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ABSTRACT

There 15 scarce information about biclogical colomzation of dams. However, like amy
other shuctmre, they are subjected to the achon of different cogam=ms. In this study,
dams=. hichens, brvophyvtes and diatoms have been observed. and it has been nobiced that
thew atundance and dismbubon 1= related to the climafe condihons and the mlative
postion of the water level Besides, little 1= known about the mfluence of the cement
composihon on the groweth of these crgamams, which 15 oportant because of the current
use of cements with different addihons. In crder to answer this question. tests have been
done using 2 non hchemeed fungus, namely Adspegilln: miger, because hichen
mycoblonts grow very slowly m the culture. Cement mortars with different compositions
cured durnng 28 days and subjected to artificial cabonation m the OO0, chamber were
moculated wath spore suspensions of 4. niger and the degree of colomization was
observed after three months under sterec and optical mucroscope as well as
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Emaronmental Scanning Flectron Microscopy (ESEM). Besides, poresity and pore size
of the samples were measured with the meroury mirusion method. It was observed that
the husher porosity of the samples with 3% lme filler allowed the fungus to grow more
eazily. However, this effect was not observed in the samples with higher lime filler
percentage. which 15 atmbuted to the higher Ca content. Whereas the mortar with
puzzolame addihons with the lessar povosity was the least colomized

Eeywords: Dams, biological detenoration, lichens, fungi, dspergillus niger

LIST OF MENTIONED GENERA

Fontinaliz, Tillandsia

LIST OF MENTIONED SPECIES

Aspergilluz miger, Caloplaca austrocitring, Linmeperma fortunsi

1. INTRODUCTION

There are many factors, hke temperature, rain and humedity, that mfluence the durabihity
of structures and the presence of orgamisms 15 one of them. It 15 well known that after the
construction 15 finiched, different species will settle on the new available habitat ranging from
microscople bacteria and cyanobacteriza to plants and animals, which may cause
biodetenoration: any undesirable change in the properties of a matenal caused by the wvital
actmhies of crgamsms (Warscherd and Braame, 2000). Orgamzms wall grow on a bulding and
mechamsms and extent of the alteration will depend on the misrachion of three factors: (1) the
charactenstics of the material such as composibion, pH, and poresity; (1) the weather condibions of
the location and (m) the bota, commmmity of crgamsmes, present in the =zone. Grven the tmme,
different species will colom=e the bwldmg and develop an ecosystem (Caneva et al, 2003).
The above menfioned phenomenon 15 well known and kas been widely researched. simece 1t 15
a serious threat to many historical mldings and monuwments around the world, causing
concern among those respensible of hernitage conservation (Caneva et al, 2003). Like amy
other structure, dams are subjected to the achon of different crganizms, but there 15 scarce
mnformation about microbiological colomzation of dams, axcept Covenham reservow in South
England (Fizg et al, 1986) and others from Argentina (Flosato and Traversa, 2000; Rosato,
2008; Traversa et al, 2001} In mmspected dams, lichens, bryophytes, and diatoms have been
observed (Rosato, 2008).

It 15 cunous to note that hehen species have a clear distnbution pattern 1 the dams of
Tandil (Figure 1) and Azul (Buenes Aires provinee, Argentina): the vellow species grow n
the upper part; the grey/zreen species are in the middle part and the black species in the lower
part. This distmbubion pattern was also descnbed 1 the Covenham wave Wall (Lmeolnshire,
UK} 1n a sea environment, and has been attmbuted to differences in superficial moisture.
Thus 15 probably the case bere, becanse the concrete retans quite a great percentage of water.
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Figura 2. Map of Argentina showing the location of the mentioned dams.

As for the impact of these colonisations, lichens, and other phototrophic organisms may
cause mechanic and chemical weathenng, but 1t 15 only superficial and does not affect the
structure. In the caze of the Tandil dam m Buenoz Aires Province, observations with Scanning
Electron Microscope (SEM) showed that the hyphae of the mycobiont. fungal partner of the
symbiosis of the lichen Caloplaca austrocimina, penetrate the matenial. As the hyphae absorb
water from the environment, they grow and expand, so the turgor pressure increases, exerting
forces on the matenal and causing damage to microscopic structure of the mortar. This
mechanism generates bonng channels causing a2 micropiting (perforations between 10 — 20
um). Electron dizpersive Spectrometry (EDS) revealed that the matenal affected by lichens
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had very low calemm content of 5.3%, compared to the 59 4% of the non-colonized concrate,
whereas optic microscope observations of thin sections gave as result that C ausfrocitring
penetrated the cement matenal up to 1 — 1.5 mm (Traversa et al, 2000; Traversza et al., 20010
However this 15 considered mostly a5 an aesthetic problem. not affecting the safety or the
operation of the dam; and so, cleamng 15 not performed. as the costs would be too high
without a clear benefit. The case of flowenng plants 15 different, because ther roots exert
pressure on the material increasing the size of fissures. However, plants were not cbzerved m
the Buenos Awe: dams and were not mentoned for Covenham, either. In the case of the
Tucuman dam. only small Tillandria sp. was seen, but these are epiphytes. wathout a well
developed root system. A very important biodeterioration problem for dams 1= the presence of
mussels. We must mention the golden mussels [Limneperna fortuner) that mvaded the Parana
and Urnguay rvers up to the South of Braml. These spectes can reach densihes hizher than
100,00) md 'm® and canse great economic losses due to obstuction of pipelines, interruption
of the fanchon of different systems, cleaning, repair, lost profits, ete. Like other mmssals, I
Jortunei has a svstem to attach it to the substrate by means of an mert sclerotized sthucture
formed by threads called “Byzrns”, which penetrates the matenal of the colomrzed substrates
and can produce detenorafion of concrete structures (Gareta et al, 2011).

Sometimes orgamsms can have 2 protective action. Thi= was noticed m a fifty — vear old
dam in Tueuman Province (Argenfina), mn a zone of subtropical mountain forests: the wall
was covered by a thick carpet of mosses (Fonfinalis sp) that prevented further erosion by
sediments and pebbles camed by the water dwing the ramy pencd, when the water flow and
stream force mnerease. In this case, the problems were not caused by the orgamsms. but the
age and quality of the matenal (Rosato, 2008). The sruation mentioned above 15 athibuted to
the high porosity of the material, since this means a lgher rate of water absorphon and a
longer water retention penod which creates a more favourable condibion for the growth of
microorganisms, as already observed in sandstone and bnick (Fosato, 2010; Gareia and
Eosato, 2011). However, no mformaton could be found about the influence of the cament
material composiion and poresity related to the growth of microorganisms, sinece the current
use of cements 15 with different addifons. At present, the wse of cements with additons
generates vanafions m concretes with the same resistance (project resistance) as regards to
water absorphon, zbsoiphion ecapacity, 1mitial and superficial absorphion, percentape of
hydraton compounds at the same age, ete.

For instance, when portland cement 15 replaced with lime filler, there 13 a greater
bhydraton degree m a shorfer fime without generating an merease in the final volime of
hydraton product since this addihon does not generate hydraton products with cemenfing
properties; there 15 a relafive inerease of the water/cement (w'c) ratio. As for the addihion of
slag, their reaction 15 delaved in fime, causing an effective ncrease of the wic ratio 1n the
system, lower quantfy of mitially reactive matenal only at early ages. In both caszes the
porosity and sbuchwe of pores 1= affacted, varving according to the percentages of addition
(Menendez et al, 2006). In concrete dams, cement 1= 2 matenal that has to be specified
according to the part of the stucture of the dam where 1t will be located. According to the
different needs, nommal cements with low confents per cubic meter, cements with low
hydration heat or cements with different addifions are wsed. In more recent fime, the use of
additions and replacements, at important percentages that work with sustamabality, makes
necessary this kind of studies in order to be able to anficipate the influence of biodsterioration
on the concrete surface and assezs s incidence 1o the aging or alteration of the matenal.
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The aping process of concrete 1z a factor of fime, causing wreversible phenomsena that
lead to a decrease of the onginal confidence margins of hydraulic structures. The rate of aging
depends on the quality of the design, techmolozy of constructing the dam, and operating
conditions. When aging the reinforced concrete stuctures are managed, the kind of matenals
used has to be taken mto account to define the cnatical stmctures and to assess the degradation
factors that may affect thewr performance. Cement 15 the central matenal i this assessment,
not only from a stuchural point of view, but also considermp durability standards and even
aesthetic factors i the case of a reinforced concrete structure.

In order to make this assessment, accelerated agmg techmiques are used. A review and an
evaluation were conducted of accelerated amng technigues to provide data. These tests can
supply data to develop for service hife models or that by themselves can be used to predict the
service hife or performance of reinforced service life models of reinforced concrete structures.
The most promusing approach for predicting the remaiming service life of concrete imvolves
the development of a reference source that contains data and information about the vanahon
of the matenals related to the environment condibons and the exposure fimye would be helpful
to predict potential detertoration of cntical components of stuctural concrete 1n the long term.
Thiz would also allow setting lmuts on hostile emaronmentzl exposure for these structures
upon the emvironmentzl condibions. This why it 15 1mportant to use accelerated test to assess
biological detenoration of matenals, as those used by Wiktor et al. (200%) and Prunell et al.
(20113

The aim of this study 15 to compare the growth and development of funzi on cements
with different additions and identify the factors that allow a faster colomization by these
orgamsms and find the parameters that can be set in order to mhibit the mocroorganism's
growth.

2. MATERIALS AND METHOD

Testz have been done using 2 mouwld, namely Adspergillus niger, nsmg a techmgue similar
to that descnbed m Wiktor et al. (2009), allowmmg a fast development of the funzi and to study
the extent of colomzaton and detenioration. 4. miger 15 common 1n so1l and walls of ancient
burldmgs. It 15 a usual part of the anboine fungal species. due to the production of oumerous
spores, fast growth and its abdity fo develop im 2 wide remge of condifioms. It 1= an
opportunistic specles and not exclusrve of hentage buldmgs, but it can hamm the matenal
because 1t produces crnc and oxalic acid that reacts with the free calemum 1ons present mn the
substrate to form orgame zalts, leaving a2 patna. However, ke other funm and lichens, 1t
cannot grow on fresh cement matenals, because of thewr high pH: the mould can only colonize
substrata with pH under 9.5; so it 15 necessary that the carbonation process has advanced
encugh to lower the pH to the mould’s tolerance range.

As desenbed by Prunell et al (2011}, normal cement meortar test samples dosed wath
different percentage additions of lime filler and puzzolan (Table 1) were cast m acryhic forms
of 11 em =12 em (Figure 3} that vielded 3 specimens of 1 em #6.5 cm =2.5 cm each (Figure
4. Once freed from the mold, test zamples were cured duwnng 28 dayvs and subjected to
artficial carbonaton i the C0y chamber dunng one week., The samples were placed m
sterle 500 ml contamers prepared with vermuculite covered by a filter paper, wetted with 40
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The zging process of concrete 1= a factor of hme, causing ureverzible phenomens that
lead to a decrease of the onginal confidence margins of hydraulic stuctures. The rate of aging
depends on the quality of the desipn, technology of constructing the dam. and eperating
condittons. When aging the reinforced concrete stuctures are managed, the kind of matenals
used has to be taken mto account to define the enitical stuctures and to assess the degradation
factors that mav affect thewr performance. Cement 15 the central matenal m this assessment,
not only from a sbuchural point of view, but also considenng durabality standards and even
aesthetic factors in the case of a remnforced conerete structure.

In order to mxake this assessment, accelerated azmmg techniques are used. A review and an
evaluation were conducted of accelerated aging techmigues to provide data. These tests can
supply data to develop for service life models or that by themselves can be usad to predict the
service hifs or performance of remnforced service hfe models of remforced concrete structures.
The most promusing approach for predicting the remaiming service life of concrete 1mvolves
the development of a reference sowrce that contains datz and information about the vanaton
of the matenals related to the environment condifions and the expeosure time would be helpful
to predict potential deterioration of entical components of stuctural conerete m the long term.
Thiz would alzo allow sethng lomts on hostle environmental exposure for these stractures
upon the exvironmental condibons. This why 1t 15 unportant to use accelerated test to assess
biological deterioration of matenals, as those wsed by Wiktor et al. (2009} and Prunell et al.
(2011).

The zim of this study 1s to compare the growth and development of funm on cements
with different additions and 1dentify the factors that allow a faster colomizabion by thesze
orgamisms and find the parameters that can be set i order fo mhibit the omercorgamsm’s
srowth.

2. MATERIALS AND METHOD

Tests have been done using a mould, namely dspergillus niger, usimg a techmque similar
to that desenbed m Wiktor et al. (2009), allowing a fast development of the fung and to study
the extent of colomzation and deterioration. 4. miger 15 common in soil and walls of ancient
buldme=. It 15 a usual part of the anborne fangal species, due to the production of pumerous
spores, fast growth and its abality to develop 1 2 wide range of conditions. It 1= an
opportumshe species and not exchisrve of hentage bmldmgs, but 1t can harm the matenal
because 1t produces ciine and oxalic acid that reacts with the free caleium 1ons present in the
substrate to form orgamic salts, leaving a patina. However, ke other funz and lichens, it
cannot grow on fresh cement matenals, because of their high pH: the mould can only colonize
substrata with pH under 9.5; so 1t 15 pecessary that the carbonation process bas advanced
enough to lower the pH to the mould’s tolerance range.

As descnbed by Prunell et al. (2011}, normal cement mortar test samples dosed with
different percentage addittons of lime filler and pur=olan (Table 1) were cast m acrvhie forms
of 11 em =12 em (Figure 3} that vielded 3 specimens of 1 cm =65 em 2.5 cm each (Figure
4). Once fread from the mold, test samples were cured during 28 davs and subjected to
artficial carbonation in the C05 chamber dunng one week. The samples were placed 1
sterile 500 ml containers prepared with vermiculite covered by a filter paper, wetted with 40
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mL of sterile distilled water. and inoculated with 2.5x10% spores/ml suspension of 4. niger
from a strain ongnally obtamed from the wall of San Francisco Chuwrch of La Plata and
previously cultured in malt-extract agar in the chamber at 34 — 35°C. The degree of
colonization was observed after three months under stereo and optical microscope as well as
ESEM. Bezides, porosity and pore size of the samples were measured with the mercwry
intrusion method.

This method consists in the mjection under pressure of 2 known volume of mercury mto
the sample. For each pressure interval considered, the observed mercury amount indicates the
volume of open pores that have a determined interval of radius size. In this way, an
absorption cwrve can be obtained and the total pore volume can be caleculated (ASTM
Standard Norm D 4404-84; Moscou and Luby, 1981; Van Brakel et al, 1981). Since mercury
enters the bigger pores first and then the smaller ones. the obtained absorption curve allows to
know the percentage of the total volume for a given pore radius size and calculate the
percentage of the total volume for 2 given pore radius size interval

Figure 3. Acrylic mold.

Figure 4. Mortar specimens.
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Figure 5. dspergilluz niger in culiure.

Table 1. Composzition of the used experimental moriar mixtures and their dozification

Mixnge | Water (z) | Cement (z) | Sand (g) m‘ﬁml Fillr | Puzzolan
W 21 .00 105 05 . .
TCES 6} 335 105 06 R .
WCEI0 531 3150 105 08 0% -
TCEDS 1 500 1% i 3% -
NCP1S 21 20.75 105 05 . 15%
OIS 1 38.00 105 08 . 0%
NP5 71 635 105 08 - 239

{MC: Mormal Cement; NCLF5: Mommal Cement with 5% Lime Filler; NCLF10: Mormal Cement with
10% Lime Filler; MCF15: Mommal Cement with 15% Lime Filler; HCPL15: Normmal Cement with
15% Puzzolan; WCP2): Nomaal Cement with 20% Puzzolan; HNCP25: Normal Cement with 23%:
Puzzolan).

The natwral purzolan uzed 15 of puneral ongm. It 15 a product of the transformation of
voleamie dust and “ashes”, incoherent pyroclazhc matenals formed dunng explosmve
sruptions. They are nch o zlass and chemcally reactve; so thev are prone to endogsnous
reachons, rechifizaton and cementation. When submutted to confinuous atmosphenc action,
known as meteonzaton, 1t forms 3 tuff, that 15 a voleanie rock, more or less consolidated and
compact, crvstalline, and vitreous. Therefore, it needs to be finsly ground down to fme
cement, hke powder before it can be added to the puxtures. It contains sibicates amd
alurminates that combme with the calemm hydromde freed dunng the hvdration reactions at
environment temperature forming low solobibty compounds with agglomerating propertes,
fillmg the capillary poves of the concrete. The lime “filler” used 15 a finely ground calcarsous
matenal of morganic nature and mineral ongm, formed mainly by caleium carbonate, with a
favoursble imfluence on the propernies and behaviour of mortar and concrete, mm fresh
condition as well as hardened. Its composition 15 charactenzed by a hmestone of high punty,
with CaC () content ligher than 75%, and 2 maximum clay content of 1.2%.

The coverage percentages of 4. miger were measured usmg a grid that cireumsenbed =ix
equal parts of the specimen; each part was photograpked and the image was used to estimate
the coverage percentage of the fungus for each part; the obtamed percentages were used to
caleulate the general average of three specomens for each kind of nuxiure.
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3. RESULTS AND DISCUSSION
A.1. Microscope Observations

Images show that the mould 4. mizer was able o grow more on muxtwre NCLFS,
comresponding to an additon of hme filler in 3 3% proportion (Figure 6d), whereas the lazser
erowth of the mould was observed m test samples prepared with mixtuwre NCP25, that made
of the addinion of puzzolan m 23% proporton (Figure 6n).

It can be also noticed that non-colomzed swfaces have a smooth lock, whereas the
colomzed ones seem more tregular and rough (Figures &a — 6n).

The novmal cement 2T was covered 1 42% (Table 3). The highest coverage percentage
was observed on NCLF5 (MNomal cement with 5% hme filler), with 56%, whereas the lowest
15 11%% and comespends to NCP23, wath 25% puzzolan. As already observed by Wiktor et al.
(2008}, funzi can be moculated m mortar samples and are able to growth 1o laboratory
condittons, which allows an easier study of the biodetenoration mechamsms caused by them.

However, in this case, we obzerved differences i mould growth according to the mertar
composition. The standard desiations, for each mixture, 15 about 4.75 and that of the coverage
percentages for all mivtures 1= 17.68, mdicating there 1z indesd a wnder data dispersion
between the coverage values among different mochires.

To understand these results, 1t 15 mmpertant to consider different factors, especially the
mfluence of the caleium proportion and mucroporosity which will be analvzed mm the next
sectlons.

Table I, Growth vartation of the 4. miger according to the mortar mixiure

Mncure Growth % (average of three specimens)
MC 4z

HCLES 5

NCLF10 40

NCLF15 15

NCP1S

RCE2D 30

P25 11

Each observation is the average of three replications.

Mlixnige Witk.d. Hifger
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Figare 6. Confinued on next page.
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Muxture

Witk 4. wiger

NCFLIO

NCFL1S

NC?15

NCP2S &=

Figure 6. Comparison of colonized mortar specimens inoculated with 4. niger and those non-colomized.

3.2. Environmental Scanning Electronic Microscope Observations

NC (normal cement) has a smooth swrface, with small pores, about 4 — 5 pm diameter
and scarce hyphae of A. miger, about 10 and 12 um diameter (Figure 7). NCLF3 comresponds
to cement with hme filler 5% (Figure 7b). Its surface 15 nregular and porous. There are
numerous small pores 2 — 3 um diameter, about 59% of the total counted on the picture,
others more scarce 14 — 18 um, 24%, and bigger ones between 30 — 40 um diameter, 15.5%.
with only a big pore 80 um. 1.5%. In this case it can be noted that the mould colomzation 15
abundant. NCP235 15 cement with puzzolan 25% (Figure 7d). Its surface 15 very smooth, with
few small pores having 2 — 5 um diameter, and the colomzation 15 scarce, with § — 10 uym
diameter hyphae Except for NCLFS. there 15 very httle vanation m pore size. There is also
slight vanation in the diameter of the hyphae. It 15 also noted in further observations that the
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mould tended to grow i chosters around the moxture’s elasts (Figures 7d — 73}, but the growth
15 leszer i mxture NCLF1S, with high content of filler, WCP20 and MCP25, with 20% and
25% puzzolan, respectrvely. Here it was obzerved that hyphas had 10 — 12 pm diameter but
only 7 — 8 pm on the muyctures NCLF1LS, NCPX) and NCP25. This pattern mdicates that the
fungus tends to grow in the areas with a higher confent of free caleium 1ons.

3.3, Electron Dispersive Spectroscopy Microanalysis

Samples were alzo analyvred with ED¥S to assess ther elemental compoziton. Observing
the composition of the mortars, we find the caleium percentage decreases with the mmcreasing
amount of puzzolan (Table 4).

Table 4. Chemical compozition of the mortar samples

Element | WNC | NCLIFS | NCLF10 | WCLF1S | HCP1S | NCP2D | MWCP23
C 11.82 L1 824 11.43 7.25 875 1188
] 43103 41.38 47 4158 3893 46.79 5258
Ha - D - - - - -
Mg 031 040 0.7 01e - - -
Al - 132 .36 0.13 0.83 0.15 -
5i 1.50 363 159 131 120 .86 0.7
Ca 1305 1.7 4348 4316 48.53 2108 3284
Fe - 005 - - 1.15 047 -

This could explain why the mould grows so scarcely on these mixtures. In contrast, there
15 mo Imcrease of growth m the mixtures with mereasing percentages of lime filler; but rather
the confrary. This indecates that the mpeortant charactenste for the mould 15 the free caloum
available as hydroxide and soluble salts rather than the total caleium percentape.

3.4, Mercury Intrusion Porosimetry

This technigue allows to measure pore volume and size. In this case only three specimens
were tested: normal cement NC, NCLF 5 (wath 5% filler), and NCP25 (with puzzolan 25%0).
Smee mercury infrusion poresimetry allows knowmg the disimbution of the size pores of the
material, 1t 15 interesting to analyze this aspect and see how 1t may affect the growth of the
M CTOOrEANIEmS.

For thus reason, the matenals with the lowest (MCF23) and the highest fungal coverage
{MCLF3) were chosen and compared to the normal cement (M), to look for differences
the mweroporosimetry, especially at the pore sizes related to the diameter of the hyphae (Table
5.

The total pore volume of the samples were 92.2 mm for sample NC; 116.2 mm” for
NCLFS5: and 1032 mm® for NCP25
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Figure 7. Growth of 4. niger according to mortar additions observed under ESEM (7a: Growth on
normal cement NC: 7b: Growth of moulds on cement with 5% filler NCLF3:7¢c: Growth on cement
with 25% puzzolan NCP25: 7d: Growth on normal cement mortar NC: 7e: Growth on cement mortar
with 5% filler NCLFS; 7f: Growth on cement with 10% Sller NCLF10; 7g: Growth on cement with
15% filler NCLF15, 7Th: Growth on cement mortar with 15 % puzzolan NCP 15; 7i: Growth on cement
mortar with 20 % puzzolan NCP20; and 7j: Growth cement mortar with 25 % puzzolan NCP25).
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At the analyvzed percentages, the normal cement sample has the lowest porosity; the
additional proportions mm the studied mortars only cause a dilubion effect. When the
percentage of pore volume at the defined pore radius size mterval 15 examined. another factor
appears: normal cement (MO has the lnghest proporhon of iz pores, whereas NCP23,
normal cement with 25% puzzolan, has the highest percentage of small and very small pores.
Their percentages for MOCES, nommal cement with 3% lmme filler, are mmfermediate between
the other fwo kinds of muxtures, except for the percentages of the total pore veolume caleulated
for the pores between 1 000-10,000 A

Howrever, the relevant pore size to consider regarding fungzal colomzation 15 the inferval
of 10,000 — 100,000 A (1 - 10 um), because the kyphae have a diameter of about 10 — 12 pm.
NC has 2.2% agaimmst 0.9% of both MCLFS and NCP25. In one hand, pore size distribufion
does not explain the differences of fungal growth between these two kinds of muxtures. In the
other hand, WCLFE3 has a good proportion of pores bigger than 10 pm, not measured by this
method but observed in the ESEM 1mages.

Concrete dams can be colomized by different organisms that can deteriorate them (Figg et
al.. 1985, Fosato and Traversa, 2000; Fosato, 2008). The kind of the orgamsms present and
the extent of the damage will depend not only on the weather condihions, but also on the
charactenistics of the material. Wiktor et al (2009} cultured moulds on mortar samples and
dezeribed the mechamisms of biodeteniorafion. These mechanizms are common for fung and
lichens (Caneva et al., 2003; Traversa et al., 2000; Traversa et al., 2001). Ths culture method
was adapted and in the prelimunary study we observed growth differences accordmg o
different mortars nsed as substrate (Prunell et al, 2011}, In the case of mortars with filler, the
presence of bigger pores and the lugher caleium concentration appears as favourable for the
more intensive growth of the mould. As for the mortars with puzzolan additon, the mixture
does not end the reachon at the age of study to close the porosity of the mortar at the used
proportion, but the presence of caleium hydroxide enhances the prowth of the mould, butin a
clearly less intensive way than the muxture with filler.

Table 5, Variation of the percentage of the total volume for each pore radius size range
(Microporosity amalvzs)

s

I;;i“‘fmaﬁm forpore | e MCLF5 NCP25

=10 0 343 303

0-100 35 BT 27

100 — 1,000 350 317 153

T.000— 10,000 53 94 ]

10,000 — 100,000 23 09 09

CONCLUSION

It was postulated that the higher porosity of the samples with 5% hime filler allowed the
fungi to grow more easily. However, this effect was not observed in the samples with higher
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lime filler percentage whereas the moriars with puzzolame addifions, having lesser porosity,
were least colonized.

It st be mentoned that the byphae had a smaller diameter when growing on mestures
with 15% hime filler or igher percentazes of puzzolan (20%% — 253%). When the mcroporosity
15 examned, the normal cement has a ugher percentage of the pore volume m the 10,000 -
100,000 A, pore radius range from 1 pm to 10 pm, the size where fimgal hyphae (3 — 12 ym
diameter}) would fit. NCLFS and NCP25 have the same percentage of the pore volume at that
pore radms range.

Therefore, mucroporosity deoes not explan the difference mm fungal growih between
MWNCLFS and WCP25. Anyway, NCLFS has the lnphest parcantage of the pore volume in the
1,000 - 10,000 A pore radius ranging from 0.1 ym to 1 pm. It is possible that the smaller
byphae (3 ym diameter) have small tips that can get 1nto these pores that are later disrupted as
the hyphae grow.

Mixtures NCLF10, NCLF13, NCPL35, and NCP20 have lugh calcmum values whereas
MCF25 has the lowest percentage. This may explam the difference of fungal zrowth between
MCLFS and WCP25, but do not account for the lesser growth of the mould on the other
muxtures. However, since calemm salts have low solubihity, a lgher caleium proporfion
means that only small 2 part will be dissolved and the rest will be mm excess. The
copcentation of caleium 1ons 15 an mwportant factor for fungal growth, but only as long as
there 13 soluble caleium and not an excess of calemum.

Therefore, as a recommendaton, the porosity and the free calemam ions of the mortar
should be kept as low as posmible, especially when bwmldmg a structure that will be
permanently wetted, as it happens with dams. This can be achieved by a careful dosing of the
muxture and by keepmg the water — cement relation=hip to 3 puminmm.

However, 1f 15 important to remember this will not prevent the growth of mucroorgamsms,
but delay thewr appearance.

Another fact to consider 1= that following the recommendations indicated above would
mean lower mamtenance costs requred by 3 more compact structure, with the benefit of an
mnereased durability.
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