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The Chinese construction industry has been using the Internet of Things (10T) to monitor building materials and
structures for many years. The achievements of the Chinese construction industry in 10T applications can be used to study
and monitor the performance of building materials, including green buildings (energy-efficient building materials).

The aim of research: study and optimization methods for remote quality control of composites with organic ag-
gregates.

With the help of the developed methods, the following dependencies were obtained: dependences of stresses inside
composites with organic aggregates on external influences obtained using a sensor Keyes brick thin film pressure sensor,
dependences of deformations inside composites with organic aggregates on external influences obtained using a sensor
ultrasonic ranging sensor, dependences of humidity inside composites with organic aggregates on external influences
obtained using a sensor Soil moisture sensor, dependences of rheoclogy (cement paste setting time) obtained using a sensor
Ph-sensor module.

Keywords: internet of things, methods for remote quality control, composites with organic aggregates.

Introduction. In order to ensure the safety of the building, it is necessary to monitor the health of the key parts of the
building in real time and forecast the safety situation, so as to find the location of the problems inside the building structure
and the severity of the related problems as soon as possible, and then accurately predict the performance of the building
structure and predict the situation [1]. Estimate the remaining life of the building and make corresponding maintenance
decisions according to the specific situation of building safety, so as to effectively solve the problem of building safety
prevention and health monitoring, prevent the occurrence of building-related accidents and disasters, and ensure the safety
of users' lives and property [2]. In normal production and life, building safety monitoring has received more and more
attention from people.

The Chinese construction industry has been using the Internet of Things (10T) to monitor building materials and struc-
tures for many years [3-8]. The achievements of the Chinese construction industry in 10T applications can be used to study
and monitor the performance of building materials, including green buildings (energy-efficient building materials [9-26]).

The aim of research: Study and optimization methods for remote quality control of composites with organic aggre-
gates. To achieve the aim, the following objectives were solved: make an overview of the experience of the Chinese con-
struction industry in implementing methods internet of things for remote quality control of building materials and structures;
compare the quality characteristics of composites with organic aggregates tested in the laboratory and using special sensors:
compressive strength, deformation, humidity, cement paste setting time; give recommendations on optimizing the accuracy
of the sensors for remote quality control of composites with organic aggregates.

Main part. Methods for monitoring various indicators in building materials and structures will be presented below.

Method for remote quality control of the stress-strain state of composites with organic aggregates using
ultrasonic ranging sensor and Keyes brick thin film pressure sensor: Ultrasonic ranging sensor and Keyes brick thin
film pressure sensor are placed on the outer surfaces and inside the material (figure 1, a). Sensors collect information
about the material. The example is placed in the PM-2MG4 press and the test begins. The press shows the load and strain
values. Sensors show similar values. As can be seen from table 1, these values correlate well with each other.

The following samples were used: straw-cement sand block with a density of 1350 kg/m? (example 1) and wood
concrete with a density of 550 kg/m?® (example 2).

Method for remote quality control of the humidity state of composites with organic aggregates using humidity
sensor: Humidity sensor are placed on the inside the material (figure 1, b). Sensor collect information about the material.
For moisture monitoring, samples are first dried to constant weight and then placed in a container of water. At certain
intervals, they are removed from the water and weighed (their moisture content is determined). Humidity sensors show
their values in parallel. The results of moisture determination at different points of the material, as well as their correlation,
are shown in table 2. The results showed a high correlation with the standard method.

The following samples were used: straw-cement sand block with a density of 1350 kg/m?® (example 1) and wood
concrete with a density of 550 kg/m? (example 2).

Method for remote quality control of the rheology (cement paste setting time) using Ph-sensor module: Ph-
sensor are placed on the inside the control liquid for calibration. After Ph-sensor are placed on the inside the cement paste
(figure 1, c). For tests, a cement paste of normal density (example 1) and a cement paste of normal density with the addition
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of a giperplasticizer (example 2) were selected with a reduction in water consumption by 30%. In parallel with the work
of the sensors, the setting time was determined on the Vicat device. Sensors collect information about the material. The
results obtained by the sensors generally coincide with the tests on the Vicat device (figure 2).

c
a — of the stress and strain; b — of the humidity; c — of the setting time of the cement paste
Figure 1. — Location of sensors in the material to obtain the values

Table 1. — Changes in pressure and deformation of composite materials tested by sensors and press

Example 1
Data obtained from the : . s r
press PM-2MG4: Data received from sensors: Statistical indicators
Compressive - Pressure Distance Correlation Correlation
strength, kN Deformations, mm sensor sensor compressive strength deformations
0,003 0,2 430 6,90
0,005 0,3 626 6,92
0,019 15 847 7.50 0.93 0.99
0,032 1,7 946 7,60
Example 2
Data obtained from the press PM-2MG4: Data received from sensors: Statistical indicators
Compressive . Pressure Distance Correlation Correlation
strength, kN Deformations, mm sensor sensor compressive strength deformations
0,189 0,6 563 7,50
0,233 0,8 747 7,60
0,363 1,0 859 7,60 0,83 0,95
0,774 2,1 911 7,69
0,961 38 953 7,79

Table 2. — Changes in pressure and deformation of composite materials tested by sensors and press

Example 1 (Dry mass = 4,714 kg)

Humidity Sensor Value Mass Humidit Correlation between sensor value
Time (min) in point Ne: of moistened p %,’/ and humidity
11 12 13 per time,kg | PErUMe 70 11 12 13
0 1 0 0 4,714 0,00
10 366 426 345 5,374 14,00
15 391 429 352 5,380 14,13 0,997 0,999 0,993
20 397 429 381 5,380 14,13
25 402 429 397 5,380 14,13
Example 2 (Dry mass = 2,180 kg)
Humidity Sensor Value Mass Humidit Correlation between sensor value
Time (min) in point Ne: of moistened time %// and humidity
1.1 12 13 per imekg | PETUMe 70 2.1 2.2 2,3
0 0 0 0 2,180 0,00
10 382 395 459 2,772 27,16
15 449 421 461 2,834 30,00 0,997 0,999 0,994
20 472 430 461 2,850 30,73
25 476 430 461 2,850 30,73
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Figure 2. — Rheology (set time of cement paste) linear diagram

Conclusions and recommendations for the further use of sensors for remote monitoring of properties. Method
for remote quality control of the stress-strain state of composites with organic aggregates using ultrasonic ranging sensor and
Keyes brick thin film pressure sensor, method for remote quality control of the humidity state of composites with organic
aggregates using temperature and humidity sensor, method for remote quality control of the rheology (cement paste setting
time) using Ph-Sensor Module — work and show good results. With the help of the developed methods, the following
dependencies were obtained: dependences of stresses inside composites with organic aggregates on external influences
obtained using a sensor Keyes brick thin film pressure sensor, dependences of deformations inside composites with organic
aggregates on external influences obtained using a sensor ultrasonic ranging sensor, dependences of humidity inside com-
posites with organic aggregates on external influences obtained using a sensor Soil moisture sensor, dependences of rheology
(cement paste setting time) obtained using a sensor Ph-sensor module. The results obtained using the developed methods
showed a high degree of correlation with standard tests and can be recommended for determining the properties during
the operation of buildings and structures. For a more reliable determination of the strength and deformation characteristics,
it is recommended to isolate the sensors from interference. For a more accurate determination of the characteristics of mate-
rials and structures, it is recommended to use ADCs of higher accuracy classes. Method for remote quality control of the
rheology (cement paste setting time) using Ph-Sensor Module can also be used to control concrete carbonation and dura-
bility, but this needs more research.
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Hocmynuna 17.11.2022

METOAbI JUCTAHIIMOHHOI'O KOHTPOJIA KAYECTBA KOMIIO3UTOB
C OPTAHMYECKHNMM 3ANNIOJTHUTEJISIMA

A.H. ATYEKHH, 4. YKHCIOH
(ITonouxuii zocyoapcmeennvtii ynusepcunmem umenu Eeppocunuu Ionouxoir)

Kumaiickas cmpoumenvhasi ompaciv yoice mno2o iem ucnonvzyem Humepnem seweii (IoT) 0ns monumopunza cmpo-
UMETbHBIX MAMEPUALO8 U KOHCMPYKYULL. JJocmudicenus: KUmatickou cmpoumensHot ompaciu é npunoscenusix loT mozym ovimo
UCROL308AHbL OJISL U3VHEHUS. U MOHUMOPUH2A XAPAKMEPUCTIUK CIPOUMENbHBIX MAMEPUATIO8, 8 MOM YUCLE 3eNEHbIX 30AHULL
(aHEP20IPPEKMUBHBIX CIMPOUMENLHBIX MAMEPUATLOB).

Lenb uccnedosanusi: usyueHue u ONMUMU3AYUSL MEMOO08 OUCHAHYUOHHO20 KOHMPOJISL KAYECMEad KOMNO3UMO8
C OpeaHUYeCKUMU 3ANOTHUMENSIMU.

C nomougvro pazpabomanHoil MemoOuKy ObLIU RO HEHbl CIeOVIOUjUe 3A6UCUMOCIIU: 3A8UCUMOCIIU HANPSICEHUL 6HYmMpU
KOMNO3UMOG C OP2AHUHECKUMU 3ANOTHUMENSIMU OM 6HEUHUX 6030€liCMEUL, NOLYYEHHbIE ¢ HOMOWbIO MOHKONIEHOYHO20 Oam-
yuka oaenenus Keyes, 3asucumocmu degpopmayuil 8Hympu KOMINO3UMO8 C OP2AHUYECKUMU 3aNOTHUMESIMU OM GHEUHUX 803~
Oeticmeutl, NOJYYEHHbIE C NOMOUWBIO VIbIMPA3E8YKO8020 OAMYUKA NEPeMEUeHUll, 3A6UCUMOCIIU GIANCHOCIU GHYMPU KOMNO-
3UMO8 C OPLAHUYECKUMU 3ANOTHUMENSMU OM 6HEUWHUX 8030€liCMEUll, NOJYYEeHHbLe ¢ NOMOWBIO OAMYUKA GIIANCHOCTU, 30~
BUCUMOCIU PEOLO2UU (BPEMSL CXBAMBIBAHUS. YEMEHIMHO20 TeCma), NOLYYeHHble ¢ NOMOublo damyuka Ph-Sensor.

Knrouesvie cnosa: UHmepHem 661/{4611, Memoobl ()ucmam;utmﬂozo KOHmMpOJiA Kadyecmea, KOMNOo3univl ¢ Opeanu4ecKumu
3anorHumesimu.

81


https://doi.org/10.1016/j.conbuildmat.2007.03.013
https://doi.org/10.1016/j.conbuildmat.2010.02.016
http://dx.doi.org/10.1061/(ASCE)MT.1943-5533.0001213
https://www.researchgate.net/publication/287047716_Coir-cement_composite
https://doi.org/10.1016/S0008-8846(99)00179-9
https://doi.org/10.1016/j.conbuildmat.2008.07.029
https://doi.org/10.1016/S0950-0618(99)00034-3
https://doi.org/10.1016/j.indcrop.2008.09.009
https://doi.org/10.1016/j.conbuildmat.2013.06.067
https://doi.org/10.1016/j.conbuildmat.2019.117743
https://doi.org/10.1016/j.conbuildmat.2011.03.052
https://doi.org/10.1016/j.conbuildmat.2020.120213
https://doi.org/10.1016/j.carbpol.2017.12.019
https://doi.org/10.1063/1.4937858
http://bstmag.ru/article?id=1506
https://doi.org/10.23746/2017-9-7
http://elib.psu.by:8080/bitstream/123456789/711/1/Bozylev_2011-16-p89.pdf
https://elib.psu.by/bitstream/123456789/2243/1/Бозылев_2009-6.pdf
https://elib.psu.by/bitstream/123456789/2243/1/Бозылев_2009-6.pdf

