











Figure 4: Macro photograph of flaking column on \Meall.

Stereo photographs and photogrammetry of the ortedve been periodically taken since 1980. Thesasored
images allow us to ascertain the level of ongoumfeee loss over time. However, areas examinedimut® detail are
unrepresentative of the loss as a whole becausde afon-incremental nature of the decay. In 20@8ear scan of the
building produced a 3-dimensional model of therinteand exterior surfaces of the building. The elodlill allow
future surface scans to be compared to the cumedel and also the evaluation of factors includirgmovement and
solar radiation.

5.2 Patterns of decay
The patterns and progression of decay can be traitkegphotographic evidence. Photographs takerr poiche

reroofing in 1984 show that extensive damage testhéace topography has occurred in the last twéniy years.
Photographs from 1980 reveal that the surface hdsrgone significant damage following this interiem

Figure 5: Photograph showing the extent of detation on the interior Northwest wall in June 1980.
Figure 6: Photograph showing the extent of detation on the same wall in June 2007.

The condition of the stones has been recordedifard reference, noting the patterns of deterionaguch as
flaking, lack of cohesion and microbiological grémeind their placement throughout the interior.



6. Monitoring the Environment

The environmental conditions are being monitoredst@ablish to what extent microclimatic factors @watributing
to the deterioration of the stone. In July 200atieé humidity and ambient temperature sensor§aseitemperature
sensors and radiant thermistors and a weatheorstagre installed. The weather station is powesed solar panel; it
monitors wind speed and direction, rainfall, relathumidity, temperature, radiant temperature. Elbek monitoring
system is radio telemetric and has a Global Sy$beobile communications (GSM) modem for remoteess to
data. Passive diffusion tubes are used to recertetiels of air-borne nitrogen dioxide, sulphundgie, and ozone but
the levels are found to be low. Moisture levelshia walls are being recorded with gravimetric asialyf wooden
dowels inserted in purpose drilled holes at varioeights in the wall, calcium carbide moisture me¢adings, and
electronic profile probes attached to the monigsgstem.

The data demonstrates that the stone is undergeiwgre phases of wetting and drying. Comparingtiface
temperature of the internal walls with the dewpdémhperature of the air reveals that condensatrents occur
regularly. The hygroscopic nature of the salthimdtone will promote condensation in additiorh® instances where
the data indicate that condensation is occurrimgddition, it is likely that interstitial condenigan is occurring more
regularly than superficial events. In winter congiion is recorded on a daily basis. Because ofetalarity of
condensation occurring during this period, the steiil remain wet, due to the inability of the ligicondensate to
evaporate between condensation cycles.

7. Remedial measures

Tests for remedial measures to minimize decay eirglcarried out. The results of durability laborgttesting at
the Getty Conservation Institute reveal stone samfstbm the Highmoor quarry had a greater longatityy Cadeby
(Bourges, 2005). However, stone variability witkixisting Magnesian Limestone quarries is significaamplicating
the selection of replacement stone. Criteria fpfagement stone may include saturation index, amofuswelling,
microtexture and strength.

Since much of the damage to the structure cantbludéd to salts, treatments to reduce the salteotration and
the capacity for the salt to crystallise have bested both on site and in the laboratory.

7.1 Desalination trials

Desalination is a large, time consuming treatmeait practical for large structures. However, ifipdic
desalination results in the reduction of salts leead their damaging effect then it should notliseounted.
Appropriate times of contact, method, materials setiedule for re-treatment, need to be establishesting to this
end was carried out on site in conjunction wittEahdesalination project designed to optimise thecsi®en and
performance of poultices for the purpose of creatjnidelines for conservators for poulticing difat substrates.

The poultice tested at Howden was half cellulodp pad half sepiolite clay. Different contact timesre
observed from 20 hours-15 days. Powdered samplibe agftone, taken before and after treatment, aedlysing ion
chromatography, revealed that although the sa#i$awere initially reduced by the poulticing, tfats came back in
the same quantities after 2 weeks. The samples tkaepth revealed that the wet poultice droveesofithe salts
deeper within the stone instead of removing them.

The negative results obtained from these desatimaéists highlight the inconsistencies in the tepimnand
reaffirm the need to better understand the mechmaafsdesalination so that conservators can carrgfiective
treatments. Controlling the introduction rate otevaand allowing a longer time for extraction am® approaches that
appear promising.

8. Conclusions

We are piecing together what is occurring on site naultiple levels: through full scale, macro, andcnm
investigations. The area directly above the hemfhtising damp (approximately 1.5 m above grouneelgis the
location where the largest quantities of salts hes@imulated, and the area most vulnerable to déwayo persistent
changes in temperature and moisture conditions. 3Jtome is undergoing regular superficial and initgabs
condensation; the wetting of the stone is leadinddliquescence of very soluble salts. These hawenaulated in the
10 mm closest to the surface of the stone. Thesdreat the surface of the stone from crystallimapressure of salts
and differential wetting are leading to the stomgadhing in thin layers. Following the loss of sgd material, the
process continues on the newly exposed stone surfBlgis new understanding helps to explain why ipres



consolidation treatments were not successful aadigies an opportunity to intervene to reduce ttiects of this cycle
through removal of salts, now that air pollutiortteg site has been reduced.

This understanding of the process of decay in thep&r House at Howden will instruct in the chai¢eemedial
measures. The detrimental environmental conditcarsbe influenced by adjustments to the strucfaregxample to
temper air movement or condensation events. We haweestablished a means for monitoring the coowlitf the
stone, the rate of decay, and external conditiwhi&;h we can use to monitor the success or fafiiaterventions and
treatment trials. Our results will be consideredhia wider framework of magnesian limestone buddir- e.g. York
Minster and Selby Abbey and will influence furtlievestigations at other sites.
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