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Abstract. Modular construction is a new method that uses standardized
blocks to construct buildings quickly and efficiently. This approach can
significantly reduce construction time and costs, as well as improve the accuracy
and quality of work. One of the key aspects of modular construction is careful
design and material selection to ensure that structures are durable and safe. The
study presents an experimental evaluation of the strength of the floor slab of a
volumetric block. The research methodology includes the creation of laboratory
conditions to recreate real operational situations, as well as the application of
modern methods of measurement and data analysis. The results obtained allow
conclusions to be drawn on the strength characteristics of the floor slab, which
showed that the experimental failure load exceeded the control failure load by
11%. The vertical deflections of the slab before failure did not exceed 8 mm, which
characterizes the floor slab as having high stiffness. The information obtained
is an important basis for designing and constructing buildings where volume
block is used. The work significantly contributes to the efficiency of construction
processes and provides more reliable structural performance, which is critically
important in the field of construction industry and engineering solutions.

Keywords: volume blocks, floor slab, crack resistance, stiffness, strength,
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Experimental evaluation of the strength of the floor slab of a volume block

Introduction

The current stage of development of large cities of the Republic of Kazakhstan is characterized
by a change in the structure towards an increase in the share of multi-story buildings [1]. This
is due to the urbanization of cities, the increase in the cost of land, and limited territories. At
the same time, the main part of buildings is constructed with a height of 9 -16 floors, and some
buildings are built with a height of 25 floors or more [2-3]. The trend of development of the
construction industry allows us to assert that in the coming years, the height of individual
representative buildings will approach 100 floors [3-4].

The experience of constructing buildings with higher stories in the developed countries
of the world shows that they usually use a wall or frame-bonded structural system [5]. The
increase in the number of stories of buildings causes an increase in the forces in load-bearing
structures, which necessitates the use of high-strength materials. Currently, in Switzerland,
France, USA, Sweden, Romania, FRG, and Czechoslovakia, the construction of buildings from
volumetric blocks with the use of wood and metal is carried out [6]. In recent years, the volume-
block (modular) construction of multi-story buildings has been revived in several European
countries. The volume-block technology is based on manufacturing large parts of buildings in
factory conditions with partial or full finishing [7-8]. It provides short construction terms, high-
quality construction and installation works in factory conditions, and low cost of construction.
Volumetric blocks are produced in three main types. The first type is "cap,” which consists of
four walls and a ceiling plate combined with a floor or molded floor plate.

The second type is "glass,” which includes four walls and a floor plate. The third type is "lying
glass," which comprises three walls, a floor, a ceiling plate, and an inserted facade panel. An
important direction of ways to improve the efficiency of volume-block construction of multi-
story buildings with increased floor area is the manufacture of volume blocks of expanded
concrete, which reduces the calculated vertical loads, and reduces the need for cranes and
vehicles with increased capacity.

In sustainability, literature acknowledges the potential benefits of volumetric blocks in reducing
material waste, energy consumption, and construction time [9]. The modular nature of volumetric
blocks allows for enhanced precision in fabrication, minimizing environmental impact and
contributing to the growing interest in eco-friendly construction practices. Researchers explore
how the incorporation of sustainable materials and construction methods within volumetric
blocks can lead to environmentally conscious and resource-efficient building solutions.

Furthermore, the literature highlights the importance of computational modeling and
simulation techniques in evaluating the performance of volumetric blocks. Advanced tools
enable researchers to analyze structural behavior,; predict load responses, and optimize designs
before actual construction, thereby enhancing the reliability and safety of new structural
solutions. This intersection of technology and structural engineering is a notable trend in
current literature, indicative of a broader shift towards data-driven and digitally informed
design processes.

Today, the development of new structural solutions for buildings requiring the study of the
performance of volumetric blocks remains open. The study presents the evaluation of strength,
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stiffness, and crack resistance of reinforced concrete floor slabs under the action of uniformly
distributed vertical loads.

The methodology

The floor slab integrates the walls of the volume block into a single system and supports the
variable (service) vertical load in the volume block room. These tests are designed to verify the
floor slabs' strength, stiffness, and crack resistance under a uniformly distributed vertical load
[10-11]. For this purpose, the volume block was placed on a rectangular pedestal with a height
of about 1.8 m, constructed from foundation block tapes (Figures 1 and 2).
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Figure 1. Scheme of the volume block on the pedestal

The volume block with dimensions 6980x3480x2980 mm is made of expanded clay concrete
of strength class LC 20/22 (B20) density class p = 800 kg/m3. Inside the volume block, there is
a reinforced concrete partition 70 mm thick of heavy concrete and two brick partitions 120 mm
thick each. The floor slab is a coffered slab with an 80 mm thick shelf and 170 mm high ribs. The
floor slab is reinforced with a mesh of reinforcing wire @4 S200C (Vr200) with 200x200 mm cells.

1

Figure 2. General view of the volumetric block on the pedestal
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The longitudinal ribs of the floor slab with a width of 260 mm, 277 mm, and 330 mm are
reinforced by vertical frames with longitudinal reinforcement of periodic profile 2@8 S500
(A-500C) and transverse bars @4 S400C (Vr40).

Transverse ribs with widths of 100 mm and 200 mm were reinforced with longitudinal
reinforcement 3@8 S500 (A-500C) and transverse V-shaped bars @4 S200C (Vr200) with a
spacing of 200 mm. The floor slab was loaded with small piece weights (bricks), the columns
of which with dimensions of 500x500 mm were placed on a layer of sand in such a way as to
exclude their mutual touching and formation of vaults (Figures 3, 4).
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Figure 3. Scheme of brick columns on the floor slab

Figure 4. View of loading the floor slab with bricks

The floor slab was loaded in steps with a step size of not more than 5-10 % of the design
verticalload. Atvariable (normative) verticalload, asoaking period of 1-2 hours (variable vertical
load of 2 kN/m2) was performed. Thereafter, the increase in vertical load was continued until
slab failure or undamped increase in deflections and excessive crack opening. In the process of
loading, we measured vertical displacements with the help of deflection meters PAO-6 with the
division value of 0.01 mm in the middle part of the span and on the supports and also recorded
the picture of crack development with the measurement of crack opening width with the help
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of microscope MPB-3 with the division value of 0.02 mm (Figure 5). Figure 6 shows a fragment
of a concrete pedestal with deflection gauges and safety supports made of bricks [12].

Figure 6. Fragment of a concrete pedestal

Findings/Discussion

Figure 7 shows a picture of the change in deflections of the middle part of the floor slab in
the process of increasing the vertical load from 100 kgf/m2 to 900 kgf/m2, which has the form
of a convex curve and illustrates the accelerated increase in deflections with increasing vertical
load. The largest deflection of the slab at variable load gk = 200 kgf/m2 was 0.6 mm, which is
significantly less than the allowable deflection (at f/1=1/200 the allowable deflection is 15.6 mm).

Figure 8 shows the deflection diagram of the middle part of the floor slab, which confirms the
accelerated increase in deflections with increasing vertical load, which indicates the flattening
of the vertical displacement curve.
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Figure 7. Vertical deflections of the middle part of the floor slab

At vertical load gk = 927 kgf/m2 further loading of the floor slab was stopped and the slab
rested on the safety support. Cracks in the floor slab appeared during the construction of brick
partitions in the volume block and their opening width was 0.05-0.25 mm (Figure 9). At a
vertical load value of 160 kg/m2, their opening width increased to 0.10-0.35 mm. Thus, the
floor slab of the volume block has sufficient crack resistance. At the last stage of loading, normal
cracks appeared in the middle ribs of the floor slab with an opening width of 0.10-0.20 mm and
the floor slab fell on the safety support.
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Figure 8. Diagrams of vertical displacements of the middle part of the floor slab
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Figure 9. Crack location diagram along the bottom edge of the floor slab
In general, the results of the conducted tests of the volume block floor slab confirmed its

sufficient strength, stiffness, and crack resistance.
Figures 10 show characteristic cracks in the slab and cross-ribs of the floor slab.

Figure 10. Cracks in floor slab and floor slab ribs

Conclusion

Rigorous control tests to assess the actual performance of volumetric blocks in real-world
conditions is one of the main aspects of use. This empirical approach provides valuable data on
factors such as load distribution, material behavior, and structural integrity, further informing
the refinement of design principles and construction methodologies. The performed control
tests of elements and assemblies of volumetric blocks allow us to draw the following conclusions:

1. Floor slabs of the volume block perceive variable vertical load and unite the walls of the
volume block in a single system.
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2. The floor slab under the action of vertical loads is damaged as a rectangular caisson
reinforced concrete slab, pinched along the contour. The cracks in the floor slab are concentrated
in the middle part, but the width of their opening as well as the deflections under alternating
load are significantly smaller than the permissible values.

3. The failure of the expanded clay concrete floor slab is caused by cracking and damage
to the transverse reinforced concrete ribs. The experimental failure load exceeded the control
failure load by 11%. Vertical deflections of the slab before failure did not exceed 8 mm, which
characterizes the floor slab as having high stiffness.

The contribution of the authors:
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Y.Anturenon!, A.Becnae?, A. Tyne6exkoBa'*, E.XKapkeHoB!
JLH. T'ymunee amviHdarsl Eypazus yammolK yHugepcumemi, Acmaua, Kazakcman
2KaszaK KypblabIc KHcaHe caysiem FblablMU-3epmmey xaHe xcobaaay uHcmumymoty «KazKCF3U» AK,
Aamameul, KazakcmaH

KesieM/ii 6/IOKTBIH, eleH IVIMTACbIHbIH, 6ePiKTiriH aKCIepuMeHTTiK GaFajiay

Angarna. Moysib/Iik KypbUIbIC — OYJ1 FUMapaTTapbl T3 KoHe THiIM/Ii TYPFBI3Y YIIiH CTaHAapTTa/IFaH
6JI0KTapAbI KOJITaHATBIH )KaHa d/lic. ByJl TaCial KyphIJIbICTBIH yaKbIThl MEH KYHbIH €/19yip KbICKApPTY¥Fa,
COHJIaM-aK >KYMBICTBIH, /1T MeH callacklH apTThIpyFa MYMKiHAiK 6epei. MoaynbiKk KypbIJIbICTBIH
Heri3ri acnekriziepiHiy, 6ipi-KypblIbIMJapblH, O6epikTiri MeH KayincisgiriH KamTamachi3 eTy YLUiH
MaTepuanAapAbl MYKUAT Kobasay oHe TaHAay. JKyMbicTa KeJsieM/[li GJOKTBIH e/leH IJIWTaCbIHbIH
OepiKTiriH skcnepuMeHTTik 6aFajiay YChIHbLIFaH. 3epTTeY 9 icTeMeci HaKThl NaijaaHy )KarjaliapbliH
KaJ/ilblHA KeJTipeTiH 3epTXaHa/blK »KaffaWaapAbl »KacayAbl, COHJal-aK JepeKTepAi eJiliey MeH
TaJIayAblH 3aMaHayd 9AicTepiH KOJJJaHy/bl KaMTHJbl. HaTikesiep efleH MJIUTACBIHBIH, OGepiKTik
CUIlaTTaMaJapbl TypaJibl KOPbITBIH/bI KacayFa MYMKiH/iK 6epe/ii, 0yJ1 SKCIepUMEHTTIK JeCTPYKTHUBTI
YKYKTeMe 6aKpLiay xKykTeMeciHeH 11% - Fa acbln TyCKeHiH kepceTTi. [linTaHbIH 6y3bLI1Y aaibIHAAFbI TIK
aybITKy/Japbl 8 MM-ZieH acnazibl, 6yJi ejeH JIMTAChIH >KOFapbl KATThLJIbIK peTiHAe CUIaTTaWAbl. AJIbIHFaH
aKmaparT KeJieM/li 6JIOKThI NalJaJlaHaThIH FUMapaTTap/bl K06asiay KoHe Casly YIIiH MaHbI3/Ibl HeTi3
60J1b1M Tabbl1abl. 2KYMbIC KYPBLIbIC IPOLECTEPiHIH TUIMAIIITIH apTTHIPYFa eJieyii yaec KOca/bl )XaHe
KYPbLIbIC UHAYCTPHUSCHI MEH WHXKEeHEPJIiK LIelliMep CalacblHAA 6Te MaHbI3/[bl 60JIBIN TAOBIJIATHIH
KOHCTPYKUHUANAP/AbIH HEFYPJBbIM CEHIM/I NalijalaHy cUNaTTaMalapblH KAMTaMachl3 eTef.

TyiiH ce3aep: KeseMii GJIOKTap, €/leH IJIUTACHI, KapblKKa TO3IMJIIIK, KAaTThUIBIK, OepiKTiK,
KYKTeMe

Y. AnturenoB’, A.Becnaeg?, A. Tyne6ekoBa'*, E.KapkeHoB?!
!Eepasutickuil HayuoHaabHblll yHugepcumem um. JL.H. 'ymuaeea, Acmana, Kazaxcmau
1Kazaxckull HayuHO-Ucca1ed08ameAbCKUll U NPOEKMHbIU UHCMUmMym cmpoume.1bCmeda U apXumeKmypbl
AO «KasHHUHCA, Aamamel, KazaxcmaH

JKcnepuMeHTa/IbHasl OLleHKAa NPOYHOCTH IJIMTHI N10J1a 06bEMHOT0 6JI0Ka
AHHOTanusA. MoAy/lbHOE CTPOUTENBCTBO — 3TO HOBBIM METOJ, MPU KOTOPOM /[Jisl GBICTPOrO M

3GPeKTUBHOTO BO3BeJleHUs 3JJaHUH HCNOJIb3YIOTCS CTaHAApTU3MpOBaHHble 6J10KU. Takol mojxon
II03BOJIIET 3HAYUTEJbHO COKPATUTh CPOKH M CTOUMOCTB CTPOUTENIBCTBA, a TAK)Ke IOBBICUTB TOYHOCTD
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Y Ka4eCTBO pa6oT. OTHUM U3 KJIIOUYEBBIX ACMIEKTOB MO/IYJILHOT'O CTPOUTEJIbCTBA ABJISIETCS TIATebHOE
NpPOEKTUPOBAaHHE UM BbIGOpP MaTepUaJOB [Jisl obecledyeHUs] [JOJTOBEYHOCTH W 06e30MacHOCTH
KOHCTPYKIUU. B pa6oTe npejcTaB/ieHa 3KCIIepUMeHTa/bHAsA OlleHKa MPOYHOCTH IJIUThI IepPeKPbITUSA
o6beMHOro 6Jioka. MeToAuKa wuccaeJ0BaHUS BKJOYaeT CO3JaHue JabopaTOPHBIX YCJIOBUH,
BOCCO3/]AI0IIMX peasbHble 3KCIJIyaTal[UOHHbIE CUTYallMH, a TaKXe NpPUMEHEeHHEe COBPEMEHHBIX
MEeTO/I0B U3MEepeHUH U aHa/u3a AAaHHbIX. [lo/lydeHHble pe3yabTaThl NO3BOJISIOT CAEIATh BBIBOJBI O
NPOYHOCTHBIX XapaKTEPUCTUKAX MJIUThI EPEKPHITUS, KOTOPbIE TOKA3aJ/IH, YTO IKCIIEpUMEHTa/bHAs
paspyuiawpllas Harpy3ka MpeBbIcUJa KOHTPOoJbHYI0 Ha 11 %. BepTukanbHble IPOTUOHI MJIUTHI IEpe],
paspylieHMeM He MpeBbIAId 8 MM, YTO XapaKTEpPU3YeT IJIUTY MEPEeKPhITUS KaK 006./1aJIaolyio
BBICOKOM KeCTKOCThI0. [loslydeHHas nHpopMaIs siBIseTCS BAXKHON OCHOBOM /1J15 IPOEKTUPOBAHUS U
CTPOUTEJTbCTBA 3/JaHUH, B KOTOPBIX UCIOJIb3yeTCs 00 beMHBIN 6J10K. PA60Ta CoCOGCTBYET MOBBILIEHUIO
30 PEKTUBHOCTU CTPOUTEJNIbHBIX NMPOLECCOB U oGecrneyrBaeT GoJiee Ha/leXXHble KOHCTPYKTHUBHbIE
XapaKTEePUCTHUKH, YTO BaXKHO B 06JIaCTH CTPOUTENBHON UHYCTPUU U UHXKEHEPHBIX pellleHUH.

KniouyeBble c/i0Ba: oGbeMHble OJIOKH, IJIMTA MepPEKPbITUS, TPEUIUHOCTOUKOCTh, MECTKOCTb,
NPOYHOCTBH, HAarpy3Ka.
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