Freeze-Thaw Durability of Fiber-Reinforced Lime-Based
Mortars

M. Prinosil 12

Institute of Theoretical and Applied Mechanics, @aay of Science, Prosecka 809 /76, 190 00 Praha 9,
Czech Republic
2 prinosil@itam.cas.cz

Abstract: This paper presents results of experimental imy&son focused on freeze-thaw
durability of fiber-reinforced lime-based mortaivolution of structural deterioration and frost
resistance were evaluated using non-destructivingegresonance method). In this study, we
consider two types of lime-based matrices (pure liime-metakaolin) and two types of polyvinyl
alcohol fibers in several volume fractions. Theutissshowed that the resistance against the frost
depends mainly on the matrix type and on the amolufibers.
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1 Introduction

Lime mortars were widely used in the past for camdion of buildings and monuments. Nowadays,
lime-based materials are required for restoratiobanzient structures due to compatibility with thréginal
ones [1]. However, these materials can be oftenackerized by slow setting, high shrinkage, lovesgth
and low deformation capacity [2]. Therefore, inecessary to develop new materials, which overdbese
drawbacks. For example, fiber reinforcement canrawp behavior of a mortar under tensile loading,
especially when the damage appears. Our intensidn systematically design the microstructure ghhi
performance fiber-reinforced lime-based mortarthed imposed deformation does not localize intingle
crack as in conventional mortars, but thanks terfibeinforcement the mortar exhibits tensile strain
hardening behavior and cracking in the form of dammount of fine cracks (multiple cracking) [3].
Therefore, the mortar retains its macroscopic nieginder relatively high imposed deformationsr(fo
example due to volume changes, seismicity, etd)ehibits improved durability. The main objectiot
this work is to clarify freeze-thaw durability oédeloped mortars.

2 Materials and Specimens Preparation

The proposed mortars consisted of lime-based matrik fiber reinforcement. Individual components
were selected so as to meet criteria for multipkecking and other desired mechanical properties]3,
In order to ensure appropriate fiber-matrix intéag fine grained filler represented by quartz dsavith
maximum particle size 0.3 mm was selected (manuifadt by Sklopisek #tlet, a.s.). The binder was
represented by hydrated air lime powderak class CL 90 (made ertovy schody a.s.) and eventually
by metakaolin Mephisto L05 (made k. UZ s.r.0.), which was employed especially for imygment of
tensile strength of the matrix. Fiber reinforcemenas represented by two types of polyvinyl alcofitmrs
REC 15x12 and RSC 15x8 (both made by Kuraray Cogpad.) with different length (8 mm, 12 mm) and
surface coating (REC fibers are coated by oil ineait leading to reduction fiber-matrix bond strémgt

Ratios of individual components of the matrix wengimized with regard to the desired mechanical
properties (tensile strength, fracture energy) afl as to workability of a fresh mixture [5]. Bindé¢o
aggregate mass ratio was equal to 1:3, mass fdiim@and metakaolin to 3:1 (in lime-metakaolin naos)
and water ratio to 0.3 (calculated as ratio of We@f water and all dry ingredients).



With regard to the results of previous research gy, this experiment was performed only on 4
configurations of the composition: pure lime mont@inforced with 2.0% of RSC fibers (labeled as Q52
lime-metakaolin mortar reinforced with 2.0% of Rigers (LMS20) and lime-metakaolin mortar reinfaice
with REC fibers in volume fraction of 1.0% (LMEl18hd 2.0% (LME20). From each proposed mixture, a
set of 6 prisms with dimensions 40x40x160 mm werepared. Before testing, they were stored in
laboratory conditions (i.e. temperature 20+25°C @elative humidity 50+60%) for approximately 2 year

3 Methodology and Testing Set-Up

The investigation of frost resistance and strut¢tdeterioration of specimens was performed using
adopted methodology defined@SN 72 2452 with non-destructive testing (resonanethod) [7].

3.1 Resonance M ethod

This method can be used for determination of dynarharacteristics of tested materials. It is eslgci
appropriate for homogeneous and isotropic matetiedsever, it can be used for heterogeneous mkgteria
like mortars and pastes as well [8]. The specirsguidced in horizontal position supported in thedté of
its span. Excitation of vibrations is provided bypiact hammer on one side of the specimens (intiadigal
direction), while the acceleration transducer imcited on the opposite side. The dynamic modulus of
elasticity can be calculated for the specimen witbontinuously distributed mass and free-free bagnd
conditions from the longitudinal vibration as:

4L mf?
dyn = TI (1)

wherel is the length of the specimem is the mass of the specimdnandh are the cross-sectional
dimensions. The first fundamental longitudinal rema frequencyi was evaluated by means of Bruel&Kjeer
device and PULSE Reflex software from signals & #pplied force and the acceleration, which were
transformed using Fast Fourier Transformation (RBTHrequency Response Function (FRF).

3.2 Investigation of Freeze-Thaw Durability

Before testing, specimens were saturated with watémmersion in bath for 24 hours. Each freezevtha
cycle consisted of freezing at -20+£3°C for 4 hoansl free thawing at 20+3°C for 2 hours. All dimems
and weight of specimens were measured and dynamwdulons of elasticityEqn was evaluated using non-
destructive testing before testing itself and aftach 2 freeze-thaw cycles. Moreover, monitoringisfial
aspect of specimens was performed. Testing wasratad when the value &y, decreased below the 75%
of initial value [7].

4 Resultsand Conclusions

Fig. 1 shows the evolution of dynamic modulus sfed mortars, while Fig. 2 shows the visual aspafcts
specimens at the end of testing.

In the case of pure lime mortar reinforced with92.6f RSC fibers, the dynamic modulus dropped below
the limit value immediately after 2 freeze-thaw legc However, the specimens were compact withoyt an
visible damage (cracking, spalling of corners,)et&fter another several freeze-thaw cycles, sonaekc
developed in specimens (Fig. 2a), but they wellecstinpact thanks to the fiber reinforcement.
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Fig. 1: Evolution of dynamic modulus of elasticity

The lime-metakaolin mortars exhibited higher initi@lue of the dynamic modulus than pure lime
mortar, which confirms that these mortars areestiffianks to the addition of metakaolin. In theecaflime-
metakaolin mortar reinforced with 2.0% of RSC fiethe dynamic modulus was equal to the limit value
after 2 freeze-thaw cycles and the specimens wargpact without any visible damage. After 6 fredzaa
cycles, the value dropped below the limit valuet tee specimens were still compact without anyblesi

(c) LME10 (d) LME20

Fig. 2: Visual aspect of tested specimens (at tickeoé the experiment)



damage. After 9 freeze-thaw cycles, the value ofadyic modulus was similar as previous value and the
visual aspect did not change (Fig. 2b). In the addene-metakaolin mortar reinforced with 2.0% REC
fibers, the results were similar as the previoussoiThe best results were achieved for the limexkaelin
mortar reinforced with REC fibers in volume fractiof 1.0%. The value of dynamic modulus did notpdro
below the limit value during the testing in 10 ®aland the visual aspect was similar to the indizsd
(Fig. 2c).

5 Conclusions

The freeze-thaw durability of lime-based mortaisferced with synthetic fibers in two volume framtis
was experimentally investigated. The results reackdhat the pure lime mortar suffered from tempeeat
changes and after 2 cycles the value of dynamicutosddropped below the limit value, however, the
specimens were compact thanks to fiber reinforcénterthe case of lime-metakaolin mortar, the valoé
dynamic modulus of elasticity were generally highire results revealed that the evolution of theadyic
modulus of elasticity was similar for both typespuflyvinyl alcohol fibers in the same volume fracti
Therefore, it can be concluded that the amountitiré influenced the durability more than their ayp
The best results were not achieved for maximumidensd volume fraction of 2.0%, but for the volume
fraction of 1.0%. This conclusion is consistenthwhe results of mechanical tests [4, 6].
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