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Failure Mechanisms in Canvas Supported Pain
tings: Approaches for Developing Consolidation 
Protocols 

Marion F. Mtckknburg - Laura Flllt~r UJjNz 

Introduction 

If 000: is (0 discuss the consolidation of deteriorated and damaged paintings on can
vas, it might be useful to explore why the damage occurred initially. In mis way it is 
possible: [0 uke preventative steps to Stop damage in the first phco: and better under
stand the merhods and materials that might be most appropri:ttc: in me consolida
tion and repair of the painting. The damage that dlXs occur can result from acci
dents in handling, excessive change in ambient moisture, excessive chan~s in tem
perature, conservation treatment, chemical deterioration, and biological :mack.\Vhile 
all of the sources of damage may be different, the cOn5e<Juence is that it ismost like
ly will be the need for structural intervention at diff~rent le\'elS. In this case StruC
tural int~rv~ntion m~ans that the mechanical properti~s of the painting mat~rials wi!! 
need to be considered as w~lI as adh~sion and cohesion of th~ conSOlidating adhe
si\-es used to reinforce the damag~d painting. Even though th~y may look ~ntirely 
differently, paintings by diff~rent artists have a considc:rabl~ amount in common. 
:\bny us~d lin~n canvass~s, hid~ glue sizing, oil grounds, and oil paints in their con
struction, and this is true for a large number of artists' paintin~ in the 18th, 19th 
and 20th centuries in America and ~v~n ~arlicr painting in Europe. The typical con
Struction of a painting might be d~scrib«l as shown in Figure 1_ The principal dif
ferences among artists, that is to say their unicluenesS. are primarily the designs. col
ors, thickness. and application t«hniques of the ground and design layers. Certain
I)" it can b~ said that artists chose different weights and w~a\"es of canvases but the 
fundamental material is the same. WhiI~ it can be said that the there is little differ
enc~ between the varieties of animal glues us~d in paintings, the quality and strength 
of those glues can \'lI.ry widely. This depends on the freshness and "shelf lif~" of 
the glue and th~ strength of the glue can have a profound effect on th~ durability 
of the painting. To some degree this can even be said of oils us~d in the paint them
selves. The basic COnStruction of a canvas painting might bc that a hide glue size is 
appli~d either hot or as a cold gel onto rhe surface of a stretched linen canvas. Ov~r 
the glue size an oil ground is applied making the painting surface of the canvas 
somewhat smooth~r and reducing the texture of the canvas. 
The d~sign layers are: then applied over the ground. There: are: an infinite: variety of 
these combinations of materials and it can be shown that the 'W'lI.)' a material is applied 
can "ffect the fundamental structural properties o f the paintiog and hov.- that paint
ing responds to environmental changes. What can have an even greater eff~ct is the 
choice of the marerials used in the painting. For example, it will be shown later in 
this pap~r thar the choice between a white lead ground and an earth color ground 
can result in significandy different degrees of damage. On~ of the things rarely con
sidered is whether a drier was used in the paint. If one is concerned about th~ preser
V":ltion and conservation of canvas supported paintings then it is useful to first focus 
on the fundamental similarities, and this includes the focus on th~ materials used. 
One important way to do this is to und~rstand hov,; the artist's materials respond to 

aging, temperature, relative humidity. shock, vibration, and conservation treaunents. 
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Once the material properties are defined the painting as a composite: structure: can 
~ examined in considerable detail and the response of the painting to different 
external stimuli can be explored. 

The Moisture Absorption of Some Artists' Materials to 
Relative Humidity 

If a material swells and shrinks with increases and decreases in rdative humidity 
(RH) it is because the material is gaining and loosing moisture from the atmosphere 
and the material is said to be hygroscopic. Many materials such as wood and plant 
fibers absorb a considerable amount of moisrure from the atmosphere and for this 
reason have large dimensional changes with changes in ambient rc:lati,"c humidity. It 
might be useful to look at th.:c absorption properties of some of the materials typ~ 

ically found in paintings. Figure 2 shows the change in moisture content of samples 
of pigment frc:c: cold pressed Linseed oil and the same oil containing a low percent
age (1.6%) of the drier litharge, Pbo. Ther had been allowed to dry fOf ten years 
in a controlled environment (40'%-50% RH, 200-23oC). These samples gain and 
loose about 6%-7% of their weight in moiSTUre over a wide range of rdative humid
ity. NaTUrally this will have some effect on the swelling properties of artists' paints. 
T he important point here is that if a material absorbs moisture from the environ
ment, it is Likely to s\\."(11. I i it looses moisture with a reduction in the ambient rel
ative humidity, then the materials will shrink. If a restrained material is desiccated 
then it will cause an increase in the stress in the material. 
Thrc:c: important material aspects need consideration. One is the dimensional response 
to changes in relative humidi ry. The second is the mechanical properties of the mate
rials and how the properties :ne affected oy changes in relative humidity and the 
third aspect is the development of suess in the materials when res trained. Under
standing these three fundamental behaviors assists in understanding why paintings 
are damaged and provides insight into the necessary properties needed for conso[
idating the damaged paintings. This paper focuses on the development of stress at 
different en\'ironments and how the painting is affected. 

Restrained Testing of Artist's Materials 

[t is possible to demonstrate the development of Stress (o r force) in restrained mate
rials subjected to changing relative humidity. The reason for doing this is to deter
mine the magnitude of the forees and stresses developed in the different layers of 
paintings since any consolidation adhesive used in consolidation will need to nave 
similar properties. It also shows th~ levels of RH when the most stresses occur and 
in this way one can find methods of avoiding the same adverse en\·ironmental con

ditions. 
Another reveling feature of this form of testing shows tbat the high stresses occur 
at the time that the materials develop high dimensional response and high stiffness 
at the same level of relative humidity. For example, linen has both a nigh stiffness 
as shown br the mechanical testS and a high dimensional response as sho"m by the 
swelling isotherms at the same high levels of relative humidity, above 85% . Conse
quently, it demonstrates high force development at those RH levels when restrained. 
Similar behavior can be shown for all of the materials with the important 
exception that high stresses develop at different humidity levels.. 



The restrained testing of linen 

Since: linens arc: siretchc:d on suetche:" and not free: to npaod or contr2c:t it becomc:s 
of intereSt to de:te:rmillC' the: levd of forcc:s dcvdopc:d by the: c:m\';l5 as the relative 
humidity in the environment changes. F~ 3 shows the changed in the force per 
width of Ulster #8800 lillC'n as the rcLati\,( humidity (Iungcs. \'('b:u is importlUlt here 

is thai fi"t, the forcc:$ are fairly high and second that they ckvdop at high leve:ls of 
rdath'( humidity. The force: per u.idth is used since: it is not mtdily possible to rnc:asu· 
re the cross-sectional area of the fibers in the lincn that is normally used ro c:alcubte 
srrc:sscs. The important point here is that the linen is f.tirly unresponsi\'e at RH levds 
from 10% to &rIo. AIxn'( 80% RH, the force dC\,(lopmcnt is signific:mt and if the: 
fabric is loose lit all it will ~hrink, and clave me design b..ycr "'''-''y (tulll the: CAlIv ~", 
On the: other hand, different line:ns beha,"e differently, Figure 4 shows heavier 248 

linen where onlr the warp dir«tion runs de,'c:1op forces at high humidity. In all 
probabilit), the fill )'lIms in this linen have little crimp. It was reported by Head1c:y 
that only restnined machine woven teniles s~m 10 exhibit stress increases at high 
humidity 11]. This suggc:SIS tbat the more loose! y woven hand made te:o;tiles are less 

prone to this behavior. 
A final comment here is that canvases can only develop ten silt stresses, ne,'er com· 
pression stresses. This limits their acti\'e contribution to the mechanical deterion

tion of paintings to the high RH 1c:\·ds.. 

The restrained testing of hide glue 

Of aU of the m:l.lerials used in can,'as paintings hide glue is the strongest lind nellr

ly the stiffest. It is also the one: material that develops the most force when reural ' 
ned and desiccated. It is because this material is both stiff (and strong) :lnd h1l5 a 
high dimenS.lOn:l1 response at I()'II,' humidity that it develops so much forre. Figure 5 
shows both the force per width (and stress) a thin film of the glue will develop when 
restrained and de:siccated from 85% to 15% RH. T he thickness of the fUm shown 

in this plot is about thc: same as that found as a size coating on a painting. 

The restrained testing of oil paint 

Ln genenl, the force per width (and stress) developed in restrained and desiccated oil 
paint is considel"llbly less than me other materials found in paintings. One: of the rc:;1-

sons is that with the exception of some of the paints made with the earth colors. the 
dimensional response: to humidity changes is low. On the other hand while the ellrth 
colo" tend to have a higher dimensional response: they have relatively low stiffness. 
Figure 6 SnC,..,.OS 1\110 paint samples restrained and desiccated from around 75% 10 5°1. 
RH. Ew:n with this large change in relam'C humidity, the forres and stresset develo
ped :ue ~'. So me likely hood that low humidity alone damages the oil painl layer is 
low. II taka a combiNoUon of matcrWs MId their individual responses to chanp in 
humidity to ClUse OOeriontion. This can be dc:rnonstr.l.ted by superimposing all of 

the layers of a painting I~thcr and comp:uing the results with an acmal painting. 

Superposition of the different paint layers 

It is possible to plol the information from figures 3, 5, and 6 on the same gnph as 
shown in figure 7. Thc thickness of these films arc the same shown in their respec· 
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uve figures and would be typical of :l common painting. In this figure it is possible 

compare the responses of the individual layers of a canvas painting and to dr- Ic:r· 
mine the different forces occurring diffe rent levels of RH. For example the fabric 
is developing high forces only :oI.t high RH [(,'ds and staying reb.th·cly consuni at 
humidity levels below 80%. The hide glue is d~-doping high forced at \'e£}' low RH 
levds but loo$e$ :ill force at le ... els abo..-c BO''IoRH. Also notc thai the paint films are 
d~loping rc:1:uively low st~~s and thaI is only at very low \e\"els of RH. 

The restrained testing of samples from an actual painting 

Figure 8 shows forces developed in a resmtincd le51 of samples of 1lll actual pain 

ting in a chmging environment of rebtive humidity. These painting samples were: 
consuucted with :a medium ",-eight machine woven fabric, :.I. hide: glue: size, a lead 
white: ground and a design layer of raw ::lnd burnt umber. It is important to note 
(hat mere ::lre twO areas of high force development, one ::It the vcry low levels of 
RH ::lnd me other lit me \'ery high 1C"\"els of RH. This is compar:lble to the force 
development of hide glue :md the Un\,",,! ::lS shown in figure 33. When look at figu
re 34, it is osy to see which layers are dC"\"eloping the highest forces at different 
levels o f relative humidil)'. 
W'hen looking at both Figures 7 and 8, it also becomes appuent which m::l.teri::lls ue 
loosing all of their strength. For enmple it is nfe to say that the hide glue is no 
longer acting as the s«ure bond bet\\"een the ground and linen C::lnvas. From 80% 
RH and ::lixn"e the paint layer is cle::lrly at risk of delaminating from the canvas. At 
this same RH me paint.s films lIre the most flexible but are also in their u.-eakeu sta
te. From 80% RH and belO\l.' me forces in the fabric is changing ver)' little. Above 
goe/. RH, the fllbric will shrink if loose and cc:ruinly delamin:ue the design 11l}"er 
attached to iL This will be explored in more detail in laler sections.. 

Effects of Cycling in Large Ranges of Relative Humidity 

If 11 painting as described in this discussion is exposed to crcling of I.uge ch::lnges 
in relati\·e humidity then ::loother form of corner crncks an occur. This can be: 
demonstr:ltcd by constructing a "mock" painting o f canvas, a size layer of hide glue 
and II "design layer" composed of a ham gesso fIlm having the mechanical proper
ties of an ok! brittle oil paint film. 
The gesso layer \vaS a hide glue and calcium Olrbonare mixture [3]. Figure 9 illu
str:lltes me results of such :m experiment. These: cracks Oln be sources of delami
nating of the paint layers if the environmental change:o; get acessivcly worse such 
as actual ,..·etting with water. 
If a painting as described in this discussion is exposed to cycling of large changes 
in relative humidity then another form of corner cracks can occur. This can be 
demonstrated by constructing a "mock" painting of canvas, a size layer of hide glue 
and a "design layer" composed of a hard gesso film having the mechanical proper
ties o f an old brittle oil paint film. 
The gesso la)'er wu a hide glue :md calcium carbonate mixrure (31. Figure 9 illu
$tr:lltes the results of such an experiment. These crncks can be sources of delami
nating of the paint layers if the environmentlll change:o; get excessively "'"Orse such 
as actual wetting wilh \lIlter. 



Moistu re Induced Damage to Paintings 

One of the most ffCCjuendy encountered types of camage to paintings. both on can
vas and on ..... 'OOd is a result of e:o:posure to high moisture le\'e!s. In old historic buil
dings. the moisture em condense on the inside of c.'uerior walls from a \'1Iric:t}' of 
rclSOns. One of those rc::isons is the excessh'e humidification if the interior spaces 
of the building in the wintertime. At such rimes the cxterior walls of older huilding 
can get quite cold to the point where the interior $urface~ reach the dew point. The 
dew point is the ambient tcmperature where moisture condenses out of the air. 
Behind paintings, which act ilS insulation, hanging on the inside of exterior \\Illlls 
moisture condenses on the cold \\Illlls. Con\'Crse1y in thc summertime, the oClerior 
",,us get hot and the space behind the painting is u'iiITTler than the interior space of 
the gallery where the painting is exhibited. In such cues the re1ati\'e humidity drops 
and can get as low as 35%. The microclimate behind paintings hanging in the insi· 
de of interior \\Illll is entirelr diffe rent than the central gallery sp~ce. 
Another reason that condensation can occur is that in old stone buildings, the mason· 
rr Wlllls are cooled during the wintertime. These massi\'e slOne Wlllls, due 10 thei r 
high thermal mus., are slow to Wllrm up with the changing seasons and. in the spring 
time Wllrffi moist air enters the building along wllh ,';siwrs through open doors. This 
results in extensive condensation of not only the walls but paintings hanging on tho· 
sc: walls. This occurs on man}' of the monuments in Washington, D.C in the Uni· 
ted Smtes. 
One of the less frC<juently considered conditions occurs on very hol, humid dars 
in the summcrtime. In July in Rome for example, Ihe o utside temper:.l.lun: can easi· 
ly reach 320 C (900 F) and the relative humidit y can reach 65°/. or higher. Inside a 
building such as SL Peter's Basilica it is considerably cooler where the temperature 
can be around 270 C (80 0 F) but the relative humidity can be as high as 90"/ .. This 
is a result of open doors and tnc outside air cools at it enter the building. The ai r 
in such large building can stratify and tne cooler air remains at the lov,.'e r levels of 
spaces where it can be even cooler and tne humidity even higher, even apprwching 
the dew point. 
E.ocisting environmental conditions are not tne only source of high moisture levels. 
:\lany of the Il':I.ditional lining techniques using hide glues a.nd pasta lining adhesi· 
\-es contribute to incf(:';lsing the moisture content of the painting. This IDcf(:';lseS the 
potential for causing massive shrinkage of the original painting canvas and u'elIke· 
ning the original glue size. 
Water condensing on paintinb"5 o ften lends 10 run to the bottom of the painting 
and typicaU)' causing damage along the bottoms of the paintings as shown in figu . 
res II and 12. In the case of the painting shown in the figures 11 and 12, there was 
sufficient water to le:a\'e a " tide line" on the canvas and actua.l1y tor:a.Ily disrupt the 
adhesive bond of the anima I glue size layer. Hence the can\l'lis shrank, the glue size 
lost all of it adhesive Strength and the paint and ground la}'erscompletel)' separated 
from the caO\."s in the arc::iS as shown in figure 12. 
Se un dipLntO venisse sottopostO a forti variazioni di wnidila relaliV2, didamo Ira il 
93% 0 piu e il 35%, allora ci 5i aspetterebbe un degrado degli strati pittoriei dello 
stesso. Ele\."ti valori di umiditiL possono fadlmeme essere I'cffetto della condensa 
della parete esterna in c:difici storid. ViceverSll. dove Ie pareti esterne possono di\'Cn· 
tare freckle, possono anche assorbire calore nel periodo esuvo. Pareti calde fanno 
effettivamc:nte diminuirc: l'umidit1 relativa dell'aria arnbientale vicino ai muri. I dipin. 
Ii appesi alia parte interna delle pareti esterne possono cost essere fadlmente eSpo· 
sri ad ambienti sia freddi e umidi, che caldi e secchi. 
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Behavior of Possible Consolidation Adhesives Behavior of 
Possible Consolidation Adhesives 
Since consolidation o f d:L1Tl1ged p.lintings is ul timately one of the major goals of 
the fme artS preservation. it might be worth while to take a look :.J.t the properties 
of some materials that have been used or considered as consolidating adhesives. 
Curiously, adhesivc$ often selected u consolidants are rarely tested to see if chey 
ha\'C sufficient cohesive: or adhesive strength. It is also true Ih:1.[ mCl' au: rarely tested 

10 sec: if they arc eS"cc:ssivel~' rcsponsive to RH fluctuations. 
Even t~itional hide: glues un h:l\'C a wide: varnbility in mechanical pc:rfonruncc: 
when they show no indication of detc:rionu:ion. 
Some: adhesives that might Ix possible ondida tc:s for consolidants include more: 
modern materials. In the ca.K of Mowiol adhesive as shown in figure 13, it is c:xce~_ 
5ively dimensionally responsive 10 RH and might not be considered a suitable adhe

sive" It is even more dimensionaUy responsi\'e Ihan hide glue. EquaUy impon~nt is 
whether Ihe consolidating :adhesive has sufficient strength. 
If a conservawr is a$ke:d 10 re:construct a damaged painting and hang in il original 
place then one necessarily neros to ask whether the micro-climate: of its iostalhtion 
location I112S responsible for the damage in the first place:.. It makes no sense: 10 rein

Stall the painting without correcting the facwrs inducing the damage in the: first pla
ce. On the other hand there are conditions where the environment cannot be ~i
Ir adjusted and needs to takl:n into considention. For example, let's assume that the: 
rdative humidity in the environment typically swings from 25% to 75°/. on an annual 
basis.. The SITCsses induced in the glue size layer of a typical painting range from 
about 5 MPa to 27 MPa (see figure 5). 
Figure 14 shows the mechaniclll properties of se:vew different resins ~nd adhesives 
induding Aeryloid 6 -67 and Acryloid 672 which luve been used as consolid2ting 

adhesives in the past. 
T he important poim is that none of the: m~terials shown in figure 14 develop the 
strength of 27 MPa which is actual! y ne:eded as a consolidant in some: cases whe
re the: environment is not e\"en modentelr controlled. It the humidit), levels go higher 
than 75% then even the hide glue will have problems as a coosolidant since it loo
ses all strength at high RH In·els. The imporunt point here is Ihat it is not enough 
to just consider the properties o i the material used in consolidation but the envi

ronmem existing where: Ihe painting is insWlc:d .. 

Conclusions: Relative Humidity Control 

If one examines the re:search d:.lt~ on the dime:nsioruU :.lnd mechanical p roperties 
there are some: significant conclusions to be drawn. 

T he most obvious one is that high re:lati\'e humidity and exposure to water can 
have a serious effecI on the all of the textiles, the hide glues, Ihe gc:ssoes and 

mOSt of the paintS made from the tradition:.ll pigme:ntS identified as the earth 
colon.. This includes raw ~nd bum umber, ocher, rau' and burnt Sienna, and 
some of the iron oxides. The sources of these high RH 1~ls arc: condensation 
on cold exterior walls, high interior humidity on hot, humid, summer da)'s and 
excess;.-'!: moi~turt: from lining adhesives in conser,,":mon trc:aunems. These: moi

sture levels cause a significant pfO(XIrtion of the damage sa:n on both cam'~ s 

supponed and ",ood p:.1nel p:a.intings. There: is a direct correlation between the 
measured properties of artiStS' materials and the: damage obser\'c:d in the pain
tings. It is also clear that keeping the humidi[}' levels hc:1ou· 75% u'W diminish 
the amount of damage done [0 paintings. 

Wilh the exception of the hide giues, ,ott}' lou' relaID"e humidity does not seem 
to have as dramatic an effect on the: :.lrtist's materials :.l.5 high rc:lam'l: humidity. 
At very low humkiit}'. the hide glue had the potential for developing extremely 
high stresses in a painting. This is bei::ause there is considenblc shrinking o f the 



glue as well as the dC1.'elopmem of very stiff and strong mechanical properties, 
Also at low RH the stiffness of the linen canvas is considerably reduced forcing 
the upper layers of the painting to act as more and more of the suppon of the 
painting. 
It rTllIy not :.W.w2ys be possible to change the environmental conditions in a church 
or building but thcre ue some measures that can be taken to reduce damage to 
the paintings. One of the recommendations is the attachment of stable backing 
boards to thc reverse of the paintings. These act both as buffers and buriers, 
separating the painting from the source of the moiscure. In addition, it is pos
siblc to install spacers hetu.-een the painting and thc walls such that ambicnt air 
in the exhibition space can more easily circulate behind the painting. If thc 
ambient RH behind the paintin.':; can be lowered to around 7";% nr Iou.'tr there: 
will be: a considerable reduction in damage, 
It is necessary to consider all of the mechanical and dimensional properties of 
all of the m;uerials found in paintings when considering a consolidating adhc:si· 
\'e, \xlhile the marcrials in paiminb"5 aCI together to form the "structure" of thl" 
painting. they in fact act 10 a large degrc:c: indl"pendently as materials when sub
jected to changes in the environment. 
The addition of a linen lining canvas sen'cs to make the painting somewhat more 
sensitivc to high humidity since the can\':1S lining material will act in the nme 
manner as the original canvas, While textiles with symhetic fibers are often uscd 
as linings. they still nc:c:d to be: tC'Stcd systematically to sec: if they tuve the eapa· 
city to act as true supports for paintings. 
The use of hide glue as the lining adhesive o r consolidant will make Ihc pain
ting more responsive to low humidilY conditions. It is \'cry clear mat there needs 
to be: a concened effort in identifying, developing and testing materials consi· 
dered as consolidants for paintings. 
In the case of paintings exhibiting interiayer clo\'l1ge as shown in figure 43, the 
penetration of adhesh'es will be the problem, The bond between layers (which 
are c.'urcmcly ""c:ak) that ha.e not yct separated will prevent any adhesi\'c pene
tration. In these cases other Structural support considerations will need to be 
considered, 

References 

Hedley, G., Relowc: Hum«iiry and the StrcsslStroJn Response o(COI7\lOS Pa,ntlngS: Umo:nol Mea· 
surements o( Naturally Aged Specjmens. "Studies III ConservatIOn", 33 (1988) 1]]. 148, 
1'1eddc:nb.rg. M,F.,I"1cConnck-Goocf'lart. M .. andTumosa. C.s .. lnvewgouon r1[O the Dc:lc:ro
ruuon of Pomtlflgs and Phowgroph~ USIIlg Computenzed Modeling of Stress DevcJopmenl. ")AIC" 
33(1994) 153-70. 

55 

COLOUR ANO CONSERVATION 2006 



56 

Fig L The constrvl:tlOn of a typtc.1I (aimS wpported pa,ntlng. 
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Fig 1 Shows the force per width of both the fill and weft dJrecttons 
of Ulster #8800 linen when ,\ is renramed &om mwement 
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Fig 5 Shows the force per width of both the U ¥'od weft ~ 
of type 24 bnen when It is restr1Wled from InCI\IemeOI. and 
the amboent humidity IS changed. ThIs fabnc >M:lU1d be coos>
dered "shrri;er'" but only ., the warp dl~ 

Fig 1 The we9rt d'Iange of ~ted Weed oil with changes 
on reliwe humdity.The oil with the Ie~ IS slightly less respon-
5I\Ie to moost...-e changes and thos can posSIbly be w resoJt 
of the drying effect of the litharge. 
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Fig 4. Shows the force per width of both the fill arxl weft direalons 
of type 148 Itnen when it IS restrained from rnoo.<emerlt and 
the iIIl'bent tvr.dity is dwlged. Tills fKlne would be COI'lSI

dered "shrroke(' but only n the warp c:Wecbon. 
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Fig 6. VlONS the force per width oJ resnned samples of lead wt. 
te ¥'CI Naples yeIcrw oil ~ The stress of the wIvte lead 
palm ~ the maxrrrun force per WIdth of thIS 5oVT1pJe was only 
0.65 MPa. The force per width of the paants IS (on~ 
lower than the hide glue and a brt lower than the #8800 Iiroe1 
shown on figln 3 The ~sei no;hcated for the paint $3{11-

~ is \)1)ICaI of those found on palntII'IfS.. 
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~gtnS and would be typoc.al of a common pamtl~g_ In thiS 
figure ,t IS possible compare the response<; of the IndMdual 
la~ to that of an actual canvas pamtmg and to ~terrrll~ 
the differeflt mes occumng at different levels of RH. For 
e1!ampie the ("bOt IS developng hWo fon:es at high RH ~Is 
arxl the hode glue IS deveIopong Ivgh fon:ed at ~ IoN RH 
~c 

~5mm ... ~ -
c· , 

, CYCLES 

9O "1Co TO 35% RU 

Fog 9, Shows the results of C)'ding and expenrnental ·'moc"''' pain
tmg to cycles of ~ changes In reIawe humidity. AdditJooal 
cycling beyond the iM~1 9 q<: led dod no further damage as 
the cracks that OCC\Jrred relieved the stresses due to the in i
tial RH cycles. This model painting was constnJeted WIth a 
stretched canvas. a h>de glue size and a stiff gesso acting as a 
design Layer: 

Fig 8. 
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Shows the forces per WIdth of restnll~ wnples of an actual 
P'I,ntlt'lg 11"1 both warp ar'Kl fia dire<:tions. These pilInung sam
ples ~ constructed with a l'Tledium weight mach,ne _n 
fwIC. a hide glue ~le, a lead whote ground and a design layer 
of raw and burnt urnbe~ It IS omportant to note that ther'!o: 
are two areas of "ugh we de ebp .. o.t, one at the very lew 
levels of RH and the other at the very h'gh levels of RH. ThIs 
11 ~~ to the fon:;e ~Ioprnent of hide glue and the 
carrvas as shown III figure 7. 

Fig 10. Shows the ~OfT"IbInabOn of tl1llck panerns from stretche" 
~ansion and cydIng In large changes., relative humidity 

Fig II. Shows the fn:lnt and ~ of a paiI1tIng where condensa
tion has I"\.Ifl to the Icwer edge of the painb"lg and ~ 
damage. On the fronl __ of the pi1I'ltII1g the red arn::w
$haws 1he damage and on the revene VIeW. the red alTON 

$haws 1he ·'tide liner left by the walet" (Pfloxos by Matteo R0s
so Dono). 
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Relative humidity (%J 

Fig ' 3 Show the di~onal ~n~ of Hide glue arxl Mowiol 
adhewe to changes in rela~ tu mdity The Mowiol adhe
we IS considerably more responsrYe to RH and it has a ~ry 
high hystereSIs behavior. 

SO% RH. 23C 

, ,----------------------. 
, --

-
'0 0.01 am am 0_04 0_05 0.06 0-01 

~ .. " 
Fig 14. Shows the mechani<al properties of some rnatef1als poter>

ualfy used as consohdatlng adhesives. Acrylold 867 arld Ar.ry
la id B-n havI! be<!o used as co nsolidants irl the past 
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