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Development and testing of the concrete maturity sensor housing

Abstract. The two types of custom housings for the maturity sensor made of two-
component plastic were proposed and subjected to durability testing in this study. The
first rectangular housing was made of two parts connected by 6 screws and
waterproofed with rubber. The second housing was made keg-shaped with a cylindrical
keg and screw-on cap. The housings were tested for water resistance, integrity when
dropped, and load resistance on three sides using an electromechanical press-machine.
At compression tests, both housings demonstrated fairly acceptable resistances, ranging
from 0.6 to 2.11 kPa. If referring to the weight applied, it may be supposed that the
housings may bear from 65.3 to 165.3 kg depending on the sides, on which the loads are
applied. The integrity tests did not cause notable damage on both types of housings,
while the water-resistance test revealed the weakness of rectangular housing that failed
the test at 3 days of submerging. Comparatively, the cylindrical housing turned out to be
more reliable, since its average resistance deviation on all sides appeared to be twice less
than those in rectangular one. Moreover, the keg-shaped housing turned out to be
waterproof, less material, and labor-intensive.
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Introduction

The hardware and software products bring advanced smart testing technologies and real-time
data collection to the forefront of every job site, driving innovation throughout concrete’s lifecycle [1].
Monitoring of the internal processes occurring in the concrete body during the hardening helps to make
timely decisions to reduce equipment and formwork rental time, as well as labor costs [2-3].

Electronic devices are subjected to various mechanical effects in the process of operation.
Therefore, special attention is focused on its mechanical properties. The mechanical properties of the
device include tensile properties, compression properties, flexural properties, static and dynamic
friction coefficients, etc. The mechanical properties also have an impact on the areas in which they can
be used. For example, iButtonLink Technology, the developer of the iButton sensor, has taken a big step
forward by teaming up with Rhodium Scientific. Industrial temperature sensor - iButton was sent into
space for high-precision research, where it will measure and transmit temperature information. Another
benefit, the implementation of wireless sensors by Giatec's 2020 report, was the ability to quickly collect,
analyze and share important data without having to be in close contact with other workers on the
construction site. Particularly noted is the use of the sensor as a signal, which gives confidence in the
absence of power failures, turning off heaters, or the other way left on. The worldwide practice of using
sensors has shown their superiority [4—6]. One of the common key points for expanding the usage areas
of electronic devices is the suitability of its enclosure for the external influences it is being subjected to.
Therefore, a great deal of attention must be paid to the design of the housing. Developers of electronic
equipment are used to designing the enclosure after the completion of the internal part, which is a
serious mistake [7]. Firstly, it does not allow selecting an efficient and cheap solution, due to which the
dimensions grow, ergonomics, and appearance of the device are reduced. Secondly, in the case of
consecutive development of the electronic stuffing and the housing, the launch of the device in serial
production can start much later than in the process of parallel development, since there are risks of non-
compliance of the housing with the exploitation conditions.
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Development and testing of the concrete maturity sensor housing

Maturity sensors are becoming widely used nowadays, surpassing traditional techniques in many
aspects and enabling real-time monitoring of concrete strength and curing temperature. Embedded into
the concrete body, these sensors must have durable and waterproof housing. The current study is aimed
at durability testing of the housing for the modernized version of the maturity sensor previously
developed by [8]. Along with the data collection station, and the server software, the new version of the
maturity sensor represents an integral component of a measuring complex BDM-1. To date, BDM-1 has
become the first Kazakhstani product that allows real-time monitoring of the concrete curing
temperature and the strength wirelessly. Since the maturity sensors are embedded into the concrete
body and subjected to mechanical impacts when the concrete is poured, their internal electronic
components must be securely protected with robust housing and waterproofed according to IP68
international standard [9]. To follow such requirements, the housing design was constructed in two
configurations (by shape). The next chapter describes the development and experimental procedures
performed.

Materials and methods

As mentioned, the maturity sensor housings were built in two configurations: 1) Two parts
rectangular; 2) Keg-shaped cylindrical. Two-component liquid plastic from the company Kimpur -
Kimteks Kimya Tekstil Uriinleri ve Ticaret A.S. formed the basis of the housings. Both components are
manufactured in Turkey and are available in packs ranging from 2 to 200 kg. This type of plastic is
characterized by its hardness, resistance to mechanical influences, and short setting time. The
components of this plastic are mixed in a 1:1 ratio by weight [10].

The maturity sensor housing was initially designed as a combined (upper and lower parts)
rectangular housing with 6 screw connections and rubber for waterproofing.

Each part of the housing went through several iterations of molding the silicone formwork,
pouring the liquid plastic, and polishing. The formworks were made of the two-component silicone HY-
520 produced by the Shenzhen Hong Ye Jie Technology Co. [11], in the ratio by weight of the hardener
and silicone of 1:40. Both components are manufactured in China and are available in packs ranging
from 1 to 5 kg. To mold the silicone formwork, there were used handy tools and materials.

The poured molds were kept at a room temperature of 20°C and 95% humidity. Every iteration
took 1 day till the formwork was ready for the liquid plastic pouring. The setting time of the plastic was
around 30 min, after which the housing was polished with abrasive paper. As a result, the master model
of the housing was obtained and used to mold a master formwork made of silicone. The final formwork
was then used to replicate the housings (Figure 1).
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Figure 1. Design and fabrication of a silicone mold for a rectangular housing: a) 3D design; b) prototypes;
¢) the pouring of silicon for upper part master-form; d) prepared silicone mold; e) cured upper part in the
silicon master-form; f) the pouring of silicon for lower part master-form; g) the curing process of plastic in
a silicone mold; h) cured lower part in the silicon master-form; j) polishing tools

Since the rectangular housing design was characterized by various elements (metal screws,
washers, nuts, and a rubber gasket), its assembly turned out to be complicated. Therefore, the
cylindrical housing was based on the screw-cap keg concept. This type of housing was developed to

simplify the design and thereby make it cheaper. The cylindrical housing passed through similar stages
as the rectangular one (Figure 2).

Figure 2. Design and fabrication of a silicone mold for the cylindrical housing: a) 3D design; b) prototype;
¢) the pouring of silicon for master-form; d) prepared silicone master-form; e) pouring of plastic; f)
polishing tools

BECTHMK EHY umenu A.H. Tymuaesa. Cepus mexnuteckue HAyKu 1 1exXHOA0ZUL Ne 4(137)/2021 9
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Development and testing of the concrete maturity sensor housing

To argue the durability of the housings, the experimental procedures included the testing of their
waterproofness, integrity, and load resistance.

To test for water resistance, both types of housings were sealed with tissue paper inside and
prepared for complete submerging in a tank of water, where they had to remain for 1 month. The tissue
paper was planned to be used as an indicator of waterproofness. To prevent them from floating to the
surface, they were loaded with weights (Figure 3).

a b
Figure 3. Water resistance tests: a) rectangular housing; b) cylindrical housing

The integrity of the housings is tested by a procedure of free-fall from the different heights (1, 1.5
and 2 m) according to [12]. Three samples of each type of housings were used for testing. Due to the
complexity of the technical evaluation after dropping, a visual determination of the samples condition
was performed according to the [13] principle. For further classification of the tested samples figure 4
presents the examples of possible breach of integrity (visual indicators).

a | . b c
Figure 4. Visual indicators of housings integrity: a) scratches; b) cracks; c) spalls

Load resistance determination of the maturity sensor housings structure was carried out on an
electromechanical press-machine UNIFRAME 70-T1182 with a load range up to 50 kN and displacement
speed ranging from 0.05 to 51 mm/min [14]. The loads on the sides of the housings during the test are
conventionally marked by capital letters (Figure 5).

a b

Figure 5. Compression load sides: a) rectangular housing; b) cylindrical housing
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Three rectangular (Figure 6) and three cylindrical (Figure 7) housing samples were destroyed
during the compression tests. The different nozzle area of the press piston was taken into account
in the compression results.

Figure 7. Cylindrical housing compression test: a) side A; b) side B; c) side C

Results and Discussion

The housing water-resistance and integrity tests were evaluated visually. The water-resistance
test revealed the weakness of rectangular housing that failed the test at 3 days of submerging, which
was confirmed by the blotting of the tissue paper. Meanwhile, the cylindrical housing remained in the
tank of water for 1 month, turned out to be completely waterproof, since the tissue paper after the
inspection still remained dry (Figure 8).

a b
Figure 8. Water-resistance test results: a) wet tissue paper in the rectangular housing; b) dry tissue
paper in the cylindrical housing
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Development and testing of the concrete maturity sensor housing

The integrity tests did not cause notable damage on both types of housings as shown in Table 1.
There were minor scratches on the surface of both cases, as well as a single crack after the fall of the
sample No. 2 of rectangular housing at a height of 2 m. The rectangular housing was cracked at the
screw connection part, which may be reasoned by the fact that the screw holes are located close to the

edge of the housing.

Table 1
Integrity test results of housings

Sample | Height, Visual indicators of housings integri'ty ‘
No. m Rectangular Cylindrical
Scratches | Cracks Spalls | Scratches | Cracks Spalls

1

1 1.5 v
2 v v
1

2 1.5 v
2 v v v
1

3 1.5 v
7 v v

The results of the housings compression tests are demonstrated below. The diagrams show the
maximum uniaxial compression load in kPa for each side of the housings (Figures 9 and 10). It is worth
noting that the load was performed with the same displacement speed and time.
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Figure 10. Compression load diagram of the cylindrical housing: a) side A; b) side B; c) side C
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Development and testing of the concrete maturity sensor housing

According to the results of tests of rectangular and cylindrical-shaped housings, the B-side of both
types of housings turned out to be the most sensitive to the loads. Whereas the C-side of the rectangular
and the A-side of the cylindrical housings withstood the maximum loads. Thus, the sides of the housing
when ranked by bearing load may be given the following comparison: B < A < C for the rectangular
shape, B < C < A for the cylindrical shape.

To sum up, both housings demonstrated fairly acceptable durability. However, the cylindrical
housing turned out to be more reliable since its average resistance deviation on three sides deviate from
the average resistance to 26%, as opposed to rectangular housings of 49% (the difference is almost
twice). Moreover, the keg-shaped housing turned out to be 100% waterproof according to the test
results, less cost and labor-intensive due to the exclusion of screw connections and rubber for
waterproofing.

Conclusion

A review of existing modeling techniques, pouring methods, and housing materials were
performed. Two varieties of maturity sensor housings by shape were manufactured — the rectangular
and cylindrical one. Both types of housing were tested in the laboratory for waterproofness, integrity
after falling from a height, and compression load from three sides.

According to the test results, the cylindrical housing appeared to be more reliable than those of
rectangular one in several parameters. Moreover, the cylindrical design is more efficient in terms of
material and resource consumption in contrast with the rectangular design.

As a result of the process of creating a housing for an electronic device, the following can be
highlighted:

- the shape of the housing plays an important role in the development of an electronic device;

- the monolithic design and the small number of parts in the assembly gives more robustness;

- the specifications and operational requirements of the device have a direct impact on the cost of
the product;

- the significant part of the production cost lays on the expenses for the development, testing, and
serial production of the housings.

The new version of the maturity sensor was represented in the construction market of
Kazakhstan. The formation of the local manufacturer along with foreign analogs is focused on the
development of the domestic market of instrumentation. The use and implementation of the foreign
standard and method of concrete strength control in Kazakhstan is an additional contribution of the
research. Laboratory tests confirmed the requirements for the operation of the BDM-1 measuring
complex components.
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beTOHHBIH XeTiay CeHCOPBIHBIH KOPITYChIH JKacay JKoHe CbIHay

Anparmia. Makasaga exki KOMIIOHEHTTi IIAaCTMKTeH >KacaAfaH, OepikTiKke ChIHaAFaH >KeTiay
CEeHCOpbIHA apHaAFfaH KOPITyCTBIH eKi TypiH YChIHABL BipiHii TikOypeIIITE KOpITyC 6 OypaHiaMeH >KoHe
Cy ©TKi30elTiH pe3eHKeMeH KOChLAFaH eKi OeaikTeH >kacaafaH. EKiHIII KOpIyC IUAMHAPAIK Oellke MeH
OypaHAaabl KakIarsl Oap Oellike TypiHae >kacaaasl. Koprycrap cy eTkizOenTiHAiriHe, Kyaay KesiHAeri
TYTaCThIFbIHA JKoHe DAeKTPOMeXaHUKaAbIK IIpecc-MallliHaHbIH KOMeriMeH YIII JKaFblHaH KyKTeMeaepre
TesiMaiairine Tekcepiaai. CeiFpIMAay cbhlHaKTapbiHAa eki xopmyc Ta 0,6-aan 2,11 «lla-ra aeitin
JKeTKIiAIKTi KapChIABIKTHI KOpceTTi. Erep Koa4aHblAaThIH caaMak TypaAbl aliTaTelH 00AcaK, OHAA
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KOpITyCcTap >KyKTeMe acep eTeTiH TapalTapra OaitaaHbICTH 65,3-TeH 165,3 Kr-fa AeliiH KeTepe aaaAbl Aem
Doaxayra 60aaapl. TyTacThIK ChIHAKTaphl KOPITYCTHIH €Ki TypiHe Ae aliTapABIKTall 3MsIH TUTriz0eAi, aa
Cyfa Te3iMaiAiK cbHaFbl 3 KYHAIK CYHIyipAeH KeliH ChIHAKTaH ©TIIeTeH TiKOYPBIIITEI KOPITYCTBIH
94Ci3AiriH aHbIKTagbl. CaabICTRIPMAaAbl TypAe HUAMHAPAIK KOPIYC HEFYPABIM CeHiMAl 60AABI, ©TKeHi
OHBIH OapAbIK >KarblHaH KapPCBIABIKTBIH OpTallla aybITKybl TIKTOPTOYPHIIIKA KaparaHJa eki ece a3
60a4p1. COHBIMEH KaTap, OeIIIKe Topidai KOpIIyc cy ©TKi30elTiH, a3 MaTepualAbIK KoHe YaKbITThI Ka’KeT
eTeTiH OOABIII IILIKTEI.
Tyitin ce3aep: Oy3blAMaiThIH OaKblaay, JKeTily CeHCOPHI, KOPITLyC, OepiKTiK, I11aCTUK.

A. AHUCKVH
University North, Bapaxoun, Xopsamus

PazpaboTka 1 TecTMpOBaHMe KOPILyca AaT9MKa 3peaocTr OeToOHa

AnnoTamms. B aganHOM MccaeaoBaHmMm OblAM TTPeAAOSKEHBI M IOABEPTHYTHI MCIIBITAHMSAM Ha
IIPOYHOCTh ABa TUIIa HeCTaHAAPTHBIX KOPIIyCOB AAs AaTyMKa 3peAOCTH, MW3IOTOBAEHHBIX U3
ABYXKOMIIOHEHTHOTO I1AacTuka. [lepBbiii NpsAMOYTOABHBIN KOPITyC OBbLA M3TOTOBAEH U3 ABYX 4acTeii,
COeAVMHEHHBIX 6 BUHTaMU, ¥ IMAPOU30AMPOBaH pe3nHOIl. Bropoii xoprryc Obla BBIIIOAHEH B (opme
OOYOHKa C IMAMHAPUYECKMM OOYOHKOM I 3aBMHYMBAIOIIeics KppiKoil. Kopriyca Op1am McIibITaHbI Ha
BO/JOHEIIPOHNIIaeMOCTh, 11€A0CTHOCTh IIPU NaJAeHUM U yCTOMUMBOCTb K Harpy3kam C Tpex CTOpPOH C
IIOMOIIBIO 9AeKTpoMexaHndeckoro mpecca. IIpu mcrblTanmsax Ha ckarme oba KopIlyca ITOKasaaAu
BIIOAHE IIpUeM/AeMoe COIlpoTuBAeHne B guanasoHe ot 0,6 40 2,11 klla. IlpearoaoxureapHo KopIryca
MOTYT BbIAep>KaTh OT 65,3 40 165,3 KI B 3aBMCMMOCTI OT CTOPOH, K KOTOPBIM IPUKAaAbIBaeTCsl Harpy3Ka.
VcripiTannsl Ha 11€A0CTHOCTh He BBI3BaAM 3aMEeTHBIX ITOBPeXK/AEeHUI Ha OOOMX THUIIaX KOPIIyCOB, B TO
BpeMs KaK MCIbITaHMe Ha BOAOHEIIPOHUIIAeMOCTh BBIABMAO CAa0OCTh MPSIMOYTOABHOTO KOPITyca,
KOTOPBII He Bblgep>Kaad MCIBITaHUs IpU IOTPY>KeHUM B BOAy B TedyeHue 3 AHeil. /Asi cpaBHeHus,
IMAVMHAPUYECKIII KOPIIyC OKa3aacsl Doaee HaleKHBIM, TakK KaK CpejHee OTKAOHeHMe COIPOTUBAEHIUS
II0 BCeM CTOPOHaM OKa3alocCh B ABa pa3a MeHbIlle, 4eM Yy IpsIMOyroapHoro. Kpome toro, xopimyc B
¢opme OouoHKa OKazaacs 6oaee BOAOHEIIPOHNUIIAEMBIM, MeHee MaTepIal0eMKIM U TPYAOEeMKIIM.

KaroueBble caoBa: Hepa3pyLIalOLIMIT KOHTPOAb, AATIMK 3PeAOCTH, KOPILyC, A0ATOBEIHOCTD,
MIAACTUK.
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