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Abstract

At DISTAF laboratories many tests have been carogdon PoplarRopulus alba L.) mock-up panels to study their
stress and deformational behaviour. The main aith@de tests is to improve the knowledge of thefrservation and
to work out mathematical models to explain the eha itself.

In addition to stress and deformation measuremergight is monitored to determine the equilibriuristure content
(EMC is the acronym) time for each tested pane&sEhweight data are here collected and analyzed.

Although several computer softwares allow to sirteithe moisture exchange of a wooden panel, tinreaoh EMC,
etc., the experimental data reported in this papght be of some use to Conservators and to Rds&aricsince they
provide indications about the actual behavioureé pphysical panels.

Tests on the following panels, featuring variobaes and dimensions, are here reported:

- large panels made of “new” wood, not waterpropfed

- large panels made of “new” wood, waterproofedtanedges and on one face;

- small panels made of old and “new” wood, wateofed on the edges and on one face;

- mock up “Medusa” shield (replica of the laminasddeld on which Caravaggio painted his well-kndiMedusa”),
not waterproofed.

The panels have been kept in a climatic chamb&I&TAF, where the environmental conditions cycligalary, in
order to reproduce the following climates:

-dry climate: 42% RH and 30°C;

-humid climate: 85% RH and 30°C.

The adsorption, or desorption, process is monitbsegeriodic weighings. This paper reports the gsialof the weight
data, the evaluation of the time to reach EMC, thiecelaboration of the fitting curves for eachtaf tested panels.

1. INTRODUCTION

It is well known that when the temperature and ridative humidity of the air change, wood changes i
shape and dimensions while reaching its new EMQii{lbgjum Moisture Content)..
The wooden cultural heritage objects shows the daemaviour, and as a consequence they may change
shape and dimensions, or stress situation, whictemes may lead to permanent damages.
An obvious question is: how long does it take befitie new EMC is reached? Minutes, hours or days?
Giving some practical answers to the above quesi®the main aim of this paper, trying to give sdoasic
and practical informations related to mock-up psnelthich may provide indications about the panel
paintings behaviour.
The process is strongly influenced by many facsoich as:

- theinitial and final climatic conditions;

- the wood species;

- the dimensions of the panel;

- the structural features of the panel;

- the symmetry or asymmetry of the hygroscopic exghan
and some of these cases are discussed above.

2. MATERIALSAND METHODS

All the tested mock panels were part of other tesise of them still ongoing; however, just the gini
versus-time data are reported here. They are nfdéeptar wood Populus alba L.), this choice is supported
by Marette [3], who reports that during the Reraigg period in Tuscany (ltaly) this species wasntst
utilized to manufacture the supports of the paimpiiels, in around 90% of cases.



The boards, chosen to manufacture the mock paunseiglly originate from new wood. That helps in
reducing the possible variables involved in phyisisad mechanical processes. Indeed, while ancieotw
has a memory effect due to its history (e.g. peanameformations due to creep or mechano-sorptive
behaviour), the new wood obviously hasn’t. Excei@re specimens V and T, which are obtained by
cutting an ancient Poplar shelf (dated back tobginning of the XIX century). The wood presentmeo
anomalies (e.g. knots or slope of grain) and antbegy the main one is a biotic (insect) attack, phbp
anobiids, no longer active. Monitoring these twed@mens gives qualitative information and quaritiéat
data useful to compare them to new wood ones.
The chosen panels have different shapes and diomexsin order to represent various situations:
- large panels:
- specimen A: 600 x 40 x 765 mm (LxRxT), made hyrg) two boards which dimensions
are 600 x 383 x 40 mm and 600 x 382 x 40 mm [2],
- specimen B: 600 x 40 x 765 mm (LXRXT), made lwrg) two boards which dimensions
are 600 x 40 x 424 mm and 600 x 40 x 341 mm [2],
- specimen C: 700 x 50 x 415 mm (LXRXT),
- specimen D: 630 x 56 x 40 mm (LXRXT);
- small panels:
- specimen N: 305,5 x 30 x 282 mm (LxRXT),
- specimen V: 300x30x300 mm (LxRxT) made by gluing boards (unfortunately the
dimensions of each board are unknown),
- specimen T: 304 x13 x 48 mm (LxRXT);
- shield mock up panel: made of two layers of laneeflanm thick, that are glued to each other, the
radius of curvature is 403 mm long [6].

Figure 0: the specimens

In addition to the wooden species and the shamghanfactor needs to be considered, that is th@aetry
of moisture exchange due to the waterproofing ieduby the painted face. That is why some mock up
panels are coated on one face (more preciselfeaaricient techniques recommended for paintingfatbe
towards the pith is covered). Actually the chosextamals -i. e. aluminium sheet or latex- ensuceraplete
waterproofing, while the ancient paint layers all@avpartial moisture exchange due to the physical
characteristic of the varnish and the presencéh@fnticrocraquelure on the paint layers. Of course the
chosen materials cannot truly replace the orighoalditions, but they are useful to guarantee theagetry
of moisture exchange and, at the same time, rethee®ariables to study. Finally the edges are cbate
order to eliminate the edge-effect.
Below here the list of the coated specimens:

- specimen A: covered by rubber latex layers (Rewdijte

- specimen B: covered by rubber latex layers (Rewt)te



- specimen N: covered by an aluminium sheet;
- specimen V: covered by an aluminium sheet.

Table 1: List of specimens.

Specimen Long. [mm]| Radial [mm] Tang. [mm] Initiskight [g] | Wood Coating

A 600 40 765 7783,50 New Yes, latex layer

B 600 40 765 7748,00 New Yes, latex layer

C 700 50 415 5898,00 New No

D 630 56 40 570,00 New No

N 305,5 30 282 1026,06 New Yes, aluminium sh

\% 300 30 300 1107,44 Ancient  Yes, aluminium she

T 304 13 48 87,41 Ancient  No

Shield mock-up radius .Of curva.ture. 403 mm 1416,29 New No
thickness: 14 mm

The tests are carried out in a climatic chamb&l&TAF. A schedule cycle is set where the Relative
Humidity of the air (RH) abruptly varies from 42%ry climate) to 85% (humid climate) and vice versa,
while the temperature (T) is set on a constantevé30° C). According to the aims of this paper dhly
desorption part of one cycle is analyzed (see Eigyr
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Figure 1: environmental condition set in climatimmber.

The weight variations of the panels are monitoredgh discrete weighings. Two different scalesueed,
depending on the panels: Sartorius QS16000B, ¢alks16000 g and resolution 0,5 g, and Mettler PB16
full scale 1600 g and resolution 0,01 g.

3. COLLECTED DATA

The collected data give information on the “equililn time”, which is the time needed by each specino
reach the new equilibrium moisture content. Tharig in the following pages (Figure 2-5) show thegght
variations [%)] of each specimen as a function efttine [days]. The weight variation is calculatsdfze

percentage of desorbed water as to the initial kteig

3.1.Different geometry and different wood origin: specimensD and T

In Figure 2 the behaviour of specimens D and has. They are two boards with different lengthigD
the double of T) and thickness (D is 4 time latfp@n T). Of course they have different values ofeme
and volume involved in the desorption process. Meee specimen T is made by old wood, that was
subjected to insects attack (probably anobiids)antive at the moment, that caused a decreasealem
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material. The presence of insect galleries incieti®® moisture exchange surface. In any case,, the
interpretation of the test (see Figure 2) is clspecimen D (because of its larger dimensions)seedh

time to reach the new equilibrium moisture contanbund 85 days as compared to the 60 days negded b
specimen T.

3.2.Same geometry and different wood origin: specimensN and V

A comparison, useful for the study of painted pghielvolves specimens N and V (see Figure 3). Wuoe t
panels are alike, except for a light differenceveight (V is 81,38 g heavier than N) and the origithe
board (N is new wood, while V is ancient wood). Bpanels are waterproofed, on one face and on gdges
by aluminum sheet. The weight variation of speciés larger than specimen N, notwithstanding the
damages caused by insects on the old wood. It dmultlie to the larger mass and higher densityeof th
ancient specimen. By these conditions both theig@ers need 90 days to reach the new equilibrium
moisture content.
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Figure 2: percentage weight variation of specimemd | Figure 3: percentage weight variation of specimesmil
D, their equilibrium times. V, their equilibrium times.

3.3.Replica of true painted panels: specimen A and shield mock up

Two particular specimens are the panel A and tiledsimock up panel, both reproducing the structire
true ancient supports. Specimen A (see Figure & waterproofed board, which is 40 mm thick. Beeaafs
its dimensions and its coating layer, it could basidered as an example of the real behaviouriotqzh
panels. The time to reach the new equilibrium stateally long, that is 150 days.

The last test here presented is the one involiaghield mock-up panel (see Figure 5). Becaugte of
particular geometry and its uncommon structuris, d unique case. It reacts strongly and fastadH
variation, because of its high surface-to-volunmyrand it reaches the new equilibrium state well
advance of the others, after only 45 days, becalite tiny thickness and the moisture exchangatak
place on both faces.
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Figure 4: percentage weight variation of specimerité | Figure 5: percentage weight variation of shield knop
equilibrium time. panel, its equilibrium time.



4. DATA ANALISYS
4.1.Long term analisys

The time necessary for each mock up to reach tweEMC is related to the symmetry or asymmetry of
moisture exchange and to the thickness of the pamelfactors involved in the calculation of thefage-to-
volume ratio. Comparing the specimens with a symoatmoisture exchange, it is clear that the shiel
mock up, the thinner one, needs only 45 days tthrda new EMC, but of course larger is the thidg)e
larger is the time. More precisely, both the massthickness contribute to lengthen the time neiudy
triple for specimen C. The behaviour of the wateofed specimens could be more interesting for
applicative aims. These specimens - precisely A Bnd V- have a similar surface-to-volume ratibjley
the thickness and the mass are different. Compémmgmall specimens (N and V) to the large onearn(@
B), it is clear that the larger mass (in the prdipar7 to 1) and the larger thickness (in the propno 4 to 3)
slow down the desorption process by nearly 2 months

Table 2: equilibrium time needed by each specimen.

Specimen A B N \% C D T Shield

Equilibrium time [days] 150 150 90 90 120 85 60 45

Surface-to-Volume ratio [mij | 0,02 0,02 0,03 0,03 0,05 0,09 0,20 0,17

4.2.Medium term analisys

At the beginning of the desorption cycle, the fisgight data were measured after 7 days and tte fir
comparison among the specimens is only possihigngidrom that time on. The shield mock-up pasahie
most reactive, losing about 5% of its initial wetigihat represents the 74,5% of the total desonzedr.
Once again it depends on the symmetrical exchahgmisture and on the high surface-to-volume ratio.
Comparing the waterproofed specimens (A, B, N apdd/great differences are evident during the first
week. Their weight decreasing is included betwed% and 0,74% of their initial weights, represegia
percentage between 25% to 38% of the total desavbésr.

Table 3: loss of weight at the 7th day for eactcipen.

Specimen Shield T D C Vv A B N
Surface-to-Volume ratio [mHj 0,17 0,20 0,09 0,05 0,03 0,02 0,02 0,08
Loss of weight, after 7 days [%] -5,07 -3,97 -3,89 -2,26 -1,24 -1,22 -0,88 -0,74

4.3.Short term analisys

After collecting all the weight data, the followistep is the elaboration of a fitting model necesta
interpolate the curve and reconstruct the trertti@first week. The elaboration is performed byg®ri 8,
utilizing the formula (1):

y=a@l-e™)° 1)

The equation (1) is simple, because only 3 paramate involved, and it interprets the physical
phenomenon of desorption quite precisely. It iegmonential function that grows according to a dasing
rate.X is the independent variable, that is time, giglthe dependent variable, that is loss of weighe
parameters to fit arg b andc. Parametea is the curve asymptote and it shows the weighiatian value
once the new equilibrium moisture content is redchileb andc strongly influence the slope of the
curve. Table 4 contains the list of the paramesdwes obtained by the fitting process.

Table 4: the fitting parameter values for each spen.

Specimen A D Shield N V T

a -3,766 -5,979 -6,503 -2,956 -3,143 -5,297
b 0,0093 0,0466 0,0568 0,0383 0,0541 0,0529
c 0,351 0,335 0,224 0,889 0,779 0,217
R square 0,997 0,995 0,997 0,996 0,997 0,994




The fitting curves interpret well the experimerdata (see Figures 6 - 9), and this is confirmethbyhigh

values of R square (see Table 4).
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Figure 6: comparison between the experimental aladia
the fitting curve: specimen T and D.

Time [days]
0,00 20,00 40,00 60,00 80,00 100,00 120,00 140,00 160,00
0 . . . . . . . .

051
a4
151
21

Weigth variation [%]

2,5
34

35

4
X Specimen A— Model A

Figure 8: comparison between the experimental aladia
the fitting curve: specimen A.
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Figure 7: comparison between the experimental alada
the fitting curve: specimen N and V.
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Figure 9: comparison between the experimental alada
the fitting curve: shield mock up panel.

Thanks to the fitting good quality, the interpatetiof the first missing days is possible so theifitg on
the first one, in order to analyze the reactiothefspecimens immediately after the environmermadlition
variation. It could be of some practical interesiusing on the effects of short time climatic véoias on
painted panels, to understand their behaviour vgbjected to suddenly environmental variations tear
(see Figure 9) that the shield mock up panel chemgey quickly its weight, after the first houtdses
1,68% of its initial weight, corresponding to th&92 of the total desorbed water. Examining the
waterproofed specimens, it is clear that their twfsaseight is moderate. The higher value is 0,24%he
initial weight, that is nearly the 7% of the totlesorbed water, and it is relative to specimentfe [bss of
water of the others (B, N and V) is quite negligidbetween 0,05% and 0,01% of the initial weightéans
that the loss of weight is between 1,5% and 0,3%&s& values point out the high stability of thecapens

during the first hour.

Table 4: loss of weight after the first hour fockapecimen according to the fitting model.

Specimen Shield T

Loss of weight after 1 hour [%] -1,68 -1,41

D C
-0,74 0,31

A B
-0,24 -0,05

\Y N
-0,03 -0,01
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Figure 9: the weight variation of the tested spetim(A, N, V and the shield
mock up) during the first 24 hours according tofitteag model.

5. CONCLUSIONS

The cases presented in this paper give some phictiormation on:

- the time necessary for the specimens to reachdaheequilibrium moisture content;

- the weight variation immediately after the climatondition variation.

Some applicative guidelines, if the environmentaiditions vary (specifically the temperature is
constant at 30°C, while the relative humidity of #ir changes from 85% to 42%), are listed here
below:

- thin panels with both exchange surfaces (high sarfa-volume ratio) are quite reactive.
The shield mock up loses 1,68% of its initial weidbring the first hour and reaches the
new equilibrium moisture content after only 45 days

- thick panels with only one exchange surface (lovfese-to-volume ratio) are moderately
reactive. The panels A, B, N and V lose less thab% of their initial weight during the
first hour and reach the new equilibrium moisturatent in a period of time between 90
and 150 days;

- specimen N (new wood) and V (ancient wood) showstrae behaviour;

- for panels with similar coating and thickness (famsurface-to-volume ratio) the mass is
the significant factor. The different mass andkh&ss values of specimen A and N produce

a lengthening of the time necessary to reach theeggiilibrium moisture content from 3 to
5 months.
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