood,
fibreglass, and steel utility poles before acceptance at the supplier’s end and on-site; and what
acceptance criteria are used (or can be used) in order to examine those characteristics?
RQ2. What acceptance inspections and tests’ methods are conducted (or can be conducted) on
wood, fibreglass and steel utility poles at the supplier’s end and on-site?
RQ3. How can the process of acceptance, in general, and the acceptance criteria, in particular,
be updated continuously in order to obtain a sustainable solution?
RQ4. How can the quality control practices be evolved into a quality control process?

1.4 Scope
The case study is performed with the collaboration of a Swedish power distribution company
and three of its suppliers. Only the most common types of utility poles were considered; i.e.
only certain types of timber, fiberglass, and steel poles, in addition to certain protection
methods of these poles were studied. That is because the added value of studying other types
or methods is of limited importance since the chosen set of poles and protection methods are
the most commonly used in the power industry in Sweden. Thus, it is not useful to broaden the
scope of this particular study. The poles along with their protection methods are furnished in
Table 1.
Table 1. Selected Poles and Protection Methods
# Pole Type
Protection method
I.
Water-borne preservative
a. Tanalith E-7/Tanalith E 3492
b. Wolmanit CX-8
1 Wood Poles
II.
Creosote Oils
a. Creosote grade B
b. Creosote grade C

Protection against

Fungus and insects
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# Pole Type
Fibreglass
2
Poles
3 Steel Poles

Protection method
(FRP)

Polyethylene
Galvanization

Protection against
Sun ultra violet
radiation
Corrosion

Additionally, inspections and standards related to electrical requirements and components,
such as conductors, etc. are not considered within the scope of this study.
Finally, the three chosen suppliers conduct various and different quality inspections throughout
their production processes; however, they do not necessarily conduct statistical quality control
in their facilities. This study did not tackle the question of how to perform statistical quality
control at the supplier’s end; nevertheless, the importance of such methodology – to reduce the
variability in the long-run was highlighted on multiple occasions in the thesis.

1.5 Limitations and delimitations
There were certain limitations to cope with while conducting this research. In this section, those
challenges were addressed first; afterwards, the delimitations, which were deployed in order to
overcome those challenges were furnished.
1. The scope was quite broad, as it involved different materials of poles and different
protection methods and subsequently, different test methods. In addition, many
stakeholders were involved at the same time; the Company, the three suppliers, and SP.
2. The research handled different walks of science, not just quality, which should be the
main focus of the thesis.
3. Culture, business secrets, and Swedish management style imposed certain hurdles of
confidentiality concerns.
In order to minimize the effects of the mentioned limitations the following plan was adopted:
1. The scope was narrowed, as mentioned in the scope section.
2. Side research was conducted; however, only the necessary literature review was
included in the chapter of Frame of Reference; while additional reviews were attached
to the Appendices; in order not to overload the thesis with information.
3. The author opted to respect anonymity as much as possible, by means of anonymizing
the names of the companies and ruling out references to their literature.

1.6 Thesis Outline
The Frame of Reference provided the theoretical background and the starting point for the
research; it furnished a synthesis of the current knowledge regarding quality, acceptance
sampling, and process improvement; then, the research method explained the methodology
used in the thesis, detailed the data collection plan and provided a reflection upon the validity
and reliability of the research. A description of the case study and an analysis of the results,
with the theory in mind, were packed into the chapter of Case Study Results. The following
chapter tackled the research questions and answered them by means of deploying the Frame of
Reference and identifying any potential gap, similarities or differences. The thesis was
concluded in the last chapter, where a summary of the research questions was provided and a
reflection upon the thesis’s contribution and implications was furnished; furthermore, potential
areas for future research were also included in the same chapter. Finally, an annex was attached
to the thesis, where some important appendices could be visited.
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2. Frame of Reference
This chapter provides a synthesis of the literature review concerning topics strictly related to
the quality aspect required to answer the research questions such as quality definition,
acceptance sampling, quality management system, and process management and improvement.

2.1 Quality
There are many approaches to defining quality. For example, some shorten the word to the
meaning of grade, for instance, when steel quality is referred to as such in connection with
various categories of steel strength properties; some connect quality to customer needs,
“Quality should be aimed at the needs of the customer, present, and future” (Deming, 1986);
and some extend its ramifications to going beyond customers’ expectations. For instance,
Bergman & Klefsjö (2010) proposed “the quality of a product is its ability to satisfy, or
preferably exceed the needs and expectations of the customers.” This follows quality may be
viewed as if it has dimensions; Garvin (1987) suggested that quality has eight dimensions,
which are performance, reliability, durability, serviceability, aesthetics, features, perceived
quality, and conformance to standards.

2.2 Acceptance Sampling
Acceptance sampling, according to Montgomery (2013), is an inspection of the conformance
of a product (raw materials, semi-finished, or finished) with a certain standard and thereby,
acceptance or rejection of that
product.
Montgomery (2013) stressed that
this inspection is one aspect of
quality assurance and it should not, at
any rate, replace process monitoring
and control; that is because
implementing statistical quality
control from the very beginning of
Figure 1. Illustration of the Problem with Accepting
the manufacturing process at the Sampling
supplier’s end and even at his subSource: Bergman & Klefsjö (2010, p. 304)
suppliers will not only reduce the
variability but also can significantly reduce and sometimes eliminate the need for stringent
inspection. Similarly, Bergman & Klefsjö (2010) argued that in modern quality philosophy,
process improvement is the mainstream; companies are increasingly allying with their suppliers
in order to actively improve quality so that to rule out fallouts on the long run and consequently
abolish inspection altogether – in ideal circumstances. Nevertheless, ideal cases are rare and
hence acceptance sampling is imperative.
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Sampling is divided into sampling plans, schemes or systems. ISO 2859-1, 1999 (E) provided
the following definitions and distinctions:
Sampling plan is a combination of sample size(s) to be used and
associated lot acceptability criteria (acceptance and rejection numbers).
Sampling scheme is a combination of sampling plans with rules for
changing from one plan to another.
Sampling system is a collection of sampling plans, or of sampling
schemes, each with its own rules for changing plans, together with
sampling procedures including criteria by which appropriate plans or
schemes may be chosen.
Figure 2. Important Definitions in Sampling
Source: ISO 2859-1, 1999 (E)

2.2.1 Acceptance Sampling Concepts and Techniques
In fact, there are different acceptance sampling techniques; each of which is preferred to be
applied in certain circumstances. Table 2 depicts the most important acceptance sampling plans
classified as either attribute or variable quality characteristics procedures, and as per
deployment objectives (Montgomery, 2013). This section discusses some of the most important
acceptance concepts and techniques, especially those that are relevant to the case study at hand.
Table 2. Acceptance Sampling Procedures

Source: Montgomery (2013, p. 636)

Attribute Acceptance Sampling – it is a high-level classification of lot-by-lot acceptance
sampling plans as opposed to single, double, or Dodge-Romig sampling plans (explained later).
The common factor of attribute sampling plans is that they are used for quality characteristics
that can be described as in “conforming” or “non-conforming” basis. Table 3 depicts the
military versus the civilian counterparts for both attribute and variable acceptance sampling
plans (Montgomery, 2013).
Table 3. Standards for Acceptance Sampling Plans
Type of Data
Military Standard
Civilian Counterpart Standard
Attribute
MIL STD 105E:1989
ANSI/ASQC Z1.4, ISO 2859-1, 1999 (E)
Variable
MIL STD 414
ANSI/ASQC Z1.9
Source: adapted from Montgomery (2013)

Variable Sampling Plans – These plans are used for quality characteristics that can be
measured numerically on a scale. Montgomery (2013) compared variable versus attribute
acceptance sampling and stated the advantages and disadvantages of both. In contrast to
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attribute acceptance sampling plans, variable plans require smaller samples’ sizes, provided
that they have the same level of protection. In terms of feasibility, the cost of sample reduction
might be offset by the higher cost of variable data measurements; however, if a destructive test
is the objective of the inspection, then evidently variable sampling can be more useful.
Furthermore, variable sampling provides information with more details concerning the process
because measurements are more expressive as opposed to the classification of items as
conforming or nonconforming. On the other hand, variable plans are generally based on the
normal distribution of the quality characteristics and the more abnormal the distribution is the
more risk of deviation between the real and the tabulated acceptance or rejection risks.
Moreover, if variable plans are used, there is a possibility to reject a lot without defective items;
certainly, this will cause discontent in both supplier’s and consumer’s companies; especially,
if production is disturbed or large cost is to be assumed (Montgomery, 2013).
As Table 3 depicted, variable acceptance sampling plans are standardized in the military
standard MIL STD 414 and in its civilian counterpart ANSI/ASQC Z1.9. Both of which contain
provisions for switching into tightened or reduced inspection plans. Switching is determined
based on the process average, which is usually computed based on the preceding ten submitted
lots, provided that the distribution of the quality characteristics is normal, as indicated earlier.
A minimum of 100 observations should be tested for normality; and if the test result indicated
an abnormality, then returning to attribute plans is mandatory. In fact, returning from variable
to attribute sampling scheme using the standards, depicted in Table 3, while keeping the same
AQL and sample code letter is possible; similarly, returning back from attribute to variable
sampling is also possible provided that the data became normally distributed, as established by
Montgomery (2013).
MIL STD 105E – a collection of sampling schemes for inspection by attributes; according to
Montgomery (2013), it is the most commonly used sampling acceptance system. Issued during
World War II in 1950, it has received four revisions since then; the latest version (E) was in
1989. Later, a quite similar civilian version was created, called ANSI/ASQCZ1.4. Thereafter,
the International Organization for Standardization (ISO) adopted the standard and named it
ISO 2859. The latter features three types of sampling plans; namely, single, double and
multiple; each of which has three provisions for the three types of inspection severities, the wit
normal, tightened and reduced, refer to Figure 3; where the inspection severities are dependent
on the quality history of the supplier.
Quality Level – the percent of nonconforming or the number of nonconformities per hundred
units, whichever is applicable, as per the following two equations.
𝐝
% 𝐧𝐨𝐧𝐜𝐨𝐧𝐟𝐨𝐫𝐦𝐢𝐧𝐠 = ×𝟏𝟎𝟎
𝐧
Equation 1. Quality Level – Percent Nonconforming
Source: ISO 2859-1:1999 (E)

Where
d is the number of nonconforming items in the sample
n is the sample size
𝐧𝐨𝐧𝐜𝐨𝐧𝐟𝐨𝐫𝐦𝐢𝐭𝐢𝐞𝐬 𝐩𝐞𝐫 𝟏𝟎𝟎 𝐢𝐭𝐞𝐦𝐬 = 𝟏𝟎𝟎
Equation 2. Quality Level – Nonconformities per 100 Items
Source: ISO 2859-1:1999 (E)

Where

𝐝
𝐧
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d is the number of nonconformities in the sample
n is the sample size
Process average – As per ISO 2859-1:1999 (E), the process average is the quality level
averaged over a defined period of time, during which the process was in statistical control. As
for the consumer, he can estimate the process average by considering the average of percent
nonconforming or the average number of nonconformities per 100 items over multiple samples,
as long as those samples were the one used for the original inspections, to wit, only first samples
if double sampling is used. Montgomery (2013) proposed to estimate the process average using
the percent nonconforming control chart for the first 25 lots; if any lot has a percent
nonconforming that exceeds the upper control limit, then it should be disregarded, provided
the assignable cause is known. The consumer keeps accumulating the results from the lots until
he obtains 25 valid ones; and until that moment, it is recommended to use the largest process
average.
Acceptance Quality Limit (AQL) – According to ISO 2859-1:1999 (E), AQL is the worst
process average that the consumer would consider to be acceptable. AQL, together with the
sample size code letter (refer to Figure A8-1), are used to index the sampling plan and scheme.
Similar to the standard, Montgomery (2013) observed that both the supplier and the consumer
should agree upon AQL and define its value in the purchase contract. Also, he noted that AQL
is a property of the supplier’s manufacturing process; however, it is hoped that the fabrication
process would be significantly better than the AQL, and this is in congruence with what the
standard ISO 2859-1:1999 (E) stipulated; as it stressed that “AQL does not suggest that it is the
desirable quality level.” In fact, ISO standards for sampling schemes are designed to inspire
suppliers to obtain a process average that is always better than AQL; otherwise, there would
be a high probability of “switching” the severity of the inspection into a more “tightened
procedure”. Moreover, it is imperative, as per ISO 2859-1:1999 (E), for the supplier to
understand and act upon the fact that AQL does not imply that he has the right to supply any
nonconforming item. Furthermore, Montgomery (2013) mentioned that multiple values for
AQL can be designated for different groups of nonconformities as per the quality requirements;
in practice, AQL’s value is usually 2.5 % for minor defects and 1% for major ones, while
critical defects are not accepted at all. ISO 2859-1:1999 (E) stipulated that at any rate AQL
should not exceed 10% nonconforming or 1000 nonconformities per 100 items.
Lot Tolerance Percent Defective (LTPD) – the worst level of quality the consumer is willing
to accept in an individual lot (Montgomery, 2013). The LTPD plans were developed by Dodge
& Romig (1959). Montgomery (2013) noted that LTPD is not a characteristic of the sampling
plan, it is rather a consumer-specified level of quality; also, Montgomery (2013) argued that
Dodge-Romig LTPD plans, are usually superior to the AQL plans, that is especially true when
the products are complex, process average fallout is low and there is a need to obtain more
protection; additionally, they are very useful for inspection of semi-finished products and can
only be applied when rejected lots are 100% screened. Dodge & Romig (1959) designed the
LTPD plans for lot acceptance probability of 10% and furnished those plans in tables indexed
by different LTPD values; furthermore, they contain single and double sampling plans.
Different Severities of Inspections and Switching Rules – the military standard MIL STD
105E proposed different inspection severities (normal, tightened and reduced), and a method
of switching among those plans according to the quality of the previous lots. Montgomery
(2013) explained the inspection switching rules as can be seen in Figure 3. Similarly, the ISO
2859-1, 1999 (E) incorporated the same method but with some modifications as can be seen in
Figure 4.
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Figure 3. Inspection Switching Rules – MIL STD 105E
Source: MIL STD 105E, cited in Montgomery (2013, p. 656)

Figure 4. Inspection Switching Rules – ISO 2859-1, 1999 (E)
Source: adapted from ISO 2859-1, 1999 (E)

-

-

-

Normal inspection – a sampling plan used when there is no reason to doubt that the process
average of a lot is better than the AQL; as defined by ISO 2859-1, 1999 (E).
Tightened inspection – a sampling plan used when the inspection results of a pre-defined
number of consecutive lots point out that the process average could be poorer than the
AQL; as defined by ISO 2859-1, 1999 (E).
Reduced inspection – a sampling plan used when the inspection results of a pre-defined
number of consecutive lots point out that the process average is better than the AQL; also,
the sample size is smaller than that of a normal inspection plan but with a comparable
acceptance criterion; as defined by ISO 2859-1:1999 (E).
Switching score (SS) – an indicator used by the standard ISO 2859-1, 1999 (E) to decide,
according to the current inspection results, whether the inspector should switch to a reduced
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inspection plan or not. The initial value of SS is set at zero at the first normal inspection,
provided that the responsible authority (which could be a 1st party – the quality department
at the supplier, a 2nd party – the consumer, or a 3rd party – an independent authority) didn’t
specify another value; then, it is updated after each subsequent lot. As stipulated in ISO
2859-1:1999 (E), in case a single sampling plan -explained afterwards- is followed and an
acceptance number of zero or one, each accepted lot adds 2 to the SS and 3 in case the
acceptance number was two or more; if the sampling plan was double or multiple, 3 is
added to the SS each time the lot is accepted regardless of the acceptance number; at any
rate, each rejected lot reset the SS to zero.
Inspection Level – ISO 2859-1:1999 (E) defined the inspection level as the relative amount of
inspection determined by the responsible authority; it enables different degrees of
discrimination depending on the given case; refer to Figure A8-1. The predetermined level is
separate from the severities and should be fixed regardless of the applied severity. According
to the same standard, there are three general inspection levels (I, II, and III) and four special
inspection levels (S-1, S-2, S-3 and S-4) – the higher the order of the levels, the more severe
the discrimination gets. Level II should be normally applied. However, when relatively small
sample sizes are necessary and higher risks can be assumed S-levels can be used and level S-3
is what usually used, according to SS-EN 351-1:2007.
Sample Size Code Letters – ISO 2859-1:1999 (E) tabulated sample sizes against three factors;
namely, lot size, inspection level, and sampling plan, refer to Figure A8-1and Figure A8-2.
Sampling Plan – ISO 2859-1:1999 (E) furnished different sampling plans (single, double and
multiple) with different severities of inspection (refer to Figure 4), and the plans can be selected
as per the chosen AQL and sample size code; for example, Figure A8-2 features a single
sampling plans for normal inspection. (Montgomery, 2013) proposed the following procedure
to select the sampling plan according to MIL STD 105E (applicable on the ISO 2859 as well)
as follows:
Select the AQL  Select the inspection level from Figure A8-1 Determine the lot size
Find the appropriate sample size code letter from Figure A8-1 Determine the appropriate
type of sampling plan (single, double or multiple)  Find the plan from the appropriate table
 Determine the corresponding reduced and tightened inspection plan in case they were
needed.
Operating Characteristic Curves (OC) – As per ISO 2859-1:1999 (E), each sampling plan
has an operating characteristic curve (OC) that plots the percentage of lots expected to be
accepted Pa, versus the quality of the submitted product p (in percent nonconforming and in
nonconformities per 100 items) and for different AQLs. Figure A8-3 demonstrates an example
of a single sampling plan for sample size code letter C. Multiple and double sampling plans are
not provided by ISO 2859-1:1999 (E) as they are “roughly comparable” to the single plan OC
curves, according to Montgomery (2013). OC curves for AQLs smaller than 10 are applied for
inspection of nonconforming items, while curves for AQLs bigger than 10 are applied for
inspection of nonconformities. Additionally, the standard provides operating curves in form of
tables not only for the normal inspections as the curves do but also for the tightened inspections
as well, refer to table 10-C-1 of Figure A8-3.
Montgomery (2013) indicated certain characteristics regarding these curves, listed here below:
- They are useful in estimating the average sample sizes that might be selected under
various sampling plans for a given process quality.
- They focus on producer’s risk, and the only control the consumer can exercise over the
discriminatory power of the sampling plan, scilicet the steepness of the curves, is
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-

through selecting an appropriate inspection level that provides him with the necessary
protection.
They provide only certain sample sizes which are related to the lot size.
At small lot sizes, the sample size increases with the increase of the lot size; thereafter,
it decreases at higher rate at larger lot sizes; this fashion provides an efficient inspection
costs per unit especially at large lots; moreover, it reduces the risk of false rejection of
a large lot because of the discriminating power of the curves and consequently the
consumer gets higher protection.

Consumer’s and Producer’s Risks – According to ISO 2859-1:1999 (E), the different
severities of sampling plans (normal, tightened and reduced) should provide both of the
supplier and the consumer enough protection at the same time; scilicet they should be deployed
in such a manner that results in consumer protection while maintaining the acceptance of the
lots at high rate, provided that the quality is better than the AQL.
-

-

Consumer’s Risk Quality (CRQ) – As per ISO 2859-1:1999 (E), CRQ is the quality
level of a proces, or a lot that is related to a specific consumer’s risk β (probability of
the lot to get accepted under different types of inspections’ severities); usually, the latter
is about 10%. If the consumer is going to inspect a limited amount of lots that is not
enough for the switching rules to be functional, it is recommended by the standard ISO
2859-1:1999 (E) to choose sampling plans associated with a value of AQL that gives a
certain amount of consumer’s risk quality. For example, in Figure A8-6 the responsible
authority can choose a sampling plan by choosing a consumer’s risk and the related
CRQ.
Producer’s risk α– As per ISO 2859-1:1999 (E), this risk represents the rejection
probability of a lot of AQL on different types of inspections’ severities.

The common approach to design a single sampling acceptance plan, as illustrated by
Montgomery (2013), is to use the nomograph (refer to the example in Figure A8-7). Two lines
are drawn and their intersection defines a point, which in its turn defines a unique sampling
plan, if the intersection meets a particular point on the nomograph; otherwise, any close point
to the intersection provides a possible sampling plan (because both the sample size and the
acceptance number c should be integers). The lines are drawn by using the following points:
-

-

First Line: (AQL, 1- α); where AQL is the poorest percent nonconforming producer
can tolerate, α is the producer risk (probability of rejection) and 1- α is the probability
of acceptance.
Second line: (LTPD, β); where LTPD is the poorest percent nonconforming consumer
can tolerate and β is the consumer risk (probability of acceptance).

However, ISO 2859-1:1999 (E) asserts that using these individual plans without the switching
rules should be limited to one of two cases; either the amount of the inspected lots is not enough
to use the switching rules, or for verification purposes only and thereby, it should not be
referred to inspection per these two methods (ISO tables or the nomograph) as an “inspection
in compliance with ISO 2859-1:1999 (E)”.
Single, Double, and Multiple Sampling Plan – According to Montgomery (2013), a singlesampling plan is a lot-sentencing procedure, where one sample of n units is selected arbitrarily;
then, the inspector counts the nonconforming items and finally sentence the sample with either
acceptance or rejection depending on whether the number of defective items is bigger or
smaller than a predefined acceptance number c. In double-sampling plans, the sentence is one
of three possibilities 1) accept, 2) reject, or 3) take a second sample. Additionally, if the second
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sample is taken, then the sentence is dependent on information taken from both samples. In the
same context, ISO 2859-1:1999 (E) stipulated that if the number of nonconforming items in
the first sample equals to or is greater than the first rejection number Re1 then the lot will be
rejected; if it equals to or less than the first acceptance number Ac1, then the lot is accepted;
however, if it falls between Re1 and Ac1, then a second sample is to be inspected; then, the
number of nonconforming units in both samples is summed up and if it equals to or less than
Ac2 then the lot is accepted and if it equals to or greater than Re2 then the lot is rejected. Multiple
sampling is similar to the double sampling plan; however, it is for more than two samples and
usually, a smaller size of samples is used (Montgomery, 2013). In ISO 2859-1:1999 (E) there
are five stages of the multiple plans and the decision should be concluded in the fifth one in the
worst-case scenario. Furthermore, it should be noted that the above sentencing rules apply on
both nonconforming items and nonconformities. According to Montgomery (2013), switching
rules between normal and tightened and vice-versa received some criticism; as some
practitioners claim that wrong switching is occurring frequently; furthermore, there is some
practical evidence of cases where production was discontinued although the quality did not
deteriorate.
According to ISO 2859-1:1999(E), the, single, double and multiple plans can be designed in
such a manner so that they yield the same results; i.e. they can have the same probability of
acceptance. Hence, selecting any of which is more dependent on the efficiency, type of results,
needed inspection-average-time and effort, and the accepted disturbance to the material flow,
etc. Additionally, when the responsible authority is going to choose the sampling plan, usually
the sample size is compared with the administrative difficulty; that is because, on the one hand,
the sample size increases from the multiple up to the single sampling plan, while on the other
hand, the administrative difficulty and the cost per unit decrease from the multiple to the single
plan.
2.2.2 Lot Formation
The formation of lots can significantly affect the effectiveness of the sampling plan; hence,
Montgomery (2013) mentioned some recommendations in that regard. For example:
- Lots should be Homogenous – units are produced by the same machine, operators,
common raw materials, more or less at the same time; otherwise, taking corrective
action to eliminate the source of defectives will be difficult.
- Lots should be as large as possible because that might reduce inspections costs.
- Lots should be comfortable in terms of materials handling and logistics.
- Units of each lot should be selected randomly from all locations -or strata- in the lot, in
order to reduce bias and be representative of the whole lot as much as possible.
Similarly, ISO 2859-1:1999 (E) stressed the homogeneity of the samples and stipulated that,
as much as possible, the lots should be formed from a single type, grade, class, size, and
composition of items and that the units should be produced under the same uniform conditions
at essentially the same time. Moreover, the samples should be selected at random and in
proportion to the strata or sub-lots in case the lot contained different strata or sub-lot.
Furthermore, the samples should be selected after the lot has been produced or during
production.
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2.2.3 Rejected Lots – Corrective Actions
When lots are rejected after an acceptance sampling, a corrective action should be carried on.
Montgomery (2013) observed that usually a screening, which is100% inspection of the rejected
lot, is conducted. Thereafter,
all nonconforming items are
removed and returned to the
supplier, in order to replace
them with good ones or
rework them and such
program is called rectifying
inspection program. Figure 5
depicted how the outgoing
lots will have an average
Figure 5. Rectifying Inspection
percentage nonconforming
that is less than that of the Source: Montgomery (2013, p. 643)
incoming lots because all
nonconforming units in the rejected lots are being replaced totally.
Rejected items might be disposed of in different methods according to the standard ISO 28591:1999 (E), the responsible authority should decide to choose among the following options:
scraping, sorting, reworking, or re-evaluating against more information or criteria. Certain
types of nonconformities might be critically important and as such the responsible authority
might inspect every item in the lot; also, it might not accept the whole lot directly, in case a
nonconformity existed in a chosen sample. Furthermore, all concerned parties should be
advised in case of lot rejections; afterwards, the responsible authority decides which type of
inspection to follow; refer to Figure 4.
Average Outgoing Quality (AOQ) –
Montgomery (2013) defined AOQ as
the lot quality averaged over a long
sequence of lots from a process with a
certain percentage nonconforming,
including accepted lots and rejected
ones after thoroughly replacing the
nonconforming items. AOQ is used to
evaluate the rectifying sampling plan.
Average Outgoing Quality Limit
(AOQL) – according to ISO 28591:1999 (E), AOQL is the maximum
AOQ for all possible qualities
submitted for a given acceptance plan.
Figure 6. Average Outgoing Quality Curve and
Figure A8-5 depicts an approximation AOQL.
of AOQL values for single plans under
Source: adapted from Montgomery (2013, p. 645)
normal inspection.
Figure 6 is an example that plots an average outgoing lot quality versus its associated incoming
lot quality; it can be seen that the AOQ will never have a quality worse than a certain limit,
which is the AOQL (in this very case, AOQL = 0.0155). AOQL plans were developed by
Dodge & Romig (1959); there are different tables indexed by different values of AOQL; each
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of which has six classes of values of process averages; (refer Figure A8-8). Additionally, there
are tables for single and double sampling plans.

2.3 Quality Management System (QMS)
For a long time, many companies have been conducting “quality audit” at their suppliers’
facilities. Bergman & Klefsjö (2010) observed that in 1930 US military purchases designed a
standard that addressed how supplier activities should be evaluated with respect to quality. This
standard was the basis of the international standard for quality management systems, the ISO
9000 series. It intended to minimize the number of quality audits at the supplier’s company;
currently, it is used as a certification, granted by a third independent auditor after evaluating
the quality management system. Bergman & Klefsjö (2010) defined QMS as “a tool for
controlling and improving the quality of the Company’s products and processes.” ISO
9000:2005 defined QMS as “a management system to direct and control an organization with
regard to quality” QMS comprises: quality planning, quality control, quality assurance and
quality improvement; definition of each term is provided in Figure 7 according to ISO 9000:
2005.
Quality management: Coordinated activities to direct and control an organization with
regard to quality.
Quality planning: Part of quality management focused on setting quality objectives
and specifying necessary operational processes and resources to fulfil the quality
objectives.
Quality assurance: Part of quality management focused on providing confidence that
quality requirements will be fulfilled.
Quality control: Part of quality management focused on fulfilling quality
requirements.
Quality improvement: Part of quality management focused on increasing the ability
to fulfil quality requirements.
Figure 7. Quality Management System Terms.
Source: ISO 9000:2005

2.4 ISO Standard of Quality Management System
There are many standards of ISO; however, in this thesis, the focus is on the standard of the
quality management system; namely, ISO 9000 series. According to Linköping University
(2014), the current version of this series consists of four standards that form together a solid
base that advances the understanding of quality issues, and facilitates communication on an
international level and thus, they are supposed to be adaptable to any type of organization or
product. In this thesis, the standard ISO 9001:2008 is of special interest. It contains the
requirements for a quality management system and is based on a process approach; hence, it is
often used for certification purposes. Any organization that has deployed a QMS according to
ISO 9001 can obtain a certificate of conformance to the standard requirements from an
independent accredited organization called certification body, which exists in most of the
European countries. The accreditation is also performed according to a separate standard that
addresses the requirements related to those bodies. For example, in Sweden, there is a number
of certification bodies such as Det Norske Veritas (DNV), SFK Certification, to name a few.
Certification bodies perform audits, which is a thorough review of organization’s documents,
procedures, and processes (Linköping University, 2014). Those standards are subject to
revision and change, if needed, every five years, because this renders them as useful tools in
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the dynamic marketplace; and thus, companies that have been certified for conformance of
meeting the requirement of an old standard have to adopt to the new one because the old
certification will turn obsolete once the new version is released. For example, a new version of
the standard, ISO 9001:2015, has just been launched, replacing the previous version ISO
9001:2008. One major difference between both is the eminent focus on risk-based thinking,
which helps in tackling organizational risks and opportunities in a structured manner, very
much like the FMEA method, which is deployed in Six Sigma projects and is discussed later
(ISO, 2015).
Although ISO 9000 aims to give customers confidence in their suppliers by assuring them that
the suppliers have in place management processes that deliver consistency, some researchers
argue that this series of standards encourages but does not necessarily - of itself - guarantee
product quality (Samson & Terziovski, 1999). They postulate that ISO 9000 certification did
not show a significant positive effect on organisational performance in the presence or absence
of a Total Quality Management (TQM) environment. Furthermore, they stated that “this is in
congruence with the view that ISO 9000 certification has, on average, little to non-explanatory
influence over organisational performance.” (Samson & Terziovski, 1999).

2.5 Process Management and its Implementation
It is important to notice the difference between the part and the whole, between individual
processes and Process Management. The latter is a philosophy by itself originated from the
concept of Total Quality Management (Bergman & Klefsjö, 2010). The increased adoption of
process view and process improvement brought Process Management into existence. Process
Management requires a high level of awareness of the processes and a system thinking at the
same time, and applying such managerial style is most likely going to cause serious change in
the performance of the organization on both short and long run (Oakland & Tanner, 2007).
More than that, they argued that “process management sits at the heart of a successful change
programme.” Management commitment is of evident importance in Process Management; as
such, it is widely considered as criteria for successful implementation (Cronemyr 2007, 2013).
Nevertheless, few were the thesis, which proposed how to practically implement Process
Management through activating management commitment (Cronemyr, 2007). It should be
noted that being a philosophy, implementation of Process Management does not follow an
ascribed way. Additionally, certain researchers argue that Process Management contains Six
Sigma methodology; for instance, Hammer (2002) contended that “Six Sigma should be a part
of Process Management, not the other way around.” However, it is still a matter of discussion
for others.
At any rate, understanding the current situation is a key element to be able to put a plan towards
a targeted improved situation. In the following sections, process development and mapping
were tackled.
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2.6 Process Development – Process Mapping
Different visualization methods are available for the developing and pinpointing value added and nonvalue added activities. Montgomery (2013) mentioned few methods, such as Flowcharts, operation
process charts, and value stream mapping. Process map or flowchart, as per Montgomery (2013), is a
“chronological sequence of process steps or workflow.” And “Constructing a process map can be an
eye-opening experience, as it often reveals aspects of the process that people were not aware of or
didn’t fully understand.” (Cronemyr, 2014) proposed that the main objectives of Process Mapping and
Development are first, to see the system as a whole from the perspective of the customer; secondly, to
build a conceivable model of the work processes in order to better understand them, by means of
creating a fundament for a standardized working and facilitating internal and external communication,
which in its turn renders understanding how one’s own work interacts with the system easier, and creates
confidence among stakeholders; and finally, identify improvement opportunities, problem elimination
possibilities and increase the efficiency and effectiveness of the process in general. On the same note,
Andrews (2007) confirmed that “The visual representation provided by flowchart can summarize pages
of narrative in a single
drawing.” Nevertheless, he
argued that the level of detail
found in flowcharts can make
process analysis cloudy.

Cronemyr
(2014)
demonstrated how to map
the current process and how
to develop an improved
map. Process mapping starts
with drawing a “Swim Lane
Chart” which is a flowchart
of the activities as they are
currently carried on, starting
from the customer’s needs,
going through all the
required activities across the Figure 8. Swim Lane Chart - Problem Map
related departments and
Source: Cronemyr (2014)
ending with fulfilment of the
need; activities that take place in one department are maintained in the same lane and arrows
depict how the process functions in a chronological fashion; afterwards, problems are identified
and plotted on the same plan. That is why it is called Problem Map as well, refer to Figure 8.
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After identifying all of the problems in the Problem Map, a new map is designed to incorporate
a vision of the chain of activities as series of main process and support processes. Each of
which is constructed by series of
activities, which in turn are
connected to each other by their
inputs and outputs. Each activity
is described by what and how and
not by whom? Also, it is
connected to steering and
supporting documents, such as
templates, checklists, guidelines,
instructions, and policies, etc.
Most importantly is that the new
design starts with the end; in
other words, with the customer
need
and
expectations;
thereafter, the following question
is posed: what is the activity that
should be performed in order to
reach to this specific output? Figure 9. Development of Improved Process
Afterwards, posterior activities Source: Cronemyr (2014)
are developed exactly in the
same way, until the designer reaches the very beginning, which is the customer demand. Figure
9 Illustrates the development of the new, improved process (Cronemyr, 2014).
It should be noted that in organizations where process awareness is still not shaped, drawing
the map will take quite a longer time because everybody knows what he is supposed to do,
while no one knows the whole picture. Once everything comes together on the map, problems
will get exposed.

2.7 Process Improvement
Bergman & Klefsjö (2010) contrasted the old view and A better view of the purchasing process.
In the former, neither the supplier nor the seller was unique; there were many suppliers who
could produce according to certain specifications, and what mattered the most was reducing
cost, as it was the decisive factor in the perspective of the buyer. Hence, quality was not
prioritized and as such, suppliers who refused to produce anything less than a high-quality
product were driven out of business by other suppliers who produced at a lower price. Whereas,
in the newer version, fewer suppliers are chosen by the buyer and a closer relationship is built
between the two parties, a partnership, in order to influence and support the improvement of
the work at the supplier’s end. For instance, Cali (1993) observed that leading companies had
changed their relationship with their suppliers and mentioned the following purchasing routines
of those companies:
-

Study “Benchmark”, how other companies corporate with their suppliers.
Reducing the number of suppliers and trusting a few suppliers is a better basis for
quality improvements.
Trust is an important element strengthening established contacts.
Investments in education and technical support for the suppliers are a key to success.
Focus on continuous improvements.
Involve the suppliers at an early stage in the design process.
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-

Use quantitative measurements to judge if improvements are performed.
Share information, risks and success with suppliers to establish a long-term mutual
partnership.

2.7.1 Six Sigma
Six Sigma is a methodology, or an improvement programme within the general framework of
Total Quality Management, introduced by Motorola in 1980 (Bergman & Klefsjö, 2010). The
interpretation of the name,
illustrated in Figure 10 by
Magnusson et al. (2003) and
Bergman & Klefsjö (2010), is
as follows: If the mean value
of a process distribution is
allowed to vary at the most
±1.51 standard deviations (σ)
from a targeted value (T), and
the distance from that mean to
the
nearest
defined
specification limit (USL or
LSL) is still 4.5 σ, then the
number of defects will not Figure 10. Interpretation of Six Sigma
exceed 3.4 part per million. Source: Magnusson et al. (2003), cited in Bergman & Klefsjö
The purpose of Six Sigma, as (2010, p. 569)
noted by Bergman & Klefsjö
(2010), is to reduce unwanted variation in the organizational processes, which is significantly
manifested in the reduction of cost, improvement of reliability and service level, and an
increase of profitability and customer satisfaction.
The underlying procedure for solving the problem of Six Sigma, often referred to as the
DMAIC (Define, Measure, Analyse, Improve, Control), can be traced back to Deming’s
improvement cycle, Plan-Do-Study-Act (PDSA) (Bergman & Klefsjö, 2010).
Bergman & Klefsjö (2010) observed a mantra in Six Sigma that says “every important quality
characteristic Y, referred to as the process yield, is a function of controllable quantities.” Six
Sigma role is to find the underlying function or relations, i.e. the root causes, in addition to the
controllable variables. The yield of a process is given per the following equation:
𝐘 = 𝟏𝟎𝟎% − % 𝐝𝐞𝐟𝐟𝐞𝐜𝐭𝐢𝐯𝐞 = 𝟏𝟎𝟎% − (

𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐝𝐞𝐟𝐞𝐜𝐭𝐬
)
𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐨𝐩𝐩𝐨𝐫𝐭𝐮𝐧𝐢𝐭𝐢𝐞𝐬

Equation 3. Yield
Source: Brook (2010, p. 90)

Montgomery (2013) differentiated between different sources of variability, which are either
common causes, responsible for random variation, or assignable causes, sometimes referred to
as special causes as per Bergman & Klefsjö (2010) and are responsible for assignable variation.
Montgomery (2013) contended that “common causes are sources of variability that are
embedded in the system or process itself, while assignable causes usually arise from an
1

This value was chosen by Motorola Company.
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external source.” Henceforth, if common causes are to be eliminated or reduced, then most
probably the process will be subject to certain changes; whereas, eliminating or reducing
special causes often times demands the removal of a specific problem. Montgomery (2013)
furnished an example of both cases, “A common cause of variability might be an inadequate
training of personnel processing insurance claims, while an assignable cause might be a tool
failure on a machine.”
Statistical Process Control and Quality Control
Statistical Process Control (SPC) is a set of problem-solving tools that constitutes a practical
framework for quality improvement programme; these tools are used for two objectives; first,
to increase the stability of a given process by reducing its variability and second, to monitor
the performance of process and enhance its capability; for that reason, it is deployed in both of
the Analyse and Control phases
of DMAIC process of Six Sigma
(Montgomery, 2013). In the
same context, Bergman &
Klefsjö (2010) clarified the
purpose of using (SPC) as to
consistently investigate and
eliminate special causes until the
process reaches a state of little
variation and becomes a stable
process, i.e. in statistical
control; thereafter, the target Figure 11. Process States
becomes either to maintain that Source: Bergman & Klefsjö (2010, p. 221)
status or to improve the process
much more. When process
improvement by eliminating sources of variation becomes unattainable, it is time to introduce
a radical change i.e. in the process structure; if the process change fulfils its objectives, the
process will be less prone to variation and become more capable, Figure 11 illustrates the three
described states of a process as per Bergman & Klefsjö (2010).
The appropriate application of SPC tools aids in revolutionizing the working environment by
turning the organization into a relentless seeker of quality and productivity improvement.
However, this can only be established, if the management engages in the process actively
(Montgomery, 2013). Similarly, Juran (1986) argued that it is unacceptable for any
organization to operate on a level of rather poor-quality costs and act only upon occurrence of
special disturbing events, sporadic spike; the upper management should rather adopt a trilogy
of quality planning, control and improvement, which can lead any company, of whichever sort,
to operate in a new zone of quality level and control.
Control Charts
Montgomery (2013) observed that control charts, outlined by W. A. Shewhart (1931), illustrate
the process performance and the special causes of variation if any; therefore, they detect
changes in the process and reveal whether it is stable and predictable or not. A number of
observations are taken from the process at certain time intervals, then the data set is employed
in calculating some sort of quality indicators that point out a certain process characteristic; for
instance, the arithmetic mean, the standard deviation, or the total number of non-conforming
units. Thereafter, the quality indicators are plotted in a diagram(s) and analysed (Bergman &
Klefsjö, 2010). A process that is functioning with only arbitrary sources of variation is
considered to be stable or in statistical control; while, if it is operating in the presence of special
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causes then it is considered an out-of-control process (Montgomery, 2013). The quality
indicators are plotted in the charts along with upper and lower control limits, UCL and LCL
respectively, in addition to the central line; see Figure 13. The Central line represents the
average value of the quality characteristic associated with the in-control state. The control
limits are chosen so that all of the data points should fall in between the two limits if the process
is in control. In such case, no action is needed; elsewhere, the process is out-of-control, and an
investigation and proper corrective action should be carried out in order to find and eliminate
the special cause(s) that led to such performance (Montgomery, 2013). In general, Bergman &
Klefsjö (2010) indicated, UCL and LCL are set at three standard deviations from the central
line; see Figure 13.
Some rules were introduced by Western Electric (1956) in order to increase the sensitivity of
Shewhart diagrams so that if any rule applies, an alarm is spotted and the process requires
attention. see Figure 12.

Figure 12. Some Sensitizing Rules for Control Charts
Source: adapted from table 5.1 Montgomery (2013, p. 197)

Figure 13. Illustration of the Western Electric Alarm Rules
Source: Bergman & Klefsjö (2010, p. 265)

p-chart
Bergman & Klefsjö (2010) referred to this chart as defect percentage chart and stated that it
represents the variation in the fraction, or percentage, of defective units in a process. Hence,
each data point in this chart is the proportion of defective units in a particular subgroup of a
sample of n units, the data assumed to have a binominal distribution with parameter n and p;
where p stands for the probability that a manufactured item is defective. Montgomery (2013)
argued that the terms defective or non-defective, although still used to identify these two
classifications of attributes, are recently replaced with the terms conforming and
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nonconforming. Hence, the p-Chart is called Control Chart for Fraction Non-Conforming. The
Fraction Non-conforming, according to Montgomery (2013), is defined as the proportion of
nonconforming items to the total number of the encompassing population. He also noted that
if the items are inspected for a number of quality characteristics at the same time, then any
nonconformity makes the item nonconforming. Table 4 depicts the related equations
(Montgomery, 2013).
Table 4. Equations Related to p-Chart
p is known
𝑝(1 − 𝑝)
Equation 4. Variance in p-chart
𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 =
𝑛
Equation 5. UCL in p-chart
𝑝(1 − 𝑝)
𝑝 + 3√
𝑛
Equation 6. Centre Line in p-chart
Equation 7. LCL in p-chart

p
𝑝(1 − 𝑝)
𝑝 − 3√
𝑛

Source: Montgomery (2013)

Process Capability
Brook (2010) defined Process Capability as “the assessment of how well the process delivers what the
customer wants.” In another word, it is
the comparison between two voices,
voice of the process versus that of the
customer (VOP vs VOC); whereas,
VOC is the range between the lower
and upper specification limits, which
are defined by the customer of the
process; while, VOP is the total
variation in the process, affecting the
width of the distribution of the process
results. Figure 14, for example,
illustrates a case of delivery time of a
certain product; it can be noted that the
process is normally distributed in
between customer’s specification limits Figure 14. Process Capability
(VOC), depicted as the delivery time Source: Brook (2010, p. 80)
within plus/minus one hour from the
target time. The VOP, width of the histogram, is smaller than (VOC), this suggests that the process
should be capable of delivering within the specifications limits; nevertheless, the histogram’s position
is not centric with relation to the specification limits, implying that deliveries tend to take place after
the targeted time and hence, there is a chance that some of which will be made beyond the upper
specification limit.
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In order to conduct capability study for attribute data, Brook (2010) observed that it is a
common approach to collect a small sample of few observations and to repeat the sampling at
specific intervals in order to capture both
the short and longer term variations. For
Attribute data, the capability is studied by
parts per million PPM or by defects per
million opportunities DPMO. Per
opportunity is to divide the number of
failures in a process by the number of
things that can go wrong; per million
means that the percentage of defective
products are amplified for the purpose of
capturing smaller changes and it will be
perceived as a significant target number to
Figure 15. Capability of Attribute Data
get reduced (Brook, 2010). Attribute data
with binominal distribution classifies data Source: Brook (2010, p. 90)
into good and bad results, see Figure 15,
and thereby, the percentage of defective is calculated by the following formula:
% 𝐃𝐞𝐟𝐞𝐜𝐭𝐢𝐯𝐞 =

𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐩𝐫𝐨𝐝𝐮𝐜𝐭𝐬 𝐰𝐢𝐭𝐡 𝐨𝐧𝐞 𝐨𝐫 𝐦𝐨𝐫𝐞 𝐧𝐨𝐧𝐜𝐨𝐧𝐟𝐨𝐫𝐦𝐚𝐧𝐜𝐞𝐬
𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐩𝐫𝐨𝐝𝐮𝐜𝐭𝐬

Equation 8. Percent Defective
Source: Brook (2010, p. 90)

Failure Mode and Effect Analysis (FMEA)
The Analyse phase (A) of the Six Sigma’s DMAIC incorporates many tools in order to analyse
the process, to develop theories about potential root causes, to analyse the data and finally to
verify the root causes. The Failure Mode and Effect Analysis (FMEA) is a methodology that
analyses the reliability of either a process or a product; it can be viewed as a systematic review
of failure modes and their associated causes and consequences; thereby, it is a tool to devise
possible measures to either prevent failures or at least reduce their consequences (Bergman &
Klefsjö, 2010). The function of the two types of the FMEA are explained, according to Brook
(2010), as follows:
- Product FMEA: analyses the function, design and potential failure of each component
of a product.
- Process FMEA: analyses the key outputs and potential failures of each step of a process,
and consider the effect of process failure on the product or service concerned.
Brook (2010) noted that FMEA can be used in different phases of DMAIC; namely Analysis,
Improvement, and Control. Additionally, Bergman & Klefsjö (2010) argued that it can be used
in a qualitative as well as quantitative analysis. As a qualitative analysis, FMEA can be applied
in the initiation phase of any project in order to investigate whether the project is going to fulfil
the reliability demands. In contrast, FMEA as a quantitative analysis is more suitable for
reliability studies during the design and development stages of the project (Bergman & Klefsjö,
2010). Figure 16 lists the tasks which are incorporated in the quantitative FMEA as per Brook
(2010); namely
-

Identification of the process steps or components of the product.
Listing of the different failure modes that might take place, for each process step or
component of a product, and severity rating (SEV) of each.
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-

-

Listing of different potential causes of each failure mode rating their occurrence (OCC).
Considering the controls that are currently deployed in order to prevent happening
and/or to detect the failure if the cause does occur. Then rating the probability of
detection (DET), for each potential cause.
Calculating a Risk Priority Number (RPN) for each potential failure by multiplying the
severity by occurrence by detection.
Assigning actions to manage the highest RPNs, and setting a date to review progress.

Figure 16. FMEA Process
Source: Brook (2010, p. 112)

Brook (2010) stressed that FMEAs should be seen as a living document that is continuously
revisited and applied in practice. Hence, a cross-functional team should be assembled in order
to obtain the most relevant action plan.
A more advanced version, called VMEA, was devised by Lönnquist in 2006 (cited in Bergman
et. al., 2009). This version focuses on the variation rather than on the failures in order to find
sources of potential problems the soonest and accordingly take corrective actions before
dealing with the consequences becomes quite costly (Bergman & Klefsjö, 2010).

2.8 Summary
In this chapter, literature was visited and relevant concepts were included in order to be
deployed as tools for the purpose of answering the research questions and attain the aim of the
thesis.
Being the cornerstone of the thesis, quality was, firstly, defined. Then, different acceptance
sampling concepts and techniques were highlighted, because they are essential tools for
answering the second research question, which tackled the acceptance inspection and tests’
methods. For instance, different sampling plans were compared and contrasted such as variable
versus attribute sampling plans; and single versus double and multiple sampling plans. A more
detailed contrast of these plans was furnished in chapter five and not in this chapter since
empirical data were required to judge which plan is more appropriate to deploy and because
there is no straightforward answer. Additionally, to build a proper sampling plan, the lot
formation and the corrective actions in case of rejected lots were also approached. Furthermore,
supplier’s quality history plays an important role in defining the appropriate sampling plan;
thus, notions such as quality level, acceptance quality limit, lot tolerance percent defective,
consumer’s and producer’s risks, average outgoing quality, statistical quality control, process
capability were discussed. Quality management systems, such as ISO 9001, can contribute to
the quality history of the supplier thus, it was discussed. In order to answer the third research
question, which dealt with keeping the process of acceptance and the acceptance criteria
updated in a continuous and consistent fashion, the FMEA tool, which is used in Six Sigma
methodology as a useful updating and risk management tool, was explained. The final research
question dealt with converting quality control practices into a process hence, process mapping
and improvement were tackled, since they are going to be used to answer this question.
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3. Research Method
This chapter presents the overall research design, by providing an understanding of data
collection plan, reflecting upon how the research was conducted, why a case study was chosen,
and discussing the method, validity, and reliability.

3.1 Overall Research Methodology
The adopted overall research methodology in this thesis is depicted in Figure 17. As it can be
seen, first, the literature was visited to
create a theoretical structure and a
frame of reference; then, the empirical
case study was conducted to collect the
required data. The case imposed the
need to conduct an additional literature
review and hence, a second part was
added. Thereafter, a phase of an
analysis of the data and synthesis with
the frame of reference took place;
additionally, procedures of FAT and
SAT for all of the three types of poles
Figure 17. Overall Research Design
were also proposed.
A single longitudinal case study was chosen, because of two reasons; firstly, it provided more
in-depth information, and secondly, one of the main purposes of this thesis was explorative;
i.e. find what tests’ methods were performed in practice, what instruments were used in
practice, and what criteria were visited when sentencing the samples; that is one of the main
uses of case studies as prescribed by Chris Voss (2002) and by Bourne (2008).

3.2 Frame of Reference Methodology
The literature review, named Frame of Reference Part I in Figure 17, started directly after the
problem definition and focused on providing the frame of reference required to tackle the
research questions. The material reviewed comprised scientific papers, books besides to
international and national standards. Most of the material were either found using the search
engines of Scopus or Science Direct – both were accessed using the library Website of
Linköping University; or provided by the Company. Some of the keywords used were quality,
sampling, FAT, SAT, acceptance test, utility poles, TQM, Six Sigma, to name a few. When
“key” sources were found, oftentimes, their lists of references were checked.
One of the investigated topics was acceptance sampling, which is related to the second research
question that tackled acceptance inspection and tests’ methods. It should be noted that since
the acceptance sampling is an old domain extensively researched in the period between the
second world war and the late eighties, few but recent and highly cited resources were visited
in order to be as efficient and effective as possible such as, (Montgomery, 2013) and (Bergman
& Klefsjö, 2010), besides to the different standards. Additionally, little to no information was
found in the academia with relation to FAT and SAT of utility poles; maybe because these
acronyms were not used per se; one can find, instead, the term acceptance test frequently.
Moreover, little research was conducted with relation to acceptance tests of fibreglass utility
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poles. That was the reason behind reviewing published material of other manufacturers, using
Google search engine. Furthermore, after the commencement of the data collection plan,
depicted in Table 5, it was found that more research should be conducted on certain topics,
such as fibreglass poles pultrusion process, polymerization, and testing instrumentations –
regarding curing of fibreglass, galvanization, weld inspection tests, materials inspection test
and moisture meter. This extra research, named Frame of Reference part II in Figure 17, was
considered important to tackle the first two research questions, which were concerned with the
quality characteristics, acceptance criteria, inspection, and test methods. However, since this
extra research is not directly related to quality, it was not included in chapter two; nevertheless,
the related bibliography is furnished in chapter seven.

3.3 Empirical Case Study Methodology
A data collection plan was devised in order to gather the empirics required to tackle the research
questions. Table 5 depicts a summary of this plan. Then, a description of each investigation
tool is provided.
Table 5. Summary of Data Collection Plan
Investigation
# Stakeholders and Objectives
tools

1

The Suppliers – To investigate
the a) quality history of the
suppliers,
b)
quality
characteristics and criteria of
acceptance, c) practiced quality
acceptance tests’ methods at the
supplier’s end and on-site and
possible new methods d)
sampling practices and e)
possible failures and adopted
action plans

The Company – To verify and
validate the above information

2

3

4

SP – To verify and validate
certain information taken from
the suppliers and the Company
about
criteria,
quality
characteristics, acceptance test,
sampling plans; moreover, to
clarify certain standards; in
addition to training on boring
and penetration test

Interviews

Observations

Correspondence
Documents’
analysis

Comments
2 interviews; 60
minutes each; at the
Wood and FRP Pole
suppliers
2 obs.: 60 m at the
Wood Pole Supplier
and 30 m at the FRP
Pole Supplier
6 e-mails (2 e-mails
for each supplier)

Titles of
Subjects

Quality
Manager,
Engineer,
Laboratory
technician,
CEO, Sales
Manager

yes
2 interviews; 60 m
each
11 respondents out of
34 surveys sent

Two project
leaders

Interview

1interview; 60 m

Engineer

Obs. and training

60 minutes

Engineer

Correspondence

3 e-mails

Interviews
Survey

Documents’
analysis
The Company – To investigate Interviews
possible improvements
to
Survey (the same
current quality acceptance
survey of item 1)
process
The Company – To investigate
Interviews
the purchase process, quality

Project leaders

Engineer
yes
1 interview; 60 m
11 respondents
6 interviews; 60 m
each

SP-Engineer
Project leaders
and thesis’
supervisor
Thesis’
supervisor

27 | P a g e

#

Stakeholders and Objectives

Investigation
tools

process, standards and other
Correspondence
topics

Comments

Titles of
Subjects

Many e-mails

3.3.1 Observations
Bourne (2008) contended that the ideal research situation in companies that are performing
measurement of performance is an observation. Hence, observations were conducted to assess
the quality control practices, sampling methods and the current inspections, in the “natural
settings”, as per Yin (2009). They were conducted at the Wood Pole Supplier, the FRP Pole
Supplier and the Technical Research Institute of Sweden (SP). The observations’ durations and
objectives are depicted in Table 5. Written notes were taken instantly; then, a full report about
each visit was written on the same day, and when doubts arose, email correspondences took
place with the respective party; additionally, the reports were discussed with the thesis’
supervisor in order to take his inputs.
At the Wood Pole Supplier’s – the observation comprised some parts of the fabrication process;
i.e. only the initial debarking, the fine tuning of the debarking, measurements of the
dimensions, moisture content and the straightness of the poles; in addition to an explanation of
how the chemical analysis of the retention is performed in the lab and what equipment was
used, according to the test method A6-97 illustrated in the standard ANSI (2014). The
impregnation process was not observed because at that particular day impregnation was not
performed and it was not accessible to visit the supplier once more.
At the FRP Pole Supplier’s – the observation comprised the pultrusion process – the winding
of matrix, the visual inspection, the measurements of the hardness and the diameters of the tip
and butts’ ends; in addition to the application of the PE protection layer.
At SP’s – An observation and training on boring, penetration test and sampling for retention
test took place.
The observations at the two suppliers’ facilities were important to generate an idea about a) the
criteria the suppliers are using to sentence the quality characteristics of the poles, b) the
acceptance inspections and tests’ methods exercised throughout the production process, c) the
potential failures and the related action plans. This information contributed to the first three
research questions. The observation at SP was important to cross-examine the data given by
the Wood Pole Supplier and the training was important to have a practical sense of the tests’
methods and procedures.
3.3.2 Interviews
Interviews were conducted at the premises of the Company, the Wood, and FRP Pole Suppliers,
and at SP; while, it was not accessible to interview the Steel Pole Supplier during the time
frame of the thesis. The suppliers’ interviews intended to mainly acquire some insights and
clarifications regarding the quality characteristics, acceptance criteria, test methods, quality
control practices and quality history of the suppliers; while the interviews conducted at SP and
at the Company intended to a) cross-examine the perspectives of both the Company and the
third party with those of the suppliers’ and b) generate a clearer idea by detecting similarities,
patterns, and differences. The results of these interviews were important to answer the first
three research questions.
Before the interviews took place, a set of standard questions were sent to the three suppliers
and a slightly modified set of questions was sent to both of the Company and SP. The standard
interview questions were furnished in the Appendices chapter, while Table 5 depicted the
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purpose of the interview questions; in addition to the number of interviews, their durations and
the job titles of the interviewees. Afterwards, interviews were conducted at the respective
facilities of the interviewees in order to get the answers to the submitted questions and to either
ask new adaptable questions that tackled the specificity of the products of each supplier or to
ask general questions related to all suppliers - in the case of SP and the Company. Furthermore,
certain questions posed by the Company were related to the Company’s quality practices, which
were important to answer the third and fourth research questions.
It should be noted that if gaps and conflicts were detected within the acquired information, the
interviewees were revisited, via e-mail in order to update the data properly; refer to the
“correspondence” field in Table 5. Additionally, during the conducted interviews, notes were
taken immediately and no recording took place -although that was not the initial plan- in order
to reduce the demonstrated confidentiality concerns and the associated risk of biased answers
of the suppliers. After the interviews, and on the same day, a private discussion was held with
the thesis’ supervisor (from the Company’s side), in order to take his opinion about the course
of the interviews and the information acquired. Additionally, reports were written, on the same
day, in order to capture the fresh information and to maintain a higher degree of accuracy and
were sent, afterwards, to the thesis supervisor for revision as well.
3.3.3 Survey
Jick (1979) argued that case study research is frequently combined with a survey-based
research in order to test theories and to create triangulation while avoiding sharing the same
weaknesses. Thus, a survey was formulated and sent to the existing thirty-two project leaders;
eleven of which were answered and returned, as depicted in Table 5. The survey contained 40
questions, some of which were open-ended questions, some used Likert scale (the respondents
were required to choose their answers on a scale from one to five), and some questions were
transitory ones enabled the respondents to skip the irrelevant parts for them (the survey is
annexed in the Appendices chapter.) The survey was self-explanatory; nevertheless, before
sending the survey, via e-mail, the thesis’ supervisor (from the Company’s side) sent an e-mail
to all respondents in order to introduce the survey, comment on its importance and explain how
to answer the questions. The survey intended to provide more insights of more project leaders
in the Company, since it was not possible to interview the 32 potential respondents in the
available time frame; additionally, it was assumed that their contributions should provide
valuable information and different perspectives, since they were directly involved in more than
five hundred projects of the three types of utility poles. The relative importance of the responses
was considered in proportion to the relative volume of the projects (total number of poles), the
respondents were engaged with.
3.3.4 Document Analysis
Document and records in form of manuals and reports can be reviewed repeatedly, thus, they
are a stable and reliable source of information; also, they are unobtrusive since “they are not
created as a result of the case study” (Yin, 2009). A number of documents, of all involved
parties, were analysed for different objectives as depicted in Table 5. The visited documents
were:
-

The Wood Pole Supplier: an impregnation report with creosote grade C, a copper
concentration report, ledger of penetration for a certain period and quality certificates
The FRP Pole Supplier: Handbook (a published collection of technical specifications
and instructions) and quality certificates
The Steel Pole Supplier: Inspection and Testing Plan (ITP), quality certificates
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-

The Company: internal standards (VTR5), international and national standards (a list of
the visited standards is provided in chapter seven).

3.4 Analysis Methodology
The analysis was conducted based on the “convergence of information from different sources”,
Yin (2009); namely the interviews, observations, survey and documents’ review. The purpose
was to find patterns, similarities, and differences among the different stakeholders’ points of
view (the Company, the suppliers, and SP) and among themselves. That is to say, apart from
gaining knowledge, the interviews were used to depict the similarities and differences among
the point of views of the Company’s project leaders versus those of the suppliers and SP, and
that of SP versus those of the suppliers and the Company’s; the survey was used to assess the
extent to which the project leaders, of the Company, shared the same experience among each
other and vis-à-vis each of the three suppliers, the standards, and the Company’s
document(VTR5 and the Framework Agreement); the observations were used to assess the
similarities and differences of the suppliers’ actual practices versus what is written in their
documents, in the standards, in the Company’s documents, in the literature and in other
manufacturers published practices. The idea behind contrasting and comparing the sources of
information was important to gain reliable and extended knowledge; that is especially true since
the Company does not fully share the same knowledge of that of the suppliers or SP; e.g. the
Company didn’t have a sufficient idea about what characteristics should be examined in the
FRP poles. Precisely, the following areas were important to tackle in order to answer the
research questions:
-

-

-

What are the specific quality characteristics and acceptance criteria that are identified
by the Company versus those considered by SP, the suppliers, the standards, and other
manufacturers? This information is related to the first research question.
What are the acceptance inspections and tests’ methods that are identified by the
Company versus those considered by SP, the suppliers, the standards, and other
manufacturers at the facilities of the suppliers and on-site? This information is related
to the second research question.
What are the risks (failures) that need to be managed during the acceptance, whether at
the suppliers’ facilities or on-site and how can they be managed? This information is
related to both of the third and fourth research questions since this area of investigation
helped in producing the problem map and build some action plans for potential failures
and risks.

3.5 Research Method Discussion
3.5.1 Sources of Bias and Limitations and how they were handled
Observations – According to Yin (2009), direct observations occurring in the “natural setting”
create an opportunity for collecting a source of evidence. However, it should be noted that
certain researchers, as per Yin (2009), argued that a correlation of events might exist; which if
not detected, might lead to biased observations. Therefore, the conducted observations, which
were “field studies”, as per Yin (2009), performed in normal circumstances without
interference from the observer; additionally, the observations did not take place while a special
problem was occurring at the supplier’s facilities. At SP, the researcher was not a “complete
observer” as in the case of the observations conducted at the two suppliers’, but a “participative
observer”, as per Merriam (2009), since the observation was interactive and incorporated a
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training; the latter intended to enhance the objectivity of the researcher and reduce the potential
bias.
Interviews – Some researchers, as per Yin (2009), contended that there are different sources of
bias in interviews, such as biases due to unclear questions, preconceived notions, inaccurate
responses and leading questions (as the interviewer might lead the interviewee to reply in such
a way that conforms to what the interviewer wants to hear.) To address these sources, the
following steps were taken. The submitted questions, which preceded the interviews, were
written in a clear, straightforward and neutral fashion; however, any misunderstanding or
ambiguity was clarified in the interviews; additionally, any missing or unclear piece of
information during the interviews was addressed immediately or in the following
correspondence. Questions were conducted, with a clear objective in mind, as they started from
the clarifications of the answers of the submitted questions. Although this approach made the
interviews structured in general, especially at the beginning, adaptivity was embraced
whenever the respondents wished to comment or add further explanations.
It should be noted that the thesis’ supervisor (from the Company’s side) attended the interviews
of the Wood and FRP Pole suppliers, while he skipped the interview with SP and with one of
the project leaders at the Company. Although, one can argue that his presence might have
exerted a certain influence on the answers of the interviewees; the fluidity and dynamics of the
interviews revealed mutual trust between both ends and the interviewees seemed comfortable
enough to add extra comments and further explanations.
Surveys – Yin (2009) warned of the overly dependence on the key informant, the thesis’
supervisor in this particular case, because of the potential “interpersonal influence” the
informant might exert over the researcher. In order to avoid such “pitfall”, Yin (2009)
recommended relying on other sources of evidence in order to instil objectivity in the research.
Hence, a survey was considered to address not only this “pitfall”, but also to gain more
information than that delivered by the thesis’ supervisor and the two interviewed project
leaders. It can be argued that the credibility of the answers of the eleven respondents might be
questioned because they did not used to keep detailed records and their answers might be
approximative. That is a valid point; however, the survey’s results were used cautiously.
Moreover, the similarities and differences in the results were more important than the answers
themselves. Such assessment contributed to a better estimation of the extent to which certain
problems were serious and subsequently, it was considered when the severity of the sampling
plan and the procedures of FAT and SAT were being developed. Take into consideration that
the procedures of FAT and SAT are the ultimate goal of the second research question.
Additionally, it should be noted that two of the respondents were interviewed as well, and this
is a good practice as per Yin (2009.)
3.5.2 Validity and Reliability
Construct Validity – It is the degree by which correct operational measures were deployed on
the concepts at hand (Voss, et al., 2002). Triangulation was prescribed by Voss et al. (2002) as
the best tactic a case study can follow to address the construct validity; they argued that one
should use multiple sources of evidence to establish a chain of evidence. As can be seen from
Table 5 the construct validity was addressed by means of using different methods of data
collection; for instance, interviews, observations, surveys and documents’ review.
Internal Validity – According to Yin (2009, p. 42), internal validity is the degree to which a
causal relationship can be recognized among certain conditions. Voss et al. (2002, p 211)
argued that the best tactic to address the internal validity is by identifying patterns, building
explanation or analysing time series during data analysis phase. Internal validity was addressed
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on many occasions in the thesis. For example, patterns, similarities, and differences were
approached by contrasting and comparing the responses of the suppliers, from the one hand,
and responses of both SP and the Company, on the other hand; by means of a) interviews, b)
survey and c) discussion with the thesis’ supervisor after each interview. Moreover, the quality
history of the Wood Pole Supplier was plotted in a p-Chart in order to compare the perception
of the Company and the supplier with the reality. Although it can be argued that the analysed
sample might not reflect the supplier’s quality history in its totality; however, since there were
no recorded explanations along with the percent nonconforming, little could be done in terms
of more in-depth investigations. It should be noted that the other two suppliers did not provide
such data and hence, the analysis was not possible.
External validity – According to Yin (2009, p. 43), external validity is about the
generalizability of the case study findings to beyond the case itself. Voss et al. (2002, p. 211)
argued that the best tactic to address this type of validity is to replicate the logic in multiple
case studies. The logic of this research was replicated, to a certain extent, with the different
stakeholders. For example, the procedure of interviews was the same at the Wood and FRP
Pole Suppliers, at SP, and at one of the interviews conducted at the Company’s end.
Undoubtedly, there were certain adjustments in each case, but the logic remained the same.
Lincoln and Guba (1985), cited in Merriam (2009, p. 224), proposed a newer notion of
“transferability”, in which they suggested that the investigator needs to provide “sufficient
descriptive data” to enable any successive investigator to apply -to transfer- the proof
elsewhere; and they stated: “the burden of proof lies less with the original investigator than
with the person seeking to make an application elsewhere.” In her definition of “rich
description”, Merriam (2009, p. 16) stated that it comprises, for instance, data in form of
interviews, electronic communication, field notes, quotes from documents, etc. In this case
study, a rich description was delivered as much as possible; however, the confidentiality issue
was the main barrier to disclosing certain information.
Reliability – According to Yin (2009, p. 45), the reliability is the degree to which the case’s
operations can be repeated and yield the same results. However, one should recon to the fact
that it is quite difficult to reach the same results each time by using the provided data since the
internal and the external factors are always changing. Hamel (1993, p. 23), cited in Merriam
(2009, p. 52), contended that the problem of reliability is one of the limitations of case studies
and it is linked to the “bias…introduced by the subjectivity of the researcher”. The reliability
of the study was attained by means of maintaining the survey results, and the notes and reports
of the interviews and observations in an operational way; also, the reports of the interviews,
survey and observations were all discussed with the thesis’ supervisor in order to take his point
of view and reveal any potential bias introduced by the researcher; additionally, the documents
taken from the suppliers were compared and contrasted with the applicable standards and other
third party and manufacturers’ published material so that to reduce the bias and enhance the
reliability of the research as much as possible.
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4. Empirical Case Study
After a description of the case study and its context, this chapter aimed at reporting the relevant
findings of the empirics that contributed to answering the research questions. Additionally, it
provided, where possible, an analysis of the empirics by firstly, cross-examining the different
sources of empirics and secondly, comparing the empirics with the frame of reference.

4.1 Case Description
The main focus of the thesis was, firstly, to identify the current practices of quality acceptance
tests at the factory of the supplier (FAT) and on customer’s site (SAT) upon the receipt of the
purchased product; and secondly, to propose improved procedures in both cases. In order to
approach the thesis, a case study was applied to the Company, a Swedish power distribution
company, and the chosen products were wood, FRP and steel utility poles.
Because understanding the chosen set of products is important to answer the first two research
questions, next is a description of the chosen utility poles.
The Wood Poles - Wood has been the most used material for utility poles compared with other
materials such as fibreglass or steel; it has been used since 1850. Preference of wood poles
came from the fact that they are easy to erect, operators don’t need extra equipment to climb
them, and wood poles have a small environmental impact, based on the greenhouse gas toxic
releases and energy consumption (Western Wood Preservers Institute, 1997); also, they are
robust and cheap. However, they need to be replaced more often than poles of other materials;
2-4% are replaced every 10 to 20 years. Additionally, wood poles need to be maintained, to
ensure their life longevity more often, as proposed by Lindström (2015) and Wood et al. (2008).
Moreover, they need to be treated (impregnated) with chemical preservatives in order to be
protected against fungus, insects, rot, etc. during their life span. Creosote and copper are
amongst the most common chemicals used for the protection of wood poles. There are many
characteristics that need to be inspected, in the wood poles, for instance, moisture content at
different points in the manufacturing process, (FAT), impregnation penetration and retention,
dimensions, (FAT and SAT), etc. Finally, it should be noted that there are quite elaborated
standards that govern wood poles’ inspections tests and sampling, such as SS-EN 14229:2010
and ISO 2859-1: 1999(E) respectively.
The Fibreglass Poles - Fibreglass poles are manufactured from Glass Fibre Reinforced
Polyester (FRP, also abbreviated as GRP). Usually, they are covered with a layer of
polyethylene, which protects poles from the UV radiations. These poles are strong and
resistant to humidity, insects, and woodpeckers, which love wood poles, dig holes in their
trunks and build nests inside. FRP poles have achieved a significant market share and become
popular in the recent years and they may be a good replacement for wood poles. Fibreglass is
a flexible and light material but the end cost of the fibreglass poles is at least five times higher
than that of the of the wood poles, without considering lifecycle analysis (Gardner, 2012). As
for the mechanical properties, Reichhold Inc. (2009) stated that reinforced composites are not
as stiff as most metals, and obviously, can be limited in applications requiring high modulus of
elasticity. On the other hand, FRP features a low density, which can often give a good strength
to weight ratio, which is important in transportation and many structural applications. FRP is
also a relatively good thermal as well as an electrical insulator. FRP poles are produced through
a process called pultrusion, explained in chapter eight and there are certain characteristics that
are inspected such as hardness and dimensions. It should be noted that there is currently no
standard that governs inspection test of FRP utility poles; however, other standards can be

34 | P a g e

applied to certain aspects, such as EN-40 for road safety products. As for sampling, ISO 28591:1999 (E) can be applied.
The Steel Poles – The most common shapes of steel utility poles are galvanized bolted
structures (lattice), welded rods structures or tubular poles. While wood poles are more
economic for shorter spans and lower voltages, steel poles are preferred for higher voltage and
the main grid, due to the required additional strength and height. Additionally, steel poles are
a better choice for areas where severe climatic loads are encountered. Galvanized steel poles
require periodic inspections after some years (Fang, et al., 1999). There are certain
characteristics that are inspected such as galvanization thickness, dimensions, weld condition,
etc. as FAT and SAT. It should be noted that there are different standards that govern inspection
tests of steel utility poles, besides to the Company’s documents, VTR5, which requires
additional conditions even during production. As for sampling, ISO 2859-1:1999 (E) can be
certainly applied.

4.2 Empirics
Following are the most important results, obtained from the data collection plan along with
direct analysis, divided by the different stakeholders; namely, the Company, the Wood Pole
Supplier, The FRP Pole Supplier, the Steel Pole Supplier and SP.
4.2.1 The Company
Empirics related to the company came from three resources; namely, interviews, documents’
review, and survey. The focus was to find out, firstly, what quality characteristics and criteria
were demanded by the Company through its contractual agreements with its three suppliers;
this is related to RQ1; secondly, to find out what acceptance inspections and test methods the
company exercised in the facilities of its three supplier and on-site upon receipt; this is related
to RQ2; thirdly, to find out whether the company had action plans with relation to potential
failures or improvement suggestions with relation to the process of acceptance or the
acceptance criteria; this is related to RQ3; and fourthly, to visualize the current practices of
quality control; this is related to RQ4. The empirics were divided into two sections; namely,
the interviews and documents (because they were interrelated and hence used in conjunction),
and the survey; and the above topics were researched accordingly.
Interviews and Documents’ Review
Quality Characteristics, and Criteria
The agreements with the suppliers stipulated, in general, that the supplier is responsible and
should guarantee that he is manufacturing in a professional manner, that the poles should fulfil
requirements of the agreed upon quality characteristics and standards, refer to Table A3-3-1.
Additionally, the suppliers should meet requirements of the quality management system ISO
9000. Additionally, the Company developed a guideline, called VTR5, which covered many
requirements applicable to poles made from wood, steel, and concrete for overhead lines with
design voltage 24 – 170 kV. These requirements tackled many aspects such as material, design,
load cases (refer to Table A4-1), documentation, fabrication, inspection plan, manufacturing
requirement, testing, etc. These guidelines were based on many standards such as those
mentioned Table A3-3-1, as well as other standards, and the Company used this particular
document as an essential part of its agreements whether with the suppliers or contractors.
Wood poles – In fact, the available standards, such as those mentioned Table A3-3-1, are
extensively elaborated with relation the wood poles, whether in terms of the quality
characteristics or the sentencing criteria. Regarding the defect, it was found from the interviews
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and the documents’ review that there are two main defects that might be found in wood poles;
namely:
-

Bleeding Poles – Bleeding is generally caused by excessive impregnation. Figure
18 depicted some bleeding problems discovered by the Company.

-

Wrong tip dimensions - As mentioned by the interviewed project leader, “very
often” the diameter at the tip did not meet the standard in terms of measurements,
especially in tall poles, so they are cut and covered with a protecting cap; however,
caps were not always appropriate in size, this would leave the tip not fully covered
and thus, fungi might build up as soon as in 10 years’ time.

Additionally, Appendix A4-2 depicted images of most of the defectives mentioned in clause
5.5 in SS-EN 14229:2010.
FRP poles – Currently there is no standard that addresses the quality characteristics or the
criteria of sentencing the samples of FRP utility poles. Hence, the Company has no concrete
way to define both of them. Regarding the FRP poles’ defects, it was found from the interviews
that external damages and correct class are what in question only. However, it was found that
there are many faults that can be encountered in FRP poles, such as those mentioned by Scott
Bader Company Limited (2005) in Table A12-2.
Steel Pole – Steel poles have different structures thus, the standards, such as those mentioned
Table A3-3-1, address common quality characteristics and criteria. The Company has
developed designs of two families of steel poles; in addition to specifically related standards.
These standards specify the corresponding dimensions and geometry as per the load to be
assumed.
Current Quality Acceptance Test – FAT
The agreements with the suppliers stipulated that the Company a) reserves its right in
performing audits to the supplier’s quality systems, b) can conduct FAT, provided that the test
date is announced 2 weeks in advance; in addition, it can c) conduct an unannounced FAT test
at its discretion. If the poles do not pass FAT, the supplier should make sure they do before the
time of delivery. However, it should be noted that FAT was mentioned in general term and not
clarified as a detailed procedure in those agreements.
The Company did not engage in building a grounded status quo of the quality history and the
manufacturing process capability of its suppliers. For example, it did not ask them to provide
quality control charts nor did it collect samples of few observations and repeated the sampling
at specific intervals in order to capture both the short and long term variations, as suggested by
Brook (2010); instead it depended on the following audits and quality certifications:
-

The Wood Poles Supplier has the certification of ISO 9001:2008, additionally, certain
produced products at the supplier’s facility are certified by NTR for fulfilling certain
requirements related to wood poles. NTR purchases inspections from SP, who visits the
supplier’s twice a year without a prior notice. Poles which do not follow NTR
requirements should not bear NTR marking; hence, the Company purchases only those
poles that have NTR-marking.

-

The FRP Poles Supplier is certified by SP for compliance with his own declared
procedures and processes. Additionally, the Company performed a couple of tests on a
number of FRP poles in order to make sure that the poles meet the announced
specifications in the manufacturer’s catalogues and the required specifications by the
Company.
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-

The Steel Poles Supplier has many quality certificates, such as ISO 9001:2008, ISO
14001:2004, OHSAS 18001:2007, etc. Also, each time the Company requires a new
design or major modification of existing steel pole, an assembly test is performed at the
supplier’s facility.

Current Quality Acceptance Test – SAT
It was found from the interviews that there was no comprehensive procedure of acceptance test
to be performed upon receiving the wood and FRP poles on-site; while the receipt of steel poles
is more structured. Also, the accountability and roles are a bit ambiguous. Hereunder,
inspections’ procedures were furnished per pole type.
Wood Poles
Involved contracted parties should follow certain rules with relation to quality acceptance onsite for the wood poles. Those guidelines are defined in their agreements; nevertheless,
discrepancies occur with unknown frequency. For example:
Bleeding poles should not be used, but they must be immediately returned to the supplier and
If a smeared pole (has spots of grease) is found, it should be reported to the Company directly;
nevertheless, Figure 18 reported incidents of non-conformance to these rules.
Pole A – it may have been in good shape when it
was erected, but started to bleed later.

Pole B – it is certainly rejected before being
erected.

Pole C – should have been stopped before it was
erected.
Figure 18. Examples of Bleeding Defectives

Delivery should be made during the normal working hours (07:00-16:00) to ensure that SAT
is carried out. Also, the contact with the “site coordinator” should be established, and sufficient
time should be provided by the seller for the SAT procedure to be carried out properly.
However, in practice, poles were delivered according to the schedule of the logistics company
or the supplier’s, as they usually try to deliver their products in large batches and probably to
different customers. Hence, frequently when the poles were delivered and placed on the
ground, no proper handover by the representative of the Company or the contractors took place.
Afterwards, the contractor - and sometimes together with the project leader – used to visit the
site as per his execution schedule, which might be after several days and in some cases after
more than one week according to the priority and the progress of the project.
According to the agreement with the supplier, the poles should be subject to SAT within 5
working days from delivery. SAT is intended to a) verify that the poles have not been damaged
during transportation and b) fulfil all agreed upon user specification requirements. However,
this particular clause of the agreement was newly introduced and was not put into practice yet,
and the actual SAT does not normally exceed visual inspection of the mechanical damages,
excessive impregnation, or wrong class (dimensions).
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Fibreglass Poles
The number of fibreglass poles in the networks of the Company is insignificant compared to
that of the wood poles, and since projects that comprised building lines with fibreglass poles
were small ones, the handover and the execution of the projects were much quicker. Thus,
fewer complications, in that regard, were encountered. Similar to the wood poles, the actual
SAT did not normally exceed the visual inspection of the mechanical damages, or the wrong
class of poles (wrong dimensions).
Steel Poles
The lines that incorporate steel poles are usually more critical ones; that is why the Company
conducts a direct handover and any problem or defect encountered were directly documented
(with photos and drawing numbers) and communicated to the supplier, who would immediately
send the required items. Moreover, the problem of wrong items, such as plates with wrong
angles (refer to Figure 19), was significantly more frequent with previous suppliers, while the
supplier - studied in this thesis- is more accurate, and most of the time the wrong items were
sent because of miscommunication between the contractor and the supplier. As such,
complications of defects and dispute in steel poles are potentially less than those related to
wood poles.

Figure 19. Steel Poles – Wrong Supplied Items

SAT is performed by the contractor, who is executing the project, together with a controller –
an inspector outsourced by the Company. They have a quality control checklist to follow, it
comprised control of packing list, visual inspection of damages, galvanization thickness,
surface treatment and welding, and inspection of documentation, e.g. declaration of
compliance.
Failures’ Action Plans and Possible Improvements
It was clarified during the two interviews conducted with the project leaders, of the Company,
that there were no pre-set action plans that should be followed in case of a potential failure
takes place. Risks were not pre-managed in a systematic way, and decisions were taken on an
ad-hoc basis. Additionally, when they were asked about their suggestions with relation to
possible improvements of the current FAT and SAT procedures, they mentioned no particular
suggestion. This insufficiency of information was one of the motives that led to developing a
survey in order to ask as many project leaders as possible.
Current Purchase Process Map
It was inferred from the interviews at the Company that the purchasing process of utility poles
imposed certain complications that affected indirectly the practices of the quality control.
Hence, understanding the purchase process, through mapping its current status visually using
the “problem map” tool, was important in order to systematically scrutinizing the problematic
areas in the process of quality control; the purpose was to unveil the symptoms and find best
possible remedies, as suggested by Montgomery (2013). Both, this finding and analysis, were
important to the answer the fourth research question; additionally, it was found that it has some
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implications on the second and third research questions. The flow of the purchase process can
be described as follows. Assuming a “primary customer” such as a factory, refer to Figure 20,
requests a 13 kV line to power his own facility; the Company would normally respond by
building a line between the nearest substation and the customer’s. This project might include a
significant number of poles, which might be of different types depending on the location.
Hence, the project department on the Company’s side would issue a project order to a
contractor, who would a) contact the supplier(s) with whom the Company had a Framework
Agreement, b) ask for the required poles, c) execute the project, and d) send the corresponding
bill to the project department at the Company. The supplier would, then, get paid directly, while
the contractor would get his dues according to pre-scheduled payments throughout the entire
project.

Figure 20. Basic Structure of Electric Grid
Source: adapted from UCSUSA (2015)

Therefore, the purchase process, of the poles, created different roles and responsibilities;
thereby, if the accountability (role and responsibility) was not defined properly, there would be
a room for miscommunication, which would affect negatively the quality. Based on this
understanding, the purchase process was plotted in Figure A3-1-1, starting from the customers’
needs and ending with meeting those needs. It should be noted that since the process was
channelled through internal departments as well as external players, all of them were included
in one map; the intent is to capture the relevant flow of activities that affected the quality in a
systematic way, as proposed by Montgomery (2013).
Interviews – Analysis and Reflections
In the Framework Agreements, the Company has chosen an AQL = 3%, a value which is not a
standard value and is stricter than what is required by the standard ISO 2859-1:1999 (E), i.e.
6.5%. Additionally, no complete sampling plan was furnished in the agreement.
The Framework Agreement does not apply to each and every type of pole or class. Some
projects, especially small ones, are contracted entirely. This means the contractor purchases the
poles and control their quality all by himself. Additionally, in the wood pole projects, the
project leaders, of the Company, become involved on-site only in two cases; firstly, at the final
inspection; and secondly, if any problem takes place with the customer. The final inspection is
only performed when the whole construction project of the power line is completed and the
power line is set under voltage, and usually, no separate inspection of delivered poles,
especially the wood ones, was conducted unless there was an apparent problem that forced the
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contractor to complain. Furthermore, the responsibility for any damage that might happen on
the road, between the supplier’s facility and the Company’s site, is assumed by the logistics
company; while the responsibility for any damage that occurs on-site of the Company belongs
to the Company. Hence, if there were no representatives from the Company’s nor from the
contractor’s sides at the hour of receipt, then any damage to the poles is a point of dispute
among the three parties, the supplier, the logistics company and the Company.
The lack of involvement and loose accountability might have been the reason that led the
Company to assume unnecessary cost in court to settle claims of unsatisfied stakeholders.
Evidently, there were no records for such costs.
Survey Results
As mentioned earlier, the survey was addressed to the project leaders of the Company. The
number of respondents was 11 and they were directly involved in more than 500 projects of
different sizes (different number of poles); 90% of the projects incorporated wood poles and
the rest were steel and FRP poles. The annexed survey investigated a) how many projects the
project leaders managed in order to gain sense of the relative importance (weighted average)
of their responses, b) the types of encountered defects; this is important to specify the criteria
and the quality characteristics of RQ1, and c) the suggested FAT and SAT; this is related to
RQ2. Also, the survey provided a general idea about a) to what extent the project leaders attend
the acceptance test on-site (SAT), and b) the quality level of the products. The results were
furnished here below along with a comparison with the results of the interviews and the
documents’ reviews, where possible.
Wood Pole Projects
Rarely did the project leader attend the acceptance of wooden poles (SAT), this confirms the
information inferred in the two interviews. The most encountered defects in wood poles were
bleeding and cracks; rarely, wrong tip-end measurements were found and rarely did they lead
to problems in the poles earlier than the usual. Bleeding and wrong measurements defectives
confirm the result of the interviews. Rarely were the poles returned to the supplier and also,
rarely were the poles erected in spite of some non-conformities. Bleeding non-conformities
were much more than those of wrong tips measurements. Hence, it can be said that the quality
of the wood poles is generally good, but may not necessarily correspond to AQL = 3%, as
required by the Framework Agreement. The suggested tests of FAT were bending test, and
boring; while for SAT were a visual inspection, boring and dimensions’ measuring.
Fibreglass Pole Projects
Rarely did the project leaders attend the acceptance of FRP poles; this changed the perception
generated by the interviews a bit, as more people were asked. No defective required returning
the poles to the supplier; however, most of the time, poles had non-conformities that were not
impactful and hence, the poles were always erected. Although the measurements were rarely
inaccurate, they were impactful. This information was quite surprising, as the impression
generated by the observation and the interview at the FRP Pole Supplier’s facility and by the
interviews at the Company was completely the opposite. No doubt, interviewing the
respondents who mentioned this surprising information should have been the next step;
nonetheless, that was not accessible. With relation to factory acceptance tests, inspection of
thickness, right dimensions, and external damages were the suggested acceptance tests; and
with relation to on-site acceptance tests, visual inspection of external damages was the
proposed test.
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Steel Pole Projects
Most, and not all, of the time, the acceptance of the steel poles was attended by the project
leaders. This information was a bit surprising. The encountered defects were a) damaged or
wrong thickness of galvanization, b) sharp or not bevelled edges and c) wrong drilling (as
depicted in Figure 19). Certain items were occasionally returned to the supplier, as mentioned
in the interviews, and the poles were never erected if they had non-conformities. Defects of
measurements, rust, and welding defects were rare and their impact was little. Galvanization
defects were more frequent although their impact was little. With relation to FAT, the
suggested test was regarding poles’ capacity with relation to load cases; in addition to
inspections of welding, edges, and galvanization thickness. With relation to SAT, inspections
of welding, edges, galvanization and external damages were proposed.
4.2.2 The Wood Pole Supplier
Empirics related to the Wood Pole Supplier came from three resources; namely, interviews,
observation and documents’ review. The focus was to find out, firstly, what quality
characteristics and criteria were adopted by the supplier to meet its contractual agreements with
the Company; this is related to RQ1; secondly, to find out what acceptance inspections and test
methods were practiced (or could be conducted) in the facility during the fabrication, especially
those that might be of interest to the Company (FAT); additionally, it was important to generate
an idea about; firstly, the quality history of the production by means of checking a) the control
charts of the most important defectives, b) quality certificates and c) audits by a third party or
the Company; and secondly, the adopted sampling plans. Both the quality history of the
production and the sampling plans are important to develop the FAT and SAT procedures
tackled by the thesis; that is because both affect the severity of the sampling which is a part of
the tests, and this is related to RQ2.
Quality Characteristics, and Criteria
The supplier depends in defining the quality characteristics and criteria, besides to the
inspections and test methods, on the Nordic standard NWPC or on the American standard,
AWPA, when necessary. Both are acceptable by the Company because these standards conform
to the adoptable standards by the Company, furnished in Table A3-3-1. As mentioned earlier,
these standards are quite comprehensive and thus, there is no need to investigate further in this
particular area.
Sampling
From the interview, it was found that the supplier, same as SP, performs sampling procedure
according to NWPC Document 3:2013, which is based on ISO 2859-1:1999 (E); however, it
should be noted that ISO 2859-1:1999 (E) is more elaborated. For example, switching rules,
found in the latter, does not exist in the NWPC Document. Moreover, it was also mentioned
that when there are suspicions or when the sub-supplier of the preservatives is changed all
impregnated batches are inspected. Additionally, it was mentioned that poles prepared for
export are not always labelled with NTR marking and thus, they are not inspected as frequently
as those which hold the NTR label – poles purchased by the Company are NTR labelled and
100% inspected. However, according to thesis supervisor, there is no formal document that
proves this particularity. Defective poles are marked with a blue label and quarantined for
further tests and/or treatment. They are not retracted to stock until they fully comply with the
criteria. Furthermore, poles that don’t comply even after retreatment will be rejected.
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Quality History
Statistical quality control should have been a suitable tool to analyse of the quality history of
the supplier, as learnt in the frame of reference. Unfortunately, the supplier did not monitor the
production by means of control charts. Hence, it was opted to estimate the process average
using the percent nonconforming chart, as per the suggestion of Montgomery (2013), for the
impregnation penetration, since it is quite a crucial factor for the operationality of the poles.
Additionally, the quality certificates were reviewed in order to gain a more reflective picture.
Percent-nonconforming Units
The supplier keeps a manually written ledger of the impregnation of the poles. Figure 21
depicted a p-Chart of the defects of impregnations’ penetrations.

Figure 21. p-Chart of Defects of Impregnation Penetration

Figure 21 illustrated that there were three samples, which fall above the upper control limit.
As explained in GE rules (Figure 12), if one observation falls beyond the control limits, then
the process is out-of-control (Montgomery, 2013). This means that the supplier’s process is
out-of-control and the three incidents were due to special causes that should be investigated.
Moreover, the observations after sample 73 seem to have a slight downward shift. To study
this shift, a CUSUM chart could be produced; however, the supplier kept no records of what
had happened and as such, a useful and reliable investigation cannot be conducted. Figure 22
illustrated the capability analysis of the defectives of penetration in the sapwood for different
types of wood products such as poles and slippers, etc.

Figure 22. Penetration Defect Binominal Capability Analysis-Wood Pole Supplier
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The analysis in Figure 22 showed that the defective was 11.48% hence, the yield of
penetration, as per Equation 3, is 100%-11.48% = 88.52%. According to the Framework
Agreement with the supplier, the Acceptance Quality Level (AQL) is 3%; however, since this
value does not exist in the ISO 2859-1:1999 (E), the next upper or lower value should be
considered; namely 2.5 or 4%. In this study, the AQL was considered 4% and used as the target.
The histogram, along with the comments, in Figure 22 depicted that the process was not
capable; also, few of the batches had defectives less than the targeted AQL = 4%.
Quality Certificates and Audits
The quality of the production process and the products are controlled by the following:
-

NTR marking for some of the products (all poles bought by the Company should be NTR
labelled). SP is commissioned by NTR to perform two unannounced audits per year.
CE-Marking (all poles bought by the Company should hold the CE-marking).
Quality Management System – SS-EN ISO 9001-2008.
Environmental Management System: SS-EN ISO 14001-2008.
The Company maintained its right to perform announced and unannounced audit in the
Framework agreement.

Acceptance Inspections and Tests’ Methods
The Wood Pole Supplier choose the best trees from private forests according to the criteria
mentioned in the SS-EN 14229:2010. Poles’ straightness, an important quality characteristic,
is measured by the machine that performs the first debarking. According to the supplier, the
rate of defects at this stage is only 1%, due to the good selection practices in the forests.
Moisture, an important quality characteristic, is also measured (no control charts are available),
after each stage such as debarking and drying (could be air-drying or kiln-drying). Impregnated
poles are bored for penetration and retention tests. Table A5-1 depicted important acceptance
inspections and test methods, which were practiced by the supplier, along with their purpose,
tools, and reference standards; in addition to some important criteria. It was noted that the
supplier does not perform destructive tests on regular basis. Destructive tests are crucial to
identifying the capacity of the utility poles to perform its essential function; i.e. to withstand
the loads it might be subject to. Appendix A10 provided a detailed description of the most
important destructive tests, which are performed in the industry; namely, 1) vertical load test
and 2) horizontal load test; in addition to 3) torsion test, and 4) cyclic bending. It should be
noted that these tests can be applied to any type of utility poles.
The variability of test conductors is controlled by conducting training sessions both in-house
with a senior colleague as well as at SP, whereas the variability of test instrument is controlled
by calibrating test tools by the supplier as well as by SP. For example, Instruments that don’t
comply are not used for testing. The moisture meter is calibrated by SP twice annually, while
scales are calibrated once a year.
NTR performs, via SP, two annual, unannounced visits to the supplier’s facility in order to
check 1) whether the operations (fabrication) and the quality characteristics conform to NTR
standards and criteria, and 2) whether the supplier is conforming to his own declared
operational procedures, requirements, and criteria.
Analysis and Reflections
Certain preservatives do not remain in its place after impregnation and start to creep
downwards by the action of gravity; thus, the retention declines across the time. However,
retention tests are performed once the poles have been processed and not when they are to be
delivered to the client; nevertheless, this practice is accepted by SP. Additionally, the supplier
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has a traceability issue; i.e. poles cannot be traced back to its batch; suppose the Company
wishes to buy a certain number of poles, the supplier, according to his claims, is going to
perform 100% inspection, and suppose one of the poles found to be nonconforming, then,
unfortunately, there are no means to check the batch from which this nonconforming pole
came.
A sample of the penetration’s ledger was provided by the supplier; hence, the p-Chart was
plotted accordingly; however, there were other parameters that should have been investigated
as well, had the data been accessible, for example, the retention, the dimension at the tip, the
straightness, etc. Additionally, abnormalities in the penetration report were not discussed at all;
hence, there was no way to conduct an in-depth investigation to search for special, common
causes, as discussed in section 2.7.1. On the same note, and as per the comment of SP, both of
the batch reports for copper concentration and impregnation, provided by the supplier, used
average numbers for the lot; this might suggest that in-depth quality control is not exercised on
regular basis.
During the observation and site visit, a comment from the supplier’s end suggested the
following: The Company has determined an AQL of 3%; therefore, they are willing to accept
three defective items per each 100 submitted poles; however, they affirmed that this does not
mean that they will intentionally include three defective units in each 100 products. Clause 7.3
in the standard ISO 2859-1:1999 (E) stipulated that “the right is reserved to not accept any
item found nonconforming during the inspection, even if the lot has been accepted.” It should
be noted that the AQL refers to the worst quality level which the supplier should always try to
be superior to, as per Montgomery (2013).
From a feasibility perspective, the supplier might not be conducting the destructive tests on a
regular basis, for the following two reasons; first, a large number of costly tests, should be
performed; i.e. around 50, as per the minimum requirements of ASTM D 1036:1999. The
motivation behind this large number of tests is to cover a wider portion of the big distribution
of timber’s characteristics. And second, the NTR label is viewed, by the supplier, as a sufficient
guarantee of the good quality of the poles.
It should be mentioned that the Framework Agreement urges the suppliers to comply with the
in-effect national standards. For instance, the SS-EN ISO 9001-2008 will be obsolete in 2018
and will be replaced by the 2015 version, hence, the quality process should have a built-in
mechanism that updates the contractual agreement with the supplier accordingly; and this is
related to the third research question and applies to all types of utility poles.
4.2.3 The FRP Pole Supplier
Quality Characteristics, and Criteria
Currently, there is no dedicated standard for fibreglass utility poles; thus, there are no standard
quality characteristics or criteria. In part, that is why the supplier sought to match timber poles’
classes with those of wood poles; i.e. the FRP poles possess the same EBR classification (class
refers to both length and load capacity, refer to A6-1-4); additionally, having the same
classification would facilitate choosing the FRP poles for specific design according to EBR
timber class and associated loads; that is especially true, since the supplier claims that FRP
poles can handle loads as much as if not more timber can. Evidently, the diameters of FRP
versus wood poles do not match; for example, a wood pole of 13 m in length and class S+2 has
a diameter of 230 mm at the tip, while an FRP pole of the same class and length has a diameter
of 266 mm. However, the FRP Pole Supplier mentioned that the wood poles’ brackets, which
hold various equipment and are mounted closely to the tip of the poles, are adjustable and the
difference of diameters do not pose any problem whatsoever. However, one should keep in
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mind that, according to the survey results, there were some concerns in that regard and they
need to be investigated.
Sampling
According to the observation and the interview conducted at the facility of the supplier, visual
inspections and measurements are all conducted on all of the poles. However, hardness test is
performed according to a random sampling with no particular plan; for instance, no data is
recorded concerning the lot formation, refer to 2.2.2, and hence, it cannot be known whether
the samples were selected from the same batch of raw materials or from different batches; also,
it cannot be known whether all of the poles of the same batch have the same degree of curing,
(for the relation of hardness and curing degree refer to Appendix A11-1).
Quality History
Similar to the Wood Pole Supplier, the FRP Pole Supplier did not monitor the production by
means of control charts; additionally, the supplier does not record defectives; hence, it is
difficult to form a reliable idea concerning the quality history. However, it is known through
the survey that no defective required returning any of the purchased poles to the supplier so
far; additionally, it should be noted that 1) the supplier’s products passed the destructive tests
successfully, some of which were introduced and audited by the Company, 2) the FRP utility
poles follow the standard of EN-40 for road safety products, and 3) SP certified the supplier’s
fabrication process as “in conformance to his own standards”. On the other hand, it should be
observed that SP does not inspect the raw materials used in the fabrication of FRP poles in
terms of concentration, composition, proportions and toxicity, same as it does with the material
used in wood pole impregnation. Percent-nonconforming and quality certificates and audits are
both considered, next, in order to gain a better image of the quality history.
Percent-nonconforming Units
It was mentioned during the observation that the defects are not recorded since non-conforming
products become approved products underneath other categories (or classes) and are sold to the
potential buyer of the substitute category (or class). Additionally, it was mentioned that
statistical quality control is not exercised. It was learned through the survey that no major
nonconformity encountered, and this speaks to the high quality of the FRP poles.
Quality Certificates and Audits
The quality of the production process and the products are controlled by the following:
-

-

-

Certificate of consistency of performance issued by SP; however, the certificate specified
a certain product, which is FRP pole used for supports for fixed vertical signs. It was issued
on 2009, by SP, and validated on 2014. It is valid as long as the manufacturing conditions
do not change significantly and the essential characteristics of the product remain likewise.
EC Certificate of Conformity related to fibre reinforced polymer composite (FRP or
fibreglass) lighting column with luminary height of 6.0-13.5 m. It was issued on 2008 and
remains valid as long as the conditions of the harmonised technical specification reference
or the manufacturing conditions not modified until 2018, also it was validated on 2013.
The Company maintained its right to perform announced and unannounced audit in the
Framework agreement.

As it can be seen from the above, the mentioned quality certificates are not related to utility
poles. However, the production process follows the European norm EN-40 for road safety
products, and this applies even for the utility poles.
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Acceptance Inspections and Test’s Methods
It was observed in the field study that the diameter of each and every pole is inspected in 5
different and not aligned points using a digital calliper, refer to Figure A6-1-1. Length and
thickness of each pole are measured using a meter and the digital calliper respectively. Also, a
visual inspection of nonconformities, mainly any kind of deformation, is conducted on each
pole. However, the hardness of the pole’s surface is, sometimes, measured using a durometer
instrument; namely Hardness Shore Test (Type D). Appendix A11-1 explained the importance
of the hardness test as an indicator of the degree of the curing of the resin; also it features a
comparison between two durometer instruments; namely Barcol Impressor and Shore test (type
D). As per the published documents of the FRP Pole Supplier, different groups of destructive
tests, namely Tests#1 and 2, were performed by his end in order to verify the initial estimations
of the load capacities of certain poles; in addition to non-destructive tests, namely Tests#3, in
order to verify the optimal thickness of certain classes. Appendix A6-2 provided 1) a
description of those tests, 2) a comparison of the tests’ arrangements with a comparative study
performed by Dartfeldt (2015) and with the standard SS-EN 14229:2010, 3) a concise summary
of the most important findings of these tests; along with a comparison with wood poles, the
party responsible for the depicted values, and the used equations, and 4) an explanation of
certain issues. It should be noted that it was mentioned, in the interview, that the supplier is
willing to perform those tests again, in case their raw material sub-suppliers have changed
The sub-supplier of the raw material is committed to providing products with certain
specifications and to performing his own inspections that guarantee the fulfilment of those
specifications. The FRP Pole Supplier does not specifically perform further control since any
discrepancy in the raw material would be “visible”, according to the supplier, during the
manufacturing process.
With relation to the variability of the test conductor and the instrument, it was mentioned that
only one skilled worker measures and approves the measurements each time, and there is no
double-checking after him. Additionally, it was mentioned that the digital calliper is rarely
calibrated.
Analysis and Reflections
It was mentioned in the interview that the raw material of each pole could be, to a certain extent,
traced back to the related batch. As the bar code of each pole reveals the batch number of the
raw material. However, it was observed that this measure does not guarantee 100% that the rest
of a previous batch is not used in the production of a newer pole. Furthermore, no details were
provided by the FRP Pole Supplier about how the sub-supplier of the raw material guarantees
his adherence to the user specification requirements, and how the FRP Pole Supplier is
controlling whether the sub-supplier is maintaining the quality of the raw material all year long
and what kind of accredited certificates the sub-supplier is maintaining, etc. It should be noted
that the raw material plays an important role in producing FRP poles; that is especially true
since sometimes the sub-supplier of raw material mix and blend some components of the resin
and, if this is not done properly then it has a negative impact on the quality characteristics of
the FRP poles; hence, controlling the quality of supplied material is of premium importance.
More details can be found in Appendix A12-3.
In their handbook, the FRP Pole Supplier mentioned that the used raw material is Unsaturated
Polyester resin (UP, also abbreviated UPR) with a CAS Number2 100-42-5, in reference to
Styrene, and it was mentioned that its ration is 30%; afterwards, in the toxicity section, only
the machining dust and what irritation to the organism it might cause was mentioned. In fact,
2

CAS Number is an identification code of materials.
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this information is insufficient, because, first, neither the type nor the concentration of the
catalyst, promoter, and accelerator was mentioned (refer to Appendix A12-3 for more
explanation). Also, a 30% of Styrene is a quite high percentage, but it might be as such because
it included the other components; add to that, there was no indication of the regulated toxicity
of Styrene by both EU REACH and the European UP/VE Resin Association (refer to
Appendix A12-4), whereas:
-

-

European UP/VE Resin Association stipulated that in Sweden the “8-hour TWA" is 20
ppm for old installations and 10 ppm for new ones, and the STEL or C is 50 (15 min);
refer to Figure A12-4-3.
EU REACH stipulated that the DNEL for long-term worker inhalation exposure is 20
ppm for an 8-hour TWA.

In fact, these regulations require certain conditions for a) ventilation, b) avoidance of draughts
and c) stability in ambient temperature (ideally in the range 17ºC to 23ºC), as proposed by Scott
Bader Company Limited (2005). Hence, it might be beneficial for the Company to audit these
parameters as well.
It should be mentioned that since the FRP Pole Supplier does not keep track of defectives, as
explained previously, it is not clear if special causes exist, or not, subsequently, little
information could be inferred concerning the stability of the process, as per Bergman & Klefsjö
(2010). It should be noted that in the interview and during the observation, no comment was
given concerning the wide range of problems that might occur during the manufacturing
process (refer to some examples provided in A12-2). Furthermore, Skrifvars et al. (2004) noted
that “the curing process continues for a long time up to several weeks”; this raise a question
about how does the FRP Pole Supplier know when poles are fully cured and ready to get
shipped to the customer if no reliable test was practiced, such as Raman spectroscopy test; for
more details on the subject refer to Appendix A11-3.
With relation to destructive tests performed by the FRP Pole Supplier and illustrated in details
in his online published material, there are certain points that should be raised:
In total, fourteen test on fourteen poles were conducted, three of which were in informal
settings, and insufficient details were mentioned regarding those particular tests. It should be
noted that the ASTM D 1036:1999 required a minimum of 50 specimens to be selected for
cantilever tests of timber poles. Although FRP poles have a smaller spread of characteristics in
comparison to natural timber, as depicted in Figure A10-7-1, one should also remember that
the mixture of the resin (raw materials) and the curing process are not error-proof; as such, they
are subject to variability, as explained in details in Appendix A12-3. This follows that more
tests should be conducted. On the other hand, it should be noted that the supplier might have
introduced new tests or redesigned the destructive test settings without publishing the results;
however, this thesis only dealt with publicly published materials, as mentioned earlier.
The FRP Pole Supplier didn’t mention how the modulus of elasticity of the FRP poles was
estimated; thus, it is unclear whether the total modulus was calculated as a weighted average
product of both fibres and matrix (resin) as Rigby (2008) suggested. In comparison to another
well-reputed manufacturer, the MOE value, mentioned by the supplier, is a little bit lower but
closely comparable one (19 vs 20 G Pa); refer to Strongwell Co. (1996). It should be noted that
the higher the MOE of the laminate, the better it would be; especially in applications where
poles are subject to buckling, as concluded by Reichhold Inc. (2009).
It seemed that the FRP Pole Supplier used multiple values for the area moment of inertia in the
calculations. Also, the applied equations for area moment of inertia are intended for uniform
thickness; refer to Equation A6-2-2 and Equation A6-2-3; while the supplier’s poles do not
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have a uniform thickness (refer to Figure A6-1-2). It should be noted that stiffness, which is
the product of MOE and Inertia, has a great impact on resisting the buckling forces (Salvin,
2003).
By comparing the deflections between two of the tests (2.1 and 2.2), which were conducted in
the same period, on the poles of class G (13m in length), one can notice an interesting increase
of the deflection (refer to Table 6), this increase might suggest that either the test procedures
or execution were not parallel in both occasions, or the characteristics of the poles were
different.
Table 6. Comparison of Deflections in the FRP Pole Supplier Tests on G-13
Force
Deflection (Test
Deflection
#
[kN]
2.1) [cm]
(Test 2.2) [cm]
Comment
1 68,7
68
80
18% more
2 72,2
14
42
3 times more
3 75,8 (failure)
21
27
30% more
Source: FRP Pole Supplier (2014)

Furthermore, Dartfeldt (2015) comparative study of load capacity of different types of poles
might be used as a reference in order to develop the tests’ methods; that is especially true since
the study tested FRP poles with additional yet very important tests such as the combined forces
test; refer to Appendix A10-7.
4.2.4 The Steel Pole Supplier
Quality Characteristics, and Criteria
The available standards related to the quality characteristics and criteria of steel poles are also
elaborated, but certainly not as much as those of wood utility poles. For instance, SS-EN
50341-3-18:2013, adopted by the Company, is a good example of those standards.
Additionally, as mentioned earlier, the Company has its own classification for its own designed
families of poles and the Steel Pole Supplier is basically manufacturing as per the requirements
of the Company.
Sampling
The only piece of information provided by the Steel Pole Supplier concerning the sampling
plan could be derived from a document, named Inspection and Testing Plan (ITP), which is
approved by the Company. Table 7 furnished the related information regarding the plan, and it
can be observed that most of the visual inspections are performed on 100% of the items.
Table 7. ITP Relevant Information
Activity Description

Standard

EN
ISO
17637 and
Welding – Final inspection
EN
ISO
of welded joints
5817-Level
C
ISO 1461
Hot-dip galvanization – and
Final inspection of surface ISO 14713-2
condition

Type
of
Frequency
Inspection

Responsible

Visual

100%

Production
Department

Dimensional

1st and Last

Production
Department

Visual

100%

Galvanization and
Painting Dept.

Dimensional

100%

Visual

100%
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Activity Description
Liquid paint
inspection of

–

Standard
EN
Final 2808

Final inspection of marking
and finishing
Ensure that the packing list
is according to order
Source: Steel Pole Supplier’s Data

Type
of
Frequency
Inspection

Responsible

Dimensional

Galvanization and
Painting Dept.

ISO

Visual
Documental

Not clear

1 piece per Logistics
and
package
provision dept.
Logistics
and
100%
provision dept.

Quality History
There is no available information if the supplier performs statistical quality control or not;
however, it is known through the survey that no steel pole was erected with nonconformities
and that the number of nonconformities before erection was far much less than that of any
previous steel pole supplier, and this speaks to the higher quality of the steel poles. In order to
have a clearer image about the quality history of the supplier, the percent-nonconforming, and
the quality certificates and audits were considered.
Percent-nonconforming Units
Although the Company shared with the Steel Pole Supplier their confidential designs of steel
poles, miscommunication occasionally took place between the Steel Pole Supplier and the
Company’s contractor, when some parts were procured, and wrong parts were delivered.
Quality Certificates and Audits
The Steel Pole Supplier has different recognized quality certificates that might indicate a high
level of quality, some of which are related to the management system, and some to certain
fabrication operations such as galvanization; the latter is regarded as important by the
Company, as it is related to the protection of poles against corrosion; refer to Table A7-1.
Additionally, in his responses to the interview questions, the Steel Pole Supplier elaborated
that lean manufacturing is deployed in his facility and that tools such as Kanban and Kaizen
are applied.
Acceptance Inspections and Test’s Methods
The Steel Pole Supplier, mentioned, in his responses to the submitted interview questions, that
he considers himself as only a producer of the Company’s products; thus, all special tests,
inspections, and measurements should be defined by the designer of the structure (the
Company). Nevertheless, the Steel Pole Supplier has his own general defined Inspection &
Testing Plans (ITP), which are approved by the Company. These plans provided details about
which characteristics must be tested in order to ensure the required quality. It was observed
that according to the ITP designated to the Company’s products, the only inspections that were
being performed were a) galvanization thickness measurement, b) finishing visual inspection,
c) dimension inspection and d) documents’ inspection. The supplier may or may not perform
other non-destructive inspections for cracks and welding quality, such as dye penetrant
inspection, magnetic particle test, liquid penetrating test, radiographic test, ultrasonic test, etc.,
refer to Table A7-2 for more details about these tests. Additionally, destructive tests were not
performed by the Steel Pole Supplier, as they were not required by the Company. Furthermore,
it was noted that a number of CAD software were used by the supplier’s Technical & RDI
Department to develop other products and hence, it's possible for him to make the structural
analysis using the method of Finite Element Analysis (FEA) and subsequently to build
simulations for testing and optimizing purposes. However, it is considered the Company’s
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responsibility as mentioned earlier. Moreover, the Steel Pole Supplier performed an assembly
test for bolted structures purchased by the Company.
Analysis and Reflections
It was noted in section 2.4 that for the ISO certificates to be reliable it should be provided by
an accredited certification body (Linköping University, 2014). Moreover, ISO certificates have
expiry dates. For example, ISO 9001:2008 will be obsolete in 2018 and all companies certified
for this standard should get certified with ISO 9001:2015 by 2018 (ISO, 2015). The Framework
Agreement does not particularly stress this important point and it might be taken for granted.
The supplier does not perform destructive tests. However, since the steel characteristics are
quite consistent and its spread is quite small in comparison to that of FRP or wood poles, as
can be seen from Figure A10-7-1, it might be less important to perform destructive tests on
steel poles, from that aspect. In contrast, the non-destructive tests of Table A7-2 are evidently
more important since they can control the fabrication process by pinpointing very important
nonconformities; besides they are easy, do not require complex training, and most of them can
be applied as FAT and SAT.
4.2.5 SP
SP Contribution to the Quality History of the Suppliers
SP contributes to the quality history of the suppliers of wood and fibreglass utility poles by
checking their documents, which outlines their own quality practices; in addition to their
adherence to those practices. Additionally, SP inspects the quality of the wood poles and their
preservatives in order to make sure that the poles are properly treated so that they can resist
degradation caused by decay fungi and other wood-degrading organisms.
Sampling Guidelines
From the interview and the correspondence with SP, certain guidelines were inferred for
sampling strategy, which is illustrated in Figure 23.
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It was mentioned that the sampling plan is carried
out according to the recommendations of NWPC
Document No 3:2013, which is based on
ISO 2859-1:1999 (E). SP visits to the clients are
performed without prior notice twice a year in
normal cases, and the sampling plan is as follows:
- Wood preservation class: NTR A
- Acceptance Quality Level (AQL) 6.5,
although it is 10 as per clause 5.7.7.7 in the
standard SS-EN 14229:2010.
- Inspection level: S-3, although it is level II
as per clause 5.7.7.7 in the standard SSEN 14229:2010.
- Sampling plan: single
- Inspection procedure is normal. Although,
a tightened inspection procedure can take
place for certain instances.
Hence, it can be noticed from the above that SP
does not follow the switching rules outlined in the
standard ISO 2859-1:1999 (E), refer to Figure 4.
Instead, it follows the scheme depicted in Figure
. However, SP is considering the introduction
of new procedures in 2016.
Figure 23. SP Sampling Procedure
SP on Inspection of Wood Poles
During the interview, some questions were raised concerning the wood poles inspection and
SP provided some important clarification and comments with relation to the criteria and tests
methods, which are related to the first and second research questions. Hereunder is a summary
of the key points.
Preservative concentration levels – the Wood Pole Supplier mentioned certain concentration
levels as a criterion to obtain certain retention levels for specific preservatives. However, these
values can’t found in the standards. SP confirmed that what matters is the retention levels,
which should be as per the standards; Nevertheless, SP checks whether the preservatives’
concentrations in the tanks conforms to what is stated in the client’s records.
Pressure value and duration inspection – The pre-vacuum pressure and the pressure
application period for the salt impregnation are far much important than any other step in the
process. Table 8 depicts SP recommendations of pressure values and durations for the
impregnation process using a copper preservative.
Table 8. Salt Impregnation – SP Recommendations

Operation Pressure [bar]
Pre-vacuum
-0.8
Pressure
8 to 10
Vacuum
-0.8

Sufficient duration
40 [m]
3 [hr]
2 [hr]

Air-drying Period Inspection – When the poles have been debarked, they need to be air-dried
outdoors. Because fungus builds up in hot weather more than in cold one during summer time,
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it is very important that the period of aeration does not to exceed a week; while in winter poles
can be kept for a longer time. Thus, the duration should be documented and controlled
accordingly, same as any other parameter that affects the quality characteristics of the poles.
Moisture Content Inspection – The most accurate method for determining the moisture
content is the “dry weight oven method”, in which the material is weighed before and after
getting dried; then, the moisture content can be calculated. It is preferable to inspect the
moisture in at least 5 different points, because the moisture content varies not only between
individual units in a batch of wood but also radially, due to the fact that dryness takes place
from the outside inwards. Moisture meter hammer type can be more accurate than the normal
one because it is more manageable by the inspector. Also, moisture should be only checked
with a moisture meter before impregnation, otherwise, it will give wrong readings.
Visual Inspection – There are certain visual indicators for poles, which are likely to bleed
faster:
- Very dark coloured poles
- Accumulation of preservative around cracks is an indicator of over impregnation.
- Being wet.
Possible Improvements to Current Processes
When the interviewee from SP was asked about what possible improvements the Company can
introduce in terms of acceptance tests at the supplier’s end, only he stressed the importance of
following the standards which are in vigour.
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5. Discussion and Improvement Suggestions
This chapter aimed mainly at answering the research questions by means of comparing, contrasting
and synthesizing the literature review, furnished in the Frame of Reference part I and II, with the
analysed empirics.

5.1 First Research Question– Quality Characteristics and Acceptance
Criteria
The quality characteristics and acceptance criteria for the three types of utility poles at the
supplier’s end and on-site are discussed hereunder.
5.1.1 Wood Poles – Quality Characteristics and Criteria
A number of quality characteristics and criteria were identified and cross-examined in the
empiric’s chapter. However, since they were quite interconnected with the inspections and tests
methods, it was opted to furnish and explain them all together in Table A9-1. It is worth to
mention that some quality characteristics should be at various points of time with relation to
the production process at the supplier end, and not just immediately before delivery upon
purchase. For example, some quality characteristics should be examined before the
impregnation process, e.g. moisture content, some characteristics could be examined right after
the impregnation; i.e. the penetration and some could be examined just before delivery such as
retention.
5.1 2 Fibreglass Poles – Quality Characteristics and Criteria
As mentioned before, there are no current standardized quality characteristics and acceptance
criteria to follow with relation to FRP utility poles yet. As per the survey, dimensions (length
and diameter only) and external damages (produced by the transportation) are the only two
characteristics that are being inspected; besides to the label at standard 4m from the butt end
of the poles. Based on the conducted review of some researches and other manufacturers’
published material, the following suggestions with relation to quality characteristics and
acceptance criteria were formulated:
Dimensions (length, diameters, and thicknesses) – FRP poles are classified as per the EBR
IN 063:2005 standard; hence the poles’ dimensions (length and diameters at the tip and butt
ends) should match the announced and agreed upon values in the manufacturer documents.
Since there is no standard concerning the dimensions’ tolerances of FRP utility poles, the
following suggestion might be considered. The FRP poles, which were tested by Dartfeldt
(2015), can be taken as an example since their performance was quite satisfactory in
comparison to other types of poles; the average standard deviation of their dimensions was less
than ± 0.82 mm; hence, it might be safe to presume that the tolerance of the diameter should
be less than ± 1 mm. Moreover, the FRP Pole Supplier did not mention, in the online
catalogues, the thicknesses across the different sections of the different classes of poles; and
since the thickness of FRP is of premium importance, it should be verified by tests and
calculations; additionally, they should be documented to serve as a reference value and a
criteria of acceptance afterwards.
Values of MOE, I and resin-to-glass ration – The modulus of elasticity MOI and the moment
of inertia I both have a great impact on resisting the bucking loads, as advanced by Salvin
(2003); and the resin-to-glass ration is the most influencing factor on the physical properties of
the cured laminates, it affects the strength of laminate and its resistance to weather, moisture,
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and chemicals, as contended by Scott Bader Company Limited (2005). Hence, these quality
characteristics are of critical importance and therefore should be verified, by tests and
calculations; additionally, they should be documented to serve as a reference value and criteria
of acceptance afterwards.
Curing Degree – Difference in the curing degree of a resin can create variability in its
properties; additionally, weather can cause rapid deterioration to under-cured exposed
laminates (Scott Bader Company Limited, 2005). Thus, inspecting the curing degree (the
hardness) and controlling its value by a control chart is a must. Hardness can be measured
using a durometer instrument such as Barcol Impressor (the most common) or Shore Type D
(as the one used the FRP Pole Supplier). A good range of curing on Barcol Impressor is [40 to
50 B], which equals [64 to 68 D] on Shore Durometer – Type D. It should be noted, that if the
readings’ average was equal or less than 25 B (equal or less than 58 D on the durometer), then
that would imply a serious problem in the curing process (Scott Bader Company Limited, 2005;
Barcol Impressor, 2015).
Results of the new tests and inspections – It should be beneficial to send a report of the results
of these tests and inspections, should they take place, in order to update the reference values
and maybe the criteria, especially if these tests were attended by a third party.
Resin chemical composition – The concentration, proportion, and blending duration of the
raw materials (catalyst, accelerator, promoter, monomer, and pigments), which are used in
manufacturing the FRP poles, should be documented and submitted to the Company in order
to serve as a reference value and a criteria of acceptance afterwards.
Nonconformities – As per the recommendations of the FRP Pole Supplier himself, all
imperfections in the PE layer should be treated properly; such recommendations should be
fixed as one of the criteria as well. Committee-I and II should discuss with the supplier other
common defectives that might occur to FRP composites during the fabrication, including the
curing duration, such as those discussed by Scott Bader Company Limited (2005); refer to
Table A12-2. Such cooperation might yield to the development of new quality characteristics
and criteria.
5.1.3 Steel Poles – Quality Characteristics and Criteria
The VTR5 (2013) stipulated some essential requirements that the Steel Pole Supplier should
meet during the fabrication process; also, it defined the essential quality characteristics and
acceptance criteria. This internal standard along with the SS-EN 50341-3-18:2013 form a good
reference. However, they should be constantly updated by inputs from feedbacks of the on-site
acceptance tests and the updates of the standards. Certainly, this is one of the responsibilities
of Committee-II.

5.2 Second Research Question – FAT & SAT
To attend this question, two important parts were discussed; firstly, the procedures of sampling
and secondly, the acceptance tests and inspection methods, whether in current or possible
practices, at the supplier’s facility or on-site.
5.2.1 Procedures of Sampling
In this section, two main questions were tackled; firstly, what procedures of sampling the
Company is currently following in their contractual agreements on paper and on-site?
Secondly, what possible sampling schemes the Company and its suppliers can follow?
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Current Sampling Plans
The Framework Agreement stipulated that the adopted acceptance quality limit AQL = 3%
according to the standards SS-EN 351-2:2007 and ISO 2859-1: 1999 (E); that is for both
creosote and water-borne preservative-treated wood poles. Additionally, the same value is also
applied to fibreglass poles. Regarding steel poles, there was little information about sampling
procedures in the Company’s literature, and the only relevant clause in the VTR5 (2013) is
section 3.5.4.3.4, which is a sampling plan for the structural steel bolts, nuts, and washers, and
not for the poles. As it can be seen, the current sampling procedure is not well described; i.e.
the proposed AQL (3%) does not exist in the standard values and thus, tables of the standard
ISO 2859-1: 1999 (E) cannot be used to select sampling plan as stipulated in the standard itself;
also, the inspection level is not defined and thus, sample sizes cannot be read from the
standard’s table. Moreover, one AQL for all types of nonconformities might not be enough; for
instance, there are no classes for nonconformities, as if all of them share the same criticality.
Clauses 3.1.5, 4.2, and 7.5 in the standard ISO 2859-1: 1999 (E) discusses the classification of
nonconformities. All of the adopted standards for acceptance sampling, which the Company
and its suppliers should abide by, as per the contractual agreements, were furnished in
Table A3-3-2.
Wood Poles – Current Sampling Plans
As it can be inferred from the interviews and the survey, the project leaders do not interfere in
the inspections of the wood poles and the contractors take the responsibility of sentencing the
nonconformities by themselves. Certainly, as long as there are no apparent and critical
problems, the poles will be mounted without recording any complaints; add to this, no log file
for defectives’ complaints exists in the Company’s archive. Therefore, there might be an ample
room for loose accountability. In practice, some poles were erected although they might not
completely meet the requirements; refer to Figure 18. Furthermore, one should consider that
the analysis of the supplier’s data signalled out-of-control and that the process average was
11.5%; while the AQL required by the Company is 3%; thus, given these data, the acceptance
sampling plan is not performed in compliance with ISO 2859-1:1999 (E).
Fibreglass and Steel Poles – Current Sampling Plans
Similarly, there is no current sampling plan for FAT and SAT that is effectively put into
practice for both types of poles. Some of the fourteen destructive tests performed by the FRP
Pole Supplier were introduced and audited by the Company. Additionally, the Company
audited certain assembly tests for certain new designs of steel poles.
Proposed Sampling Plans
Before proposing sampling plans for each of the utility poles, it is important to closely examine
the following two questions; firstly, who is responsible for developing sampling plans and
putting them into action? And secondly, what are the practical consequences of the current
sampling plans? By answering these two questions effective sampling plans can be proposed.
Accountability
One of the problems that were detected in the survey and the interviews is the loose
accountability with relation to the question of who should perform the inspection tests. In
theory, the contractor, who constructs the line(s), is accountable as stipulated in his contract;
hence, the project leaders are rest assured that the line, performed by the contractor, are going
to be inspected by themselves once the lines are finished and by probably a third party
afterwards; however, this method had some discrepancies; add to this, it is not easy to assess
the magnitude of those discrepancies, since no log file where the defectives and the complaints
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were registered. Based on these data and building upon the stipulations of the standard ISO
2859-1:1999 (E), which recommends forming a “responsible authority”, refer to section 2.2.1,
in charge of the sampling schemes, the following proposals were formulated:
Two cross-functional committees should be formed; the first one, Committee-I, is composed
of the following members: 1) a representative from the finance department3 of the Company
side, 2) a representative from the legal department of the Company side, 3) a representative
from the procurement department of the Company side, 4) the project leader responsible for
the project at hand from the Company’s side, 5) a representative from the quality department
from the Company’s side, and 6) a representative from the technical department from the
Company’s side; and a second one, Committee-II, composed of 1) a representative from the
Company’s side, 2) a representative from the contractor side and 3) a representative from the
supplier side.
Committees’ tasks - Committee-I is responsible for planning the sampling scheme along with
its corrective actions (FMEA can be used to develop a sophisticated analysis of different action
plans), approving the FAT and SAT procedures and updating the scheme and the procedures.
While, Committee-II is responsible for the execution of the sampling scheme, FAT, and SAT;
in addition, to other tasks.
Documentation– Committee-II should have at least the following documents at time of receipt:
-

A list of the material to be received with the identifying characteristics (evidently, this
is of much importance in the case of the steel poles.)
A list of the defectives, along with their description, image, and classes of severity.
An acceptance form, which should be filled upon each receipt. The form should be
straightforward, and employ multiple-choice and open-ended questions; the objective
of the form is to 1) facilitate describing the status quo of the material and the defectives
2) provide statistical data about the supplier’s attitude and his products’ quality level
and 3) be an approval certificate to be attached to the payment order once approved and
signed by the three members. Either the contractor’s or the Company’s representatives
should be responsible for registering the form on the computer. (The form can be digital
from the beginning.)

Training – Committee-II members should be all trained in detecting the severity of the
defectives, on differentiating between defectives’ classes, and on filling in the form.
Defectives description and handling – Defectives should be described, photographed4 and
expressed in terms of severity and frequency; the photos should be attached to the form.
Additionally, corrective actions should be planned beforehand according to the defectives’
classes and severity, and not on-site.
Discussion of the Current Sampling Plan
In order to understand the consequences of the choice of AQL, consider the following practical
example: If the consumer wishes to inspect a sample of poles between 91 and 150 units and
provided that the chosen level of inspection is S-3; then, according to Figure A8-1, the sample
size code letter is C. Then by considering the value of C in Figure A8-25, one can find the

3

Finance Department is sometimes called Economy Department in the Swedish organizations.
This is already being done in the case of steel poles; however, this should be a standard procedure and
not only applied in exceptional cases.
5 Sampling plan for tightened and reduced inspections were not annexed but can be found in ISO 28591:1999 (E).
4
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values of the different sample sizes n, the acceptance numbers Ac and the rejection numbers
Re for different values of AQL, as does Table 9.
Table 9. Comparison among Different Sampling Plans for Different AQL(s)
AQL
Sampling
Plan
2.5%
4%
6.5%
n
Ac
Re
n
Ac
Re
n
Ac
Re
Normal
5
0
1
3
0
1
2
0
1
Tightened
8
0
1
5
0
1
3
0
1
Reduced
2
0
1
2
0
1
2
0
1
Pa6 %
55
69,97
73,2
Producer
36,9
37,3
39,8
risk α%
Consumer
11,9
7,17
10,8
risk β%
AOQL8%
6.7
6,32
10.1
Source: adapted from ISO 2859-1: 1999 (E)

n
5
2
3
90

10%
Ac
1
0
1

Re
2
1
2

58,4
8,15
16

Moreover, Table 9 featured the percent of lots expected to be accepted Pa, which was taken
from the operating curves of the sample size code letter C in Figure A8-3, provided that the
process average p = 11.5%. It can be noticed from Table 9, for the particular sample size C,
and for the same inspection level S-3, the following:
-

-

-

When AQL equalled 2.5%, the tightened inspection procedure was less rigorous than
the normal procedure (mind that Ac and Re were the same, while the sample size was
smaller for the normal inspection).
When AQL equalled 6.5% both normal and tightened inspections were more rigorous
than those inspections’ severities, had AQL equalled 2,5 or 4% (mind that Ac and Re
were the same in all three cases; however, the sample size when AQL = 6.5% was the
smallest of them all). Also, for the tightened inspections procedures, AQL = 6.5% was
less rigorous than that of AQL = 10%.
When AQL was 10%, the reduced inspection procedure was more rigorous than the
normal inspection.

Thus, one can conclude that choosing smaller values for AQL did not necessarily correspond
to more rigorous procedure for small lot sizes9, and at the same time that might be unfair to the
producers as this action might reduce the percent of lots expected to be accepted Pa without
sufficient justification, as it can be seen in Table 9.
AQL was defined in chapter two, by Montgomery (2013), as the poorest level of quality (the
average percent nonconforming) of the producer’s process that the consumer can tolerate. And

Pa values furnished in Table 9 were taken for nonconforming percent p = 11.48%.
The values Pa = 69,9 and 73,2% were extrapolated from tables 10-B-1 and 10-D-1, respectively, as
per the instructions of Figure A8-4. Both tables were not annexed in this paper but can be visited in
ISO 2859-1:1999 (E).
8
AOQL (Average Outgoing Quality Limits) were taken from Table 8-A for normal inspection, single
sampling plan, for the binominal distribution ISO 2859-1:1999 (E), refer to Figure A8-5. Values for
AQL = 2.5, 10% were taken at sample size code letter C (sample size = 5); while when AQL = 4% the
nearest sample size = 13 (corresponding to code E), and when AQL = 10% the nearest sample size = 8
(corresponding to code D).
9
The same conclusions also apply, to great extent, on sample size code letters A and B, meaning from
2 until 150 units, for the same level of inspection.
6
7
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α10 is the producer’s rejection risk of his lots; in contrast, LTPD and β11 are the poorest percents
nonconforming the Company is willing to accept in an individual lot, and the Company’s risk
of the lot acceptance, respectively. Now, if one supposedly wants to design a single sampling
acceptance plan using the Nomograph, then the intersection of the two lines (AQL, 1- α) and
(LTPD, β) would define a one, or more, single plan(s), as explained by Montgomery (2013).
Now, if one wants to use the previous example using the following suppositions:
-

-

The process average (averaged percent nonconforming p) equals 11.5%.
It is desired to protect both the producer and the consumer at the same time, by carefully
choosing the risks for both so that the consumer’s risk is minimized as much as possible,
while the acceptance of the lots is maintained at the highest possible rate.
The sentenced lot contains a maximum of 150 units.

Then, not too many plans can be designed; Figure A8-7 illustrated one of the probable designs
and Table 10 depicted a summary of the resulting possible single plans.
Table 10. An Example of a Single Sampling Acceptance Plan Using the Nomograph
The Company
The Supplier
Possible Sampling Plans
Tolerated Poorest Percent
Sample
Acceptance
LTPD = 10%
AQL = 6.5%
Nonconforming
Size
Number Ac
α = 40%
14
0
Risk β = 40%
1- α = 60%
16
0
14
1
16
1

The following can be commented on the previous design:
-

-

-

The design could not be considered in compliance with ISO 2859-1:1999 (E), as stated
in the same standard.
One should keep in mind that ISO 2859-1:1999 (E) stressed that the chosen value of
AQL does not suggest that it is the desirable level of quality; on the contrary, the
fabrication process average should strive to outperform AQL.
In the previous example, AQL was chosen 6.5% and LTPD = 10% to be in the vicinity
of SP’s choices and because AQL should not exceed 10% nonconforming items as
indicated by ISO 2859-1:1999 (E); however, one cannot disregard the assumption that
the process average equalled 11.5% and the producer is committing to a higher level of
quality; therefore, the producer should improve his fabrication’s quality level
considerably, i.e. he should go from 11.5 to less than 6.5%.
It was difficult to choose a design where AQL is less than 6.5%.

Thus, by synthesizing the results of both Table 9 and Table 10, one can conclude that under
the considered conditions of lot size and inspection level, it might not be practical to choose a
value of AQL that is less than 6.5%, and this is in line with SP’s procedure. Also, as far as the
Wood Pole Supplier is concerned, if the process average of his fabrication process was near
11.5%, then efforts should be exerted in order to increase the quality level. However, the
assumption that the process average can be improved significantly might not be a realizable
objective because of the nature of timber, as explained earlier. Therefore, in order to give a
reliable opinion on this particular matter, a Six Sigma project is recommended so that special,
common and root causes could be revealed and a practical improvement plan could be devised,
put into practice and controlled; refer to section 2.7.1 in chapter two.

10
11

Table 9 features different producer’s risks for normal inspection and sample size code letter C.
Table 9 features different consumer’s risks for normal inspection and sample size code letter C.
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Furthermore, if lots were rejected after an acceptance sampling, then the proposed course of
action is to perform a screening (100% inspection), as Montgomery (2013) observed to be the
common practice. Upon receipt, the supplier should be responsible to return the nonconforming
items and replace them with new valid units on his own expense. As discussed in chapter two,
this corrective action will reduce the resulting percent nonconforming, refer to Figure 5.
Furthermore, as per ISO 2859-1:1999 (E), it is the task of the responsible authority to determine
what should be done with the returned defective items. Two committees were proposed to be
formed in this thesis, each of which has its own tasks; thereby, Committee-I should establish
the strategy and Committee-II should execute, as discussed earlier.
Moreover, the averaged lot quality over a long sequence of lots being accepted, rejected and
rectified by the suppliers (AOQ) should not surpass the average outgoing quality limit (AOQL),
as discussed in chapter two, refer to Figure 6. Table 9 featured the corresponding AOQL for
different AQL (s) for the normal inspection and, originally12, for sample size code letter C.
Ideally, AOQL might be useful in the projection of the budget that should be allocated by the
Company to replace nonconforming poles, after being accepted for one reason or another.
Following are the proposed sampling plans for each type of utility poles along with the
proposed classification of the nonconformities. The classification is discussed by ISO 2859-1:
1999 (E) and it should be part of the sampling plans.
Wood Poles – Proposed Sampling Plans
The proposed classification of the nonconformities of wood poles is depicted in Table 11
Table 11. Wood Pole Nonconformities – Proposed Classification
Classification of Nonconformities
Description
- Sever incorrect dimensions (completely different class)
- Severe mechanical damage
Critical
- Different type of timber is used, other than the agreed
upon type.
- Insufficient penetration
Class A – Major Nonconformities
- Insufficient retention
Class B – Minor Nonconformities

Any other nonconformities such as knots, holes, knot
clusters, bark pockets, rind galls, etc. as per the criteria
mentioned in Table A9-1

Proposed Sampling Plans – Wood Poles
Table 12. Wood Poles – Proposed Sampling Plan
Nonconformity Class
Sampling Plan
Critical nonconformities
100% inspection
- Severity: normal inspection with no switching rules for
small lot sizes up to 150 units; then, switching rules
apply.
- Single plan
- Inspection level: General II
Other types of nonconformities
- Lot size:
 FAT: Average quota the Company projects to
purchase per year; if it is going to be conducted
upon purchase, then it should be the lot-to-bepurchased.
 SAT: lot purchased
12

Refer to the footnote provided in Table 9 for more explanation.
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Nonconformity Class

Sampling Plan
-

AQL = 6.5%

FRP Poles – Proposed Sampling Plans
The proposed classification of the nonconformities of FRP poles are as follows:
Table 13. FRP Pole Nonconformities – Proposed Classification
Classification of Nonconformities
Description
- Sever incorrect dimensions (e.g. different class)
- Severe mechanical damage
Critical
- Different raw materials or fabrication process were
used, other than the agreed upon ones.
- Major imperfections such as big bubbles, major
distortion, major damage to PE layer
- Big difference in the values of thickness compared to the
Class A – Major Nonconformities
agreed upon ones
- Different resin-to-glass ration
- Major differences in the hardness on the same pole
Class B – Minor Nonconformities
Any other nonconformities

Proposed Sampling Plans – FRP Poles
Table 14. FRP Poles – Proposed Sampling Plan
Nonconformity Class
Sampling Plan
Critical nonconformities 100% inspection
Other
types
of - Severity: normal inspection with no switching rules for small lot sizes
nonconformities
up to 150 units; then, switching rules apply.
- Single plan
- Inspection level: General II
- Lot size:
 FAT: Average quota the Company projects to purchase per
year, if it is going to be conducted upon purchase, then it
could be a size parallel to that of the purchased lot.
 SAT: lot purchased
- AQL = 6.5%

However, since the quantities of purchased FRP poles are usually too small, it might be more
appropriate to perform 100% inspection on-site.
Steel Poles – Proposed Sampling Plans
The proposed classification of the nonconformities of steel poles are as follows:
Table 15. Steel Pole Nonconformities – Proposed Classification
Classification of Nonconformities
Description
- Sever incorrect dimensions (completely different class
or different parts that can’t be used.)
Critical
- Severe mechanical damage
- Different raw materials (steel grade, welding materials),
other than the agreed upon ones
- Major cracks in the welding
- Rust is beyond acceptance criteria.
Class A – Major Nonconformities
- Galvanization does not conform to the acceptance
criteria.
- Minor cracks
Class B – Minor Nonconformities
- Minor rust spots
- Minor cavities and gaps
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Proposed Sampling Plans – Steel Poles
Table 16. Steel Poles – Proposed Sampling Plan
Nonconformity Class
Sampling Plan
Critical nonconformities
100% inspection
Other
types
of - Severity: normal inspection with no switching rules for small lot
nonconformities
sizes up to 150 units; then, switching rules apply.
- Single plan
- Inspection level: General II
- Lot size:
 FAT: lot-to-be-purchased
 SAT: lot purchased
- AQL = 6.5%

However, since the quantities of the purchased steel poles are usually too small, it might be
more appropriate to perform 100% inspection on-site. With relation to the washers, nuts, and
bolts, the sampling plan mentioned in the VTR5 (2013) can be used as is.
Comments and Reflections on the Proposed Sampling Plans
Sampling plans and statistical quality control – It should be stressed that, firstly, sampling
plans should not replace monitoring and control, at the suppliers’ ends. Applying statistical
quality control contributes to a) reducing variability, as advanced by Montgomery (2013), and
subsequently b) reducing the cost, and c) improving the reliability, service level, profitability
and customer satisfaction, as suggested by Bergman & Klefsjö (2010). Moreover, reducing
variability results, in the long run, in reducing the need for stringent inspection plans, as argued
by Bergman et al. (2009). Consequently, the testing would be more effective and efficient for
both of the client and the producer. Juran (1986) contended that sampling plans should be
employed to enhance the quality history and not just to investigate special disturbing events or
random auditing. One should keep in mind that having quality certificates do not necessarily
mean that the product quality is always maintained at a certain level as advanced by Samson
& Terziovski (1999); refer to section 2.4.
Lot formation and traceability – The Wood Pole Supplier has a problem with the traceability
of the poles to their batches as mentioned earlier. This issue might create the problem of the
homogeneity of the samples as discussed in chapter two and as per ISO 2859-1:1999 (E). This
problem is an evident justification why simple sampling practices are not sufficient to reflect
the quality history, and why implementing a systematic approach, such as SQC, should be more
effective.
Sampling schemes or systems13 – These advanced level of planning was not tackled because
it should be difficult to go into a more sophisticated level of planning if simple plans were not
fully ready and functional; add to that, certain important information, about the manufacturing
processes, was not provided by the suppliers. The proposed plans can be used by
Committee- I(s) as a starting point to devise more detailed plans for each of the three suppliers.
For example, process average is not known for any of the three suppliers, and the only available
piece of information was the quality level of the Wood Pole Supplier (11.5%); add to that, it is
not a reliable number, since it was taken in a period where the process was out-of-control
(Montgomery, 2013).
Attributes over variables – Sampling procedures for inspection by attributes were chosen
over those by variables as a primary step; however, once the suppliers implement statistical
13

Definitions are provided in the frame of reference chapter.
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quality control and more reliable information is available concerning the normality of their
fabrication process distribution, Committee-II (s) might be able move towards sampling by
variables; that is especially important for the destructive tests as the sampling by variable
requires fewer samples than sampling by attributes and hence, it is more feasible, as discussed
in chapter two. At any rate, one should observe the fact that SP only used the sampling by
attribute so far, as was found in the interview.
Inspection severity – The normal severity was chosen for the three types of poles for the
following reasons:
Wood Poles – Even though the analysed sample signalled out-of-control and the
process average (11.48%) for the analysed sample was poorer than the agreed upon
AQL (3%), one should still bear in mind three things; first, the Wood Pole Supplier is
performing 100% penetration14 inspection tests on all poles submitted to the Company,
and without a doubt both penetration and retention tests are the major defectives (Class
A as per SS-EN 14229:2010). Secondly, the Company didn’t experience, as per the
general impression from the survey and interviews, significant problems with the
purchased wood poles; hence, there was no need to apply switching rules so far; thirdly,
SP was performing normal inspections so far, and they mentioned, that they would
switch to the tightened inspection had they found a serious need for that.
FRP Poles – Although there is no information available concerning the variability of
the fabrication process, it can be said that using the normal inspection is more suitable
at this stage. That is especially true since the Company didn’t purchase any defective
pole that needed to be returned so far; let alone fabricated poles should, in concept, have
less variability in comparison to natural wood ones, refer to Figure A10-7-1 and note
the difference among timber, FRP, and steel poles in terms of their spread.
Steel Poles – Using the same reasoning as for FRP poles, it should be suitable to use
normal inspection with relation to steel poles as well.
As mentioned in the discussion of the current sampling plans, switching to tightened procedure
might not be always useful, especially for small sample sizes. Additionally, Montgomery
(2013) observed that wrong switching occurred frequently and as such the production was
discontinued although the quality did not deteriorate in many cases.
Inspection Level – The general inspection level II was chosen over the special level S-3,
adopted by SP for wood utility poles, because level II requires bigger sample sizes in
comparison to that of S-3. For example, when the lot size is between 91 and 150 units, S-3
requires a sample size of 5 while level II requires 20 units. That is more in congruence with
the results of the design performed in the furnished example in the introduction, refer to
Figure A8-7 and Table 10; additionally, this proposed level is in accordance with clause
5.7.5.1 in SS-EN 14229:2010.
Single versus multiple sampling plan – Single sampling plan was proposed in order not add
more costs and because it is working well with SP, as they mentioned in the correspondence.
AQL Value – It was chosen 6.5% on the basis of the design performed in the furnished example
in the discussion of the current sampling plan, refer to Figure A8-7 and Table 10.
AQL and classes of nonconformities – In light of what Montgomery (2013) proposed,
Committee-I(s) should be responsible for accepting the values of AQL and the inspection
14

The retention test might be performed as well; however, it was not mentioned in the interview; thus,
it is kept as point of investigation for Committee-II.

63 | P a g e

levels, and fix their values in the purchasing contracts. It should be noted that different classes
of nonconformities might require different values of AQL as per ISO 2859-1:1999 (E). Hence,
it is also the duty of these committees to define nonconformities class A, B, and the critical
ones, and define their AQL respectively.
Inclusion of nonconforming items – In light of what ISO 2859-1:1999 (E) mentioned, a clause
should be added to all purchasing contracts and agreements stating that the suppliers are not
allowed to intentionally insert any nonconforming item(s) to the purchased lots regardless of
what AQL was agreed upon in the respective purchasing contracts.
Preferably the FAT sampling plans should be spaced away from SP annual inspections, in order
to have audits distributed over the year.
5.2.2 Procedures of Tests
It can be noticed from the empirics that there were different test practices performed at different
stages of the processes; however, these practices need to be incorporated into a grand plan that
is clarified and standardized, especially in terms accountability. Moreover, other possibilities
of different tests or inspection tools should be explored so that the Company may consider new
options and based on that modify its strategies, if necessary. In order to attend this issue, a
preliminary proposal of acceptance FAT and SAT was furnished. Certainly, more research
should be advanced by Committee-I.
Wood Poles – Test Procedures
As it was mentioned in the RQ1, inspection and tests procedures are quite interconnected with
the requirements and criteria thus, they were furnished together and explained in details in
Table A9.
Fibreglass Poles (FRP) – Test Procedures
FRP Poles – FAT
In their 16th edition of their Composites Handbook, Scott Bader Company Limited (2005)
explained the inspections techniques that can be conducted on FRP on every stage of the
manufacturing process, which should include not only the materials but also the fabrication
itself. Those inspection tests were 1) visual inspections, 2) mechanical tests, 3) test of resin-toglass ration, 4) curing degree test, 5) variable control, and 6) chemical test. Following is a
description of these techniques (test methods) along with some comments and suggestions.
Visual Inspection – this test is intended to inspect general appearance and spot visual
imperfections, such as entrapment of bubbles on the surface, to assess any shrinkage or
distortion, and to verify whether the pole meets the intended class dimensions (Scott
Bader Company Limited, 2005). Naturally, checking the dimensions (length, diameter,
and thickness) should be performed by means of using measuring instruments such as
calliper and measuring device (whether digital or analogue). This inspection is
performed on 100% of the poles and should remain as such.
Mechanical Tests – intended to test the properties of the laminate; those tests
incorporate special test settings and instruments, generally, they are destructive tests
and might be conducted (or audited) by a third party. The considered characteristics are
the ultimate tensile strength, bending strength, bending modulus, etc. These properties
should be considered collectively, for example, if one increases the content of glass
compared to that of resin, the laminate will have higher tensile strength, but will be
brittle; hence, a minimum thickness and resin-to-glass ration should be maintained
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(Scott Bader Company Limited, 2005). Table A9-2 furnishes a proposal of the
mechanical test that can be applied on FRP poles as FAT procedure with no particular
sequence since they might be repeated and overlapped until certain features are
optimized. Certainly, results of these tests should be documented to serve as a reference
value and criteria of acceptance afterwards.
Test of Resin-to-glass Ration – this ration is of premium importance as explained
earlier and can be easily tested as follows:
Test method – A specimen of one square centimetre of the laminate is weighed,
then it is turned into ashes by burning it in a crucible over a Bunsen burner then
once it is cooled, the inspector weighs the resulting glass (Scott Bader Company
Limited, 2005).
Frequency – The test should be performed a) each time the manufacturing
process of the supplier or his sub-suppliers is changed in such a way that might
influence pole or resin characteristics (geometrical or chemical), b) each time
the sub-supplier of the raw material or the raw material itself is changed, c) as
per recommendations of Committee-II.
Curing Degree Test – The most common and practical test to spot under-cured areas
is by measuring the surface hardness degree by means of using a durometer (Scott
Bader Company Limited, 2005), such as Barcol Impressor (Figure A11- 1- 1) or Shore
Durometer Type D (Figure A11-1-2).
Variable control – Scott Bader Company Limited (2005) noted that there are different
variables that need to be regularly inspected and controlled in order to keep the
variability in the poles structure at minimum; for example:


Resin content variation control – as explained in Appendix A12-3 the
preparation of the resin mixture should be performed with ultimate care; this
includes using the proper proportions of the proper substances at the proper
timing, which might take place at the supplier of the raw material or directly
before the fabrication; hence, proper quality control measures should be
applied; refer to Chemical Test paragraph hereunder.



Gel-time monitoring – giving the gelatine phase extra time may result in
evaporating the Styrene which leads to under-curing.



Ambient temperature and ventilation control – The ideal temperature range
that should be maintained during the fabrication is [17 to 23 °C];
additionally, proper ventilation is a must as stipulated by EU REACH and
European UP/VE Resin Association (refer to the note of Styrene toxicity in
Appendix A12-4); furthermore, draughts should also be minimized as they
cause loss of Styrene.

Chemical Test – these type of tests might be carried out by the sub-supplier of raw
material, the supplier himself or an independent third party, much like what SP does at
the Wood Pole Supplier’s facility, as they take samples from the raw materials used in
the impregnation process and inspect them; also, SP checks the concentration levels
and whether they conform to the reference values (refer to chapter 4). Following are
some proposals:
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Professional lab tests – Bearing in mind that the preparation15 of the resin is
quite delicate and involves several steps, some of which should take place
at the FRP Pole Supplier’s facility and some might or should be performed
previously by the sub-supplier of raw material; additionally, some
ingredients might be toxic in certain contexts, as explained in
Appendix A12-4. Thus, it is ineluctable that the FRP Pole Supplier should
perform such tests in his facility or at third-party test labs. That is especially
true since it isn’t known whether the FRP Pole Supplier blends the
promoter, the monomer and the pigment by himself, or they are bought
mixed by the sub-supplier of raw material.



Raman spectroscopy – Skrifvars et al. (2004) proposed monitoring the
curing process of the UP and VE resins, containing 50-70% of glass fibre
mat, using a Raman spectroscopy equipped with a remote (2 m) fibre-optic.
This is applicable to The FRP Pole Supplier’s products as they contain 55%
of fibreglass according to their handbook. However, it should be noted as
advanced by Skrifvars et al. (2004) that heavily coloured pigments might
create some fluorescent problems in the spectroscopy.



Raman handheld scanners – There are handheld scanners that can identify
the raw material, built on Raman spectroscopy technology. By using such
devices, it might be possible for The FRP Pole Supplier to ensure
consistently that they have the right raw materials, which is essential for the
fabrication of resin, as discussed in Appendix A12-3.



Colouring – Scott Bader Company Limited (2005) proposed incorporating
either a colour change mechanism when the catalyst is added, or catalysts
which contain coloured dyes, in order to monitor the uniformity of the
catalyst dispersion.

Frequency – Chemical tests should be performed a) each time the manufacturing
process of the supplier or his sub-suppliers is changed in such a way that might
influence pole or resin characteristics, b) each time the supplier or the sub-supplier of
raw material is changed, c) as per recommendations of Committee-II; for instance, the
committee should specify whether some or all these tests should be applied and their
frequencies.
Variability – Calibration of the in-house instruments should be controlled, preferably by a
third party, same as what the Wood Pole Supplier does. Also, the variability of the test
conductors should be addressed in the contractual agreement with the supplier. For instance,
all test conductors should be trained, examined and certified (if necessary) in order to minimize
their performance variability as much as possible.
FRP Poles – SAT
The most practical inspections to perform on-site, according to Rigby (2008), are the visual
inspection combined with a tap test; whereas the visual inspection is intended to verify whether
the pole has the required class (length and diameter at the tip and butt end) and to spot any
visual damage to the UV protection PE layer or to the pole structure, because of pole handling
or manufacturing defectives (more details were explained in FRP – FAT section.) While the
tap test intended to inspect suspicious areas found by the visual inspection; that is because it
It should be noted that, as mentioned in section 4, the author of this paper was not able to educate
himself about the supplier’s mixture process, nor about the used components.
15
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might be time-consuming if the inspector (Committee-II) is willing to check large areas. This
simple, yet effective, inspection is widely used in many FRP applications, such as in marine
and aerospace application, as Rigby (2008) stated. The inspector taps on the pole by a metal
object; for instance, a coin; then, the emitted sound pitch should be compared suspected and
normal (non-suspected) area. In the case of an existing surface fibre problem, such as
delamination, the pitch of the sound will be lower in contrast to that of a healthy area. If no
difference was found in the pitch, then no repair is needed (unless the paint needed some
treatment).
Additionally, all quality certificates, of the FRP Pole Supplier and his sub-suppliers of raw
material, should be revisited with each delivery (or on periodical basis) in order to make sure
that they are valid during the purchase process.
Steel Poles – Test Procedures
Steel Poles – FAT
Possible tests, along with their frequencies, for steel poles were furnished in Table A9-3. Most
of these tests could be conducted as a FAT and SAT procedure, provided that the instruments
were available, and the members of Committee-II had proper training on the corresponding
procedures. Collectively, these tests serve in fulfilling the principal following inspections:
-

Welding quality – components, existence of nonconformities, shape, and form
Steel grade and quality (for the pole elements, joints, fasteners, bolts)
Corrosion’s impact (thickness) and frequency (requires visual inspection)
Galvanization thickness
Tolerances
Assembly
Operationality (load withstanding capability)

Steel Poles – SAT
Possible acceptance tests that could be conducted on-site on steel poles are gathered hereunder.
-

-

-

-

Physical inventory and control of the packing list according to the list in possession of
Committee-II.
Visual inspection for surface finish nonconformities such as slag, weld spatter, scale,
cracks, rust, cavities, and gaps etc. as stipulated by the VTR5 (2013), that is because
they might lead to reducing the strength and serviceability or to detrimentally affecting
the suitability of the material.
Most of the tests mentioned in Table A9-3 can be applied. Thus, Committee-II should
decide which test(s) to choose in order to inspect the quality of steel, weld,
galvanization, corrosion and tolerances.
The VTR5 (2013) required certain tolerances to be checked, such as the linear and
angular permissible deviations for welded structures, and tolerances of bolted
connections. It should be noted that ultrasonic test could be applied to perform
tolerances inspections, refer to Figures A7-2-4 and A7-2-5.
All related quality certificates, of the Steel Pole Supplier, should be revised with each
delivery (or on periodical basis) in order to make sure that they are valid during the
purchase process (ISO, 2015).

Comments – Steel Tests
It should be noted that the Steel Pole Supplier may or may not conduct most of the tests in
Table A9- 3.
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All of the necessary instruments to perform the acceptance tests, furnished in Table A7-2, are
presumably available at the Steel Pole Supplier’s premises; however, the Company might need
to purchase all or some of these instruments in order to perform FAT and SAT at its
convenience.
As explained in section 4.2.1, the Company16 designed the steel poles and is responsible for
designing the acceptance inspections and tests’ methods, in addition to the corresponding
sampling plan for those poles’ families, and not the Steel Pole Supplier; hence, it is evident
how important for the Company to build all the necessary mathematical models, which can be
used to perform the required structural analysis and simulations in order to optimize the design
of the poles so that they can withstand the corresponding load cases in the different contexts.
This initial step is essential in reducing the need for the destructive tests. Certainly, those
simulations should be re-run as per the requirements of IEC 60652:2002 and the
recommendations of Committee-II. It should be noted that the VTR5 required the contractor to
submit a list of documents related to poles’ calculations, which should contain 3D models;
however, there is no clear indication, in the VTR5, about the need to repeat the simulation tests,
when necessary.
Radiographic inspection might be more useful for tubular steel poles, especially on-site; hence,
feasibility of possessing such equipment, from the point of view of the Company might be
questionable; other possible options to perform this test as a SAT would be either by leasing
the equipment, if possible, or by binding the Steel Pole Supplier to provide this equipment onsite for the purpose of SAT.
The VTR5 (2013) stipulated many requirements with respect to the fabrication process;
although this might not be a direct part of FAT, it should be wise to check, whether the Steel
Pole Supplier has changed the agreed upon manufacturing processes in any way that does not
meet the requirements of the Company.

5.3 Third Research Question – Process Improvement and Sustainable
Solution
In order to develop the process of acceptance and the related quality characteristics and
acceptance criteria, and in order to keep them updated to encompass a) feedbacks coming from
practicing the acceptance tests, b) the revisions and the annulations of certain standards, and c)
any unforeseen changes; the best solution might be to use a dynamic analysis tool that is able
to manage the change methodically. FMEA is an analysis method that can be applied as a
qualitative or quantitative tool at any phase of any project including the initiation phase as
advanced by Brook (2010); also, it is a living document that is continuously revisited and
applied, as argued by Bergman & Klefsjö (2010). For all these reasons, FMEA can be a useful
tool to tackle the third question of this thesis. As Brook (2010) mentioned, to benefit from
FMEA the most, a cross-functional team should be formed in order to devise the most relevant
action plans that are able to tackle the probable failures and their associated causes and
consequences, and subsequently manage their risks. Hence, it is apparent that Committee-II (s)
might be the most appropriate responsible authority to handle such duty. In this thesis, it was
not possible to form such team; however, a very basic qualitative example is furnished
hereunder, in which some potential failure modes and effects were addressed, and
recommended action plans were devised accordingly. It should be noted that a quantitative
16

The design was developed by the Company’s engineers but building the mathematical models (3D
computer model) was outsourced to a contractor.
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FMEA, in essence, requires justified estimation of severity, occurrence, and detection in order
to reduce the negative consequences or rule out the failures; refer to Figure 16.
-

-

-

-

-

-

-

-

17

A member of Committee-II cannot be present at the time of the receipt of poles  He
should authorize, in advance, someone else to perform his tasks on his behalf as long
as the authorized person has proper training and knowledge.
Wood poles are delivered late in the night  the contract with the supplier should
stipulate that the handovers should only be performed within the normal working hours,
and delivery of poles outside those hours does not entitle the supplier to get the approval
of the receipt nor give him the right to demand his dues.
The supplier wishes to instruct the delivery men to take sufficient photos of the poles
as a proof of the delivery  This is accepted, but that does not replace the proper
handover. As handovers should take place directly after the receipt within a maximum
of 5 days as stipulated by the Framework Agreement.
The Company wishes to contract a third party to perform sampling, FAT or SAT 
The third party should be 1) fully qualified and trained for the purpose 2) tested by the
Company, and 3) accountable for not spotting the defectives by means of a binding
contract; additionally, the Company should randomly audit the third party’s work.
The FRP Pole Supplier is going to change the fabrication process, the design of poles,
raw material sub-supplier or raw materials in any way that might change the
characteristics of the poles  The contract with the supplier should bind the supplier
to inform Committee-II beforehand and Committee-II should meet and decides the
action plan accordingly.
With relation to the quality characteristics and acceptance criteria related to FRP utility
poles. Committee-II should create an action plan to build reference values to be
developed, in a further step, into quality characteristics and related acceptance criteria.
Once a relevant standard is published, the criteria might be altered or modified
accordingly. In research question one, some suggestions were proposed and they can
serve as a starting point.
The supplier is not able to implement statistical quality control over his production in
the short-run– in order to assess the capability of the processes17 (section 2.7.1) 
Committee-II should investigate and analyse the special, common, and root causes of
the most important defectives to the best of their ability. The following proposal might
be adopted as a preliminary action plan: Committee-II should try to organize a meeting
(series of meetings, if needed) with all of the supplier’s staff, who can provide factual
information concerning a) the most common and important defectives, which were
encountered in the past period, and b) what course of actions, regarding those
defectives, was taken? Then, the meeting should focus on the following issues: a) what
direct (and maybe as well as indirect) causes were behind those defectives? b) How can
they be prevented or reduced? And c) what action plan should be formulated
accordingly? Additionally, follow-up meetings should be scheduled on a periodical
basis in this action plan, in order to revise the action plan and to update it.
There are no concrete acceptance criteria for the optimal pressure data (value and
duration of application) in the wood impregnation process, because they depend on
many factors  Following is a preliminary proposed action plan. Data of pressure,
along with the resulting penetration and retention data, should be analysed over a period
of time in order to observe a) how consistent the pressure data were? b) How good the
resulting values of penetration and retention were? And c) to what degree the pressure

For example, in the wood poles, penetration and retention; in the FRP poles, curing degree,
dimensions; in the steel poles, the galvanization and the dimension, etc.
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-

-

data were in congruence with the recommendations mentioned in Table A9-1. If
Committee-II found a concrete correlation between certain pressure data and good
results of penetration and retention, then these values of pressure data could be
considered as probable acceptance criteria to be tested, adjusted and followed
thereafter. However, it should be noted that:
 This procedure should be repeated in case substantial change occurred to the
process or to the raw materials.
 Since the Wood Pole Supplier has a problem with the traceability of the batches
and in case this procedure could not be applied to the past data, then this action
plan should be applied on new batches, provided that suitable measures are
taken to overcome the traceability issue.
Improper size of hoods or hats for wood poles causes serious problems The proposed
action is to ask the Wood Pole Supplier to provide proper size of hoods and hats along
with the poles, instead of letting the contractor to outsmart this problem temporarily onsite and cause costly problems afterwards.
The FRP Pole Supplier does not keep a log file where the reclassification events of
poles, which did not conform to a certain class, are registered; and no information is
available regarding the frequency or the causes of such events; hence, it is quite difficult
to be certain of the root causes. It is assumed that the causes might have been due to
trivial instances such as a worker who didn’t pay enough attention and an excessive
winding of the FRP matrix took place, or more serious causes have taken place such as
a problem in the concentrations, proportions or the blending degree of the raw material,
etc. The proposed course of action is to let Committee-II investigate the situation
more and based on the results, a new sampling plan should be devised accordingly.

5.4 Fourth Research Question – Quality Control Process
In order to turn the current quality practices into a quality control process; it is not only
important to recommend that the suppliers implement statistical quality control, but also the
overarching purchase process should be tackled as well. That is because there is some sort of
partnership between the Company and its suppliers as a consequence of the purchase process
and the associated contractual agreement, named Framework Agreement. This intricate
relationship necessitates a higher level of communication and trust among the involved
stakeholders. Reengineering the process can result in a smoother process flow, as suggested by
Cronemyr (2014). Hence, in the annexed current purchase process map (Figure A3-1-1), the
external players; i.e. the suppliers and the contractors were included as if they were internal
departments in the Company, based on the need to understand the process as a whole in a
systematic approach, as proposed by Cronemyr (2014), and subsequently to be able to pinpoint
the problems that are influencing the quality, from the perspective of the customer; i.e. the
Company; problem map is an “eye-opening experience” as contended by Montgomery (2013).
It was noted, in the empirics’ chapter, that it would be very beneficial to let each external player
perform his own process map and then, a more comprehensive map could be performed
collectively. Certainly, Committee-I should take the responsibility to urge the suppliers to
perform their own internal processes’ maps; nevertheless, that does not spare the upper
management from their crucial role in pushing the wheel of change; “process management sits
at the heart of a successful change programme.” Contended Oakland & Tanner (2007). The
proposed purchase process is composed of a main process (Figure A3-2-1), a support process
for FAT (Figure A3-2-2) and a support process SAT (Figure A3-2-3). Committee-I can use it
as a starting point for further development and improvement.
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5.4.1 General Instructions and Comments – Improved Purchase Process
As mentioned earlier, performing statistical quality control (SQC) gives both of the suppliers
and the Company the means to visualize the variability of the manufacturing process and to
pinpoint the special and common causes behind the variations (refer to 2.7.1). Once SQC is
deployed and the root causes are treated properly, Committee-I can initiate the modification of
the sampling plans accordingly. The proposed purchase process assumed that SQC can be
adopted, but similar to any change process, adoption of SQC might take a while and a serious
commitment from the upper management at both ends; i.e. the Company and its suppliers; as
proposed by Oakland & Tanner (2007). Hence, in the meanwhile, more systematic quality
control efforts should be exercised by the suppliers with the help and support from the
Company, since this is a “key to success” as suggested by Cali (1993). Therefore, Committee- I
should define possible intermediate steps that can be executed immediately and develop an
action plan accordingly; refer to the related proposed action plan in RQ3.
Not only the results of the rejected lots, but also those of the accepted ones should be analysed
and benchmarked with other competitors, in an effort to enhance the yield of the manufacturing
process (refer to Equation 3); that is especially true if a Six Sigma project is performed.
The number of nonconforming was used in the proposed process map; however, the number of
nonconformities can be used as well, should Committee-II find that possible and necessary.
Disposal of rejected items should be performed according to the instructions of Committee-I.
ISO 2859-1:1999 (E) mentioned different options such as scraping, sorting, reworking, or reevaluating against different criteria. Subsequently, the disposal output could be one of the
following: scrap, reworked items, and items under different classifications.
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6. Conclusions
This chapter concluded the thesis by summarizing the answers to the research questions, reflecting
upon thesis’ contribution and implications, and indicating potential areas for future research.

The thesis identified current and possible quality acceptance procedures; namely, Factory
Acceptance Test (FAT) and Site Acceptance Test (SAT) regarding utility poles. Only three
types of poles were chosen for the purpose; namely, timber, fiberglass (FRP) and steel poles.
The aim of the study was divided into four research questions; then, these questions were
approached in parallel and sequence.

6.1 Summary of the Research Questions’ Results.
RQ1 – What specific quality characteristics are examined (or can be examined) in the
wood, fibreglass, and steel utility poles before acceptance at the supplier’s end and onsite; and what acceptance criteria are used (or can be used) in order to examine those
characteristics?
This question investigated the quality characteristics that should be controlled during the
manufacturing process and on-site upon receipt of the products, in addition to the current and
possible criteria that are used to sentence the samples. Thus, the literature, the adopted
standards, and the perspectives of the customer, the Company, the three producers, other
manufacturers and the Technical Research Institute of Sweden (SP) were all investigated.
In the case of the wood poles, the characteristics, criteria, test methods, and procedures of FAT
and SAT were all furnished in one table. It was found that FAT can take place at various points
during the manufacturing process because of the nature of the fabrication; for example,
moisture content test shall be performed before impregnation and at different stages of the
fabrication process.
In the case of the FRP poles, no current standard regarding the quality characteristics or the
acceptance criteria of FRP utility poles was found. Thus, a recommendation was given about
forming a responsible authority, named Committee-II, accountable for devising an action plan
to build reference values taken from the controlled manufacturing processes, tests, and
calculations. Also, some quality characteristics and acceptance criteria; in addition to the most
common defectives, were searched and furnished. It was noted that SP does not inspect the raw
material used in the fabrication of the FRP poles, same as it does with the material used for the
impregnation of the wood poles.
In the case of the steel poles, it was found that the Company developed an elaborated document
where quality characteristics and acceptance criteria were furnished with relation to all types
of poles especially the steel ones, and it is used as part of the Framework Agreements with the
suppliers. For instance, different quality characteristics and criteria were stipulated concerning
the fabrication process of the steel poles, the galvanization’s thickness, the weld condition, etc.
RQ2 – What acceptance inspections and tests’ methods are conducted (or can be
practically conducted) on wood, fibreglass and steel utility poles at the supplier’s end and
on-site?
This question searched two issues; firstly, the procedure of acceptance sampling, which is
currently applied by the Company and how it can be developed; secondly, the currently applied
acceptance tests and what possible tests could also be applied in practice.
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The Company’s literature and agreements were based on established standards of sampling
such as the ISO 2859-1; however, the sampling plans for the three types of poles lacked certain
important details such as the inspection level; in addition, there was an oversight in selecting a
non-standard value of the Acceptance Quality Limit (AQL = 3%); furthermore, all classes of
nonconformities were treated as equals. Through a practical example. It was found that for
small lot sizes, smaller values of AQL do not always produce more rigorous inspection
procedure; at the same time, that would be unfair for the producer, as the percent of lots
expected to be accepted Pa was reduced considerably. The example yielded four special
sampling plans and favoured a bigger value of AQL than that used by the Company but on par
with the chosen value by SP (6.5%), for small lot sizes.
Accountability of designing and executing the sampling plans, tests, updates, etc. was tackled,
and two cross-functional committees formed of the concerned stakeholders were suggested;
Committee-I should be responsible for the planning and designing and composed solely of the
Company’s staff; while Committee-II is responsible for the execution and formed from
members of different parties.
In the case of the wood poles, the contractors sentence the nonconformities, and poles’ receipt
was not immediate upon delivery. An analysis of a sample of penetration defectives revealed
that the percent nonconforming was higher than the adopted value of AQL. Thus, the sampling
was not in compliance with the ISO standard. However, the supplier was performing a 100%
inspection on the submitted poles. In order to measure the quality level and to improve it in a
methodological fashion, a Six Sigma project was proposed. In the case of the FRP poles, the
visual inspection was performed on all poles; in contrast, the hardness test, which reflects the
curing degree of the laminate, was not. Also, it was found that the nonconforming items were
reclassified without recording hence, no clear idea could be formed regarding the production’s
variability; however, conducted destructive tests established that the poles’ characteristics were
satisfactory. In the case of steel poles, the supplier provided information concerning the
adopted sampling procedures, which were close to 100% inspection.
A screening inspection (100%) on-site was suggested for steel and FRP poles since the
purchased quantities of these poles were usually too small. Nonconformities were classified,
for the three types of poles, and sampling plans were proposed accordingly. The proposed
sampling plans were single, normal severity with no switching rules, by attribute, and with an
inspection level II. The reason behind choosing a stricter inspection level was having
reasonably bigger sample sizes in contrast to what the adopted S-3 requires. Moreover, a 100%
inspection was proposed if lots were rejected. Additionally, it was stressed that sampling plans
should not replace the implementation of statistical quality control.
Most of the tests of wood poles were gathered from the standards and SP. Since little
information was available about inspection and tests’ methods and instruments regarding FRP
poles, a research was conducted in that regard. It was found that there are various inspections
that can be deployed such as chemical and spectroscopy tests, which target the curing degree,
resin-to-glass ration, uniformity of catalyst dispersion, etc. These tests are equally important as
the visual inspections, which spot visual nonconformities; or as the mechanical tests, used for
verifying the mechanical properties. The Steel Pole Supplier provided a document with the
different inspections’ tests, which are approved by the Company. All of the tests’ methods,
besides to some additional inspection instruments, were visited. As for the destructive tests, a
review was performed on different tests such as tests for vertical, horizontal, torsion loads; in
addition to combined forces and cyclic bending tests. Finally, it was noted that suppliers’
quality certificates should be revised more frequently in order to be sure of their validity and
the accreditation body during the purchase period.
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RQ3 – How can the process of acceptance, in general, and the acceptance criteria, in
particular, be updated continuously in order to obtain a sustainable solution?
In order to keep the quality characteristics, the acceptance criteria, and the inspections and
tests’ methods updated, the implementation of FMEA method was suggested. It was noted that
FMEA method is used in Six Sigma projects in order to manage the risk of different failures
by devising proper action plans, also it can be used as a qualitative and quantitative tool at any
phase of any project; add to that, it is a live document that should be always revisited; however,
application of such method requires a cross-functional team of various stakeholders that are
able to collaborate with factual information and to put together reliable action plans; hence,
Committee-II was proposed to perform such duty. Since such team was not available under the
disposition of the thesis, a qualitative FMEA for some selected failures were furnished along
with proposed action plans. For instance, an action plan was proposed in case the suppliers
were unable to implement statistical quality control in the short-run.
RQ4 – How can the quality control practices be evolved into a quality control process?
It was found that in order to turn the current quality practices into a quality control process the
overarching purchase process should be tackled as well. Due to the fact that the suppliers and
the contractors could be viewed as parts of the Company because of the partnership created by
the Framework Agreements. The current process map (problem map) was plotted, in order to
scrutinize the problems that were affecting the quality in a systematic way; also, an improved
purchase process was proposed. The improved purchase process started with the customer’s
needs and ended with his satisfaction; the map contained the main purchase process and two
support processes one for FAT and the other for SAT.

6.2 Main Contributions
-

-

-

Re-contextualization of the concept of process mapping, as it was applied to different
organizations in the supply chain management as if they were one entity due to the
existing form of backward integration.
Exploring different acceptance criteria, test methods and inspection instruments for
acceptance of three types of utility poles; namely, wood, fibreglass, and steel, in the
supplier’s factory (FAT) and on-site (SAT).
Proposing improved procedures for FAT and SAT for the three types of utility poles.
Proposing modified sampling plans for the three types of utility poles.

6.3 Managerial Implications
The thesis had touched the importance of raising the awareness of Process management not
only within the organization itself but also on a more comprehensive level; that is especially
true if the organization has a backward strategic alliance with its suppliers and contractors.
Without a doubt reaching such maturity level requires utmost support and commitment from
the top managerial level as well as empowerment of the employees and their active
involvement throughout the organization.

6.4 Future Research
This thesis studied many intertwined issues; thus, future research might be dedicated to
investigating more detailed sub-topics. Hereunder are few examples of possible investigations.
-

Verification of the results of the thesis by conducting a pilot project
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-

-

3D computer modelling of FRP utility poles that have variable section diameters and
thicknesses in order to simulate poles’ mechanical properties and performance against
various load cases.
Can internal decay co-exist with insufficient impregnation of utility poles?
Implementing cyclic bending test on various utility poles; additionally, implementing
the cyclic loading along with other combined forces on various utility poles.
Backward quality management at the supplier’s end underneath supply chain
management.

6.5 Final words
Beyond a shadow of a doubt, this thesis was a bit of an adventurous ride that took me into
unexpected places; however, it was also a rewarding opportunity that let me get in touch with
great people responsible for pushing the wheel of the Swedish industry forward.
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A1- Interview Questions
Following are the standard interview questions, which were sent to the Company, the three
suppliers, and SP after being slightly customized accordingly.
1. What tests/inspection/measurements do you conduct on the chosen set of poles by the
Company?
2. Why do you apply those certain “tests” for those certain poles? Is it according to a
specific standard or to an in-house study? Kindly clarify how did you choose those
tests?
3. What are the factors/forces the poles shall be able to withstand?
4. What are the maximum/minimum values of those considered forces or their
combinations?
5. How do you perform each test? (kindly answer the following detailed questions)
a. What test settings do you use?
b. How do you document the results?
c. What test instruments do you use?
d. Why do you use those certain instruments for those certain tests?
e. What are the specification limits per pole characteristics and per test?
f. Why are you using those certain specification limits, are they derived from a
certain standard? If yes, what is this standard? If they are calculated according
to an in-house study, then, kindly provide the details of this study.
g. How do you deal with the poles when their specifications are out of the
specification limits?
h. How do you deal with the variability of the test conductor?
i. How do you deal with the variability of the test instrument?
j. What is the calibration frequency of the test instrument, and how it is calibrated?
k. What are the used sampling plans and techniques?
6. Do you monitor the manufacturing process capability? Do you examine whether the
manufacturing process is in control by means of drawing averages-chart, standard
deviations-charts or individual-charts, etc. for the critical measurements periodically?
If yes, we would like to have those charts and the process sigma?
7. Do you use finite element analysis (FEA) software to validate the strength of the set of
poles used by the Company? We would like to have the geometric drawings of the set
of poles in “.igs” format; in addition to the analysis of the forces’ effects on the poles.

A2- Survey Questions

A3- The Company’s Data
A3-1 Problem Map

Figure A3-1-1. Problem Map (Swim Lane Chart) – The Company

A3-2 Proposed Improved Purchase Process

Customer Order
PoD

Figure A3-2-1. Proposed Improved Purchase Process - Main Process

Pole
Manufactured
and stored

Figure A3-2-2. Proposed Improved Purchase Process - Support Process - FAT

Figure A3-2-3. Proposed Improved Purchase Process - Support Process - SAT

A3-3. Adopted Standards
Table A3-3-1. Adopted Standards for Quality Characteristics and Acceptance Criteria of Utility Poles

Material
Wood
Fibreglass

Steel

Specification
 EBR IN063: 2005,
 SS-EN 14229:2010
 SS-EN 50423:2013
 CE Marking (for wood poles only)
 AWPA (for wood poles only)
 SS-EN 50341-3-18:2013
 CE Marking

Sampling and Inspection



EN 351-2:2007(E)
ISO 2859-1:1999 (E) and SS 02 01 30:1980





EN 351-2:2007(E)
ISO 2859-1:1999 (E) and SS 02 01 30:1980
BSK or SS-EN 1993-1-1 and NAD(S)

Source: adapted from the Company’s literature (VTR5 and Framework Agreement)
Table A3-3-2. Adopted Standards for Acceptance Sampling

#

Standard

Comments

ISO 2859-1:1999 (E)

Standard for sampling schemes indexed by AQL for lot-by-lot inspection by attribute; the standard is
discussed in the Frame of Reference.

2

SS-EN 351-2:2007

This standard is a guidance on sampling for the analysis of preservative-treated wood. Article 5, 6 are
guidelines for the selection of sampling units from batches and selection of test samples from sampling
units; Also, it has an Annex A, where it discusses AQL, inspection level and provides two tables where
it furnishes the number of samples to be taken and Ac as per inspection levels II and S-3.

3

SS 02 01 30:1980

Swedish standard sampling procedures and tables for inspection by attributes, based on ISO 2859.

4

NWPC Document No 1:2013

The standard used by the Wood Pole Supplier; it discusses the Nordic requirements for quality control
of preservative-treated wood. Clause 10.3 discusses the sampling and furnishes a table for lot sizes. It is
clearly based on the standard ISO 2859-1:1999 (E), using inspection level S-3.

1

Source: adapted from the interviews at the Company and from its literature

A4- Standards’ Data
A4-1 Load Cases
Table A4-1. Applicable Load Cases in Sweden
Load case No.
Wind Load
Ice Load
1

Extreme

Null

2a

Null

Uniform

3

Normal

Uniform

5a

-

-

Source: SS-EN 50423:2013

Comment
This load case should be used for all supports except
natural grown timber poles and poles for overhead
insulated cables.
Uniform ice loads on all spans – this load case
should not be used for poles carrying overhead
insulated cables.
Combined – uniform ice load at normal wind
Security loads, torsional loads – this load case
should not be used for poles carrying overhead
insulated cables.

A4-2 Potential Defectives in Wood Poles

Figure A4-2-1. Crack

Cracks are caused by internal
strains resulting from unequal
longitudinal shrinkage, or the
fibres being crinkled by
external forces.

Figure A4-2-2. Knot
Figure A4-2-3. knothole
A portion of a branch embedded in
wood

Figure A4-2-6. Rind Gall

Surface wound that has been
partially enclosed by the
growth of a tree

Figure A4-2-7. Shakes

Figure A4-2-4. Bark Figure A4-2-5.
Pocket
Fissures

A bark that is partly
or wholly enclosed
in the wood.

A5- The Wood Pole Supplier – Data
Table A5-1. The Wood Pole Supplier – Acceptance Inspections and Tests
Quality
Characteristics
Purpose of test
Moisture content
Measure the moisture content [w/w] in the
sapwood.
It is critical for how well the preservative
penetrates the sapwood. As ensuring that the
sapwood is fully penetrated with wood
preservative enables the company to guarantee the
lifetime of the product.
Penetration
Measure the percentage of penetration of the
preservative in the sapwood and the length of the
missing part of the sapwood (defective part)
Retention of creosote

Measure the average retention
preservative in kg/m3 in the sapwood

Copper Concentration

Measure the copper concentration

value

Test Tools
Moisture Meter

Test Method
- Direct measuring by inserting the 4 cm pins of the apparatus into
the sapwood, whose thickness distribution is between 25 and
35mm. The pins should be inserted until the instrument cannot
read the measurements anymore because at the point the pins
should have reached the heartwood.
-Results are recorded in the batch report

-Suitable
solution
-calliper

reagent Samples are bored then a suitable reagent. A visual examination
of the bores is conducted and the defective part is measured with
a calliper then results are recorded in the ledger and the batch
report.
of Lab equipment
-Chemical Analysis of a mixed sample of fully penetrated
sapwood.
-Results are recorded in the Impregnation batch report.
Lab equipment provided -Sometimes Chemical Analysis to the preservative in the tank
by the sub-supplier of provided by the sub-supplier.
the preservative
-Results are recorded in the copper concentration batch report

Table A5-2. The Wood Pole Supplier - Criteria








The poles moisture content may not exceed 28 % w/w
The penetration requirement is 100 % penetration of the sapwood
Creosote of type WEI B requires 110 kg/m3 sapwood for NTR A
Creosote of type WEI C requires 100 kg/m3 sapwood for NTR A
Copper agent Wolmanit CX 8 requires a concentration of 4,5 % to obtain 18 kg/m3 sapwood for NTR A
Copper agent Tanalith E7 requires a concentration of 3,9 % to obtain 16 kg/m3 sapwood for NTR A

Sampling technique (m, n, frequency)
Standard
Samples are taken from every batch, ten NWPC
samples in a batch
Document
Frequency (timing)
3:2013
-before treatment, in peeling station
- during treatment

Samples are taken from every NTR
controlled batch, 20 bores from each batch
unless poles are 16m or longer; then
penetration test is performed on each pole.
Once a week boring samples are also taken
to ensure correct retention of creosote

NWPC
Document
3:2013

No

No

AWPA
Standard A6-97

Continuously, each time the preservative is AWPA
poured into the tanks (SP measure the Standard
concentration twice a year as well)

A6- The FRP Pole Supplier Data
A6-1. FRP Poles - General Specifications

Figure A6-1-2. A Section of the FRP
Figure A6-1-1. The FRP Pole Diameter Inspection Points Pole
Source: Observation at the FRP Pole Supplier’s facility
Source: FRP Pole Supplier (2014)

Figure A6-1-4. Operating Loads of FRP
Pole
Source: FRP Pole Supplier (2014)

Figure A6-1-3. The FRP Pole G12 Details
Source: adapted from FRP Pole Supplier (2014)

The load capacities of the supplier’s
FRP poles are equals to those of the
wood poles, categorized per EBR
classification

A6-2. FRP Poles – Destructive Tests
As per the published material of the FRP Pole Supplier, the following tests were performed by
the supplier:
Tests # 1 – Horizontal (bending) load to failure on four poles of class G on 10/2013,
and on two poles of class S+2 on 04/2014; all poles were 13m in length. Figures A6-29 through A6-2-11 depict a comparison between the tests’ arrangements conducted by
the supplier and that of the standard SS-EN 14229:2010.
Tests # 2 – Vertical (buckling) tests to find the maximum vertical load the poles can
withstand. The tests were performed on two poles of class G on 10/2013, and on three
poles, class S+2 on 04/2014; all poles were 13m in length. Figures A6-2-1 through A62-8 depict a comparison between the tests’ arrangements conducted by the supplier and
that of a comparative study performed by Dartfeldt (2015); a study that compared
different types of poles; namely wood, steel, FRP, and veneer.
Tests # 3 – Three informal tests to find the best thickness for the laminate.
It should be noted that Tests # 1 and # 2 were attended by a third-party -not defined- but Tests
# 3 were not. The tests #1 and 2 intended to verify their previous estimations of the load
capacities of the poles while #3 intended to verify the optimal thickness of the different classes.
The following standards SS-EN 14229:2010 (E), SS-EN 50 341-1, SS-EN 50 341-3-18 and
SS-EN 50423 were used.
Vertical Test – The FRP Pole Supplier

Vertical Test – A Comparison Study

Figure A6-2-1. Schematic Layout of Vertical Load Figure A6-2-2. Schematic View of the
Test
Buckling Test
Source: FRP Pole Supplier (2014)
Source: Dartfeldt (2015) (Ls = 2 m)

Figure A6-2-3. Vertical Test – Deflection
Source: FRP Pole Supplier (2014)

Figure A6-2-4. Vertical Test and Fixture at Ls
Source: Dartfeldt (2015)

Vertical Test – The FRP Pole Supplier

Vertical Test – A Comparison Study

Figure A6-2-5. Vertical Test – Pole Tip End and Figure A6-2-6. Vertical Test – Pole Tip End
the Hydraulic Pump
and the Hydraulic Pump
Source: FRP Pole Supplier (2014)
Source: Dartfeldt (2015)

Figure A6-2-7. Vertical Test – Pole’s Butt End and Figure A6-2-8. Vertical Test – Pole’s Butt End
the Hinge.
Fixture at Ls
Source: FRP Pole Supplier (2014)
Source: Dartfeldt (2015)
Horizontal Test – The FRP Pole Supplier

Horizontal Test – Standards

Figure A6-2-9. Horizontal Test – Fixation
Source: FRP Pole Supplier (2014)

Figure A6-2-11. Horizontal Test – Deflection
Source: FRP Pole Supplier (2014)

Figure A6-2-10. Horizontal Test – Typical
Bending Test Arrangement
Source: SS-EN 14229:2010

The chosen classes of poles, namely, G and S+2, are frequently used in the distribution grid,
and the supplier used the following material factors18 (γm=1.4, γn= 1.3, γd= 1.1; γtot=2) as
18

As per Norosk Standard (N-004, Rev. 2:2004) and (N-001, Rev. 4:2004), γM = γm ⋅ γn ⋅ γd, whereas:
 γM: The resulting material factor; For steel structure, it is 1.15 and for aluminium 1.2; (The FRP
Pole Supplier calls it γ = 2).
 γm: Material factor that considers uncertainties in material properties – the possibility that the
strength of the sample may deviate from the characteristic values; (The FRP Pole Supplier call
it γM = 1,4).
 γn: Material factor that considers the consequence of failure – the possibility of local strength
changes in the structure caused by the construction process; (The FRP Pole Supplier calls it γF
= 1,3).

opposed to (γm=1.6, γn= 1.3, γd= 1.1; γtot=2.4) used for timber; that is because the fabrication
of FRP should yield to fewer uncertainties in contrast to timber in terms of material properties.
Add to that, they took the value of γm=1.4 from the standard EN 13121-319. Table A6-2-1
represented a summary of the most important findings of these tests, along with a comparison
with wood poles; also, it provided an idea about the party responsible for the values depicted
in the table, and the used equations. It should be noted that the loads, based on which
calculations in Table A6-2-1 comes from, are built from an analysis of load cases, which are
discussed in SS-EN 50423:2013. Applicable load cases in Sweden, per the mentioned standard,
are furnished in Table A3-3-1. Further explanations of the table are provided afterwards.
Table A6-2-1. Summary of The FRP Pole Supplier Tests on Poles

Pole
Type

#
1

FRP

2

Wood+
FRP

3

4
Wood

Description

6
7

Pole Length
Operating
Horizontal (H.)
Load
Modulus of
Elasticity
(timber20)
Total Safety Factor
for Timber - γtot

9
FRP
10

Material Safety
Factor γM (FRP)
Max H. Load at
Failure (Source:
test)
Safety Factor γtot

11

(FRP)



Unit

EBR Pole Class

The FRP
Pole
Supplier
EBR
(Figure A61-4)

A

EN
14229:2010

S+2

m

13

13

kN

4.5

7.8

G Pa

N-004

B

-

=AxB

10

2.4

2.4

kN

10.8

18.72

EBR

kN

10.44

18.7

EBR

m

1.050

0.78

kN

6.44

11.18

1.4

1.4

9.02

15.65

2

2

(Wood)

Dimensioning H.
Load (estimated)

8

Equations

G

Max H. Load at
Failure (calculated)
Max H. Load at
Failure
Deflection at the
Tip (per EBR)

5

Values as
per

The FRP
Pole
Supplier

C

EN 13121-3

=D/C

The FRP
Pole
Supplier
The FRP
Pole
Supplier

D

E

kN

γd: Material factor that considers model uncertainties – the possible inaccurate calculation of
the resistance, including the effect of dimensional tolerances; (The FRP Pole Supplier calls it
γn = 1,1).

EN13121-3 is a European standard, titled “GRP tanks and vessels for use above ground”.
It should be noted that although MOE for Pinus Sylvestris is only 8 kN/mm2, it is customary to use
that of Pinus Nigra (10 kN/mm2) in calculations as an additional safety measure.
19
20

#
12

13
14
15

16
17
18

Pole
Type

Description
Max H. Load at
Failure (calculated)
Operating
Buckling (Vertical
– V.) Load
(estimated)
γM (FRP)
Max Buckling
Load (calculated
w/ 2 m buried
pole)
Max Buckling
Load (estimated w/
full-length pole)
Max Buckling
Load at Failure
(test 4.3)
Modulus of
Elasticity (GRP)

20

Inner Diameter
(Standard)

22

23

24

Equations

Unit

EBR Pole Class
G

19

21

Values as
per

Average Actual
Deflection δ (From
The FRP Pole
Supplier Tests)
Average Actual
Slope (from The
FRP Pole Supplier
Tests)
Area Moment of
Inertia (I)
(Equation )
Deflection(δ),
using
Equation A10-2-1

S+2

The FRP
Pole
Supplier

=AxE

kN

9

15.6

The FRP
Pole
Supplier

F

kN

63.2

99.5

EN 13121-3

G

1.4

1.4

The FRP
Pole
Supplier

=FxG

kN

88.48

139.3

kN

71.24

112.64

kN

75.8
Pole
burst

154
didn't
burst

The FRP
Pole
Supplier
The FRP
Pole
Supplier
The FRP
Pole
Supplier
The FRP
Pole
Supplier

Note»
G Pa

19

mm

204

204

The FRP
Pole
Supplier

mm

2,445

2,655

The FRP
Pole
Supplier

degree

8,6

n/a

ANSI
C136.201990

x106 mm4

137

173

-

mm

1,267
2445mm
@
6.44 kN

25

Deflection(δ)

The FRP
Pole
Supplier

mm

26

Outer Diameter –
(actual diameter)

The FRP
Pole
Supplier

mm

1,741
1833mm
@
7.8 kN

3175mm
@
8,5 kN

3695mm
@
15,6 kN

273 266

289-266

#

Pole
Type

Description

Values as
per

Equations

Unit

EBR Pole Class
G

Max Torsion
The FRP
Capacity at 266
27
Pole
mm diameter
Supplier
(estimated)
Max Torsion
The FRP
Capacity at 214
28
Pole
mm diameter
Supplier
(estimated)
Source: adapted from the FRP Pole Supplier (2014)

S+2

MPa

80

80

MPa

110

110

Load cases – The loads, based on which calculations in Table A6-2-1 comes from, are built
from an analysis of the load cases, which are discussed in SS-EN 50423:2013. Applicable load
cases in Sweden, per the mentioned standard, are furnished in Appendix A4-1.
Maximum Loads at Failure – together with the operating loads are derived from the following
equation:
𝑭𝒃𝒓𝒐𝒕𝒕
𝑭𝒂𝒓𝒃𝒆𝒕𝒆 =
𝜸
Equation A6-2-1. Maximum Allowed Load
Source: FRP Pole Supplier (2014)

Where
Farbete:
Fbrott:
γ:

The allowed operating load
The load at which the pole might reach failure
Safety Factor (the FRP Pole Supplier is using a value of 1.4.)

Area Moment of Inertia – It is given by the equation Ix = ∫ y2 dA. Table A6-2-3 depicted the
two equations of I used by FRP Pole Supplier, in addition to some I for other standard shapes.
Table A6-2-2. Area Moment of Inertia for Different Shapes
#
Shape
Area Moment of Inertia
Comments
3
t: uniform thickness of
π. t. (R B − R A )
I=
the beam wall
R
R
−
R
R
Hollow
cross
6 ⌊2. ln (R B ) − B R A . (3 − R A )⌋
RA: radius till the
A
B
B
section
of
a
1
midpoint of the clamped
uniform tapered Equation A6-2-2. Hollow cross section of a
end.
uniform tapered beam.
beam
RB: radius till the
Source: FRP Pole Supplier (2014)
midpoint of the free end
I = π. t. R A . R2B
1´

2
3

FRP pole

Equation A6-2-3. I used by The FRP Pole
Supplier for Calculating the Slope ƟA.
Source: FRP Pole Supplier (2014)

πφ4
Solid
Circular
Ix =
cross
section
Φ – diameter
64
(Wood poles)
Equation A6-2-4. Solid Circular cross section
π
Hollow
Φin – Inner diameter
Ix =
(φ4 − φ4in )
64 out
Cylindrical Cross
Φout – Outer diameter
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Shape
Area Moment of Inertia
Section
(non- Equation A6-2-5. Hollow Cylindrical Cross
tapered FRP poles) Section

Comments

Vertical loads (V.) – they account for the buckling forces the pole might be subject to and
comes from the classic beam theory using Euler’s buckling for a cantilever – the pole has one
end that is fixed, the second is free, and it is not supported by stays. Appendix A10 provided
a concise explanation of how to use vertical loads in order to estimate the thickness of the pole
wall; in addition to an explanation of the vertical load test procedure.
Horizontal loads (H.) – they account for the transversal and longitudinal forces which subject
the pole to bending. Such loads result in deflection (δ) of the pole with a certain slope (Ɵ A).
Appendix A10 provided a concise explanation of how to use horizontal loads in order to
estimate the thickness of the pole wall is provided; in addition to an explanation of the test
procedure.
Compression Stress – It results from the vertical load for the longitudinal direction of the FRP
pole. Appendix A10 provided a description of its calculation. As it can be seen from
Table A6- 2-1, the maximum vertical load the supplier applied was in test 4.3 on the pole of
class S+2; its value was 154 kN, but the pole didn’t burst. The supplier estimated the maximum
value around 165 MPa, and by considering the safety factor γ of two, the allowed stress σallowed
= 82,42 MPa.

A7- The Steel Pole Supplier Data
A7-1 Quality Certificates
Table A7-1. The Steel Pole Supplier – Quality Certificates
#
Certificate
Expiry date

Quality
management
systems
Environmental management
2
system
Occupational health and
3
safety management systems
1

ISO 9001:2008
ISO
14001:2008

September
30th, 2018
September
30th, 2018

OHSAS 18001 October 2016

DIN 18800 7
Manufacturer's qualification
4
Level
for welding steel structures
“E”:2008
Hot-dip
Galvanization DASt
5
certificate
Guideline 022
Structural components and
6 kits for steel structures to EN 1090-2
EXC3
7 CE Marking
CE Marking
Management
Systems
Certification of Research,
8
NP 4457:2007
Development
and
Innovation (RDI)

Certifying body

AENOR
AENOR
AENOR

2011 (last time
n/a
validated)
Still valid

Institut
für
Oberflächentechnik

2017-08-26

DVS ZERT GmbH

n/a

n/a

n/a

AENOR

A7-2 ITP Tests and Inspections
Table A7-2. Steel Pole Supplier ITP Tests21

# Test

Diagram

Test Purpose

Welding quality (reveals
cracks on the surface). The
procedure is illustrated in
Figure A7-2-1. This test is
non-destructive and the
equipment is mobile; thus,
this test can be applied as a
FAT or SAT.

Dye
penetrant
inspection
1 sometimes
called liquid
penetration
inspection

Figure A7-2-1. Liquid Penetrant Inspection
Source: Amirkabir University of Technology
(2016)

2

Plates quality (reveals
cracks on the top or near the
surface). The specimen is
exposed to a magnetic
field, then a solution is
applied to the specimen. the ferromagnetic particles
in the solution gather on the
top of the crack, as depicted
in Figure A7- 2- 2. This test
is non-destructive, but the
equipment is not portable;
thus, this test can be
applied as a FAT or in the
labs.

Magnetic
Particle Test

Figure A7-2-2. Magnetic Particle Test
Source: Schwab (2014a)
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The Steel Pole Supplier did not provide details about the inspection techniques that are applied inside
his facility other than the names of the techniques; hence, the information in Table A7-2 might only be
considered as a basic and general explanation of the concepts of the techniques.

# Test

3

Diagram

Test Purpose

Welding Quality (detect
with high accuracy
welding defects, resulting
from stress, fatigue, etc.)
This inspection technique
can measure, size, the
position of the crack
within the weld. This test
is non-destructive and the
equipment is mobile; thus,
this test can be applied as a
FAT or SAT.

Radiographic
Inspection

Figure A7-2-3. X-Ray Welding Inspection
Source: JanX Rayscan (2013)

Figure A7-2-4. Ultrasonic Inspection
Source: Schwab (2014b)
To the Left, the Signal is Sent and no Defect is
Detected yet; To the Right, the Resulting
Graph on the Data Acquisition System.

4

Ultrasonic
Inspection

Figure A7-2-5. Ultrasonic Inspection
Source: Schwab (2014b)
To the Left, The Signal Is Sent and A Defect is
Detected; To the Right, The Resulting Defect
Echo on the Data Acquisition System

This inspection technique
can detect welding defects,
but with less accuracy than
the radiographic testing;
also, it can measure the size
and position of the cracks
within the material; in
addition, it can measure
material thickness and its
variations. Figure A7-2-4,
Figure A7-2-5 illustrate the
concept of this test. Figure
A7-2-6 and Figure A7-2-7
depict
two
ultrasonic
devices, that are capable after attaching the proper
transducersof
the
following functions:
 Detecting material pit,
and flaw; it can be used
for different materials
such as steel, common
metals, fibreglass, etc.
(It can perform Hi & Lo
inspection).
 Displaying
material
thickness value and
variation, numerically
and graphically, from
the top surface of the
material to the material

# Test

Diagram

Test Purpose
density boundary; also,
it can display the
coating thickness at the
same
time.
For
example, it can be used
for galvanization and
corrosion.
This test is non-destructive
and the equipment is
mobile; thus, this test can
Figure A7-2-6. Portable Flaw and Material
be applied as a FAT or
Thickness Detector
SAT.
Source: Elcometer Limited (2015)

Figure A7-2-7. Portable Galvanization Meter
Source: Elcometer Limited (2015)

5

Weld Profile
Gauge
Figure A7-2-8. Weld Profile Gauge
Source: Technical Piping (2015)

6

Hi, Lo
Gauge

Figure A7-2-9. Hi, Lo Gauge
Source: Technical Piping (2015)

Measuring welding fillet
or bevel angle or
misalignment. This test is
non-destructive and the
equipment is mobile; thus,
this test can be applied as a
FAT or SAT.
Measuring high-low pipe
thickness’ or bevel angle.
This test is non-destructive
and the equipment is
mobile; thus, this test can
be applied as a FAT or
SAT.

A8- Sampling Plans

Figure A8-1. Sample Size Code Letters
Source: ISO 2859-1:1999 (E)

Figure A8-2. Single Sampling Plans for Normal Inspections
Source: ISO 2859-1:1999 (E)

Figure A8-3. OC and Tabulated Values for Single Sampling Plans with Sample Size Code Letter C
Source: ISO 2859-1:1999 (E)

Figure 24. Sampling Plans for Sample Size Code Letter C
Source: adapted from Table 10-C-2 in ISO 2859-1:1999 (E)

Figure A8-6. Consumer's Risk Quality for Normal Inspection.
Source: adapted from Table 6-A in ISO 2859-1:1999 (E)

Figure A8-5. AOQL for Normal Inspection
Source: adapted from Table 8-A in ISO 2859-1:1999 (E)

Figure A8-7. Binominal Nomograph
Source: adapted from Montgomery (2013, p. 643)

Figure A8-8. Dodge-Romig Inspection Table for Single Sampling Plans for AOQL = 3%
Source: adapted from Montgomery (2013, p. 665)

A9- Acceptance Tests
Table A9-1. Wood Poles Proposed FAT and SAT

#

1

2

Test Name
(Quality Characteristics)

Wood Poles – Acceptance Criteria, Inspections, and Tests

Preferably should be pine, the scientific name is Pinus Sylvestris (PS) and the common names are "Scots fir", "Scotch fir", “Scots pine” or “Redwood”, according to Table 1 in
SS-EN 14229:2010, in addition to SS-EN 50341:2010 and clause 7.5 in SS-EN 50423:2013. The density of this type of trees should be as per annex B in SS-EN 14229:2010
Type of Tree Inspection
(E) is 460 kg/m3 at 0 % moisture content.
Proposed Procedure (SAT only)
Inspect documentation (invoice of purchase from the sub-supplier).
Different dimensions of poles are categorized according to different standards under different classes. The classes should be chosen according to a) the loads the pole should
withstand and b) the criticality of the line. Two different classes are commonly used, namely, annex A in SS-EN 14229:2010 (E) and EBR IN 063:2005.
SS-EN 14229:2010 stipulated unless declared otherwise by the manufacturer, the following conditions:
The size of the wood poles, is specified by:
1. The overall length,
2. The nominal diameter at 1,5 m from the butt and
3. The nominal diameter at the tip,
And that the permissible deviations should be:
1. Length: (-1 / +2) %;
Dimension of poles (length
2. Diameter: (-0 / +40) mm
and diameter)
Proposed Procedures (FAT & SAT)
1. Follow the sampling plan.
2. As per SS-EN 14229:2010, the length and diameter should be measured as follows:

a. Length by a tape measure.
b. Maximum and minimum diameters by a calliper
Note:
1) All measurements should be made when the wood pole is at or above fibre saturation point (fsp)22 when FAT is performed.
2) If one or both ends of the wood pole are not cut square, the minimum length should be recorded.
Bending strength and modulus of elasticity – As per the Framework Agreement, the pole must always and during its entire lifespan withstand the load cases stated in Annex 03
for which it is intended according to Annex 10.

3

4

22

According to clause 5.4 SS-EN 14229:2010 (E), either the maximum top load and deflection of the wood pole or its characteristic of bending strength and modulus of elasticity
combined with the minimum diameter at 1,5 m from the butt and the minimum diameter at the tip should be declared.
For the species of Pinus sylvestris (PS) the minimum bending strength 31[N/mm2] and the minimum Modulus of elasticity (MOE) is 8000 N/mm2. In addition, the declared
Destructive
Tests
and characteristic values should include quantitative limits (distribution) for additional characteristics criteria which affect the strength of the pole (most of them are discussed in
modulus of elasticity (MOE) this table hereafter).
Proposed procedure (FAT only)
1. Should be performed each time the sub-supplier of the raw material is changed completely and as per recommendations of Committee-II
2. Follow the sampling plan.
3. Perform the test according to standard procedures, such as ASTM D 1036:1999, refer to section 8.4.2 for more explanation.
4. Document the tests’ results and provide the supplier with the results and a feedback.
According to clause 5.5.1 in SS-EN 14229:2010 (E), the maximum dimension of knots, knotholes and knot clusters should be measured in the following manner
Knots, knot holes and knot
1. Maximum dimension of knots, knotholes and knot clusters should be measured at the top third and at the rest of the poles (Different limitations on knot sizes may be
clusters
specified for different portions of the wood pole, e.g. the top third of poles over 13 m length could have different knot limitations from the rest of the pole.)
2. The maximum diameter of knots or knot clusters should be expressed as a factor of the circumference of the wood pole at the point where the knot occurs.

Fsp – state of a piece of timber when the cell walls are saturated with moisture but no moisture exists in the cell cavities

#

Test Name
(Quality Characteristics)

Wood Poles – Acceptance Criteria, Inspections, and Tests
3. The maximum sum of all the knot diameters in any 300 mm length of the wood pole should be expressed as a factor of the circumference of the wood pole at the mid-

point of the 300 mm length (e.g. factor = knot diameter in mm/circumference of the pole at the cross section in millimetres).
4. According to 6.2 in SS-EN 14229:2010 (E), the diameter of a knot should be measured on the surface of the pole and perpendicular to the axis of the pole. Knot clusters

should be treated as a single knot.
Proposed Procedures (FAT & SAT):
1. Follow the sampling plan.
2. A calliper and meter can be used for these tests.
3. Accept or reject the sample based on the above-mentioned criteria.
4. Document the test results (the distribution results) and provide the supplier with the results and a feedback.

5

Slope of grain

7

Heartwood minimum area
and Rate of growth

8

Straightness of the poles

9

Bark pockets and rind galls

10

Mechanical damages (MD)

Clauses 5.5.7 and 6.3 in SS-EN 14229:2010 (E) stipulated the following:
1. The slope of grain relative to the longitudinal axis should have no significant changes.
2. The slope of grain should be measured over a minimum 1 m length of the wood pole.
3. The grain direction of the wood pole should be determined by one of the following methods from which the slope of grain should be calculated:
a. by taking a line parallel to the surface fissures; or
b. by using a grain detector (scribe).
Proposed Procedures (FAT & SAT):
1. Follow the sampling plan.
2. Measure (tape) and calculate.
3. Document the test results (the distribution results) and provide the supplier with the results and a feedback.
According to clause 5.5.3 in SS-EN 14229:2010 (E), the distribution of the minimum area of heartwood should be measured at the butt and declared.
According to clause 5.5.4 in SS-EN 14229:2010 (E), Rate of growth should be measured at either the tip or butt of the wood pole and expressed as the minimum number of
growth rings per 25 mm. The measurements should be made over a radial line, as much as possible, commencing 50 mm from the pith.
Proposed Procedures (FAT & SAT):
1. Follow the sampling plan
2. Perform the test as explained here above.
3. Document the test results (the distribution results) and provide the supplier with the results and a feedback.
Clause 5.5.5 in SS-EN 14229:2010 (E) defined straightness criteria as follows: “A single sweep should be permitted to the extent that the longitudinal axis of the wood pole
remains within a distance of 1 % of the pole length from a straight line drawn from the centre of the tip to the centre of the pole 1,5 m from the butt.” As learnt from the interview
with the Wood Pole Supplier, the straightness of poles is checked by their expert staff at their sub-suppliers premises by means of visual inspection and at their premises by the
machine that debarks the poles. The latter rejects the poles that do not fulfil the straightness requirements. Moreover, the rejects at the debarking machine are around 1%, which
means that the first visual inspection is highly effective.
Proposed Procedures:
 FAT – inspect the straightness distribution document and the variation of the distribution over multiple lots, if available.
 SAT – visual inspection (no measuring is necessary unless for extreme cases) and check the document.
According to clause 5.5.6 in SS-EN 14229:2010 (E), bark pockets and rind galls can be permitted without limitation in the first 1 m of length from the butt. Above that 1 m,
bark pockets and rind galls should be measured. Moreover, they should be measured by the overall length, width at the widest point, and depth at the deepest point and expressed
as a percentage of the nominal diameter of the wood pole at that point. However, since the supplier mentioned, during the interview, that he does not sell poles that have neither
bark pockets nor rind galls, then it is suggested not to accept them in the first place at his premises.
Proposed Procedures (FAT & SAT):
1. Follow the sampling plan
2. Visual inspection
3. Accept or reject the sample based on the above-mentioned criteria.
4. Document the results and provide the supplier with the results and a feedback.
Clause 5.5.7 in SS-EN 14229:2010 (E), stipulated that:
1. MD should not extend to a depth of the wood pole that reduces the diameter by more than 5 % of the diameter at any cross section.
2. No more than two occurrences of (MD) should be permitted.
3. No part of (MD) should be less than 500 mm apart.

#

Test Name
(Quality Characteristics)
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Clause 6.6 in SS-EN 14229:2010 (E), stipulated that the wood pole diameter on which the measurement of the damage is based should be calculated on the nominal diameter at
the cross section where the damage occurs. To determine the nominal diameter, it should be measured and averaged immediately above and below the damage. The minimum
diameter of the damaged cross section should be measured and the reduction in diameter determined.
Proposed Procedures (FAT & SAT):
1. Follow the sampling plan.
2.
3.
4.
5.

11

Ring and star shake

Visual inspection of the sampled poles

Count number of occurrences and measure the depth with a calliper and the distances and diameters with a measuring tape.
Accept or reject the sample based on the above-mentioned criteria.
Document the test results (the distribution results) and provide the supplier with the results and a feedback.

Clause 5.5.8 in SS-EN 14229:2010 (E) stipulates that the tip should be free from ring shake or star shakes with five or more points. At the butt, one complete ring or one star
shake should be acceptable, provided that not more than two points extend to within 5 mm from the wood pole circumference. If they extend to the circumference they should
not extend along the wood pole more than 500 mm from the butt. However, since the supplier mentioned, during the interview, that he does not sell poles that have shakes, then
it is suggested not to accept them in the first place.
Proposed Procedures (FAT & SAT):
1. Follow the sampling plan.
2. Visual inspection of the tip and butt of the sampled poles
3. Accept or reject the sample based on the above-mentioned criteria.
4. Document the results and provide the supplier with the results and a feedback.

Clause 5.5.9 in SS-EN 14229:2010 (E) stipulates that seasoning fissures along the grain of the wood pole are expected and may not be recognised as defects providing they do
not have a depth greater than half the diameter at one point along the wood pole or does not exceed 50 % of the length of the wood pole, when measured the depth of fissures
should be measured by inserting a 0,2 mm feeler gauge as far as possible into the fissure.
12

Fissures

13

Sources

14

Decay and insects

15

Included sapwood

Proposed Procedures (FAT & SAT):
1. Follow the sampling plan.
2. Visual inspection of the sampled poles
3. Measure the depth of fissures by inserting a 0,2 mm feeler gauge as far as possible into the fissure, as per 5.5.9 in SS-EN 14229:2010 (E).
4. Accept or reject the sample based on the above-mentioned criteria.
5. Document the results and provide the supplier with the results and a feedback.
Clause 5.5.10 in SS-EN 14229:2010 (E) stipulates that wood poles should not be manufactured from trees subjected to snow breakage, frost damage, windfall or from forests
damaged by fire. Hence, a confirmation (pledge) should be submitted by the supplier or his sub-suppliers. And this document should be part of the purchase order or the FA.
Proposed Procedures (FAT & SAT):
Inspect the document.
Clause 5.5.11 in SS-EN 14229:2010 (E) stipulates that wood poles should be sound and free from decay and attack by insects. Minor insect holes should be acceptable
providing these are, either, not larger than 1,5 mm in diameter and do not exceed 5 in number, or not larger than 1,0 mm in diameter and do not exceed 20 in number, evenly
distributed in any 100 mm length of the wood pole. It should be noted that decay and insects will most probably not exist anymore after the impregnation; thus, this test is a
FAT procedure that should take place before impregnation.
Proposed Procedure (FAT only, before impregnation):
1. Follow the sampling plan.
2. Visual inspection of the sampled poles
3. Reject in case decay was found.
4. Reject in case insect holes, that exceed the criteria, were found.
5. Document the distribution of the sample.
Clause 5.5.12 in SS-EN 14229:2010 (E) stipulates that no included sapwood in heartwood should be permitted in hardwood wood poles.
Proposed Procedures (FAT & SAT):
1. Follow the sampling plan.
2. Visual inspection of the sampled poles (both ends only)
3. Reject in case sapwood was included in the heartwood.
4. Document the distribution of the sample.

#

Test Name
(Quality Characteristics)

16

Cracks

17

Type of preservative

18

Class of preservative

19

Penetration
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Clause 5.5.13 in SS-EN 14229:2010 (E) stipulates that cracks across the wood pole and the grain should not be permitted.
Proposed Procedures (FAT & SAT):
1. Follow the sampling plan.
2. Visual inspection of the sampled poles
3. Reject in case cracks across the wood pole and the grain was found, as indicated in SS-EN 14229:2010
4. Document the distribution of the sample.
The preservatives requirements and types should comply with national (SP) and Nordic requirements (NTR). Since they are subject to annual revision, so should the acceptance
procedure. The Company chose the following types of preservatives from the allowed types, as per NTR 2016 requirements:
I.
Water-borne preservative (customarily called salt impregnation preservatives.)
1. Tanalith E-7/Tanalith E 3492
2. Wolmanit CX-8
II.
Creosote Oils
1. Creosote grade B
2. Creosote grade C
Proposed Procedure – FAT (upon purchase) & SAT:
1. Verify that the purchased type of preservative complies with the retention requirements of the latest version of the NWPC (2016).
2. Accept or reject accordingly.
3. Document the results.
Class of preservative determines the retention requirement (kg/m3) in the sapwood. As per Framework Agreement and the interview with SP, the chosen class of preservative is
class A in NWPC (2016) which corresponds to hazard class H4 according to EN 335.
Proposed Procedures – FAT (upon purchase) & SAT:
1. Inspect the class of the preservative in the documents; it should be as per agreed upon class and conforming to the latest NTR recommendation when the purchase order
was placed.
2. Accept or reject accordingly.
3. Document the results.
According to B.1.1 in SS-EN 14229:2010 (E), penetration is inspected by boring, which is drilling the poles by means of a special tool, which is a sharp increment borer (refer
to Figure A9-1-1). Penetration is defined into classes, the selected class, as per SP, is P8 (full sapwood) according to SS-EN 351-1:2007
Proposed Procedures:
FAT (once per year, preferably not directly upon purchase)
1. Inspect the penetration process capability from the suppliers’ records.
2. Inspect the special, common, and root causes of the defectives for the past period and the corresponding action plan.
3. Check the validity of the SP certificate of conformance.
4. Follow the sampling plan.
5. Perform the boring procedure, explained hereunder.
6. Take the retention sample (details are explained hereunder).
7. Document the test results and provide the supplier with the results and a feedback.
FAT (upon purchase) & SAT
1. Inspect the penetration value in the order’s documents, which should comply with the valid criteria.
2. Follow the sampling plan.
3. Perform the boring procedure, explained hereunder.
4. Take the retention sample (details are explained hereunder).
5. Document the test results and provide the supplier with the results and a feedback.
From the training received at SP and SS-EN 14229:2010 (E), penetration test procedure is performed as follows:
1. Sampled poles are bored, using an increment borer (refer to Figure A9-1-1), that extracts a core of minimum diameter 4 mm; boring should take place at least 1.5 m
apart from both ends, tip, and butt, as in (Figure A9- 1-3). Then, each sampling unit is given a unique ID, a tag, and put into a tagged tube (Figure A9-1-2). The drilled
holes in the poles should be filled up with impregnated piece of wood of suitable size.

#

Test Name
(Quality Characteristics)
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Figure A9-1-1. Boring Figure A9-1-2. Samples Figure A9-1-3.
Position
Tool
Tubular Organizer

Boring

Figure A9-1-4.
Application

Reagent

2. Penetration is either full or insufficient. It should be determined visually; however, in the case of doubt, a suitable reagent (a mixture of two solutions) should be applied.
3. The reagent should be applied on each sampling unit (refer to Figure A9-1-4), within a specific period of time starting from the preparation of the solution, as it might
lose its stability.
4. When the reagent reacts, the penetration degree of the preservative in the sapwood can be determined from the resulting colour and depth in the unit.
5. Sometimes small zones of the sapwood, so-called transition wood, close to the heartwood cannot be treated. These zones, applicable to a maximum of two annual rings,
should be ignored for the purpose of assessing sapwood penetration.
For example, in Figure A9-1-5 the inspector wanted to establish the presence of the heartwood; hence, he mixed NaNO2 with C6H7NO3S and diluted them in water; since the
solution is stable for few hours, he applied it directly on the heartwood. As a result of applying the reagent, the heartwood was coloured by different tones of orange, as can be
seen in Figure A9-1-5 Samples 1,4 and 5 show a clear indication of decay. As a standard procedure, sample 4 should not be taken into consideration since it has some missing
parts. The area defined by the red shape in Figure A9-1-6 shows a low percentage of penetration because it has a lighter colour in comparison with other parts of the sapwood.

Figure A9-1-6. Example of low penetration
Figure A9-1-5. Reaction of Reagent solution with the
Samples

20

Retention

Preservative treatment should be defined in terms of the retention of the preservative within the treated zone according to the requirements of SS-EN 351-1:2007. Table furnishes
the minimum retention values, of the preservatives used by the Company, in the complete analytical zone that correspond to class A in the NWPC (2016) for Pinus spp.
Table A9-1-1. Retention Values of the Preservatives Used by the Company
Preservative type
Retention Requirement [kg/m3]
Tanalith E-7/Tanalith E 3492
16
Wolmanit CX-8
18
Creosote grade B
110
Creosote grade C
100
Source: NWPC (2016)
Proposed Procedure:
FAT (once per year, preferably not directly upon purchase)
1. Inspect the retention process capability from the suppliers’ records.
2. Inspect the special, common, and root causes of the defectives for the past period and the corresponding action plan.
3. Check the validity of the SP certificate of conformance.
4. Follow the sampling plan.
5. Perform the penetration test procedure.

#
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Test Name
(Quality Characteristics)

Concentration
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6. Take the retention sample, as explained hereunder (refer to Figure A9-1-7).
7. In case, any of the members of Committee II have sufficient knowledge and proper training to perform the retention chemical analysis, then he can perform the standard
method for analysis of preservative (waterborne or oil-type) retention, as per ANSI (2014); otherwise, the sample can be tested in a third-party lab such as that of SP.
Certainly, the latter option is preferable.
8. Document the test results and provide the supplier with the results and a feedback.
SAT (upon purchase) & SAT
1. Inspect the retention value in the order’s documents, which should comply with the valid retention criteria.
2. Follow the sampling plan.
3. Perform the penetration test procedure.
4. Take the retention sample, as explained hereunder (refer to Figure A9- 1-7).
5. Send the retention sample to a third-party lab such as that of SP.
6. Document the test results and provide the supplier with the results and a feedback.
From the conducted observation and training received at SP, retention test procedure is performed as follows:
1. The impregnated part is separated from each sample, two rings apart from the heartwood.
2. The impregnated parts are mixed together and put in an aluminium foil (Figure A9- 1-7) and not a plastic bags because it might
Figure A9-1-7. Retention Sample
react.
3. The specimens should be sent to a laboratory, in order to conduct the chemical analysis within two weeks. The analysis should reveal preservative retention and other
important issues, such as copper concentration, in case of copper forms part of the preservative chemical composition.
It refers to the concentration of the preservatives in its tanks at the stock of the wood pole supplier. As per the interview conducted at SP, it is observed that the tested concentration
value should conform to the manufacturer’s documented value and his recommendations so that it yields to the acceptable retention afterwards.
Proposed procedure (FAT upon purchase):
1. Check the validity of the SP certificate of conformance.
2. Inspect the validity of the quality certificates of the preservatives sub-supplier. By validity in this context, two things should be checked; firstly, the accreditation of the
body that granted the certificate and secondly, the validity date of the certificate during the period in which the purchase order is transacted.
3. Document the results.
The Moisture content, also-called the “moisture ration” or “specific humidity”, is, as per SS EN 14229:2010, the ratio of the mass of the quantity of water in a material to the
mass of the dry material; its equation is given as follows:
Moisture content [%] =

Weight before oven − drying – Oven − dry weight
g
×100 [ ]
Oven − dry weight
g

Equation A9- 1-1. Moisture Content
Source : ANSI (2014)

1. According to SS-EN 14229:2010, prior to the preservative treatment, the moisture content of the wood pole should be at a level appropriate to the wood preservative and
method of treatment used.
22

Moisture Content

2. According to the interview with SP, the moisture content of the specimens is better determined for untreated wood poles, since it gives more accurate results.
3. According to the interview with both SP and the Wood Pole Supplier, the chemical analysis (dry weight oven method) is a more accurate method than measuring the
moisture content by means of the electric resistance meter.
4. According to ANSI (2014), characteristic values for wood poles should be determined for moisture content levels equivalent to the fibre saturation point (fsp) for each
species. Wood poles for testing should be conditioned to the fibre saturation point or greater.
5. ANSI (2014) stipulated that when drying after treatment is specified with waterborne preservatives, moisture content in each piece of lumber should not exceed 19% or
that allowed by national grading rules for the species and size when dried. Drying can be accomplished by air or by kiln seasoning. The maximum permissible kiln
temperature for re-drying after treatment should be limited to 70° C, not to exceed 74° C.
Procedure (FAT– before impregnation)
Chemical Analysis Method

#
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(Quality Characteristics)
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1. Follow the sampling plan.
2. In accordance with the procedure of EN 13183-1, either a full cross-section disc of timber should be cut from the wood pole; the disc should be free from knots and resin
pockets and should be at least 50 mm in thickness; or bores can be taken as per Annex B in SS-EN 14229:2010 (E); the boring sample used for determination of moisture
content should include the full depth of sapwood or the innermost 75 mm of sapwood, whichever is the lesser.
3. The specimens are chemically analysed in a third-party lab, such as that of SP.
4. It should be useful to use the electrical moisture meter as well and compare the results in both methods. If this comparison is to be conducted an analysis of gauge R&R
should be conducted to test the results of the meter used by the Wood Pole Supplier.
5. Document the tests’ results and provide the supplier with the results and a feedback.
Electrical Resistance Moisture Meter
In accordance with EN 13183-2, electrical moisture meter may be used. The electrical resistance moisture meter is a portable device widely used to measure the resistance inside
the wood; it automatically converts the electrical resistance value into a moisture content percentage, corresponding to one of the pre-stored wood species on the memory of the
device. That is because different types of wood have different specific electrical resistance (William, 1988). Those electrical resistance moisture meters come with a pair of pin
electrodes, as in Figure A9-1-8 and Figure A9-1-9; however, pins with a hammer can be attached to some models, as in Figure A9-1-8, in order to facilitate the inspector’s
task of entering the pins to greater depths into the timber each time and consequently, to be able to perform more valid and accurate measurements. That is especially true since
the moisture content varies radially, because when the wood dries, the dryness takes place from the outer surface inwards.

Figure A9-1-8 Hammer Moisture Meter with Different Sizes of Pins
Source: Accurate Instruments NZ Ltd. (2016)
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Figure A9-1-9 Normal Moisture Meter
Source: Accurate Instruments NZ Ltd. (2016)

Procedure (FAT– before impregnation)
The proposed procedure of using the moisture meter is as follows:
1. Follow the sampling plan.
2. Take the readings in various points from each sampled wood pole, at least 5 nonaligned points, as per SP recommendation.
3. Document the test results and provide the supplier with the results and a feedback.
4. Compare the result of the meter with the chemical analysis, if conducted.
5. Document the comparison and provide the supplier with the feedback.
Batches of poles pass through three different stages: preparatory, impregnation and post-impregnation, during which different pressures and durations are applied. The prePressure exposure in the impregnation stage is of importance, as emphasized by SP interviewee. Table 30 depicts a random sample taken from the supplier, Wood Pole Supplier, that was examined by
impregnation process
and discussed with SP. Their comments were the following:
1- The values are acceptable.

#

Test Name
(Quality Characteristics)
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2- By experience, a pressure over 10 bar for the water-borne impregnation does not increase the effectiveness of the process.
Table A9-1-2. Random Sample Impregnation Tables
Water-borne Impregnation
Oil impregnation (creosote)
Stage
bar
min
Stage
bar
min
Vacuum
0.9
30
Pre-pressurize
3.04
10
Pressurize 13.5
195
Pressurize
8.7
50
Vacuum
0,8
130
Vacuum
n/a
Over the night
Max Oil Temperature 122 °C
Source: The Wood Pole Supplier

According to BASF Wolman Gmbh (2016), the following recommendations can be followed for the impregnation process:
1. Pre-vacuum less than 0.9 bar for at least 30 minutes depending on the type of timber.
2. Pressure increase to at least 8 bar for several hours depending on the type of timber.
3. Pressure decrease to the normal pressure, 1.013 bar.
Which is in congruence with what SP recommended and the random sample of Wood Pole Supplier can be considered in line with the recommendations.
With relation to the creosote impregnation and as per the T1-14 in ANSI (2014):
1. Initial Air Pressure or Vacuum should be maintained at a constant level while the cylinder is being filled with preservative. Maximum pressure is 10.5 bar
2. Preservative temperature during the entire pressure period should not exceed the maximum temperatures 115°C for a maximum of 4 hours
3. The preservative should be removed promptly from the cylinder and then a vacuum of at least 0.75 bar should be applied and maintained until the wood is free of dripping
preservative when removed from the cylinder. Maximum temperature is 105 °C.
Proposed procedure (FAT only):
1. Inspect the validity of the quality certificate of the Wood Pole Supplier.
2. Certain vital equipment in the impregnation process should be checked. For example, pressure gauges should be inspected whether they are all working properly and
calibrated regularly by a certified body, such as SP.
3. Inspect whether the staff, responsible for the impregnation process, are properly educated and trained and that the quality inspectors have received the same training and
are using the same instructions.
4. Analyse the data of the pressure (value and duration of application) over the past period.
5. Compare with the above-mentioned criteria and with the reference criteria (refer to chapter 5.4).
6. Accept or reject accordingly.
7. Document the test results and provide the supplier with the results and a feedback.
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Colour

25

Preservative Accumulation

26

CE Marking

As per the interview with SP, the very dark colour of creosote impregnated poles might raise some doubts concerning excess impregnation, and as such the darkest among the
poles should be among the poles that are candidates for sampling, whether in FAT or SAT.
Proposed procedure (FAT & SAT)
1. Visual inspection
2. Darkest units to be singled out.
3. Proceed with the penetration procedure.
As per the interview with SP, apparent accumulation of preservative around fissures raises doubts concerning excess impregnation thus, poles featuring such symptom should
be among the sampled poles, whether in FAT or SAT.
Proposed procedure (FAT & SAT)
1. Visual inspection
2. Units with such feature should be singled out.
3. Proceed with the penetration procedure.
As per “Framework Agreement”, all Poles should have CE-marking 4 m from the Pole butt in a form that can easily be interpreted by utility staff working from ground level.
Proposed procedure (SAT)
1. Visual inspection

#

Test Name
(Quality Characteristics)

27

Hoods and Mesh

28

Quality Certificates
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2. All poles should have CE marking at 4 m from the butt; hence, final acceptance should not be awarded until this clause is met.
As per the Company (2013), wood poles should be provided with hats or hoods. And in territories where woodpeckers nests, the poles should be equipped with a 2.0 mm hotdip galvanized steel wire mesh, and it should meet certain requirements.
Proposed procedure (FAT only)
1. Visual inspection
2. All poles should have hoods (with proper size) and mesh (in specific areas); hence, final acceptance should not be awarded until this clause is met.
Quality certificates should be revisited with each delivery (or on periodical basis) in order to make sure that they are valid during the purchase process.

Table A9-2. FRP - Proposed Mechanical Tests
#
Test Purpose

Procedure

Frequency and Timing

1

2

3

Determining Modulus of Elasticity (MOE)

Determining Area Moment of Inertia (I)

Determining optimal thickness of FRP

-

Each time the manufacturing process of the supplier or his sub-supplier is
changed in such a way that might influence pole or resin characteristics
(geometrical or chemical).
Each time the supplier or the raw material is changed completely.
As per recommendations of the responsible authority (Committee-II)

-

Once, for all poles’ classes (since the FRP Pole Supplier’s poles are made of modules.)
Each time the pole design is changed.
As per recommendations of Committee-II

-

Each time the manufacturing process of the supplier or his sub-supplier is
changed in such a way that might influence pole or resin characteristics
(geometrical or chemical).
Each time the supplier or the raw material is changed completely.
As per recommendations of Committee-II

Explained in Appendix A10, Figure A10-2-5

1. Apply the relevant standard inertia equation, provided that the pole shape
is standard.
2. Mathematically calculate the equation of the pole’s inertia, if the pole has
varying cross sections along its length and no need for approximate
approach, it should be noted that certain CAD programs can be used to
facilitate the calculation.
3. I can be estimated using the same procedure as that for MOI, as explained
in Appendix A10, Figure A10-2-5 provided that MOE is known.
Basically, poles’ thickness can be estimated by means of using the vertical or
horizontal loads, whichever is more critical to a specific situation, as explained
by (Rigby, 2008); refer to the explanation provided in Appendix A10.
However, in the case at hand, the FRP Pole Supplier’s poles do not have a
uniform cross section nor uniform thickness (refer to Figure A6-1-2). Thus, an
iterative approach could be suggested as follows:
1. Build a mathematical model and use it to optimize thickness by means of
taking into consideration the vertical and horizontal load cases, as explained
by (Rigby, 2008).
2. Conducting a certain number of destructive tests, such as those explained
in Appendix A10.
3. Repeat step 1 and 2 until the thickness is optimized for all classes.
Worth to remember, the FRP Pole Supplier might have followed this approach
by conducting Tests #3, refer to section 4.2.3.

-

4

Destructive Tests (Bending, Buckling, Torsion
Explained in Appendix A10
Combined, cyclic bending)

-

Each time the manufacturing process of the supplier or his sub-supplier is
changed in such a way that might influence pole or resin characteristics
(geometrical or chemical).
Each time the supplier or the raw material is changed completely.

-

As per recommendations of Committee-II

Table A9-3. Steel – Possible FAT and SAT
#
Test and Purpose

Procedure

Frequency and Timing

1

2

Dye Penetration Inspection

Explained in Figure A7-2-1

Magnetic Particle Test

Explained in Figure A7-2-2

-

3

4

Radiographic Inspection

Explained in Figure A7-2-3

Ultrasonic Inspection

Explained in Figure A7-2-4 through
Figure A7-2-7

-

5

Weld Profile Gauge

Explained in Figure A7-2-8
-

6

Hi & Lo Gauge

Explained in Figure A7-2-9
Explained in Figure A11-2-1

7

Handheld X-ray Spectrometer

8

Assembly Test – to fulfil at least one of the following objectives: a)
validate new design standard, b) methodology or a c) new fabrication Clause 3.7.2 in VTR5
process, or to d) verify compliance with specifications (IEC 60652, 2002)

9

Destructive Tests – to fulfil at least one of the following objectives: a)
validate new design standard, b) methodology or a c) new fabrication Explained in Appendix A10
process, or to d) verify compliance with specifications (IEC 60652, 2002)

-

Can be performed at factory site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed on-site on a certain number of samples as per the recommendations of
Committee-II.
FAT only
Can be performed only at factory site or inside labs on a certain number of samples as per the
recommendations of Committee-II.
Can be performed at factory site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed on-site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed at factory site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed on-site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed at factory site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed on-site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed at factory site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed on-site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed at factory site on a certain number of samples as per the recommendations of
Committee-II.
Can be performed on-site on a certain number of samples as per the recommendations of
Committee-II.
Only FAT
Each time a need arises as described in the test objectives to the left.
Upon request of Committee I.
Only FAT
Each time a need arises as described in the test objectives to the left.
Upon request of Committee I.

A10- Destructive Tests
A10-1 Buckling (Vertical loads V.) Test
Purpose – to apply a vertical axial load on the specimen in order to determine at which
buckling load (weight of cables including any ice or snow loads, studs, fitter, etc.) the pole (or
its joints, etc.) would fail. Buckling can cause either a permanent deformation (buckling) or an
elastic buckling, wherein the pole returns to its original shape when released from the load
(Dartfeldt, 2015).
Equipment – a pole holding fixture (hinges), controlled loading system (hydraulic pump),
electronic load and deflection measuring sensors, and a computerized data acquisition system
(EDM International Inc., 2003a) refer to Figure A6-2-1 and to Figure A6-2-8.
Procedure – There are different possible procedures for this test. The most common type in
the literature follows the classic beam theory using Euler’s buckling for a cantilever, wherein
the pole has one end that is fixed and the second is free, as the tests performed by the FRP Pole
Supplier (2014) or studied by Rigby (2008). Other variant of the test was performed by
Dartfeldt (2015), where the poles were fixed at 2 meters from its butt end in order to assimilate
the case of wood poles in real settings (compare Figure A6-2-1, Figure A6-2-3,
Figure A6- 2- 5, Figure A6-2-7 versus Figure A6-2-2, Figure A6-2-4, Figure A6-2-6,
Figure A6-2-8). Different settings will change the load effect and consequently the
calculations. In both cases, the axial load is applied by the hydraulic pump. The controlled axial
strain denoted Fa in Figure A6-2-2, is measured together with deformation, and the data are
recorded electronically by means of the computerized data acquisition system. The test is
carried until failure.
These buckling forces are estimated from the maximum vertical load of the load cases (refer to
Table. If the test settings followed the fixed-free end condition, as mentioned above, then the
buckling force for a cantilever is given by the following formula:
𝐏𝐤 =

𝛑𝟐 . 𝐌𝐎𝐄. 𝐈
𝟒. 𝐋𝟐

Equation A10-1. Euler's Fixed-Free End Condition
Source: Beer et al. (2012), Rigby (2008) and FRP Pole Supplier (2014)

Where
Pk:
MOE:
I:
L:

Vertical Load (V.)
Modulus of Elasticity (Young’s modulus)
Area Moment of Inertia
Pole Length

kN
N/mm2
mm4
mm

FRP Poles’ Thickness Estimation Based on Vertical Loads - Thickness can be estimated
from Equation A10-1 after applying the proper Area Moment of Inertia from Table A6-2-2,
and choosing the relevant load cases (the vertical forces) and knowing the MOE of the FRP at
hand (Rigby, 2008). Figure A10-1-1 and Figure A10-1-2 demonstrated how choosing uniform
cylindrical poles with lower MOE results in lower required thickness. Additionally, it can be
concluded that the lower the thickness is, the bigger the outer diameter should be; also, the
bigger the vertical load, the thicker the pole should be for the same MOE and an outer diameter;
refer to the example illustrated in Figure A10-1-1 and Figure A10-1-2.

Figure A10-1-1. Maximum Vertical Load - Varying Figure A10-1-2. Minimum Vertical Load - Varying
Thickness with MOE
Thickness with MOE
Source: Rigby (2008)
Source: Rigby (2008)

A10-2 Bending (Horizontal loads H.) Test
Purpose - EDM International, Inc. (2003b) defined the
purpose of this test as follows: “to determine the
ultimate capacity of the pole under pure bending load in
order to quantify the bending strength and stiffness
characteristics.” This type of tests accounts for the
transversal and longitudinal forces, because of which
the pole might be subjected to bending, taken from the
maximum load cases in the normal state (case 1, 2a, and
3 in Sweden) and the maximum security load case (5a
in Sweden); refer to Table (Rigby, 2008).
Equipment - a pole holding fixture, controlled loading
system, electronic load and deflection measuring sensors,
and a computerized data acquisition system (EDM
International Inc. & Fort Collins Co., 2003b).

Procedure – ASTM D 1036:1999 described the
Figure A10-2-1. Schematic View of
procedure as follows: “In this method of cantilever tests,
Bending Test
the pole is securely supported from butt to the ground
line (two meters) in a horizontal position, and a load is Source: EDM International Inc. &
Fort Collins Co. (2003b)
applied near the pole tip by means of a winch and
pulling system, refer to Figure A10-2-1, the load cable is
attached approximately half a meter from the tip. The Load should be applied at a constant rate
of deformation. Data of loading and deflection should be electronically recorded each second
until the time of pole failure (EDM International Inc. & Fort Collins Co., 2003b).
The bending results in deflection, denoted yA or δ, and slope, denoted ƟA, are depicted in
Figure A10-2-2, and their equations are given by the following formulas:

PH . L3
yA (or δ) =
3. MOE. I

dy
PH L2
ϑA = ( ) =
dx A
2EI

Equation A10-2-1. Deflection of Beam Bending
- Elementary Case
Source: Beer et al. (2012), Rigby (2008) and FRP
Pole Supplier (2014)

Equation A10-2-2. Slope of a Beam Subject to
Bending
Source: Beer et al. (2012) and FRP Pole Supplier
(2014)

Where
PH:
Horizontal Load (H.)
MOE: Modulus of Elasticity
(Young’s modulus)
I:
Area Moment of Inertia
L:
Pole Length
MOE: Modulus of Elasticity

kN
N/mm2
mm4
mm
N/mm2

For certain reason the FRP Pole Supplier Figure A10-2-2. Deflection and Slope of a
calculated the Area Moment of Inertia for the Cantilever Under Bending
slope from Equation A10-2-3 and not from Source: Beer et al. (2012)
Equation A6-2-2:
I = π. t. R A . R2B
Equation A10-2-3. I used by the FRP Pole Supplier for Calculating the Slope ƟA
Source: FRP Pole Supplier (2014)
FRP Poles’ Thickness Estimation Based on Horizontal Loads - Thickness can be estimated based

on the horizontal loads by applying Equation A10-2-1 or Equation A10-2-2, together with
the equation of area moment of inertia (provided in Table A6-2-2 or that of Equation A10-2-3
in The FRP Pole Supplier case) after choosing the horizontal force value and provided that the
MOE and either the deflection or the slope are known. According to Rigby (2008), this is
performed in two steps; firstly, the maximum horizontal load of the normal state of load cases
(1, 2a or 3; refer to Table) is applied; secondly, the maximum horizontal load in the security
load case 5a is deployed; as depicted in Figure A10-1-3 and Figure A10-1-4.
Similar to dimensioning per vertical loads, the higher the MOE, the lower the required
thickness of the uniform cylindrical poles should be; also, the lower the thickness, the bigger
the pole outer diameter should be. However, in contrast to dimensioning pole’s outer diameter
based on the vertical loads, it should be far much bigger if one is dimensioning the pole based
on the horizontal loads, provided that the MOE and the thickness are the same, refer to the
approximative illustrated example in Figure A10-1-2 versus Figure A10-1-3.

A10-2-4.
Relationship
Among
Figure
A10-2-3.
Relationship
Among Figure
Longitudinal H. Load, Thickness, and MOE
Transversal H. Load, Thickness, and MOE.
Source: Rigby (2008)
Source: Rigby (2008)

Estimating the Modulus of Elasticity (MOE)- The following procedure was proposed by
EDM International Inc. & Fort Collins Co. (2003b). MOE value can be calculated from the
bending tests as follows:
1. Conduct a series of bending tests on
a sample of poles of the same class
and length and record the
deflections under different loads.
2. Fit a linear regression line to each
pole deflection data set (refer to
Figure A10-2-5).
3. The slopes of these lines can then be
used to calculate an effective pole
deflection under a given load.
4. Calculate final estimation of MOE
Figure A10-2-5. Estimation MOE
from Equation A10-2-5.
5. The procedure can be repeated on Source: EDM International Inc. & Fort Collins Co.
other classes of poles, to contrast (2003b)
results.
𝐿3

Beer et al. (2012) mentioned that 𝛿 = 3𝐼𝐸 . 𝑃𝐻 ; hence, one can arrange this equation in the form
of Equation A10-2-4 and then MOE can be calculated from Equation A10-2-5.
PH = const. MOE. δ
Equation A10-2-4. Vertical Load as a Function of Deflection
δtest
MOEinitial estim.
=
δinitial estim.
MOEfinal
Equation A10-2-5. Estimation of MOE

A10-3 Torsion Test
Purpose – to find out how much torsion
load the poles can withstand; such load
might arise when, for instance, one of
the phases’ lines breaks and thereby
creates an imbalance of forces and
consequently a torque around the axis of
the pole (Dartfeldt, 2015). It should be
noted that this test is not a standard
procedure on wood poles (Dartfeldt,
Figure A10-3-1. Schematic Diagram of Torsion Test
2015).
Source: Dartfeldt (2015)
Equipment - a pole holding fixture, a) Test Setting for Wood and FRP Poles, b) Test
controlled loading system, electronic Settings for Steel.
load and angle displacement measuring
sensor, and a computerized data
acquisition system.

Procedure – The torsion test is performed by applying a force couple on the tip of the pole
(refer to Figure A10-4-1); the couple produces a pure torque, whose sum of two forces is zero.
The tip is free to rotate in order to address the imbalance of forces imposed by the couple, as it
might be subject to in reality. The butt end is supported by means of a friction type fixture,
which prevents the pole from rotating. The torque is increased gradually until the pole reaches
torsional failure or alternatively until its maximum capacity is reached. An angle sensor is used
to measure the rotation of the pole as a function of the applied torque (Dartfeldt, 2015).
A10-4 Combined Forces Test
Purpose – To draw conclusions about the impact of the
different load components (axial load, bending load,
and torsional load) on the pole’s capacity, being
imposed on them simultaneously. The impact of the
three load components is believed to resemble actual
situation the pole might faces while being in service
(Dartfeldt, 2015).
Equipment - a pole holding fixture, controlled loading
system, electronic load and displacement measuring
sensors, and a computerized data acquisition system.
Figure A10-4-1 Schematic Diagram of
Combined Forces Test.
Source: Dartfeldt (2015)

Procedure – The pole’s butt end is clamped in the same
way as in the bending test; while a 1 m beam is mounted
on the tip of the pole and a vertical load, denoted Fv in Figure A10-4-1, is imposed on the
beam by means of a 750 kg weight hung at each end of this beam. Additionally, in order to
emulate a force that might be exercised by one of “the phase lines”, a force, denoted F in
Figure A10-4-1 Figure , is applied to one end of the beam so that a torsion arm of h = 0.5 m
and a bending arm of Lf = 10 m (refer to Figure A6-2-3) is achieved. This means that when F
increases so does the bending moment and the torque proportionally (with a ratio of 1:20). The
torsion arm changes when the post rotates. In addition, the vertical loads Fv contribute to the

bending moment when the pole bends. The turning angle is calculated from the measured
displacements ua and ub.
A10-5 Cyclic Bending
Purpose – EDM International Inc. (2003b) defined the purpose of this test as to determine the
ultimate capacity of the pole and to quantify the bending strength and stiffness characteristics
under cyclic bending load. This type of tests accounts for the transversal and longitudinal
forces, because of which the pole might be subjected to cyclic bending. The impact of such
load is believed to resemble actual situation, which the pole might face while being in service.
Equipment - a pole holding fixture, controlled loading system, electronic load and deflection

measuring sensors, and a computerized data acquisition system. illustrates the test settings.
Procedure – Similar to the bending test settings, the pole should be clamped in a horizontal
cantilever setting with the load cable attached near the pole tip (refer to Figure A10-2-1). The

pole should be loaded in a controlled, progressive and cyclical fashion 50 cycles per second
from approximately 1.1 kN to a minimum of 11.1 kN. The load is progressive and controlled
in order to result in a constant rate of deformation and to be able to record loading and
deflection data electronically, via the acquisition system, multiple times each second, and the
test ends when the pole fails. Moreover, MOE was also calculated in the cyclic bending, the
same fashion as it was calculated in the normal bending test. Table depicted test results of
normal versus cyclic bending tests.
Table explained the concept of cyclic loading to reach fatigue. In contrast to the performed
bending test, both ends of the specimen were loaded; however, everything else should be
similar to the bending test performed by EDM International Inc. (2003b).
Table A10-5-1. Cyclic and Normal Bending Test Results
Description
Unit
Cyclic Bending
Number of samples
Unit
1
Pole Length
m
24.4
Pole Diameter
mm
565
Maximum load at failure
kN
14.3
Stress at failure
N/mm2
155.6
Max Deflection
m
3.64
MOE
G Pa
34.96
Source: EDM International Inc. (2003b)
Table A10-5-2. Fatigue Test

Normal Bending
10
24.4
565
16.89 ± 0.72
173.24 ± 7.14
4.44 ± 0.14
29.62 ± 1.06

Figure A10-5-2. Fatigue Test- Figure A10-5-3. Fatigue
Figure A10-5-1. Fatigue Test Rupture
Areas
Source : Schwab (2014c)
Schematic Diagram
Source: Schwab (2014c)
Source: Schwab (2014c)

Figure A10-5-4. Fatigue TestFigure A10-5-5. Fatigue Test Stress Vs Time Diagram
Stress Vs No of Cycles
Source: Schwab (2014c)
Diagram
Source: Schwab (2014c)

Figure A10-5-6. Fatigue Test
-Stress Vs No of Cycles
Diagram-Statistical Scatter
Band
Source: Schwab (2014c)

Source: Schwab (2014c)

A10-6 Compression Stress Calculation
Rigby (2008) mentioned that the compression stress in the longitudinal direction of the FRP
pole can be calculated from Equation A10-6-1, then it can be compared with the maximum
value of compression strength (maximum vertical load).
𝜎𝑙𝑐 =

𝑃
𝐴

Equation A10-6-1. Compression Stress
Source: Rigby (2008)

Where
P:
A:

Vertical Load (V.)
Cross section area of the pole

kN
mm2

A10-7 Comparative Study of Destructive Tests on Different Poles
Dartfeldt (2015) compared various types of poles; namely, FRP, timber, steel, and veneer.
Different types of destructive tests were applied; namely, buckling, bending, torsion and a test
of the combined forces. These tests were explained in details in this very appendix. The study
concluded that in general terms, FRP poles can withstand big loads as much as timber poles
can and with less spread of characteristics (refer to Figure A10-7-1). But both can withstand
lighter loads in comparison to what steel poles can. Table A10-7-1 provided the most important
findings of those tests.
Table A10-7-1. Comparison Among Different Types of Poles’ Capacities
#

Test description

1

Buckling – Max kN
Vertical Load (V.)
Bending – Max kN
Horizontal
Load
(H.)

2.1

23

Unit

Timber
(Study)

Steel
(Study)

FRP (UP)
(Study)

276 ± 45

709 ± 39

298 ±10

FRP (UP)
(Supplier’s
data)
88.523

9.2 ± 1.2

12.5 ± 0.2

8.3 ± 0.5

9.2

Difference in numbers between FRP poles is due to difference test settings, compare Figure A6-2-1,
Figure A6-2-3, and Figure A6-2-7 versus Figure A6-2-2, Figure A6-2-4 and Figure A6-2-8

#

Test description

2.2

Deflection – at max M
bending load
@
kN
Torsion – Max kN.m
Capacity (T.)
V.+H.+T. – at max kN
capacity
Deflection
at m
Bending moment
@
kN.m
Angular
Deg
displacement
@ @
Torsion Moment
kN.m

3
4.1
4.2

4.3

Unit

Timber
(Study)

Steel
(Study)

FRP (UP)
(Study)

2.6 ± 0.37
@
9.2 ± 1.2
5.1 ± 0.7

1.1 ± 0.5
@
12.5 ± 0.2
26.9 ± 6.7

2.5 ± 0.37
@
8.3 ± 0.5
12.6 ± 2.4

FRP (UP)
(Supplier’s
data)
3.18
@
8.5
n/a

3.16 ± 0.28

3.72 ± 2.0

10.48 ± 0.43

n/a

0.99 ± 0.07
@
117.44 ± 4.94
9.62 ± 2.19
@
1.88 ± 1.01

1.67 ± 0.25
@
60.76 ± 23.35
4.1 ± 0.92
@
5.24 ± 0.21

2.29 ± 0.15 @ n/a
64.52 ± 4.20
1.29 ± 0.28
@
1.56 ± 0.14

n/a

Source: Dartfeldt (2015)
Note the big spread of timber poles, the strength of steel poles and their small spread, and how
FRP poles can withstand comparable loads to what timber can, in Figure A10-7-1.

Figure A10-7-1. Combined Forces at Failure as a Function of Deflection for Various Types of Poles
Source: Dartfeldt (2015, p. 45)

A11- Non-destructive Test Instruments
A11-1 Resin Curing Degree Tests

A11-1-1. Barcol Impressor
Source: Barcol Impressor (2015)

A11-1-2. Hardness Shore Test (Type D)
Source: FRP Pole Supplier (2014)

Detecting the degree of the curing of the resin is very important because the weather can cause
rapid deterioration to under-cured exposed laminates (Scott Bader Company Limited, 2005).
Hence, the hardness test is deployed. If the surface is severely under-cured, the laminate will
be significantly soft and it will smell like almonds; however, if the curing was incomplete, the
defect will not be noticed by the naked eye; thus, the hardness test can provide clear relative
distinction between cured and under-cured parts; for instance, a good range of curing on Barcol
Impressor (A11-1-1) is [40 to 50 B] and on Shore – Type D (A11-1-2) is [64 to 68 D]; whereas,
if the readings’ average was equal or less than 25 B (equal or less than 58 D on the durometer),
then that would imply a serious problem in the curing process (Scott Bader Company Limited,
2005; Barcol Impressor, 2015). A11-1-2 demonstrated how the average value of the hardness
readings taken at -30 °C was equal to 66 D at The FRP Pole Supplier facility.
The Barcol Impressor is a handheld cheap and quick hardness testing instrument. It is intended
to measure the hardness indentation of different materials by means of measuring the resistance
to penetration of a sharp steel point under a spring load. The instrument depicts the reading on
a scales from 0 to 100. ASTM D2583 is the standard that governs this test method. Barcol
Impressor is the commonly used to detect curing degree in composites, to wit
reinforced thermosetting resins, and Shore (Durometer) – type D is a comparable device, as
explained by CALCE & University of Maryland (2001).
A11-2 XRF Analyser
According to Lundin (2015), it is a handheld
spectroscopy analyser used for non-destructive
elemental analysis; it deploys the technology of x-ray
to ensure that no incorrect or out-of-specification
metals exist in the alloy. This is quite important; for
example, if the alloy contains wrong materials which
cause corrosion, that might lead to failure of the
structure in certain applications.
The device shoots the material with X-rays, imparting
energy to a sample of atoms in the object. A11-2-1. XRF Analyser
Milliseconds later, the energy is released giving off a Source: Thermo Fisher Scientific Inc.
series of distinctive signatures. Then, the detector (2015)

evaluates these signatures and identifies the specific elements and their relative quantities in
the alloy (Lundin, 2015)
Thermo Fisher Scientific Inc. (2015) is a manufacturer of XRF analysers; about the different
applications of their product, they mentioned the following:
1.
2.
3.
4.

Determine alloy composition and grade for a wide range of metal chemistries, as it can
detect elements at less than 10 ppm.
Check a coating thickness, including passivation24 or conversion coatings.
Analyses finished welds, weld beads; also, bolts, rivets, flanges and other fasteners.
The instrument has a CCD camera, a GPS and Bluetooth technology all of these features
can be utilised to drive quick quality inspection.

Thus, it might be used by the Steel Pole Supplier or the Company and help in building in-depth
statistics about the quality history.
A11-3 Raw Material Identification Handheld
This device is a non-contact, and
non-destructive handheld device for
analysing raw materials. The device
sends a single wavelength laser light
to the sample; once it hits the
molecules in an inelastic collision,
the light is scattered and returns from
the sample at different frequencies
corresponding to the vibrational
frequencies of the bonds of the
molecules in the sample. The bonds A11-3-1. Schematic Illustration of How Raman
for every molecule are different and Spectroscopy Works
hence, Raman scattered light differs Source: Thermo Fisher Scientific Inc. (2015)
accordingly, creating a “fingerprint”
that can be generated by recording the intensity of the light as a function of the frequency
difference between the laser and Raman scattered light; see A11-3-1; (Thermo Fisher Scientific
Inc, 2015).
According to Thermo Fisher Scientific Inc. (2015), the instrument, TruScan (see
Figure A11- 3-2), is able to identify raw material from their barcode and also to verify the
chemical identity of the material by means of measuring its optical properties and thereby, to
judge whether it matches a reference material in its library and in real-time to determine
statistically the uncertainty of the measurement; as follows:
1. Either by a pass Vs. fail test – if no significant difference between test and reference
measurements were observed (p-value >= 0.05), then the output result is “yes”
(Pass), and “no” (Fail) otherwise. See Figure A11-3-3.
2. Or by a “Positive Match” Vs. “No Match” test – if no significant difference between
test and any reference measurements was observed (p-value >= 0.05), then the
answer is “yes” (Positive Match), and “no” (No Match Found) otherwise. See
Figure A11-3-4.
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According to Wikipedia, as a technique, passivation is the use of a light coat of a protective material,
such as metal oxide, to create a shell against corrosion.

Figure A11-3-3 Raman Authentication Result Output
Source: Thermo Fisher Scientific Inc. (2015)
Figure A11-3-2 Handheld Raman
Raw
Material
Identification
Scanner
Source: Thermo Fisher Scientific
Inc. (2015)

Figure A11-3-4 Raman Identification Result Output
Source: Thermo Fisher Scientific Inc. (2015)

A12- FRP Literature Review
A12-1 FRP Pultrusion Process
It is a continuous manufacturing process of composites (fibre reinforced polymer or FRP) to
become uniform cross-section structural shapes that are strong and rigid (Scott Bader Company
Limited, 2005). Reciprocating pullers initiate the process by continuously pulling (as opposed
to pushing in the case of extrusion) fibreglass from the rovings through a guide into a bath of
resin mixture – or they are injected with resin in front of the die- in order to impregnate them;
the wet fibers pass through a heated steel forming die, which in its turn activates the catalyst in
the resin, the curing starts and the gelatine (resin) is hardened and formed in the shape of the
die (poles in our case). Thereafter, the cured profile is sawed into the desired length
automatically as per Scott Bader Company Limited (2005) and Strongwell Co. (2010). Figure
A12-1 explains the whole process in pictures.

Figure A12-1. FRP Poles Pultrusion Process Explanation
Source: adopted from Scott Bader Company Limited (2005)

A12-2 Common Defectives in FRP Composite
Scott Bader Company Limited (2005) demonstrated most of the common defectives in FRP
composites in their handbook and provided some recommendations in order to treat them.
Table A12-2 depicts the common faults.

Table A12-2. An Excerpt from the Common Faults in FRP Composite
WRINKLING
DE-WETTING, ‘FISH
‘WATER MARKING’
● Insufficient cure
EYES’
‘ETCHING ON MOULD’
● Gelcoat too thin
● Gelcoat too thin
● Areas of thin, double gel● Back-up too rapid
● Viscosity too low
coating on mould
● Catalyst contamination
● Release system
● Two colours gel-coated on
● Solvent attack
● Contamination
mould
● Solvent attack
POROSITY
POCK MARKS
COLOUR SEPARATION
Pinholes
● Gelcoat contamination
● Dirty equipment
● Gelcoat too viscous to
● Foreign matter on mould
● Contamination
release air
surface
● Insufficient mixing
● Cold gel coat and/or mould
● Overspray
● Sagging, drainage
● Poor mixing
● Dry laminate
● Poor gel coat application
● Gelled too quickly,
● Air voids in laminate
● Gelcoat dilution
entrapping air
● Unsuitable pigments
GELCOAT PEELING
● Contamination
● Gelcoat too fully cured
● Gel-time too long – release
wax dissolved
● Excessive release wax
● Dry reinforcement
CRACKING







Poor de-mould technique
Gelcoat too thick
Crack pattern transferred
from mould
Laminate too thin
Laminate too flexible

CHALKING
● Under-cured
● Surface grime
● Unsuitable pigment/carrier
● Excessive pigment/carrier
● Chemical attack

COLOUR TEARING
● Pigment separated from resin
● Improper spray technique
● Long gel-time, sagging

COLOUR SPECKS
● Poorly ground/mixed
pigments
● Contamination

DULL SURFACE
When released

BLISTERS
On release
● Air voids
● Unreacted catalyst
● Solvent contamination
In water
● Air voids
● Osmotic reaction
FIBRE PATTERN
● Transferred from mould
● Gelcoat too thin
● Cloth or woven roving too
close to surface
● High exothermic laminate.
● Insufficient cure released too
soon







Incorrectly used wax
Wax build-up
Unsuitable release wax
Poor mould surface
Polystyrene build-up

SOFT GELCOAT
● Under-cured
● Too much filler or pigment
● Unsuitable filler or pigment
● Temperature too low when
moulded
● Temperature too high when
hardness tested
Source: adapted from Scott Bader Company Limited (2005)

A12-3 Polymerisation
Polymerisation Chain-Reaction is an irreversible chemical reaction, that involves two principal
chemical entities a monomer25 that has at least one carbon-carbon double bond (like the
Styrene26 used by The FRP Pole Supplier) and a catalyst, which is a free radical peroxide that
contains a free electron that can form a bond (called covalent bond) with an electron on another
molecule. First, the catalyst (the peroxide) reacts with the monomer (the Styrene) and begins
the polymer chain; the monomer’s carbon double bond breaks and it bonds to the free radical
25
26

Monomer – is a molecule that can be bonded to other identical molecules to form a polymer.
An important note about this substance’s toxicity was provided in this section afterwards.

(of the catalyst) and the free electron of the latter is transferred to the outer carbon atom in the
reaction; then, the process propagates as double bond of successive monomers opens up, as the
monomer reacts to the reactive polymer chain and the free electron is continuously passed to
the outer carbon atom; finally, the reaction is terminated when two incomplete chains bond
together (Judy, u.d.).
Hence, the polyester resin (the low-viscosity monomer, which is Styrene in the FRP Pole
Supplier case) can be transformed into a thermoset solid27 if the catalyst (also called initiator),
which is a highly reactive peroxide, such as Methyl Ethyl Ketone Peroxide (MEKP) or Benzoyl
Peroxide (BPO), is added immediately prior to usage; a promoter (or an inhibitor), such as
cobalt naphthenate, may also be added to the liquid resin days (or hours)before the curing
process in order to increase (or decrease) the rate of the curing process; additionally, the catalyst
needs to be activated in order to function at room temperature and usually that happens by
adding an accelerator, viz., Dimethyl Aniline (DMA) (Reichhold Inc., 2009).
According to Reichhold Inc. (2009), correct proportions of the mixture are of premium
importance, because improper quantities or blending might result in wide range of unwanted
conditions; for example:
1. Blending the right amount of the promoter is essential for activating the catalyst.
2. The proper amount of initiator is a determinant of the working life of the resin, and if
it is not blended sufficiently hot spot might arise leading to permanent under-cure.
3. Higher levels of DMA might increase the exothermic heat and lead to warpage28 of
the resin, as it cures resulting in thick laminate sections.
The most common types of liquid resin are Unsaturated Polyester (UPR) - used by The FRP
Pole Supplier -, Vinyl Ester (VER), Epoxies and Phenolic (Rigby, 2008). Hereunder, a
comparison and contrast were provided only for UPR and VER, since both are commonly used
in the industry of producing utility poles.
A12-4 Styrene Toxicity
According to the Agency for Toxic Substances and Disease Registry, Styrene (CAS Number:
100-42-5) is a colourless liquid that evaporates easily. It has a sweet smell when pure; however,
it might have a sharp and unpleasant odour, when manufactured. The most common health
issues, when workers are exposed to the substance involves their nervous system; this includes
changes in colour vision, tiredness, feeling drunk, slowed reaction time, concentration
problems, and balance problems. Thus, OSHA set a legal limit of 100 ppm styrene in air
averaged over an 8-hour work day (ATSDR, 2012).
Noting that most UPR and VER are mixtures containing greater than 10% Styrene (CEFIC,
2011), the European UP/VE Resin Association (2015) has prepared a document, in which it
discussed the occupational exposure to Styrene. Figure A12-4-3 depicted the Occupational
Exposure Limits (OELs) in all EU Member States regarding exposure to Styrene. The OEL is
expressed in two numbers, as follows:

Thermoset solid – a structure that cannot be melt due to the covalent bond among its molecules as
opposed to the thermoplastics; thermoset’s crosslinked bonds form 3D network that is stiff, hard, strong,
resist solvents and heat to a certain degree, but can be more brittle as opposed to thermoplastics. (Rigby,
2008)
28
Warpage – A wavy dimensional distortion.
27

1. 8-hour Time-Weighted Average (TWA) – of Styrene vapour concentrations, in parts
per million (ppm), measured or estimated over an 8-hour working period.
2. Short-Term Exposure Limit (STEL), or Ceiling (C) limit – the maximum allowable
exposure over a short period, usually 15 minutes.
“Where workplace exposures to styrene may exceed the relevant OEL, appropriate risk
management measures must be taken.”
Additionally, the EU REACH regulation (EC 1907/2006) demanded establishment of a
Derived No Effect Level (DNEL),
which is the threshold for health effects
when human beings are exposed to
hazardous substances, and is used to
establish operating conditions and risk
management measures that define the
safe use of a substance for specific
exposure scenarios and should be
attached to the supplier’s extended
safety data (eSDS). The styrene DNEL
for long-term worker inhalation
exposure is 20 ppm for an 8-hour
TWA. The styrene DNEL for shortterm worker inhalation exposure is 68
ppm (European UP/VE Resin
Association, 2015).
Figure A12-4-3. Styrene OEL in Europe
Source: European UP/VE Resin Association (2015)

