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The article investigates the strength and deformability of brick masonry based on clinker-
effective buikding mortars modified by additives of air-entraining action. Comparative studies have
determined the physical and mechanical properties of mortar based on composite Portland cement
CEM |1/ B-M 32.5R and masonry cement MC 22.5. It is shown that mortar on the basis of modified
low-emission zeolite-containing cement MC 22.5 with additives of air-entraining action provides
reduction of stress-deformed state of brick masonry. It is established that the increased strength of
adhesion (0.73 MPa) of the mortar in the brick masonry without cracking is provided by the use of
modified low-emission masonry cement MC 22.5. Increasing the efflorescences resistance of brick
masonry is achieved by surface modification of hydrophobic substances and the use of clinker-
efficient mortar.
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Introduction

Monolithicity, crack resistance of brick masonry, its resistance to bending and tensile forces with
uneven settling of foundations, change in temperature have a decisive influence on the durability of
enclosing structures. The main reasons for the stress-strain state of the brick masonry are the
heterogeneity of the mortar, the difference between the deformation properties of the ceramic brick and
mortar, the presence of vertical seams in the masonry, etc. (Fic et al., 2013, Gotz et al., 2016;). During the
operation of brick structures, due to changes in temperature and humidity, there are defects that
significantly impair the architectural expressiveness and adversely affect on the physical and technical
properties of the masonry facades. Destructive impact on masonry is largely caused by the high porosity
of the ceramic facing brick and mortar. It leads to intense penetration and tightening of moisture and
causes migration of salts with the crystals formation in the form of local white spots, different degrees of
prevalence and intensity, also reduces its technical and decorative properties (Sukhanov et al., 2016;
Sanyskyy et al., 2014). Therefore, improving the performance properties and increasing the durability of
the brick masonry of buildings and structures determines the topicality of this work.
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Review of scientific sources and publications

Ceramic facing brick is widely used for external constructions, building of architectural constructions,
repairing or reconstruction of residential and public buildings. This artificial stone is a heterogeneous and
porous material (Varshavets et al., 2014). This causes to moisture penetration into the deep layers
of the masonry during operation, destroying it, especially during the impact of negative
temperatures. On the other hand, salts are washed out and taken to the surface of the material,
which also leads to the loss of the aesthetic appearance of the building (zZhu et al., 2014;
Mahyuddin et al., 2012; Kropyvnytska et al., 2018).

The stone construction is prone to vertical and extra-center compression, bending, shearing and
stretching at the same time. The main causes of stress-strain state of masonry are the heterogeneity of the
mortar and the presence of vertical seams in the masonry, as well as a significant difference in the
deformation properties of the brick and mortar. Due to the local heterogeneity of the mortar composition,
the conditions of hardening in the seam, sections of the mortar are formed in the masonry, which are
significantly different from each other at an average density and strength (Solodkyy, 2008). In addition,
the values of deformation parameters of mortar are greater than in bricks. Tensile forces occur in the
brick, compressive forces — in the mortar in the tense state, The magnitude of the load depends on the
mechanical properties of the brick, the construction of the masonry and the deformative properties of the
mortar, that is, the type of mortar and its service life (masonry age). With the increase of the latter the
deformability of the mortar decreases. The time of occurrence of the first cracks depends on the quality of
the horizontal seams and the average density of the mortar (Fic et al., 2013).

Nowadays, complex masonry mortars are widely used to build the brick masonry of the exterior
walls of buildings and structures. They are characterized by sufficient density, adhesion strength to the
base and design strength mark. However, due to the increased water absorption in the seam of the
masonry, a dehydrated layer of mortar can be formed, which leads to the appearance of hair cracks and
the integrity of the masonry. In order to improve the technological and technical properties of masonry
mortars, air-entraining additives are used in the mortar, which act as “stress dampers” and create a system
of small closed pores in the mortar matrix (Kropyvnytska et al., 2017). Closed pores prevent the
propagation of cracks deep into the solid, their development is inhibited in the air pore. Thus, small
closed pores interfere with the process of destruction of the material. The stress drops very quickly from
high values on the surface of the pores to low values in its internal parts.

Effective ways to increase the performance properties of brick masonry are the use of
multicomponent cements with additives of pozzolanic action and the use of modern hydrophobic
substances, which reduces the water absorption of porous wall materials, increase the vapor permeability,
abrasion resistance and improve the appearance of building structures (Sanytskyy et al., 2010; Pushkareva
et al., 2014). In this regard, building technology requires a new approach to the modification of ceramic
facing bricks at the nano- and sub-microlevels by hydrophobic action and masonry mortar based on
multicomponent cements with the additives of plasticizing and air-entraining action.

The aims and objectives of the study

The aim of the study is to investigate the strength and deformability of the brick masonry using
clinker- efficient building mortars modified by additives of air-entraining action.

To achieve this goal the following tasks were solved:

— physical and chemical properties of ceramic facing brick and mortar on the basis of composite
Portland cement CEM 1l / B-M 32.5R EN 197-1 and masonry cement MC 22.5 EN 413-1 were
investigated;

— the strength and deformation properties of the brick masonry were determined using the samples
“ceramic facing brick — a complex mortar based on Portland cement CEM Il / B-M 32.5R” and “ceramic
facing brick — modified masonry cement MC 22.5”.
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Materials and methods

Ceramic facing brick Grade MW, Type FBS, Average compressive strength 16.81 MPa (EN 771-1:2003)
are used for investigation. Building mortars based on Portland cements CEM Il / B-M 32.5R EN 197-1
and masonry cement MC 22.5 EN 413-1 are used for researches. Building lime and modifier of air-
entraining action Master Air 81 (BASF) are applied as plasticizing additives. Water-repellent of
penetrating complex action (Megatron-K) was used to treat the brick masonry surface.

The determination of the physical, technical and operational properties of ceramic bricks and
mortar was carried out in accordance with the applicable national and European standards. The resistance
of ceramic bricks to the efflorescence formation was tested according to DSTU B V.2.7-171:2008, frost
resistance — DSTU B V.2.7-42-97.

The compressive strength of the brick masonry was determined according to EN 1052-1. The sizes
masonry samples are given in table 1. The masonry samples were subjected to a uniform load during the
test.

Table 1
Sample sizes to test the compressive strength of masonry
The dimensions of the masonry . .
Sample size brick masonry
elements
l,= 250 mm h,= 65 mm ;=515 mm hs= 545 mm ts= 120 mm
<300 <150 >(21) >5h, | >3tsi<15ti>l >ty

To determine the modulus of elasticity, the masonry samples were fitted with measuring devices
for measuring height change. The compression force was applied in no less than three steps until half of
the maximum possible value was reached. After the last stage, the compression force was increased to a
constant value until destruction. The modulus of elasticity of the masonry isample was defined as the
mesh modulus from the average strain value at the four measurement points at loading equal to one third
of the maximum possible value. The adhesive strength of the brick masonry was determined in
accordance with DSTU B.V.2.6-174:2011.

Results of investigation

Physical and mechanical properties of mortars based on cement CEM Il / B-M 32.5R with the lime
additive and MC 22.5 (Cement — 280 kg per 1 m® of sand) were investigated. The research results show
that complex mortars based on CEM Il / B-M 32.5R (W/C = 0.93) are characterized by an average
density of the mortar — 1970 kg/m®, water-holding capacity — 93.1-96.7 %, stratification — 8.2-5.4 %;
strength mark — M100. The modified cement mortars based on masonry cement MC 22.5 reach the mark
of the strength M75 at an average density of 1840 kg/m®. The total porosity is 21.21 % (open — 11.76 %,
closed — 9.45 %) for the complex mortars, for modified — 33.15 % (open — 13.42 %, closed — 19.73 %).
The modified mortars are characterized by slight shrinkage deformations (0.31 mm/m), adhesion of 0.3—-
0.5 MPa, frost resistance F100 and the ability to harden without significant expansion deformation in
winter conditions. The modulus of elasticity for such mortars decreases from 29.7 to 16.35 GPa in
comparison with the complex mortars. The Poisson's ratio increases from 0.14 to 0.17, which reduces the
possibility of cracking and improves the quality of masonry.

The nature of the masonry destruction and the degree of influence of numerous factors on its
strength explain the features of its stress state in compression. According to DSTU B V.2.6-207:2015, the
destruction of ordinary brick masonry in compression begins with the appearance of separate vertical
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cracks. The appearance of cracks depends on the quality of the horizontal seams and the average density
of the mortar. The compressive strength of the masonry was determined by the strength of small samples
of masonry loaded to destruction (Fig. 1). The results of the tests according to DSTU B EN 1052-1:2011
show that the compressive strength is 8.5 N/mm?, the modulus of elasticity — 29.8:10° N/mm? for the
masonry sample (modified mortar based on cement MC 22.5 — class M10,0). It should be noted that brick
masonry based on a complex mortar based on CEM Il / B-M 32.5R is characterized by higher elastic
modulus (E = 33.2:10° N/ mm?).

Fig. 1. Determination of compressive strength of masonry

According to DSTU B.V.2.6-174:2011, the adhesion strength in masonry using a ceramic facing
brick and modified mortar based on masonry cement MC 22.5 and Portland cement CEM Il / B-M 32.5R
was determinated. As indicated in the table. 2, the adhesive strength of the modified mortar in the brick
masonry (separation area 240 cm?, the value of the tear-off load 1500 N) is 0.73 MPa. While the adhesive
strength of the complex mortar in the brick masonry (separation area 240 cm?, the value of the tear-off
load 900 N) is 0.31 MPa.

Table 2
Indicators during the test adhesion strength of the mortar in the brick masonry
_ Characteristics of the
Compressive The value of the Separation Adhesive Separat|on area, %
Type of mortar tear-off load, N 2 strength,
strength, MPa K area, cm MP
(kgf) a By mortar | By brick
Complex building 14.9 900 240 0.31 95 5
mortar
Modified building 10.8 1500 240 0.73 60 40
mortar
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As can be seen from Fig. 2a, samples of brick masonry using a modified mortar based on masonry
cement MC 22.5 are characterized by an optimum separation area. Masonry sample using a complex
mortar based on Portland cement CEM 11/ B-M 32.5R is characterized by 95 % of the separation area by
mortar with splitting of the brick (Fig. 2b).

Fig. 2. Determination of adhesion strength of masonry
a — masonry on the basis of a modified mortar with MC 22.5;
b — masonry on the basis of a complex mortar with CEM 11 / B-M 32.5R.

Experimental studies have found that, ceramic facing brick is characterized by high porosity
(21 %) and water absorption (16.5 %). The studies of the efflorescence formation have established
the presence of efflorescences on the ceramic facing bricks surface after 7 days of testing. It is
established that the selected samples of efflorescences from the masonry surface are characterized
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by high content of SO; (51.2 mass.%) and alkaline oxides Na,O (36.7 mass.%) and K,O (12.4 mass.%).
In particular, salts of Na,SO, and K,SO, are formed. To prevent efflorescences formation, a
surface treatment of a water-repellent of penetrating complex action (Megatron-K) was carried out.
As can be seen from Fig. 3a, traces of efflorescences in the form of white spots appear for the
masonry sample using a complex mortar. At the same time, for brick masonry, the elements of
which are fastened with modified mortar on the basis of zeolite-containing cement MC 22.5 and
the surface of which is covered by hydrophobic substance, the formation is not observed (Fig. 3b).

Fig. 3. Samples of brick masonry based on:
a — complex building mortar; b — modified building mortar.

Thus, due to aeration, the modified masonry mortar is characterized by less water absorption, more
resistant to atmospheric influences and repeated freezing cycles, since freezing water in the capillaries can
be pressed into empty bubbles, which prevent cracking by acting as a damper.

Conclusion

The tests of brick masonry using a clinker-effective mortar based on modified masonry cement
(f, = 10.8 H/mm?) according to DSTU B EN 1052-1:2011 have found that the compressive strength after
28 days of hardening is 8.5 N/mm?, the modulus of elasticity is 29.8 GPa.

The use of clinker- efficient mortar based on modified masonry cement MC 22.5 with additives of
air-entraining action provides the increased strength of adhesion (0.73 MPa) of a mortar in a brick
masonry without efflorescences formation and cracking.

Modifying the surface of brick masonry and using an effective mortar based on modified masonry
cement MC 22.5 provides improved operational reliability of the external walls of buildings and
structures.
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kadenpa OyaiBeTbHOTO BUPOOHUIITBA,
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2 IBaHO-®paHKiBCHKHUN HalllOHATBHUNA TEXHIYHUH yHiBepcUTeT HadTH i razy
kadenpa OyIIBHUITBA Ta EHEProe(EKTUBHUX CHIOPY.
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Kaeapa apXiTeKTypHOTO IPOCKTYBAHHS Ta IHXKECHEPIl

MIIHICTD I PYHHYBAHHS HETJISTHOI KJIAJIKA 3 BAKOPUCTAHHSAM
MOIUPIKOBAHUX BY AIBEJIBHUX PO3YHUHIB

o Kponusnuyvra T. I1., Cemenie P. M., Komig P. M., Fobeyvxuii 1O. F., 2020

JocaimxeHo MIIHICTh Ta 1eQOPMAaTUBHICTD IETIISTHOT KJIAJAKA Ha OCHOBI KIIiHKEp-e(PEKTHBHUX
OynmiBeNbHHX pPO3YMHIB, MOIH(IKOBAHHX JH0O0aBKaMH MOBITPOBTATYBanbHOI 1ii. I[lopiBHATRHEUME
JMOCTIUKCHHIMH BH3HAaYCHO (i3WKO-MEXaHiIYHI BJIACTHBOCTI OYIiBEIBHOTO pO3YMHY Ha OCHOBI
Kommosuiiitnoro moptianguementy CEM Il / B-M 32,5R Ta HU3BKOEMiCIHHOTO IIEMEHTY [Uist
mypyBanHs MC 22,5. [loka3aHo HOUINBHICTh BHUKOPHCTaHHS OaraTOKOMIIOHEHTHHUX I€MEHTIB i3
MiABUINEHUM BMIiCTOM aKTUBHUX MiHEpaJdbHHX J00AaBOK TiIpaBiidyHOI Ta MyMOJaHIYHOI Aii, 1m0 Jae
3MOTy e(eKTHBHO YIPaBISATH MPOLECAMH CTPYKTYPOYTBOPECHHS LEMEHTYHUYOi MaTpULl PO3YUHY Ta
OTPUMYBATH MaTepiallu 3 Hamepe] 3alaHiMH BIaCTHBOCTIMHU. BcTaHOBIIEHO, 1110 OyaiBeIbHUN PO3UHH
Ha OCHOBI MoaudikoBaHOTO HU3BKOEMiciiiHOTO eMeHTy MC 22,5 3 mo6aBkaMu MOBITPOBTATYBaIbHOL
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nii 3abe3neuye 3HUKEHHS HAMPYXKEHO-Ae(pOPMOBAHOTO CTaHy LErJISHOI KIaJKHU. XapaKTepHO, IO
npiOHI TOBITPSHI MOPH 3amo0iraroTh MONIUPEHHIO TPIMIHH Yy TIHOWHY TBEPIOTO Tijla, OCKIIBKH
HANpy)XCHHs IyXe MIBUAKO CHAaAa€e BiJ BUCOKUX 3HAYCHD HA MOBEPXHI MOPHU 10 HU3BKHUX 3HAYEHB Y i1
BHYTpIiNIHiX yacTuHax. Lle i BU3Ha4aeTe, M0 3aMKHEHI MOPH MEPEIIKOKAIOTE MPOLeCcy pyHHYBaHHS
Matepiany. BumpoOyBaHHAMHU 3pa3kiB KJIAAKH 3 BHKOPHCTAHHSIM MOAM(PIKOBAHOTO OYIiBEIBHOTO
pPO3YHHY MOKa3aHO, IO TPAaHUIS MIIHOCTI MPHU CTUCKY depe3 28 mi6 craHoBUTH 8,5 H/MMZ, MOIYJIb

npyxuocti — 29,810° H/mm?

Migsumena wminuicts 3uermienns (0,73 MIla) po3uwHy B LETINsSHIM
Kiaami, 6e3 TPIIMHOYTBOPEHHS, 3a0€3MeUyeThCs NULIXOM 3aCTOCYBaHHSA MOAU(DIKOBAHOTO LEMEHTY
mas mypyBanas MC 22,5, JlocmimkeHHsMH BucoaoyTtBopeHHs 3rigao 3 JCTY b B.2.7-171:2008
BCTaHOBJICHO HAsBHICTh BHCOJIIB Ha MOBEPXHI ULEINISTHO! KJIAJKM 3 BUKOPHCTAHHIM CKJIAJHUX
OyniBedbHUX pO34WHIB. [[iABUIIEHHS BHCOJOCTIHKOCTI HETISHOT KJIAJKH JOCSTAIOTh 3aCTOCYBaHHAM
KIIHKep-¢(peKTUBHUX OyIiBEIHLHUX PO3YMHIB Ta IMOBEPXHEBOTO MOIH(IKYBaHHS TiapodoOizyrouanmu

pCeUOBHUHAMU.

Kurouosi ciioBa: persisina kiaagka, moaudikoBaHuil OyaiBeJbHUH PO3YMH, HEeMEHT I MYPYy-
BaHHS, MIIIHICTD.



