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1. Introduction

Every object has its own history and its own problems that must be taken into account. A
deeper understanding of each object individually will help in developing better methods for
caring for them. However, this is not an easy endeavour. Having the time and the funding to
focus on one object is considered a luxury, especially if it is not an object currently placed in
the permanent exhibited collection of a museum or planned for a future display. While
preservation methods for materials in classic art are well-established, the preservation of
modern materials in contemporary art is still evolving. Contemporary art can consist out of
different materials. Concrete, for example, is not a modern material in the architectural sense,
but it is considered a newer material within art. This leads to Ingeborg, which is a concrete
statue created and named by the Danish-Swedish artist Gerhard Henning (27 May 1880 — 16
September 1967) in 1928 (See Figure 2) and is part of a vast museum collection. This
sculpture is showing degradation (See 2.3.4. Condition) and will be relocated to a storage
house for the construction of a new wing of the Art Museum in Gothenburg (See 1.1. The
museum and Ingeborg).

1.1. The museum and Ingeborg

The Art Museum in Gothenburg acquired Ingeborg in 1929, and since then it has been a
permanent item within the museum’s collection. Based on the literature and the information
provided by the Art Museum, the source from which the sculpture was acquired remains
unknown. The object is currently displayed in the sculpture hall, the first gallery you enter
after ascending the stairs from the entrance hall.

The gallery itself has a rectangular shape (See Figure 1), with high ceilings, and 2 stairs on
the two outer sides leading to the eastern and western cupola. Centred in the hall are two stairs
located that give access to entrance hall below. Alongside the southern and northern wall 6
niches are visible where art works are displayed. At a height of + 3m, large windows are
present to let in natural light. Ingeborg is situated in the 4™ niche at the southern wall. The
floor of the hall is made from black and white stone tiles in a checkerboard pattern (See
Figure 2).

The museum is going to build an additional wing which will urge the need of relocating parts
of the collection that is currently being displayed. Ingeborg will be relocated in 2027 to a new
storage house until the opening of the new museum in 2032.

Figure 1: Floor plan with the sculpture hall (orange), centered staircase (green) and Ingeborg (blue).
Image source: Website Konstmuseet Goteborg. Accessed via: https://emp-web-
34.zetcom.ch/eMP/eMuseumPlus?service=ExternalInterface&module=room&moduleFunction=high




Figure 2: View of the hall with Ingeborg in the middle of
the right wall. Picture taken by Sanne du Bois de Nevele
(25-09-°23)

Figure 3: Ingeborg, front view, located in Géteborg. Picture
taken by Sanne du Bois de Nevele (01-15-'24)

1.1.1. Gerhard Henning and Ingeborg

The creator of Ingeborg, Gerhard Henning was born in Stockholm, where he commenced his
artistic education at Valand in Goteborg in 1896 and he later briefly studied at the
Konstnarsforbundets skola in Stockholm. However, in 1909, he made a significant move to
Copenhagen, Denmark, where he eventually obtained Danish citizenship. During his years in
Gothenburg, he, along with two other artists, Ole Kruse and Ivar Arosenius, formed the core
of the young Géteborg’s art scene (Petterson, 1980). Originally his artworks consisted of
drawings and paintings but after the move to Denmark he made the choice to switch to
sculptures (Gerhard Henning, 1980). His artistic style, marked by refined figurines with a
hint of cool eroticism, was characteristic of the time during his employment at the Den
Kongelige Porselinfabrik, also known as Royal Copenhagen. Notably, Henning has a strong
presence in Goteborg's art scene, partly due to the enthusiastic support of a museum curator,
Axel Romdahl, who was a fervent admirer of Hennings' work (Petterson, 1980).

A metal version of Ingeborg is made and is currently standing outside in the open air, in front
of the Ekobrottsmyndigheten building in Stockholm (See Figure 4 and 5). The plate on the
base of the sculpture states the material bronze as well the date 1959 which can be the
assumed date of fabrication. Also, in Stockholm, stands a stone sculpture which is just the
torso of Ingeborg with the same figurative aesthetic as the concrete and bronze version. On
the Solna stadsbildarkiv website, it is stated that the torso could be the artist’s sketch for the
Ingeborg standing in the Art Museum in Goteborg. The sculpture has been placed in the
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garden of the Olle Olsson Hagalund (1904-1972) museum in 1981. The head of Konst och
kulturmiljéer of Solna, gave more information about the torso through email. This
information came from Lena Olsson Pétren, the daughter of Olle Olsson Hagalund.
According to Lena, the sculpture was purchased by her father from the lithographer Christian
Sorensen. Olle and Christian were working together at the time (around the 1960s) and Olle
saw the Torse standing outside in Christian’s Garden. He liked the sculpture and asked to
purchase it. From there on the sculpture has been standing in the same spot in the garden of
Olle Olsson. In the Statens Museum for Kunst (SMK) in Denmark, there is another full
version of Ingeborg standing in the hall 113 (skulpurgarden). On the website of the museum it
is stated that the sculpture is made out of sandstone and is named “Standing Nude Girl”
(Staende nggen pige, 1928 — 1929, Gerhard Henning | SMK Open, no date).

Hennings took inspiration for Ingeborg from the classical sculptures made by the French artist
Maillol.(Petterson, 1980) When looked at the pose of the object, it shows that there are
several areas where there is a lot of tension being put on one point. Ingeborg is leaning
backwards with tension being put on the left leg and right arm. To compensate for tension
being put on that side there is a mass placed, a rectangle shaped log or column, on which she
is leaning on. This pose is also referred to as the contrapposto which means that one part of
the figure (hips and legs) is twisted or turned away from another part (shoulders and arms)
(Chilvers, 2004).

=

. \ o Y ! .‘t‘,..'. b &
Figure 4: Ingeborg, right view, located in Figure 5: Ingeborg, left view, located in
Stockholm. Picture taken by Sanne du Bois de Stockholm. Picture taken by Sanne du Bois de
Nevele (11-19-'23) Nevele (11-19-'23)
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1.2. Research Problem and Questions

The research problem at hand circles around a big gap in the existing amount of knowledge
relating to risk assessment in museums, particularly within the context of preservation of
specific types of contemporary art. While a significant amount of information is available
regarding general risk assessment in museal settings, the specific vulnerabilities and
preservation needs of modern art, characterized by its diverse materials and innovative, often
unconventional artistic techniques, remain less addressed. These artworks are inclined to
various environmental factors, including but not limited to vibrations, temperature
fluctuations, light exposure, and air quality.

The research problem further extends to the development of a solid framework for mitigating
risks and uncertainties when specific environmental elements, such as vibrations, pose a threat
to the integrity and longevity of modern art pieces. Vibrations, originating from various
sources including nearby construction, traffic, or even internal factors within the museum,
have the potential to cause structural damage, loosening of components, and distortion of
delicate materials within modern artworks.

The sculpture Ingeborg is an example of a modern artwork that will undergo relocation due to
external reasons and is showing degradations (see 2.3.4. Condition). The degradations mainly
consist out of cracks (fractures that are visible on the surface). This makes the relocation of
the sculpture not as straight forward and led to the following research questions:

e Can there be an indication as to why the concrete sculpture Ingeborg is degrading as it
does?

e Can it be linked to the museal environment (Relative humidity, Temperature,
vibrations)?

e How can a more focused risk assessment benefit the concrete sculpture Ingeborg with
the focus on its relocation for the upcoming construction works to build the new wing
of the museum?

1.3. Objectives and Aim

The concrete sculpture Ingeborg is an example of a wider category of modern objects made
from the same material. Through a more in-depth investigation of the object’s structure and
its environment, the objective is to offer insights that increase the museum's understanding of
Ingeborg. These insights can form a more refined risk assessment which will lead to the
improved preservation of the object. This also includes decisions about the potential
relocation of the object for the upcoming construction works for the new building. The results
of this Master thesis can also be applied to other objects within the collection of the museum.
Despite the difference in material, some general ideas and tips can be cross implemented.

Additionally, the aim is to help initiate a broader conversation within the museum community
and the field of cultural and heritage preservation.
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The care for modern materials is a recent new dilemma to face. Although new literature and
research are being shared at an increasingly rapid pace, significant gaps still exist. This thesis
invites museums to reevaluate their approaches to collections management and risk
assessment, specifically for similar types of objects.

1.4. Limitations

In this study, the scope was deliberately limited to only the analysis of the concrete object
“Ingeborg” from Hennings. This decision was grounded due to the practical constraint of a
one-year thesis duration versus the expansive and uncertain quantity of concrete objects
standing in museum galleries and storage facilities. The task of compiling a comprehensive
list of analogous objects alone would demand a substantial, indeterminate time frame.

Consequently, the potential for compared interpretations of the outcomes that might arise
when conducting a comparative examination among objects undergoing similar types of
degradation, is left out. This attempt would not only demand additional financial resources
but also require collaborative partnerships between institutions employing the same
methodologies utilized within this thesis.

The object is placed approximately 1 m away from the wall which makes only 3 sides (left-,
front- and right side) more accessible unless the object is moved. Moving the object, however,
is not advised since the goal of this research is trying to understand the object and make a risk
assessment, prior to moving the object (See 4.4. Risk assessment).

13



2. Background of the research

This chapter explores the various aspects of the object studied in this research. The findings
presented here provide a foundation for connecting the analyses’ results (see Chapter 4:
Results) and addressing the research questions.

2.1. Concrete

The following (next) paragraph is divided into two sections that provide essential information
for understanding concrete. The first section offers a brief history of concrete to contextualize
the material over time, followed by an exploration of its chemical properties.

2.1.1. History

The history of concrete does not have one timeline, but it is different depending on the
country. It differs greatly depending on the region making it hard to define it in a general way
of thinking. Therefore, some limitations need to be set to not make it too complex. The focus
will mostly lie on Sweden and its rich history concerning concrete but there needs to be
mentioning of the bigger journey of concrete to fully understand the material and how it
relates to the object at hand. There are multiple books and articles written, discussing this
topic in more depth, but the next paragraph will hold a brief overview of that history.

Concrete is a mixture of a binding agent and aggregates. The binding agent is what we know
as cement and the aggregates can differ in material and size. Aggregates can be categorized as
fine (most commonly sand) and coarse (crushed stone or gravel) (MacDonald, 2003).
Depending on the definition of cement, the usage goes all the way back to the prehistory
where signs can be found in temples and religious structures (Hewlett and Liska, 2019). The
first written source talking about lime- based cement is written by Marcus Vitruvius Pollio
(81 BC-15 BC) in his book De Architectura. He described the usage of a binding agent
consisting of burnt lime with additives. When the Western Roman Empire fell in 476 AD, the
knowledge about the mixtures and the ways of building with this material, disappeared
(Ahlberg and Lofgren, 2022). A copy of Vitruvius’ work was rediscovered in 1414 by Gian
Francesco Poggio Bracciolini that led to the publishing of the printed first edition in 1486 by
Giovanni Sulpizio da Veroli or Johannes Sulpitius Verulanus or Verolensis and a scholarly
edition by Fra Giovanni Giocondo in 1511. This was the start of the rediscovering of the
Roman forgotten knowledge about the usage of cement and the ways to use it in architecture
during the Renaissance. Centuries later, but mostly from the 18" century, more scientific
investigations were performed that led to the making and usage of hydraulic cement which
will influence the discovery of Portland cement later on (Hewlett and Liska, 2019). Joseph
Aspdin, an Englishman, first patented Portland cement in 1824. Because of this he is usually
credited as the father of Portland cement. The mixture of this cement, however, is the
predecessor of Portland cement that is used now. His son, William Aspdin, had joined his
father’s company in 1829 but left to start up his own cement factory in 1843. There he
enhanced the recipe of his father. Another Englishmen, Isaac Charles Johnson, was able to
burn the same types of raw materials Aspdin used, but at a much higher temperature. This led
to different properties of the resulting binding agent and to its own patent in 1844 (Ahlberg
and Lofgren, 2022). In the years to follow more scientific investigation happened and more
modifications of the Portland cement mixture from Isaac Chales Johnson were produced.
With that, a large- scaled cement industry was established during the decade that followed.
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The cement production in Sweden started with the peaked interest in the possibilities of
Portland cement by Otto Fahnehjelm, a civil engineer. He went to England and France to
study cement production after his investigations that led to promising results on the Swedish
island of Gotland which is named Visby in 1869 (Jahren and Sui, 2017). Otto studied different
binding agents as well as the more traditional ones (Limes, Roman cement, and Portland
cement). He emphasized the importance of analyzing both raw materials and finished
products to ensure the best quality. In addition, he is also one of the chief engineers behind
the Lomma Factory in the southern part of Sweden, Skane, in 1873 established by the newly
formed company Skanska Cementaktiebolaget, nowadays named AB Cementa. In the late
1800s more factories arose which led to a total of 15 facilities for Portland cement production.
The usage of concrete expanded from not only structural implementation to also more
decorative elements. Many premade decorative elements were casted and used within
architectural constructions. (Ahlberg and Lofgren, 2022)

From the late 19" century until the First World War, there was an uprise in the demand for
more housings. This and the industrialisation that was in full up mars, made way for new
experiments with materials. The first reinforced concrete structure was grain mill in 1897 in
England. During the First World War, these endeavours stopped and after the war the focus
lied more on concrete within military structures etc. .(MacDonald, 2003) It needs to be noted
that the object was made in 1928 by the artist, which falls in the period between the two
World Wars. As mentioned above, the focus lied more on military purposes rather than
civilian purposes.

2.1.2. Chemistry of Concrete

As mentioned in (See 2.1.1. History), Portland cement was one of the biggest ingredient used
in concrete from 1824. The manufacturing process of Portland cement consists out of
crushing, milling and proportioning of several materials (lyer, 2020):

- CaO (Calcium Oxide, lime)
- SiO2 (Silica)

- Al2O3 (Alumina)

- Fex03 (Iron)

- CaS04.2H20 (Gypsum)

At the end of the 19th century, experiments were made to add other organic material to
replace a part of the Portland cement. In Germany, for example, they created “Masugnsslag”
which they added blast furnace slag as a replacement for clinker. Masugnsslag consists out of
30-40% CaO, 30-40% SiO», 10-15% Al>03, 4-17% MgO, 0.5-1% S and some other side
elements. (Ahlberg and L6fgren, 2022).
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2.2. Concrete sculptures

2.2.1. Mold and casting

According to an article from Paul F. and Miller Jr., many sculptures made from concrete are
casted.

To understand what is meant by casted, there needs to be a definition of the word:

-The J. Paul Getty Museum defines casting as sculptures that are made by melting down a
material that is then poured into a mold. However, a document provided on the same webpage
defines cast as an impression formed into a mould or matrix (Working with Sculpture
(Education at the Getty), 29/11/2023).

-The Tate Museum in England also defines casting as the process of making a mold where a
liquid material (molten metal, plastic, rubber, or fiberglass) is poured into to create an edition
of an artwork (Sculpture | Tate, 29/11/2023).

-In addition, the Oxford English Dictionary defines a cast as a model made by running some
liquid or forcing some soft substance into a mold or shape. This can sometimes be applied to
the negative impression taken from the original (Oxford English Dictionary, 2023b).

The different factors of these definitions of the word cast/casting have several aspects in
common. A mixture similar to the consistency of a mortar used to build a wall with bricks or
to render a wall can be poured into a mold. Concrete is in a liquid state before it hardens and
becomes solid. This allows, by definition, the pouring of concrete into a mold. One of the
limitations or a disadvantage can be the fact that for a large piece a larger mold has to be
made which requires a bigger working space. Another big disadvantage is that the liquid
needs to be fluid enough to be poured into the mold and fill all the mold parts to leave no air
pockets. For this to be achieved, a more “runny” version of concrete has to be made which
leads to weaker material as end result (Miller, no date). Vibrating the mold and making air
vents is also used to limit the presence of air pockets.

In Antiquity there was a big usage of plaster casts made with molds. Plaster casts served three
primary purposes: assisting in various stages of sculpture creation, transferring three-
dimensional images between locations, and standing as independent works of art (Frederiksen
and Marchand, 2010). Specifically for concrete, in Roman times, molds were used to cast
shapes for buildings or architectural elements, arches for example. The concrete mixture
would be poured into wooden forms where it would harden (Tuck, 2015). These were,
however, solid forms made for stability and strength rather than art and decoration. At the
university of Lund in Sweden, there is an example of a pre casted ornamental decoration in
concrete from 1882, belonging to the fagade of the university building. The subject is a lion’s
head that was pre casted with the usage of a plaster mold and then later added to the fagade.
The university building was designed by the Swedish architect Helgo Zettervall (1831 -
+1907) and he was one of the first Swedish architects to advocate for the usage of concrete as
a building material. The Skanska Cementakiebolaget (See 2.1.1. History), made in 1884 —
1890, thousands of concrete parts for the fagades of the St. Johannes Church in Stockholm
which they assembled during the building of the facade.(Ahlberg and L&fgren, 2022) The
artist Alain Buscarlet talks in an artist’s note about his own concrete sculptures he makes
since 1986. He mentions the importance of the usage of molds which defines the framework
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for the whole art piece. He pours his concrete in wooden molds made out of rough wood
which leaves wood grain marks on the concrete its surface (Buscarlet, 1990).

2.2.2. Structure

Around 1850 reinforced concrete was discovered. This meant that when enough metal rods in
tension zones were placed, the concrete would be able to endure much more forces and new
types of load-bearing forms could be produced. Armatures in concrete are used to give the
concrete shape more strength but can also be used to connect different concrete parts together.
Examples are anchoring iron to hold sculptures in place, anchoring rods in underlying
masonry for wall mounting, and iron profiles placed inside sculptures.(Ahlberg and Lofgren,
2022)

When looking up the usage of armatures in sculptures throughout history, they were
commonly implemented when the objects were made from plaster or clay. These materials
have a certain fragility to them in contrast to stone. A stone object is most commonly carved
from a block of stone with sometimes additions attached to them with metal pieces, also
called spuds. An object made from plaster or clay, however, can benefit from an inner
structure to strengthen the whole piece since it does not have the rigidness of that of stone and
can break easier. It can be seen as the skeleton of the object holding it all together
(Richardson, 2021).

In 1987, the city Bahrain commissioned the company, Bahrain Precast Concrete Co. W.L.L,
to make several concrete art works to improve the aesthetic of the city. The art works are
substantial in size, around 10m high, and it is mentioned that the pre casted parts are
strengthened with metal bars. Some sculptures were casted on the spot. This means molds
were made next to the base of the sculpture in the city. The casted parts were then placed
around metal bars and held in place with connections within the casted parts. (Jorgensen,
1987) Alain Buscarlet (See 2.2.1. Mold and casting), besides talking about the importance of
molds, mentions the usage of metallic netting whenever the rigidity of the art piece needs to
be improved (Buscarlet, 1990). Looking at the concrete sculptures from an artist named
Katherine Stanek, that started her artistic journey after 2006, it appears that the material is
being looked at from a more flexible perspective. Katherine briefly mentions her usage of
armatures in her work. She would stack the concrete around the armature, a technique more
seen with sculptures made out of clay, and then let it dry(Mabry, 2018).
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2.2.3. Texture

Precast concrete sculptures can feature a variety of surface finishes and even colours.
(Jorgensen, 1987). When looked at the previous chapter (see 2.2.2. Structure), even in the
past, different molds were used to give the surface of the concrete different types of texture.
From the late 19" century until the 1920s, the surfaces of decorative concrete were smooth.
This process of achieving a smooth finish led to the term "artificial stone.” The concrete was
durable enough to withstand carving and cutting without exposing the coarse aggregates.
(Ahlberg and Lofgren, 2022)

2.3. Ingeborg — Preliminary observations and environmental factors

2.3.1. Ingeborg — Historical perspective

Gerhard Henning, as mentioned in 1.1.1. Gerhard Henning and Ingeborg, moved from
Gothenburg to Copenhagen, Denmark in 1909 because of a job offer from Arnold Krog (1856
—11931), a Danish architect who was the appointed artistic director at Den Kongelige
Porselinfabrik (Timeline of the factory history, Royal Copenhagen). Henning was employed
by the Den Kongelige Porselinfabrik the first time from 1909 until 1915, and second time
from 1920 until 1925. Firstly, he worked as a painter, graphic artist and an illustrator before
evolving to more monumental sculptures (Gerhard Henning — Store norske leksikon). In 1924
he had his first breakthrough as a sculptor when he attended the Kunstnernes
Efteraarsudstilling in Copenhagen. Henning also participated in the general arts association’s
autumn exhibition in Stockholm in 1925 with around 100 sculptures. In 1932 Henning hosted
a retrospective exhibition in Malmg and an exhibition of a larger collection at the Glyptoteket
in Copenhagen in 1946. He also participated in a large amount of collective exhibitions
hosted in America, France, The Netherlands, Austria and United Kingdom (Gerhard
Henning, 1980).

Henning was also very active in Gothenburg. As mentioned earlier (See 1.1.1. Gerhard
Henning and Ingeborg), Henning formed a coterie of artists with Ole Kruse (1868 — +1948), a
painter/philosopher and lvar Arosenius (1878 - 11909), a painter and illustrator, around 1900.
Through this small coterie Henning formed his artistic, yet philosophical, vision (Gerhard
Henning, 1980). During his times at the Den Kongelige Porselinfabrik his work started to
show more decadence through refined but cool eroticism (Petterson, 1980). The naked female
body soon became the primary subject within Henning his sculptural work through the
inspiration of late 18" century female worshippers in French Rococo. After positive responses
from his close Danish friend and sculpturer, Kai Nielsen (1882-11924), he reformed the way
he looked at himself as a plastic artist. Henning was playing with the idea of a single reclining
female figure. It was only after 1918 that he finally broke free from the small statuettes he
made in porcelain and evolved to bigger sculptures.(Gerhard Henning, 1980)

The presence of Henning his work in Gothenburg can be strongly felt thanks to the art
historian and curator, Axel Romdahl (1880 — +1951). He was a fervent admirer of Hennings
work and donated several pieces to the Art Museum in Gothenburg (Petterson, 1980).
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An interesting anecdote emerges from a letter found at the Art Museum in Gothenburg,
written by Haavard Rostrup, an art historian and museum director, to a person named
“Bjorn”. There is no indication in the letter what the relationship is between Haavard Rostrup
and Bjorn. In a postscript to the letter, Rostrup mentions that the model for Hennings' statues
"Dana" and "Ingeborg" was a person named Erna Bernard, who posed for Hennings from
1918 to 1923. According to the letter, Haavard had a conversation with Erna on the phone
where she told him that she currently was living in Madrid. At first, she was Kai Nielsen’s
model. Erna also travelled to America and France where she modelled for the artists: Maillol,
Despiau, Derain, Segonzac, Cornet and Osouf. During the war, she was in the resistance
movement and The Germans destroyed her home, so she had no pictures or artworks to show
form her modelling. In the letter, Haavard advises Erna to write down her memoires.

2.3.2. Technology

One picture was found of Henning working on Ingeborg. The picture shows him holding a
wooden hammer and presumably a chisel against the surface of Ingeborg her right hip (See
Figure 6) in 1929. According to the text (Gerhard Henning, 1980), it is him cutting at a
natural stone block. In the news article Edition: A Eftermiddagseditionen (Petterson, 1980)
however, there is a picture shown of Ingeborg, mentioning of it being made out of “konststen”
which in Swedish translates too artificial stone (See Figure 7).

It is unclear as in how exactly the sculpture Ingeborg was casted since no information was
found in the literature mentioning Ingeborg. When looked at how sculptures are casted an
idea can be formed as in how it might have been executed. As mentioned earlier (See 2.2.1.
Mold and casting), making a mold was a very common practice of creating casts from an
original sculpture. To be able to pour the liquid concrete into the mold, the mold should be
standing or hanging upside down in order for the liquid to stay inside the mold. It is either
right before the pouring of the liquid or after that an armature can be placed within the
sculpture. There are no visual signs that the sculpture Ingeborg is made from different parts of
concrete that are being held together.
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Gerhard Henning i arbete med »Stdende
flicka» 1929.
Foto.

Figure 6: Picture of Gerhard Henning cutting into
Ingeborg, named in the picture Standing woman.
Source: Gerhard Henning. (1980). Géteborg:
Goteborg Konstmuseum

SN

e Tre exempel pa Henning
som skulptor: "Leda” (ne-
dan t h), "Skadespelerskan
Esther Sahlin” (nedan t v)
och "Kvinnofigur” (ovan).
De tva forstnimnda dr sta-
tyetter i brons och den sist-
namnda en staty i konst-
sten.

Figure 7: Picture of Ingeborg. Source: Edition:
A Eftermiddagseditionen (Petterson, 1980)

Additionally, there are cutting marks visible on the surface of the sculpture. However, with
investigating the surface, using the naked eye and macro images, it seems that the marks were
most likely present before the casting as said earlier, the surface could withstand cutting and
carving. This means it is possible the cutting marks were made after the casting. On the
surface of the bronze object, carving markings are also visible and after putting images of the
two objects on top of each other, the markings seem to overlap perfectly (See Figure 8). This
can indicate that the same original was used for both the versions (See Figure 9). On the
concrete sculpture a casting mark was found, left after removing the mold (See Figure 10 and
11). On the bronze version, the casting mark was not visible.
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Figure 8: Overlapping of the cutting marks of both the bronze and the concrete version.
Picture taken by Sanne du Bois de Nevele
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Figure 9: Side by side comparison of the cutting marks. Left is the concrete version; right is the bronze version. Picture
taken by Sanne du Bois de Nevele

Figure 10: Ingeborg, casting mark across the posterior with- Figure 11: Ingeborg, casting mark across the posterior with

norm:al museum lighting. Picture taken by Sanne du Bois de | gjrect light. Picture taken by Sanne du Bois de Nevele
Nevele
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2.3.4. Condition

As mentioned in section 1.1. the object has currently been standing in the sculpture hall. The
object is standing on a wooden pedestal that has 4 wheels which gives it the possibility to be
rolled to a different location. It is standing approximately 1 meter from the wall and can be
fully viewed by the public from 3 sides (left-, front- and right side). Since the sculpture has

it’s back against the wall, the backside can only partially be viewed.

There are no past condition reports available from the museum. When viewed from a
distance, the sculpture does not show immediate degradation or damages. When looked at
more closely, approx. 30 cm, the following degradations are noticed:

Cracks

Both arms exhibit several cracks,
including at the wrists and upper
arms.

Both legs show multiple cracks,
particularly at the ankles and lower
legs.

The right foot has cracks above the
toes.

The torso displays cracks around the
hip and waist areas.

The head has cracks around the
neck.

The column is cracked in the lower
part and midway up.

Additionally, there are hairline fractures that
traverse the entire material, except for two
cracks on the left hip.

Figure 12: Crack in left upper arm. Picture taken by
Sanne du Bois de Nevele.
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Figure 13: Cracks indicated in red, right
side; Picture taken by Sanne du Bois de

Nevele Nevele

Figure 14: Cracks indicated in red, front
side; Picture taken by Sanne du Bois de

Figure 15: Cracks indicated in red, left
side; Picture taken by Sanne du Bois de
Nevele

Material loss

- Right heel: Material loss is apparent
at the edges of the crack, impacting
the visual and structural integrity of
the heel area.

- Left Upper Arm: There is noticeable
material loss around the edges of the
crack, impacting the visual and
structural integrity of the upper arm.

Superficial dirt

- On both feet, more specifically on
the toes, it is showing the presence
of superficial dust manifesting as
dark spots.

- On the right leg, more specifically
on the knee and side of the calve, it
is showing the presence of
superficial dust manifesting as dark
spots.

Figure 16: Crack in left ankle. Picture taken by
Sanne du Bois de Nevele.

Figure 17: Superficial dirt on the toes on both feet.
Picture taken by Sanne du Bois de Nevele.
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2.3.5. Environmental conditions

Every object in a museum is exposed to environmental conditions. This can vary depending
on the building, the place it is situated and the measurements the museum implemented. An
example of those measurements is climate control. Through the usage of dataloggers, for
example, the museum can monitor different parameters for fluctuations which can negatively
affect the objects.

Vibrations have been playing a big role in the history of the object (See 2.3.5. Environmental
condition). As mentioned in Chapter 2.4. Risk assessment, in general, there are 5 aspects that
are monitored when it comes to the environmental aspects. For this thesis, 3 (temperature,
relative humidity, and vibrations) aspects from those 5 were considered more relevant since
these will also have an impact on the object in 2027 (section 1.1.).

Essentially vibrations are waves with the following basic concepts or variables: amplitude,
frequency, period but also wavelength and wave velocity. The amplitude refers to the
maximum displacement of a particle compared to its rest position. The frequency stands for
the number of events per unit of time and period is the time it takes for one wave cycle to be
completed. The wavelength can be seen as the distance between two identical parts of a wave
that are adjacent to each other, and the velocity is the speed at which the disturbance
moves.(Urone and Hinrichs, 2020) All these variables are, in some way, in relationship with
each other.

The relationship between frequency and period is:

1 1
f = F orT = ]T/
Where f stands for frequency and 7 stands for period. The relationship between wavelength,
frequency and period is:

A
U=/1f=f

Where A stands for wavelength and v stands for speed. The program used that collects the
data focused primarily on the speed but if needed, the equations can be used to calculate the
other variables.

There are different parties that can be involved in helping to create a plan to safeguard a
museum's collection. The SIS, for example, set up standards in the form of guidelines to help
all parties involved to maintain a proper threshold as in what amount is allowed depending on
the situation and material. For Sweden the standard which could be relevant for this thesis is
SS 4604866:2011 Vibration and shock — Guidance levels for blasting-induced vibration in
buildings, which was approved in 2011. However, according to a preliminary study from
Nitro Consult AB in 2014, there are concerns if the current values used to calculate the safe
threshold, are well adjusted to all the situations where blasting can happen. Following up on
those concerns, a proposal has been made to adjust the current standard. In the study it is
stated that the current standard does not differentiate the differences between explosions
underground or above the ground. It also is a concern that the values can’t be calculated
accurately. Currently, according to calculations made with the amplitude and frequency, the
safety value is 70 mm/s which result in non-noticeable cracking. (Jern, 2014)
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The West Link Project follows guidelines for vibrations stated in Buller och vibrationer fran
sparburen linjetrafik (Dnr.02-4235/SA60 2006-02-01). These guidelines use the SIS standard
SS 4604861:2022 Vibration and shock — Measurement and guidance for assessment of
comfort in buildings as a comparison to their calculated values. This guideline states that the
acceptable vibration level is RMS (Root Mean Square) 1-80 Hz, Speed 0,4 mm/s and
acceleration 14 mm/s. The values stated are however for non-construction works but for more
continuous vibrations from trains.(Banverket and Naturvardsverket, 2006) After consulting
the section about vibrations during the building phase in Olskroken planskildhet och
Vastlanken Underlagsrapport Ljud, stomljud och vibrationer, it became clear however that
for the vibrations from the bombing no guiding values were given. It stated that the levels of
vibrations they expect to be present are much lower than the level that would pose a risk of
damage. As a way to still be able to adjust the energy of the blasts, the suggestion is given
that more tests can be carried out at the start of the West Link Project.(‘Olskroken
planskildhet och Vistldnken Underlagsrapport Ljud, stomljud och vibrationer’, 2014)

Besides standards made by SIS or other institutes, different studies have been done by
museums and laboratories all over the world, concerning vibrations in relation with their
collection. These studies showed that the parameters of the number of vibrations that are
acceptable, are set according to the specifics of the objects, the building, and the nature of the
vibrations. A study on the effects of construction vibrations on four limestone statues in the
Qingdao Museum stated that the best threshold parameters, to safeguard the objects, would be
0.22 mm/s to 1.0 mm/s. It needs to be stated that this is according to the “Technical
Specifications for Protection of Historic Buildings against Man-made Vibration” and
“Blasting Safety Regulations”, which are the Chinese safety regulations.(Xu et al., 2023) At a
natural history museum in the Netherlands, vibration tests were performed on objects standing
on shelves. The conclusion regarding vibrations recommended maintaining a limit of 1.5
mm/s to 2 mm/s during construction to ensure a low risk of damage. (Wei and Dondorp,
2023) In the Field Museum in Chicago, they monitored vibration mitigation when they moved
SUE (most complete Tyrannosaurus Rex specimen) to another hall for construction works.
They noticed the floor in the new temporary hall was transmitting vibrations more than the
previous hall the specimen was placed in. They monitored vibrations induced by walking and
impacts (heel drops and usage of scissor lifts). The measured data was collected from both
halls and resulted in 0.02 in/s (0.5 mm/s) in the original hall to 0.14 in/s (3.5 mm/s) in the new
temporary hall from walking. For the impacts it resulted in 0.07 in/s (1.77 mm/s) to 0.11in/sec
(2.79 mm/s) in the original hall and 0.35 in/sec (8.89 mm/s) to 0.44 in/sec (11.17 mm/s) in the
new temporary hall. The overall conclusion was to lower the vibrations as much as
possible.(Johnson, EIBatanouny and Simpson, 2024) Johnson A.P. states that the ambient or
background (walking, closing doors etc.) levels of vibrations typically are around 1.3 mm/s to
2.5 mm/s and even to 5.0 mm/s. The highest level was seen when workers were taking down
tables and chairs after an event. Heel drop vibration levels were recorded going from 1.3
mm/s to 5.0 mm/s. (Johnson, Robert Hannen and Zuccari, 2013) More examples can be found
within literature about different thresholds used for collections with similar levels that can
differ due to the specific nature of a certain object or place.
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Table 1: Compiled result from literature concerning vibration levels.

Low impact Impact (heel drops, High impact
(walking, closing scissor lifts, (heavy
doors, etc.) construction works, construction
etc.) works, bombing)

SIS 70 mm/s

SS 4604866:2011

The West Link 0.4 mm/s

project

SS 4604861:2022

Xu et al., 2023 0.22 mm/s — 1.0 mm/s

Wei and Dondorp, 1.5 mm/s — 2 mm/s

2023

Johnson, 0.5 mm/s 1.77 mm/s -2.79 mm/s

ElBatanouny and 3.5mm/s 8.89 mm/s-11.17 mm/s

Simpson, 2024

Johnson A.P. 1.3 mm/s-2.5 mm/s- | 1.3 mm/s—5 mm/s
5 mm/s

The object has been indoor since the acquisition by the museum. Even though it has been
standing in the statue hall, according to the staff of the museum itself, the object has been
moved to other locations. These locations include the storage facility or other parts of the
statue hall. It is not known how many times the object has been moved since no records of
this have been found. If the object must be moved the elevator is not high enough for the
object to fit in. The depth of the elevator is not sufficient for the object to be moved
horizontally. Therefore, the only option would be to tilt the object far enough so it would fit,
height wise. Both these movements would expose the object to vibrations and internal stress.
Also moving the object on its pedestal over the natural stone tiled floor, which is uneven,
causes vibrations to occur. Unfortunately, no records were found stating how the object was
handled so there is no way knowing if this happened and if it did happen, how it was done.

Since it is unclear as to where the object has been placed throughout the history of it being in
the museum, it is also unclear if the object was ever exposed to different temperatures or RH.
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2.3.5.1. The West Link Project

A new railway connection, called The West Link Project (Vastlanken), is currently being built
in Gothenburg. This major project is made of an 8-kilometre-long tunnel that is going to run
underneath the centre of Gothenburg. There will also be three new underground railway
stations included.(Vastlanken - www.trafikverket.se, no date) To make the tunnel, explosives
are used. According to the provided interactive map by Trafikverket?, the tunnel is going to
run right behind the museum. The map also shows the explosion points which are situated on
less than 350 meters from the museum. In 2014 an environmental impact statement was made
by Trafikverket. A background report explaining the cultural environment in Gothenburg was
included, listing all the important heritage buildings and structures within the city. In that
statement it is written what parts of the exterior and interior are sensitive for impacts. It
concluded that the interiors of the buildings around Gotaplatsen, are all valuable.(‘Olskroken
planskildhet och Vastlanken, Miljokonsekvensbeskrivning 1 september 2014, rev. 2014-11-
07°,2014). On the website it was stated that the bombing of the rock layer in the mountain to
blast out the tunnel in Korsvégen, which is close to the museum, was concluded in 2023.
Additional bombing of the rock layers will still occur for service tunnels, technical spaces and
parts that will become the station.(Korsvagen 2023 - www.trafikverket.se) Because of the
bombings and the fact that the vibrations are clearly noticeable by people inside the museum,
the vibrations were monitored.

L https://gis.trafikverket.se/portal/apps/dashboards/3ad0c0fdb17f42e4abf180122d0ch1bb
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2.4. Risk Assessment

The term ‘risk assessment and management’ has a broad interpretation. Risk on its own can
be interpreted as “the expected fractional loss of value to the heritage asset per unit time”.(The
ABC method a risk management approach to the preservation of cultural heritage, 2016) The
Oxford English Dictionary defines the terms assessment and management as follows:

- Assessment: estimation or evaluation (Oxford English Dictionary, 2023a)

- Management: organization, supervision or direction; the application of skill or care in
the manipulation, use, treatment, or control (of a thing or person), or in the conduct of
something.(Oxford English Dictionary, 2023c)

Risk assessment and management of art, however, comes down to answering questions
regarding the protection of collections, buildings, monuments, and sites, now and in the
future. This will allow the consideration of all the risks which will improve the decision
making of priorities and the planning of resources.(Luiz Pedersoli Jr., Antomarchi and
Michalski, 2016) Because risk management became more important, international standards
were created. These standards also have the goal to help organizations with streamlining their
risk management as they are good practice guidelines. An example of those standards is the
ISO 31000:2009, Risk Management - Principles and guidelines.

During the last decades, it has shown that studying and monitoring the environmental
conditions of both museum and storage facilities is important for the preservation of
collections and artifacts. (Pavlogeorgatos, 2003)It improves the lifespan of the artwork and
limits the need for interventions. These environmental conditions include the following
parameters: humidity, vibrations, temperature, light, and pollution. Quite a few experimental
methodologies were performed to measure the differences or fluctuations of all the different
parameters but were proven that it is hard to make one guideline for every museum.

Several big organizations (ICCROM, CCI, AIC, etc.) were created to help the support and
promote conservation in all its aspects. Risk assessment also falls under the topics being
heavily discussed. ICCROM, for example, hosts numerous courses on risk assessment in
different aspects as well guides, toolkits, and manuals about risk assessment within cultural
heritage. These documents are detailed and are made to be implemented by anyone who reads
them. However, even with those documents available, it is not a guarantee that everyone is
using that one guide, toolkit or manual. The negative side of this is that there is not a unified
way of doing risk assessment and management which can lead to misunderstandings within
the conservation field.

Each material has its own preferred set of parameters to ensure the preservation of it. In an
ideal situation, each room or area would have the parameters set for that specific material, but
in reality, it is almost always a mixture of different types of material presented in a collection.
Adding to this is that each museum or facility has its own limitations as to how it can measure
or control the different parameters. This includes the structure of the building/rooms, the
placement of the building/rooms as well as budget limitations.
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3. Methods

The purpose of the chosen methods, in this thesis, is to understand several key aspects of the
concrete sculpture:

o Material Composition: Knowing the material of the sculpture will partially help
answer the question why the object is showing certain degradations. It is also crucial
for determining the appropriate conservation techniques and assessing its vulnerability
to environmental factors.

« Condition Assessment: Analyzing the cracks throughout the object helps further
define the risk assessment of the sculpture.

o Impact of Vibrations: Evaluating the effect of vibrations caused by the bombing of
the rock layer for the new train tunnel can be highly informative, as these vibrations
are physically felt by the museum staff and could potentially threaten the sculpture's
stability and conservation.

When looked at the degradations discussed in the section 2.3.4. Condition and keeping in
mind that moving the object or taking samples of the object (for analyses and inspection
reasons) is not an option, the following methods were considered:

- XRF (X-ray Fluorescence)

This method was chosen to try to determine the original technique (the material composition)
being used. A portable XRF machine was used provided by the University of Gothenburg.
This technique offered a flexible and quick way of getting readings because of its
moveability.

- Data logging

As explained in 2.3.5.1. The West Link Project, the staff of the museum felt vibrations
because of the bombing of the rock layer for the new train tunnel underneath Gothenburg. The
integrity and conservation of the object might be at stake, making it important to assess the
potential impact of these vibrations on its condition. Since there are future construction works
planned, for building the new wing in the Art Museum, it would be interesting to monitor the
vibrations of the bombing to try to get an understanding of the impact of it on the sculpture.
The data logging can give an indication on two questions, how strong are the measured
vibrations and would they be considered a risk for the object?

- X-ray

Or also called Rontgen radiation after the scientist Willhelm Conrad Rontgen (1845-1923).
(Widder, 2014) As explained in (See 2.2. Structure), armatures were usually used to give
strength to the sculpture. However, no signs of an armature are visible since there is no part of
the armature exposed. To be able to assess if there is an armature present, the X-ray method
was considered. The method was also used to see if there could be a clearer view of the cracks
developing in the depth and to see if there were cracks visible that were not visible with the
naked eye. The Swedish National Heritage Board (Riksantikvariedmbetet in Swedish)
provided the X-ray machine through their “Géstkollega pa Riksantikvarieambetet” program.
This program allows a limited number of institutions, researchers, and students each year to
access the equipment and expertise of the Swedish National Heritage Board to support their
research.
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3.1. XRF

A portable XRF machine is a more accessible research tool compared to bringing the object to
a facility for XRF analysis. It is also an accessible tool for when sampling is not an option.
The objective for this method is to get an understanding of the elemental composition of the
material that the sculpture is made from (See 4.1. XRF).

For collecting the data, the portable non-contact micro-XRF Scanning Spectrometer, ELIO,
from Bruker was used which was provided by the University of Gothenburg. The device does
not require any contact with the object to be able to collect the data. The device is attached to
a tripod that can be adjusted to different heights and the head can be tilted up and downwards.
This allows for a very flexible way to work around an object (see Figure 10). There are
limitations to this, however; the tripod only allows the head to reach a height of up to £120
cm. A tripod has three legs which can cause placement to be challenging. Also considering
the object is a 3D object, it might be impossible to reach certain measuring spots in the deeper
areas. This leads to areas that can’t be included in the research that might hold additional
information.

Prior to collecting the data, the areas to be measured were discussed. Visually, the material of
the object seems homogeneous so there were no areas that stood out to take measurements
from. In total 6 spots were chosen to cover 3 sides of the object (See Figure 19). No
measurements were taken from the back side of the object because there was not enough
space between the wall and Ingeborg to place the portable XRF.

An important factor that needs to be noted is that all the results of the XRF readings need to
be treated as indicative data. Within the limited time frame, it is not possible to use another
non-invasive method nor is it possible to get a sample that can be chemically analysed to be
compared to standardized samples. This leaves the portable XRF to be a decent guiding
analyse method.

Instrument information

- The measurements were taken with RH-target microfocus-X-ray tube (with a
collimator of 1 mm) and a measuring time of 60,0 seconds, a voltage of 40 kV and a
current of 100 pA.

- The working distance between the detector and the surface was around 10 mm with
fluctuations in distance happening because of the 3D like nature of the sculpture.

- The calibration of the XRF was performed by using the certified calibration
materials.

- The raw data consists out of the number of counts of element specific fluorescent X-
ray energies that are received in an XRF instrument detector.(Lagoida and Trushin,
2016)

- Measured data were processed by the software program provided by Bruker. The
raw data is visualized in a spectrum where the x-axis represents the element specific
fluorescent energies and the y-axis the counts or pulses.(Lagoida and Trushin, 2016)

- The following elements, He, Rn, Xe, Kr, Ar, Ne, Rh and H, were excluded from the
readings to make the results more focused on elements that are most commonly
found in concrete.
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Figure 18: Initial set up of the portable XRF on the tripod.
Picture taken by Sanne du Bois de Nevele.

Figure 19: XRF measuring spots marked
with red. Picture taken by Sanne du Bois de
Nevele.

3.2. Datalogging

3.2.1. Temperature and Relative Humidity

Both T and RH are being monitored at the back of the sculpture with usage of two Tinytag
plus2 TGP-4500 dataloggers made by Gemini Data Loggers UK.

The two Tinytag plus2 TGP-4500 dataloggers were placed behind the object, between the
outer wall and the object, on a wooden beam. The first one is placed + 10 cm from the floor
and the second one is placed on + 120 cm from the floor (see Figure 12). These placements
were decided on to see if there are differences in measurements depending on the height of
the placement of the dataloggers.

The measurements take place every 30 minutes intervals. The measurements started on the
1sth of September 2023 and lasted until the 18" of March 2024.

32



Instrument information (TGP-4500 | Temperature & humidity data logger | Tinytag)
- This device can measure temperatures from -25 °C till + 85 °C in environments such
as during transportation and outdoors. For humidity it can measure from 0% till
100% RH.
- The measuring fault for RH is +3% at 25°C
- The measuring fault for T is £ 0.45 °C

Figure 20: Two Tinytags plus 2 attached
to the pedestal standing behind the
object. Picture taken by Sanne du Bois de
Nevele
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3.2.2. Vibration

A triaxial geophone MET3-221 sensor, provided by Metron Miljokonsult, is used to measure
the vibrations. The sensor was attached to the base on which the sculpture is placed (See
Figure 22). Attached to the senor is the storage device which is placed in a box (See Figure
21). The program TellUS is used to log all the data from which data sheets and graphs can be
generated.

The measurements started at 11" of September 2023 and ran until the 31 of March 2024.

Instrument information

- Measurements were taken on the X, Y and Z axis with 3 SM6 geophones. The
instrument is measuring continuously but only registers vibration that exceeds the 1
mm/s. Once the sensor is triggered by going over the Imm/s, a recording of that
vibration is taken for 20 seconds. The maximum value the instrument can measure
is 270 mm/s. The filter for measuring the frequencies is set to 4,5 hz to 315 hz.

- Metron Miljokonsult follows the Swedish Institute for Standards (SIS) standard SS
02 52 11 which is the standard for “Vibration and shock — Guidance levels and
measuring of vibrations in buildings originated from piling, sheet-piling, excavating
and packing to estimate permitted vibration levels” which are approved by the
Svenska Trafikverket.(Standard - Vibration and shock - Guidance levels and
measuring of vibrations in buildings originating from piling, sheet-piling,
excavating and packing to estimate permitted vibration levels SS 25211 - Swedish
Institute for Standards, SIS) A wider range can be chosen but since the goal of the
measurements is to measure vibrations made by construction works it was decided
to follow the SS 02 52 11 standard.

Figure 21: Measuring device with the black box to collect | Figure 22: Placing of the sensor on the back of the object’s
the data. Picture taken by Sanne du Bois de Nevele. base. Picture taken by Sanne du Bois de Nevele.
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3.3. X-ray

Before performing X-ray (X-radiation) analyses on the object, several different aspects had to
be taken into consideration. As the name clearly states, the usage of this method will require
the usage of x-rays which can be harmful for humans when exposed to in high quantities.
Safety measures were taken in consideration to limit the risk of exposure to the radiation for
the team performing the analyses as for the employees that are present in the building. Staff
was informed several days prior to the analysis, exits and entrances were blocked off and led
based carpets were put on the spots where the radiation could easily penetrate the material
(windows). The analysis was also performed on the day the museum is not open for visitors.
Prior to and during the imaging, measurements with a Geiger counter were taken to check the
level of the radiation measured in millisieverts (mSv). Areas that measured more than 0.2
mSv were closed off to not get exposed to possible harmful levels of radiation.

The object consists out of a dense material which can be hard to penetrate with x-rays
depending on the thickness of the mass. Several test images were performed to see what
strength would be sufficient to penetrate the material. The highest setting of 2000 mSv made
it possible to see through most of the limbs, head and the part that resembles a tree stump.

When projects do X-ray imaging, in most cases, partial images from the object would be
taken which afterwards would be stitched together. This however works better for 2D objects
since the x-ray tube can stay stationary while the back plate is moved around behind the
object. Since the object is 3D and does not have a uniform thickness, different angles had to
be used to be able to get a clear image. The torso of the object was too dense for the radiation
beams to penetrate and therefore that area has been excluded.

A setup was made consisting out of the x-ray tube being put on either its removable and
adjustable legs, or on top of a scissor lift (See Figure 23). This allowed for adjustments of the
position of the tube. Behind the object a construction was made that hold the digital x-ray
plate (See Figure 24). This plate can be moved up, down, left, or right. This construction was
also able to be moved according to the moving of the x-ray tube. A temporarily workplace
was made, at a safe distance, for the computer and the printer (See Figure 25). After taking
the image, the digital x-ray plate is put in the CRxFlex industrial CR (Computed
Radiography) scanner (See Figure 26). This device allows the image to be imported into the
program Rhythm RT for analyses purposes.

Instrument information
- The EG&G Torrex 150D X-ray cabinet from Waltham, Massachusetts USA was used
with a 46X38 cm IPC2 phosphor imaging plate from Fairfield, Connecticut USA, to
take the images.
- To process the images the software GE Rhythm Review and Adobe Photoshop were
used. The editing of the images included cropping, brightness/contrast adjustments,
“weld filter”, gradient filter and others.
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Figure 23: Set up with the X-ray tube in front, elevated on
benches and the stand for the X-ray plate behind the
object. Picture taken by Sanne du Bois de Nevele.

Figure 24: The adjustable stand behind the object
with the attached X-ray plate. Picture taken by

Figure 25: The set up of the computer and printer at
the workplace. Picture taken by Sanne du Bois de
Nevele.

Sanne du Bois de Nevee.

Figure 26: The digital X-ray plate is being placed into
the printer. Picture taken by Sanne du Bois de Nevele.
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3.4 Risk assessment

After consideration of the different tools available, the ABC method (See 2.4. Risk
assessment) for assessing risk was used. This is a tool made by collaborations of several
institutes and agencies, Canadian Conservation Institute CCI), Netherlands Cultural Heritage
Agency (RCE). It has been revised by the experience of CCI and the experience of projects
ICCROM carried out. (The ABC method a risk management approach to the preservation of
cultural heritage, 2016) It must be noted that only the A and B sections (See 4.4 Risk
assessment) of the ABC approach have been used and implemented to fit within this thesis
and research question. The A stands for how often the event will occur and B indicates the
size of the loss of.(Luiz Pedersoli Jr., Antomarchi and Michalski, 2016) Also, the scope of
the risk assessment has been focused on the specific risks (relocation, vibrations, possible
changes in RH and T) the object will be exposed too in the future. There are considerably
more aspects that can be considered regarding an overall risk assessment of the object, but
this would require more research and investigation, which fits outside the scope of this thesis.
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4. Results
4.1. XRF

Readings were performed in six zones on the sculpture, each zone undergoing three readings
per point to calculate an average of the resulting percentages (See Figure 27). These readings
provided semiquantitative data, which are indications and are not completely reliable, about
the possible presence and concentration of specific elements within the measured spots. In
general, XRF beams have a limited penetration dept going from a few pum to some mm. This
will depend on the matrix of the material.(Nedeljkovi¢ et al., 2023) It will be therefore nearly
impossible to say what the position, compared to the depth of the beam, of those results
exactly is. It can be an indication of the elements that are right on the surface, or deeper. The
elements listed are also given an error percentage, also called the detection limit. (Shackley,
2011) Anything above the error percentage can be seen as more solid indication of the
presence of that element. Anything underneath that number are clear uncertainties.

XRF Ingeborg
100
90
= 80
S 70
e &
: X
D = T —
Ca + Error % Si + Error % S + Error %
miBFS 67,66 0,3 20,69 4,24 11,13 2,36
iBLS 61,29 0,3 27,2 3,38 11,12 2,53
miBLS Crack 85 0,24 14,51 3,43 9,72 2,03
miBRS 56,24 0,34 32,28 3,19 10,76 2,58
miFR 70,28 0,29 22,75 3,9 6,49 3,05
iFS Knee 92,67 0,27 4,71 3,54
miLS 81,1 0,29 16,51 5,14 6,65 2,92

Figure 27: Compiled data of all the measured spots.

As mentioned before, each spot has been measured 3 times. To compile those readings into 1
percentage per spot, the RMS (root mean square) has been taken. The main 3 elements that
stand out are Ca (Calcium), Si (Silicon) and S (Sulphur). All the other elements are shown in
a lower percentage than the error percentage. This indicates that it can’t be certain this
element is present and can be considered as indicative or even negligible. Therefore, they are
not shown in the figure.
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Spectrum: iBFS-1.12

I Acquisition Spectrum Analysis Background Analysis Fitted Analysis Clean |
Analysis Background + Fitted
1 Meas. Time: 60,0 sec
4+ . Live Time: 58,4 sec
w | [3. : . : Dead Time: 2.7 %
: : Count Rate: 5496 cps

Counts [Linear) (10°3)

Energy (keV)

Analysis Results:

Element Concentration Errar
Ca 66,61% +0,3%
Si 21,43% +4,24%
S 11,44% +2,36%

Figure 28: Example of XRF result with spectrum iBFS-1.12

As mentioned in 2.1.2. Chemistry of Concrete, the chemical components of Portland cement
consist out of:

- CaO (Calcium Oxide, lime)
- SiO2 (Silica)

- Al2O3 (Alumina)

- Fe203 (Iron Oxide)

- CaS04.2H20 (Gypsum)

The 3 biggest elements (Calcium, Silicon and Sulphur), fall perfectly in line with the
elements present in Portland cement. However, Aluminium (Al) was not present in any of the
readings. The instrument used for the analysis did not pick up the light element Al due to the
instrument’s limitations.

4.2. Datalogging

4.2.1. Temperature

The period that has been taken in consideration is between August 24" 2023 and March 18™
2024. The data collected from the two dataloggers revealed that there is a slight difference in
temperature from the start of the measurements until the middle of December 2023. Even
though there is a slight difference, both lines follow the same trend. Sensor 1 was placed the
highest and sensor 2 the lowest on the wooden beam behind the object. When looked at the
result, it shows that the temperature drops + 1 °C, from 21,2 °C to max 18.7 °C. Around the
beginning of March 2024 the temperature seems to stagnate until the end of the
measurements.
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Figure 29: Collected data from sensor 1 and sensor 2 for temperature

4.2.2. Relative Humidity

The data collected from the two dataloggers revealed that the RH started to drop when it
reached the end of September 2023 and kept gradually lowering for £ 5% until the beginning
of January 2024. After that the RH stayed stable until the end of the measuring.
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Figure 30:Collected data from sensor 1 and sensor 2 for relative humidity

40




4.2.3. Combined Temperature and Relative Humidity

Both sensor 1 and 2 for temperature and relative humidity were put alongside each other for
comparison. This to show how both T and RH behaves alongside each other during the same
time period.

Sensor 1 for Temperature and Relative Humidity
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Figure 31: The graph for T and RH from sensor 1 put on top of each other
Sensor 2 for Temperature and Relative Humidity
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Figure 32: The graph for T and RH from sensor 2 put on top of each other
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4.2.3. Vibration

Determining what the inner armature is made of without damaging the object was not
possible since there were no losses detected where the armature was exposed. Reinforced
concrete means that bars made of a metal are inserted in the concrete mixture before it
hardens. These bars can be inserted in the already poured mixture or the mixture can be
poured around the metal bars. The metal bars will give strength to the mixture allowing it to
better withstand several forces like vibrations. The mechanism holding the concrete and metal
bars together is adhesion. This means that through the drying of the concrete, the concrete
presses onto the metal.(Wojtowicz, Ubysz and Michatek, 2018) If the metal has a rough
surface it will attach to it more strongly.

The object can endure different ways of vibrations:

- Stress may be inflicted by tilting the object that is supposed to be standing upward,
with the base of the object horizontal, on a flat surface. Tilting the object from the
upright position to a horizontal position is known as static mechanical load where load
is slowly applied and goes in one motion. The load also does not change over time
unless the object is being tilted in a new position.(Wei, 2021)

- Handling or moving the object in any direction may cause significant vibrations since
its purpose is to remain static. According to the museum, the object has been moved
throughout its history in the museum. Unfortunately, no written records were found as
to see when and how this happened. Considering the upcoming build of the new
museum wing (See 1.1. The museum and Ingeborg), the object will have to be moved
to storage to ensure its safety during the construction works. This to ensure the object
is not standing in the way of any construction works. These vibrations fall under the
mixed cyclic loads. There is a mixture of shock and vibration. Cyclic loads mean that
the stress or load, changes in time and moves between a minimum and maximum
value. The damage is caused depending on the frequency and amplitude of the
load.(Wei, 2021)

- The vibrations of the bombing of the tunnels for the newly build railway, named the
West Link Project (See 2.3.5.1. The West Link Project), can be categorised as shock
or impact loads. This means that the loading is fast and therefore the deformation of
the material will behave like a spring. It goes back and forth until the movement dies
out. This type of shock will die out very fast compared to an earthquake.(Wei, 2021)

All the different ways of vibrations are inflicted from external mechanical forces or forced
vibrations. Those vibrations will travel through the object, which means through the concrete
and through the metal armature. They are, however, independent of the natural frequency of
the materials. When the forced vibrations matches the natural frequency, the phenomenon
known as resonance occurs.(Norton and Karczub, 2003) This phenomenon magnifies the
incoming vibrations and the object will almost vibrate uncontrollably.(Wei, 2021) To be able
to know at what frequency of vibration Ingeborg would be in resonance, additional testing can
be done by measuring the vibrations going in the object and compare it to the vibrations
inside the object. However this requires putting sensors on the object which might be difficult
for an art work.(Wei, 2021)
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Choosing a threshold as to what level of vibrations would be considered acceptable, and that
would fit Ingeborg, is something that will be very specific for the object. Multiple aspects
need to be taken into consideration: damages, structural integrity, material, etc. To have a
base threshold to compare the results from the vibration measurements with, the 1.5mm/s to 2
mm/s threshold is chosen. This falls somewhat in the middle of the results shown by other
research where they researched acceptable levels of vibrations in museal settings (See Table
1). Unfortunately, not much data is known about the effect of vibrations on different types of
art works let alone concrete artwork.

For the analysis of the collected data from Ingeborg, it must be noted that, as stated in 2.3.5.1.
The West Link Project, the majority of the bombing of the rock layer was done in 2023. The
bombing itself could be felt and heard by the staff and visitors in the form of vibrations in the
floor and a low rumbling sound. The data has been separated as the number of measurements
below 1.5 mm/s, measurements between 1.5 mm/s to 2 mm/s and measurements above 2
mm/s.

Total measured vibration data

m Under1.5 = Betweenl1l.5and2.0 = Over2.0

Figure 33: Pie chart showing the percentages of measured data according to their intensity level in
mm/s

It could be seen that the vibrations measured under 1.5 mm/s and over 2.0 mm/s are of same
percentage. The third part, which is 16% of the total amount of collected data, are the
measurements between 1.5 mm/s and 2.0 mm/s. The data measured under 1.5 mm/s can be
seen as non-worrisome according to past vibration monitoring in other museums (see 2.3.5.
Environmental conditions). The measurements between 1.5 mm/s and 2.0 mm/s are
considered acceptable vibrations and has lower chances to cause damage when the duration of
the vibrations is short.(Wei, 2021).The data over 2.0 mm/s are considered not acceptable and
could hold potential immediate threats for the object.

Of the 42% of measured vibrations that exceed the 2 mm/s limit, 22.5% are considered
extreme and go well over 5 mm/s. However, 14.3 % from 22.5% were directly connected to
vibrations caused by maintenance works (cleaning, moving other artworks) in very close
perimeter of the object. This means that in total 8.2 % were over 5 mm/s caused by the
bombing of the rock layer of the tunnel (See 2.3.5.1. The West Link Project).
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Figure 34: List of amount of measurements taken according to the intensity level in mm/s

4.3. X-Ray

4.3.1. Armature

The X-ray imaging shows there is an inner armature present. It appears to be round shaped
and about 2.5 cm in width. The width of the bars was deducted by enlarging the image of the
wrist (see) to the actual size of the wrist. The bars are bend into shape to be able to fit into the
different areas.
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Figure 35: Head; Energy:200keV,
Current:4.5mA, Exposure time:30sec,
Distance 50 cm, Edit: weld.

Image generated by Riksantikvariedmbetet

Figure 38: Lower right arm;
Energy:200keV, Current:4.5mA, Exposure
time:20sec, Distance 20 cm, Edit: weld
Image generated by Riksantikvarieambetet

Figure 41: Left knee; Energy:200keV,
Current:4.5mA, Exposure time:20sec,
Distance 20 cm, Edit: weld

Image generated by Riksantikvariedmbetet

Figure 36: Upper left arm; Energy:200keV,
Current:4.5mA, Exposure time:20sec,
Distance 50 cm, Edit: weld.

Image generated by Riksantikvariedmbetet

Figure 37: Lower left arm; Energy:200keV,
Current:4.5mA, Exposure time:20sec,
Distance 30 cm, Edit: weld.

Image generated by Riksantikvariedmbetet

Figure 39: Right hand; Energy:200keV,
Current:4.5mA, Exposure time:20sec,
Distance 20 cm, Edit: weld

Figure 40: Column; Energy:200keV,
Current:4.5mA, Exposure time:20sec,
Distance 50 cm, Edit: weld.

Image generated by Riksantikvariedmbetet

Figure 42: Right ankle and left heel;
Energy:200keV, Current:4.5mA, Exposure
time:20sec, Distance 10 cm, Edit: weld

Image generated by Riksantikvariedmbetet

Image generated by Riksantikvarieambetet

Figure 43: Left foot; Energy:200keV,
Current:4.5mA, Exposure time:20sec,
Distance 10 cm, Edit: weld

Image generated by Riksantikvariedmbetet
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In total five bars are visible but since imaging the torso was not possible (See 3.3. X-ray), the
connections between the bars can’t be showed. From the imaging it appears that four bars run
from the base and two bars end in the head. There is a bar starting in each foot upwards into
the legs. The two other bars start inside the column where one of them runs into the right arm
leaning onto the column and the other one runs into the hip. There is also a bar visible in the
left arm going from the head to the hip (See Figure 44).

Figure 44: Ingeborg front view, blue lines
indicate the visible armature, numbers refer to
the x-ray imaging taken according to their
place. Picture taken by Sanne du Bois de
Nevele.
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4.3.2. Cracks and irregular surfaces

The results showed cracks that are visible with the naked eye and some cracks that weren’t
visible. It must be noted that there must be a double check with the naked eye to see if the
indications show a crack or an irregular surface. On the lower left arm, for example, the result
showed a clear crack throughout the wrist which is also visible with the naked eye (See
Figure 46). The image also showed lines that could indicate cracks but upon closer inspection
they were irregularities of the surface (See Figure 46). These types of irregularities are
spotted across the object and appear mostly horizontal. This could be related to the way of
casting the concrete (See 5.2.2. Armature and Casting process: interpreting X-ray).

iguré 46: Ingeborg Wer left ar. Visualization of how
the crack and irregularities are present with the naked eye.
Picture taken by Sanne du Bois de Nevele.

Figure 45: Ingeborg lower left arm. The yellow arrow
marks a crack, the green arrows mark irregularities of the
surface. Picture taken by Sanne du Bois de Nevele.

The imaging of the cracks needs to be interpreted in a 3D space. The software GE Rhythm
Review, used to process the x-ray imaging, stacks the 3D image on top of each other so that a
2D image is generated. Therefore, some cracks appear to be wide, whilst it means that you are
seeing the dept of the crack. Therefore, it might appear wider than it originally is. Only 3
sides of the object are shown with the crack indications (See Figure 47. 48, 49) since it was
not possible to get a good image from the back side without moving the object. The imaging
shows the cracks are mostly horizontal and present on the neck, both arms, waste, hip, both
legs, both feet and support column.
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Figure 47: Ingeborg, left side with
indications of the cracks in red.
Picture taken by Sanne du Bois de
Nevele.

Figure 48: Ingeborg, front sige with
indications of the cracks in red.
Picture taken by Sanne du Bois de
Nevele.

Figure 49: Ingeborg, right side with
indications of the cracks in red. Picture
taken by Sanne du Bois de Nevele.
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4.4 Risk assessment

As explained in (See 2.4. Risk Assessment), the ABC method was chosen as a base for the
risk assessment of Ingeborg. In the first step the following potential agents of deterioration
were identified after the condition assessment (See 2.3.4. Condition). Additionally, the risks
were listed according to the condition assessment and the information provided in the manual
of the ABC method (See Table 2). After the risks are identified, the priority or the magnitude
of risk (MR) needs to be determined. With the ABC method, a MR number is assigned to
each risk using the following equation:

A+B+C=MR

Where A stands for how often the event will occur, B indicates the size of the loss of value
and C tells if and how much the heritage asset value is affected by the risk.(Luiz Pedersoli Jr.,
Antomarchi and Michalski, 2016) However, since this thesis only discusses one object, it is
difficult to get the values for C since the ABC method only discusses collections which
consists out of a number of objects rather than one object.

Table 2: List of risks according to agents of deterioration and the damages observed.

Agents of Risks Occurrence
Deterioration
Physical Forces - Damage by vibrations Common events

- Material loss by vibrations

- Damage by handling (lifting,
moving)

- Material loss by handling
(lifting, moving)

Pollutants - Dust from renovation works Common events
settling on mostly horizontal
surfaces
Fluctuating Relative - When RH is high the armature | Cumulative processes
Humidity can show corrosion. The RH

currently in the museum is
around 50% which is not
considered high.

- Forming of mould on the
surface of the concrete when
there is high relative humidity
exceeding 95% RH.(Freire,
Santos and Coelho, 2017)

The risks can be categorised in terms of occurrence (see Table 3) but does not say anything
about the extent of the risk. Rare events mean events that happen less than once every 100
years. Common events are events that happen many times per century and cumulative
processes are events that happen continuously or intermittently. (The ABC method a risk
management approach to the preservation of cultural heritage, 2016)
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Despite not being able to assign a MR number to the object, the risk level can be listed with
implementation of the results from the methods.

Table 3: Risk level going from catastrophic risk to low risk

Risk level

Risk

More explanation

Physical Forces

-Damage by vibrations
-Damage by handling (lifting,
moving)

More cracks can occur, cracks can
develop further, or parts can break
off.

-Material loss by vibrations
-Material loss by handling
(lifting, moving)

Vibration or handling can make the
surfaces of the cracks scrape over
each other.

Relative Humidity

the inner armature if moisture
should migrate to the armature
through the cracks.

High

Pollutants -Dust from renovation works A layer of dust can be formed on
the horizontal surfaces.

Medium

Fluctuating -Higher chance of corrosion of

-Forming of mould on the
surface

Low

No low risks predicted
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5. Discussion

5.1. Summary of Key Findings

A short summary of the key results is listed below:

e XRF Analysis: Indicated the possible presence of Portland cement, suggesting
historical ways of making concrete mixtures.

e T and RH Monitoring: Showed minimal fluctuations, indicating a stable environment
but showed both T and RH fluctuation the same way instead in opposite of each other.

e Vibration Analysis: Insights in vibration levels from a construction site nearby were
gathered.

e X-ray Imaging: Detected an internal metal armature, cracks, and an apparent layered
structure of the concrete.

e Risk Assessment: Identified high risks from physical forces, with medium risks from
pollutants.

e Same tool markings were found on both the bronze as the concrete version of
Ingeborg.

5.2. Insights into the original technology:

5.2.1. Materials: Interpreting XRF

The XRF showed indications that, at least the outer layer might contain traces that partially
correlates with Portland cement. With the conducted literature research on the history of
concrete it is shown that Portland cement was a very important part of the concrete mixture
during the time Ingeborg was casted. Despite having the XRF results indicate the presence of
Calcium, Silicon and Sulphur, which are 3 of the 4 main elements found in Portland cement,
Aluminium does not appear. The reason for this can be that the element Aluminium is too
light to be detectable and will not show up on the results.

The portable XRF had its limitations during the measurements, such as tripod height
restrictions and challenges in measuring deeper areas, and it suggests the need for further
detailed analysis using other methods. With the limited time the XRF could be used and the
indicative nature of this XRF analysis, it can be concluded that XRF was not the best method
to determine the composition of the used concrete. There are several certified ways to analyse
concrete mixtures, going from grinding samples to chemically analyse them, to microscopic
imaging through thin sectioning of samples. Analysing a thin section of the concrete and
comparing it with other cement and concrete mortars will give more insight in the mixture of
the concrete paste. (Artioli, 2010). A wavelength dispersive X-ray fluorescence
(WDXRF)spectrometer can be used to determine if there is aluminium present. This however
requires a 2g sample of the material. Despite there being other methods that could give a
clearer answer as to what the composition of the concrete is, it was not possible to get a
sample of the object. Therefore, the methods that require samples were not considered.
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5.2.2. Armature and casting process: interpreting X-ray

Knowing that there is an inner armature present, makes it possible to understand how the
object is structurally being held together. Linking this to the cracks, without the armature, it
would have most likely already been in pieces. This information proofs to be valuable since
there is no indication on the outside that shows an inner armature is present.

The blue marked lines are the bars that were visible through the imaging. Suggestions were
made as to how certain parts could be connected to each other and are marked green (see
Figure 20). From a structural point of view, it would not make sense to have parts that are not
connected to another bar placed within the structure. It would not give the proper support, and
the bars would be very hard to place in the exact position as it is currently.

Figure 50: Ingeborg front view, added green

lines that are suggested connections between
the visible armatures. Picture taken by Sanne
du Bois de Nevele.
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5.3. Cracks:

In the literature it was found that pouring the concrete is a way to make a cast (See 2.2.1.
Mold and casting). By pouring in a more liquid version of the concrete mixture, to ensure it
reaches all places in the mold, it can relate to the concrete of the object showing cracks. With
the concrete mixture being more liquid, the mixture has a lower chance to withstand
vibrations. When more water is added to a mixture, the mixture becomes more porous which
lowers the mechanical strength. This can be avoided when plasticisers are added to make the
mixture more liquid without adding additional water. Depending on the plasticiser used, the
concrete will behave differently (changes in flow rate of the mixture, the dry rate, shrinkage,
strength. Etc.)(Hanehara and Yamada, 2008). A more liquid version of the mixture can also
affect the ability of the concrete to attach to the metal inner structure. This due to the higher
bond strain drop when vibrations are applied.(Wojtowicz, Ubysz and Michatek, 2018)

After analysing the X-ray imaging, however, it appears as if the concrete mixture might have
been poured in in smaller batches and progressively compacted. Every time a new amount
was poured into the cast, the surface layer started to set. The majority of the horizontal lines
showing all over the object are not cracks but might be those surface layers. This can also be a
weaker spot in the sculpture and harder to withstand vibrations. More detailed X-ray analysis
on those lines might give more insight. Additionally, it can also give more insight in how the
mold was filled with the concrete. As of now the theory stands (looking at historical casting
ways) (See 2.2.1. Mold and casting), that the mold might have been placed upside down (head
down) when filled. This would allow gravity to help to get the mixture to the head and would
allow the packing of the mixture. More research can be done regarding additional casting
ways to conclude how Ingeborg was exactly casted.

Even though the object has numerous small and big cracks, it does not automatically mean
that the concrete lowers its compressive strength but it may lower its ability to carry tensile
stresses.(Szczesniak and Stolarski, 2016) This means that with downward forces, or
compression, the cracks can close up but when forces are pulling the object apart, the
different parts of the object will fall apart. According to this, if the object remains in a vertical
position, the weight will keep the different parts together. But when the objects loses the
downward compression, by putting the object in a horizontal position, tilting and/or moving
the object for example, the object might fall apart along the cracks and break into several
pieces.

5.4. Carvings

A notable finding was the presence of similar carving marks on both the bronze and concrete
versions of the Ingeborg sculpture. These identical marks suggest that the same model for the
cast for the concrete version and the cast for the bronze version was used, providing insight
into the artistic process and historical context. This cross-linking of data between the bronze
and concrete versions highlights the importance of comparative analysis in understanding the
full scope of the sculpture’s history and fabrication techniques.
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5.5. Environmental conditions and their risk of Ingeborg

55.1. Tand RH

The temperature and relative humidity within the hall where Ingeborg is located showed
minimal fluctuations over a 7 months’ period, indicating a stable environment linked to the
controlled environment within the hall. Despite the overall stability, there were some
unexpected behaviours noted in the T and RH data suggesting the possibility of underlying
factors influencing these parameters that were not initially considered. In general, when the T
rises, RH goes down and vice versa. In this case both T and RH would rise and drop
alongside each other. The unexpected behaviour could be due to factors like HVAC (Heating,
Ventilation and Air Conditioning) system settings, building insulation properties, external
climate or visitor influences that were not accounted for in the study. To better understand the
behaviour of T and RH and with that the possible influence of T and RH on Ingeborg, all the
factors should be crosslinked with each other.

5.5.2. Vibration:

The vibrations experienced by the object were categorized into different types based on their
causes: movement-related vibrations and construction-related vibrations. Movement-related
vibrations occur due to the handling of the object within the museum, including tilting and
transportation across uneven floors. Construction-related vibrations are primarily due to the
West Link Project, involving blasting activities near the museum.

5.5.2.1. Movement-Related Vibrations:

The object has been moved multiple times within the museum, often without proper
documentation of said movements. These movements most likely subjected the object to
vibrations and internal stress. The natural stone floor in the hall where Ingeborg stands is
uneven. According to the museum staff the object has been placed in other spots within the
same hall according to the needs of the exhibition at that time. The object can be moved by
carefully pushing the pedestal it stands on that has 4 wheels. It would be moved over the
uneven floor that would increase the vibration level, potentially causing long-term damage to
the object’s structure.

5.5.2 Construction-Related Vibrations:

The construction of the West Link Project involves significant blasting activities near the
museum. These activities produce shock or impact loads, which are fast-loading and cause the
material to deform similarly to a spring. This type of vibration is particularly concerning due
to its potential to cause resonance within the object, where forced vibrations match the
object's natural frequency, leading to amplified internal stresses. From the data collected 42%
were vibrations that surpass the acceptable threshold of 2.0 mm/s. Of the 42%, 8.2 % were
vibrations that exceeded 5.0 mm/s caused by the West Link Project. This intensity of
vibration are considered extreme and has a very high potential for causing damage to
Ingeborg. This due to the fact that vibrations resonate through objects and can align with the
natural frequency of Ingeborg, enhancing the vibrations even more. The immediate thread for
Ingeborg is that there can be more cracks being formed or even material loss when the two
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sides of an already formed crack starts moving over each other, causing a sort of rubbing
motion. Despite the 8.2% caused by the bombing of the tunnel for the West Link Project,
14.3% were vibrations over 5.0 mm/s caused by maintenance works in a very close perimeter
of the object. This rises the concern that the museum is actually causing a lot of those extreme
vibrations themselves.

5.5.3 Recommendations:

¢ Collaboration with Construction Teams: Work closely with the project team that will
build the new museal wing to evaluate the generated vibrations and to adjust
accordingly when thresholds are crossed. A testing phase can be implemented where
the vibrations of different tools can be monitored to see if they will exceed any
thresholds (Lithgow et al., 2020).

e Enhanced Monitoring: Implement continuous vibration data logging to provide real-
time data and immediate alerts when thresholds are exceeded. This can be done during
handling the object and during the planned construction works. This will also provide
additional data on top of the data gathered in this thesis. When the threshold of 2.00
mm/s has been breached, construction works should be stopped and additional safety
measures should be implemented, for example, moving the object further away from
the construction zone or using construction tools that generates lower vibration levels.

e Improved Handling Protocols: Develop and enforce strict guidelines for moving and
handling the object, during the upcoming construction works for the new museum
wing, to minimize induced vibrations.

5.6. Risk assessment:

The risk assessment made for Ingeborg aided in putting the object in perspective opposed to
the upcoming construction works. The collected data from the research and the visual
inspection of Ingeborg were the base for the compilation of the risk assessment.

Looking at the results of the risk assessment, it can be stated that there are several higher
levels of risks that can occur for the relocation of the object for the renovation works. To help
the museum in their future endeavour of placing the object in a storage facility, away from the
renovations, the following suggestions are made:

1. The object currently is standing on a wooden base with 4 caster wheels making it
possible to move it around. These types of wheels have no air in the tire which gives it
no capability to absorb shocks. Replacing them with air filled wheels will increase the
shock absorbance when rolled over the uneven tiled floor.

2. To replace the wheels on the wooden base, the object needs to be lifted or slid across
onto another base. Considering the number of cracks on delicate places (ankles and
wrists) and that the downwards compression will keep the object stable (See 5.3.
Cracks), lifting or sliding it will be a challenging task and would be advised against it.

3. When the object needs to be moved by usage of its base, a supportive construction can
be made that will limit the moving or rocking of the object. The floor can also be
made more level by putting rubber mats on it that will absorb shocks.
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5.8. Recommendations for Future Research

Identified gaps in the current study include the need for more extensive sampling and cross-
verification with other analytical methods but foremost looking into more accessible and
portable methods for museums. When a concrete object cannot be moved to a research
facility, the research methods need to come to the object. If you add the extra requirement of
no sampling, the options get very limited.

- A portable microscope can provide more information about the surface of the object.

- Using ultra sound detection can provide insights in the inner armature or the resistance
of the concrete (Guida, Pagliuca and Tranquillino Minerva, 2012).

- A portable Raman Spectrometer can provide insights in identifying the compounds of
the concrete (Artioli, 2010).

If, in the future, sampling becomes possible of Ingeborg, more options become available.

- Analysing a thin section of the concrete with different methods such as Optical
microscopy to see textural information, chemical analyses with SEM-EDS (Scanning
electron microscopy and energy dispersive X-ray spectroscopy), EPMA (Electron
probe microanalyzer) or PIXE (Particle Induced X-Ray Emission) to get compound
information (Artioli, 2010).

- Wavelength dispersive X-ray fluorescence (WDXRF) spectrometer (See 5.2.1.
Materials: Interpreting XRF)

Continuous monitoring and detailed chemical analysis, microscopic imaging, or cross-
sectioning will provide a more comprehensive understanding of the material composition and
how to preserve the object.
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6. Conclusion

In conclusion, this interdisciplinary approach underlines the importance of integrating a range
of techniques to more effectively preserve cultural heritage objects. The case study of the
sculpture Ingeborg demonstrates how continuous monitoring, in-depth analysis, and proactive
risk management are necessary in protecting such artworks. Additionally, for Ingeborg, a
deeper investigation into the artist’s background and motivations for choosing concrete could
offer significant insights, potentially improving the understanding of the material's application
as a decorative element.

Concrete, when looked at literature and museum collections, is increasingly a frequent
material in numerous museum sculptures. This prompts a broader discussion within the
conservation community about the specific challenges and methodologies required for the
handling, analyzing, and monitoring of concrete sculptures. Such an expanded focus could
substantially improve the care for these types of objects. The findings from this research
suggest that a more object-focused risk assessment is indeed beneficial. However, the process
of obtaining the necessary answers for such assessments is complex and resource demanding.

Museums frequently struggle with limited funding and time, which introduces risks like
neglect, improper handling, or storage issues, despite the best intentions of their staff. This
constraint highlights a critical issue: while individual object assessments are ideal, they are
often not feasible across extensive collections. The substantial nature of many museal
collections means that thorough risk assessments for each object are practically unattainable
without additional support.

Collaborations with academic institutions, particularly involving university students through
thesis projects, present a viable solution to this challenge. These partnerships enable focused
research on specific objects or sections of a collection, providing detailed insights and
encouraging better preservation practices. Overall, such collaborations prove to be highly
beneficial for the care and maintenance of cultural heritage objects, ensuring they receive the
attention and expertise necessary for their preservation. Thus, while the complexities of
comprehensive risk assessments are acknowledged, the interdisciplinary and collaborative
approaches highlighted in this study offer a practical pathway to enhance the conservation
efforts for culturally significant objects like Ingeborg.
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