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Experimental study of the hygromechanical behaviour of a historic painting on wooden panel : devices and measurement techniques
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This article describes the experimental devices and the processes used to study the hygromechanical behaviour of a historic painted wooden panel (La Sainte Trinité couronnant la vierge, 1516, anonymous, Fabre Museum of Montpellier). A climate showcase was designed for inmuseum use, with two glasses allowing visitors as well as scientists to observe both sides simultaneously. The evaluation of the hygroscopic behaviour was done by measuring relative humidity (RH), temperature and variations of panel weight. Variations of panel shape, strain and curvature were observed by two methods: locally with three pairs of displacement transducers fixed on the rear face, and over the entire panel surface by a non-contact optical technique, stereo mark tracking, used simultaneously on both faces. The correlation between local and whole-field measurements was very good. Continuous monitoring (several data per hour over three years) was required to observe the behaviour of the panel during imposed climate variations. The first test, detailed in this paper, was performed before frame removal and panel restoration. It consisted in a stabilization of the panel at 52% RH during 2 months and an increase to 63% RH during 3 months. The small amount of total mass variations, from 31.980 kg to 31.910 kg at 52% RH and 32.088 kg at 63% RH, could not be explained without taking into account the phenomenon of sorption hysteresis. The whole field relief measurement exhibited a concave shape with a maximum amplitude of 16 mm. It showed that shape deformation, ie out-of-plane displacement, was convex bending with a maximum deflection of 1.5 mm and a maximum strain of 0.1 %. Comparable local data had been obtained by the optical and DKs methods. DKs results were ten times more accurate than optical ones. The horizontal strain exhibited a global shrinkage during initial stabilization and

Introduction

An exhibition planned in 2018 at the Fabre Museum of Montpellier intended to promote public understanding of art conservation practice and collaboration between museum and research actors [1]. This project involved several research laboratories, curators of the Museum and restorers. This paper describes the initial part of this collaboration consisting in the assessment of the hygromechanical behaviour of a wooden panel painting, before and after its structural and pictorial conservation. Indeed such structures experienced frequent climatic variations during the several centuries of their existence, leading to deformations and cracks of the wooden panel that were transmitted to the paint layer [2][3][4]. In the past, rigid frames and structures were used to avoid distortions; nevertheless such devices could introduce large mechanical stress leading to serious damage to the artwork. Specifically, the artwork studied in this project showed large damage produced by an inappropriate "cradling" intervention implemented in an unknown period, mainly consisting of several cross-beams glued on the back face of the panel.

Modern conservation techniques try to prevent possible damage through flexible frames and structures. Their optimised design requires an improved knowledge of the hygromechanical behaviour of both the panel and the back frame designed and built on purpose [5][6][7].

The location of the artwork in the middle of a museum hall open to the public required the design and implementation of specifically build equipment: a climatic enclosure and a suitable optical measuring system. Furthermore, a continuous monitoring (several data per hour during three years) was necessary to follow the behaviour of the panel during the imposed climatic variations. The experimental set-up and the principle of the experimental techniques will be detailed in this paper, together with the first part of the experimental campaign. The data recorded to describe the hygromechanical behaviour of the panel are the temperature, the relative humidity, the variations of the panel weight and the deformations. The weight was determined using a balance placed inside the show case. Changes in the shape deformation and the panel strain due to the climatic variations, were observed using two methods: three sets of displacement transducers fixed on the back face of the panel measured local curvatures [8] while a non-contact optical technique, mark tracking, was used for the assessment of the entire surface of the panel [9][10][11][12]. The correlation between local and whole-field measurements will be verified. The following paper will cover the whole campaign, and address the effects of the original engaged frame, of the inappropriate "cradling" mentioned above, of the results of the conservation work, and of the flexible back frame added as a result of this study.

Research aim

In order to acquire extensive data on the hygromechanical behaviour of the studied panel painting we have developed an experimental set-up including: a showcase allowing humidity variations to be applied while keeping both the painted face and the back face of the panel visible to visitors of the museum; a balance for weight variation measurement; three sensors for local strain measurement (deformometric kits, DK); and 2 stereo-image acquisition devices for the whole-field shape variation and strain measurement on the two faces of the panel. The monitoring allows us to show the correlation between the various data obtained and to describe the behaviour of the structure composed of the panel and its engaged frame, submitted to a variation of hygrothermal conditions.

Material and methods

3-1. The wooden panel and its original frame

La Sainte Trinité couronnant la vierge is an oil-on-wood panel of the sixteenth century, anonymous, which can be attributed to Flemish or Spanish art (Figure 1-a). The panel is presented in a softwood frame, 135 mm wide and 40 mm thick in average, linked with eight metallic fasteners distributed around the periphery of the panel (Figure 1-b). Two metal plates with ring screwed in the upper part of the frame allow it to be fixed to the wall.

The unframed panel is 1370 mm high and 980 mm wide; the thickness varies between 10 and 13 mm. It consists of four vertical oak (Quercus sp.) boards numbered from 1 to 4 from right to left, mostly separated (unglued) from each other (blue lines on Figure 1-a). Vertical cracks have been detected (red lines on Figure 1-a) on boards 1 to 3. The boards are quarter sawn (radial grain), except board 4 which is flat sawn (tangential grain), connected by seven horizontal crossbars of section 35 mm (width) by 15 mm (thickness) made of fir (Abies sp.) and glued onto the oak planks (Figure 1-b). Additional vertical crossbars of same section of fir wood are nailed to them, thus forming half-lap joints. The vertical crossbars at the left and right edges of the back face are one piece, while the other four vertical crossbars are divided into six pieces. The entire back face of the panel and the crossbars is covered with a brown layer whose composition has been identified on a sample taken, by micro-chemical analyses completed with an analysis by Fourier Transform Infrared Spectroscopy. The material consists of a mineral component based on lead white (or ceruse) mixed with red earth (iron oxides) and an organic part of a lipid nature (oil). It seems that this layer is more of a paint than a wash. Finally, it is important to note the presence of other layers in the sample, including residues from preparatory layers, very thin, that can be identified with a sizing material.

The state of the panel described previously is an outcome of a previous conservation intervention, that may be regarded as inappropriate; the presence of the glued cross-beams clearly produced the vertical cracks in the boards, the separation between the boards, the cupping of the panel (different in its upper and lower parts), and the severe damage areas present on the paint layers, not described here. 

3-2. Climate showcase

The showcase is made of four plywood panels and two anti-glare glasses that allow pictures to be taken, with dimensions 2400 mm × 1700 mm × 320 mm. It is mounted on a storage cabinet in which the humidity generator, the display unit of the scale and the computer for data acquisition are placed (Figure 2).

The CIC-PMCG unit (Preservatech trademark) is a humidity generator that uses ionic electronic membrane to control the relative humidity (RH) in the showcase in the range 17% and 60% (with an accuracy of +/-3%) at a temperature (T) between 0 and 40°C simply by drawing moisture necessary for microconditioning from the surrounding environment. 22 mm input and output silicone hoses allow for air distribution and recirculation. A RH sensor is placed in the showcase and connected to the unit to regulate the climate. A second independent sensor is placed inside the showcase and connected to the computer to continuously record RH and T.

The equipment does not control the temperature, which therefore depends on the temperature of the Museum's hall where the showcase is placed.

3-3. Weight measurement and isostatic restraint of the panel

The weight variation of the panel is measured using a Sartorius industrial scale, model Combics type CAWIP-1-60ED-I, with a range of 60 kg, an accuracy of 2g and dimensions of the plate of 400 mm × 300 mm × 94 mm. The weighing system uses a strain gauge sensor. The instrumented tray is connected by a 3 m cable to the display unit, itself connected to the computer via an RS232 interface.

The panel rests on the weighing pan, contact being made through two sliding supports that allow it to cup freely (Figure 2). It is held standing vertically by means of a horizontal connecting rod, terminated by two ball joints. One of these ball joints is connected to a steel bracket screwed to the back of the panel, near the centre of its upper edge, while the other one is connected to a second steel support rigidly bonded to the top of the showcase with a threaded rod to adjust the vertical 
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 1 Figure 1 : Front face (a) and back face (b) of the panel