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Thermal and Hygroscopic Characteristics of
Restored Plasters with Different Surface
Textures

by Elisabetta Rosina,” Nicola Ludwig,! Stefano Della Torre,} Simona D’Ascola,} Chiara Sotgia™
and Paolo Cornale™

ABSTRACT

Fresco restoration includes the integration of missing plaster. Restorers
use different tools and materials for the intervention. Recent research
shows that restored plasters have different thermo-hygrometrical behaviors
at low temperature and high ambient humidity rate. Field observations of
the hygroscopic behavior of different mortar textures showed that textures
obtained with hard tools (spatula, wooden float, trowel) have harder, denser
surfaces, which favor vapor condensation, while soft tooled finishes
(sponge, sponge float) have a rough surface that facilitates absorption and
evaporation of moisture. In case of contiguity between two different finish-
es, the edges of the rougher surface (around a more compact texture) show
more damage than the smoother and compact surface. Despite chemical
compatibility of mortar compounds, the effect of changes in water state on
the surfaces causes differential damage, starting from the edge of replas-
tered areas. The durability of plasters applied with different tools, resulting
in heterogeneous textures, can be shorter than that of homogeneous tex-
tures. Early detection of risk areas, by means of infrared thermography at
transient conditions, is very helpful for the preservation of historical build-
ings without a controlled heating/cooling system, and it offers an improve-
ment in restoration techniques of precious surfaces.
Keywords: infrared thermography, surface roughness, plaster damage,
videomicroscopy, condensation, restoration mortars, planned conservation.

INTRODUCTION

Multispectral analysis techniques and integrated test proce-
dures to evaluate the thermo-hygrometrical behavior of re-
stored plasters, especially those applied with different tools, are
presented in this paper. Lack of ventilation and proper heating
often cause surface damage (Camuffo, 2004; Camuffo, 2007).
The damage affecting plasters is particularly visible, and it per-
sists even if the cause of decay has been removed. Early detec-
tion of risk elements and susceptible areas, together with the
analysis of the key factors causing the damage, are areas of pre-
ventive maintenance.

Research in the field of planned conservation (Della Torre et
al., 2005; Rosina et al., 2005) shows that periodical control of the
critical areas is a necessary condition for timely intervention, re-
sulting in localized actions that have a limited effect on a

* Politecnico di Milano, Dipartimento BEST, Via Bonardi 9, 20133 Milan,
Italy; e-mail <elisabetta.rosina@polimi.it>.

t Universita degli Studi di Milano, IFGA.

# Politecnico di Milano, Dipartimento BEST, Via Bonardi 9, 20133 Milan,
Italy.

**(C.S.G. Palladio s.r.l., Vicenza.

building’s structure and safeguard the preservation of historic mate-
rials. Therefore, an early survey of risk factors is the first step for real
and effective preservation. Periodical controls enhance effectiveness
and reliability if they can be used in combination with multispec-
tral analyses aimed at detecting surface dyshomogeneity in severe
microclimatic conditions (Ludwig and Rosina, 2006; Rosina et al.,
2004). For example, recaptures at the visual and thermal infrared
spectra are very useful in mapping surface and subsurface anom-
alies that are responsible for damage.

STATE OF THE ART

In several studies, active thermography showed different ther-
mal characteristics in restored plasters, even though components
and porosity were similar (Rosina et al., 2008). Previous studies hy-
pothesized that such thermal differences could be caused by the
roughness of different finishing applications. Roughness of the
original plaster may be caused by the tools used for application or
by the surface state of preservation. New restoration plasters may
have different roughness because different tools were used for the
application. The hypothesis that a different roughness could affect
the thermal properties of the exterior layer of the surface was veri-
fied in a previous study. Twenty-four samples were prepared by
applying the most common plaster (lime, sand, marble powder and
calcium carbonate) on industrial bricks. Active thermography
showed differences in temperature increases (about 1 K) on the
plaster where calcium carbonate was added, especially between ap-
plications with a spatula and sponge (Rosina et al., 2005).

SAMPLE PREPARATION

New measurements were set for the present research. Three se-
ries of new samples were prepared with mortar composed of lime,
sand and calcium carbonate. The proportion and quantity of com-
ponents (including water) were controlled, and samples were made
with the same geometry and thickness (Camuffo, 2007). Homoge-
neous plasters were prepared accurately using plastic boxes with
rigid edges (Figure 1a).

The plaster surface was finished with a spatula, trowel, sponge
and sponge float. The hard tools (spatula and trowel) had a metallic
blade (Figure 1b) and, during the last application, operators kept
them both parallel and perpendicular to the samples’ surface, ap-
plying a higher pressure than that required in the application with
soft tools, according to the common use of the tools in the field. Soft
tools are used especially to apply plaster on an extensive surface,
while a spatula is normally used, with higher pressure, on smaller
surfaces (for example, during repointing).
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(a)

(b)

Figure 1 — Samples and tools: (a) four samples of the same series, with
only the sample on the upper left, finished using a sponge float, showing
obvious differences; (b) trowel, sponge, spatula and sponge float.

Preliminary porosimetric tests showed very similar curves con-
firming a total homogeneity in the bulk samples (Figure 2). The re-
sults confirmed the good preparation and homogeneity of the plas-
ter, when considered in its entire thickness (6 mm). Therefore, any
resulting difference in absorption/evaporation capability was due
to the difference in the finish application.

LABORATORY TESTS

The objective was to verify that plaster application by different
tools affects water absorption and the surface’s capacity to transfer
water. Research focused initially on the identification of factors de-
termining different thermal absorption curves (by active infrared
thermography). Subsequently, the effect of roughness and compact-
ness on surface hygroscopicity was studied.

Standardized tests to measure hygroscopicity were not used be-
cause of the limited thickness of the surface layer (under 1 mm),
which is mostly affected by the use of tools, as shown in the litera-
ture (Jornet et al., 2005) and in preliminary porosimetric tests. The
tests described by standards (ASTM, 2005; CEN, 1998; CEN, 2004)
focus on measuring water/vapor permeability of the bulk surface
(about 10 mm). Also, experimental tests shown in the Hamstad re-
port (Roels et al., 2003) deal with bulk and matrix density, total
open porosity, vapor transmission and capillary moisture content.
Those studies focus on the behavior of materials versus liquid
water and the phenomena of water transfer inside the structure.
The study of ambient interaction is not the main scope of these pa-
pers, but it is the limiting factor to keep in mind during the study of
mass transfer. The present paper shows procedures used to verify
thermohygrometrical behavior of the exterior surface layers, which
are the most precious part of frescoes and, after restoration, the
most affected by restoration products and applications.

TESTING PHYSICAL PROPERTIES OF THE EXTERIOR LAYER
OF PLASTER

Weighing Techniques — Contact Sponge Test

The test provides quantitative measurements of water absorbed
through a surface by pressing a small soaked sponge on the surface.
The procedure was devised by the research groups of P. Tiano, of
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Figure 2 — Porosimetric curves of the four samples, showing porosity distribution and size: the yellow curve corresponds to the specimen surface
treated with a trowel; the green curve corresponds to the specimen surface treated with a sponge; the black curve corresponds to the specimen surface
treated with a sponge float; the red curve corresponds to the specimen surface treated with a spatula.
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NR-ICVBC in Florence, and Luigi Dei, of Florence University; it
15 used to test the differences of liquid water sorption on samples
eer the application of restoration products (Croveri et al., 2007;
rcini and Tiano, 2003).

The test was modified for the present research. Contact time was
iuced (from 5 to 2 min) and samples were kept on a horizontal
ar. The amount of water used in each test was 5.6 g. Results
owed that the test is precise and accurate: standard deviations
xre between 0.2 and 0.35 for average values between 13.1 and
6 g. Calculated accuracy of the test is approximately 2%.

sighing Techniques — Measures of Evaporation Flux

The test consists of weighing the sample during evaporation to
ta'n the sorption curve of vapor. The water/vapor exchange be-
een the sample surface and the air was measured using this pro-
lure. Evaporation flux measures by surface unity allow the quan-
itive testing of differences due to sample surface characteristics.

fical Techniques — Videomicroscope Recapture

The recapture of three sampled areas for each specimen permit-
| the measurement of the ratio between the sand grain surface
1 the total area of the recaptured zone (exposed grains average
a; Zendri et al., 2001). The procedure was first tested on brick
1 mortar samples. The second series of mortar required more ac-
acy because of the higher smoothness and homogeneity of the
faces. Homogeneity was due to a smaller grain size of the sand,
ruse of plastic containers with rigid edges, the diameter of the
stic boxes (which is smaller than the tools’ [trowel, spatula, float]
ith) and the timing of finishing (when mortar began to carbon-
; Della Torre et al., 2005). A correlation exists between the surface
1 material and its porosity (Gregg and Sing, 1982; Roels et al.,
3). Moreover, surface characteristics are most important in the
idensation process on porous materials, which occurs in inverse
yportion to the pore diameter according to the Kelvin effect
nchez-Moral et al., 2005).

tical Techniques — Condensation Test in the Peltier

g2 System

The test permits the observation of vapor condensation on the
died surfaces with an electronic microscope. This test accurately
asures the differences in morphology of drops condensing on
surface of each sample. A dynamic analysis of specimen cooling
erformed with the Peltier cooled stage. The Peltier stage system
s a thermoelectric module to alter temperature, which, in con-
ction with increased pressure in the specimen chamber, creates
densation on the sample surface. The primary applications for
ieffect are producing moisture on the sample or keeping the
1ple wet.

The test permits the evaluation of speed and the shape of con-
sed vapor on the surface through an observation in progress. This
tess depends on the local morphology of the surface (Cornale and
aini, 2002). Drop formation is observed by a scanning electron mi-
icope working in the following conditions: images in secondary
trons; tension of acceleration at 25 kVs; work distance from sample
pproximately 9 mm; temperature operating range of 56 + 0.5 K;
ssure of 865-940 Pa; relative humidity from 95 to 100%.

rrmographic Techniques — Water Drop Test

[he test permits the measurement of the surface characteristic of
xrption and diffusion of liquid water by recapturing an infrared
mographic video sequence, without temperature increase and
ptimal ambient conditions of ambient temperature =296 K and
tive humidity = 50% (UNI, 2000).

assive recapture by infrared thermography every 0.08 s results
10 min sequence. During recapturing, an operator drops one
> of distilled water on the sample surface. The sequence shows
water diffusion on the surface according to the geometric char-
ristics of the surface and its compactness.

rMmographic Techniques — Moisture Ring Test
he contact sponge test was monitored by infrared thermogra-
4 continuous video recaptured 9 min of evaporation starting at

the end of the sponge application. The procedure let the operators
observe the differences in water diffusion on the surface. Evapora-
tion of water causes cooling of wet areas, and due to the cooling
phase the thermal gradient is higher when the evaporation flux is
higher (Ludwig et al., 2004). The evaporation flux on the samples’
wet areas was calculated considering the same physical characteris-
tics of the surface and the water content was obtained from the val-
ues of evaporation flux.

Thermographic Techniques — Measure of Shape Factor
Shape/Contour

Non-dimensional parameter s/ c is the ratio between the square of
the perimeter delimiting the zone of evaporation and the surface af-
fected by evaporation. It permits the evaluation of the extension of
wet areas as a function of a surface characteristic and its geometry.

TESTS RESULTS

Weighing Tests — Contact Sponge Test

Results of the quantitative evaluation of average values of ad-
sorbed water were:

B the surface treated with a trowel absorbed the smallest amount
of liquid water (0.4 g + 0.23 ),

B the surface treated with a sponge absorbed the largest amount
of liquid water (2.9 g + 0.29 c)

B the surface treated with a spatula absorbed a medium to low
quantity of liquid water (1.19 g + 0.39 o)

B the float finished surface absorbed a large quantity of liquid
water (217 g + 0.35 ©), yet lower than the amount absorbed by the
sponged surface.

It was taken into consideration that samples were not uniform
and they had large cracks (float and spatula), and small cracks
(sponge and trowel). Nevertheless, cracking did not appear to affect
liquid water absorption during the tests. Values were measured in
10 sets of the test. Results showed that the differences in surface fin-
ishing caused a variation in water absorption of 0.6/13.8 g for sur-
faces treated with soft tools (float and sponge) and of 0.8/15.6 g for
surfaces treated with blade tools (trowel and spatula).

Weighing Tests — Measures of Evaporation Flux

Figure 3 shows evaporation flux versus water content (as weight
percentage). Different evaporation phases can be distinguished on
the four surface finishes. Sponge, spatula and trowel finishing
have values of evaporation flux higher than float finishing, and
their values are constant, with a water content up to 10%. Float

~— trowel = — sponge
1.60E-08|

-~ float — spatula

1.40E08)

1.20808

1.006:08 / —— —'-‘/j//
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Figure 3 — Evaporation flux on sample surfaces.
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CNR-ICVBC in Florence, and Luigi Dei, of Florence University; it
was used to test the differences of liquid water sorption on samples
after the application of restoration products (Croveri et al., 2007;
Pardini and Tiano, 2003).

The test was modified for the present research. Contact time was
reduced (from 5 to 2 min) and samples were kept on a horizontal
plan. The amount of water used in each test was 5.6 g. Results
showed that the test is precise and accurate: standard deviations
were between 0.2 and 0.35 for average values between 13.1 and
15.6 g. Calculated accuracy of the test is approximately 2%.

Weighing Techniques — Measures of Evaporation Flux

The test consists of weighing the sample during evaporation to
obtain the sorption curve of vapor. The water/vapor exchange be-
tween the sample surface and the air was measured using this pro-
cedure. Evaporation flux measures by surface unity allow the quan-
fitative testing of differences due to sample surface characteristics.

Dptical Techniques — Videomicroscope Recapture

The recapture of three sampled areas for each specimen permit-
ted the measurement of the ratio between the sand grain surface
and the total area of the recaptured zone (exposed grains average
area; Zendri et al., 2001). The procedure was first tested on brick
and mortar samples. The second series of mortar required more ac-
curacy because of the higher smoothness and homogeneity of the
surfaces. Homogeneity was due to a smaller grain size of the sand,
the use of plastic containers with rigid edges, the diameter of the
plastic boxes (which is smaller than the tools’ [trowel, spatula, float]
width) and the timing of finishing (when mortar began to carbon-
ate; Della Torre et al., 2005). A correlation exists between the surface
of a material and its porosity (Gregg and Sing, 1982; Roels et al.,
2003). Moreover, surface characteristics are most important in the
condensation process on porous materials, which occurs in inverse
proportion to the pore diameter according to the Kelvin effect
(Sanchez-Moral et al., 2005).

Optical Techniques — Condensation Test in the Peltier
Stage System

The test permits the observation of vapor condensation on the
studied surfaces with an electronic microscope. This test accurately
measures the differences in morphology of drops condensing on
the surface of each sample. A dynamic analysis of specimen cooling
is performed with the Peltier cooled stage. The Peltier stage system
uses a thermoelectric module to alter temperature, which, in con-
junction with increased pressure in the specimen chamber, creates
condensation on the sample surface. The primary applications for
this effect are producing moisture on the sample or keeping the
sample wet.

The test permits the evaluation of speed and the shape of con-
densed vapor on the surface through an observation in progress. This
process depends on the local morphology of the surface (Cornale and
Olchini, 2002). Drop formation is observed by a scanning electron mi-
croscope working in the following conditions: images in secondary
electrons; tension of acceleration at 25 kVs; work distance from sample
of approximately 9 mm; temperature operating range of 56+ 05 K;
pressure of 865-940 Pa; relative humidity from 95 to 100%.

Thermographic Techniques — Water Drop Test

The test permits the measurement of the surface characteristic of
absorption and diffusion of liquid water by recapturing an infrared
thermographic video sequence, without temperature increase and
at optimal ambient conditions of ambient temperature = 296 K and
relative humidity = 50% (UNI, 2000).

Passive recapture by infrared thermography every 0.08 s results
in a 10 min sequence. During recapturing, an operator drops one
drop of distilled water on the sample surface. The sequence shows
the water diffusion on the surface according to the geometric char-
acteristics of the surface and its compactness.

Thermographic Techniques — Moisture Ring Test
The contact sponge test was monitored by infrared thermogra-
phy. A continuous video recaptured 9 min of evaporation starting at

the end of the sponge application. The procedure let the operators
observe the differences in water diffusion on the surface. Evapora-
tion of water causes cooling of wet areas, and due to the cooling
phase the thermal gradient is higher when the evaporation flux is
higher (Ludwig et al., 2004). The evaporation flux on the samples’
wet areas was calculated considering the same physical characteris-
tics of the surface and the water content was obtained from the val-
ues of evaporation flux.

Thermographic Techniques — Measure of Shape Factor
Shape/Contour

Non-dimensional parameter s/c is the ratio between the square of
the perimeter delimiting the zone of evaporation and the surface af-
fected by evaporation. It permits the evaluation of the extension of
wet areas as a function of a surface characteristic and its geometry.

TESTS RESULTS

Weighing Tests — Contact Sponge Test

Results of the quantitative evaluation of average values of ad-
sorbed water were:

B the surface treated with a trowel absorbed the smallest amount
of liquid water (0.4 g + 0.23 o),

B the surface treated with a sponge absorbed the largest amount
of liquid water (2.9 g +0.29 ©)

B the surface treated with a spatula absorbed a medium to low
quantity of liquid water (1.19 g + 0.39 o)

B the float finished surface absorbed a large quantity of liquid
water (2.17 g + 0.35 ), yet lower than the amount absorbed by the
sponged surface.

It was taken into consideration that samples were not uniform
and they had large cracks (float and spatula), and small cracks
(sponge and trowel). Nevertheless, cracking did not appear to affect
liquid water absorption during the tests. Values were measured in
10 sets of the test. Results showed that the differences in surface fin-
ishing caused a variation in water absorption of 0.6/13.8 g for sur-
faces treated with soft tools (float and sponge) and of 0.8/15.6 g for
surfaces treated with blade tools (trowel and spatula).

Weighing Tests — Measures of Evaporation Flux

Figure 3 shows evaporation flux versus water content (as weight
percentage). Different evaporation phases can be distinguished on
the four surface finishes. Sponge, spatula and trowel finishing
have values of evaporation flux higher than float finishing, and
their values are constant, with a water content up to 10%. Float
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Figure 3 — Evaporation flux on sample surfaces.
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finishing differs because it has an initial high value of flux in which
most of the water content evaporates. Consequently, in a subsequent
step of the process, the evaporation flux value is lower than that on the
other finishing surfaces. As passive infrared thermography verified,
float finishing has a very different behavior from other finishing.

Optical Techniques — Videomicroscope Recapture

In spite of the similar appearance of the four surfaces, the ex-
posed grain average area parameter showed slight differences:
hard and soft tool application on the surface caused exposed grain
average area values of 0.11 to 0.14 and 0.29 to 0.31, respectively.
Videomicroscopy shows the homogeneity of the surface, and it is
very useful in validating evaporation flux results (Figure 4). Ex-
posed grain average area is clearly linked to the evaporation flux
trend in specimens treated with soft tools. The results of evapora-
tion flux on surfaces treated with hard tools showed lower values
than those of surfaces treated with soft tools.

Optical Techniques — Condensation Test in the Peltier
Stage System

Observations of the surface of samples placed in the Peltier
cooled specimen stage using the environmental scanning electron
microscope confirmed the hypotheses regarding superficial porosi-
ty. The Peltier stage permits us to perform variations in temperature
and pressure that modify relative humidity values up to 100%.
During these variations, the sample is observed with the micro-
scope (Figure 5). In such conditions, condensation begins to form
on the surface of the test sample (Cornale and Olchini, 2002). Infor-
mation on the characteristics of the surface’s permeability to water
may be obtained by measuring drop dimensions. The results of the
test permitted us to divide the samples of mortar into two groups:
B Sample finishing by trowel and spatula introduces characteris-
tics of superficial porosity that allow the formation and perma-
nence of the water drops. Drops dimensions are 20 to 50 um, and
the form is well-defined and circular.
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Figure 4 — Localization of exposed grain average areas by finishing process (videomicroscope, 100x): (a) trowel; (b) float; (c) spatula; (d) sponge.

(@)

()

(b)

(d)

Figure 5 — Condensation of water drops on the surfaces treated with: (a) trowel; (b) spatula; (c) float; (d) sponge. Modality = environmental
scanning electron microscope; relative humidity = 100%; magnification = 400x.
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gure 6 — Water drops on the surfaces treated with: (a) trowel; (b) spatula; (c) float; (d) sponge. Infrared thermography after 10 s from contact time;
\bient conditions: relative humidity = 50% , ambient temperature = 293 K; emissivity = 0.85. Images have the same metric scale; the water content

the drops is the same (20 mL).

Sample finishing by float and sponge introduces characteristics
superficial porosity that allow very limited formation of drops of
cter, since they are absorbed by the material in 5 to 10 s. The di-
ensions of the drops are around 5 to 10 pm.

The test confirms that the permeability to liquid water of
noother and compact finishes, applied with utensils with a blade
ce a spatula and trowel, are lower than the permeability of
ugher finishes, obtained with sponges and soft tools. On the test
mples treated with a sponge or float, drop formation was hin-
>red by the presence of micro-capillarity.

1ermographic Techniques — Water Drop Test

The differences in water propagation into the dry samples are
1own clearly in Figure 6. The geometry of the drops is very differ-
it
on the surface treated with a trowel, the wet zone is small, with
regular geometric shape, and the moisture ring is limited to a thin
mtour around the drop

on the surface treated with a spatula, the wet area is a bit more
¢tensive than in the surface treated with a trowel, with a regular
\ape, and the ring is slightly thicker than in the surface treated
ith a trowel
| on the surface treated with a float, the wet area is the widest, the
\ape is regular (a perfect oval) and the ring is the thickest among
1e four samples
| on the surface treated with a sponge, the wet area is wide, the
1ape is irregular and the moisture ring is smooth, with an irregular
mtour.

Finally, the trend of temperatures along a profile across the drop
bsorption areas was considered (Figure 7). The bottom of the
arve corresponds to the drop; the more vertical parts of the curve
orrespond to the areas between dry and soaked surfaces. The
lope of the curve, where temperature changes around the drop,
efines the degree of water diffusion inside the material. The transi-
on area (moisture ring) has different shapes and extensions on
ach specimen, depending on the type of finishing. The moisture
ing is an area where surface capillarity around the drop causes
vaporation fluxes. Moisture rings show minor extension on the
urfaces treated with blade tools, suggesting that the mechanical
brasion of the blade on the exterior layer of the surface creates
nacropores with low conductivity (CEN, 1998).

hermographic Techniques — Moisture Ring Test

After wetting the surfaces using contact sponges, the dynamic
neasurement of temperature permits us to measure the water dif-
usion on the surface. The extension and shape of the wet moisture
ing changes for each surface depending on the plaster finishing
ool.

The following detailed observations were made:
I on surfaces treated with a trowel, the wet area is not extensive
ind the edges and the diffusion of moisture on the surface are ex-
remely irregular
B on surfaces treated with a spatula, the wet area is as wide as the
jponge moisture ring and the edges are irregular
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Figure 7 — Temperature distribution along a line crossing the drop on
the surface treated with: (a) trowel; (b) spatula; (c) float; (d) sponge.

B on surfaces treated with a float, the moisture ring is the widest
among all specimens and the shape of the edge is almost a regular
circle (despite the cracks in the upper part)

B on surfaces treated with a sponge, the moisture ring does not
have a large extension, and the shape is circular.

The thermograms in Figure 8 were recaptured after 8.5 min from
the beginning of evaporation, when the phenomenon reached a
steady condition of cooling and the moisture ring was at its maxi-
mum extension.
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Figure 8 — Surface treated with: (a) trowel; (b) spatula; (c) sponge float; (d) sponge. Specimens were contained in plastic circular boxes. The black
circles superimposed on the thermograms serve as metric reference for a qualitative evaluation of the moisture ring extension (ambient conditions:

ambient temperature = 299 K, relative humidity = 59%, emissivity = 0.85).

Thermographic Techniques — Evaluation of Parameter
Shape/Contour
An evaluation of surface capillary was obtained by geometric
measurements of perimeter and area of evaporation surfaces.
Dimensional parameter s/c is the ratio between the square of
the perimeter and the surface area affected by evaporation; it repre-
sents the water diffusion capacity on the surface, and it is correlated
to the compactness of a surface:
s _P? 4n’r?
1 E=Z:>C]~Ide—_——n—rz—z4'fc

This permits the evaluation of the extension of wet surfaces as a
function of surface characteristics and geometry. In the extreme case
of a circular droplet of water on a nonabsorbing surface, the value
of s/ c is 4m. Table 1 shows the results (Figure 9).

DISCUSSION

Test results are shown in Table 2. In the second column, a rela-
tive evaluation of the hand pressure during the application of plas-
ter with specific tools is shown.

All tests permit distinguishing between surfaces treated with
soft and hard tools. In addition, they verify that surface texture
really affects water absorption, diffusion, evaporation and water
exchange mechanisms between ambient and surface.
Particularly, the use of blade tools causes:
lower water absorption
lower evaporation flux
lower exposed grain sand surface
condensation of drops
water diffusion in the surface: low; limited extension, shape with
irregular geometry.

These characteristics could be indicative of the presence of open
macropores in the surface, which would hinder the mechanism of
capillary conduction.

The use of soft tools causes:

B high absorption capability

BH major evaporation flux

B high evaporation flux trend although water content
decreases

B very poor condensation of drops

B water diffusion in the surface: high, medium high extension,
regular geometry of the shape of moisture ring.

Table 1 Measurements of the drop evaporation surface areas and evaluation of s/c parameters

Perimeter Square Area slc Moisture Ring
Factor Thickness
Trowel 1.35 mm 0.06 mm? 21.2 16.0 pixels
Spatula 3.29 mm 0.19 mm? 173 18.5 pixels
Float 8.02 mm 0.43 mm? 18.4 36.5 pixels
Sponge 7.87 mm 2.80 mm? 16 40.0 pixels

(@) (b)

@

Figure 9 — Thermograms of water drops, taken at 10 s from the dropping on surface treated with: (a) trowel; (b) spatula; (c) float; (d) sponge. Water

drop size is always 200 mL; images have the same scale.
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Table 2 Summary of fest results

Jinishing Hand Water Absorbed Evaporation Exposed Condensation Moisture Ring  Moisture Ring  Drops
Tool Pressure by Contact Flux Grain Average of Small of Drops slc
Sponge Area Sponges (pixels)

Trowel 2° 1.67 +0.23 cg/cm? 8x109g/m? 0.14 average small area 16 21.2
fast decrease irregular shape

Spatula 1 5.02 +0.39 cg/m? 1.02 x 10® g/m? 0.11 high large area 18.5 17.3
regular irregular shape

Float 3° 9.15 + 0.35 cg/m? 1.07 x 10® g/m? 0.29 low largest area 36.5 18.4
regular regular shape

Sponge 4° 11.45+0.29 cg/m>  1.18x10%® g/m? 0.31 low large area 40 16

regular regular shape

Regular evaporation is caused by a continuous draining of the pores, at constant flux.
A differential trend of the flux is indicative of a change in the shape of surface and interior pores.

Th.ese characteristics could be indicative of an efficient distribution
of water in the surface. These results suggest that the effect of blade
dragging causes the differences described above: the use of blade
anid soft tools does not change the porosity of the bulk of the sam-
ple, nevertheless the application technique affects the hygroscopic
behavior of the exterior layer of plaster.

CONCLUSION

The techniques described permit us to measure different charac-
teristics of the structure of the exterior layer of plaster. The proce-
dures presented belong to three different fields of investigation, and
the consistency of the results shows their complementarity.

Some of these techniques are innovative, and their validity is
shown by the comparison of data obtained with standard tech-
niques, because data were confirmed by constant and regular pro-
cecures (in particular with the weighing test). The image analysis
permitted us to connect the geometry of the whole surface and the
we' areas to water distribution.

B The weighing tests confirmed the thermographic results, and
they proved to be the most suitable tests to evaluate quantitatively
the absorption capability and evaporation of liquid water.

B Passive infrared thermography showed good results in measur-
ing the variation of surface texture caused by different tools by
me=suring the changes of the surface temperatures due to absorp-
tior,, diffusion and evaporation of water.

The integration of infrared thermography and the test of water
absorption by contact particularly permitted us to identify a factor
which could have a major role for the identification of risk condi-
tions. Contact sponge and water drop tests verified that diffusion of
water is faster or slower depending on the capillary characteristics of
the surface, and they connected it to the surface textures. Texture
mainly depends on the tools used to apply the plaster. As shown, the
propagation of liquid water occurs more extensively and faster when
soft tools are used to apply the plaster. Therefore, when a surface
trea‘ed with soft tools is adjacent to another treated with hard tools,
liquid water diffusion occurs at the edge between the two surfaces
not only because of condensation, but also due to mass transfer.

"This is a first interpretation of the phenomena observed in the
- field, and it can explain differential damage forming on surfaces
with similar and compatible physicochemical characteristics. Some
of the tests presented are suitable for field application, in particular
thermographic tests, videomicroscope recapture and contact
Sporige tests. The research begun on durability and compatibility of
plaser restoration permits us to identify the zones at risk for dam-
age. These areas are a reference for the evaluation of increasing
fian’. age and for monitoring, where it is possible, the effects of the
Intervention to reduce risk factors and damage.
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