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High-rise construction volume increase and new wall materials use require changing the approach to the design of plaster
mortar compositions. The analysis has showed that it is possible to reduce the number of cracks in the plaster coating by in-
creasing the water holding capacity of the mortar mixture. To optimize the prescription parameters of the mortar mixture, the
five-factor experiment with fine aggregate and the filler with a low modulus of elasticity, disperse polymeric powders and
cellulose ethers, a polymer fiber for microdispersed reinforcement has been used. The obtained data indicate that the pro-
posed approach enables to obtain plaster mortars with physic mechanical characteristics that provide optimal working condi-
tions “masonry - plaster coatings”.

Keywords: plaster solutions, new basic principles for designing their compositions

HaykoBi 0CHOBU NIPOEKTYBAHHA CKJIAAIB
IITYKATYPHUX PO3YHHIB

Iapyra B.A."*, Tnun O.I1.%, JIaBpeniok JI.I.%, Bounncbkuii B.B.! , T'punbosa LI.°

12345 Oiecpka JepaBHa akageMis OyIiBHHLTBA Ta apXITEKTyPH
*Anpeca mis muctyBanHs E-mail: docent2 155@gmail.com

301bIIeHHS BUCOTHOCTI Oy/IiBeNb, 3aCTOCYBaHHS HOBHX CTIHOBUX MaTepiajiB, BUMarae IIepeoCMUCIICHHS MiAX0My 0 MPOeK-
TYBaHHS CKJIAJiB IITYKATYPHUX PO3YMHIB. BHUPIMIKTH MOCTaBeHE 3aBJaHHS B paMKax iCHYFOYHMX MPHHIMUIIIB HEMOJKIIHBO.
V craTTi npoBeicHHH aHali3 CHCTEMHU «IUTYyKaTypHE Ui KJIaJK{ ITOKPUTTS» Ha CTaisAX TBEPIIHHS 1 eKCIUTyaTallil, BUsSBICH]
pYHHIBHI YMHHHUKH 1 MexaHi3M 11 pyiiHyBaHHs. BiamiueHo, 110 OCHOBHOIO MPUYUHOIO PYHHYBaHHS cUCTeMH € aedopmarii i
HaImpyrH, M0 BUHUKAIOTh B KA, IITyKaTYpHOMY MOKPUTTI i KOHTaKTHi# 30HI M)XK HUMH, 13-3a CHIIOBHX [iif, TeMIepatypu i
BOJIOTOCTIi, arpeCUBHUX PiauH i ra3iB. [IpoBeneHuii aHasi3 mokasas, 1[0 3MEHIINTH KiIbKiCTh TPILMH B IITYKaTYPHOMY IO-
KPUTTI, Ha cTajii TBEpAHEHHS, HOHU3UTH HANPYTy B CUCTEMi, MOKHA LIUIIXOM IiIBUILEHHS BOJOYTPHUMYIOHOT 31aTHOCTI PO3-
YHHHOI CyMilli, 3MEHIICHHS YCaAKHd 1 MOAYIS HPYXHOCTI IITYKaTypHOTO HOKPUTTS, MiIBHINEHHS IOTO €IacTHYHOCTI.
Jlnst 1IbOTO 3aIpOIIOHOBAaHO BHKOPUCTOBYBATH IPiOHMIT 3aNIOBHIOBAY 1 HAIIOBHIOBAY 3 HU3BKUM MOJYJIEM HPYXKHOCTI, pefic-
TIepCHI TOJIIMEpPHI MOPOIIKHY 1 eipH LEIroI03H, HoNiMepHy (Gi0py IS MIKpOANUCIIEPCHOTO apMyBaHHS Ta iH. [yt ontuMizanii
peLenTypHUX MapaMeTpiB PO3YMHHOI CyMillli BUKOPHCTOBYBAJIM M'ATH(AKTOpHHH ekcrepuMmeHT. OTpUMaHi JaHi CBiT4aTh
PO Te, 1110 3aIPONOHOBAHHMHN IMiXi AO3BOJISIE OTPUMYBATH LITYKATYPHI PO3YHHH 3 (i3iKO-MEXaHIYHUMU XapaKTePUCTHKAMHU
1110 3a0e31e4yI0Th ONTUMAIbHI YMOBH POOOTH «KJIAJKH- IITYKATYpHE IOKPUTTS». 3aCTOCYBaHHS 3allPOIIOHOBAHUX KOMITOHE-
HTiB JJO3BOJISI€ MiABHIIUTH BOJOYTPUMYIOUY 3AATHICTh PO3YMHHOI CyMillli, 3SMEHIIUTH YCaAKY IUTYKaTypHOTO MOKPUTTS 1 Ki-
JBKICTh TPIIIUH HA CTafil TBEpAHECHHS. 30UIBLINTH SMACTHYHICTD | 3HU3UTH MOAYJb MPYXHOCTI LITYKaTYpPHOTO MOKPHTTS,
HaNpyrd B HOMY 1 MIBUAKICTH PO3BHUTKY TPIIIMH Ha CTajil eKCINIyaramii, 0 JO3BOJIMTH IiJBHIIUTH HOTO JOBrOBIUHICTD 1
CTIHOBOI KOHCTPYKIIii.

KurouoBi ciioBa: mrykatypHi po34rHH, HOBI 0a30Bi IPUHIUIN MPOSKTYBAHHS X CKIIAAiB
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Introduction

The increase of high-rise construction share and the
widespread use of new wall materials require chang-
ing the approach to the design of plaster mortar com-
positions. Is is due to the fact that the impacts and
loads on the plaster coating located on the 24th floor
of the building are significantly different from those
that it experiences on the 1st to 3rd floors (Fig. 1).
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Figure 1 — Change impacts and loads on the plaster
coating while increasing high-rise buildings

It is also necessary to consider the fact that when
building high-rise buildings on the territory of
Ukraine, the autoclaved aerated concrete with an aver-
age density of 150-600 kg / m3 is mainly used. Its
properties (compressive strength, modulus of elastic-
ity, temperature deformation) depend on the average
density and significantly differ from the properties of
traditional wall materials (ceramic and silicate bricks,
blocks of lightweight concrete and rocks).

To achieve goal in the framework of existing ideas
and principles is not possible. They are applicable for
solutions used in low-rise construction. Normative re-
quirements for plaster mortars for autoclaved aerated
concrete walls are also not considered; they are con-
tradictory and, in our opinion, are not substantiated.
For example, compressive strength should be from 1.5
to 7.5 MPa (Russia), 2.5 MPa (Ukraine) and 10 MPa
(Germany). The flexural strength should be from 1 to
1.25 MPa (Ukraine) and 2 MPa (Russia). The value of
adhesion to aerated concrete laying should be from
0.15 to 3 MPa (Russia) and 0.5 MPA (Ukraine).

Problem statement

To achieve the required goals, the development of
new scientific bases for the design of plaster mortar
compositions is required. It is necessary to analyze the
processes occurring in the plaster coating when it is
applied and hardened, the knowledge of the destruc-
tion mechanism of the system "masonry - plaster coat-
ing", calculation and account of stresses.

The durability of the wall structure depends to a
large extent on the number of defects in the plaster
coating and the contact area between it and the ma-
sonry. The destruction of the system "masonry - plas-
ter coating" is due to the accumulation and develop-
ment of micro- and macro-cracks in it. To assess the
service life of such a system, it is necessary to deter-
mine the internal and external factors, their impact de-
gree, the calculation of the stress state, knowledge of
the nucleation processes, the accumulation of damage
and the macrocracks growth. The assigned physical
and mechanical parameters and compositions of plas-
ter solutions should ensure the "work" of the system at
the maximum level of such stresses.

Basic material and results
Masonry made of autoclaved aerated concrete has a
high capillary potential due to the considerable pore
volume (520 mm’/g) and their high specific surface
area (22-34 m’/g) [1]. During the application of the
mortar mixture to the masonry, because of its low wa-
ter-retaining capacity, the liquid is pumped out of it,
with lyophilic pores and capillaries of the masonry
material (Fig. 2a). The pore filling rate (v) is deter-
mined by the Poiseuille equation
2
e r A b )
8nl
when / — length of the area of the absorbed liquid;
1 — viscosity of the absorbent section;
A, — the pressure drop across section /, equal to the
capillary pressure of the meniscus

—251, COS
A, =21 @)
Therefore, the dissolution of cement and the forma-
tion of a supersaturated solution mortar with reduced
water content. Because of this, incomplete hydration
of cement occurs, nonequilibrium, metastable neo-
plasm of the following type is formed:

1,83(3Ca0-ALOs)+1,48(CaS0,2H,0)+
+3,38Ca(OH)2 +16,67H20 —
0,42(3Ca0-AI203-6H20) + 3)
+1,42 (3Ca0-AI203-CaSO4-12H20)
+3,38Ca(OH)2+0,07CaS04-2H20

The loss of water leads to shrinkage of the plaster
solution - 2.5 ... 5.8 mm/m [2]. And since the aerated
concrete masonry "holds back" these deformations, it
leads to stresses in it (8), which are seven times higher
than its tensile strength

_Ag*E
l-u
when E and u — modulus of elasticity and Poisson's ra-
tio of plaster coating;
Ag* — difference in deformations of plaster and aer-
ated concrete base [5].
Because of these stresses and the fact that a decrease

in the degree of cement hydration has led to a
decrease in the ultimate extensibility of the material

) “
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(by 20 ... 50%) [4, 7, 8], cracks develop in the plaster
coating (on the surface and in the volume of the mate-
rial), as well as in the contact zone with the masonry
(Fig. 2¢, 2d, 2e).

During operation they "evolve" and merge into
trunk. The causes of cracks are temperature and hu-
midity deformation plaster and masonry [3,4] and the
difference between them (Fig. 3c, 3e), the voltage
caused by them (Fig. 3d), moisture, ice, corrosive ma-
terials.

Figure 2 — Cracking in the plaster coating
and the contact zone between them

d e

Figure 3 — Temperature and humidity
deformation of the masonry (a, b)
and stresses in it (d)

Cyclic temperature-humidity effects lead to defor-
mation (AL,, AL, AL,) and additional stresses in the
plaster coating (6), which are the development cause
of the whole family of main cracks.

AL,= aAT’L; ®)
AL.= a AT L; (6)
AL,=aATLF,+AL,L ; (7

where: AL, AL. — deformation of tension and com-
pression;

AL,, — heat and humidity deformation;

a — coefficient of temperature elongation of the mate-
rial;

AT, AT® — is the temperature difference;

L — is the wall element length;

F,, — an indicator of material defects;

AL, — humidity deformations [3].

§=kyla, +b(L-c)]-5*; 9)
o*=FE-a,-At,

where E — modulus of elasticity;
a, — coefficient of linear expansion of plaster coating;
At — calculated temperature drop.

Masonry and plaster coating have different in mag-
nitude thermal deformations. The magnitude of these
deformations is determined from the expression [5]:

AL=Lo-a - At; (10)
(1D

where AL — the wall structure elongation or contrac-
tion is relatively;

Ly — the length of the wall structure at the time of con-
struction;

o, — coefficient of thermal expansion and autoclaved
aerated plaster coating [1,5];

At — changing the temperature of the wall structure;

t; — environmental temperature at the time of construc-
tion of gas concrete masonry and applying stucco
coatings;

t, — the maximum and minimum temperature, which
affects the wall structure in summer and winter peri-
ods;

In winter, at -20°C, for a laying length of 8 m, made
in summer at a temperature of + 30°C, with a coeffi-
cient of temperature expansion of aerated concrete
laying of 8 - 10-6 grad' and a temperature change
from +30 to -20°C, e=50°C, the total compression de-
formation is 3.2 mm. In summer, when heated to +
80°C [1], the expansion deformation is 3.2 mm.

In winter, the compression deformation of the plas-
ter solution (1:4) is 0.55 mm/m, and the total deforma-
tion of the compression, the plaster coating of the wall
8 m long, is 4.4 mm. In summer of the total deforma-
tion expansion of the plaster coating is 4.4 mm.
Deformations of expansion and contraction cause ten-
sion (o) in the masonry and the plaster covering which
can be determined by converting the equation:

AL _o
L, E

At:lz—tl,

(12)

where AL — the elongation or contraction of the wall
structure;
Ly — length of the wall structure at the time of erection;
o — stresses in H/mm?®;
E — is the modulus of elasticity in H/mm?® [5].

The difference between the deformations, the elas-
ticity modules of the masonry and the plaster coating,
is the reason for the shear strains in the contact zone

162 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (52)' 2019.




"masonry - plaster coating" (Figures 3e, 4a) and
stresses (7) (Fig. 4b), which predetermine the devel-
opment of a crack in the contact zone:
AT, - AL,
T=—-—"7T+-=

1 1

7+7

E, E,

(13)

where 7 — shear stress from temperature deformations,
kgf/em?;

ATy, AT, — the temperature difference at the time of
installation and operation of the plaster coating and
masonry, °C;

ay, o, — coefficient of thermal expansion of masonry
and plaster coating;

E,, E, — elasticity module of masonry and plaster coat-
ing, kgf/cm’.

Atmospheric moisture, penetrating into the cracks of
the plaster coating, and through them into the contact
zone, creates a wedging pressure at the top of the
crack. Thus, tensile stresses appear in this zone
(Fig. 5a), which leads to further development of the
main cracks plaster coating and its contact zone with
the masonry.

At minus temperatures, in winter, the development
of cracks is accelerated due to the transformation of
water into ice (Fig. 5b, 5c), which ultimately leads to
the destruction of the plaster coating and the wall
structure (Fig. 5d, 5d).
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Figure 4 — Deformations (a), stresses
in the contact zone (b)
and development of the main crack (c)

In order to prevent the destruction of the plaster
coating, it is necessary to calculate the values of its
physic mechanical characteristics (compressive and
bending strength, elastic modulus, etc.), considering
the stresses in it and the contact zone with the clad-
ding that arise when the solution is hardened and the
wall structure is deformed. In this case, the maximum
permissible voltage, should be less than destructive.
Selection of the composition of the solution must also
be carried out taking into account the processes occur-

ring during the application and hardening of the mor-
tar to the masonry. It is necessary to increase the wa-
ter-retaining capacity of the mixture, to reduce the
shrinkage of the plaster coating during hardening, to
reduce the number of cracks that occur during harden-
ing and to prevent or slow down their development.

The aim of the research was to obtain plaster solu-
tions with high crack resistance, while ensuring the
requirements of normative documents for medium
density, compressive strength and bending, and other
parameters.

In the experiment, to reduce the shrinkage of the
plaster coating and prevent the appearance of shrink-
age cracks, a small filler and a filler with a low
modulus of elasticity (vermiculite and from aerocrete
battles (mix No. 1), limestone stone waste and pearlite
waste (No. 2 mix) were used.

The resulting effect was enhanced by the addition of
redispersible polymer powder Winnapas 5043 H and
cellulose ethers Tylose MBZ 15009. Their presence
enables to reduce the modulus of the plaster coating
elasticity and the stress in it and the contact zone, and
with the polymer fiber addition, the cracks develop-
ment rate is reduced, which increases the durability of
the coating and the wall structure.

To determine the properties of the plaster solution,
samples of a 40x40x160 mm beam were made on a
gas-concrete base. Curing regime air-dry, simulating
the work of plaster coating in real conditions.
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Figure S — Development of the main
crack in the contact zone due to the action
of water (a), ice (b, ¢), and destruction
of the plaster coating (d, e)
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Table 1 — Factor variation range
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= -1 300 | 1,05/1| 0,6 1 0,1
1 400 | 1,05/1 1,2 5 0,5
Z9
s 2 0 300 | 1,05/1f 0,9 3 0,3
-1 200 | 1,05/1f 0,6 1 0,1

Curing regime air-dry, simulating the work of plas-
ter coating in real conditions. After 28 days of harden-
ing were determined: compressive strength and bend-
ing strength, high density, etc. Fracture toughness was
determined visually by the presence of cracks in the
coating and calculating the fracture toughness ratio, as
the ratio of the bending strength to compressive
strength.

The result is plaster solutions with the following
properties:

Composition No.1 (Fig. 6a-d):

— average density of 600-1500 kg/mz,

— bending strength 12-18 kg/cm’,

— compressive strength 18-36 kg/cm?,

— crack resistance coefficient 0.56-0.74.
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Figure 6 — Average density (a),
flexural strength (b) and compression (c),
crack resistance (d) of composition Nel

Composition No.2 (Fig. 7a-d):

— average density of 700-1100 kg/m’®,
— bending strength 10-25 kg/em?,

— compressive strength 15-35 kg/cm?,
— crack resistance coefficient 0.25-1

~700— E‘i?'
~—800 / r20,
~———900

L 1000
1100 |

Figure 7 The average density of (a),
flexural strength (b), the compressive strength (c),
the crack resistance coefficient (d)
the composition Ne2

The obtained plaster solutions meet the require-
ments of normative documents for medium density
(600-1600 kg/m’), flexural strength (10-25 kg/cm?)
and compression (25-50 kg / cm2). The plaster coating
has a high crack resistance, the crack resistance coef-
ficient is 0.25-1, while the cracking resistance is con-
sidered plaster with an index> 0.26.

Conclusions

The increase in the share of high-rise construction
and the widespread use of new wall materials, requires
the development of scientific foundations, the design
of plaster mortar compositions. For this analysis proc-
esses occurring in the plasters in its application and
hardening, the system is considered failure mechanism
"bricklaying - plaster coating" are given formula for
calculating stress. The principles and criteria are for-
mulated under which the plaster coating and the wall
structure durability is provided, the constituents and
the material composition selected.
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