Preliminary testing of timber consolidants appliedby impregnation
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Abstract

This paper presents the initial laboratory work eleped with the aim of consolidating timber thas tzeen
subjected to the action of rot fungi, by impregoativith polymeric products. This technique has bleegely
used in restoration of works of art but not so minctivil engineering.

Indeed, structural wooden elements in buildings aiten subjected to degradation by rot fungi duehi®
accidental presence of water from various causel as deficiencies in plumbing, broken tiles, clioggof
guttering or degradation of exterior masonry. lesth situations the question arises about whiclirrapaon to
take: replace the whole element? Replace only éimaded part by inserting prosthesis? Maintain dreaded
element, strengthening or consolidating it? Theoopbdf maintaining in the building the original @vthough
deteriorated) timber has been gaining more and rnopertance, because the loss of the element tomés to
the loss of its historical identity. Consolidatibg impregnation falls within this context, thustjflsng deeper
studies.

The laboratorial work, developed using degradedtmse pine Pinus pinasterspecimens, is presented. The
test-specimens were prepared in the laboratoryedoh different decay levels by varying the expegime to
brown-rot fungi Coniophora puteana Three commercial low-viscosity products, specfir the impregnation
of timber deteriorated by rot fungi, were testedo tepoxy-based and one acrylic. The efficiency fase
products was assessed through compression tesilepdo the grain and hardness tests, involvinghbo
impregnated and non impregnated wood. Their inflegrwhen applied to degraded timber, on its water
absorption behavior was also tested.

1. INTRODUCTION

The process of consolidating degraded timber byrégnpation consists on forcing a specific fluid
material to penetrate it, which when hardened giile it back integrity and promote an improvement
of the physical and mechanical characteristics2[13]. The efficiency of the impregnation results
from the depth achieved, the nature of the pro@meployed and its permanence on the cells and
cellular walls of the material [4]. In the pastwas common practice to replace degraded timber in
buildings with elements of the same or other makebut in the future the option of maintaining the
original timber, even if deteriorated, will gainpartance. As a matter of fact extensive replacement
elements not only is expensive but it is often alspecessary, it changes the aspect of the steydgtur
disrupts the normal use of the building and it ltssn a loss of historical identity [5, 6]. Congfztion

of timber through impregnation of polymeric producs a technique already widely applied in the
conservation and restoration of works of art butswin civil engineering. Notwithstanding the larg
number of application in practical cases, quanmtiatdata on the effect of strengthening by
consolidants are still very much unavailable [5].

In what concerns the conservation and restoratieasa before the development of synthetic materials
a great number of other materials, such as anidugsgand natural resins, were already used as
consolidants, each one of them with their own diakb [1, 7]. Thermo-hardening synthetic resins,
such as epoxy and methyl methacrylate, were fisstduas consolidants for deteriorated timber in
middle of the XX century [2], with the limitationfats irreversibility, among others [1, 2]. The
researchers’ interest then turned to thermoplamilgmers whose application was reversible, easily
penetrated the micro-porosity of the timber andagicked the strength the degraded timber [1].

Among the thermoplastic products polyvinyl buty(@utvar®) and acrylic resin (Acryloid® or



Paraloid®) were the ones that presented the betseits in terms of enhancement of mechanical
strength [1, 8]. In what concerns the buildingsatslhitation area products epoxy-based have been in
the last decade largely used as glues for strdcstnengthening of degraded timber [6, 9], but very

little as consolidants by impregnation.
This paper presents the first part of a study whaise is the application of some materials and
techniques from conservation and restoration inr¢habilitation of buildings.

2. DEVELOPMENT OF THE LABORATORY WORK

2.1. Sequence of actions

The laboratory work developed has consisted ihytial the preparation of specimens, in two stages:
first cutting and selection; second their laboraidegradation. Next they were consolidated in otder
perform the mechanical and moisture absorptiors.tdsigure 1 shows a scheme of the actions
sequence that is described in detail in §2.2.

1° - Selection of maritime pine (Pinus pinaster) test specimens

T e
Dimentions: 50+0,5 x / v M \ Late wood|

25+0,5 x 15+0,5 mm : 2.5 <n®of <30%
Just p = 605+20 kg/m Free from rings /cm < 8
sapwood defects

L

2° - Laboratorial degradation by brown rot fungus (Coniophora puteana)

time:

Decay levels: I 3% < mass loss <23%

L L

3¢ - Consolidation groups with 13 replicates each one

8 groups x (10 degraded samples + 3 undegraded samples) 1

l_ I

Control * * Consolidated
(not consolidated) Consolidated Consolidated with PB 72
with E with Lw

L L

4° - Mechanical tests

/
TOLU O rou; ou]
1 group ¥ 1 group 1 group ¥ X 1 group

control 1 group 1 group PB 72 control 1 group 1 group PB72
E Lw E Lw

L L

5° - Water absortion test

J L

6° - Results and discussion

Figure 1 -Schematic representation of the development ofatheratory work

2.2. Materials and methods

2.2.1. Wood samples

15 x 25 x 50 mm specimens cut from dry timber ofitime pine Pinus pinasterAit.) from various
trees were grouped in series of 10 similar specéimeach representative of the sample as a whole.
The selection of specimens for testing compliechviite following physical demands: exclusively



sapwood, free from defects, maximum dimensionaladien of 0.5 mm in any of the faces, annual
growth rings between 2.5 and 8 per 10 mm, propomiolate wood in the annual rings not exceeding
30% of the whole (EN113), and mean density anddakze of the specimens 605+ 20 kij/m

The samples were then exposed to cubic rot f@aiiophora puteangSchumach.) P. Karst, for
periods of 4, 8 and 12 weeks. Various levels ofraggtion of the specimens were thus obtained,
translated into mass loss determined as a percepfatdpe ratio between the lost mass and the linitia
mass of the non-degraded sample. Before and dfeedégradation process, the specimens were
conditioned in an environment with 20 + 2 °C and+65% RH, and weighing was performed only
after mass stabilization. Mass loss levels betw&¥nand 23% were obtained for the whole sample,
values that are considered representative of tgeadation level of timber in buildings in a situeti
where it can be recuperated.

2.2.2. Consolidant products

To select the consolidants the following charast®s were taken into account: penetration capacity
of the timber, mechanical strength, durability, rsHierm reversibility, ease of application, low
toxicity, good aesthetical aspect, low price, armdility of acquisition [8]. Three commercial
consolidants were tested (Lw, E and PB72).

The two first consolidants are thermo-hardeningxggzased products. Product Lw’s composition is
not referred. Product E has a resin from diglycieier of bisphenol A (DGEBA) and a hardener
made of aliphatic and cycloaliphatic amines. Theigoein which each of these products remains
workable after mixing, its pot life, is relativelgw: at 22 °C, 40 min for E and 2 h for Lw.

A thermoplastic acrylic-related product was alsaluded, Paraloid B72®, currently used in
conservation and restoration of works of art. Itnade available as solid granulate and needs to de
dissolved in order to obtain a liquid solution. &nthe penetration capacity of the resin strongly
depends on the solvent as well as its proportiadhercomposition [7, 1], several preliminary sealact
tests were performed. Acetone as chosen as saventatio in mass of 80/20 (acetone/PB72). A pot
life at 22 °C of 50 min was obtained. These proslugere impregnated in the referred wood
specimens and applied by it self in consolidantspens (figure 2).

2.2.3. Consolidation test

The specimens were stabilized in a conditioned raachthey had a water content of 12,9%, n=6, at
the treatment date. Consolidation was performedirbgersion of the blocks in the different
consolidants for 15 min, considered long enough revious work on various consolidants where
different immersion times were tested [5] (figuje 2

Figure 2 - a. Wood specimens consolidated; b. Consolidartis@ss.

2.2.4. Mechanical tests

Consolidated specimens were tested after staldizaif the mass in a conditioned room. The axial
compression test was performed in accordance wig®18:1973 [10]. The static hardness test
followed ISO 3350:1975 [11], consisting on drivinga semi-sphere with a radius of 5.64 mm at



constant speed and registering the strength in dfeat which rupture occurs or at the one needed to
totally drive in the sphere. For each type of medte test and consolidant, a series of 10 degraded
specimens and 3 non-degraded specimens were tEstidkdermore a similar set of non consolidated
control specimens was submitted to each of the arécél tests.

2.2.5. Moisture absorption test

In order to understand the performance under higiir@nmental moisture conditions the following
sets of 3 specimens were subjected to a contr@tedronment with 20°C and 85% air relative
humidity (RH): degraded timber consolidated witke tB products (Lw, E and PB), sound timber
consolidated with the same products, degraded timbe-consolidated (Control), sound timber non-
consolidated (Control), and consolidant specimdng &nd E). They remained in a conditioning
chamber until mass stabilization, which took arouhdmonths, during which the masses were
measured on a weekly basis.

3. RESULTS AND DISCUSSION
3.1. Mechanical tests

Each specimen provided a pair of values for eapk tf mechanical test. Graphs were prepared for
each consolidant and regression lines were obtdfigdres 2 and 3).
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The numerical translation of the diagrams in Figuzeand 3 is presented in Table 1 as the percentile
of strength increment promoted by each consoliddetermined according to equation (1), whose
ordinates’y” are obtained from the respective exponential ssjpa lines presented in Table 2.

Ii’x - yi,X - yC,X 4 100 (1)
Yex
where: lix - increment x promoted by consolidant i;

Vix - ordinate x of the regression line of consolidant
Yex - ordinate x of the control regression line.

Table 1: Mechanical strength increments of the olidated sets in relation to the control set, farious levels
of mass loss, according to equation (1).

Mass loss E Lw | PB

(%) Compressive strength increment (%)
0 10.9 5.1 8.4
5 17.2 10.7 12.7
10 23.9 16.7 17.2
15 31.0 23.0 21.8
20 38.5 29.6 26.6
Resistance to indentation increment (%)
0 15.2 9.4 11.5
5 29.2 12.5 14.6
10 45.0 15.7 17.8
15 62.8 18.9 21.0
20 82.7 22.3 24.4

Table 2: Exponential regression lines for the twerhanical tests

Control E | Lw | PB
Compressive strength test
Y= 41.958¢°7%% Ye= 46.5118 % Yiw= 44.0918 5% Yeg= 45.496€ ">

Resistance to indentation test
Y= 3957.7¢ 1™ Ye = 4557.48 9% Yiw= 43308718 Ypg= 4413& 727

The analysis of Figures 2 and 3 and Table 1 indi¢hat all consolidation products tested have
strengthening effects, increasing whose incremetitts the level of decay. The performance of all
consolidants is similar in both mechanical tests.

The low dispersion of the mechanical results, assiated by the Rralues very close to one, provides
a high degree of confidence in the results obtained

The epoxy-based consolidants studied, E and Lwy sfoonpressive strength increments when used in
degraded timber of 38.5% and 29.6%, respectivaly,af 20% loss of mass, while acrylic-related
consolidant PB72 enhances the same property i®26r&ler the same circumstances.

In terms of surface hardness, the two epoxy-baségmers provide an increase of 82.7% (E) and
22.3% (Lw), while the acrylic-related one leadsitealue of 24.4%, in every case for 20% mass loss.
The efficiency of the first consolidant is remarkalwvhile consolidants Lw and PB72 show similar
levels of efficiency.



3.2. Moisture absorption test

The moisture absorption behaviour, as measuretéyatio between the mass at a given data and the
initial mass, is presented in graphs in Figure & @nwhere each line represents the average vatue fo
each set of 3 specimens.

All samples had a similar pattern of moisture apgson and reach stable values within similar pesiod
of time. At the end of a 17 weeks stabilizationigpayr the 4 groups of not degraded consolidated
timber showed levels of moisture absorption increinvarying from 7.21% to 8.51%. The 4 groups of
degraded consolidated timber had increment leetisdren 5.23% and 6.55%.

As expected, a clear distinction was found betwbemmoisture absorption capacity of the timber and
consolidant specimens, the latter absorbing lessrnaad stabilizing faster: 3.2% maximum increment
for Lw and 1.1% for E, much lower than Lw (figurkg 6
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Figure 6 -Moisture absorption incremewmersustime in consolidant specimens

4. CONCLUSIONS

The increments in mechanical strength due to thpeegnation of consolidant in degraded timber have
shown reasonable values, thus justifying the nequtdceed into further detail in the present study.

In particular, product E, made of a resin from gigllyl ether of bisphenol A (DGEBA) and a
hardener made of aliphatic and cycloaliphatic asyiqgovides the impregnated timber with a good
consolidation capacity, shown in the significantcrease of the mechanical characteristics



(compressive strength and surface hardness). Oothiee hand, it allows the timber’s natural level o
moisture absorption to be slightly decreased witimoaking it watertight.
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