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Abstract

The aim of the present paper is to analyze theeusgesistograph as a non-destructive methodagrdising
the mechanical and physical properties of existiimgber structures and archaeological wood of caltur
heritage.

There are several non-destructive methods for disigg mechanical properties of wood. The authorthisf
paper prefer mechanical methods as ecologicallyeaodomically suitable.

Test specimens are sawn from 15 beams of diffexget Felling time of the trees was dendro-chroriokily
dated.

Regression analyses are carried out in order taimlobrrelations between mechanical properties derdity,
and non-destructive methods. Mechanical propewies measured with a resistograph, using standardize
laboratory methods. In order to get more relialgsuits, the experiments were carried out on ardbgeal
wood (basements and foundations), as well as @hllearing timber structures.

Keywords: Non-destructive methods, Cultural Hegé, load bearing timber structures, timber founala,
resistograph

1 Introduction

The timber structure’s inspection has been probliensnce the first timber structures emerged. ideo to
assess a building closely, the detail under corsfnould be removed and transported to the labgrénot this
kind of approach is often impossible, especiallpuiidings of cultural heritage. When inspectinglier details,
in addition to the mechanical properties of tim{i@nding strength, compressive strength, etc.ptbbould be
specified the remaining cross-section of the d¢til

The most important factor that influences durapilif wood is bio-deterioration, thus the most intpot
aspects in diagnosing durability of wood are thecffication and range of biodeterioration [2].the Nordic
countries (Baltic sea region) the main biologicaktioyers are timber decaying fungBerpula lacrymans
Coniophora puteanand Antrodia spp but important are also wood-destroying insec}s [3

Researchers of the University of Life Sciences, @ogent Nikolai Oll in 1935 — 1990 has done Idtsesearch

in preservation of archaeological timber foundagiand professor Ténu Keskkila has been workingerfield

of timber constructions since 1969. Research papeisikolai Oll have given a thorough survey of Qldrtu
foundation constructions founded on weak soils,wedl as presumable extent and condition of timber
foundations. Existent research papers confirm hicgttly wide usage of timber also in undergroundrfdations

on weak soils, timber foundations placed enouglplgesnd in convenient water level can resist fortoges.



Figure 1. Raekoja pBtJartu Estonia

The present paper examines an object in the Old @iTartu, Raekoja Plats 8 — figure 1, the buitdimhich
timber foundations have first been researched Ikl Oll [4;9]. The foundations were on this pldoefore
18th century. This building is under protectionNsdtional Heritage Board, its architecture and caltwalue
has thoroughly been described by Helmi Uprus [5].

Tonu Keskkila in his researches about serviceolifember structures has elaborated a method faluating
conditions of timber structures by visual obsematiNowadays it is possible to use less risky nesemethods

in fieldwork: acoustic methods, thermotomographyid amechanical measuring devices (pilodin and
resistograph) [6, 7, 8].

Last years in the University of Life Sciences therre made several experiments with pilodin angtegraph
and the results show that pilodin measuring resukspartly usable for determination of strengtbpprties of
surface layer of timber details. The first timb@&mnstruction researches used a primitive resistdgrappdel
IML-RESI F400 that did not display data digitally.

Figure 2. Resistograph - model SIBERT Digital rajmobe.

The present research works continue with resispdgnaodel SIBERT Digital microProbe - figure 2.

2 Material and methods

For inspecting archaeological timber there are usabber specimens from foundations gathered by wkoce
Nikolai Oll during decades that were used for tesfrom 1949 to 1975, and among the specimens quebén
store were chosen those that suited the best fé&ingneconnections with the previous results obtaifgd
Nikolai Oll [4].



In 1972 N. Oll took a test specimen from Raekd@$8 ( Ndukogude valjak 8) [4]. “Three pales wptitied
out ( 10A-4, 10A-5, 10A-6). From one pale of g(ill0A-1) was sawn a bigger specimen (length 1.2frajn
the other pale (1B-3) was sawn a smaller speciniength 0.2 m). From the top of two pales (1B-2 48e2)
were sawn 20...26 cm long specimens.” [4].

Figure 3. N. Oll's specimen. [4] . Figure 4. N. Oll's spaen 2009.

From these pulled out pales are preserved soménspes 1B-2, 10A-1, 10A-4, 10A-5, 10A-6. Figure 3Jah

In 1972 Nikolai Olli has determined physical-mecicah properties (density (unit weight), moisture,
compressive strength, pending strength, stiffnets) of wood, width of the year-round and percgetaf the
autumn and spring wood. The obtained results atecedl to 15 % of moisture of the wood (see Eq. (Ihe
given formula was chosen because N. Oll has aled itsand in order to obtain better comparabilibhe same
method is used. For obtaining the comparison afltesvith the tests made in the EU the data wilréguced
also in the future to the 12 % moisture [10].

fo=f[ltaw-19]. (1)

Where =0,04 andw is the percentage of wood moisture at the momietaisting.
An excerpt of the results has been given in thketd4)

Tabel 1. Compressive strenght in N. Oll 1973 [4]

Pale Cross Cro_ss Wood Number | Average Maximum | Minimum Number of
nr. | sectionnr | S€CtON type of test kgf/cm 2 kgflcm? | kgflem? | . growth
area rings in cm

10A4 2 1| spruce 10 393 425 365 7,7

2 9 326 358 309 5
10A4 4 1| spruce 16 423 465 340 6,8

2 16 357 390 325 51
10A5 2 1| spruce 10 392 425 355 6,6

2 9 392 415 355 7,2
10A5 4 1| spruce 12 391 425 355 5,5
10A6 2 1| spruce 7 486 515 470 49

2 6 382 395 365 4,5
10A6 4 1| spruce 12 393 445 320 6,3

black

10A1 - 1 alder 39 426 520 120

2 16 417 455 385




When determining connections between (RM) reswdterthined by resistograph for researching archaezzb
wood and physical properties determined by laboyatests, it was practical to inspect the changgshiysical
properties of the wood in long-time preserving {#@ars) in proper conditions. The centre orientatlirdys
(figure 5) were made with the resistograph SIBEBigital microProbe (figure 2) into the preservedtte

specimens in order to obtain RM (see Eq. (2)).
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RM=-2 I (2)

Figure 5. Specimen 10A-4.

Next, stiffness was tested by Instron 3369 (figbyefter the determination of RM with the resistqgr. For
testing standard compressive strength there werde nspecimens of 20x20x30 mm. For modelling of the
construction loading there are five specimens aheaale-discs that were chosen selectively, anthtesf
value RM was made under pressure OkN, 5kN, and 1@kN universal test machine for wood AMSLER,
figure 7. Testing of compressive strength was ailade by Instron 3369 [11].

Figure 6. Instron 3369. FigureUhiversal test machine AMSLER.



The specimens for resistograph and standardisedifmeaxperiments are sawn from 15 beams of difteage.
Absolute moisture content of the specimens wasrihted with hydrometer and via standard drying rodth
The specimens were of fir and pine.

Discs were sawn for determining the age of beaeiing the tree’s age) according to the method dd®n
chronological dating) of dr. Alar Lédanelaid frometbiniversity of Tartu. His method implies using thiaocular
microscope Leica and worktable Lintab, figure. ohder to compare the measuring results, there wed the
database of Estonian Species of Trees in Cantrapuer program.

When making specimens, year-round directions weng knd bending specimens were prepared so that it
would be possible to carry out the experiment idialadirection. Natural defects of specimens were
determined, measured and written down in tablesedb@n natural defects the specimens were sortenicicg

to their strength. In statistical data processing tonnections are detected between the resuktaidard
bending experiments with specimens taken from ottbér beams (50x50x1000 mm) and drilling with a
resistograph. (Under work at the moment)

Then there are compared the connections of theriexgets carried out using the described method d&etw
new and old timber, and then these results are acedpwith the results of the experiments on ardoggzl
timber.

3 Results and discussion

At the moment the comparable results have beernngatdoetween the results in tests with archaeddbgiimber
and tests carried out 37 years ago. Results in amcdl strength were obtained at (7.0 — 9.0) % ofstare of
the wood. The results were reduced to 15% moisigieg formula 1 in order to be comparable with NI'O
data. The comparison between the earlier and tbgept results is given on figures 3 and 4. Stifinafsthe
wood has increased due to long-time storage 10.8u¥scompressive strength has decreased 15.5 %gdilne
same time.
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Figure 7.Timber stiffness comparison of old and nests.
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Figure 8. Timber compressive strength comparisaricbind new tests.
Also RM data has been analysed regarding the wirales section and small specimens, and then ceahpar
with the results of density and compressive sttemyiperiments. The connections between the restilRM

with density and compressive strength experimergeevgiven in matrix of correlations. See equatid df
regression between RM and density.

r =31778+1361RM (3)
The connections between compressive strength anthé&ke&kpressed by equation 4.
f,.=30,76+ 114RM (4)

Table 2. Correlation matrix of compressive strer(gth), resistograph measure (RM) and densily (

fis RM
fis 18
RM 0,4609 1
0,5805 0,7161 1

According to the correlation coefficients showntlre table 2, we can say that the connections betlee
wood density used in archaeological wood and RMsameng. The connection between compressive stiengt
and RM is weak in order to draw any conclusionsabee of the small number of samples. Therefore, the
research works are continued for achieving great&bility of our results.

4 Conclusions

The existent research works confirm the wider pgmiéses for using a resistograph in evaluating teadition of
structural and archaeological wood (timber fourafed) in buildings of cultural heritage. Relationsthbeen
wood density and RM enable to use resistograph lgects for determining wood density. The aim of
continuous research is to find complementary cotimes and involve other non-destructive methods
(ultrasound), because there exists a connectioneeet resistograph measure and compressive stramgtim
order to obtain greater reliability of the resulise have to continue research considering thattiaamge in the
mechanical properties of the wood is remarkablandud0 years (stiffness increased 10,9 % and pressu
strength decreased 15,5 %). N. Oll's substantistasches (1973, 1984) confirm that decaying of wivod
timber foundations is relatively slow when they aiated below the minimal level of groundwateroing



conditions of the timber foundations and structwalod are very different and these differences étnog,
loads, etc.) should be modelled in the followinge@rch works in order to obtain comparable conoesti
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