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Approaches to determine acceptable climate variability

Mechanical models - the worst-case approach 

Assumptions:

1. fully elastic model 

2. yield strain as damage criterion  +/- 10%RH

3. undamaged object 
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1. Understanding the mechanical behavior of objects in response to climate variations

2. The Acclimatization Concept

3. Tracing the climate-induced damage directly – a precise assessment of the specific site

Church Santa Maria Gloriosa dei Frari, Venice



Craquelure - how it is formed and what is its influence on the vulnerability of 

objects to variations in T and RH
craquelure - objects are commonly cracked 

’Madonna and Child Enthroned’, c. 1420, Gentile da 

Fabriano, the National Gallery in Washington
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‚Model of paintings with craquelure patterns for evidence-based 
environmental control in museums – CRAQUELURE’
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The project aims to develop a 3D physical model of paintings with existing craquelure patterns and 

through this decisively contribute to the development of evidence-based environmental specifications for 

paintings. 

Strategic objectives will include:

1. Building a database of for historical materials used in pictorial layers 

2. Developing a 3D model of painting with of fractured pictorial layers, especially to understand the 

mechanisms and processes involved in craquelure pattern formation and growth

3. Determining of a safe range of RH variations for paintings with craquelures



Mechanical modelling of painting

Understanding the mechanical behavior of objects in response 
to climate variations.
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Virgin and Child’ by unknown author (XV century) from St. Mary’s 
Basilica in Krakow 

Bratasz, Ł., Akoglu, K.G. & Kékicheff, P. Fracture saturation in paintings….(2020)



Mechanical modelling of painting

6 dePolo, G., Walton, M., Keune, K. et al. After the paint has dried...(2021)

Table 2 Summary table of the types of paints and testing parameters 
varied in the studies that used uniaxial tensile testing to investigate 
mechanical properties

M. Stols-Witlox, A perfect ground, Archetype Publications, 2017. 



Two ageing phenomena of tempera paint

Oxidation
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Fig. 9. Map of scores on the first two 
discriminant functions for light ageing 
series of unpigmented, lead white 
pigmented and azurite pigmented 
tempera. 

O.F. van den Brink, G.B. Eijkel and J.J. Boon, Dosimetry of paintings… (2000)

azurite
2CuCO3·Cu(OH)2

lead white
2PbCO3·Pb(OH)2

Selected pigments



yellow ochre
FeO(OH))Data of M. Mecklenburg8 
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Paint preparation

Binder: egg yolk and water (1:1)

Pigments: lead white (PVC 60%) 

azurite (PVC 76%)

yellow ochre (PVC 73%)

Curing: stored in room and dark conditions 6 months

Egg tempera samples were prepared according to the traditional 
procedure of C.Cennini’s  book El libro del arte ca.1400.

Samples that can be both: 
realistically produced and 
representative of the historical techniques
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Sample preparation and testing method

6 mm x 6 mm x 80 mm
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Tensile test - modulus of elasticity
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Modulus of elasticity of tempera paintStress-strain curve for lead white tempera 
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Tensile test – strain at break
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Strain at break of tempera paint

critical strain of gesso
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Moisture sorption isotherm

Sorption isotherm of tempera paintSorption isotherm of components
of tempera paint
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Thank you
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