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Abstract: This paper proposes the use of the Urgency, Seriousness and Growth (USG) Method in the
assessment of construction defects in foundations for wind turbines. To present how the method can be
applied in the evaluation of defects in foundations for wind turbines, we critically analyzed filed data from
the construction and inspection of foundations at an onshore wind farm in Brazil using the USG Method.
Results demonstrate the importance of using the USG Method.
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1. Introduction

Wind energy has increasingly become one of the main sources of clean and renewable power generation,
augmenting the demand for wind farm construction. In 2021, 72.5 GW of new onshore wind capacity was
recorded globally, causing cumulative onshore wind capacity to attain 780 GW, corresponding to the
installation of tens of thousands of new wind turbines [Mathern et al. (2022); Global Wind Energy Council
(2022)].

The construction of wind farms involves the assembly and installation of large wind turbine towers, a key
component in its infrastructure. Such elements demand an appropriate structural detailing and a careful
building procedure; thus, many works have approached the design and construction of wind turbines.
Paredes et al. (2011) performed numerical simulations of wind turbine towers, Wymore et al. (2015)
surveyed commercial and research turbine health monitoring systems - providing an analysis of their current
state and associated challenges — and Msigwa et al. (2022) reviews the impacts of wind energy generation
on environmental, economic, and social aspects of sustainability and mitigation strategies.

The foundation of the turbine towers is one of the most critical components in the wind farm construction
and particular concerns include the potential problems in concrete used in the foundations - which can lead
to structural failures, environmental degradation, and safety risks. In that context, studies have highlighted
issues in foundation’s concrete, including the ones related to strength, durability, and cracking. For example,
a study by Cunha et al. (2015) found that the use of recycled aggregates in concrete mixtures can lead to a
reduction in strength and durability, potentially compromising the safety and longevity of wind turbine
foundations. Another study by Wang et al. (2017) identified issues related to the cracking of concrete used
in wind turbine foundations, which can compromise structural integrity and increase the risk of failure.
Additionally, the use of certain types of cement in wind turbine foundations, such as high-alumina cement,

1
https://doi.org/10.4322/CINPAR.2023.012



has been linked to environmental issues such as the release of heavy metals into surrounding ecosystems
(Cazacliu et al., 2014). Other studies have highlighted issues related to the potential for groundwater
contamination during the construction and operation of wind turbine foundations (Khalil et al., 2018).

However, as mentioned in Braga et al. (2019), the Urgency, Seriousness and Growth (USG) Method,
presented in Kepner et al., 1981, is a very useful and important tool handle that process. By applying the USG
Method, we can form an order of solving problems.

This work then proposes the use of the USG on the assessment of defects in the construction of foundations

of wind turbines. To present how the method can be applied, filed data from the construction of 9 towers at
an onshore wind farm in Brazil were compiled and critically analyzed.

2. Methods

2.1 Introduction

In this work, we use the term defect as a general concept, that may refer to anomalies or nonconformities
and be associated to durability and functionality of the foundations. Defects can be related to design errors,
construction failures or material deficiencies.

Among the construction defects catalogued in this work, cracking was the most abundant type. As mentioned
in Mathern et al. (2022), most concrete structures present any kind of cracking, which may be often classified
in two main categories, depending on whether they occur before or after hardening of the concrete. Figure
1 illustrates crack formation mechanisms.

Figure 1 — Types of cracks and underlying causes. Elaborated from Mathern et al. (2022).
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In this work, we analyzed nine wind turbine foundations, which presented nonconformities after execution
phase. The most recurring types of defects found, therefore the ones studied in this work were cracks,
footprints, exposed wire, segregation of concrete, and concrete honeycombs. Figure 2 illustrates a scheme
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with the main types and the respective occurrence locations of concrete defects found in the wind turbine
foundations.

Figure 2 — Scheme of main types of concrete defects found on the analyzed wind turbine foundations
and their respective locations.

plastic insufficient
shrinkage cracks concret cover

2
S
P
\
[

footprint

exposed wire and
temperature rust marks

crack

Ll
G

2.2 Urgency, Seriousness and Growth (USG) Method

We catalogued all the nonconformities, classified the defects into different the categories and characterized
them quantitatively according to the USG Method. In order to identify nonconformities in wind turbine
foundations, we analyzed the photographs of defects as well as data from quality control inspection forms —
which contain information about the anomalies and indicate or propose a procedure to be followed to repair
the problem.

Defects repair priority order was established by applying the Urgency, Seriousness and Growth (USG)
Method, which contributes to an efficient planning as well as facilitates solution programming, focusing on
quality control. When evaluating urgency, the definition of each degree was based on the defect’s magnitude
and repair time, as presented in Table 1.

Table 1 — Urgency evaluation in USG Method

Degree Score
Extremely urgent 5
Very urgent 4
Urgent 3
Less urgent 2
Non-urgent 1
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Seriousness assessment considers possible risks and extent of damages, as presented in Table 2.

Table 2 — Seriousness evaluation in USG Method

Degree Score

Extremely serious 5

Very serious

Serious

Less serious

PN WD

Non-serious

Growth evaluation considers how quickly defect magnitude can increase. Table 3 shows the classification.

Table 3 — Growth evaluation in USG Method

Degree Score

Quick growth 5

Short-term growth

Medium-term growth

Long-term growth

=N Ww D

No growth trend

After evaluating the specific USG scores, the total score T is obtained by using Equation 1, in which U, S,
and G, represent the urgency, seriousness and growth scores respectively.

Ts = Ug X Sg X G (1)
One example of wind turbine foundation score computing is presented in Table 4. Data for foundation 1

includes nonconformity description and location of the defect; from such information, we assigned scores
for urgency, seriousness and growth of each defect and then computed the respective total score Tj.

Table 4 — Score computing for wind turbine foundation 1.

Number Nonconformitie Defect USG METHOD
description location Urgency | Seriouness | Growth | UxSx G
Exposed wire Top 1 2 2 4
Concrete segregation Base 4 3 4 48
1 Cracks Base 3 3 3 27
Concrete honeycombs Top 4 3 3 36
Footprints Base 1 1 1 1

2.3 Quality control inspection forms and defects examples

Defects had been catalogued previously in quality control inspection forms by construction company’s
workers. An example of inspection form defect presentation is shown in Figure 3.
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Figure 3 — Example of quality control inspection form.
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Photographs of all defects have also been analyzed in order to help classifying them according to the USG
Method. Figure 4 presents an example of a crack at the base of one foundation.
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Figure 4 — Example of a crack at the base of a wind turbine foundation.

%
5 o \ J
Z # A i
) “ . o y bt . ) & 3
w2 o . L v b i
- 47 2 e
'..Fl ,'\'-"" WY X \ s -
.~ / 4y -
o R d 54 o ) &
v a ¢ v % . .
4 % £ o { & .
YR g { )
& -~‘<r-_. .lll‘- 4 X .
% MO
A ) B Y
) N . 3 £
! Ce 'Q‘ ,t" of 0N .
i T, ey . , POy A2 _ $
v st (T i '
) ” ) \ v [
& A A ;
54 %) \ b
\ ¢ )

Figure 5 illustrates a honeycomb in a wind turbine foundation.
Figure 5 — Example of honeycomb in a wind turbine foundation

An example of footprint is shown in Figure 6.
Figure 6 — Example of footprints at the base of a wind turbine foundation.
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Figure 7 — Example of concrete segregation in a wind turbine foundation.

Figure 8 — Repair action reported inspection form.

*

Foto 7 - Segregagdo. a Foto 9 - Limpeza da superficie da
base.

Foto 11 - Remogdo completa do Foto 13 - Aplicacdo de Chapix no
concreto segregado. acabamento superficial.

Foto 8- Segregacdo. oto 10 - Remogdo do concreto
segregado com martelete. renara estaitural

Foto 12 - Aplicagdo do Supergraute para Foto 14 - Base reparada.
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3. Results and Discussion

According to the quantitative analysis carried out in this study, presented in Figure 9, honeycombs were the
most frequent construction defect in the analyzed wind turbine foundations, followed by segregation and
cracking. Footprints and exposed presented a lower frequency.

Figure 9 — Construction defects occurrence
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Figure 10 illustrates the results, in percentage, of the prioritization order obtained by applying the USG
Method.

Figure 10 — Priority risk percentage from USG Method
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According to those scores, the concrete segregation presents 48 points, leading the priority ranking. Concrete
honeycombs was placed second because it attained 36 points, followed by cracks (27 points), then exposed
wire (4 points) and footprints (3 points).

Exposed wire and footprints presented a lower score since urgency, as well as seriousness and growth are
very low compared to the other defect types. Such anomalies do not represent a risk for the wind turbine
foundations.

4. Conclusions

In this work we presented the most frequent construction defects in wind turbine foundations of a specific
wind farm in Brazil. After cataloguing the main types of defects, we established a priority order by applying
the USG Method, a tool used prioritize which problem should be solved first by considering their urgency,
seriousness and potential growth.

By analyzing the USG scores, we found that concrete honeycombs, concrete segregation and cracks are the
most frequent defects in wind turbine foundations and the ones that can cause the greatest damages,
affecting structural performance and lifespan. Therefore, immediate correction action must be taken in order
to restore the foundations’ affected areas.

Consequently, in order to minimize construction defects occurrence, we can notice the necessity for
adequate planning, with a view to attaining an effective quality control - regarding materials and execution
management — and even to proposing new construction methods.

Future works can propose new technical recommendations to repair construction defects, as well as new
construction techniques capable of minimizing common anomalies and its consequences.
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