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How to evaluate actual present 
or possible future deterioration?

Deterioration assessment x evaluation



Deterioration assessment x evaluation

How to evaluate actual present 
or possible future deterioration?

Preservation metrics are one 
available tool.



Preservation metrics

• What are they?

• Parameters / indicators that allow:

• (1) Easily understandable, standardized, reproducible assessment and

interpretation of large amounts of monitored data and conservation conditions of

collections, as well as of risks to their preservation, related to environmental

deterioration agents;

• (2) To integrate complex dynamic deterioration mechanisms in simplified

quantitative indicators – this imply various uncertainties and limitations;

• (3) To compare two or more different situations, eg. same room or case and

different year season or different rooms / cases, in terms of objects life expectancy

affected by chemical, biological or physical-mechanical deterioration;



Preservation metrics
• Performance indices – percentage of time in which conditions fit
predetermined criteria eg. Relative humidity and/or temperature ranges

• Chemical deterioration metrics
– Isoperms (Sebera, Michalski, Strang & Grattan)

– Preservation Index / Time weighted Preservation Index (IPI, Reilly,
Padfield);

• Physical-mechanical damage metrics
– EMC (equilibrium moisture content) fluctuations;

– Dimensional Change;

– RH fluctuations (Camuffo, Bratasz, Schellen, Martens)

• Biological attack
– Mould Risk Factor (IPI, Reilly)

– TOW – Time of wetness.
• Contaminants, corrosion, light…



Scientific background

• Physics

• Materials Engineering

• Solid mechanics

• Fatigue and fracture mechanics

• Fluid dynamics

• Life cicle analysis

•…



Scientific background
Michalski, S. (2013). Stuffing everything we know about mechanical properties into 

one collection simulation. Climate for Collections-Standards and Uncertainties. London: 
Archetype Publications, 349-62.



Preservation metrics and 
computational simulations as 
diagnostic tools for preventive 

conservation of collections
Case study at world heritage site 

of Congonhas-MG

PhD Thesis (Portuguese)
Available at

http://www.bibliotecadigital.ufmg.br
/dspace/handle/1843/JSSS-

9GRH79

Scientific background



• Architectural survey – 3D scanning

3D scanning – colaboration with CPE/PEEX – generated surfaces from points cloud.

Scientific background



Internal streamlines. Steady state simulation, ASHRAE wind profile (uref = 2,2m/s).
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Wind tunnel tests – PIV measurements



Preservation metrics – performance indices
Gonçalves, W.B. (2016). Interfaces e conflitos entre o conforto ambiental humano e a conservação 

preventiva do acervo em edifícios que abrigam coleções. Museologia e patrimônio. Vol. 9, n.2, p.10-27 



Preservation metrics – performance indices
Gonçalves, W.B., Souza, L.A.C.(2013). Potencial de uso de ventilação natural ou forçada na conservação 

preventiva de bens culturais móveis estudo de caso. ENCAC 2013 proceedings, p. 925-934.
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Performance índices: “safe” ranges / zones

• “Safe ranges” for various materials are abundantly found in

technical literature;

• Usually they are obtained empirically and therefore, not universally

valid;

• Indicated safe zones for generic materials like “wood”, “paper”,

“stone” can be very variable;

• Methods for range / zone determination are often based on

statistical analysis of monitored environmental data or laboratory

experiments;

• Need for national Techical Standards;



Performance índices: “safe” ranges

Comparing “safe” zones for collections with wooden objects. Gonçalves, (2013). 



Preservation metrics - isoperms

• Sebera (1988, 1994) – Brazil: CPBA Technical Leaflet #18

• Chemical deterioration of “most of papers” – activation energy for hydrolysis
of cellulose

• Reference conditions: 20ºC / 50% RH ( isoperm 1)

• T, RH   permanence,  deterioration rate

• T, UR   permanence,  deterioration rate

• Rising in deterioration rate due to relative humidity rising can be
compensated by lowering temperature and vice-versa.

• Use for comparisons: space x time;

• Michalski: lifetime multipliers (2002) – activation energy reviews;

• Strang and Grattan (2009) – sorption models reviews;

• Strlic (2013) – acidity reviews;



Preservation metrics - isoperms



Preservation metrics – Preservation Index

• James Reilly (1993)

• Image Permanence Institute /
Rochester Technical Institute

• A similar approach to isoperms;

• Activation energy for hydrolisis
of celulose acetate films

• Brazil: CPBA Technical Leaflet
#19

• Life expectancy in years –
strictly for comparative purposes

• Matematical model not
published - “Black box” software

• Revised by Padfield (2004)
based on empirical data;

• Instantaneous x time-weighted;

• Used in Lacicor reports;



Preservation metrics – Preservation Index



Chagall (2009)



Chagall (2009)



Software packages delivering PI/TWPI



Software packages delivering PI/TWPI



Software packages delivering PI/TWPI

• CLIMUS

• Saulo Guths – UFSC

• WISE-MUSE

• Laura Peralta – Universidade da
Madeira – Portugal

• Customization of common data
acquisition packages



Software packages delivering PI/TWPI

• CONCLIMA

• Antonio Oliveira - MNBA



Software packages delivering PI/TWPI

• CONCLIMA

• Antonio Oliveira - MNBA



Preservation metrics – EMC, Dimensional Change



Preservation metrics – EMC, Dimensional Change



Preservation metrics – EMC, Dimensional Change



Preservation metrics – “safe” range for RH fluctuations

• Michalski´s “proofed” fluctuation concept

• Statistical analysis for determination of “extremes”

• EN 15757 – 7th to 93th percentiles in frequency distribution



Preservation metrics – RH fluctuations

• Example of safe limits for RH fluctuations, by Bratasz-Kozlowski method



ASHRAE
classification
of fluctuations
In controlled 
spaces



Controle ambiental - umidade



Preservation metrics – RH fluctuations



Preservation metrics – biological attack

• Empirical models: isoplets

• Mould Risk Factor = time
fraction for germination

• TOW = time of wtness = time
fraction with RH>80% within last
24h



Preservation metrics – biological attack

Modelo / autor Umidade relativa crítica (%) Observações 

Johansson, S. (2010) 80 a 95  Variável em função da temperatura

Johansson, P. (2012) 75 a 95  Variável em função da temperatura

IPI / Reilly / Nishimura 65 a 95 

ASHRAE / Michalski

70 a 90% (isopletas)

75% nas classes de controle 

C e D (vide Quadro 2)

70% corresponde a um tempo de germinação 

de 100 dias, 90% a 3 dias. Para um tempo de 

germinação longo (1000 dias) é considerada 

uma UR crítica de 60%.

TOW / Adan 80

VTT / Viitanen 80 a ~95 Variável em função da temperatura

Ayerst / Moon e 

Augenbroe

70
Variável em função da temperatura

ESP‐r / Clarke ~75 a 85 Variável em função da temperatura

Sedlbauer / Krus
~70 a 90 Variável em função da temperatura e do 

substrato



Preservation metrics – biological attack



Environmental management: temporary exhibitions

(1) "The magical world of Marc Chagall: the dream and the life“ (2009);

(2) Rodin: from the workshop towards the museum“ (2009 - remake of an

exhibition shown in Musée Rodin, in Paris in late 2007 and early 2008);

(3) “Tarsila and Brazil by modernists” (2010);

(4) “To see and to be seen – human figure from Renaisance to

Contemporary” (2010);

(5) “Caravaggio and his followers” (2012);

(6) “De Chirico: the feeling of Architecture” (2012).

(7) “Baroque silver and gold at Fiat House of Culture” (2014).

(8) “Masters of Renaissance: Italian masterpieces” (2013);



Environmental management: temporary exhibitions

• Methodology:

• Monitoring of external and internal T/RH, 15/15 min.;

• Real-time online data access (2012);

• Weekly reports: Occurrences, descriptive statistics, preservation

metrics (PI and TWPI calculated using algorithms by PADFIELD),

data analysis and recommendations;

• Intermediation / orientation for organizing board, engineers

responsible for HVAC operation and the conservation team.



Environmental management: temporary exhibitions



HVAC system target required ranges

Exhibition Temp. range (°C) RH range (%)

Chagall (2009) 19‐23 50‐60

Rodin (2009) 18‐21 40‐50

Tarsila (2011) 20‐22 50‐60

To see and to be seen  (2011) 20‐22 50‐60

Caravaggio (2012) 19‐21 50‐55

De Chirico (2012) 20‐22 50

Masters of Renaissance (2013) 19‐21 50‐60

Baroque silver and gold (2014) 20‐24 50‐56
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To see and to be seen (2011)



To see and to be seen (2011)



Caravaggio (2012)



Caravaggio (2012)



Caravaggio (2012)
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De Chirico (2012)
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Masters of Renaissance (2013)
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Baroque silver and gold (2014)



Baroque silver and gold (2014)
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Se prepara Brasil (2016)
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Se prepara Brasil (2016)

Metals

Textiles

Plastics

Composite materials

(acrylic showcases)

Originals

Replicas



Se prepara Brasil (2016)

Case materials and design

Pre‐conditioned Silica Gel

Holistic approach: 

team work;

emergency response 
training;

itinerary and site pre‐
evaluation;

cleaning protocols;

shared responsibilities



Final Remarks

• HVAC systems are not always a solution for indoor climate problems;

• Passive methods can be useful to create stable microclimates (bags,

boxes, cases..)

• This can be achieved even during transport with effective wrapping;

• It´s essential to have good knowledge about material composition and

physical behavior of the collection – Hire a conservator-restorer!

• In order to get a better HVAC system project an integrated participation

involving a multidisciplinary team is needed, since the beginning;

• Think global climate, act with local microclimates!

• Sources of additional information:









Thank you for your 
attention.

Willi de Barros Gonçalves
willidebarros@ufmg.br

Luiz Antônio Cruz Souza
luiz-souza@ufmg.br

www.lacicor.eba.ufmg.br


