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DURABILITY OF STRUCTURES AND PROTECTION FROM CORROSION

T he durability of a building is a
characteristic of the structure
expressed in its ability to
maintain its stability and load-

bearing capacity over its intended
lifetime without a marked reduction in
performance or the occurrence of
unforeseen maintenance costs for the
structure [1 ÷ 4]. Clay brick is
considered to be one of the most durable
building materials. However, despite its
resilience, it is subject to environmental
influences and slow deterioration
processes. The principal external factors
that cause deterioration of brickwork
include physical impacts due to freezing
water, chemical impacts due to the
presence of salt and biological impacts.
In actual conditions, the external
influences as well as the corrosive
processes are usually synergistic in
nature. The mechanisms that cause
damage to structures interpenetrate and
amplify each other. Sometimes the
effects of one interaction enable the
initiation of another process. For
instance, a change in the pH of the
substrate or an increase in its salinity as

a result of chemical corrosion enables
and promotes the initiation and growth
of microorganisms that cause biological
corrosion. The prerequisite for all the
above corrosion processes to occur is
the presence of water [Fig. 1]. It can
even be stated that it is the biggest
‘aggressor’. Its impact can be divided
into direct and indirect. The direct one
involves a change in the texture of the
material due to the presence of water. In
the indirect mechanism, on the other
hand, water acts as a factor that allows
certain corrosion processes to occur. As

mentioned, this includes frost damage,
chemical corrosion and biological
corrosion.

Water is a factor that in itself poses
a threat to the material as under its influ-
ence the texture of the material changes
resulting in a deterioration of the mecha-
nical properties [6]. In addition, its pre-
sence is a prerequisite in the process of
chemical corrosion leading to the occur-
rence of efflorescence and subflorescen-
ce, which in turn results in aesthetic de-
terioration and loss of material compact-
ness, respectively. Also in frost attack,
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Abstract.The article characterizes the basic factors significantly
affecting the durability of brick masonry, especially clay brick.
The most significant of these is water, which itself poses a threat
to the masonry, as well as enabling other corrosive processes.
Water also changes the texture of the brick, which causes
deterioration of its mechanical properties. It allows the transport
of salts, which crystallize causing the material to lose its
compactness. Also in frost destruction, freezing in the pores of
the material leads to its destruction. Water is also necessary for
the growth of living organisms and microorganisms, which are
the cause of biodeterioration.
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Streszczenie.W artykule scharakteryzowano podstawowe czyn-
niki mające istotny wpływ na trwałość murów ceglanych,
a przede wszystkim cegły ceramicznej. Najważniejszym z nich
jest woda, która nie tylko stanowi zagrożenie dla muru, ale rów-
nież umożliwia inne procesy korozyjne, zmienia teksturę cegły,
co powoduje pogorszenie jej właściwości mechanicznych,
a także umożliwia transport soli, które krystalizując, powodują
utratę zwięzłości materiału. Ponadto zamarzając w porach ma-
teriału, prowadzi do jego zniszczenia. Woda jest również nie-
zbędna do rozwoju organizmów i mikroorganizmów żywych, bę-
dących przyczyną biodeterioracji.
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racja; destrukcja mrozowa.
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Fig. 1. Factors determining the durability of brickwork [5]
Rys. 1. Czynniki kształtujące trwałość murów [5]
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wa ter fre ezes and expands, which is ac -
com pa nied by cry stal li sa tion pres su re
cau sing ten si le stres ses. Wa ter is al so of
cru cial im por tan ce as the growth of both
or ga ni sms and mi cro or ga ni sms is on ly
po ssi ble in a hu mid envi ron ment.

The effect of water
on the mechanical
properties of bricks

Ma son ry ma te rials be long to the gro -
up of ca pil la ry -po ro us ma te rials which
are cha rac te ri sed by an open po ro si ty of
a few to se ve ral tens of per cent. Mi ne -
ral clay ma te rials with a ca pil la ry -po ro -
us struc tu re ha ve a na tu ral ten den cy to
wet out in the pre sen ce of wa ter and/or
mo istu re. Ir re spec ti ve of the ty pe of
bricks te sted, a de cre ase in com pres si ve
strength by ap prox. 10% is ob se rved
with short -term (abo ut 1 month) wa ter
sa tu ra tion [7]. On the other hand, long -
-term sa tu ra tion with wa ter can cau se
a de cre ase in strength by even 20% and
mo re [7], but in this ca se this de pends on
the com po si tion of the brick [8] (e. g. the
pre sen ce of fly ash si gni fi can tly con tri -
bu tes to the de te rio ra tion of the me cha -
ni cal cha rac te ri stics with pro lon ged
expo su re to wa ter). To as sess the ef fect
of wa ter on the me cha ni cal pro per ties of
bricks, it may be help ful to use the com -
pres si ve strength re duc tion fac tor ηf, de -
fi ned as the ra tio of the strength in the
dry sta te to the va lue of this cha rac te ri -
stic de ter mi ned after short -term or long -
-term con di tio ning in wa ter. For bricks
ma de to day, it is ap pro xi ma te ly 0.79 [7].
The cau se of the de te rio ra tion of the me -
cha ni cal pro per ties of bricks un der the
in flu en ce of wa ter is the in cre ase 
in the po ro si ty of the ce ra mic ma te rial
and the de gra da tion of the si li con -oxy -
gen ne twork thro ugh the bre aking of 
Si -O -Si brid ges [7 ÷ 8]. It was ob se rved
that this pro cess ma in ly af fects the
amor pho us pha se which is the do mi nant
com po nent of brick [7]. Fur ther mo re,
the pro ces ses of hy dro ly sis of alu mi no -
si li ca tes and re hy dra tion, which pro mo -
te struc tu ral re la xa tion, are re spon si ble
for the de te rio ra tion of the me cha ni cal
cha rac te ri stics as a re sult of expo su re to
wa ter. Al so, the pre sen ce of salts, which
dis so lve un der the in flu en ce of wa ter,
can in ten si fy the de te rio ra tion of me -
cha ni cal pro per ties.

Frost damage
Ano ther cau se of de te rio ra tion of bric -

kwork that is not pro tec ted from wa ter,
espe cial ly in hi sto ric bu il dings, is the fre -
ezing of wa ter in the po res of the ma te -
rials. The fac tors that de ter mi ne frost re -
si stan ce of bricks are known and often
de scri bed in the li te ra tu re. The se are first
and fo re most the me cha ni cal pro per ties,
espe cial ly the ten si le strength [9 ÷ 10],
the pha se com po si tion of the fi red brick
and the de gree of vi tri fi ca tion of the te -
xtu re [11], the per me abi li ty, which ena -
bles and de ter mi nes the free mo ve ment
of wa ter in the po ro us ma te rial wi tho ut
de stroy ing the te xtu re, as well as the po -
ro si ty and the struc tu re of po ro si ty 
[9 ÷ 12]. In con trast, anis sue that is lit tle
re co gni sed is the form of frost da ma ge to
bricks. As it was ob se rved, bricks are lia -
ble to be da ma ged by fre ezing and tha -
wing. The va rio us forms of da ma ge, i. e.
spal ling, in c lu de po wde ring, fla king and
crac king. The po wde ring of the sur fa ce
of brick sle ads to the for ma tion of fi ne ce -
ra mic dust which sys te ma ti cal ly re mo -
ves it self from the sur fa ce of the ma te -
rial. The pro cess of de te rio ra tion starts at
the sur fa ce and gra du al ly pro gres ses in -
to the ma te rial. The  se cond form of de -
te rio ra tion that al so pro gres ses from the
sur fa ce is fla king. In this ca se, di stinct
fla king lay ers form on the sur fa ce and
co me off and fall off over ti me. Crac -
king, on the other hand, is as so cia ted
with the for ma tion of sharp frag ments of

se ve ral to over ten mil li me tres in si ze.
This pro cess do es not on ly ta ke pla ce on
the sur fa ce, but al so in vo lves the de eper
lay ers. De pen ding on the struc tu re of po -
ro si ty, the mi ne ral com po si tion and the
spa tial ar ran ge ment of the te xtu re com -
po nents, the bricks de te rio ra te by crum -
bling in to po wder, fla king or crac king
[13]. Fi gu re 2 shows the in ter de pen den -
ce of the ma te rial cha rac te ri stics (struc -
tu re of po ro si ty, FFD fac tor, mi ne ral and
pha se com po si tion, and strength) de ter -
mi ning the form of frost da ma ge to the
bricks used in the in ve sti ga tion.

It ap pe ars that it is the struc tu re of po -
ro si ty  that is the es sen tial and most im -
por tant pa ra me ter de ter mi ning the form
of frost da ma ge. A cle ar cor re la tion was
ob se rved be twe en the form of frost da -
ma ge and the ra tio of the per cen ta ge of
po res with dia me ters of 3 – 10 µm to the
to tal num ber of po res with dia me ters of
0 – 10 µm. This cor re la tion was re fer red
to as the form of frost da ma ge (FFD) fac -
tor [13]. For spe ci mens wi tho ut any si gns
of frost da ma ge, this fac tor is in the ran -
ge 75 – 90 whe re as for fla king spe ci mens
the FFD fac tor is 4 – 10, for crac king
spe ci mens it is 2 – 7, and for po wde ring
spe ci mens the FFD is 45 – 50. The se -
cond im por tant fac tor de ter mi ning the
form of frost da ma ge is the mi ne ral and
pha se com po si tion of the bricks and the
spa tial di stri bu tion of the te xtu re com po -
nents (the con sti tu ent pha ses, i.e. the bin -
der and gra ins). In bricks that we re af fec -
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Fig. 2. Forms of frost damage to bricks and graphical illustration of factors shaping the
form of frost damage [13]
Rys. 2. Formy destrukcji mrozowej cegieł oraz graficzna ilustracja czynników kształtujących
formę destrukcji mrozowej [13]



82

ted by frost da ma ge, the pro por tion of
bin der (ma trix) is ap prox. 40% whi le in
bricks wi tho ut any si gns of de te rio ra tion
it is 50% or mo re. The lack of ap pro pria -
te vo lu me of the ma trix can be the cau se
of the we ake ning of the te xtu re of the
ma te rial, po or gra in em bed ment and bad
enve lop ment, which con se qu en tly ma kes
the ma te rial mo re su scep ti ble to frost da -
ma ge. Ano ther pa ra me ter men tio ned in
Fig. 2 and cha rac te ri sing the bricks that
we re te sted is the com pres si ve strength.
For spe ci mens wi tho ut si gns of frost da -
ma ge and for spe ci mens af fec ted by da -
ma ge in the form of fla king and crac king,
the com pres si ve strength is si mi lar and
ran ges from 20 to 45 MPa. No di rect cor -
re la tion was ob se rved be twe en the
strength and the form of frost da ma ge. An
excep tion is po wde ring bricks, which are
cha rac te ri sed by a much lo wer strength,
at 10 – 15 MPa. Thus, it can be conc lu ded
that the oc cur ren ce of this form of frost 
da ma ge is de ter mi ned by the low strength
of the bricks, not exce eding 20 MPa.

Salinity
Salt con tent in ma son ry struc tu res is

a com mon cau se of the ir gra du al de gra da -
tion [14, 15]. With re gard to the ori gin,
a di stinc tion can be ma de be twe en pri ma -
ry salts, re sul ting from the com po si tion of
the raw ma te rials them se lves and the pro -
duc tion pro cess, and se con da ry salts ori -
gi na ting from the exter nal envi ron ment, 
e.g. salts from so ils, from pol lu ted air,
from sea bre eze and mist, from de -icing
agents, from acid ra in, re sul ting from bio -
lo gi cal me ta bo lism, as well as salts in tro -
du ced in to the ma son ry struc tu re with mo -
dern re pa ir ma te rials du ring re pa ir or ma -
in te nan ce work. In ad di tion, the ty pe of
salts may in di ca te the ma in cau se of salt
con tents in a par ti cu lar bu il ding, e.g. lar ge
amo unts of chlo ri des and/or ni tra tes may
in di ca te mo istu re from the gro und whi le
high con cen tra tions of sul pha tes in di ca te
mo istu re from acid ra in. On the other hand,
ni tra tes, ni tri tes and am mo nium com po -
unds may in di ca te pro blems due to bio lo -
gi cal cor ro sion cau sed by mi cro or ga ni sms.

The fac tor that trig gers the harm ful ac -
tion of salts is the pre sen ce of wa ter in the
ma te rial. Salts in the ma te rial dis so lve in
the pre sen ce of wa ter and can be trans -
por ted [16]. They then cry stal li se un der
fa vo ura ble con di tions [5, 6]. The lo ca -

tion of salt cry stal li sa tion de pends on the
sa tu ra tion ra te and the dry ing ra te. Un der
con di tions of high hu mi di ty, when the
eva po ra tion ra te is low, the eva po ra tion
zo ne may be clo se to the sur fa ce or even
on the sur fa ce of the ma te rial. The salt de -
po sits for med on the sur fa ce are re fer red
to as ef flo re scen ce. Its pre sen ce is re la ti -
ve ly harm less in terms of the du ra bi li ty
of the ma te rial. In con trast, when the eva -
po ra tion ra te is much hi gher, the eva po -
ra tion zo ne re ma ins wi thin, and salts cry -
stal li se in the po res of the ma te rial. Such
a phe no me non is re fer red to as sub flo re -
scen ce. The for ce exer ted by ra pi dly cry -
stal li sing salts is ve ry high and is suf fi -
cient to de stroy even ve ry strong ma son -
ry ma te rials [14, 16]. The growth of the
cry stals re sults in a re la xa tion of the te -
xtu re thro ugho ut the vo lu me and not on -
ly in the sur fa ce lay ers. This is dan ge ro -
us as it cau ses da ma ge to the ma te rials
not on ly on the sur fa ce, but al so wi thin -
the ma te rial vo lu me. 

The presence of salt also significantly
alters the process of drying of masonry
[5]. Depending on the type of salt, the
drying efficiency varies markedly.
Figure 3 shows the drying and saturation
curves for bricks with 10% sulphate,
chloride and nitrate salt solutions. 

The bricks were saturated with salt
solutions in cycles comprising 2 days of
saturation with a particular salt solution by
capillary action and 8 days of drying under
laboratory conditions. For comparison, a
cycle of saturation with distilled water
was carried out in the same manner. A
brick saturated with distilled water loses
its total water content during the drying
process, its moisture content at the end
of each cycle being close to zero. On the
other hand, it was observed that the

drying of bricks containing salts is
clearly hindered and is either more or
less effective depending on the type of
salt. The rate of the drying process is
most reduced for bricks saturated with
potassium sulphate solution and least for
bricks saturated with sodium sulphate.
The other chloride salts and magnesium
sulphate have a comparable effect on the
drying process of the brick, the effect of
the chloride salts being almost identical
and therefore not dependent on the
cation present in the solution.

Microbial growth
Deterioration of masonry structures

can also be due to certain biological
factors, such as living organisms and
microorganisms, and the products of their
life processes. The group of organisms
includes bryophytes, lichens and algae
while the group of microorganisms
includes fungi and bacteria. 

The group of organisms primarily
causes mechanical damage as a result of
root growth and surface overgrowth.
These organisms often cause a temporary
or permanent increase in the moisture
content of the substrate. In addition, some
of them produce organic acids (lactic
acid, oxalic acid, succinic acid, acetic
acid and pyruvic acid), which can lead to
erosion and degradation of the substrate.
On the other hand, biological corrosion
processes (microbial deterioration)
caused by microorganisms such as fungi
and bacteria occur differently as they
cause decomposition of an organic sub-
strate for the nutritional needs of the
microorganisms. Where the substratesare
inorganic, the degradation process occurs
as a result of the action of secreted
metabolic products which are the cause
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Fig. 3. Brick saturation and drying curves as a function of time [5]
Rys. 3. Krzywe nasycania i suszenia cegieł w funkcji czasu [5]
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of the typical processes, e.g.chemical
corrosion. Deterioration of materials due
to the action of organisms and micro-
organisms results in mechanical damage,
surface overgrowth, and chemical
assimilation and dissimilation [17]. The
effects of biological decomposition [18]
include macroscopic changes (disco-
louration, surface growth of organisms,
pitting, dents, brittleness, deformations,
and structural decomposition), changes
in physical properties (increased
absorbability and compromised strength)
and changes in chemical properties
(composition and changed pH), etc. 

Fac tors that de ter mi ne the growth of
or ga ni sms and mi cro or ga ni sms in c lu de,
abo ve all, the ava ila bi li ty of wa ter. Fun -
gi, which are the worst wrec kers of bu -
il ding ma te rials, can al re ady de ve lop at
a re la ti ve hu mi di ty of ap prox. 60% whi -
le bac te ria re qu ire a re la ti ve hu mi di ty
of mo re than 85% to de ve lop [19]. Fur -
ther mo re, the pH va lue of the sub stra te,
the cli ma te, the pre sen ce and ava ila bi li -
ty of nu trients as well as the che mi cal
com po si tion of the sub stra te are all im -
por tant. In the ca se of mi ne ral ma te rials,
such as sto ne, brick, mor tar and con cre -
te, the mi ne ra lo gi cal com po si tion, po ro -
si ty, ty pe of bin der and per me abi li ty to
wa ter are im por tant pa ra me ters [20]. 

Al so, the pre sen ce of cer ta in salts in bu -
il ding ma te rials can pro mo te the growth
of ha lo phi lic bac te ria [21]. When ana ly -
sing the bio lo gi cal ha zard of or ga ni sms
and mi cro or ga ni sms, it is al so worth
pay ing at ten tion to the pH va lue of the
sub stra te be ing co lo ni sed. Va lu es that
are fa vo ura ble for the de ve lop ment of
mi cro or ga ni sms, i. e. fun gi and bac te ria,
are in the ran ge 5 ÷ 11; ho we ver, the re
are al so aci do phi lic bac te ria co lo ni sing
sub stra tes with a re la ti ve ly low pH.

Summary
In ac tu al con di tions, exter nal im pacts

are usu al ly sy ner gi stic. The me cha ni sms
that cau se da ma ge to struc tu res in ter pe ne -
tra te and am pli fy each other. So me ti mes
the ef fects of one in te rac tion ena ble the
in i tia tion of the de ve lop ment of ano ther
one. For exam ple, a chan ge in the pH of
the sub stra te, which is brick and mor tar,
as a re sult of che mi cal cor ro sion ena bles
and pro mo tes the in i tia tion and sub se qu -
ent de ve lop ment of bio de te rio ra tion. Ano -
ther exam ple is the fre ezing of gro un dwa -
ter which cau ses mo ve ment of shal low
fo un da tions re sul ting in de for ma tion of
the walls and the pre sen ce of nu me ro us
cracks and fis su res. Thus, the du ra bi li ty of
a bu il ding or gro up of bu il dings is in flu -
en ced by ma ny in ter loc king pro ces ses.
The con nec ting fac tor of all cor ro sion
pro ces ses is wa ter. Its pro lon ged con tact
with the ma te rial can in it self po se a thre -
at as the te xtu re of the ma te rial is chan -
ged un der its in flu en ce with a con se qu ent
de te rio ra tion of the me cha ni cal pro per -
ties. Mo re over, its pre sen ce is a pre re qu -
isi te for che mi cal cor ro sion le ading to ef -
flo re scen ce and sub flo re scen ce and re sul -
ting in a de te rio ra tion of the aesthe tic of
the ma te rial and its strength, re spec ti ve -
ly. Wa ter is al so of cru cial im por tan ce for
bio lo gi cal cor ro sion. The growth of both
or ga ni sms and mi cro or ga ni sms is on ly
po ssi ble in a hu mid envi ron ment. 
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SEM image of: a) mosses, mag. 200x; 
b) bacteria, mag. 4000x, on the ceramic
substrate
Obraz SEM: a) mchów – powiększenie 200x;
b) bakterii – powiększenie 4000x na podłożu
ceramicznym

a)

b)


