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Background

Tapestries form an integral part of many historic house interiors, as you can see 
at Hardwick. Tapestries were extremely expensive to commission and were more 
highly valued than paintings. 

Whilst on display tapestries experience changes in temperature and relative 
humidity. The effects of these changes and of long-term hanging are not fully 
understood.  Condition assessment is currently based on the observation of  
experienced conservators. A means of determining the rate of tapestry 
deterioration would be valuable so that more timely conservation interventions 
can be made to preserve these important textiles for future generations.  This 
poster introduces a monitoring project taking place in this room. It is a 
collaboration between the Textile Conservation Centre and the School of 
Engineering Sciences, both based at the University of Southampton, and the 
National Trust. 

Previous results of monitoring

The work revealed a strong correlation between strain and relative humidity 
(RH). As the graph below shows, the experiments showed that even small 
variations in RH can lead to considerable positive to negative strain cycling. 

Monitoring at Hardwick

This experiment is now moving from the controlled conditions of the university 
laboratory to a historic house. The cameras are recording digital images at a rate 
of 1 image-pair every 5 minutes. The images are transmitted to the University of 
Southampton for processing.  The temperature and relative humidity are also 
being recorded.

The data collected in this project will be used to:

Produce a sequence of  displacement maps that represent the 3D 
motion of the monitored region during the period of the experiment

Calculate the deformation of the tapestry during the monitoring.
Full-field strain maps of longitudinal, transverse, and shear strain 
will be produced.

Temperature and relative humidity data will be plotted against 
deformation data to investigate their effects on the mechanical 
behaviour of the tapestry.  

Digital Image Correlation (DIC)

The tapestry is being monitored by Digital Image Correlation. DIC uses digital 
images taken from two angles and maps these onto each other to create a three- 
dimensional model of the tapestry surface (see left below).  Comparison of the 
surface maps from two different points in time allows the displacement in the 
material to be measured, from which the mechanical strain can be determined 
(see right below). In DIC the displacement is obtained by tracking surface 
features. Our research has shown that the weave structure in the tapestries has  
enough  features to enable tracking  and accurate determination of the strain.

The image to the left shows part of a tapestry  
overlaid with a strain map obtained from DIC. 
Areas of higher strain show up red, while areas of 
lower strain are blue. The red area is a weak  
section of silk between two structural joins in the 
tapestry. The strain map provides a visual  
indication of where damage may start.

The research has focused on developing a way of 
monitoring strain in  tapestries while they are 
hanging in historic houses.  A small Verdure 
tapestry has been monitored for periods of 48  
hours in a closely controlled environment.  
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