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The article is focused on the natural experimental research of injection waterproofing impact on basement areas of existing
buildings brick walls. Two types of experimental installations for waterproofing material injection have been developed.
The second type turned out to be more efficient due to the fact that it could cover larger waterproofing wall area. It can
possibly speed up the process of walls waterproofing and major repairs of buildings in general. According to the experi-
mental data, after the injection waterproofing placement, the wall moisture content decreased by half due to the high quality
waterproofing material and performed installation work.
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VY cTaTTi po3MIAIa0ThCS HATYpHI eKCIIepUMEHTAIbHI JOCIIKEHHS BIUIMBY 1H’ €KLIHHOT rigpoizonanii Ha npudyHAaMeH-
THI 30HH LETJISTHUX CTiH iCHyIouHX OyaiBenb. EkcriepuMeHTaIbHI JOCIUKEHHS 3 IEPEeBIPKH TiPOI30IALIHIX BIACTHBOC-
Tei i1’ exniiiHoTr0 MaTepiany nposoawcs B [TortHTY. s naHoro excriepuMeHTy O0yJio 00paHoO CTiHY, sKa BCSI KOHTAKTY€E
3 IPYHTOM 1 HE Ma€ Tifpoi3ossimii. BU3HaueHHsT BOJOTOCTI CTIHH MPOBOAMIOCS JIEKIIbKOMAa CIOco0aMu: 1) KOHTaKTHUIA
MIOBEPXHEBUI; 2) JOKaJIbHUI; 3) pO3paxyHOK MacOBOTO BiTHOIIECHHs BOJIOTH B Marepiaii. Jlo Tigpoi3osii npyu KOHTAKT-
HOMY NTOBEPXHEBOMY CIOC001 OyJI0 OTpUMAaHO 3HAUEHHS BOJIOTOCTI HETITHOT KIaaKu 8%, 110 MOSCHIOETHCS THM, 110 BHYT-
PIIIHS MOBEPXHS CTIHM YaCTKOBO IIPOCHXA€ Ta MPOBITPIOETHCA Y IPUMILICHHI, 1€ 3HaXOIUTHCS EKCIEPHUMEHTAIbHA CTiHA.
Ipu nokansHOMY croco0i 6yJI0 OTPUMAHO 3HAYEHHS BOJIOTOCTI IETMIAHOI Knaaku 45%, 110 MOSICHIOEThCS THM, IO BinOy-
JI0CS pO3IIApyBaHHs LETJITHOT CyMilli 1 BOAM, TOMY IIOBEpXHEBHUH LIap, MPAKTUYHO MOKPHiA, IOKa3aB JOCUTh BUCOKHH pe-
3yJbTaT — Iie HOBEepXHeBa BoJsora. [Ipu mojasmoMy NpoBeIeHHI eKCIIepUMEHTY OyJI0 BiliOpaHO cepiio eKCIepHMEeHTalIb-
HUX 3pa3KiB JUIS BA3HAYEHHS BOJIOTOCTI 32 PO3paxyHKOM MAacOBOTO BiTHOIICHHS BOJIOTH B MaTepiaii. 3arajbHa iX KiIbKICTh
craHoBmIA 15 mryk. [t Bubipky BU3HaUCHO cepeqHe 3HaueHHs Bosorocti W=18,3%, crangaprt S=1,39 i koedimieHT Ba-
pianii V=0,079. Ilicas BramryBaHHS Tigpoi3oisnii Oyno BiniOpaHO IMOBTOPHO 3pa3Ky IETJISTHOI CTIHM Ta BU3HAYECHO 3Ha-
4eHHs BostorocTi. [l BUOIpKy BU3HAUYEHO cepeHe 3HaueHHs Boaorocti W=9,1%, crannapt S=0,85 it koedirieHT Bapiarii
V=0,093. B pe3ynbTari IpOBEACHHS CKCIICPUMEHTAIBHUX JOCIIIKEHb OyJI0 pO3po0IeHO [Ba THIIM €KCIIEPUMEHTAIbHUX
YCTaHOBOK JJIsl HATHITaHHA 1H €KWiiHOT rigpoizonsauii. Jpyruil Tun 6iei e eKTHBHUHN, OCKIIBKH 32 10r0 JOIOMOT0I0 0XO0-
IUTIOETHCA O1MIbIlIa TOPU30HTAIbHA TiAPOI30IIALiiHA IO CTiHU. 3TiAHO 3 eKCIEPHUMEHTAIbHUMH JaHUMH, TiCIs BIALITY-
BaHHS 1H €KUIIHOT IiAPOi30IIALil BOJOTICTh CTIHM 3MEHIIMIIACS Y [1Ba Pa3H.

KunrouoBi cioBa: OyniBHUIITBO, BOJIOTICTb, 1H’ €KIIHHA TiAPOI30IIALis, KaliTaIbHUH PEMOHT, TpH(yHAAMEHTHA 30Ha
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Introduction

The waterproofing issue is one of the most important
in building construction and reconstruction as water-
proofing materials ensure building protection from the
impact of the corrosive moist environment. Despite the
existing and new technologies in this area, the water-
proofing issue remains urgent as the right choice of
techniques and waterproofing materials enables to in-
crease their working life, decrease operational and
maintenance cost, increase the possibility of using the
underground parts in buildings and either eliminate or
minimize renovation work. Stone buildings and struc-
tures suffer from hostile environment influence, in par-
ticular from moisture and salinization, which cause lo-
cal corrosive destruction and quicken the load-bearing
capacity loss of the structures unless appropriate
measures in their protection are taken.

At present there is a large number of techniques and
waterproofing materials which can be classified as fol-
lows:

— according to the material used there are bituminous,
mineral, polymeric, and metal waterproofing types;

— according to the installation method there is coating,
sealing, plaster, casting, penetrative, injection, fill, and
mounted waterproofing;

— according to the appearance there is mastic, powder
solution, blanket, sheet, film, polymembrane and other
types of waterproofing.

Therefore, research focused on a particular type of
waterproofing and its impact on the functional capacity
of brick walls basement areas is relevant from the
theoretical and  practical point of  view.
The paper analyses performance and functional proper-
ties of injection waterproofing, implementation of re-
pair techniques of such structures with the prediction of
their further service life.

The research was carried out at PoltNTU and its main
results were implemented as part of the state-financed
applied research work "Comprehensive constructive
solutions for energy efficiency of public buildings in
the context of Europian integration”" (state registration
number 0118U001097).

Review of research sources and publications

Each type of waterproofing has always been investi-
gated as unexpected results have attracted researchers
[8]. In the papers [1, 2] horizontal waterproofing build-
ing in the old housing were studied. Various external
preventive treatments of external surfaces for increas-
ing waterproofing of the existing building constructions
have been researched in the papers [3-5].

Factors like wetness, temperature and the type of
building material have a big impact on the injection wa-
terproofing functionality. The main focus of [6] is on
testing penetration abilities of specially created differ-
ent types of injection gels and their final efficiency in
dependence on those factors.

Scientists from China [7] have carried out quite pow-
erful research and investigated the effect of cementi-
tious capillary crystalline waterproofing material on the
water impermeability and concrete microstructure.

Definition of unsolved aspects of the problem

In light of previous and many other studies, it could
be understood that modern developers encourage the
use of injection waterproofing materials for major re-
pairs. At the same time, however, this issue is not stud-
ied well from the scientific perspective. There is no spe-
cific data on full-scale experimental work on wall base-
ment areas before and after the installation of water-
proofing by the injection method.

Problem statement

The aim of the study is to conduct real experimental
research on the impact of injection waterproofing on
basement areas of the existing buildings brick walls.

Basic material and results.

Experimental models description. Experimental re-
search on testing the waterproofing properties of the in-
jection material were conducted in a classroom in the
left wing of the central building (on the ground floor)
of PoltNTU, which is also a training laboratory, as there
is mechanical equipment for conducting power experi-
ments. Since the university was built in the 1930s, at
the time when the concept of “waterproofing” did not
exist, it affected the state of bearing structures and
building envelope at many locations around the central
building. The classroom is located in the basement (Fig.
1), which increases the destructive effect of moisture
combined with a low-efficiency heating system and in-
sufficient insolation. This place was chosen for the ex-
periment due to the fact that the entire wall is in contact
with the soil and, without waterproofing, is completely
saturated with moisture.

In parallel with this experiment, injection waterproof-
ing was carried out at two other locations: an espace-
ment between the windows in the PoltNTU central
building external wall and the entire perimeter of the
outer walls of the public building (Fig. 2).

Experimental elements are external bearing walls of
approximately 1.05 meter thickness. The construction
of the walls has a three-layer structure: the external and
internal bearing layers are made of brick, and between
them there is an indent layer, which was afterwards
filled with construction debris.

Figure 1 — General view of the experimental room
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Figure 2 — General view of the experimental
external wall

Waterproofing material description. AQUAMAT-F
(“AKBAMAT-®”) injection waterproofing was chosen
for the experimental study. It is a ready-to-use mixture
of water-repellent silicon compounds. When the mate-
rial is injected into the wall or applied to the surface of
the wall for soaking, it penetrates into the smallest
pores due to its low viscosity and wettability properties.
The capillary structure sealing occurs due to the inter-
action of the hydrophobic solution with the lime, and
formation of water-insoluble chemical compounds
crystals that seal pores and stop the capillary penetra-
tion of salts on the structure surface. AQUAMAT-F is
used mainly to block capillary moisture. It creates a
barrier at the wall base, thereby protecting it from the
penetration of moisture from the soil.

Experiment conducting methodology. The experi-
ment was carried out in accordance with the manufac-
turer's technical bulletin. The initial stage was to deter-
mine the required location (distance from the angle of
the wall was 0.3 m and from the floor 0.25 m). Then, a
grid was formed using a measuring tape and a pencil
(Fig. 3), which determined the spots for perforation: the
distance between the future openings was 0.15 m in
horizontal and vertical directions (7 rows with 3 holes
in each).

Figure 3 — Perforated wall grid

According to the instructions, perforating was carried
out at a small angle not exceeding 30° using a perforat-
ing device. The holes were perforated through the wall
thickness, with 5 cm left imperforated to its outer sur-
face. The diameter of the holes was 18 mm. The final
stage of preparatory work was removing the layer of
damaged plaster (about 2-3 cm thick) around the perfo-
rated places and to clean the openings from the dust that
appeared during the period of work, as the holes must
be clean according to the instruction.

The injection system was a construction of plastic
hoses 1.5 m long, fixed on a stand 2.2 m high for the
possibility of free injection in 2 rows at once, even in
the highest holes (Fig. 4).

Figure 4 — The first type of experimental
installation for injection waterproofing

The hoses were fixed in the holes with the help of
gaskets to prevent leakage. Since the waterproofing
material has a low viscosity and good wettability, plac-
ing the end of the hose above the level of the holes in
the wall is enough (without sagging of the hoses) and it
is possible to inject the solution even without using
compression, which, in fact, was successfully com-
pleted.

The penetration of the liquid into each hole was car-
ried out until the liquid began to appear in the pores of
the wall.

In the experimental study of the other object, injec-
tion waterproofing system shown in Fig. 5 was used.
The principle of its work is similar to the previous one.
Hoses were inserted into the holes, which were
equipped with a mechanism of dropping bottle. Each
hole in the wall was insulated with construction foam.
This experimental installation was more effective be-
cause it could cover a larger horizontal wall area. This
can accelerate the process of waterproofing the walls
and major repairs of the building in general.

After injecting all the necessary areas of the walls,
every hole was filled with a suitable mortar and finished
with plaster.
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Figure S — The second type of experimental instal-
lation for injection waterproofing

Experimental research on the moisture content of
the wall structure. Some amount of moisture is always
present in the building envelope material due to the pro-
cesses of sorption and condensation of water vapor,
which affects the wall thermal qualities.

Determination of moisture content of the experi-
mental wall construction was carried out in several
ways:

1) surface contact (with the help of “VIMS 2.21”
(“BUMC 2.217) device);

2) local measurement (with the help of “VIMS 2.21”
device);

3) calculation of the mass ratio of moisture in the
material (according to the JICTY b B.2.7-170:2008).

Device description. Universal moisture meter “VIMS
2.21” (“BUMC 2.21”) (Fig. 6) is designed for moisture
content measurements of solid and fill building materi-
als (light, porous and heavy concrete, sand-lime and ce-
ramic brick, building sand, stone screening dust), wood
(timber, chemically untreated wooden parts and prod-
ucts).

The device can be used to measure moisture content
of a wide range of solid and fill building materials with
their additional calibration and the development and
certification of measurement procedure (“MBB”).

Application: construction industry, forestry and

woodworking industry.
s

Figure 6 — General view of moisture meter
“VIMS 2.21”

The device operating conditions:

— ambient temperature from 5° C to 40° C above zero;
— relative air humidity from 30% to 90%;

— single measurement time should not exceed 60 sec-
onds.

The device consists of an electronic unit and con-
nected sensors: volumetric-planar capacitive and probe
capacitive transducers. Completeness of sensors is de-
termined by the device use.

The volumetric-planar capacitive transducer consists
of planar capacitive transducer and a nozzle, which is
arranged on the external concentric electrode. Accord-
ing to this parameter the following types are distin-
guished:

— with a nozzle — volumetric capacitive transducer
(volumetric sensor), designed for fill materials mois-
ture content monitoring;

— without a nozzle — planar volumetric transducer
(planar sensor), designed for solid materials moisture
content monitoring.

The probe capacitive transducer (probe sensor) is
used for moisture content monitoring in deep layers of
solid, fill and plastic materials. The probe sensor in-
cludes a locking screw.

A nozzle for working with fill material can be used in
addition to the probe sensor. The nozzle enables to
compact the tested fill material and limit its control
area.

The device is intended for in-process non-destructive
monitoring of sand moisture content, a wide range of
building materials, products, structures and buildings in
the process of their creation and operation.

An even and smooth surface was prepared prior to
measuring the moisture content of bricks in the experi-
mental wall and a tight fitting of the sensors surface to
the monitored wall surface was ensured.

For improving the accuracy of the results, moisture
content was measured over the series of measurements
at different sections of the wall surface, averaging the
result by a series of measurements.

The mechanism is based on the dielcometer method
of moisture content measurement, namely, the correla-
tion dependence of the material dielectric permeability
on the moisture content in it at positive temperatures.

Research results analysis. Moisture content meas-
urement of the brickwork was carried out in two stages:
prior to waterproofing and after it.

The first stage. prior to the wall waterproofing. The
contact surface method showed that the moisture con-
tent of the brickwork was 8%. It is due to the fact that
the inner surface of the building envelope (the wall) is
partially dried and ventilated in the room where the ex-
perimental wall is located.

The local method showed that the value of the brick-
work moisture content was 45%. It is due to the fact
that there was a segregation of the masonry mixture and
water, therefore, the surface layer, practically wet,
showed quite a high result — it was the surface moisture.

In the course of the experiment, a series of experi-
mental samples was selected to determine the moisture
content by calculating the mass ratio of moisture in the
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material (according to the state standard “JICTY b
B.2.7-170:2008”)
Wy = Mg ~Me (1)
Mg
where m, — mass of the material sample prior to drying,
kg;
m. — mass of the material sample after drying, kg;

All experimental samples were weighed and then
placed in the drying cabinet in a special vessel. Dry ma-
terials (Fig. 7) were re-weighed, after which the mois-
ture content of the experimental material was deter-
mined.

““lw - ..A
Figure 7 — Dried experimental samples
of different walls

In this experimental study moisture content is a vary-
ing value; therefore, statistical processing of data was
conducted. To obtain reliable estimates of statistical
characteristics and distribution laws, the moisture con-
tent values of all experimental samples were taken.
There were 15 samples in total.

The statistical processing of the samples data of the
moisture content value was performed in MS Excel us-
ing the embedded statistical functions. For sampling the
average humidity value was W = 18.3%, the standard S
= 1.39 and the variation coefficient V = 0.079, as well
as the distribution histogram (Fig. 8) were determined.

After the waterproofing installation, samples of the
brick wall were re-selected and, in accordance with the
state standard “DSTU b B.2.7-170:2008”, the moisture
content was determined. Statistical processing was car-
ried out. For sampling the average moisture value was
determined \%% = 9.1%, the standard
S = 0.85 and the coefficient of variation V = 0.093, as
well as the distribution histogram (Fig. 9) was created.
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Figure 8 — Distribution histogram of the brick wall
moisture distribution prior to waterproofing
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Figure 9 — Distribution histogram of the brick wall
moisture distribution after waterproofing

Conclusions

In the process of experimental research, two types of
experimental installations for injection waterproofing
have been developed. The second type turned out to be
more efficient, due to the fact that it covered wall larger
horizontal waterproofing area. It could quicken the pro-
cess of waterproofing the walls and major repairs of the
building. According to experimental data the wall
moisture content decreased by half after injection wa-
terproofing. It is due to the high-quality waterproofing
material and the implementation of installation arrange-
ment. injection waterproofing has proved itself to be a
sufficient high-quality method, but the conditions for
waterproofing were near-perfect in the experimental
studies, which is not always the case in actual practice.
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