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ABSTRACT

The current practice of the solution of the problem of historical buildings surface layers damage is
based more or less on the method of analogy. At a reconstruction, usually such material and method of
its application is used which is according to the meaning of supervisory authorities compatible with
the original treatments and which already was found to be suitable at an application on some other
building before. The durability of new surface layers is mostly estimated on the basis of experience
because too few parameters are known for a reliable durability estimate. The choice of a material for
reconstruction is then often less suitable regarding to the moisture and salt content in the masonry
which leads to low durability and short service life of surface layers. In this paper, main durability
properties of innovative lime plasters with metakaolin admixture, namely water sorptivity, moisture
diffusivity, water vapor diffusion coefficient, thermal conductivity and specific heat capacity are
determined, together with the main mechanical parameters such as compressive and bending strengths.
Comparative measurements with common lime plaster are done as well. On the basis of the
experiments performed, it can be concluded that the analyzed lime-metakaolin plasters are suitable for
an application in reconstruction of historical buildings. While their mechanical properties are
significantly better compared to the reference lime plaster, their thermal and hygric properties are
mostly similar or slightly improved.

KEYWORDS

Plasters, Historical buildings, Renovation

Czech Technical University in Prague, Faculty of Civil Engineering, Department of Materials Engineering and
Chemistry, Thékurova 7, 166 29 Prague 6, Czech Republic, Phone +420224354688, Fax: +420224354446,
radka.pernicova@fsv.cvut.cz

Czech Technical University in Prague, Faculty of Civil Engineering, Department of Materials Engineering and
Chemistry, Thékurova 7, 166 29 Prague 6, Czech Republic, Phone +420224354688, Fax: +420224354446,
milena.pavlikova@fsv.cvut.cz

Czech Technical University in Prague, Faculty of Civil Engineering, Department of Materials Engineering and
Chemistry, Thékurova 7, 166 29 Prague 6, Czech Republic, Phone +420224354429, Fax: +420224354446,
cernyr@fsv.cvut.cz


mailto:cernyr@fsv.cvut.cz

1 1DBMC International Conference on Durability of Building Materials and Components
ISTANBUL, Turkey 11-14 May 2008

1 INTRODUCTION

In many historical buildings parts of the original mortars, which have been deteriotated by natural
weathering, need replacement. From the point of view of a historian, it is not acceptable to use lime-
cement plasters in Romanesque, Gothic, Renaissance and Baroque buildings. The demands of
conservators who take care of historical monuments are, that the materials for repair or innovation of
plasters must have the most similar composition as the historical materials and they have to be
applicable by the original methods [HoSek & Losos 2007]. This concerns especially the number and
the structure of coated layers, the way of plaster surface treatment by striking, indentation or making it
smooth. In most cases, inventions had employed cement and polymer based materials, which resulted
in advancing the destruction, since harmful by-products have induced severe damage to the
background stone blocks or bricks [Maravelaki-Kalaitzaki et al. 2005]. In addition, the polymer-based
materials are incompatible to the existing materials of the original masonries, thus exhibiting different
behaviour in the environmental conditions.

Plaster can play its function, ie architecturally and as a protection against negative environmental
conditions, only if it creates a compact cover with surface treatment. Contemporary plasters meet these
requirements due to their proper raw materials, technological processing, suitable storing and final
application. Historical facade restoration brings not just new plaster creation but also protection of
existing one. It is difficult and mainly unsuitable to produce plasters with the same composition and
behaviour as historical plasters. The current solution of the problem of surface layers damage of
historical building is based more or less on the improvement of technology and properties of each
input raw material with preservation of visual and physico-chemical compatibility to original plaster.

As the chemical analyses of many plasters from historical buildings show, the past centuries external
plasters that are preserved until today contain products formed by lime reaction with pozzolanic or
hydraulic admixtures. Pozzolanic admixtures appeared to have positive effect on properties of lime
binder in the past [Rojas and Cabrera, 2002]. According to the composition of the applied pozzolana,
compounds similar to Portland cement products were formed but even compounds of zeolite character
were found, such as phillipsite 3Ca0.3A1,05.10Si0,.12H,0 and analcime Na,0.Al,05.4S10,.2H,0, in
connection with microcrystalline calcite. These compounds are the cause of the plaster resistance
against environmental conditions and in this way of the durability of these plasters [Cabrera & Rojas
2001].

The lime plasters are known to have high values of liquid water transport parameters. This is not a
very convenient feature from the point of view of their exposure to the external environment as any
intensive rain can lead to water penetration deep into the material. Therefore, an application of
hydrophobization admixtures seems to be a logical solution for achievement of the increase of service
life of lime-based plasters. In this paper, we used zinc stearate as the hydrophobization admixture for
lime-pozzolana plaster and investigated its effect on mechanical and hygric properties.

The main reason was construction materials deterioration are salt crystalization, water and salt
solutions movement through the walls by capillarity and harsh environmental conditions. Therefore, in
this paper, we are focused on the basic material characteristics and water vapour and liquid water
transport parameters of basic lime plaster in the comparison with innovative plasters.

2 EXPERIMENTAL

Several different types of innovative lime plasters for renovation of historical buildings were tested to
compare their durability properties to pure lime plaster (denoted as VO) with the same composition.
Metakaolin as a pozzolanic admixture was used in the case of mixture denoted as VOM as binder
increment, in the case of other two mixtures, denoted as VOM II and VOM H as replacement of lime.
To improve high values of liquid water transport parameters we used zinc stearate as the
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hydrophobization admixture for the lime-pozzolana plaster VOM H. The water/binder ratio was
modified according to mixture workability. The composition of mixtures for sample preparation is

presented in Table 1.

Table 1. Composition of tested plaster mixtures.

Type of Amount
mixture [kg]
Lime Sand 0/2mm Metakaolin Hydrophobizatio Water
n
admixture
VO 4.80 14.40 - - 4.80
VOM 4.80 14.40 0.80 - 5.50
VOMII 4.00 14.40 0.80 - 4.80
VOMH 4.00 14.40 0.80 0.02 4.20

2.1 Materials
Plaster mixtures were prepared using laboratory mixing machine with forced rotation for 3 minutes
and then compacted using vibrating machine. Each mixture was cast into a standard prism form, after

two days all prisms were taken out of forms and then cured for 28 days in high relative humidity
environment.
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Figure 1. Granularity of used metakaolin.

The lime CL 90 was produced by limekiln Morka, Czech Republic. Metakaolin MEFISTO K05 was a
product of Ceské lupkové zavody Inc., Nové Straseci. It is a highly active pozzolanic material on
metakaolinite basis. MEFISTO is supposed to be used first of all as an alternative silicate binder. It
can replace 5-15% of cement by weight at concrete production where it can be used instead of
microsilica. It can also be utilized in the production of geopolymers. The reason for using MEFISTO
in the mentioned applications is the supposed increase of compressive and flexural strength and frost
resistance, decrease of water absorption and reduction of the occurrence of efflorescence. Dominant
compounds of metakaolin MEFISTO represent SiO, (55%) and Al,O; (41%). Fe,Os3, TiO,, CaO,
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MgO, and Na,O are present in minor amounts. Average particle size of metakaolin is in the interval of
3 to 5 um, see Fig. 1.

Hydrophobization admixtures have to reduce pore walls wettability and replace capillary suction by
capillary depression. Addition of hydrophobization admixture to lime plaster leads to lower sorptivity
and better resistance to water and aggressive solution penetration. Fatty acid salts are often used as a
hydrophobizator, namely calcium or zinc stearate. One end of the carbon chain is hydrophilous and it
is connected to mineral structure while the other end which is formed of hydrophobic group is
oriented outside the structure and can repulse water.

Sand 0/2 mm fraction was delivered by Heidelberg Cement Group, Bménské pisky Inc., affiliate
Bratcice, normalized according to EN 196-1. The grain-size distribution curve of applied sand is
shown in Fig. 2.
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Figure 2. Granularity of used sand.
2.2 Experimental Methods

At first, basic material properties of all tested lime plasters were determined. As fundamental physical
material characteristics, bulk density p, [kg m™], matrix density p,, [kg m~], and open porosity v [%]
were determined. Bulk density was measured using gravimetric methods. Matrix density was obtained
using Pycnomatic ATC, automatic helium pycnometer with fully integrated temperature control with
precision of + 0.01 °C and real multi volume density analyzer. The samples for the basic material
parameters determination were cut from cubic prisms with the size of 40 x 40 x 40 mm and their
dimensions were 40 x 40 x 20 mm.

Investigation of mechanical parameters was carried out according to the norm [CSN EN 196-1, 2005].
The compressive and flexural strengths were determined as the most important mechanical parameters
for lime-based plasters. For each measurement standard prisms 40 x 40 x 160 mm were tested with
DSM 2500 hydraulic testing device, Inova Praha. The flexural strength was measured using standard
three-point bending test. The compressive strength was determined using the same test device on the
remainder of the specimens after bending test. The measurements were done after 7, 14, 28, 90 and
180 days of hardening period.

The thermal conductivity as the main parameter of heat transport and the specific heat capacity as the
main parameter of heat storage were determined using the commercial device ISOMET 104 (Applied
Precision, Ltd.). ISOMET 104 is a multifunctional instrument for measuring thermal conductivity,
thermal diffusivity, and volumetric heat capacity. It is equipped with various types of optional probes,
needle probes are for porous, fibrous or soft materials, and surface probes are suitable for hard
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materials. The measurement is based on the analysis of the temperature response of the analyzed
material to heat flow impulses. The heat flow is induced by electrical heating using a resistor heater
having a direct thermal contact with the surface of the sample.

The cup method was used for determination of water vapour transmission properties. The
measurement performed in this work was based on the standard [CSN 72 7031]. The measurement is
carried out in steady state under isothermal conditions. It is based on one-dimensional water vapour
diffusion and measuring the water vapour flux through the specimen and partial water vapour pressure
in the air under and above specific specimen surface. Water vapour transmission properties of a
material are obtained by placing a specimen of the material on the top of a cup and sealing it. Two
versions of the common cup method were employed in the measurements of the water vapour
diffusion coefficient. In the first one, the sealed cup containing burnt CaCl, (0% relative humidity)
was placed in a controlled climatic chamber at 25+0.5°C and 45% relative humidity and it was
weighed periodically. In the second one, the cup containing saturated K,SO, solution (97% relative
humidity) was placed at 254+0.5°C and 45% relative humidity environment. Firstly, samples sizes of
95 mm in diameter x 20 mm were cut from the standard prism 100 x 100 x 100 mm and water vapour-
proof insulated with epoxy resin. Then, the sealed cups with samples were weighed periodically. The
steady state values of mass gain or mass loss were utilized for the determination of the water vapour
transfer properties. In the practical calculations of water vapour transport parameters in porous
buildings materials, the diffusion coefficient of water vapour D [m’s"'] and water vapour diffusion
resistance factor u [-] were determined.

The simplest way, how to describe liquid water transport through a porous material is realization of a
one-dimensional free imbibition experiment [Roels et al. 2004]. Specimens sizes of 40 x 40 x 20 mm
were cut from the original prisms and then water and vapour-proof insulated with epoxy resin on four
lateral sides, and after that dried in an oven. The face side of each sample was immersed 1-2 mm into
water on top of a saturated sponge. The sample mass was measured continuously. The water
absorption coefficient, 4 [kgm™s""?], was calculated from the linear part of the dependence of the
increase of tested sample’s mass on the square root of time. Then, the apparent moisture diffusivity «
[m’s"'] was calculated using the vacuum saturation moisture content w,, [kg m] and water absorption
coefficient [Kumaran 1994].

3 RESULTS AND DISCUSSION

Basic properties of all materials are summarized in Table 2. Each result represents the average of five
measured values. The open porosity was found not to be distinctly affected by the metakaolin and zinc
stearate addition. The observed differences were between 3-5 % in the case of lime-metakaolin
plasters, and 8% in the case of hydrophobized plaster which is clearly due to the lower water/binder
ratio. So, the addition of fine grained metakaolin MEFISTO did not change the basic material
properties as bulk density, matrix density and total open porosity in a significant way. The observed
differences were within the range of the accuracy of applied measuring methods. All studied materials
have proven high porosity, which is a very positive factor from the point of view for application on
historical buildings. The high porosity of plaster guarantees fast water vapour transport, and so its fast
removal from the load bearing structures of reconstructed historical buildings.

Table 2. Basic properties of studied mixtures.

Type of Pb Prmat 14
mixture kg m?] [%]
VO 1 650 2 575 36.0
VOM 1670 2570 35.0
VOM II 1 695 2 580 34.0
VOM H 1745 2 625 33.0
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The survey of mechanical properties of studied plasters is presented in Figs. 3 and 4. Each result
represents the average value of six or three values in the case of compressive and flexural strength
measurement, respectively.
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Figure 3. Flexural Strength of Tested Plasters.
9
— e — e
- —--— =
-
" -
E f&
=3 N
s
g .
g
2
[}
>
[ * /
(%]
2 *
o
5
O - - VO
—= VOM
—&— VoM II
*VOMH
‘C@---@---mmmm T T mTET B A I I I R R °
0 50 100 150 200

Days

Figure 4. Compressive strength of tested plasters.

The flexural strength of pure lime plaster reached its maximum after 28 days and then it had almost the
same value even after 180 days hardening period. Its compressive strength, on the other hand, had
somewhat fluctuating character. Lime plasters with metakaolin addition have proved two times higher
both flexural and compression strength than pure lime plaster already after 7 days of hardening. In the
case of incremetal metakaolin addition (VOM mixture) the flexural strength exhibited certain decrease
after 28 days of hardening but after 180 days it was the highest among all tested plasters, six times
higher than for the pure lime plaster. The compressive strength of the same mixture increased more
continuously. Its maximum was achieved after 90 days of hardening, where it was eight times higher
than after 7 days and even fourteen times higher than the compressive strength of pure lime plaster at
the same time. In the case of metakaolin replacement mixture (VOM II) the flexural strength increased
until 28 days of hardening then it slowly decreased. The maximum was nearly five times higher in the
comparison with flexural strength of pure lime plaster. The VOM II mixture reached fourteen times
higher value of compressive strength than pure lime plaster after 28 days but then a substantial
decrease was observed. The hydrophobization admixture addition caused reduction of both flexural
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and compressive strengths at the same time in comparison with other lime plasters with metakaolin
addition, but both compressive and flexural strength development had ascending trend.

Thermal properties of the studied plasters are presented in Table 3. The lime-pozzolana plasters
exhibited slightly higher thermal conductivity than the reference lime plaster. This is in accordance
with their higher bulk density and lower porosity (Table 2). The values of specific heat capacity were
very similar for all the studied mixtures, the differences being within the error range of the applied
method.

Table 3. Thermal properties of studied mixtures.

Type of mixture A c
[W/mK] [J/kgK]
VO 0.67 580
VOM 0.71 590
VOM 11 0.88 620
VOM H 0.85 610

The results of water vapour and liquid water transport parameters determination are presented in Table
4, each result represents the average value from five measurements.

Table 4. Water vapour and liquid water transport parameters.

Type D Y7, A Waat K
of mixture [ms™] [-]
97-45%  0-45%  97-45%  0-45% [kgm?s'?]  [kgm?] [m’s™]
RH RH RH RH

VO 2.90E-6  4.50E-6 9.0 5.0 2.20E-1 359.0 4.40E-7
VOM  2.50E-6 5.10E-6  10.0 4.5 2.70E-1 350.0 5.70E-7
VOMII 1.80E-6 5.70E-6  13.0 4.0 2.20E-1 343.0 4.30E-7
VOMH 1.60E-6 4.40E-6 15.0 5.0 6.50E-2 332.0 3.90E-8

The water vapour transport parameters were not very different for all studied plasters. Lime-
metakaolin plasters had higher water vapor diffusion resistance factor than the reference lime plaster
but the differences were not very significant. From the quantitative point of view, the obtained values
of water vapour diffusion parameters of innovative plasters are very promising for application in
restoration of historical buildings and renewal of the old materials. The values of liquid water transport
parameters were in case of lime-metakaolin plasters without hydrophobization similar or slightly
higher than for pure lime plaster. This may be considered as a negative finding in general because the
rain water could be transported either the same fast or even faster into the load bearing structure.
However, from the quantitative point of view the differences were not very high so that this is only a
minor flaw on otherwise significantly improved material. In the case of zinc stearate addition the
liquid water transport parameters decresed in a significant way, the moisture diffusivity by about one
order of magnitude, which is a very positive feature.

4 CONCLUSIONS

Main durability properties of innovative lime plasters with metakaolin admixture were determined in
the paper and compared with the reference lime plaster. The modified plasters showed significant
improvement of mechanical properties. Another good point with the studied lime-metakaolin plasters
was that the hygric and thermal properties were basically unaffected by the metakaolin addition. The
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material retained the good water vapour transmission properties which are characteristic for the lime
plasters and exhibited also acceptable thermal properties. The application of hydrophobization
admixtures in lime-pozzolana plasters was proved successful. It resulted in an order of magnitude
decrease of moisture diffusivity which means a significant reduction of liquid water transport in the
plaster.

ACKNOWLEDGMENTS

This research has been supported by the Czech Science Foundation, under project No. 103/06/0031.

REFERENCES

Cabrera, J. & Rojas, M. F., 2001, ‘Mechanism of hydration of the metakalolin-lime water system’,
Cement and Concrete Research, 31, 177-182.

CSN EN 196-1, 2005. Metody zkouseni cementu. Stanoveni pevnosti.

CSN 72 7031. Méieni souéinitele diftize vodni pary stavebnich materidld metodou bez teplotniho
spadu.

Hosek, J. & Losos, L. 2007, Historické omitky, Grada Publishing, Praha.

Kumaran M.K., 1994, ‘Report on Measurements to Determine Moisture Diffusivity of Eastern White
Pine’, IEA Annex XXIV Report T3-CA-92/04.

Maravelaki-Kalaitzaki, P., Bakolas, A., Karatasios, I. & Kilikoglou, V. 2005, ‘Hydraulic lime mortars
for the restoration of historic masonry in Crete’, Cement and Concrete Research, 35, 1577-1586.

Roels S., Carmeliet J., Hens H., Adan O., Brocken H., Cemy R., Pavlik Z., Hall C., Kumaran K., Pel

L., Plagge R., 2004, ‘Interlaboratory Comparison of Hygric Properties of Porous Building Materials’,
Journal of Thermal Envelope and Building Science, 27, 307-325.

T 25, Durability Properties of Innovative Plasters for Renovation of Historical Buildings, Radka Pernicova et. al.



	Publication and Copyright Information

	Conference Sponsors

	Preface

	Conference Commitees
 
	Contents

	DURABILITY OF MATERIALS
	Strength and Durability of Concrete and Cement-based Materials
	Development of Autoclaxed Lightweight Concrete Outer Walls and its Freeze-Thaw Resistance
	Reinforcement of Cement Materials Using Date Palm Fibres for Use in Hot Dry Climates
	Cement Industry and Concrete Technology in Algeria: Current Practices and Future Challenges
	Selection of the Mix Constituents to Produce a Highly Performing and Durable Concrete Material
	Effects of Landfill Leachate on the Properties of Self-Levelling Cement Mortars
	Performances of Palm Oil Fuel Ash Cement Based Aerated Concrete in Acidic and Sulphate Environments
	Effect of the Type of Supplementary Materials and Viscosity Enhancing Admixture on the Durability of Self-Compacting Concrete
	Deterioration Mechanism of Reinforced Concrete Beam Corroded by Climate Environment and Galvanostatic Method
	Durability of Carbon and Stainless Steel Reinforced Concrete Members in Marine Environment
	Long-Term Preserving Effect on Aggregate-Recovery-Type Completely Recyclable Concrete
	Testing of Concrete Specimens by Means of Non-Linear Ultrasonic Spectroscopy
	A Tool for Strength Durability Modelling of Glass Fibre Reinforced Concrete
	The Sand Concrete: A Very Little Cracked Material
	Flexural Behavior of Steel-Concrete Composite Girders Strengthened via Fiber Reinforced Plastic FRP
	Corrosion Detection of Embedded Steel in Concrete
	Fracture Toughness of Hybrid Fiber Reinforced High Strength Concrete under High Temperature
	Frost Resistance of Pervious Concrete with Different Freezing and Thawing Tests
	Microstructural Assessment of the Interfacial Transition Zone in Granitic Concrete
	Durability Problems of Macro Defect Free (MDF) Cements Prepared with Polyvinyl Alcohol Copolymers and Alumina Cements
	Discussing the Durability Assessment of Cement Mortars – a Contribution for a Prediction Model
	Carbonation in Concrete with High Fly Ash Content and Hydrated Lime
	Effect of Curing Age on the Durability of High-Volume Fly Ash Concrete
	Analysis of Rebar Cross Sectional Area Loss by Reinforced Concrete Corrosion
	Durability of Metakaolin Based Cement Mortar to Chloride Attack under Wet – Dry and Freeze – Thaw Exposure
	Alternative Reinforcement for Durable Reinforced Concrete Structures
	Modeling of Time Depended Changes of Chloride Diffusion Coefficient
	Prediction of Elastic Properties of Concrete Using the Virtual Cement and Concrete Testing Laboratory
	Chloride Ion Measurement for Cement-Based Materials
	Fungal Colonization on Fiber Cement Exposed to the Elements in a Tropical Climate
	Durability of the HPC Cured in Sulphate Environment
	Effects of Ternary Blended Binders on Chloride Diffusivity of Concrete
	Durability and Mechanical Properties of Fiber Reinforced Cement Composites Exposed to High Temperatures
	Critical Evaluation of the Definition of “Sulfate-Resistance” a Focus on the Flexural Strength Performance of SR Cements
	Implementation of Durability in the Design of Glass Fibre Reinforced Concrete Structures
	Permeability and Porosity as an Essential Factors in the Long-term Durability of Steel Fibres Reinforced Concrete
	Accelerated Weathering Effects on the Mechanical and Surface Properties of CFRP Composites
	Monitoring Moisture Content in Autoclaved Aerated Concrete as a Mean to Achieve Higher Durability
	Durability Properties of High Performance Concrete Containing Alternative Silicate Binders
	Multidisciplinary Collaborations for a Qualitative Systemization towards a Durable Structure
	Concrete Crack Width under Combined Reinforcement Corrosion and Applied Loads
	Deterioration of Cement Hydrates Containing Mineral Admixtures Due to Sulfuric Acid Attack
	Corrosion Resistance of GGBS Concrete
	Durability of Autoclaved Aerated Concrete
	Prediction of Residual Stress due to Early Age Behaviour of Massive Concrete Structures: On Site Experiments and Macroscopic Modelling
	Repair & Rehabilitation of Initially Cracked RCC Beams by CFRP
	Chloride Transport in Concrete Structures Exposed to Marine Environments Considering Time Dependent Characteristics
	Improvement of Durability of RC Column by Transverse Prestressing
	Durability Properties of Geopolymer Mortars
	Concrete Mix Proportions with Ultra-High Electrical Resistivity
	Non destructive Test Methods for Evaluation of Concrete: The Case Study of Punta Perotti (Italy)
	Influence of Fibers Weight Fraction and Nature of Fibers on Thermal and Mechanical Properties of Vegetable Fibers/Cement Composites
	A Study on the Addition of Extra Water Which Affects the Durability Degradation of Concrete
	Behaviour of Four Repair Materials under Accelerated Testing of Carbonation and Chloride Penetration
	Coarse Aggregate Mineralogy, Size and Water Content Influence on Concrete Permeability
	Mechanical and Durability Properties of Concrete with Ground Waste Glass Sand
	Durability Modelling of Behaviour of Different Concrete Types As Tunnel Lining Elements
	Chloride Threshold Determination in Prestressing Steel Beams
	Analysis of Reinforced Concrete Flexural Members Strengthened with Near-Surface Mounted CFRP
	Effect of Cement Type on the Resistance of Concrete against Rapid Chloride Permeability
	Effects of Cement with Mineral Additive and without Mineral Additive on the Concrete Durability
	Effect of Fire on Microstructure and Mechanical Properties of Blended Cement Pastes Containing Metakaolin and Silica Fume
	Easy Evaluation Method of Self-Compactability of Self-Compacting Concrete
	On Durability of Fiber Reinforced Concrete
	Effect of High Temperature on Mechanical and Microstructural Properties of Cement Mortar
	Durability of Cement Mortars with Carbon Material Admixtures
	Durability Properties of Polypropylene Fiber Reinforced Concrete
	The Use of Maturity Method in Estimating Early Concrete Strength
	Concrete for Durability at Marmaray Project
	Rebound and Composition of in-Situ Polypropylene Fibre-Reinforced Shotcrete
	Mechanical Behaviour of GFRP-Confined Concrete after Exposure to Severe Conditions
	The Characteristics of Boron Modified Active Belite (BAB) Cement and its Utilization in Mass and Conventional Concrete

	Wood and Wood Components
	The Efficiency Comparison of Polyester, Acid Catalyzed Lacquers and Nitrocellulose Lacquers on Fagus Orientalis Wood and Plywood
	Modification of Wood with Si and B Compounds
	The Old, Wooden Window, a Balance between Romantism and Performance
	Hurricane Katrina: An Overview of Damage to Timber Structures
	Wood as a Structural Material
	Preparation Method and Service Condition Effects on The Performance and Durability of Epoxy Adhesives Used in Structural Timber Repairs
	Durability of External Wood-Frame Door System, A Case Study
	Reduction of Water Absorption and Swelling of Fiberboard
	Attenuated Total Reflectance (ATR) Fourier Transform Infrared (FTIR) Radiation Studies of Wood Rot Decay and Mould Fungi Growth on Building Materials
	Attenuated Total Reflectance (ATR) Fourier Transform Infrared (FTIR) Radiation Investigations of Natural and Accelerated Climate Aged Wood Substrates
	Performance-based Specification of Wooden Components
	Fire Resistance Performance Study on the Compartment Walls in Wood Platform Construction
	Production of Dimensionally Stable and Decay Resistant Wood Components Based on Acetylation

	Building Gaskets and Sealant Products
	Development of an Automated Artificial Ageing Test Apparatus for Sealants and Comparison with Outdoor Exposure Testing
	Quantification of Effect of Dynamic Movement for Weatherability of Construction Sealants
	Acrylic Foam Structural Glazing Tapes
	Non-Destructive Testing of Elastomeric Joint Sealants in Construction

	Natural and Artificial Stone
	The Sandstone Conundrum
	Visual Effects of Building Stone Texture
	The Perception of Small Scale Damage and Repairs of Natural Stone
	Biofilm Effect and Microbiological Deterioration on the Material Surface
	Determination of Water and Nitrate Transport Properties of Sandstone Used in Historical Buildings
	The Correlation of Electric Emissions with Stress and Strain on Stressed Rock Samples
	Freeze Thaw Susceptibility of Natural Stone – Characterization of the Mechanical Strength and Microstructure During Frost Cycling

	Surface Coatings and Paints
	Outdoor Wall Painting Semi-Natural Test
	Durability Evaluation of Newly Developed Water-Based Paint Systems for Buildings
	Effect of Anti-Graffiti Coatings on The Drying Behaviour of Building Materials
	Durability of Surface Protection Systems in Harsh Marine Climates

	Polymer-based Building Materials and Composites
	Long-term Performance of Extruded Polystyrene Thermal Insulation Products
	Durability of Roof Underlays Exposed to Natural Climate
	Polymer-based Building Materials: Effects of Quality on Durability
	Service Life of Light Weight Bathrooms

	Innovative Materials and Products for Durability
	Properties of Concrete with Shredded Waste Tyres
	Oriented Straw Cable Composites for Housing Applications
	Experimental Study of Geopolymer Concrete Resistance to Sulphuric Acid Attack
	Physical and Mechanical Properties of Rubberized Concretes
	Durability of Mortars Prepared with Innovative Eco-compatible Binders
	Polarization Behavior of Carbon Fiber as an Anodic Material in Cathodic Protection
	Vegetable Materials in Architecture
	Ultra-High Strength Concrete Using Limestone Powder
	Heat Transfer in the Thermo-Efficient BIPSE Bricks
	Strength of Cement Mortars with Carbon Material Admixtures


	DURABILITY OF SYSTEMS AND COMPONENTS IN BUILDINGS
	Masonry Tile and Stucco
	Seismic Rehabilitation of an Ancient Masonry Infill Steel Frame Building
	Evaluation of Ceramic Tiles Frost Resistance Using Frequency Inspection Method
	Influence of the Mix Proportion of Mortars and Paint Formulation on the Behaviour of the Mortar/coating system in Water Transport Phenomena
	The Maintenance of Colour on Finishing Coats
	Investigation of Physical and Mechanical Properties of Clay Bounded Plasters Applied on Kerpic Buildings from Diyarbakir
	Mechanical Behaviour of Non-bearing Brick Masonry Facades

	Roofing Materials and Systems
	Durability of Highly-Insulated Timber-Frame Flat Roofs
	Refurbishing the Roof: Possibilities, Consequences and Policies in Building Rehabilitation
	Durability of Clay Roofing Tiles: Assessing the Reliability of Prediction Models
	The Assessment of Durability of Discontinuous Roofing: An Experiment on Sandwich Panels
	Roof Management Program for Multiple Roof Systems
	Development of Test Method for Evaluating Root Resistance of Waterproofing Membrane
	Condensation Problems in Cool Roofs
	Design of Mineral Fibre Durability Test Based on Hygrothermal Loads in Flat Roofs
	A Model for Determining Accelerated Ageing Cycles in Durability Research: A Case Study on Continuous Roofing
	Durability of Clay Roofing Tiles under Salt Mist Atmosphere
	Designing Replacement Roof Systems to Achieve Long Term Service Life: A Sustainable Solution
	The Specification and Selection of CE Marked Reinforced Bitumen Membranes for Low Sloped Roofs to Ensure Their Durability in the UK
	Wind Tunnel Tests of Various Mechanically Anchored Waterproofing Membranes
	Service Life (Model) for Bituminous Roofing
	Flexible Polyolefin Roofing Membranes: 15 Years of Field Experience
	Performance of Silicone Water Repellent for FRC Corrugated Roof Tiles
	Effects of Wet and Dry Cycles on The Performance and Microstructure of Asbestos-free Fiber Cement
	Polyolefin Roof Membranes on Site Durability Evaluation

	Facades and Curtain Walls
	Materials Used in Transparent Facades: an Approach Towards Building Maintenance
	Use of a Peltier Element to Increase Time of Wetness of Unglazed Solar Collector Specimens in a Natural Field Exposure Test
	Minimum Required Performance Level for Rendered Facades
	Durability of Sandwich Panels
	Experimental Programme to Assess ETICS Cladding Durability
	Defacement of ETICS Cladding due to Hygrothermal Behaviour
	Durability of External Wall Insulation Systems with Extruded Polystyrene Insulation Boards
	Durability of Repaired Concrete Facade Elements
	Enhanced Service Life of Coated Wooden Facades
	Study on the Relation Between Mockup Test and Lifecycle of Curtain Wall Construction - Case Study in Taiwan

	Preservation and Refurbishment of Historical Buildings
	Decay Diagnosis of Goan Laterite Stone Monuments
	Faults and Repairs in House of Bagheri: A Cultural Heritage Construction in Gorgan (North of Iran) – A Case Study
	Issues in the Identification and Monitoring of Historical Structures – Monuments
	The Durability of Materials and Treatments for the Operation on the External Curtains of the Historical Buildings
	Durability Properties of Innovative Plasters for Renovation of Historical Buildings
	Decision Making about Cleaning Interventions on Marble Surfaces Using a Fuzzy Logic Approach
	The Assessment of Roof Drainage System of a Historical Turkish Bath: Sengul Hammam
	The Restoration and Upgrading of The 100 Year Old Victoria Institution: The Adaptive Reuse of a School into an Auditorium
	Classification of Restoration Mortars by Principal Component Analysis and Correlation between Their Properties and Synthesis
	Technological Features and Decay Processes of A “New” Building Type at the Beginning of XX Century


	RESPONSE OF BUILDING ELEMENTS TO ENVIRONMENTAL LOADS
	Climate Loads on Buildings
	Evaluation of Environmental Degradation Factors for Service Life Prediction
	Climatic Data Analysis to Define Accelerated Ageing for Reference Service Life Evaluation
	Climatic Comparison to Analyse Different Degradation Levels in External Walls’ Outdoor Exposure
	Hail Impact Resistance of Building Materials - Testing, Evaluation and Classification
	Prediction of Atmospheric Corrosion Rate Using an Artificial Neural Network

	Heat and Moisture Transfer in Buildings
	Predicting The Initial Rate of Water Absorption in Clay Bricks
	Simulating Water Leaks in External Walls to Check the Moisture Tolerance of Building Assemblies in Different Climates
	Daily Hygroscopic Inertia Classes: Application in a Design Method for the Prevention of Mould Growth in Buildings
	Modelling for Development of Wood Rot Decay with Simultaneous Heat and Moisture Transfer for Building Envelopes
	Influence of Thermal Properties of Materials in Condensation and Microorganism Growth on Building Facades
	Development and Benchmarking of a New Hygrothermal Model
	The Impact of the Indoor Climate on the Hygrothermal Behaviour and the Durability of External Components – Standard Boundary Conditions vs. Hygrothermal Indoor Climate Simulation
	Influences of the Indoor Environment on Heat, Air and Moisture Conditions in the Building Component: Boundary Conditions Modeling


	SERVICE LIFE PREDICTION AND PLANNING METHODOLOGIES, RISK ANALYSIS APPROACHES
	Service Life Planning
	Feedback System for Determination and Elimination the Effects of Durability Problems
	Factor Method Application Using Factors’ Grids
	Service Life Estimation using Reference Service Life Databases and Enhanced Factor Method
	French National Service Life Information Platform
	Quantification of Façade Defects Using Photogrammetry within the BuildingsLife System
	Homes in Iceland--Flexibility and Service Life Fulfilment of Functional Needs
	Information System and Interworking for a Durable Inheritance
	Service Life of a Building in Environmental Assessment of Buildings
	Whole Life Cycle Costing as a Decision Tool for Use in French Healthcare Facilities

	Service Life Prediction Methods
	Service Life Prediction Beyond the ‘Factor Method’
	Evolution of Degradation and Decay in Performance of ETICS
	A Multi-Performance Approach for Service Life Prediction
	Fuzzy Lifetime Prediction of RC Structures Subject to Chlorides
	Timber Structures Service Life Modelling

	Probabilistic and Reliability Models
	Performance-based Design for Anticorrosion of Reinforced Concretes under Air-borne Salt Attack
	Application of the Reliability Theory to the Assessment of the Corrosion Risk due to Carbonation
	Durability Limit States of Concrete Structures: Probabilistic Modelling
	Development of a Simulation Tool for Insulated Glass Durability
	Critical Considerations on the Assessment of the Durability (Serviceability) Limit State of Reinforced Concrete Structures

	Development of Guides, Regulations and Standards
	International Standards on Durability and Sustainability of Construction Works
	A Durability Assessment Tool for the New Zealand Building Code
	EU-Project STAND-INN –Integration of Standards for Sustainable Construction into Business Processes Using IFC Standards
	A Review of the European Commission Construction Products Directive Reaction-to-fire and Fire Resistance Classification of Building Materials and Components
	How Workmanship Should Be Taken Into Account in Service Life Planning


	DURABILITY AND SUSTAINABLE BUILDINGS
	Service Life and Sustainable Design Methods and Technologies
	The Importance of LCA and Service Life Prediction in Sustainable Design
	Life Cycle Management Tool For Buildings
	Simulated Long-term Thermal Performance of a Building That Utilizes a Heat Pump System and Bore Hole
	Measuring Economical Risk in Life Cycle Management
	Service Life and Sustainable Design Methods: A Case Study
	Smart-ECO – Developing a Construction Sector Vision and Related Requirements for Sustainable Eco-buildings
	Durability in Technology Design
	Technological Characterization of the Envelope in Multi Purpose High Rise Buildings

	Life Cycle Analysis (LCA) and Sustainable and Durable Design
	Towards a Framework for Durability Design & Life Cycle Costing of Infrastructure Projects
	The Role of Using Durable Building Materials and Components in Reducing the Environmental Load of Buildings
	Analysing Building Construction in Time, the ABC Research Matrix
	Life-Cycle Cost Analysis for the Residential Buildings


	BUILDING MAINTENANCE AND PATHOLOGY
	Pathology Surveys and Diagnostic Tools
	Prioritizing Timber Defects – A Study of Telapak Naning, Malacca, Malaysia
	Condition Assessment of Façade Rendering through in-Situ Testing
	Durability Evaluation of a Realkalisation Treatment Using Impressed Current
	Use of Information Technology in the Diagnosis of Concrete Deterioration
	A Diagnostic System Created for Evaulation the Quality of Building Constructions
	Comparative” Diagnostic: An Instrument for the Durability of Interventions.
	Survey of the State of Degradation of the School Buildings of the Lisbon Region
	Pathologies of the Industrialized Systems: 192 Flats Built in Avellino (Italy) at Quattrograna West District
	An Example of Good Durability of Building Systems: Survey on 303 Flats Built in Alvanite District at Atripalda (Avellino, Italy), Made in Coffrage Tunnel and Precast Sandwich Panels for Facades.
	Corrosion of Rebars Embedded in Ancient Concrete: Correlation Between on Site Testing and Corrosion Products Identification
	Structural Health Monitoring of Historical Buildings Using Fibre Optic Sensors
	Artificial Stone at the Beginning of the XX Century: Materials, Technologies, Decay Processes and Refurbishment
	Energy-based Damage Measure for Reinforced Concrete Frames

	Maintenance Planning and Procedure
	Facility Management in Stratified Housing: Satisfaction Survey in Malaysia
	Maintenance and Rehabilitation Program for Algerian Bridges
	Life Cycle Management System – A Planning Tool Supporting Long-Term Based Design and Maintenance Planning
	Quantifying Maintainability Parameters for Vertical Transport System
	Optimal Maintenance Plan by Minimizing Life-cycle Cost Including Deterioration Risk
	Deterioration of Reinforced Concrete Buildings and Rehabilitation Process
	Service Life Prediction Tools for buildings’ Design and Management
	FMECA and Management of Building Components
	Condition Assessment of a 63-year Old Reinforced Concrete Structure Exposed to the North Sea
	A GIS-Based Framework for the Evaluation of Building Façade Performance and Maintenance Prioritization
	A Methodology for Protection of Masonries against Rising Damp
	Optimization of the Building Maintenance Management Process Using A Markovian Model
	A Structural Condition Assessment; Environmental Agents Versus Structural Failures - The Case of Ataturk Culture Center AKM, Istanbul, Türkiye



	Exit


