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OVERVIEW OF THE PROJECT FABBI

Aims:

The aim of this project is to prolong the durability of wooden buildings and structures
on islands so that the historically valuable architectural heritage and properties of people are
preserved. Several experts from Estonian, Swedish, Latvéharman universities take part
in this project and their main aim is to work out an environAreedly and sustainable
methodology for the treatment of fungal and beetle damage in timber structures. At the same
time, an example treatment will be perf@uin Ruhnu churches.

Partners:

Estonian Open Air Museuinleading partner
Gotland University

Estonian Mycology Research Centre Foundation
Estonian University of Life Sciences

Additional partners:

Churches from Gotland

National Heritage Board of Esi@a
Ruhnu Rural Municipality

Gotland County Government
iland Musei byr =an

Financed by: European Union an@entral Baltic INTERREG IV A Programme

Duration of the project: 1 November 201031 October 2013.

ACTIVITIES

Investigating and monitoring biodeteraions (wood destroying fungi and insects) in

wooden buildings or woodestructure buildings; and developing environment

friendly methods for halting the spread of attacks. Up to 150 buildings are being

investigated, 107 of which are located in Estonia.

e Monitoring wood damaging beetles in forests on Ruhnu, Kihnu and Vormsi Islands,

finding relations between insects in buildings and in the forest, and between their

population sizes.

Organizing fieldwork on wooden cultural heritage on Kizhi Island.

Publishinga handbook of wood destroying insects and fungi.

Establishing a laboratory for investigating fungal and beetle damage in Estonia.

Treating Ruhnu and Vormsi churches (or similar buildings) against the attacks of

wood destroying insects and fungi, and thenpry strengthening of constructions.

« Bringing top scientists, who study the durability of wood and conservation to Estonia
and involving them in studies of Estonian historical buildings and wooden structures.

e Organizing 35 seminars and trainings for ezshers from Estonia and Gotland,
householders and other people interested.

e Making three educational films (fungal damage in houses, beetle damage in houses

and treating timber structures in houses).
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o Establishing a rural architecture research and traiogmger. Drawing up renovation
projects for Liberty Summer Manors on the territory of the Estonian Open Air
Museum, planning a counseling center and exhibition.

e Organizing an international conference on the durability of wooden structures at the
Estonian Uiversity of Life Sciences.

e Publishing a collection of conference articles.

INVESTIGATIONSON | LAND | SLANDS

Cooperating with I and CareldBomath and Aiarkae um s p
Ni emeteén buildings were i nvess. iWpanvestjated n d i |
churchs, open air museum buildings and private house imsixxi ci pal i ti es ( F©°¢

Kumlinge, Slatvik, Sottunga and Sunth)vestigations were made in July 2011.

SPECIALISTS:

Kalle Pilt- project manager, civil engineer
Marko Teder- civil engineer

Ave Sadam mycologist

Jane Oja mycologist

Kristel Pau specialist

EQUIPMENT :

Protimeter Moisture Measurement System
Wawetek Meterman TRH22

Digital camera Olympus/ E-330

ZUIKO DIGITAL Wide-angle lens ED -24mm 1:4
ZUIKO DIGITAL Telephoto lens 5200 mm 1:2.83.5
ZUIKO DIGITAL lens 1454mm 1:2.83.5

Fiber optic borescope Olympus RG863-045SW11550
Light microscope Eclipse 50i (Nikon Corporation)

Stereomicroscope SMZ 800 (Nikon Corporation)
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1. ENLI STED MARI NEG6S CROFT
JANKARLSGj RDEN OPEN Al R MUSEUM

Kastelholm, Sund

1.1. Exterior inspection

Date of inspection: 27" of June in 2011

Time of inspection: 10:05 to 11:40

Type of building: horizontal log building with existing socket.
Temperature 17. 6eC

Relative humidity: 55.5%

The building is situated on a hump. Rainwater is poorly conducted away from the building.
Although the rainwater system is incomplete (Fig. 1.), the placing of the building favours the
drainage of the rainwater. On the ethhand, due to the height of the socket, timber walls
experience a severe water load (rainwater is splashing up from the geding along
organic matter) (Fig. 2.). The height of the socket is too low, varies from 10 t0.30 cm

The roof seems to have e deformations in the lodmkaring structures (Fig. 3.), but it
cannot be inspected thoroughly due to the inaccessibility of the attic.

e

Fig. 1. The rainwater sytem is incomplete

L) § - Wi s TR WL ek o N 3
Fig. 2. Loose or missing mortar between quarry stones of the socket
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s
Fig. 3. The southern roof side undulates, which indicates deformations of tHeclaaadg
structures
1.2. Interior inspection
Ground floor
Temperature 1 7 . @nedsured in room No. 4).
Relative humidity: 60.6% (measured in room No. 4).

The building has tirmoer floors, which are ventilated with incitement holes in the socket only
in the eastern part of the building (rooms No 1 and 4). Interior inspection revealed some old
traces of water passages in rooms.[S@nd 4(AppendixB).
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Fig. 5. Tracesf water passages in room No. 4

Attic
The attic was inaccessible.

1.3. Insect and fungal damages

A few of the beetle damages were found outside, but derstages were inside the building
Preciselyall thewall constructims andhandloomsn room Na 4. Walls and landloomshad
massivéy attacked by the common furniture bee#fn@bium punctatuin(Fig. 6,7, 8 and 9.
Besides beetle exit holes we found holes on the floors, which werelyaodents.

Wedid notfindanyfung! damages from marineds craft

Fig. 6. Bore dust othe damaged wall in the room Nb
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Fig. 8. Handlooms attacked by furniture beetle

ig. 9. Bore dust all around handlogméich indiates active attack
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1.4. Summary and recommendations

In order to reduce the rainwater load to the exterior part of the wallsultl be necessayf
possibleconcerning the historical valuéo install complete rainwater systess there were

traces of watepassages and the southern roofside undulates, the attic should be inspected
thoroughly. Although there were no visual traces of damag#se timber floors in room No

2 and 3, there should be made additional incitement holes to the socket in the warstein p

the building in order to assure the ventilation beneath.

.
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2. DAIRY
Kingés country estate in Kastelholm, Sund

‘Fig.l. Drawing of the dairy in Kingds countr

2.1 Exterior inspection

Date of inspection: 27" of June in2011

Time of inspection: 12:45 to 14:25

Type of building: horizontal log andimber frameg(in room Na 3) building with
existing socket

Temperature 19. 3eC

Relative humidity: 53.5%

The building is situated on a slope. Rainwater system is complete, but rainwater is not
conducted away from the buildinBue to that, western side of the foundations can be under
severe water load, wheh is raining. Thee were also loose and missing maorbetween
guarrystones (Fig.)2and in some places there are no quarrystones in the socket to bear the
walls (Fig.3). By reason of missing hydiiasulation betweeithe socket and the walls (Fig.

4), quarrystones dampetlhogs, which leado damages to the timber. The height of the socket

is too lowin some parts of the building (Appendix C).

Fig. 2 Loose and missing mortar between guarrystones of the socket
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Fig. 4 Thereis a lack ﬂwydinslatiobetween the logs and quarrystoned socket

Some parts of walls have stad out in the northern (Fig. 5) and southern (Figides of the
building. There is also a severe Wamage in the sowtn side of the building (Fig)7

R |
Fig. 5 Wall slanted out
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N/ Np

ig. B

A%

Fig. 7. The southern side of logwalls hasevere UVdamade

2.2Interior inspection
Ground floor

Temperature 187 C (measured in room No. 5)
Relative humidity: 58.7% (measured in room No. 5)

The building has concrete (in rooms.Nboto 8) and timbefloors (in rooms No1l to 3)that
are not ventilated with incitement holes in the socket; they are only partialijateshtwith
indoor air.

In room No. 6 the walls have loose andssing plaster, which indicatesevere moisture
damage (Fig. 8 and)9In room No. 3 there has been already removed the lowest part of the
damaged logged wall, but the problem consists irabisence ofiydro-insulationi the socket

is on a direct contact to the timber (quarrystones damps the taiepeen}.

g
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Fig. 9 Loose and issinglastr on the wall in room N6

In room No.8 the paint is peeling from the ceiling, which can indicate either to a water

14

passage or a high humidity (Fig. 1On room No. 2 there are some salt dg®s in the

ceiling-beam (Fig. 1}, this is due to the dairy, which was above the room.

Fi. 1Q Peeing pairt from the ceiling in room N8

2007-2013
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Fig. 11 Salt damaged ceilinigeam in room No2

The walls of room No. &re partially covered withsheet metathat may condensatie
logged walls behind (Fig. )2

£ a e =

B
Fig. 12 Sheemetal covered walls in roomad\8

Attic
Near the chimney we identified ceiffbeam in bad condition (Fig.13. The roof 6s ti
structurehas a loose connection (Fig.)1#hich needs to be fixed immediately.

Fig. 13 The celingbeam has signs of losing its strength (crackemsile zone)
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Figl4 A | oose connection of the roofds timber

2.3Insect and fungal damages

Outside the building we fountew places withold insect and fungal damageSimilar
damages we identified alsa the firstfloor. Precisely insect ad fungal damages weom the
walls of room No. 4 and 6 (Fig. 15 and)18Ve foundold fungal damage othe floor
constructions near the dodadin room No. 3(Fig. 17. Insect damages were made by
Anobiidae beetlesq{estobium ruffovillosurandAnobium puatatun).

Fig. 15 Insect damages on the wall of room No. 4.
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Fig. 17 Old fungal damage in room No. 3

2.4 Summary and recommendations

Some parts of socket, that have missing quarrystones, should be remouotddr to assure

the load bearing to the walls. In order to assure the ventilation betheatimber floors in
roomNo. 1 to 3, additional incitement holes should be made to the socket in the southern part
of the building. All the damaged logs in the sackea should be replaced.

The plaster on the wall between rooms 3 and 4 should be removed, because the logged wall
beneath is damaged. In the attic the timlBascsures must be fixed (Fig. 13 and)1%Zhe
metal plates must be removed in room No. 2.

The northern and southern parts of logged walls have slanted out; hence those walls must be
reinforced to prevent collapse of the building.

There should be monitored the activity of beetles.

Y
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3. SAINT MARIA'S CHURCH
Saltvik

Fig. 1. Dr awi rChurchbby M&iaeiLant Mar i ads

3.1. Exterior inspection

Date of inspection: 28" of June in 2011

Time of inspection: 10:00 to 11:55

Type of building: masonry building without socket
Temperature 23.& C

Relative humidity: 36.4%

The building is situated on a slopéhe roof of the building isecentlyrenovatedThere is no
rainwater system and rainwater is not conducted away from the builBDing to that
foundation can be under severe water lodaenit is raining (rainwater is splashingp from
the ground taking alongrganic matter) (Fig. 2). The outreaching part of the wallséied
fake socket) in the ground area are covered with biological organisms e.g. keitehave
moisture damagd$ig. 3) (Appendix D)

Fig. 2. Biodamages on the walls near the ground

INVESTING IN YOUR FUTURE PROGRAMME
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Fig. 3. Theoutreaching part of the wall isamd moisture damaged

3.2. Interior inspection
Ground floor

Temperature 186 C (measured in the main hall)
Relative humidity: 58.7% (measured in the main hall)

The building has stone floors.

Belfry

There were a | ot of D brr thie gimbereeleroents (hig.Mtasd 5( bi o d
Some loaebearing timber elements had tescof water passages but t he damageo6s
not severe (Fig. b There are also numerous cases, where the timber beams bear on the
masonry walls without anlyydro-insulation(Fig. 7).

Fig. 4 Ti mber elements covered with birdsé excr
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AN

N

4 ‘
fl oor i s covered ofthétimbebi r ds 6 ¢

whol e

Fig.5. The
floor are damaged

Fig. 7. Loadbeari timber element is unisolated whtydro-insulation- stonewall damps the
timber, which may result ithe reduction of shear strength
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3.3. Insects and fungal damages

The altar in this lsurch had active insect damages. We identified bore dust inside the alta
mainly in the corners (Fig. 8 and.9n the attic few timber elements had old insect damage
caused by bark beetles (Fig.)10

We did not find any fungal damages in the church
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Fig. 10 Damages Ythe bark beetle

3.4.  Summary and recommendations

In order to reduce the rainwater load to the exterior part of the walls, it would be necessary to
install complete rainwater system. The outreaching partsgled fake sockets) should be

covered withmetas heet s. The ti mber el ements should b
belfry. Some of the floorboards should bpleeed in the beltower (Fig. 5.
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2hwYowQ{ I h} {9

Kingbs country estate in Haga, Saltvik

il b wn A O\
el Nl
73 A"‘\A/[.;\" Ay

Fig. 1. Drawing of Lahbrker6s house by Mari ke

4.1. Exterior inspection

Date of inspection: 28" of June in 2011

Time of inspection: 10:00 to 11:55

Type of building: plank timber building with socket
Temperature 24. 0eC

Relative humidity: 47.0%

The building is situated on a slope, causegere water and moisture loads to the eastern part
of the foundation when raining. The rainwater system is malfunctioning, some pipes are
corrodel, detached and deformed (Fig. 2 andThe rainwater was conducted into a tank in
the cellar The doorstefmas some biodamage, and is cracked probably due to the shrinkage or
swdling of the ground soil (Fig. 4 (Appendix E)

INVESTING IN YOUR FUTURE PROGRAMME
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3

Fig. " Cracked and biodargadtaircase

The paint of exterior walls hataked off and thevall boarding has partially degrad€eig.
5), eaveboardings are miggg on the southern side (Fig.. @he roof has some tiles missing,

indicating to a severgvater passages (Fig. 7 an)l §he basement stairs have no hatch,
causing severe watevdd down to the basement (Fig. 9

Fig. 5 The wall boarding hrtiaIIy degradednd paint has flaked off
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Fig. 9 The c I | aro6s st ai rway has no hatch, caus

The stair steps and roor are covenadstlywith mosses

4.2. Interior inspection

Basement
Temperature 14. 2¢C
Relative humidity: 86.3%

Due to the missing hatch of the basement, water load has caused severe bicdanthgalt
to the walls and ceiling and degradation of tamblements in the rooms (Fig. tO14). There
are also moisture and frost damagassing plaster to flake off (Fi@5).

Fig0ld The basement 6 salghelanddhe timber elementseare dedjraded t h
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Flg 12. Salt damages in the celllng

Fig. 13. Degraded timber elements inrsau
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Fig. 14. Degraded timber elements in sauna

Fig. 15. Moistureand frostdamage causing plaster to flake off

The southern side of thelgasne nt 6 s wal | s ana satdanvaget(Hig. 18)oTiheset u r e
are also a lot of old timber boards, shoulddrmoved.

N
Fig. 16. Moisture and salt damages on the walls of the southern part of the basement
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Ground floor

Temperature 20. 5 eC
Relative humidity: 70.2%

The building has several water passages that have caused severe damages to the walls,
ceilings and floors (Fig. 17 to 24). Water content of timber elements of kitchen floor was
53.6% and 18.6%.

’;?‘, /] A ‘\“\v“\ ‘\ . e |
Fig. 17. Severe water damages in the hall room

Fig. 18. Severe water damages in the hall room
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Fig. 21. Severe water damages in the kitchen
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Fig. 22. Severe water damages in the livingroom

Fig. 23. Severe water damages in the livingroom

Fig. 24. Severe water damages in the livingroom
Attic

The s obif@ber structures and atticbds ti mber
timber boardings, purliand posts have degraded (Fig. 25 th 2Z@e rooftiles are broken and
covered with lichenéFig. 30.
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Fig.27. a‘t'e:r‘danzagé in the atticdos northwest co
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in the atticbs

Fig. 29 Due to the water Ieage, the rafter and the winchtess degraded and lost its
strength

! ' # ¥
{ % e “ig

Fig. 30 Many of the rooftiles are broken and covered \ithens

3.5. Insect and fungal damages

Outside of the building we did natiscover anybeetledamage There were some fungal
damages on the walls and some sessand lichengrew on the rooftiles andtaircass.
Inside the buildingwe saw severe beetle attacktbatimber wall of sauna (Fig. 31There
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were severe fungal attacks on the floors, walls and on the ceilnte first floor All these
damages a&r causedby the roof leakages. Maig we found mycelium and fruitbodies of
Antrodiaspecies andlsosome mould fungon the wallpaperéFig. 32 to 34.

Fig.33. Mycelium of Antrodiaon the floor material in the hall

=
EOROPEA INION " CENTRAL BALTIC -
EUROPEAN REGIONAL DEVELOPMENT FUND INTERREG IVA a l
INVESTING IN YOUR FUTURE PROGRAMME 4 =
e roac e

2007-2013 Fungs and Sootien i Bukiings o

EESTI MUKDLOOGIAUURINGUTE KESKUS SA



35

Fig. 34 Fruitbody ofAntrodiaspecies on the floorbeam

In the attic we foundeveralbeetle and fungal damages. Rystonghorn beetleGallidium
violaceum hadattacked the attc s  rnaber fFig 835. Also the upper part of the roof was
damaged by Corticiacedengal species (Fig. 36 The floor beams had both the fungal and
insect damages. Fungdahmages were mad®y Antrodia species and Myxomycetes fungus
and insect daages by anobiiddetle (Fig. 37 to 39

Fi.§5 Longhfn beetlallidium violaceun damage on roof b6s timber

Fig. 36 Fruitbodies of Corticiaceae speciesonthedoef t i mber structur e
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Fig.37. Fungal and beetle damages on the floorboards

Fig. 38 Frutbodies of Myxomycetes fungus

Lo

Iflg. 39 Beetle déméges on the roos i mb eand fungat darsageuon the floorboards

3.6.  Summary and recommendations

The most important is toepair the roof along with itdmber structure to save the building
stru¢ ure from being completely coll apsed. The
be immediately replaced, because in winter widauy snowloads it may loose itsad
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bearing strength. New balks with diffusitayer should be set, when repairing tbefr And
also the rainwater system must be fixed and replaced where necessary.

The exterior wall boarding should be taken off and tar paper removed, expassage
should be created beneath (Fig.)4This will keep the exterior wall boardirgyeathableand
possibility to try out throurghly. Beneath the-paissage should be whidirrier layer with

extra thermal insulation (that should be consulted according to the building regulations in
i | a nSgVerelydegraded timber elements inside the house musteplaced with new
materiak. All other fungal damaged timber elementth remained strength properties should

be cleaned
| T
!
e inner decoration e inner decoration with vapor barrier
e planked wall e planked wall
e tar-layer ! e wind-barrier layer with extra thermal insulation
« interlacing boarding e air-passage at least 25 mm (vertical balks with ¢

2 4| mm gapping)

e interlacing boarding
7. ZAl

Fig. 40 Schematic drawings of wall structure. Existing structum@n the left; prosective
structurei on the right
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4. SOTTUNGA BELFRY
Sottunga

Fig.1. Drawing of Sottunga belfry by Marike Laht

5.1. Exterior inspection

Date of inspection: 29" of June in 2011

Time of inspection: 14:00 to 15:30

Type of building: timber framebuilding with existing socket
Temperature 24.% C

Relative humidity: 37.4%

The building is situated on a hump, causing water load to the southern side of the foundation
(Appendix F) There isnat any rainwater system and rainwater is not conducted away from
the building.The socket is prevalently pill without any mortar (FigR), allowing rainwater

inflow.
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Fig. 2 The socket is piled without any mortar allowing water to flow inside.

5.2. Interior inspection
Ground floor

Timber structures by the entrance are severly degraded; diagonal posts afds roof
timberboarding are rottgiiorown rot damage)g. 3.

EsTwme s ‘ R * 4 ;

Figu3 Degr aded diagnaﬂ)oarqﬁngsearstheantrmceroof6s t i mbe

4.3. Insect and fungal damages

The northern and eastern parts of the interior walls were massively attacted bg. beetle
Modly, were damagedoards and éams (Fig. 4 and 5)'here was also some bore dust
accumulated on the fto tiles under the structur&nfortunately, we cannot be sufahis is

still active damage.

Fig. 4. Bore dust and exit holes on the timber cortston
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Fig. 5 Beetle attack on theeam

Attic

Two diagonal corner posts ingheastern side of the bellfiyave mechanical damages
(presunably committed by birds) (Fig. 6 angl. 7

Fig. 6 Diagonal corner post with mechanical damages

Fig. 7. Diagonal corner post with mechanical damages
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There were beams netre windowand wall timber with severe beetle attadk the attic
Most of the tinbber was soft and friable (Fig).8

Fig. 8 Massive beetle attack on the beam

4.4. Summary and recommendations

In order to reduce the rainwater | oad to the
be necessary to install complete rainwater system and set a waterbarrier to the southern part of
the foundation. As there wenmates of water passagéise roof sould be inspected on a rainy

day.
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5. SOTTUNGA CHAPEL CHURCH
Sottunga

Fig. 1. Drawing of Sottunga Chapel Church by Marike Laht

6.1. Exterior inspection

Date of inspection: 29" of June in 2011

Time of inspection: 14:03 to 15:45

Type of building: horizontal logbuilding with existing socket
Temperature 24. 3 eC

Relative humidity: 37.4%

The building is situated on a hump. Therefore, water loads to the northern side of the
foundation. There is not any rainwater system and rainwater is not conducted away from the
building. The northern part of the sockstpiled without any morta(Fig. 2 and there were

some loose and missing plaster on thelss part of the socket (Fig) BAppendix G)
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Fig. 3 There issome loose and misgjrplaster on the socket

There is ndhydroinsulationbetween the bearing floorbms and stone foundation (Fig. 4

This causes constant damping to the bearing floorbeams and may result in their loss of
strength. The water content of those timber elemeet® 5% and 40%. There were also
useless thber elements (Fig. 5 t9,6ivhich should be removed poeven degradation.

s 2 N
Fig. 4 Missinghydroinsulationbetween the bearing floorbeams and stone foundation
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Fig. 6. Useless timber elements

The surrounding greenery is too close to the building especially in theressterof the

building (near the entrance) (Fig. Leaves gather to the roof andstfavours biodegratation
in future.

SUES " » = — .
Sy : AP
Fig. 7. Birch tree is too clos® the building.
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6.2. Interior inspection
Ground floor

Temperature 21.3 eC (measured in the hal/l ro
Relative humidity: 53.7%(measured in the hall room)

Temperature 20. 3 eC (measured in the sacrist
Relative humidity: 54.5%(measuredhn the sacristry room)

The building has timber floors, which are ventilated with incitement holes in the socket only
on the northern and southern sides. There are some traces of water passage on the eastern part
of theceiling in the hall room (Fig.)8

Fig. 8 Traces of water passage on the eastern part of the ceiling in the hall room
Attic

There were some traces of water passagesiethgges of r oof YWefowodar di ng
some watsp 6en ntelse roof dédy ceiling (Fig. 9 and

; - b e i J \ '.“
Fig. 9 Rod boardinghasmarks of water passagiand wasp's nest

I J "‘ it
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Fig. 10 Wasp's neston the boarding

5.3. Insect and fungal damages
Longhorn beetles caused madt the beetle damagem this chapel churchMostly were
damaged hall room walbnd bearing floor bean{fig. 11 to 13.

Fig. 11 Bearing floor beam attacked by beetles

Fig. 12 Chapel church hall room wall, which has damages by bark and longhorn beetles
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