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ABSTRACT

Through the obligation to schedule maintenancendueixecutive planning, a strategic importance is
assumed by the phase of building management. Meremvorder to obtain the greatest sustainability
of the intervention, a reasonable duration of serlife must be balanced with global quality-cost
ratio. A contribution towards this objective is givby the reduction in the achievable resources and
raw materials consumption through the improveménhe durability requirement of building and its
parts. This is true even for the interventionstmmexisting public building stock, especially i€king

in maintenance planning and scheduling. This wtaking cues from a maintenance intervention "at
happened breakdown" on an Engineering school mgjlth Palermo, deals with the introduction of
process innovations in the management phase, eitdoivards preventive intervention strategies.
Beyond the collection of the informative data, bedaviour in the time of envelope surfaces, through
a viewpoint system, is monitored. Particular aianhas been given to the finishing plaster (rasant
layer and the relative colour, to be evaluated ddjpg on the different technical solutions and
exposure to the weather conditions. The studypo¥atig the methodology of ISO 15686, also
foresees accelerated ageing tests on samplederfedif materials, in order to formulate hypothesis
the degradation evolution, from a maintenance pfanand scheduling viewpoint.
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1 INTRODUCTION

A specific attention to the issue of maintenanaegpmming was codified in Italy with a 1994 law,
which requires, for the new government interventibie establishment of a proper maintenance plan
work, in the stage of final design. The UNI 112802 specifies further the ideas expressed by law
and provides guidance to the real estate managefieist programming is becoming increasingly
necessary in view of the complex management oftiagisbuildings, in a balanced global cost-
performance ratio. With the established regulafoaynework and increased sensitivity towards the
sustainability of the whole building process, itrisecessary to change management strategies of
constructions, from a still widespread conditiorhappened breakdown into a preventive policy. For
this reason, it is important to have knowledgehaf durability of materials and building components,
their ability to maintain acceptable performancarelteristics over time. This paper reports that fir
results of a study inspired by a classic intenantat happened breakdown on a building of the
Faculty of Engineering, University of Palermo. T8tady aims to introduce elements of innovation in
the methodology of management process (designniplgnexecution) and the maintenance activities,
and on the other hand to monitor the time behawiduhe building envelope subject to intervention.
Here we refer the studies, according to the metloggioof ISO 15686, as implemented by the UNI
11156:2006, regarding the assessment of the dityabfl the colour of the plaster coatings. The
colour, by the class of requirements for appearanoe only contributes to the definition of the
technological quality of the building, but also thevolved environment (relevant architectures,
planning the colour of the facades in the old tqvens.). Therefore the assessment of the duraloility
the colour (UNI 10838:1999) of the envelope surfaierelevant in the implications related to the
definition of reliability and durability, especigliwhen related to microclimatic parameters, from a
maintenance planning and scheduling point of view.

2 CASE STUDY: THE FACULTY OF ENGINEERING OF PALERMO

The Building 8 under study is located within theévensity campus, Orleans’ Park, and is part of the
Faculty of Engineering of Palermo. Its constructitates back to the years 1953-'63, by professors of
Architecture and Building Science: S. Benfrateffo,Caronia and E. Castile [La Mantia, 2006]. The
building in 'Fig. 1' has two main bodies: the badyclassrooms that are spread over four floorsr ove
a terrace almost completely open, and the bodhefidepartments that is shaped like a comb that is
spread over three floors and is characterized lmn@ porch on the ground floor, five amphitheatre
classrooms, protruding from the edge of the bugdand the various academic departments.

Figure 1.1sometric view of Building 8Www.bing.com)

The three bodies are oriented in the north-wedltiseast direction. The building as a whole, was
built with a load-bearing reinforced concrete framiwided into independent blocks, joined together,
characterized by the presence on the facades obtree levels of modular openings. The body of
classrooms is characterized by the presence ohtileseered reinforced concrete brise-soleil with
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geometric designs, as in 'Fig. 2'. The externalsanale made of square blocks of yellow limestone.
The maintenance intervention of the complex (thet fsince its construction), prepared by the
Technical Department of the University, took plaser the last five years and is the starting pofnt
this study. Particularly, the surfaces of the boflyClassrooms (C) and those of the Department of
Hydraulics (H), as in 'Fig. 3', and the Departn&fiiRoad Infrastructures (RI) were investigated.

L W
L

Figures 2 e 3The brise-soleil of the body of classrooms (l&f Department of Hydraulics (right)

i
1]

2.1 Surfaces and pathology survey

The knowledge of the Building 8 and particularlg stratigraphy of the technical elements, object of
the study, is based on a careful survey of theustgtio, especially during the demolition of the
degraded surface layers. The preliminary surveg@lis, in fact, important to identify relationships
between the different parts of the building, theifary conditions (microclimate, exposure, etc..)
and the used materials. As mentioned above, afbee than fifty years from original, no maintenance
had been applied on surfaces until May 2005. Trauation of the degradation (UNI 11182:2006)
showed:
» Dripping stains below the drips of the window maail
» Lack of plaster and concrete cover, due to the atkgion of reinforced concrete of the
window modules, as in 'Fig. 4';
» Superficial deposits, characterized by yellowingh# plaster surface, due to loose material,
asin 'Fig. 5.

Figures 4 e 5Lack of plaster (left) superficial deposits withllow patina (right)

The causes of degradation can be attributed to:
» The weathering, in particular the action of windyieh is crucial for the transport of marine
aerosol and loose material on the surface;
» The quality of raw materials making up the plasted the concrete;
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e The thick plaster (even more than 8 cm), misplacgré the window sills and consequent
lack of appropriate slope.
2.2 The intervention and used materials

The intervention on the facades, after the conatid of degraded reinforced concrete elements,
provided for the restoration of the plaster baseé e finishing with a plastic coating applied to
continuous (RPAC), made of inorganic binder potasskilicate based, inorganic pigments and
selected aggregates, at medium patrticle size, diogpto the classification of the UNI 8682:1984.
The coating that has the nature of a smoothingymtpavhich makes it akin to the class of plasters,
was applied by stainless steel trowel, on plastetafiaces treated with an appropriate primer to
enhance adhesion to the substrate. The nature ®@RA\C provides thickness between 1 and 15 mm,
depending on the size of the aggregates, thattisee@ 1 and 7 mm, resulting in three classes of
RPAC, known by the letters from G1 to G3, in asdegarder of applied thickness. The product used
in the case study has been classified as G3 and pasty consistency. In particular, the feature of
silicate RPAC is to react with carbon dioxide praga the atmosphere, giving rise to colloidalcsli
fixing the coating components together and with shpport, resulting in a structure similar to the
plaster support. This ensures excellent breatlahifi the treated surface, as a consequence of the
porosity to water vapour of the microcrystallingusture of thickness applied, arising from the
crystallization of silica, while the treated sudais impermeable to weathering. In the application
under study two different colours were used: whitthe reinforced concrete structure and gray é th
window modules.

3 METHODOLOGY, TESTS AND SPECIMENS

The research, conducted as part of national aretniational studies to evaluate the durability of
construction products and elements, following thethnods of ISO 15686 and UNI 11156, is based on
the evaluation of the Reference Service Life arelEbktimated Service Life, through the correlation
between accelerated laboratory ageing tests aidl digposure. Starting from the identification of
potential agents that may affect the duration ohgonents, the effects of degradation which may
cause changing in the considered characteristipepties, especially the surface colour, are
determined. On the basis of tests carried outpiv'ssible to proceed to the rescaling by comparison
with the results of monitoring the field exposuHawever, linking natural and laboratory ageing is
not easy, especially because of the difficultygproduce in laboratory all the stresses that otur
reality (action of dust, hail, wind, vibration, étcThe parameter that the research wants to iipadst
and monitor is the colour of the surface where meamsents were made in accordance with the
recommendations from Normal 43/93. Observationewaken with a spectrophotometer (CM-2600
Konica-Minolta) with control number of gloss thabpides simultaneous data for each measurement
with the specular component included (SCI) andwded (SCE). The observations were made with
the standard illuminant dg as defined by the CIE, with an inclination angtel0°. The colour space
chosen to represent the colour is CIELAB, as defimg CIE in 1976, based on lightness, L*, and two
chromaticity coordinates a* and b*. The lightnegsihdicates the achromatic stimulus from black
(0%) to white (100%), used to determine whetheplaur is lighter or darkér The coordinates a*
and b* are referred to colour schemes in oppostiioone another: red-green for a* and yellow-blue
for b*. Starting from the coordinate values meaduakezero time, the colour differends*ab, over
time, was observed through the formula

e, = (AL +(pa’f +(ab')

3 1x represents the lightness that is a feature aatmtwith the visual perception of surface colaegdrelating to the white
reference and represents the fraction of light lyideflected.
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The measuremeritsarried out on the samples and on the externéas of buildings, provide for
each point the average of five measures, on anrapeasenting approximately one square meter.

4 NATURAL AGEING

The monitoring of the effects of natural ageing laggbon the exterior coating of the investigated
buildings was applied on a representative set oftp@n the facades in the four different exposures
as in 'Fig. 6'Interventions were made at different times relatiweperiods of natural ageing. In
particular:

- February 2005 (3: North-East facade, body of the Classrooms;

- April 2006 (T,): South-West facade, body of the Classrooms;

- November 2008 (1): North-East and South-West facades, DepartmeRtdfaulics

- December 2009 (To): North-East and South-West facades, Department Rufad

Infrastructures.
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Figure 6. Department of Hydraulics South-West facade, witinitored points in red and the cross-
section of a pillar, with different exposures

Therefore data cover the period between 2005 at@.2lhe configuration of the buildings allows a
favourable comparative investigation because optiesence of morphologically identical facades in
different exposures, treated with the same magedall colours. On each facade, the representative
elements to be monitored have been identifiedjqudatly in the framed structure, covered with the
white coating, the fronts and the perpendiculafes@s to the facade were measured; the same applies
to reinforced concrete elements, part of prefakeatablocks, coated in gray. For each fagade,
measurements were derived from three different &x@s. The results of the investigation on the N-E
and S-W facades of the three bodies, show thatrteasurements with the spectrometer, under
conditions specular component included (SCI) andueted (SCE) do not ever differ by more than
AE*ab = 0.4 (since opaque surfaces have a modest contributiceflected specular light). Therefore,
graphs and tables below refer to measures in sprecamponent excluded, closest to that perceived
by the eye. The colorimetric measures carried authe fronts of the buildings showed for the white
colour, a variation of the coordinate L* between7®and 91.40 points; a variation between -0.06
and 1.09, for the coordinate a* and a range ofeshetween 4.54 and 7.52, for b*. The gray ranges
of values measured for the three colorimetric coatets are as follows: L*= 60.15+76.12,
a*=0.12+1.41 and b*=7.40+12.75.

5 ARTIFICIAL AGEING

The samples reproduce the solution applied on thielibgs surfaces, on a base of brick, and final
dimensions are 250x250x70 mm, with the RPAC apmiszbrding to a thickness of about 15 mm, on
a suitable primer of about 10 mm thickness. Theesdy the samples were protected by applying a

4 Experimental activity was carried out in the Laliorp of Construction of the Department of Project aBuilding
Constructions, University of Palermo.
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layer of waterproof cement mortar to prevent watesorption. For the tests of artificial ageinghe t
climatic chamber, an ageing cycle was developedcafidrated [Alaimo, 2006], from weather data of
the climatic context of Palerm@Table 1].

Table 1.The final artificial ageing cycle

Phase Hour | T (C°)| RH (%)
Rain (autumn season) 3.0 - -
Cold (winter season) 15 2 -
Hot-humid (spring season) 5.( 60 87
Hot-dry (summer season) 2.% 50 56
TOTAL 12.0

Three steps of artificial ageing were set boththa white samples and the gray ones, repeating the
cycle 28, 56 and 84 times, corresponding to 33@ &@d 1008 hours of stressing action in the
climatic chamber. The samples were placed in timaatic chamber inclined at 60° as in 'Fig. 7.
Measures were taken at zero timg ¢8rresponds to olof the natural ageing), and after every step
(S, S and 3). For each step, the colour measurement was takea couple of samples. The
recorded values for the colorimetric coordinateseweariable: for the white samples, the colour
coordinate L* showed values between 89.21 and 90db4ts, the coordinate a* a variation between
0.14 and 0.37 and the coordinate b*, a range afegbetween 5.18 and 7.25. For the gray samples,
ranges of values measured for the three colorimetordinates are: L*=65.92+72.23, a*=0.43+0.73,
b*=11.75+12.47.

Figure 7. The samples inside the climatic chamber

6 RESULTS AND CONCLUSIONS

The collected data on colour changing, related dbolatory samples, were compared with
colorimetric measures made on the surfaces of ingi#din terms of colour differenasE*ab, as in
'Figs 8 and 9.

® Data processed by Ing. Tiziana Basirico relatechtoresearch "Collecting and processing data rethedramework of
climatic agents of Palermo for the developmentaakterated ageing cycles”, funded by the PRIN 2003
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Figure 8. Colour changing on the North-East facades (nhagaing)
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Figure 9. Colour changing on the South-West facades (naaggihg)

On the base of these comparisons, it is possibieate the following conclusions, for natural ageing

After one year of natural ageing, white colour sea@vmedium colour change of almost 2
points, becoming lighter, for all facades; aftereth years, on the South-West facade, the
trend is increasing and the medium value is 3,Htppiwith a maximum recorded of 4,5
points in the S-E front.

After five years of natural ageing, North-East fd&s show a medium white colour change
equal to 2,5 points, with a maximum on the N-W frohover 3 points.

For the gray colour, after one year of natural mgetolour change is between 5 and 6 points
in the South-West facades; the North-East facades siigher colour difference equal to 3,5
points in the S-E e N-W exposures, while the défere is more evident on the N-E fronts,
over 8 points.

After three years, South-West facades have a medimamcolour change equal to 11 points
and after five years, the North-East ones showoagtdifference between the main NE front,
over 15 points, and the other two orthogonal, lidtgspremaining the trend to become lighter
gray.

The environmental conditions and microclimate pradafter three years, on the South-West
oriented facades, a greater degradation than théh{fast ones after five years, for both
colours, white and gray, with the exception of &, for gray, that is more faded after five
years.

On all the facades, the front surfaces do not sufie greatest colour change, but those
orthogonal to them.
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Figure 10.Colour changing on the laboratiry samples (artfiageing)

And for artificial ageing:
= The first attempt at rescaling, for white colouhows that the degradation produced
artificially in laboratory, after application of 8cles of ageing (S3), is equal to the natural
degradation measured on surfaces naturally aged afyear, so it is appropriate to proceed
with further steps to readkE*ab values comparable to natural ageing afteraa. y@egarding
the gray colour, the application of three cyclesagkeing involves a colour difference
measured comparable to the North-East one afteaaof natural ageing.
In conclusion, after about five years, the coloifiedence of the white plaster in different expasr
even if in different ways, remains below 5 pointsith a progressive trend of surfaces to become
lighter and yellow, even if the Just Noticeablef®iénce, perceptible by human eye, around the value
of 2.3, is exceeded [Sharma, 2003]. The gray-celdusurfaces showed a greater tendency to
degradation over a short period of time, in bottura and artificial ageing conditions. The staili
of colour, compared to the original, is an ofterglaeted aspect, despite contributes to characterize
the quality of the envelope. We believe this isdaserves a healthy weight among the parameters to
be monitored and a specific legislation would datyagive further important contribution to the
maintenance of service quality of building struetyrbeing necessary to establish functional liofits
the colour of building surfaces.
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