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“From Material to Structure”
i s W MECHANICAL BEHAVIOUR AND FAILURES
OF THE TIMBER STRUCTURES

Introduction

The original roof timber of many Important histarical buildings In the Czach Republle Is serlously corrodad by ammonium phosphata and sulphate-based fire-retardant In soma of such a coating was
practized repeatedhy within the span of a few years, which brought about accumulation of large quantities of the salts in the timber.
The effect of the corrosion Is a hairy” wood surface. This corrosion can finally cause serious d dation of the hanical properties of the timber. There are known cases of breakdown of some timber in USA after application of the
fire-retardant and of timber roofs in the Sydney area, Australia, which were corroded by sea salt.

Y, wood by of the Nibrous is mostly reg: as an of the roof timber, It is assoclated with a loss of information conveyed by the timber surface, such as traces of
working with toals.
The p of d ded wood of the roof timber is being so that the d ded wood is d ity to leave the “healthy" wood in place and subsequently, a lution is appﬂudtu the timber.
However, this remedy was found to be efficient for a limited period of time: in a few years after the wood deg p sots in again. In the gy of fire coating asa

method of of historical and a of the isan side effact as wall,
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Figure 1 - View on the Viadislav Hall building. Figure 2 . View on Prague Castle. Figure 3 - fine fibers on wood surface has app. again after Figure 4 = The most damaged timber above the Viadislav Hall.
Figure 5 - Delail of the corroded wood from the figure 4. Figure 6 — Fiber sample laken by tape from the wood surface.

Current state of the attics

Aftics of the Old Royal Palace (Fig. 1 and 2) were treated many times by fi based on F and As a result of the ge apy on the surface - fib. d
appaarance. In the period 1997-2001 the attics were Investigated and treated. The pH value of the wood was musmn The values varied from 4tos onthe The surface was cleaned by brushing and
then was d by soluth taining CaCQ, and boric acid. Composition of the solution was chosen depending on wood acidity. The pH values in d to 5-8 after Then some places were treated by

preservatives based on boric acid. Wood l:nrmslnn appears again after few years from the neutralization treatment as shows figure 3.

Results of roof timber examination

Wooden samples from the attics of the Oid Royal Palace {fig. 5 and 6] were taken and studied by pH value t, by py and by p Py of In the attics have been
carried out since May 2007.
and bazed cause wood y gh one or more of the g p or their acid hy ysis; y of ; thermal deg of wood.

Acid tlylmﬂysls al'lud! mainty tlambcdllllnsns amf colnlnﬂ and brings ibnut in their weight. Decry of is caused by and imp g wood g and causes reduction in
the degree of cellul g Is iated with elimination of water from the and cellul lecules, about g of the bonds “between the wood fibres. The degree of
wood damage by themmal degi P on y of the action and wood moisture, Higher wood the thermal P ydrolysis takes place in paraliel,
Varlous literary sources present that the ded wood exhibits ch: of content and acidity. The table 1 lllustrates the results of wooden samples pH values as opposed to saturated pH values of i

F and and wood. 0 of pH values were done in extracts prepared from the wood. The results show that pH values of differ from the standard wood.
Values are approximately about 2 units lower, which indicates that acid hydrolysis could take place, Only the sample from the attic above Viadisiay Hall shows high pH valug 9.2. This could be caused by accumulation of high content of
ammonium phosphate. In this case alkall hydrolysis could take place. Wood has lower to alkall hydrolysis than acld hydrolysis, The reason is that lignin Is easily hydrolysed by alkalis.
Figures 7-12 show the obs ervation of s les by elactr 1l py. On the anatomical structure level, some cells of the wood exhibited breakdown of the central lamella, which is predominantly formed by lignin (Fig. 8,9,10),
while other cells exhibited breakdown of the cell wull of cellul (Fig. 7,9). Figures 11 and 12 image the structure of fibers which originate from the wood surface corrosion (fig. 6). indicates that the cell walls have

disintegrated into the fibrous tangle. Microzcopical ressarch nyrs that both of the main polymers are corroded - in some cases both of them and in other cases elther cellulose or lignin only. Damage of the cell walls by mechanical agent
can be considered as well.

ysis of wood ples was [ with FTIR sp Bruker ISF 66v/S (Bruker, BOR) toa pe Hyperi with gl lens for spectra, MCT, beam splitter
KBr. M dp were: spectral range 4000-650 cm™' , resolution 4 cm™', number of specira 1028, apodization Happ-Ganzel. The measured spectra were pm:asssd by a program Omnic 6.1 {Omnic Instruments
Co_, USA). of in was | after bands isolation in absorption area 1200-1600 cr’! {fig. 13,14) and after relative comparison with areas of selected absorption bands of cellulose and lignin,
which was calculated according to Gauss and Lorentz Table Z gives about the bands, which were used for the study of in of wood, The reiative changes in cellulose and ignin

content are presented in table 3.
The results given there show there is a decrease of the lignin content in the samples which were taken from the wood surface {fibrous nmplns] Shifting of band position of CH, group bending vibration in cellulose to a higher wawe

number (from 1424 to 1430 cnr ), is likely to a relative of ) partasa 3 ofa of amount part. Creation of new bands was observed in the spectrum of sample no.
4 from the Hall. The may be related to oxidation of hydroxyl groups to carboxyl groups which are presented in the sample as a salt l’nrrll
The highest temperature nppm:.d‘f “C was measured in the upper part of the attic that was close to southern tiles. In this part of the attic the temperature arose to 40 "C 9 times in 2007, F was lower in the

bottom part of the attics. This indicates that the temperature Is not one of the main corrosion agents (fig. 15,15).
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Figure 7.8.9— A splinter from the House attic. Figure 10 — A splinter from the Viadislav Hall aftic Figure 11,12 — Fibers sample from the AN Saints Church aftic.

Table 1. Examples of the pH vaiues wt_x:don sampile from the Prague Castie Table 2. Assigning vibrations to selected bands Yobls & ol of rebathve che s weod composhi ined by FTIR
P gl EE:‘ \bs Fragus Castls Band intonsity Vibration assigning | Fropornion of inkensisy bands MZEN510 142811463 s |
feme1] areas [em] / Sample (Celluloze { ligrn (Glugesidic rng / lignin s dmatic
O Pine pH44 | Ame sbove the House pH3IZ 115 waggig vikcatian of CH, bands s callilors | sromatis fing) | i
Ol Fer pHS0 | Amne above the All Samts Chuseh pHAZ 1372 Outof plune deformution vibration of CH bonds in glocoxidic | |F¢  Sandard 1227 22 1.220
M Spruce pHA4 | Ane above the Viadistay Hal pHaZ - The Bouse — no. 4 | 2,949 1970 | 1,695
Fire Betardmts 1438 ‘hending vihration of CH, bands in esllulazs The Viadeslav Hall no. 7 | 3T 3,302 | 1,986
(HH, 50, 1883025 water 1463 llyl\lhltrll' dlng H'Hru!:al nl f'H, 1|¢!| ﬂl in lignin The Viadeslav Hall no. 12 | B.961 4301 | 4,665
(FH LHPO,: 14 375g/25g water 1510 | ©=C bonding vibration of lignin arematic ring

Figure15,16 - Records
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condiion measurements -
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Figure 13,14 = Examples of bands isolation i absorption area 1200-1600 cnr !

Conclusions

The results presented here show that there eccurs a damage of cellulose and lignin but so far it is not possible to identify This was made thanks to the support of Czech Science Foundation,
the reactions that cause their corrosion. Amyway, the initial results gained in our research will be completed in further attic itg project no, 103—07 1091
and
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