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01.0 PROJECT OVERVIEW
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This report is the final report written in the course on damage
assessment [AR0015], and was guided by Silvia Naldini and
Barbara Lubelli. Our research concerns the damage assessment
of the Reuversweerd (1830) estate nearby Brummen, that has
been abandoned many years ago.
The castle is listed as a national monument, as its history is tightly
connected to the development of the Cortenoever area, and
the estate itself is a clean example of the empire style. Its stately
appearance is increased by the symmetrical façade. Multiple
other objects on the estate are listed objects as well, such as
the farmhouse right next to the castle. This farmhouse was built
in 1800, and is one of the oldest remaining objects on the site.
Furthermore there are several barns, reminders of the past when
Reuversweerd was known for its successful stallion depot. Our
analysis concentrates on the basement of the Reuversweerd
castle, that was built in two different times: the oldest vaults dates
from 1830, whereas the newer basement was added in 1922. e
The house was first owned by the Colenbrander family, and later
inherited by the influential van Sytzama family. However, during
the war, the first van Sytzama owner was assassinated by a Dutch
SS-commando, and the castle has remained largely unused
since then. The building was opened up again in 2017, providing
us with an interesting first look at all the damage caused by war
and time.
The basement had many unique problems relative to the rest
of the house, as it had a remarkable large salt presence. Our
main assessment concentrates on theorizing how these salts
are formed, and where the moisture sources necessary for
the production of salt come from. Furthermore the assessment
contains an assessment of materials and further damages.
As the production of salt is a complex system, we did a lot of
literature and data research to understand the underlying
processes. We combined this research with our observations in
the basement, and were able to come to several scenarios and
matching hypotheses. We proposed several future interventions,
fitting with different use scenarios.
We would like to extend our thanks to our tutors, that truly made
us salt-chasing investigators.
Charlotte,
Dominik
Electra
Florian
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02.0 HISTORICAL BACKGROUND
The castle of Reuversweerd was built in 1830, and is situated in
the Cortenoever area between Zuthpen and Brummen. The river
IJssel cuts through the landscape between the villages, and the
Cortenoever area is a floodplain along the river. The winter dike
is situated directly behind the estate, protecting the house and
nearby farms from high water. Nonetheless the archives show
that during the 20th century the lands surrounding Reuversweerd
flooded several times due to a dike breach. The lands around the
estate are fertile, as a result of the river sludge that deposited over
the years on the sand layers below. It isn’t surprising therefore that
the Cortenoever area contains numerous farmhouses, many of
which still operating.
The lands were bought in 1813 by Frederik Christiaan Colenbrander,
member of an influential trade family that owned many
properties and land in the area around Zutphen.1 The already
existing farmhouse on the property was built in 18002 and for a
couple of decades, the lands were used solely as farmland, and
recreational purposes, until in 1830 the Reuversweerd castle was
built.3
Reuversweerd was built in the then popular empire style,
representing the second phase of Neoclassicism. The style aimed
at a simpler, but elegant evocation of the Ancient Roman
style, and was made popular by Napoleon: a ‘liberated’ and
‘enlightened’ architecture fit for his ‘liberation’ of the European
people.4 This resulted in a symmetric façade, with a ‘avant-corps’,
crowned by a arttic. The main entrance is flanked by two Tuscan
columns that lift the balcony, creating a stately image. In 1921 the
floorplan was extended on the backside of the house, resulting
in a L-shaped plan.5 During this renovation, some extra living
quarters were added, mainly meant for live-in staff members. On
the first floor a new office and safe were added, where for the
years to come the whole family archive was stored.6
When the last male Colenbrander died in 1933, the castle was
inherited by Baron J.G.W.H van Sytzama, who was the next male
heir. Johan van Sytzama married baroness Theodora Elisabeth
van der Feltz in 1937. A former employee remembers the marriage
as a particularly sunny day, with a parade of trumpets leading
up to the house.7 After their marriage, they went to live at the
Reuversweerd castle, that was now well known as stallion depot
and stud farm.8 Under their guidance, the horse business grew
even further, and they were generally loved by their employees,
as van Sytzema often enjoyed his lunch together with the men in
the fields.9 In the best business years, right before the start of the
Second World War, there were 90 horses stabled in Reuversweerd,
and over 25 employees. Several supporting professions, like a
blacksmith and a carpenter were employed full time.

10
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Figure 2. Watersnood 1922.

Figure 3. Reuverseerd, 1941.

With the start of the war, business went on as usual, although some sources speak of a shooting in
1940 by German soldiers.10 Even though there was an evening curfew, and rules against slaughtering
cows for own consumption, there are no records showing the horse business slowed down a lot. This
changed towards the end of the war, when the SS-Jagdkomando Pieters settled in the area around
Brummen. Andries Pieters was a Dutch SS captain, and under his leadership they assassinated
everyone they suspected of having ties to the resistance.11 They captured 35 people, and tortured
most of them. Before they left Brummen on april 13th, 1945, 8 men were arrested and shot, among
whom Johan van Sytzama. After his death, the house was shortly used by German soldiers as radio
station to track fighter planes, however, in May the Canadian troops approached the banks of the
Ijssel.12 Reuversweerd was in the line of fire and the house got heavily damaged by the Canadian
and German shelling. Lots of livestock died, but with the advance of the Canadians, the war was
officially over.
Van Sytzama’s wife, Theodora Elisabeth van der Feltz, was according to sources intensely saddened
by the murder of her husband, and declared that Reuversweerd would not be inhabited any
longer during her life time, or after her death.13 The windows were boarded up, and the large of
the house remained uninhabited for many years. During the ’60 some repairs were made on the
roof, and the house was occasionally used as office, as all of the family archive was still in the safe
of Reuversweerd. The least damaged quarters of the house, all situated in the newest addition,
were rented out for nearly 37 years, however with new plans to change then layout of the dikes,
he eventually left.
Theodora died in 2006, and ever since the heirs have tried to renovate the castle.14 However, strict
rules about stench caused by agriculture prevent the use of the castle as residential property. In
2017 the castle was bought by an anonymous investor, and ever since there have been a bustle
of renovation activities. The windows were opened up, and new glass was placed to make the
building water tight. Renovation will include the restoring of the roof, façade and an in depth
research of the current architectural and structural condition of the building.15

Regionaal Archief Zutphen, “Archief van de Familie Colenbrander en Erven Van Sytzama (1720-1985) Familie Colenbrander en Van Sytzama”,
archief, 0210 Inventaris van het archief van de Familie Colenbrander en Erven Van Sytzama (1720-1985), geraadpleegd 5 juni 2018, http://www.
regionaalarchiefzutphen.nl/archieven/details/NL-ZuRAZ-0210/section/context nummer toegang 0210, inventarisnummer 913; “Landgoed Reuversweerd: ‘Ja ja, Cortenoever, dat is goeie grond en zeelucht’”, Stichting Landschapsbeheer Gelderland (blog), geraadpleegd 5 juni 2018, https://
landschapsbeheergelderland.nl/met-bewoners/oral-history/landgoed-reuversweerd-ja-ja-cortenoever-dat-goeie-grond-en-zeelucht/.
2
Rijksdienst voor het Cultureel Erfgoed, “Rijksmonumenten”, Gepleisterde boerderij uit naast het huis Reuversweerd in Brummen, geraadpleegd 5 juni
2018, http://rijksmonumenten.nl/monument/11237/gepleisterde-boerderij-uit-naast-het-huis-reuversweerd/brummen/.
3
Heimdall, “Historisch Brummen”, z.d., http://www.heimdall.nl/cache/historisch%20brummen/Historisch%20Brummen%20pdf.pdf.
4
Hugh Honour, Neo-Classicism (London; New York: Penguin Books, 1977).
5
“Brummen, Piepenbeltweg, 3-5”, geraadpleegd 5 juni 2018, http://www.regionaalarchiefzutphen.nl/bouwvergunningen/detail/751b713e-d2d911df-acc9-330146576265.
6
Regionaal Archief Zutphen, “Archief van de Familie Colenbrander en Erven Van Sytzama (1720-1985) Familie Colenbrander en Van Sytzama”.
7
“Landgoed Reuversweerd”.
8
There are several sources contradicting each other. The archive mentions the death of the last male Colenbrander in 1933, and the marriage and
consequent move by van Sytzema in 1937. However, all other sources claim van Sytzama didn’t move to Reuversweerd until 1941.
9
“Landgoed Reuversweerd”.
10
Heimdall, “Reuversweerd”.
11
Stijn Wieg, “Boek over SS-Commando Dat in Brummen Moordde”, 15 september 2013, http://www.regiobodeonline.nl/nieuws/15-09-2013-12-08brummen-boek-over-ss-commando-dat-in-brummen-moordde/.
12
“Landgoed Reuversweerd”.
13
“Landgoed Reuversweerd”.
14
Redactie, “‘Er hangt een klauw boven Cortenoever’”, destentor.nl, 29 januari 2009, https://www.destentor.nl/zutphen/er-hangt-een-klauw-bovencortenoever~aee3c16d/.
15
“Landhuis Reuversweerd | OOM Advies Herbestemming Ontwikkeling Onderzoek Energie duurzaam Monumenten”, geraadpleegd 5 juni 2018,
http://www.oomadvies.nl/2017/10/22/landhuis-reuversweerd/.
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03.0 CONSTRUCTION

Simultaneous to the upper storeys of the building, the basement has been constructed in
two periods and thus shows differences in its construction.

The new basement, constructed in 1921, has vaulted ceilings: Load bearing walls carry
H-beams, which then hold the
brick vaults.

Only half of the old building,
constructed in 1830, has been
built with a cellar. These 4 rooms
have brick barrel vaults starting
at a height of 90 cm and supported by load bearing walls.

Thus the primary load bearing ceiling structure are steel
H-beams, whereas the secondary vaults only abridge the
90cm spans inbetween the
beams.

14
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As a consequence the span direction of the vaulted ceilings is
perpendicular to the one of the
old barrel vaults.
Old and new basement are
directly connected below the
kitchen.
The level of the new basement
is 30 cm higher than the one of
the old basement. (See section
below)

Constructed in 1830
Constructed in 1921
loadbearing walls
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03.1 OVERVIEW OF OBSERVATIONS
Old Basement
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03.1 OVERVIEW OF OBSERVATIONS
New Basement
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03.2 MEASUREMENTS ON SITE
Temperature Logger at the New basement

location of usb

Location of Measurements

% of Relative Humidity

Temperature

With the help of our tutors we used the temperature logger usb so as to get an indication in terms
of the % of relative humidity in the new basement where huge ammounts of salt were observed as
well as the maximum and minimum temperature. The device specifications describe an accuracy
error of 2.25%RH typical (20 to 80%RH), however due to the fast pace of our visit, the fact that we
left the device for less time than we should have we can be certain that there is a bigger precent
of inaccuracy.16
T660 Material Moisture Measuring Device

Location of Measurements

Different locations of the wall

The T660 moisture measuring device allows the user to detect
moisture in brickwork, walls and even campers and RVs
using non-destructive technology. The device penetrates
materials up to a depth of 4 cm and provides the user
with precise information regarding moisture content and
distribution. Again we cannot rely on this measurement with
great precision however the fact that we get similar values
in different locations of the basement give us an idea about
the fact the moisture is present in all parts of the structure
(walls,ceiling,floor).17
Ceiling

20
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Floor

03.3 SAMPLES ON SITE
Salt

Test location

We used water so as to test the whether we are dealing with soluble salts or non-soluble salts
which would help us later on to determine possibly the type of salt that is present at the basement
(sulphate,nitrate,carbonate) as well as the possible source of the salts, if the come from the material
or surrounding environment or use of the building. In addition to this simple test, we also tasted the
salt to see whether this can give us a first idea about the chemical composition of the salt. We also
took a small ammount of salt for testing in the “lab”.
Result: Soluble salts, bitter taste.
Cement Plaster

Location of sample

Process of taking samples

In order to conduct a second test later on, so as to
determine the salt content and type and whether
its present in the plaster we took two samples. One
complete piece of plaster and approximately 20
grams of plaster crumbles from an area where we
observed exfoliation of the cement plaster.

https://www.lascarelectronics.com/easylog-data-logger-el-usb-2/, accessed 17/05/2018.
https://uk.trotec.com/products/measuring-devices/humidity/humidity-measuring-devices/t660-material-moisture-measuring-device/, accessed
17/05/2018.
16
17
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03.4 MATERIALS USED
Old Basement

1. natural stone flooring

2. cement interior plaster

3. Masonry walls and vaults:
red hand-molded bricks and
cement mortar

4. Superficial white paint layer
Constructed in 1921
Constructed in 1830

5. Timber elements on windows
and inbuilt furniture

6. Wrought iron window elements
22
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7. Sand infill for barrel vaults

8. cement exterior plaster and
plinths

9. Natural stone exterior plinth
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03.4 MATERIALS USED
New Basement

1. Masonry walls and vaulted
ceilings: hand molded bricks
and cement mortar

2. cement interior render

3. superficial white paint

Constructed in 1921
Constructed in 1830
4. Natural stone floor tiles

5. timber window frames

24
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6. structural steel H-beams

7. non-structural steel profiles

8. enclaved structural steel elements

9. naturals stone plinth

10. cement exterior plaster

11. Sand infill for barrel vaults
AR0015 Building Conservation Assessment MSc 2 2018
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Overview Exterior

3

2 1

Axonometric Drawing External Facade of Basement

1. North East Facade Old Basement

Element: Wall
Last inspection: 17-05-2018
State of the location:				

Moderate

State of the location: 			

Reasonable

Damage type: Natural stone » Surface change » Deposit » Soiling
MDCS Hypothesis: Soiling is due to the deposition of dirt (e.g. dust,
particulate etc.) coming from the environment. The presence
of limited amount of moisture facilitates sticking of the soiling to
the surface of the material. Soliing is generally not observed on
surfaces exposed to driving rain.
Natural Stone Plinth and detail

26

Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
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State of the location: 			

Good

Damage type: Natural stone » Cracking » Star crack
MDCS Hypothesis: A star crack can occur when an expansion
occurs in one point and propagates radially in the material
(e.g. expansion of an iron element, such as an anchor, due to
oxidation).

Natural Stone Plinth

Reflection: The damages that precede this one have reduce
cohesion and adhesion between the different materials causing
different thermal behaviour and evaporation causing this type of
damages.
State of the location: 				

Moderate

Damage type: Natural stone » Biological growth » Algae
MDCS Hypothesis: Algae can develop in the presence of moisture,
generally under exterior environmental conditions. Their growth
can be easier on slow-drying materials, and/or in the presence of
NOx pollution.

Natural Stone Detail

Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.

State of the location: 			

Moderate

Damage type: Plaster » Biological growth » Algae
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
Cement Plaster

AR0015 Building Conservation Assessment MSc 2 2018
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Overview Exterior
State of the location: 				

Moderate

Damage type: Plaster » Disintegration » Loss of cohesion »
Crumbling

Cement Plaster

MDCS Hypothesis: Crumbling can occur as result of frost action or
salt crystallization. Frost action can take place under the following
combination of conditions: (i) frost sensitive material; (iii) high
moisture content in the material; (ii) sudden drop of temperature
below freezing point. Salt crystallization process can take place in
the presence of both soluble salts and moisture.
Reflection: Salt Crystallization is evident in the interior of the
basement. With both the presence of soluble salts and moisture.
In the exterior salt could be washed away from the rain.
Further testing should be executed so as to decide how to make
an intervation. First of all, in terms of salt crystallization, samples
and tests should be carried so as to examine the moisture and
hygroscopic moisture results. Crumbling in this case could be the
result of other damages present in the facade. Especially the
WWII damages from the bombing.

State of the location: 				

Reasonable

Damage type: Brick » Disintegration » Detachment » Loss of
adhesion
MDCS Hypothesis: Loss of adhesion between different materials
can be due to their different hygric and thermal behaviour, or be
caused or enhanced by damage processes as salt crystallization
(crypto-florescence) and/or frost action.
Masonry wall

Reflection: Further Testing in terms of the mositure and salt
source(s) are needed in order to propose the most appropriate
intervention.
Intervention: See proposed interventions according to moisture
source(s) and salt source(s) at page ....

State of the location: 			

Good

Damage type: Brick » Biological growth » Algae
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
28
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State of the location: 			

Good

Damage type: Mortar » Disintegration » Loss of cohesion » Voids
MDCS Hypothesis: MDCS Hypothesis: Voids can occur in mortar
joints at the interface with brick or stone and can be due to
insufficient compaction of the mortar during the execution. This
damage type generally occurs on the rainy side of the building.
Masonry wall

Reflection: The damage in the cement plaster leaves the masonry
exposed and thus initiates new damages due to the environmental
conditions. This consequently allows water to penatrate easier
into the interior of the building.
Intervention: Voids in the cement mortar should be fixed by repointing where as voids in the brick layer should be replaced with
new bricks. Regarding the repair of the plaster, see proposed
interventions according to moisture source(s) and salt source(s) in
Chapter “Further Investigation and Suggested Interventions.”

2. North West Wall New Basement

Element: Wall
Last inspection: 17-05-2018
State of the location:				

Moderate

State of the location: 				
Moderate
Damage type: Structural damage » Cracking » Cracking in
column or wall » Horizontal crack »
Horizontal crack (Crack pattern 20)
Hypothesis: Due to the rusting steel of the beams in the interior of
the basement.
Intervention: This crack is deep and goes through all layers of the
masonry wall therefore intervention will be proposed after the
interior analysis. See page ....
AR0015 Building Conservation Assessment MSc 2 2018

29

03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Overview Exterior
State of the location: 			

Moderate

Damage type: Plaster » Biological growth » Algae
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
Cement Plaster

State of the location: 			

Moderate

Damage type: Plaster » Surface change » Deposit » Soiling
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.

State of the location: 			

Reasonable

Damage type: Plaster » Surface change » Chromatic alteration »
Fading
MDCS Hypothesis: Fading can take place due to chemical
alteration of the pigment, often due to exposure to light.

Cement Plaster

Intervention: The external layer of the cement plaster needs to
be repair or replaced completely so that the building acquires its
original appearance. According to the user,client this may imply
the repainting of the plaster.
State of the location: 			

Reasonable

Damage type: Natural stone » Biological growth » Algae
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
Natural Stone Detail
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3. North East Facade New Basement

Element: Wall
Last inspection: 17-05-2018
State of the location:				

Moderate

State of the location: 			

Good

Damage type: Plaster » Mechanical damage » Perforation
MDCS Hypothesis: Perforation is in most cases due to human
action (nails, bullits, …).

WWII Damage

Reflection: In this particular case damages were caused by the
WWII bombing. This particular sport has caused damages only
to the external cement plaster layer therefore by repairing the
cement layer the damage can be dealth with.

State of the location: 				

Reasonable

Damage type: Structural damage » Cracking » Cracking in
column or wall » Horizontal crack »
Horizontal crack (Crack pattern 20)
Reflection: This crack continues from the Location 1 around the
external walls of the new basement.
Masonry Wall

Intervention: As it was already mentioned see page for intervention
methods towards this damage type.

AR0015 Building Conservation Assessment MSc 2 2018
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Overview Exterior
State of the location: 			

Moderate

Damage type: Plaster » Surface change » Chromatic alteration »
Fading
Intervention: The external layer of the cement plaster needs to
be repair or replaced completely so that the building acquires its
original appearance. According to the user,client this may imply
the repainting of the plaster.
Cement Plaster

State of the location: 			

Good

Damage type: Natural stone » Biological growth » Lichens
MDCS Hypothesis: Lichens can develop in the presence of
moisture, generally under exterior environmental conditions.
Nutrients come from rainwater or from a present biofilm present
on the surface. Most organisms can survive in periods without
water. Lichens are very sensitive to environmetal pollution (SO2 is
a limiting factor).
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
State of the location: 			

Good

Damage type: Plaster » Biological growth » Algae
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.

32
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4. West- South-West Facade New Basement

Element: Wall
Last inspection: 17-05-2018
State of the location:				

Reasonable

State of the location: 				

Excellent

Damage type: Plaster » Disintegration » Detachment » Loss of
adhesion

Cement Plaster

Intervention: This type of damage can initiate further damages by
increasing water penetration into the building therefore it should
be treated. The repair plaster should be chosen according to the
substrate material and its physical and technical properties as
well as with close condiration of the salt and moisture sources
present.
State of the location: 				

Moderate

Damage type: Plaster » Biological growth » Mosses

Cement Plaster

MDCS Hypothesis: Mosses can develop in the presence of
moisture, generally under exterior environmental conditions.
They can grow easier in materials suffering from disintegration;
they can have minor influence on disintegration of the material
in which they grow. Due to the lower pH value (˜3) under the
layer of moss, the surface of the material can deteriorate. Moist
moss can increase the risk of freeze-thaw damage when present
in cracks or voids. The presence of moss can facilitate the growth
of higher plants.
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented.
State of the location: 			

Moderate

Damage type: Plaster » Biological growth » Algae
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
Cement Plaster
AR0015 Building Conservation Assessment MSc 2 2018
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Overview Exterior
State of the location: 			

Reasonable

Damage type: Natural stone » Surface change » Deposit » Soiling
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
Natural Stone Detail

State of the location: 			

Good

Damage type: Plaster » Biological growth » Algae
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior Old Basement
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1. Room 1 (MDCS 3)
Element: Walls
Last inspection: 16-05-2018
State of the location:				

Moderate

State of the location: 			

Moderate

Damage type: Plaster, Brick, Mortart, Window Frame » Mechanical
damage » Perforation
Reflection: Damage from WWII bombing.

Masonry wall and interior wall

Intervention: In this case the damage is not due to moisture or salt
rather due to this damage moisture sources are increased. No
only the plaster has been affected but the rest of the layers of the
masonry wall. The bricks that have been damaged need to be
replaced, then the mortart repointed with careful consideration
so that its properties match those of the existing mortar and then
the plaster will be dealt according to the rest of the damages.
State of the location: 			

Reasonable

Damage type: Plaster » Surface change » Deposit » Efflorescence

Cement Plaster

MDCS Hypothesis: Efflorescence can occur when both salt and
moisture are present in the material and the drying front is located
at its surface. This takes place when the evaporation rate is slower
than the moisture supply. Moisture sources can be diverse (e.g.
rain penetration, rising damp, surface condensation, hygroscopic
behaviour of salts). Salts can be originally present in the material
(e.g. sulfates in bricks fired at low temperature) or be brought later
on by the environment (e.g. seasalt spray, rising damp of salt-rich
water) and/or by the use of the building (e.g. as a stable).
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location: 			

Reasonable

Damage type: Plaster » Disintegration » Loss of cohesion »
Crumbling
Reflection: In this particular location the damage moves heigher
than the ceiling level of the basement. Moisture is transported
vertically to the first floor too.
Intervention: For the possible sources of moisture and possible
interventions please look at Chapter “Further Investigation and
Suggested Interventions.”
Cement Plaster
AR0015 Building Conservation Assessment MSc 2 2018
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2. Room 2 (MDCS 2)

Element: Walls
Last inspection: 16-05-2018
State of the location:				

Reasonable

State of the location: 			

Good

Damage type: Plaster » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Plaster

State of the location: 			

Reasonable

Damage type: Plaster » Surface change » Chromatic alteration »
Moist spots
MDCS Hypothesis: Moist spots / zones can be due to water
penetration (from rain, rising damp, leakage etc.), surface
condensation, presence of hygroscopic salts (or, very seldom,
due to the hygroscopicity of the material itself).
Cement Plaster

Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior Old Basement
State of the location: 			

Reasonable

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint
MDCS Hypothesis: Peeling of paint can occur due to water
penetration (for example rising damp, rain, condensation) and/
or salt crystallization, and/or differential hydric or thermal dilation.
Peeling can also be due to application conditions, like too wet
substrate. Generally mineral paints peel off, whereas polymeric
paints may also show blistering.
Reflection: Further testing is required so as to indentify the possible
moisture sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Plaster

State of the location: 			

Reasonable

Damage type: Plaster » Disintegration » Detachment » Loss of
adhesion
Reflection: This is the only location where we found such a
detachment of the plaster and salt crystalization deeper than
the surface of the plaster. This can be possible to man-kind
intervention that initiated the detachment. We saw a lot of stored
things inside this room of the basement.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”

Cement Plaster

State of the location: 			

Reasonable

Damage type: Plaster » Disintegration » Loss of cohesion »
Crumbling
Reflection: Further testing is required so as to indentify the possible
moisture sources.
Cement Plaster
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Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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3. Room 3 (MDCS 4)

Element: Walls
Last inspection: 16-05-2018
State of the location:			

Very bad

State of the location:			

Bad

Damage type: Plaster » Disintegration » Layering » Exfoliation

Cement Plaster

MDCS Hypothesis: Exfoliation can occur in materials without
an originally laminated structure; it can be the result of a salt
crystallization process and/or frost action. Salt crystallization can
take place in the presence of both soluble salts and moisture.
Frost action can take place under the following combination of
conditions: (i) frost sensitive material; (ii) high moisture content
in the material; (iii) sudden drop of temperature below freezing
point.
Reflection: Based on the rest of our findings Salt Crystalization is
the most logical explanation. Due to the fact that we are near
the window, evaporation takes place at a higher rate thus the
plaster dries faster resulting in this kind of damage type. Further
testing is required so as to indentify the possible moisture and salt
sources.
State of the location:			

very bad

Damage type: Plaster » Surface change » Chromatic alteration »
Moist spots
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior Old Basement
State of the location:			

Bad

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint

Cement Plaster

Reflection: Due to the fact that we are near the window,
evaporation takes place at a higher rate thus the plaster dries
faster resulting in this kind of damage type. Further testing is
required so as to indentify the possible moisture and salt sources.
Further testing is required so as to indentify the possible moisture
and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Good

Damage type: Brick » Disintegration » Detachment » Loss of
adhesion
Intervention: Look at page ....
State of the location:			

Reasonable

Damage type: Plaster » Cracking » Crack
MDCS Hypothesis: An individual crack (width > 0,15 mm) within a
single material can have several different causes.

Cement Plaster
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Reflection: This crack can be either the result of the different
performances of the different kinds of plaster used to finish the
interior of the masonry wall. The left part remains without any signs
of damage along its full length whereas the right part is full of
moist spots. If the two pasters are different and the left part of the
wall has been repaired in the past then the crack is only in the
plaster. in case the crack is goes deeper into the wall it may be
structural damages which requires immediate attention and due
to the location of the spot may be linked to the chimneys on the
roof.
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State of the location:			

Good

Damage type: Mortar » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Mortar

State of the location:			

Moderate

Damage type: Plaster » Disintegration » Loss of cohesion »
Crumbling
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Plaster

3.1 Room 3 Window

State of the location:			

Moderate

Reflection: Rusting of steel components.
Rotting of timber components.
Displacement.
Intervention: The windows have to be replaced by new ones in a manner that respects the age
and the value of the momument. This way the building can be watertight and better ventilated
(controlled) thus terminate one possible source of moisture - rainwater penetration.

AR0015 Building Conservation Assessment MSc 2 2018

45

03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior Old Basement

46

AR0015 Building Conservation Assessment MSc 2 2018

4. Room 4 (MDCS 7)

Element: Walls
Last inspection: 16-05-2018
State of the location:			

Bad

State of the location:			

Reasonable

Damage type: Plaster » Surface change » Chromatic alteration »
Moist spots
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Reasonable

Damage type: Mortar » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Plaster

State of the location:			

Reasonable

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint, Fading
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior Old Basement
State of the location:			

Moderate

Damage type: Plaster » Disintegration » Loss of cohesion »
Crumbling
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”

4.1 Room 4 Window (MDCS 6)

State of the location:			

Moderate

Reflection: Rusting of steel components.
Rotting of timber components.
Peeling of paint.
Intervention: Intervention: The windows have to be replaced by
new ones in a manner that respects the age and the value of
the momument. This way the building can be watertight and
better ventilated (controlled) thus terminate one possible source
of moisture - rainwater penetration.
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1. Room 5 (MDCS 1)

Element: Walls
Last inspection: 16-05-2018
State of the location:				

Very bad

State of the location:			

Very Bad

Damage type: Mortar » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Plaster

State of the location:			

Bad

Damage type: Plaster » Disintegration » Loss of cohesion »
Crumbling
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”

State of the location:			

Reasonable

Damage type: Plaster » Surface change » Chromatic alteration »
Moist spots
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior New Basement
State of the location:			

Reasonable

Damage type: Plaster » Surface change » Chromatic alteration »
Staining
Reflection: Rusting of steel components.

Cement Plaster

Intervention: Since the staining is one the plaster layer it will be
treated along with the rest of the damages. In case the plaster is
replaced no treatment is needed.

State of the location:			

Good

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Moderate

Damage type: Structural damage » Cracking » Cracking in arch
or barrel vault » Cracking (crack pattern 10)
Reflection: Rusting of Steel Components, expansion of rust,
cracking through the whole width of the wall. In order rust
formation to happen a moisture source is needed in this case
most probable cause is hygroscopic moisture from the presence
o salt.
Intervention: Look further into the structural damage section.
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1.1 Room 5 Window
State of the location:			

Moderate

Reflection: Rusting of steel components.
Rotting of timber components.
Peeling of paint.
Displacement.
Intervention: The windows have to be replaced by new ones in a
manner that respects the age and the value of the momument.
This way the building can be watertight and better ventilated
(controlled) thus terminate one possible source of moisture rainwater penetration.
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2. Room 6 (MDCS 2)

Element: Walls
Last inspection: 16-05-2018
State of the location:				

Very bad

State of the location:			

Very Bad

Damage type: Mortar » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Plaster

State of the location:			

Bad

Damage type: Plaster » Surface change » Chromatic alteration »
Moist spots
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Moderate

Damage type: Structural damage » Cracking » Cracking in arch
or barrel vault » Cracking (crack pattern 10)

Cement Plaster

Reflection: Rusting of Steel Components, expansion of rust,
cracking through the whole width of the wall. In order rust
formation to happen a moisture source is needed in this case
most probable cause is hygroscopic moisture from the presence
o salt.
Intervention: Look further into the structural Intervention chapter.
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior New Basement
State of the location:			

Good

Damage type: Plaster » Cracking » Star crack
MDCS Hypothesis: A star crack can occur when an expansion
occurs in one point and propagates radially in the material
(e.g. expansion of an iron element, such as an anchor, due to
oxidation).
Intervention: The intervention in the plaster will be based on our
assessment for all damage types and mechanisms.

Cement Plaster

2.1 Room 6 Windows(MDCS 2)

State of the location:			

Moderate

Reflection: Rusting of steel components.
Rotting of timber components.
Peeling of paint.
Displacement.
Intervention: The windows have to be replaced by new ones in a
manner that respects the age and the value of the momument.
This way the building can be watertight and better ventilated
(controlled) thus terminate one possible source of moisture rainwater penetration.
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3. Room 7 (MDCS 3)

Element: Walls
Last inspection: 16-05-2018
State of the location:				

State of the location:			

Bad

Moderate

Damage type: Mortar » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Plaster

State of the location:			

Moderate

Damage type: Plaster » Disintegration » Loss of cohesion »
Crumbling
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Bad

Damage type: Plaster » Surface change » Chromatic alteration »
Moist spots
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior New Basement
State of the location:			

Reasonable

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Moderate

Damage type: Plaster » Cracking » Crazing / Craquelé
MDCS Hypothesis: Crazing / Craquele can be observed in plasters
and renders due to drying shrinkage of the material. Changes
in moisture content in the materials can enhance this damage
with time. Expansion of an adhering layer behind, may cause
sometimes a craquele-like pattern.
Reflection: The craquele is the result of the salt effloresence.
3.1 Room 7 Door (MDCS 3)

State of the location: 			

Moderate

Damage type: Structural damage » Cracking » Cracking in arch
or barrel vault » Cracking (crack pattern 10)
State of the location: 			

Moderate

Damage type: Plaster » Cracking » Star crack
Reflection: Rusting of Steel Components, expansion of rust,
cracking through the whole width of the wall. In order rust
formation to happen a moisture source is needed in this case
most probable cause is hygroscopic moisture from the presence
o salt.
60
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4. Room 8 (MDCS 4)

Element: Walls
Last inspection: 16-05-2018
State of the location:				

State of the location: 			

Very bad

Very Bad

Damage type: Plaster » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Interior New Basement
State of the location:			

Bad

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
Cement Plaster

State of the location: 			

Moderate

Damage type: Plaster » Surface change » Deposit » Soiling
Intervention: This type of damage in not structurally harmful.
Brushing and washing are the least invasive techniques that can
be implemented. However, since there is no serious reason why it
should be removed we decided to avoid cleaning.
State of the location:			

Bad

Damage type: Plaster » Disintegration » Loss of cohesion »
Crumbling
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster

Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Reasonable

Damage type: Plaster » Surface change » Chromatic alteration »
Staining
Reflection: Rusting of steel components.
Intervention: See chapter “Structural Interventions”
State of the location:			

Bad

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.

Cement Plaster
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Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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4.1 Room 8 Window (MDCS 4)
State of the location:			

Moderate

Reflection: Rusting of steel components.
Rotting of timber components.
Peeling of paint.
Displacement.
Intervention: The windows have to be replaced by new ones in a
manner that respects the age and the value of the momument.
This way the building can be watertight and better ventilated
(controlled) thus terminate one possible source of moisture rainwater penetration.
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Ceiling New Basement
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1. Room 3 Ceiling
State of the location:			

Reasonable

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Bad

Damage type: Plaster » Surface change » Chromatic alteration »
Moist spots
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
2. Room 4 Ceiling

State of the location: 			

Moderate

Damage type: Plaster » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Ceiling New Basement
3. Room 5,6,7,8 Ceiling (MDCS 5)

Room 5

Room 6

Room 7

Room 8
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State of the location: 				

Bad

Damage type: Structural damage » Cracking » Cracking in
column or wall » Horizontal crack »
Horizontal crack (Crack pattern 20)
Reflection: Rusting of Steel Components, expansion of rust,
cracking through the whole width of the wall. In order rust
formation to happen a moisture source is needed in this case
most probable cause is hygroscopic moisture from the presence
o salt.
Intervention: Look further into the structural Intervention Chapter.
State of the location: 			

Moderate

Damage type: Plaster » Cracking » Star crack
Reflection: Due to the expansion of rustin steel beams in the vaults
of the basement.
State of the location: 			

Moderate

Damage type: Plaster » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”

State of the location:			

Reasonable

Damage type: Plaster » Disintegration » Detachment » Peeling of
paint
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Reasonable

Damage type: Plaster » Surface change » Chromatic alteration »
Staining
Reflection: Rusting of steel components.
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03.5 MATERIAL DAMAGES ACCORDING TO MDCS
Floor Old Basement

Room 2

Room 3

Room 3

State of the location: 			

Moderate

Damage type: Natural stone » Surface change » Deposit » Soiling
Reflection: With soiling in this particular case we dont mean dirt
or dust as in the MDCS hypothesis rather the dead leaves that
are evident in the photograph that by staying on the floor can
increase the moisture content by obstructing evaporation to take
place at the surface of the material. Further testing is required so
as to indentify the possible moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location: 			

Good

Damage type: Mortar » Surface change » Deposit » Efflorescence
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
State of the location:			

Bad

Damage type: Natural Stone » Surface change » Chromatic
alteration » Moist spots/zones
MDCS Hypothesis: Moist spots / zones can be due to water
penetration (from rain, rising damp, leakage etc.), surface
condensation, presence of hygroscopic salts (or, very seldom,
due to the hygroscopicity of the material itself).
Reflection: Further testing is required so as to indentify the possible
moisture and salt sources.
Intervention: For possible interventions please refer to Chapter
“Further Investigation and Suggested Interventions.”
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Room 4

Floor New Basement
State of the location: 		
Good
Damage type: Natural Stone
» Surface change » Deposit »
Efflorescence
Room 5

Reflection: Further testing is
required so as to indentify
the possible moisture and salt
sources.
Intervention:
For
possible
interventions please refer to
Chapter “Further Investigation
State of the location:		

Room 6

Very Bad
Damage type: Natural Stone »
Surface change » Chromatic
alteration » Moist spots
Reflection: Further testing is
required so as to indentify
the possible moisture and salt
sources.

Room 7

Intervention:
For
possible
interventions please refer to
Chapter “Further Investigation
and Suggested Interventions.”
State of the location:
Moderate

Room 8

Damage type: Natural stone
» Surface change » Deposit »
Soiling
Reflection: Same as in the old
basement.
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03.6 CONCLUSIONS
Location

1. Efflorescence

New basement (1922)

Old basement (1830)

Where? Cement Plaster,
Cement Mortar
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Damage type: Surface
change » Deposit »
Efflorescence

Damage Types

2. Crumbling

3. Peeling of Paint

4. Moist Spots

Where? Cement Plaster

Where? Cement Plaster
(walls and ceiling)

Where? Cement Plaster,
Ceiling and Flooring

Damage type:
Disintegration »
Detachment » Peeling
of paint

Damage type: Surface
change » Chromatic
Alteration » Moists Spots

Damage type:
Disintegration » Loss of
Cohesion » Crumbling
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03.6 CONCLUSIONS
Location

5. Loss of Adhesion

New basement (1922)

Old basement (1830)

Where? Cement Plaster,
Ceiling near the Window
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Damage type:
Disintegration »
Detachment » Loss of
Adhesion

Damage Types

6. Exfoliation

7. Vertical Crack

Where? Cement Plaster
near the Window

Where? Cement Plaster
(further investigation
needed)

Damage type:
Disintegration »
Layering » Exfoliation

Damage type:
Cracking » Crack

8. Staining
Where? Cement Plaster
Damage type: Surface
Change » Chromatic
Alteration » Staining
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03.6 CONCLUSIONS
Location

7. Vertical Crack

Old basement (1830)

Where? Cement Plaster
(further investigation
needed)
Damage type:
Cracking » Crack

9. Crack Pattern 10

New basement (1922)

Where? Through and
through the masonry wall
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Damage type: Structural
Damage » Cracking »
Cracking in Arch or barrel
Valut » Cracking (Crack
pattern 10)

Structural Damages

10. Star Crack
Where? From rusting steel
beams in the ceiling
Damage type: Cracking »
Star Crack
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Process
At this point we conclude our documentation and photographic reportage of the basement. During this process we had to identify each photograph to the a specific location and this
entailed some serious disadvantages. First of all, our site visit was one and time limited therefore
we did not have the luxury to throughly document the location where our photographs were
taken. consequently, when we started working on the assignment we had to much photographs that were taken in total dark conditions with specific locations in the plan. This has therefore increased slightly the degree of inaccuracy in our process.
Furthermore, the measurements that we took as well as the samples also interefere with
our conclusions. First of all due to the inaccuracy of the tools themselves as well as the rate and
time-limited way of working.
Material Damages
From the tables in the previous pages it is evident that the most severe and important
damages show similar patterns both in the old (1830) and new (1922) basement. Moreover, we
can clearly see that most damages especially in the interior of the basement have to do with
the cement plaster, which in a way makes our assessment and intervention proposal easier.
More specifically, the first zone (from floor to ceiling) is mostly suffering from moist spots, pealing
and fading of paint as well as crumbling in most severe cases where as in the second zone
(heigher in the wall) there are mostly moist sports leaving a yellowish stain on the plaster.
The floor and ceiling show also moisture related damages therefore they should be treated
accordingly. Moreover they imply that the source of moisture might be more than one such as
rising damp and condensation due to hygroscopic moisture.
In terms of salt efflorecense, there is a clear difference between the two basements. In the
old basement there only a few locations were salts were visible, one of which was the sampling
location. In the new basement the amount of salt that we experienced was profound. This may
imply that either there is a difference in the materials between the old and the new basement
for which we have no more information and thus further testing is needed. The two basements
may both have a layer of cement plaster but the composition, structure and properties of the
two plasters may be different. Therefore, more samples should be taken from all materials, both
cement plaster inside, the masonry wall and the exterior cement plaster finish. This way we can
also aquire data regarding the porocity of the materials as well as the moisture and hygroscopic
moisture content of the materials.
Consequently in order to further develop our understanding and thus our assessment
we move forward to identify the possible sources of moisture and salts so as to evaluate the
damages and thus propose appropriate solutions. Since most damages are the result of either
moisture or salt by addressing their sources we can control and terminate all damages. Please
refer to Chapter “Further Investigation and Suggested Interventions.”
Structural Damages
It is only in the new basement (1922) that we also see structural damages. Due to moisture
and hygroscopic mositure present in the basement the steel beams in the ceiling structure of
the basement are also deteriorating. Rust formation and expansion of the steel beams is then
causing pressure to the adjacent walls creating a horizontal crack that goes through the whole
depth of the masonry wall. This type of damage can be dealth with either by stoping the oxygen source, which is not possible or by stoping the mositure source. Stoping the moisture source
is an intervention for the whole basement therefore it is going to address this issue too. However,
further treatment is needed for the already corroded elements that will be further investigated
in the following pages. Please refer to Chapter “Structural Intervention”.
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03.7 TESTING SAMPLES FOR SALT

Location of sample

Process of taking samples

Test location

1. Is it Soluble?
We used water so as to test the whether we are dealing with
soluble salts or non-soluble salts which would help us later on to
determine possibly the type of salt that is present at the basement
(sulphate,nitrate,carbonate) as well as the possible source of the
salts, if the come from the material or surrounding environment or
use of the building. In addition to this simple test, we also tasted
the salt to see whether this can give us a first idea about the
chemical composition of the salt. We also took a small ammount
of salt for testing in the “lab”.
Result: Soluble salts, bitter taste.
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2. What type of salt?
Step 1: Preparation

Salt sample in demineralized
water

Cement Plaster dissolved in
demineralized water

Correcting the pH value of the
mixture. Optimum value pH=5
(Original sample pH=11)

Salt Sample

Plaster Sample

Step 2: Testing

Sulfate

Scale from pink to Orange

Scale from pink to Orange

Result: Pinkish. No
reasonable ammount
(Over 400 mg/L)

Result: Pinkish. No
reasonable ammount
(Over 400 mg/L)

Plaster Sample

Salt Sample
Scale from Brown to
Yellow

Scale from Brown to
Yellow

Result: Brownish. Very Little

Result: Brownish. Very Little

Chloride

Salt Sample

Plaster Sample

Result: Nothing (0 mg/L)

Result: Nothing (0 mg/L)

Nitrate

Step 3: Conclusion
Conclusion: No reasonable amount of any type we tested.
Thus, Carbonate.
Tested Samples’ reaction with acid

Result: Fizzling
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03.8 VALUE ASSESSMENT
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04.0 GEOLOGICAL ANALYSIS
In order to be able to determine whether the
moisture in the basements of Reuversweerd
are caused by rising damp and/or moisture
penetrating through the walls, we looked
at the geological composition of area
surrounding the castle. In our analysis we
used several data sets to come to our
conclusions. The lithology of the soil was
determined with the help of the REGIS II
dataset18 , and the DINO dataset19 provided
us with information about the water levels
in a drain next to the Reuversweerd estate.
Subsequently we combined this information
with the hydrogeological composition20 of
these soil layers, which gives us information
about the flow of the groundwater. Lastly
we attempted to calculate the hydrostatic
pressure, which explains how much pressure
the water causes on the walls of the
foundation.21
Image [1&2] shows where we took a section
to determine the geographic composition.
The section is approximately 2,5 km long, and
crosses the entire Cortenoever area from the
river IJssel to Brummen. The lithology graph
[3] shows that the Reuversweerd estate
was built on a layer of sand, a result of the
Holocene deposits. This layer has a thickness
of approximately 4 meters, and acts as a
mound. Underneath is a thin layer of fine
sand22 , followed by a layer of course sand23 ,
until the first layer of sandy clay is reached.24
The
DINO
dataset
has
monitored
groundwater levels via divers in drain pipes.
We used the data that was collected over
the past 10 years next to the driveway to the
Reuversweerd estate, and as the graph shows
the levels vary over 300 mm per season. Two
factors contribute to this: the changing water
levels of the Ijssel and the seasonal rains. The
5th graph is a combination of these datasets.
The water levels are scaled to the scale of the
hydrogeological section, and it is clear the
groundwater levels are often as high as the
sandy top layer where Reuversweerd was
built upon. This supports our hypothesis that
we have a reason to suspect rising damp to
be one of the moisture sources. However, we
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Image 2. Aerial map, n

Image 1. Landscape Section A-A;
North adjusted to geographic section

not to scale

Graph 3. Landscape section A-A’- Lithography

Graph 4. Ground water levels Reuversweerd
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04.0 GEOLOGICAL ANALYSIS
cannot confirm this hypothesis without examining
the permeability of the geological layers, and
thoroughly examine the moisture content in the
walls.
The k-value is an indicator of the permeability25 of
different soil layers, where a higher value means
the water travels through soil easily.26 Graph [6]
shows both sandy layers allow for easy horizontal
flow of water, whereas the layer of clay has a
very low permeability. This means that rain water
and groundwater flow horizontally, but can’t
penetrate the clay layer. The consequence is that
ground water flows on top of this clay deposit,
and as the area section [5] shows, this water flows
towards Reuversweerd.

Graph 5. Landscape Section A-A’ Hydrogeology

TNO, “REGIS II Appelboor 210266, 457913” (TNO), geraadpleegd 22 mei 2018, https://www.dinoloket.nl/; TNO; TNO, “REGIS II Boormonsterprofiel
B33H0208” (TNO), geraadpleegd 22 mei 2018, https://www.dinoloket.nl/; TNO, “REGIS II Verticale Doorsnede 206602, 456667” (TNO), geraadpleegd 2 mei 2018, https://www.dinoloket.nl/; TNO, “REGIS II Verticale Doorsnede 209401, 457622” (TNO), geraadpleegd 2 mei 2018, https://www.
dinoloket.nl/.
19
TNO, “DINO_BRO-put met onderzoeksgegevens_grondwaterstand_B33H0190001 1989” (TNO), geraadpleegd 2 mei 2018, https://www.dinoloket.
nl/; TNO, “DINO_BRO-put met onderzoeksgegevens_grondwaterstand_B33H0208001” (TNO, z.d.), https://www.dinoloket.nl/; TNO, “DINO_BRO-put
met onderzoeksgegevens_grondwaterstand_B33H0208002” (TNO), geraadpleegd 2 mei 2018, https://www.dinoloket.nl/.
20
TNO, “DINOloket”; TNO, “DINOloket”.
21
Carola Schoor, Ondergrond: handboek geotechnisch bodemonderzoek (Voorschoten: Vereniging Ondernemers Technisch Bodemonderzoek,
VOTB, 2008).
22
Hydrogeological layer: F. v. Boxtel, eerste zandige eenheid
23
Hydrogeological layer: F. v. Kreftenheye, derde zandige eenheid
18
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Calculating Hydrostatic Pressure

Graph 6. Landscape Section A-A’ Hydrogeology

To get a general idea for the pressure these high
water levels cause on the floor and foundation,
we calculated the ground pressure, and the
hydrostatic pressure. The hydrostatic pressure
is the pressure that is caused by the density of
soil layers, their saturation with fluid and gravity.
A high pressure can cause walls to leak or
crack, and the capillary characteristics of the
foundation materials amplify this effect. Image
[3] show the calculation data. We used standard
density characteristics for the ground layer.27 The
calculations are a simplification of hydrostatic
calculations, as it neglects several characteristics.
However, it gives the impression that the high
ground water levels are causing a relatively high
pressure on the foundation walls, and thus form
possible cause for the dampness in the basement.

Image 3. Hydrostatic pressure Calculations

The discussed data should all be interpreted as an
approximation, and a lot more research is required
before we can draw any definite conclusions.
However, the high groundwater levels, combined
by the hydrogeological characteristics of the
soil layers and the high hydrostatic pressure are
all affirmative of our hypothesis that the high
moisture content in the materials of the basement
of Reuversweerd could come from rising damp.
Image 4. Hydrostatic pressure
Hydrogeological layer: F. v. Boxtel, eerste zandige eenheid
Hydrogeological layer: F. v. Kreftenheye, derde zandige eenheid
24
Hydrogeological layer: F. v. Kreftenheye, Lp. v. Zutphen, eerste kleiige eenheid
25
Its value depends on the average size of the pores and is related to the distribution of particle sizes, particle shape and soil structure.
26
“Soil permeability - Geotechdata.info”, geraadpleegd 3 juni 2018, http://www.geotechdata.info/parameter/permeability.html.
27
Schoor, Ondergrond; Joost de Vree, “grondspanning, waterspanning, korrelspanning”, geraadpleegd 3 juni 2018, http://www.joostdevree.nl/
shtmls/grondspanning.shtml.
22
23
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04.1 DAMAGE MECHANISM
Goal of the analysis

Damage due to salt crystallisation is a non-linear process
where multiple factors- such as the type of salts present, availability
of moisture and materials affected- are decisive for occurrence,
pace and severity of damages. In order to plan intervention which
will successfully stop recurrent salt damage we broke it down
to mechanism ingredients which can be separately analysed.
Evaluation of origin and intensity of these singular ingredients
involved in the process of efflorescence formation will help to list
possible and effective intervention strategies. Understanding of
the real sources of damage will also avoid the risk of mismatched
intervention which would only temporarily mask damage or lead
to its intensification e.g. cause crypto-eflfloresence.

Mechanism

For efflorescence to occur three basic conditions must
be met: 1- water-soluble salt must be present, 2- moisture must
be available to form solution in contact with salt and 3- a liquid
solution of salt must be able to reach the surface through the
porous structure of the material, where moisture can evaporate
and deposit the salt efflorescence. All above-mentioned
conditions must be met.
Although theoretically, elimination of just one of them will
stop efflorescence to reoccur, in practice, it is difficult to absolutely
block the moisture access or extract all the salt from once
affected building part. Sources suggest reducing the influence
of all three factors to the point where efflorescence will cease
altogether. Extreme interventions focusing solely on eliminating
one condition are described as financially unfeasible.28

salt

moisture
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solution transport
in pores

04.2 SUGGESTED FURTHER INVESTIGATION
Source of salts

Identification of types of salt present in Reuversweerd cellar
might give the indication about their source. It is important to
determine whether the origin of salts is within the building materials
or the external source- based on this knowledge decision on the
type of intervention can be made.
To check if there is an active external source of salts,
surrounding soil should be sampled and tested. If the result of the
test is positive and further contamination with salts is possible, the
external sources of salt should be blocked in the first place.

Exact chemical composition

Basic tests on site proven that salts are indeed soluble in
water. Taste of the salt was bitter, which was a hint of carbonate
salts. Samples gathered on site were later tested for the presence
of chlorides, sulfates and nitrates- the result of the test was
negative in each case. Our conclusion is that salts present in the
Reuversweerd basement are most probably carbonates of one
or more elements.
Presence of cementitious materials in the cellar- plaster and
mortar joints of masonry walls is a considerable reason to explain
the presence of carbonate efflorescence. Portland cement is the
source of popular alkali (sodium, potassium) carbonates. Despite
this seems to be the most obvious explanation of carbonate salt
presence, it is not absolutely sure that this is the case.
Alkali can be present in other building materials in form of
sulfates, and later undergo the chemical reaction with carbon
dioxide dissolved in water to form alkali carbonate salts in the
result. Example of such source of sulfates is bricks fired in too
low temperature. The chemical reaction which transforms alkali
sulfates(K2SO4 , Na2SO4) to carbonates is based on the analogical
mechanism to carbonation in concrete - CO2 from air dissolves
in pore water where it reacts with alkali ions dissolved the water.
Depending on the depth of carbonation front, alkali carbonates
(K2CO3 , Na2CO3) are formed on or near the surface of the
material, where they crystallize when water evaporates.29
Carbonation itself in the extended period of time
can produce the soluble salt compound which can cause
efflorescence. Primarily in the reaction of carbonation calcium
hydroxide (Ca(OH)2) present in the hydrated cement mortar
reacts with CO2 from the air and forms insoluble calcium carbonate
(CaCO3). When further exposed to moisture and CO2 dissolved
in water, calcium carbonate undergoes secondary reaction and
forms calcium bicarbonate, which is a water-soluble carbonate
salt. Since high moisture content was present in the basement for
very long time, conditions required for this reactions were present
and calcium bicarbonate can be expected.30
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Although salt type has been initially verified as carbonates
it is not entirely certain what is the exact chemical composition of
the efflorescence. The samples were gathered so far only in one
location - we advise to repeat the initial simple test- as well as
further investigation test in multiple locations, keeping in mind the
basement under the extension part was constructed later and
materials used can differ - possible salt contamination from used
materials can be different there as well.
Knowing what salt types are present in the building can help
to predict their thermodynamic behaviour in changing climate
conditions- especially during the interventions aimed at blocking
moisture, but also when heating is applied and function of the
cellar change. Different chemical compounds have different
values of equilibrium- they crystallize and deliquesce in different
RH and temperature. This information is needed to predict how
climate in the cellar (mainly drying) can change before it will
start affecting crystallization and possibly cause risk of cryptoefflorescence.
Since the performed tests confirmed only the presence of
carbonate salts the list of possible compounds to be found in the
specimens is rather limited. Basing on this fact very simple and
cost efficient tests can help to identify the exact type of the salts.
Example of such test is the flame test: different ions cause the
change of the gas flame e.g. potassium colours the flame violet,
while sodium - yellow, calcium - red/orange.31
In case these simple tests prove insufficient to clearly
recognize the type of salts- it is possible that mixture of different
carbonates is present- laboratory tests can be performed. Infrared
spectroscopy and X-ray diffraction are used in identifying
efflorescence salts.32
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Distribution of salts in structure

D1

It is not clear whether the salts are deposited only on and
near the surface of the walls where they crystallized, or also
deeper in the mass of brick walls as a solution in water saturated
masonry. We propose to gather samples by drilling the core from
the wall to measure moisture content and hygroscopic moisture
content of the samples. Samples should be extracted from the
wall at different depths and heights, along a vertical profile.
Hygroscopic moisture content in powder samples is a reliable
indicator of the presence of hygroscopic salts. By comparing the
amount of absorbed water after drying the sample will help to
evaluate how salt is distributed inside the walls on different depths.

D2

H5

Hypothetical moisture content and hygroscopic
moisture content chart at deptsh D1 and D2

H4

D1

D2

Height

MC

Height

MC

HMC

H3

HMC

H5

H5

H4

H4

H3

H3

H2

H2

H1

H1

H2

H1

% weight

% weight

Hypothetical moisture content (MC) and hygroscopic moisture
content (HMC) graph for measurementss in different heights and
depths - D1 close to the surface and D2 in depth of wall.
The amount of moisture absorbed by the hygroscopic
behaviour of salts corresponds with the quantity of salt present
at given height and depth in the wall. If the actual chart is similar
to the hypothetical one, it means the salt is concentrated close
to the surface. If the HMC at both depths is comparable it would
mean that salt contamination is close to equal at this depths. The
concentration of the salt only in the superficial zone - surface,
plaster masonry close to the surface - could be the argument that
salt could be easily extracted before further moisture treatment is
going to be performed.
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Sample type

Impact
on object

Efflorescenc
es

Non
invasive

Poultices

Non
invasive

Ion exchange
resins

Non
invasive

Cross
sections

Invasive

Micro
drillings

Invasive

Cores

Invasive

Quantitative
information

Advantages

YES

AAS,
ICPAES, IC
only

Mineralogical
identification
Non invasive

May not
reflect salt
composition
subsurface

- Atomic absorption
spectroscopy (AAS)
- Merck water test kits
- Inductively coupled
plasma atomic
emission spectroscopy
(ICPAES)
- IC
- X-ray fluorescence
(XRF)
- IC

YES

semiquantitative
only

Non invasive

May not
reflect salt
composition of
object, due to
solubility
constraints

YES

semiquantitative
only

Non invasive

- Optical
- microscopy
- Scanning electron
microscopy-energy
dispersive x-ray
analysis (SEM/EDX)
- Micro FTIR
- Histochemical tests
- ICPAES
- IC

YES

semiquantitative
only

Distribution in
relation to
stratigraphy

YES

YES

Good
quantitative
data

- AAS
- ICPAES
- IC
- Ion selective
electrodes
- filter photometry
- flame photometry
- hygroscopic moisture
content (HMC)

YES

YES

Good
quantitative
data (except
for HMC
method: semi
quantitative
only)

Analytical Techniques
typically used
(As reported in
literature)
- X-ray diffraction
(XRD)
- Optical microscopy
- Fourier transform
Infrared spectrocopy
(FTIR)
- Merck water test kits
- Atomic absorption
spectroscopy (AAS)
- Inductively coupled
plasma atomic
emission spectroscopy
(ICPAES)
- Ion chromatography
(IC)

Qualitative
information

Table 1. Approaches to salt sampling

Comparison of different sampling methods.
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Disadvantages

Solubility
constraints.
Risk of
chemical
alteration of
original
materials
Non
quantitative
Invasive

Invasive. Does
not give
mineralogical
identity of
solid phases
Highly
invasive.

Core sampling method is
highly invasive, but the non-invasive methods such as gathering a sample of efflorescence,
poulticing or ion exchange resins cannot provide data about
salt distribution in depth of the
material, as they are limited either by only superficial sampling
or solubility constraints. Suggested sampling method remains
core drilling with the alternative
of micro drilling.
Another argument in favour of core drilling method is
that it would allow measuring
moisture content in the very
same test- which is relevant for
the building since strong assumption of rising damp has
been formulated (see Appendix 07: Geological analysis).
Since both salt distribution and moisture sources must
be determined to plan effective treatment, we suggest to
reach out for this method, as it is
most typically required to investigate the pathways of salt and
moisture content within the object, and/or assess the efficacy
of salt reduction treatments, to
which end drilled core samples
are normally taken.

Moisture sources

The catalyst for all damages related to the soluble
salt crystallization is the moisture. Damage occurs due to
accumulation and change of state of matter from liquid solution
to crystals. The severity of damage is strongly related to the depth
at which recurring deliquescence and crystallization take place.
Currently, at most of the investigated locations in Reuersveerd
mansion cellars, the most common damage type is efflorescence
on surface. Although this type of salt damage of material can
be aesthetically disturbing it is not threatening the materials as
much as crypto-efflorescence. The environmental conditions in
the basement - abundant moisture supply from and slow drying
process form together the condition for efflorescence on the
surface of the walls, floor and vaults. If salt is present deeper in
the material, it probably remains in water-solution form.
This current condition does not pose drastic thread to the
materials and structure (note that steel beams in cellar under
the extension are exception from this rule and their problem is
separately discussed in Appendix 9 Additional Interventions). We
would like to highlight that disturbance of the current balance
can lead to worsening of the damage, as faster drying behaviour
in the cellar can cause moving of the drying front deeper into the
masonry mass. Result of this would be the occurrence of cryptoefflorescence and subsequently loss of material.
For this reasons we are convinced further investigation of
moisture sources is necessary before decision of intervention is to
be made. Particularly enough information should be gathered
to form base for decision whether to block the moisture sources
before the desalination.
We identified the possible moisture sources in Reuversweerd
basements and compiled them on the section view. Investigation
of local geological composure and groundwater level gives
reasons to assume rising damp and penetration of water through
retaining walls occur. Additionally cool temperature of the
cellar walls and non air-tight windows allow RH condensation.
Rotten and deteriorated window frames cause leakages. Finally,
the hygroscopic behaviour of salts can cause accumulation of
water directly from air. Influence of each of this factors in overall
moisture supply should be assessed - it is not certain at this point
which one is the most severe.
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Compilation of possible moisture sources in Reuversweerd basement
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Confirmation of rising damp

The analysis presented in Appendix 7: geological analysis
suggests that rising damp and penetration of water through
earth retaining walls takes place. To determine whether it is true
we recommend to analyse the core samples and compare
moisture content measured in different heights. If the MC curve
is going to show greater amounts of moisture present in lower
part of the walls and gradually decreasing in higher locations,
it will be a clear indication that rising damp is actually a case in
Reuversweerd cellar. We recommend checking this on one of the
internal walls because on external the result could be falsified by
other sources of moisture e.g. leakages through earth retaining
walls. In case the curve is not regularly decreasing upwards, and
shows higher moisture content in the other part of the wall- this
would mean that possible main source of the moisture in the
cellar is air humidity condensation combined with hygroscopic
behaviour of salts, although the last factor is considered to be of
minor influence for overall moisture supply by Clifford A. Price as it
was discussed on basis of Wakefield Tower case study.33
It is important to mention that even if the curve will be
irregular, and rising damp will not be identified as the main moisture
source, capillary transport of moisture into the building cannot
be totally excluded on that basis. The aim of this investigation
is rather to determine which of the moisture sources is the most
influential and to plan the order of interventions.
Hypothetical moisture content and hygroscopic
moisture content chart at deptsh D1 and D2

Height

MC

Height

MC

HMC

HMC

H5

H5

H4

H4

H3

H3

H2

H2

H1

H1

% weight

% weight

Hypothetical moisture content graphs. Rising damp is evident in
the graph on the left: high MC in the lower part and gradually
decreasing in higher locations. The graph on the right would
suggest other moisture sources - irregular curve does not confirm
the hypothesis of rising damp (as the leading source of moisture).
Apart from rising damp relevance of other moisture sources
should be investigated. We propose to monitor the relative air
humidity and temperature of the walls to asses the influence
of condensation in overall moisture supply. It is also worthwhile
checking if moisture content is higher near the surface than in
depth of the wall, as this may be the indication that air humidity
combined with the hygroscopic behaviour of salts is indeed the
prevailing source of moisture in the cellar.
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Moisture and salt transport

The final location of crystallization is determined according
to the article “A review of salt transport in porous media:
assessment methods and salt reduction treatments” depends on
the following factors:
1
2
3
4
5

the rate of moisture loss through evaporation
the rate of moisture supply through condensation
the rate of moisture supply by capillary flow
the rate of ion transportation due to advection
the rate of ion back diffusion due to the concentration
gradient established within the salt solution.

Salt transport in the water solution is described as the
resultant of two phenomena: advection and diffusion. Diffusion
is the actor which levels off any accumulations- author clarifies
these phenomena by comparison with ink drop in water- ink
spreads in the water until the gradient is equally distributed in all
fluid volume. This is happening regardless of pore size distribution in
the building materials. Second phenomena - advection - can be
described as the transportation of salt particles within the water
solution due to capillary flow. In general, advection is much faster
than diffusion.
This knowledge should be taken into account while planning
desalination of the cellar. Different desalinating poultices and
restoration plasters work on different principals:
1

Wet poultice uses the diffusion mechanism and its
effectiveness is based solely on salt concentration gradient
in the material, the relation between substrate and poultice
pore size does not influence the process. This method is very
slow, requires repetitive wetting of the wall and therefore
can only be applied if prolonged further exposure to
moisture is acceptable. 34

2

Drying poultice is based on much faster transport
mechanism- advection. For this type of poultice to work the
proper relation of pore sizes in layers of the wall is important.
Poultice must have smaller pores than the external layer of
the wall to provide that direction of the advection will be
to the outside of the wall. 35

3

Salt accumulating plaster consists of two layers: base coat
and water repellent external layer. Salts should be able
to penetrate and eventually crystallize in the base coat
layer, while water-repellent layer should not allow salts to
reach the surface of the wall. Again- pore size of the base
coat must be smaller than external layer of the desalinated
material to provide the desired direction of capillary
transport.36

4

Salt transporting plaster is applied to extract the salt from
the wall to the surface- it is the single layer of plaster,
which pore size must be smaller than the pore size of the
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To adapt the poultice to the given materials in the cellar,
their porosity should be measured. Methods such as mercury
intrusion porosymmetry or NMR can be used for this purpose on
samples of materials gathered from the cellar.
Measuring the porosity of poultice is more difficult- it is
deformable and wet. It is impossible to perform such measurement
with MIP method, but NMR is effective in this case.37
Other- and way cheaper- way to make sure the poultice
treatment will be effective is to conduct a test on small area of the
wall and compose the right mixture of poultice by the method of
trial and error. We recommend making such test before the real
intervention even if the previous measurement will be performed.
Common lack of information regarding the porosity of
poultice speaks in favour of salt accumulating and transporting
plasters- these in opposite to the poultice are hard, and their
porosity can be measured easier.
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04.3 SUMMARY OF ADVISED INVESTIGATIONS
Salts:
1. salt source:
question:

Is external source of salt present?

testing methods:

Test the surrounding soil samples for presence of the salts.

influence on decisions:

If the external source of salts is active, there is a risk of further
contamination of the building with salts. Before interventions
aimed at desalination of the structure can be undertaken,
possibility of transport of salts from external soil must be blocked,
otherwise salt can still penetrate into the building while effort to
extract them is ongoing.

2. type of salts:
question:

What is the exact chemical composition of the salt mixture?

testing method:

Simple chemical tests (e.g. flame colour) / infrared spectroscopy
/ X-ray diffraction

influence on decisions:

Predicting the thermodynamic behaviour of the salt (salts mixture)
to avoid the risk of worsening the occurring damage type
(efflorescence can turn to crypto-efflorescence when drying is
accelerated and drying front moves deeper into the material)

3. deposition depth:

102

question:

Is salt present only on the surface of walls or also deeper in the
masonry?

testing method:

Drilling the core samples / micro drilling

influence on decisions:

Knowledge on depth of deposition influences the choice of
extraction method. If contamination is only superficial, removing
the efflorescence and possibly the deteriorated old plaster is
sufficient. If deposition reaches around 20-30 mm drying poultice
is able to extract the salt from this depth. If contamination is
deeper, and there is a reason to extract salt from such depth wet
poultice can be used- if wall is saturated with water, even the
deep deposits of salts should be mobilized.
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Moisture sources:
1. rising damp:
question:

Confirm or deny the occurrence of rising damp.

testing methods:

Measure the moisture content in samples gathered in different
heights.

influence on decisions:

If rising damp is present, contact of building materials with
saturated soil should be interrupted. Choice of the intervention
methods is between chemical injections or mechanical
interruption. Drainage and watertight barrier should also be
introduced to avoid horizontal water penetration (leakage
through earth retaining walls)

2. relevance of other sources:
question:

What is the influence of condensation and hygroscopic absorption
in overall moisture supply?

testing method:

Monitor air humidity over time and measure the moisture content
in the plaster and masonry in different depths.

influence on decisions:

Identification of the influence of singular moisture sources can
help to control climate over the renovation period to avoid
worsening the occurring damage during the intervention especially we focus on mitigating the risk of crypto-efflorescence
due to accelerated drying. A possible way of maintaining the air
humidity level above the threshold of equilibrium can be the use
of humidifiers - here a link with knowledge about certain salt types
present in the structure exists, as each compound has different
equilibrium values. If a decision of applying wet poultice is taken,
then the risk of crypto-efflorescence is automatically eliminated,
because the use of wet poultice provides the considerable
amount of moisture.

Building materials:
3. capilary moisture transport:
question:

What is the direction of capillary suction in the existing building
elements - what is the porosity of materials in the building?

testing method:

Mercury intrusion porosymmetry / Nuclear magnetic resonance /
sample tests

influence on decisions:

Capillary moisture transport is directly determined by pore
size distribution. To adapt the compatible poultice mixture or
restoration plaster to the existing building materials- their porosity
has to be known. The pore size of the intervention layer must
be smaller than existing material. An alternative to laboratory
test is trying the poultice / plaster on small test area, to check if
extraction of salt is achieved.
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04.4 INTERVENTION SCENARIO AND ALTERNATIVES
Certain interventions

Although not all data needed for full intervention scenario
is gathered, there are interventions which should be done
regardless of the answers provided by further investigation. Focus
of out intervention is to preserve the values outlined in the value
assessment as the most important for the cellar- these are the
construction systems of both old cellar and the extension part.
Some elements of the interior are going to be sacrificed to
achieve this goal- deteriorated plaster and window frames need
replacements.
We strongly advice introduction of the drainage and
horizontal water tight barrier to the retaining walls, as well as
mechanical interruption to cut off the contact of the cellar with
soil underneath. Even though the rising damp was not identified
as the main source of moisture, the geological data and analysis
of groundwater level suggests it is very likely that this is the case,
Furthermore from the history of region we learned that IJsel
seasonal fluctuations influence changes of groundwater level
and can possibly cause flooding in case of breaking the dijk. If
the investment is to be done in the Reuversweerd mansion, we
suggest it is better to be safe from such accident.
Another argument to support tackling the moisture problem
is the proceeding corrosion of steel beams of extension basement
ceiling. Moisture accelerates this corrosion, therefore poses an

bucket foil

original floor
intact - placed
back after
intevention

drainage pipe
vertical water
barrier
mechanical
interruption in
wall

horizontal water
barrier

Scheme of intervention against rising damp and earth retaining wall penetration.
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ongoing thread to structural integrity of the building. Unmonitored
corrosion and active sources of moisture are dangerous and
we assign high priority to resolve this problem. The problem of
corrosion is discussed in depth in other appendix (see Appendix 9
Additional Interventions).
Although the source of the salt can be external, in our
opinion it is most probably the use of cementitious materials in the
cellar- which explains the presence of carbonate salts. This does
not change the fact that moisture penetration by contact of the
building with wet soil (rising damp and retaining wall penetration)
should be stopped.
Initially, we hesitated about blocking the moisture sources
first, because of the risk of crypto-efflorescence produced by
accelerated drying. Also, the case study of Wakefield Tower
gives reason to restrain from hasty decisions about getting rid
of the moisture. The presented approach bases on maintaining
the RH above the equilibrium level, so the crystallization of salts is
prevented. Finally we concluded that the crypto-efflorescence
is really dangerous to the materials when cycles of crystallization
and deliquiscence have a chance to occur repetitively over the
extended period of time. If the intervention aimed at blocking
the moisture will be performed quickly and combined with the
simultaneous desalination- we assume that risk of damage due
to crypto-efflorescence can be avoided.

Alternatives

The choice of mechanical interruption over the chemical
injections was dictated with the need of protecting the earth
retaining wall as well, and chemical injection, which was the
other option helps to stop only the vertical moisture transport- the
method is to apply the series of injection in horizontal line to form a
water repellent or watertight layer of material with blocked pores
- impermeable for water. Guarding the vertical retaining wall
with this method is in conflict with the usual use of this method.
Besides the method of chemical injections is still less reliable
than the mechanical interruption. According to the source, only
few products are actually able to form water-repellent layer by
reacting in moist environment.38 Finally it is easier to acquire the
continuous water barrier using single method- the watertight
barrier in both horizontal and vertical direction.
Obvious intervention in case of actual reuse of the cellar
is to replace deteriorated, leaking windows. Wooden frames are
rotten to a large extent and humid air and rain penetrate freely
into the cellar.
Another intervention we are convinced to suggest
regardless of the further investigation results is the removal of the
old plaster. We assign no high value to the existing plaster, and
the degree of its deterioration practically makes it impossible to
restore it, considering the salt contamination. We are sure it is also
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ionalVersion

easier to extract the salt from the masonry, once the old plaster is
gone. Old plaster can actually be treated as the sacrificial layer
- by hacking it off we get rid of reasonable amount of salt in the
first step.
Further interventions are dependant to the results of the
investigation. We do not suggest performing any of them before
more data is gathered.

Desalination by drying poultice
(up) and salt transporting
plaster (down). Bouth methods
base on the phenomena
of capillary suction - salts
are transported it the water
solution
by
advection.
Direction of transportis always
from the coarse pores to fine,
an the layer with smallest pores
dries last - therefore tuning of
pore size in intervention layer
is critical for the success of the
treatment.

Choice of the salt extraction method will be depending
mainly on the depth of salt contamination. As it was described
before different poultices and plasters are able to mobilize the
salts on different depths. Although the depth of contamination
is not known yet, we assume that not all salt has to be extracted
from the wall if the problem of moisture supply is going to be
tackled. Sources suggest dealing with more than one ingredient
of the mechanism39 and that seems reasonable in our case too.
Our reasoning is that when moisture supply is stopped, salts that
potentially can be present deeper in the walls will not be mobilized
to reach the surface anyway. Therefore it is more important to
extract only the deposits of salt close to the surface. We propose
choosing one of the two following methods and we will give
reasons why we rejected the others.
The first of the methods, we would recommend is the drying
poultice. It is sufficient to mobilize the salts within the depth of
20-30 mm, it works faster than wet poultice (drying poultice: 3-6
weeks with 2 repetitions, compared to wet poultice: 5-10 days
with 4-6 repetitions, for standard desalination treatment40 and it
does not require as much water to work. Although the building
was exposed to heavy moisture supply for extended period of
time, and this treatment, even with pre-wetting the walls before
each application of wet poultice, would not pose the additional
thread to the building, once the moisture sources are blocked it
does not seem reasonable for us to bring water to the building
again.
An alternative to desalination by drying poultice is in
our opinion the restoration plaster based on salt transporting
principal. If the gradient of pore sizes is well combined this
plaster will extract moisture together with the salt solution to the
surface of intervention layer - where crystallization will occur. We
believe that after blocking of moisture sources, there will still be
some moisture present in the cellar to provide for the transport of
salts to the surface. Efflorescence can be then brushed off and
throughout the extended period of time, the reasonable amount
of salts should be extracted. The disadvantage of this method is
that it will probably take longer than the extraction of salts with use
of drying poultice, and the efflorescence will probably reoccur
for some time. Since this phenomena is not pleasing to see for
everybody but on the other hand is not particularly dangerous to
the building we decided to propose this alternative.
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05.0 CORROSION OF STEEL BEAMS
Intervention proposal:
Firstly thoroughly analysed as
to their remaining load bearing
capacity and if necessary
provisional support should be
installed(1). This analysis can be
can be performed with various
methods that either measure
the heat or electrochemical
conductivity of the existing
steel. Relating the measured
conductivity values to the
standard values of steel allows
conclusions as to how much of
the material and which parts
are affected by corrosion
already.41

1

The existing corrosion and all
irregularities should be removed
and the beam
be sand
cleaned(2).

Once
the
additional
construction
material
is
applied, the entire beam has
to be protected against further
corrosion. The protection layer,
If the load bearing capacity possibly acrylic paint, should
of the beams is diminished, be applied in at least two
constructive
measurements layers(5).43
must be taken(3): A constructive
support must be applied,
possibly additional steel, that is
welded to the existing, or fibrereinforced plastic. Depending
on the used material an antiirregularity and joining layer
might be necessary(4).42

2

3

protective
constructive
4

5

anti irregularity

Barbara Waldmann, Korrosion in Anlagen zur thermischen Abfallverwertung: elektrochemische Korrosionserfassung und Modellbildung, July 2017.
T. Miyashita & M. Nagai, Repair method for corroded steel girder ends using CFRP sheet, IABSE-JSCE Joint Conference on Advances in Bridge
Engineering-III, August 21-22, 2015, Dhaka, Bangladesh.
43
http://civilblog.org/2015/12/29/how-to-repair-rc-beams-columns-damaged-by-steel-corrosion, accessed 03.06.2018
41
42
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06.0 CONCUSION
Although the salt contamination level in Reuversweerd
cellar is considerable, the salt crystallization does not cause severe
damage to the materials, except several individual locations. The
damage occurring due to corrosion of steel elements of extension
ceiling is far more disturbing, combined with the lack of monitoring
and possible hidden damage threatening the structure of the
building.
During our investigation salts have been only initially
identified as carbonates of some element. It remains unknown
whether it is just one salt type or a mixture of more compounds.
The use of cementitious materials in the cellar would explain the
presence of alkali carbonates, but before further investigation
is conducted it cannot be excluded that there exists an active
external source of salts- e.g. the artificial sand-hill on which the
mansion was built could be the source of contamination.
Our analysis of geological conditions and levels of
groundwater, combined with the data group investigating the
ground-floor gives a certain base to assume the presence of
rising damp and water penetration through earth retaining walls.
Obviously, other sources of moisture exist- such as leaking windows,
condensation of air humidity in the cold cellar and hygroscopic
absorption of water from air by salts. For tackling the problem
of excessive moisture without causing simultaneous worsening
of the occurring salt crystallization damage (risk of cryptoefflorescence) we advise to determine what is the influence of
singular moisture sources in overall moisture supply. The current
climate condition in the cellar does not seem to cause recurring
cycles of crystallisation and deliquescence- the crystal formation
suggests a rather slow drying process taking place solely on the
surface of the walls, but the salt load is severe, and distribution
of this climate condition without either desalinating the cellar or
major reduction of moisture supply over short time is indeed risky.
Our report gives certain advice for sampling and
measurement techniques for the further investigation before the
intervention. Some of the methods we proposed are rather invasive
(e.g. core drilling) but we are aware that quantitative data on salt
distribution throughout the structure and determination of leading
moisture sources (confirmation or exclusion of rising damp) is
necessary to understand the occurring damage mechanism and
to plan effective treatments.
Despite the incomplete information gathered from
the investigation, we decided to formulate the hypothetical
intervention scenario. The base of this scenario is the idea of
blocking the moisture sources as they are the catalyst for ongoing
corrosion of steel structural elements. In consequence of stopping
the moisture supply, we proposed to simultaneously desalinate
the cellar. Here two alternatives for the techniques of desalination
are given. We argument that desalination is needed in the same
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time as the moisture supply is stopped because this disturbance
in cellar micro-climate can lead to unpredicted negative
consequences- acceleration of drying, moving of the drying
front deeper into the masonry and in result material damage due
to crypto-efflorescence. Salt must be extracted from the material
to avoid that, therefore we propose the use of drying poultice
which would quickly extract the reasonable amount of salt or
the restoration plaster based on salt transporting principal- which
would extract the salt to the surface of new intervention layer,
where it could be scraped off. This intervention scenario is in our
opinion the safest option to introduce on basis of knowledge we
managed to gather during our in situ investigation and further
analysis and study of literature, but we want to strongly emphasize
the need of additional investigations.
We would also like to highlight the importance of
post-intervention diagnosis and documentation of potential
interventions, as well as the value of consistent methods of
taking samples and performing the measurements. Usefulness
of the investigations is increased when it is conducted in the
consistent and structured manner, and the meaning of proper
documentation of undertaken interventions can be critical in
future further use and maintenance of the building.

Thank You!
Electra Pangalou
Charlotte Middelveld
Florian Reisacher
Dominik Gomółka
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