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PURPOSE OF THE VISITE

Wooden painted artefacts from cultural heritage are excellent cases of study for an engineer. They
are witness of ancient times and practices, and may provide keys to the understanding of long-term
behaviour of wooden structures [1,2] (as musical instruments for example). A particularity of
these objects is, for the panel, the permanent cupping. It seems to appear whatever the
orientation of the panel cutting (quatersawn or flatsawn) and the position of the paint layer. One of
the possible origins of this cupping is the compression-set [3], due to a combination of mechano-
sorptive and plastic behaviour of wood. This phenomenon is more severe when the artefact is
restrained, so that shrinkage and swelling are prevented and stresses generated during cycling
changes of humidity lead to cracking of the wooden support. For our study, we try to reproduce
the phenomenon using a panel mock-up, taking care of characterizing each component at each
step until the final result: a permanently cupped panel.

DESCRIPTION OF THE WORK CARRIED OUT AND DURING THE VISIT
The objective of the mission is to:

- Exchange about their paint layer technics and formula in order to reproduce the same on my
panel.

- Discuss about experimentally mimicking the hygromechanical loading of ancient wooden
material in order to reproduce its history and its behaviour.

1. PRELIMINARY WORK CARRIED-OUT ON THE PANEL MOCK-UP

Painted wood is a general issue in conservation field. The artefact is a composite material: wood,
ground layers and paint layers. Each component has a specific response due to a climatic change
and/or specific aging behaviour. In order the reproduce a panel mock-up, we want to characterize
each material in relation to climatic change, in terms of mass transfer and mechanical behaviour.
Two steps were carried out in LMGC before this STSM in London. The studied wood is a poplar panel
(Populus alba) cut in tangential direction: 20 mm(R)x350 mm(T)x400 mm(L) (Fig.1).

Figure 1: the panel with marks inside the climatic chamber
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a. FIRST STEP: FREE SHRINKAGE

For studying the wooden panel, we applied inside a climatic chamber a decrease between 60%
Relative Humidity (RH) and 40% RH at 25° C. The panel was continuously measured during three
weeks: the moisture content (MC) and the strain. The mass was measured with a mass balance then
we calculated the moisture content (Eq. 1):

M -M
MCXXRH(%) — XX RH ovendry % 100 Eq. 1

Movendry
With Myxrn the mass taken at XX RH state, Myyenary the mass at ovendry state.

The strain was measured by Digital Image Correlation (DIC) [4] using DEFTAC (home-made software
developed by the team PEM of Institut Pprime [5,]), based on mark tracking to record the

displacement field and calculate the strain field (Fig. 2).
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Figure 2: E11 evolution in a free panel over time

b. SECOND STEP: COATED FACES
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We would like to characterize only the back and top faces of the panel (Fig. 3) by coating the lateral
faces with rubber. We applied the same climatic change as before: a decrease between 60-40% RH at
25°C. We present the horizontal strain E11 over time:
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Figure 3: E11 evolution in a coated panel over time

WORK CARRIED OUT WITHIN THE COURTAULD INSTITUTE

To allow a panel mock-up, we had to apply preliminary layers such as size, canvas and gesso. The
Courtauld Institute of Art is a centre for the study of the history and conservation of art and
architecture. They will start soon an experimental investigation on the influence of fluctuations in
relative humidity on crack initiation in the preparatory layers of wooden panel. We exchanged about
their paint layer technics and formula in order to reproduce the same on my panel.

a. SIZE, CANVAS AND GESSO LAYER FORMULA

There is two main formulas for the preliminary layers: one from Cennini [6] and the other from
Bologna recipe. According to Italian conservator’s experience - from the Opificio delle Pietre Dure in
Florence -, we applied a mixed method between both recipes.

First of all we applied two-sizing layers (Fig. 4) which is rabbit skin glue in water (7%). These layers
aim to hide the grain of the wood and to prevent the flaking [8].
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Figure 4: Panel sizing

Figure 5: Panel with linen canvas

Then we prepared the linen canvas and after impregnated the canvas with the rabbit skin glue (10%),
we applied it on the panel (Fig. 5), adding more glue after. When the panel is dry, we prepared the

gesso with the glue (Fig. 6): the paste should be made of 500 g of gesso-grosso (Gypsum CaSO,,
2H,0) and 200 mL of glue (7%).

Figure 6: Gesso-paste preparation

Figure 7: Gesso-grosso

We applied two layers of gesso grosso before sanding it. (Fig. 7) After the drying, we put four more

cross-layers of gesso and sanded it. Finally, we applied an imprimatura layer (Fig. 7) made with
isinglass based glue [8].
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Figure 8: Final panel with four gesso cross-layers
b. HYGROMECHANICAL LOADING MIMICKING

This part concerns about how to mimic the hygromechanical loading of ancient wooden material in
order to reproduce its history and its behaviour. About the conservation in museums and historical
monuments, we know that the fluctuations of RH are between 30 and 70% RH and they happen
really quickly.

We organised a meeting between David Hunt, Christina Young and Alice Aurand both from the
Courtauld Institute of art, Lynne Harrison and Paul Acroyd both from National Gallery. This meeting
focused on which RH step do we applied to allow accurate measurement and to reproduce a real
climatic condition? Because of the specific behaviour of wood, the main issue is about wood
mechanics.

After some mass and heat transfer simulation by using TRANSPORE, home-made software developed
by P. Perré [9, 10], we proposed two kind of hydric loading:

e large steps: 55-34-55-70-55% RH
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Figure 9: Climatic set with large steps
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The “large step” should be closer to the real climatic condition. On figure 9, we applied a quick and
strong increase of RH (30 to 55% RH), then after a decrease down to 30% RH, two successive increase
up to 70% RH and finally a decrease down to 55% RH. During the successive increases and decreases,
the MC should go upper than an initial MC at the same RH. On this figure, for example, the first step
at 55% RH corresponds to 7.9% MC and the second increase up to 55%RH corresponds to 8.5% MC.
This is due to diffusion effect of wood. The higher the MC, the higher the strain. If the aim is to
reproduce small deformation due to climatic change, we have to be careful about the range of strain
we expect.

Moreover, we have to take into account the “flying wood effect” (Fig. 10) [1, 12]: during an
asymmetric drying (like in a painted panel) compressive or tensile strains appear inside the wood.
Some of them are in region of large humidity gradient, and some are in region of small humidity
gradient. Because of hygromechanical coupling and the humidity gradient, some strains are blocked.
The kinetic of mass diffusion allow blocking a part of the strain during hygroscopic equilibrium and
thus allow an permanent opposite cupping. This is due to mechano-sorptive effect of wood [11].
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Figure 10: Flying wood effect, inspired from [1]
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Small steps: 55-43-55-66-55% RH
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Figure 11: Climatic set with small steps

With the “small step” (Fig. 11), we will reduce the loading, but the climatic change will less reproduce
the reality. That we have to be careful is the compression of the ground layer, appearing during
moistening. If the range of moisture is too high, the compressive strain may be damageable for the
gesso layer and initiate cracks.

Both sets present pros and cons. One has to focus on what is important to consider, the mimicking of
reality or the mechanical issue?

C. CONSERVATION ISSUE

After visiting the National Gallery studio of conservation with Lynne Harrison and Brita New and the
museum of the Royal College of Music with Gabriele Rossi Rognoni, it appeared that the issue of
painted panel conservation involved common questions with that of musical instrument. What
climatic condition has to be applied inside the museum? How the painted wood will move with a
climatic change? How do we restore the wood? The paint layer?

FUTURE COLLABORATION WITH HOST INSTITUTION

Parallel research is also taking place on the mechanisms of fatigue in viscoelastic multi-layer paint
systems on wood at the Courtauld Institute of Art and Imperial College. These strands of research are
aimed at understanding the mechanical properties and mechanisms, which initiate and propagate
the cracks and how these eventually might lead to delamination of the painted surface or underlying
layers. It will be undertaken using historically accurate reconstructions for testing, in order to relate
more closely to real panels in collections. The correlation between varying formulations of upper
layers/thickness of the panels and the resulting crack initiation will be examined.

This project will be held during ten weeks from mid-October 2014.
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