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ABSTRACT

Lime mortars have a rich history of being blended with organic additives to address weaknesses such as low setting
time and hydric properties. This study specifically investigates the impact of incorporating straw and sesame oil into
lime mortar mixes, focusing on their influence on open porosity, permeability, water absorption, and durability. While
previous studies explored the effects of natural fibers and fatty acid additives on lime mortars separately, this study examines
their simultaneous incorporation in mortars. The results demonstrated that the simultaneous addition of sesame oil and
straw decreased the water absorption values of the mortars to 77%. Furthermore, the inclusion of sesame oil resulted
in a significant 30% increase in impermeability values. However, when both sesame oil and straw were added together,
the increase in impermeability was less than 20% compared to the reference mortar with no additives. These findings
highlights that the combined addition of sesame oil and straw has a lesser impact on the permeability values of mortars,
which is a positive outcome, as maintaining optimal permeability is essential for the long-term preservation of historical
substrates. The combination of straw and sesame oil enhances hydric properties without undermining the mortar’s structure
and permeability. These results emphasize the sustainable nature of lime mortars in restoration projects, showcasing
their compatibility with traditional masonry practices. By combining natural fibers with fatty acids, mortars demonstrate
improved durability, offering a promising avenue for enhancing performance while retaining essential properties.
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1. Introduction

Repointing with restorative mortars stands out as one
of the pivotal and frequently employed practices in the con-
servation of the built environment. The compatibility of
lime-based mortars in the restoration of a substantial portion
of our built heritage has been substantiated by both contem-
porary and historical studies!!!. This can be attributed to a
range of properties, including moderate stiffness, reversibil-
ity, and high permeability ).

Historically, lime mortars have commonly been
strengthened with natural fibers like straw and wood to en-
hance their resistance to breakage. Improvement of some
characteristics, such as enhanced resistance to deformation,
achieved by incorporating various types of fibers in equal pro-
portions could be generally observed*]. Throughout history,
lime has played a significant role in construction practices,
with its peak usage observed prior to the 18th century before
being gradually replaced by hydraulic limes and eventually
ordinary Portland cement (OPC) binders*3]. The incom-
patibility issues often associated with OPC binders have
rendered them unsuitable for the repair and restoration of
old buildings, particularly historical structures. In contrast,
lime mortars demostrated that chemical, physical, and me-
chanical compatibility with historical masonries due to their
permeability and moderate compressive strength.

Natural fibers have been incorporated into historical
mortars, primarily to control shrinkage and reduce cracking.
However, their addition could also lead to significant changes
in the various characteristics of these mortars. Research in-
dicates that incorporating fibers into lime mortars can sig-
nificantly alter their permeability characteristics. Specifi-
cally, studies have shown that the addition of polypropylene
micro-fibers reduces the permeability coefficient across var-
ious binder types, including hydraulic lime mortarsl. To
enhance the properties of lime mortars, various organic ad-
ditives such as cheese, egg, and fatty substances have been
historically incorporated into the mixtures to improve charac-
teristics like setting time, adhesion, impermeability, hardness,
and porosity. Moisture-related durability concerns in build-
ing materials have prompted the addition of fatty organic
additives to lime mortars to enhance their hydric properties,
with studies showcasing the hydrophobic effects achieved
through the use of oils in lime mortar formulations!’'%. Ex-
tensive research has been conducted to improve the hydric
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properties of lime mortars due to the significant role water
plays in decay mechanisms. Recent studies have once again
confirmed that the historical practice of incorporating vari-
ous fatty organics into lime mortar mixes can enhance these
properties. For example, adding oils like linseed and ghee
has been found to notably improve the hydric characteris-
tics of lime mortars, especially when exposed to realistic
environmental conditions that are more favorable than con-
trolled laboratory settings[®l. However, these studies also
highlight several drawbacks associated with oiled mortars,
including reductions in permeability and delays in setting
times. Furthermore, historical practices have included the
use of straw and other natural fibers to mitigate shrinkage
in mortars. Despite this knowledge, the simultaneous use
of multiple additives such as oils and straw requires further
investigation to accurately assess their combined effects on
mortar performance® 1%,

By exploring the feasibility and compatibility of utiliz-
ing waste-based lime mortars with hydrophobic properties
for rendering applications in historic buildings, this study
aims to provide insights into the role of waste additives in
enhancing the hydrophobicity, performance, and durability
of lime-based mortars compared to traditional rendering ma-
terials.

This study focuses on examining the synthesis of lime
mortars with straw addition and assessing its permeability
after 3 months curing period from mortar preparation. Many
studies have focused on effect of natural fibers additions on
lime mortars, but a few have examined the effect if these
additions on permeability values in presence of additive oils.
Hence, permeability of reinforced lime mortars is the main

goal of this paper.

2. Materials and Methods

A lime putty characterized by high calcium content (cal-
cium hydroxide), comprising 49 weight percent water, was
produced using distilled water and micronized high calcium
powder sourced as a commercial product (with Ca(OH); con-
tent ranging between 90% and 93%). The slaking process
spanned three months, and the resulting lime putty is classi-
fied as CL 90S in accordance with EN 459-1 standards!!!].
The non-reactive component of the mortars consisted of a

blend of various stone powders, including sandstone and sed-
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imentary carbonate rocks, characterized by a particle size of
approximately 10 um as determined by laser granulometry.
The straw was added to the mixes as additives in 1.5% by
mortar volume, from Khorasan region. The addition of straw
to lime mortars is frequently recommended at a rate of 1.5%
of the mortar’s volume, supported by various studies that
identify this as the optimal amount. This practice has histori-
cal significance, as straw has been employed to improve the
performance of lime mortars, particularly their resistance to
environmental issues like shrinkage and cracking!'?!.

To assess the potential hydric improvements of mortars
incorporating organic fatty acids with opted unsaturation
level in form of linseed oil were added to the mixtures. Pre-
vious research has shown that increasing the unsaturation

level of fatty acids in oils added to lime mortars enhances

the hydrophobicity of the final product!'3 141, The oil was
incorporated into the mixtures at a rate of 1.5 wt.%, in line
with the optimal addition levels recommended in the litera-
ture[!%),

The preparation of mortar samples involved 4 main sets,
distinguished by the type of lime putty used (simple/rein-
forced/oiled). In the laboratory, the dry mixture was blended
with a small mortar mixer to replicate on-site conditions
accurately. The abbreviated sample names, denoted as AL
(air lime) and RL (reinforced Air Lime), OL (oiled), and
ORL (with oil and straw additives) to indicate the 4 differ-
ent formulations. Table 1 illustrates the mass proportional
composition of the mix-design. A consistent amount of extra
distilled water was introduced to both mixes during kneading
to achieve the desired consistency.

Table 1. Mix-design of the investigated samples.

. Non-Reactive Part Kneading Water Additive Oil
o
Sample Ca(OH)2 [wt. %] Straw Addition (wt. %] (wt. %] [wt. %]
AL 25 NO 66 7 -
RL 25 YES 66 7 -
OL 235 66 7 1.5
ORL 23.5 YES 66 7 1.5

The lime putties underwent homogenization using a
mud mixer drill in preparation for mortar synthesis. For
mortar mixes, a manual mixing process occurred for 2 min-
utes, followed by a 20-second pause, and then an additional
2-minute blending. To ensure the uniform distribution of the
oiled mixes, sesame oils were incorporated into mortar mixes
in the following manner. Sesame oil and a small amount of
lime putty were hand-mixed in a plastic beaker for 2 minutes,
and this mixture was then added to the remaining mortar
mix. It was further stirred manually for an additional 4 min-
utes. In terms of the oiled mixes, a thorough dispersion of
the oils within the mortars was visually confirmed, with no
noticeable color change observed to the naked eye.

The mortars were molded into disc-shaped plastic
molds (diameter = 60 mm, thickness =20 mm) on a sturdy
glass support surface. After 24 hours, the samples were de-
molded and left under laboratory conditions (Temperature
=224+2°C, RH =505 %) for 180 days. Initial testing
of the mortars occurred after this 180-day curing period, en-
hancing comparability with characterizations and allowing

for replication in line with a recent study.

Characterizations in this study were conducted after a
180-day curing period to ensure meaningful comparability

with a previous study!!3.

Mercury intrusion porosimeter
(MIP) analyses were performed to determine total pore vol-
umes and porosity measurements. Samples of approximately
0.8 cm? each were subjected to MIP using an AutoPore [V
9500 V1 porosimeter.

Water absorption (WA) was assessed on three disc-
shaped samples for each formulation. Initially, the mortars
were dried in an oven at 100 °C for 24 hours. After cool-
ing and achieving mass stabilization, the dry mass (mdry)
was recorded. Subsequently, the mortars were immersed in
distilled water for 24 hours, and the new mass value under
“saturated surface dry condition” (mssd) was recorded. Wa-
ter absorption of the mortars after 24 hours of immersion in

water (WA24n) was then calculated.

WAy = [(mssd - mdry)/mdry] x100 (1)

The water vapor permeability of the mortars was as-
sessed using three samples for each mix design. The eval-

uation was conducted in accordance with EN 1015-19[6]
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standards, under controlled environmental conditions (tem-
perature of 22 + 2 °C and relative humidity of approximately
40 + 2%). Disc-shaped specimens, measuring 60 mm in
diameter and 20 mm in thickness, were tightly sealed with
impermeable silicone gel onto the openings of glass contain-
ers filled with KNO3 saturated solutions. These solutions
maintained a consistent water vapor pressure within the con-
tainer, with an air gap of about 10 mm separating the sample
from the solution. The pressure variance between the con-
tainer’s interior and the surrounding environment facilitated
the movement of water vapor through the lime mortar spec-
imens. The change in mass over time within the container
indicated the amount of water vapor that passed through the
samples. The sealed containers containing the lime mortar
samples were placed in the specified conditions for a dura-
tion of 30 days. The permeability of mortars indicates their
capacity to permit water vapor passage, which is affected
by the material’s pore structure. This permeability is quanti-
fied using the water vapor diffusion resistance coefficient. A
higher value of this coefficient signifies increased resistance
to water vapor movement, suggesting that the sample is less
permeable and less breathable.

To ensure accurate final calculations as stipulated by
the UNI EN 1015-19 standard, the discs weight measure-
ments were collected at regular intervals over a period of
approximately 20-30 days. The results are then plotted on a
graph (weight loss versus time) to determine the permeability
coefficient, which is theoretically represented as the slope of
the resulting line.

To calculate the water vapor flow, the permeability to

water vapor is determined using the following formula:

Am

PR G5 v

Where:

P = permeability (in kg/(m?:s-Pa))

Am = change in mass (in kg)

A = area of the sample (in m?)

At = change in time (in seconds)

pl = vapor pressure inside the jar (in Pa)

p2 = vapor pressure outside the jar (in Pa)

To evaluate the superficial durability of the mortars—a
crucial property for outdoor repointing and rendering applica-

tions—three disc-shaped specimens from each formulation

underwent 10 freeze-thaw cycles after being cured for 180
days. The procedure involved immersing the specimens in
water for 30 minutes in a controlled laboratory setting (with
a temperature of 22 =+ 2 °C and relative humidity of 50 + 5).
After immersion, the specimens were drained on a plastic
mesh under the same conditions (T =22 £ 2 °C and RH =
50 £ 5) for an additional 30 minutes to remove excess wa-
ter, followed by placement in a freezer at —20 £ 2 °C for 3
hours. Each cycle simulates damaging conditions in cold
environments, where the water trapped in the pores of the
mortars freezes overnight, leading to frost damage due to the
expansion of ice. The superficial deterioration resulting from
visible qualitative changes was assessed after completing the
10 freeze-thaw cycles.

3. Results

The mortars underwent characterization, with reported
values for their open porosity (measured by MIP) and water
absorption after 24 hours of immersion (WA,4y), and perme-
ability values presented in Table 2 and Figure 1, respectively.
In comparison to the reference mortar, which involves con-
ventional lime putty and aggregates, the mortar incorporating
the straw as reinforcement showed a slight increase in open

porosity and water absorption values.

Table 2. Physical properties of the investigated mortars: open
porosity (by MIP) and water absorption (WAz4,). The values of
WAL4n correspond to the average (+standard deviation).

Samples Open Porosity by MIP [%] WA24n [%]
AL 35.6 14.85 (+£0.3)
RL 323 15.02 (£0.4)
OL 25.5 5.02 (£0.4)
ORL 259 6.04 (+0.3)

The abbreviated sample names, denoted as AL (air lime) and RL (reinforced Air Lime),
OL (oiled), and ORL (with oil and straw additives).

The results indicate that the addition of straw to the
lime mortar mixes led to a slight increase in open porosity
and water absorption values of the samples. This finding
aligns with similar observations in other studies, which also
reported higher permeability values when incorporating ad-
ditional fibers!'%l. The study of lime mortars enhanced with
natural fibers and fatty acids provides valuable insights into
their physical properties, particularly in terms of porosity
and water absorption. Traditional lime mortars are esteemed

for their durability and breathability, but the incorporation
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of organic materials can further improve their performance.

[=N
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(&)

AL OL ORL

water vapour diffusion resistance coefficient
-

Figure 1. Resistance to water vapor diffusion of the investigated
samples at 180 days of curing: The abbreviated sample names,
denoted as AL (air lime) and RL (reinforced Air Lime), OL (oiled),
and ORL (with oil and straw additives).

Incorporating natural fibers into lime mortars has been
found to slightly decrease open porosity, leading to a denser
structure that may enhance mechanical properties. How-
ever, this integration also results in a modest increase in
water absorption. The fibers can create additional pathways
for moisture retention, potentially affecting the long-term
durability of the mortar in varying environmental conditions.
Research indicates that while natural fibers, such as sug-
arcane bagasse, can improve certain mechanical strengths,
excessive amounts may reduce ductility !> 18],

The addition of fatty acids to lime mortars similarly
decreases open porosity. This reduction is linked to the hy-
drophobic properties of fatty acids, which alter the mortar’s
microstructure. By transforming hydrophilic pores into hy-
drophobic ones, the water absorption capacity of the mortar
is significantly reduced. This characteristic is particularly
important for applications where moisture control is essen-
tial, such as in historical restoration or in humid environ-
ments % 201,

Interestingly, previous studies have shown that while
both natural fibers and fatty acids modify porosity, the inclu-
sion of oils in lime mortar mixes leads to a marked decrease
in water absorption. Oils fill voids within the mortar matrix,
enhancing its hydrophobic characteristics and facilitating the
transformation of pore types from hydrophilic to hydropho-
bic. Such organic additives can also initiate carbonation
processes that improve strength and reduce permeability, un-

derscoring the benefits of incorporating these materials into
lime mortars (217231,

The integration of natural fibers and fatty acids into
lime mortars yields a dual effect: they enhance certain me-
chanical properties and reduce porosity while slightly in-
creasing water absorption. In contrast, oils have a more
pronounced effect on reducing water absorption due to their
ability to modify pore structures. Understanding these inter-
actions is crucial for optimizing lime mortar formulations
for specific applications, particularly those requiring effec-
tive moisture management. Future research should focus
on the long-term effects of these additives on durability and
performance in diverse environmental conditions.

It is crucial to note that permeability is a significant
factor for many restoration materials, as it directly impacts
the durability of these materials. Enhanced permeability
enables the mortar to breathe and release trapped moisture
through vaporization, contributing to its overall performance
and longevity. Permeability of the mortars can be impor-
tant index to demonstrate their suitability to be served as a
restorative mortar 22,

The water vapor diffusion test results presented in Fig-
ure 1 reveal a subtle uptick in impermeability values of the
mortars when fibers are introduced. This phenomenon likely
arises from alterations in the mortar matrix’s pore structure,
resulting in a denser configuration that hinders fluid move-
ment['%. Comparative analyses have shown that fibers can
indeed decrease permeability in hydraulic lime mortars, but
their efficacy is influenced by factors such as fiber type and
length. Shorter fibers, for example, may enhance specific
mechanical properties without markedly impacting water ab-
sorption rates, whereas longer fibers could elevate air content
while diminishing consistency [>*24],

Permeability plays a vital role in the effectiveness and
longevity of restoration materials, particularly lime mortars
used in the preservation of architectural heritage. It is crucial
to understand the impact of permeability on these mortars,
as it directly affects their moisture management capabili-
ties, which is essential for their durability and success in
restoration efforts.

Permeability is defined as the capacity of a material
to allow fluids, especially water vapor, to pass through.
For restoration materials like lime mortars, increased per-

meability is beneficial because it allows the mortar to
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“breathe.” This characteristic enables trapped moisture to
escape through vaporization, thereby minimizing the risk of
damage caused by moisture accumulation within the material.
High permeability can help prevent problems such as eftlo-
rescence, mold growth, and structural degradation due to
retained moisture. Consequently, assessing the permeability
of mortars is essential for determining their appropriateness
as restoration materials.

Figure 1 demonstrates the resistance to water vapor
diffusion for different mortar samples after 180 days of cur-
ing. The results show a slight increase in impermeability
when natural fibers are added to the mortar mix. This change
is linked to alterations in the pore structure of the mortar
matrix, resulting in a denser configuration that restricts fluid
movement. Adding fibers to hydraulic lime mortars can re-
duce permeability; however, the degree of this effect varies
depending on factors such as fiber type and length. For exam-
ple, shorter fibers may enhance certain mechanical properties
without significantly impacting water absorption rates. Con-
versely, longer fibers can increase air content, potentially
compromising consistency. This complex relationship high-
lights the importance of carefully selecting fiber types for
lime mortar formulations.

The incorporation of natural fibers into lime mortars ef-
fectively reduces permeability. Likewise, the addition of fatty
acids also contributes to this reduction by enhancing the hy-
drophobic properties of the mortar. Interestingly, when both
natural fibers and fatty acids are used together, the overall
change in permeability is less pronounced than when each ad-
ditive is employed separately. Nevertheless, the permeability
remains within acceptable limits for restoration mortars.

This observation emphasizes the need to study organic
additives in conjunction rather than in isolation. The inter-
action between natural fibers and fatty acids may produce
synergistic effects that optimize performance while main-
taining desirable permeability levels. All tested samples
demonstrated an impermeability coefficient of less than 15,
which is consistent with standards appropriate for restoring
architectural heritage structures %],

A comparative analysis indicates that while both nat-
ural fibers and fatty acids positively influence permeability
reduction in lime mortars, their effectiveness can vary sig-
nificantly depending on the context of their application. For
instance, traditional concrete structures often struggle with

water infiltration due to low-permeability materials that can
trap moisture. In contrast, lime mortars with higher per-
meability are better suited for restoration projects where
moisture management is crucial.

Moreover, research has shown that utilizing permeable
materials in construction not only enhances durability but
also supports sustainability by decreasing the environmental
impact associated with repairs and replacements. By allow-
ing moisture to escape rather than accumulate within walls
or structures, these materials contribute to healthier indoor
environments and longer-lasting buildings.

The ways in which natural fibers and fatty acids af-
fect the permeability of lime mortars are complex. When
fibers are introduced, they create a network within the mortar
that influences pore distribution and connectivity, leading
to a denser microstructure that restricts fluid flow pathways.
In contrast, fatty acids interact with the mortar matrix at
a molecular level, potentially filling voids and converting
hydrophilic pores into hydrophobic ones. This transforma-
tion is essential as it reduces water absorption while still
permitting vapor diffusion—a necessary balance for effec-
tive moisture management in restoration applications. The
hydrophobic qualities imparted by fatty acids can also help
protect against external moisture intrusion during adverse
weather conditions.

Permeability is a crucial factor affecting the durability
and effectiveness of restoration materials like lime mortars.
The ability of these mortars to manage moisture through
enhanced permeability significantly influences their long-
term performance. The addition of natural fibers and fatty
acids has been shown to effectively reduce permeability;
however, using them together offers unique opportunities for
optimizing mortar formulations without sacrificing essential
properties. Future research should further investigate the
interactions and effects of these organic additives on lime
mortar performance under various environmental conditions.
Gaining insights into these dynamics will be vital for devel-
oping innovative solutions that enhance restoration practices
while preserving historical integrity.

Superficial durability of the lime mortars were assessed
in freezing-thawing cycles. As a confirmation to previous
studies oiled mortars demonstrated substantially higher su-
perficial durability compared to their non-oiled references,
thanks to their low water absorption and their ability to dis-
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charge the absorbed water content before freezing due to pos-
session of hydrophobic pores. Superficial detachments were
visible for the non-oiled mortar samples after 5 destructive
cycles. The same formulation with addition of natural fibers
demonstrated soundness up to 10 destruc-tive cycles. Such
effect of curing was not reported in previous studies generally
when mortars are reinforced with fibers. The oiled mortars
with and without additive fibers passed over 15 freeze-thaw
cycles that demonstrates addition of oils in fiber lime mortars
can significantly improve their superficial durability.

The durability of lime mortars is an essential factor in
restoration efforts, especially when exposed to environmen-
tal challenges like freeze-thaw cycles?®l. This evaluation
concentrates on the superficial durability of lime mortars,
specifically analyzing how oil and natural fibers impact their
performance in these conditions.

Superficial durability refers to a material’s capacity to
resist surface-level deterioration caused by environmental
factors. Freeze-thaw cycles present a significant risk for
lime mortars, as the expansion of freezing water can lead
to cracking and separation from the substrate. Recent re-
search indicates that oiled mortars show considerably better
superficial durability than non-oiled versions. This improved
performance is attributed to their low water absorption and
the presence of hydrophobic pores, which facilitate effec-
tive moisture release prior to freezing. In laboratory tests,
non-oiled mortar samples displayed noticeable superficial
detachments after just five freeze-thaw cycles, while oiled
mortars exhibited exceptional resilience, enduring over fif-
teen cycles without substantial damage. The hydrophobic
characteristics of oiled mortars enable them to efficiently
expel absorbed moisture, thus reducing the risks associated
with freezing temperatures. These results are consistent with
earlier studies emphasizing the benefits of incorporating oils
into lime mortar formulations to enhance durability under
challenging conditions.

Adding natural fibers to lime mortars has been shown to
further enhance their performance during freeze-thaw events.
Mortars reinforced with natural fibers maintained structural
integrity through ten destructive cycles, a significant im-
provement over non-oiled samples. This finding is particu-
larly noteworthy, as previous research has not consistently
demonstrated similar durability improvements with fiber ad-

ditions.

Natural fibers bolster the overall strength of the mortar
matrix by improving its mechanical properties and poten-
tially modifying its pore structure. The inclusion of fibers
can establish a more interconnected network within the mor-
tar, helping to distribute stress more evenly during freeze-
thaw cycles, which is vital for preserving structural integrity
against environmental stresses.

Bond strength is another critical characteristic of
restorative materials, particularly for repointing or repair-
ing historical structures. An initial evaluation of bonding
was carried out to determine the potential efficacy of vari-
ous mortar formulations in practical conditions. The bond
strength of lime mortars is heavily influenced by the con-
dition of the substrate, making it essential to replicate site
conditions for a more accurate assessment.

In this study, all mortar samples underwent a repointing
simulation, providing an initial evaluation of their bonding
capabilities. Throughout the first year of observation, no
signs of biological attacks or durability issues were noted,
suggesting that the mortars retained their integrity under
natural conditions. However, further monitoring and more
comprehensive studies are needed to gain deeper insights
into their microstructures and mechanical properties.

Following each natural freeze cycle, oiled mortars ex-
hibited frozen surfaces, whereas non-oiled samples showed
dry surfaces despite higher water absorption rates. This dif-
ference can be explained by the freezing point of sesame
oil (—6 °C), which may bond with any frozen water on the
surfaces of the oiled mortars. This interaction underscores
the importance of understanding how organic additives affect
moisture behavior in lime mortars. The frozen surface of

oiled mortars is visible in Figure 2.

Figure 2. Frozen surfaces of the oiled mortars and dry surfaces of
non-oiled mortars after every natural freezing cycle.
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Despite encouraging findings on superficial durabil-
ity and bond strength, additional research is necessary to
investigate the long-term performance and potential uses of
these modified lime mortars. Extended monitoring will be
crucial for evaluating how these materials endure various
environmental conditions over time. Moreover, advanced
characterization techniques will shed light on microstructural
changes and moisture properties that evolve as these materi-
als age. Such investigations are currently in progress and will
be reported in future publications. The superficial durability
of lime mortars is significantly improved by the addition of
oils and natural fibers. These enhancements not only bolster
resistance to freeze-thaw cycles but also positively influence
bond strength in practical applications. As restoration meth-
ods advance, understanding the effects of various additives
on mortar performance will be vital for developing effective
solutions that protect architectural heritage while ensuring
durability under challenging environmental conditions.

Future research will continue to delve into these as-
pects, providing valuable insights into optimizing lime mor-
tar formulations for restoration initiatives while maintaining

compatibility with historical structures.

4. Conclusions

Throughout history, lime mortars have been combined
with organic additives to address deficiencies such as slow
setting times and hydric properties. These additives, which
have included oils, straw, and more, have been traditionally
used to enhance the performance of lime mortars. This study
specifically examined the effects of incorporating straw and
sesame oil into lime mortar mixes, focusing on their impact
on open porosity, permeability, water absorption, and dura-
bility. While previous studies have explored the effects of
natural fibers and fatty acid additives on lime mortars sepa-
rately, this study investigated their simultaneous inclusion in
mortar mixes.

The results revealed that the simultaneous addition of
sesame oil and straw led to a decrease in water absorption
values of the mortars by 77%. Additionally, the incorpo-
ration of sesame oil resulted in a notable 30% increase in
impermeability values. However, when both sesame oil and
straw were added together, the increase in impermeability

was less than 20% compared to the reference mortar without

additives. These findings suggest that the combined addition
of sesame oil and straw has a lesser impact on the mortar’s
permeability values, which is beneficial for the long-term
preservation of historical substrates. The combination of
straw and sesame oil enhances hydric properties without
compromising the mortar’s structure and permeability.

These results emphasize the sustainable nature of lime
mortars in restoration projects, highlighting their compatibil-
ity with traditional masonry practices. By combining natural
fibers with fatty acids, mortar durability is improved, offer-
ing a promising avenue for enhancing performance while
retaining essential properties. This study recommends further
research on lime mortar additions for architectural restora-
tion projects, focusing on maintaining historical authentic-
ity while enhancing functionality. Incorporating straw into
lime mortar mixes has been shown to slightly enhance open
porosity and water absorption values, aligning with previous
studies emphasizing the relationship between fiber additions
and increased permeability. Although reducing permeabil-
ity is often a goal in developing new materials, it is crucial
to recognize that permeability plays a vital role in ensur-
ing the durability and conservation of historical substrates.
The modest increase in permeability observed with straw in-
corporation remains within acceptable limits for restoration
purposes.

While the addition of oils typically reduces water
absorption significantly, it can introduce microstructural
changes that may compromise mortar mechanical proper-
ties. However, the simultaneous inclusion of natural fibers
and oils presents a promising strategy, enhancing hydric
properties while inducing only minor microstructural and
permeability alterations. Lime mortars are inherently sustain-
able materials for restoration due to their historical masonry
compatibility.

Despite facing challenges like low carbonation rates
and inadequate mechanical strength, lime mortars have nu-
merous advantages, including improved mechanical prop-
erties and enhanced durability. Adding straw not only ad-
dresses these limitations but also positively influences over-
all mortar performance. Combinations of natural fibers and
fatty acids have demonstrated improved durability, suggest-
ing effective performance enhancements without significant
compromise to other essential properties.

Research consistently shows positive effects of fatty
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acids on lime mortars, particularly in hydrophobizing cav-
ities. While these cavities reduce mortar water absorption
significantly, microstructural alterations resulting from oil
presence can be disadvantageous. Moreover, the reduction in
permeability can pose challenges for oiled lime mortars. This
study demonstrates that straw can mitigate the impermeability
increase caused by fatty acid addition, partially addressing a
crucial question that requires further investigation.

Future research should explore how straw interacts
with various additives, including fatty acids, to better under-
stand their combined effects. This exploration will address
existing knowledge gaps and reveal opportunities for lever-
aging fiber-reinforced lime mortars in sustainable building
practices. Advancements in this field will contribute to more
effective restoration strategies that respect historical integrity
while promoting environmental sustainability. This study
highlights the potential of organic additives such as straw and
sesame oil in lime mortars to enhance their properties while
remaining compatible with traditional construction practices.
It suggests careful consideration of additive combinations
to optimize performance without compromising essential
characteristics like permeability. As interest in sustainable
building materials grows, further research into innovative ad-
ditive combinations will be crucial for developing effective
solutions that maintain historical authenticity and modern
functionality.
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