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HISTORY OF DEVELOPMENT OF BLOCK-MODULAR CONSTRUCTION:
WAY TO SOLVE THE HOUSING PROBLEM

Abstract. The article discusses modular construction, which is a reasonable alternative to
classical capital construction. Modular buildings have a number of advantages, such as: high speed
of erection of a modular structure, low cost of construction work, versatility of the structure, the
possibility of superstructure, the possibility of dismantling, transportation and assembly at a new
location, all-season construction. In modern conditions, when speed and versatility are important,
this topic is relevant in the construction market.

Keywords: block-modular construction, light construction, mobility, block-modules, rapid
construction, affordable housing.

Introduction

Back in the 20th century, along with large-panel housing construction, con-
struction from three-dimensional blocks began to spread widely, not only buildings of
a small number of storeys, but also residential high-rise buildings. It all started with
wooden blocks of premises, over time, changes were made, additions to structures in
housing and civil construction.

Monolithic load-bearing ribbed blocks, also called "recumbent glass", were
common. In Ukraine, work on a monolithic reinforced concrete block of the "cap”
type has been widely used. An experiment was carried out on the manufacture of
blocks of the “cap” type using the “movable cores” method, which has a number of
design features. In Almaty, the so-called Bogodukhovskoe direction was used, the
construction of blocks in rural construction (with dimensions up to 8 tons) [1].

For this construction, various materials are used, but such as reinforced con-
crete, steel, asbestos cement, wood, aluminum, and plastic have become very popular.
Buildings from three to five floors predominate. Almost everywhere, constructive so-
lutions from heavy or light concrete are used to create blocks. For example, with a
frame structural system, a load-bearing frame is made of heavy reinforced concrete,
and the blocks that fill the cells of the frame are made of light. Wooden blocks are
popular in the USA, Sweden, Great Britain. Fiberglass, aluminum foil, asbestos-
cement sheets, etc. are used for cladding.
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The first three-storey block-type residential building appeared in Almaty in
1964-1968. These blocks are three-dimensional block room, manufactured entirely at
the factory. The advantages of this construction are in the variety of installation ac-
cording to the architectural image, purpose, number of storeys, layout. And one of the
Important criteria: reduction of terms (excluding seasonality in work) and construc-
tion costs (due to the loss of materials, as well as an increase in labor productivity,
due to the transfer of construction processes to mechanized production, which leads
to an improvement in the quality of construction. The cost will be reduced per m?,
which will make this housing affordable for a wide segment of the country's popula-
tion, solving problems among the middle-income segments of the population.

The effectiveness of volumetric block construction was proven back in the
USSR, when it was planned to create a large production base for industrial construc-
tion. The Council of Ministers adopted a resolution according to which 25 volumetric
block housing construction plants (with a capacity of up to 100 thousand m? of living
space/year) should be built soon. But experience has shown that the blocks required
quite a lot of welded joints, sealing of joints, which turned out to be costlier than
monolithic construction [1].

Materials and methods

Structural systems of buildings from three-dimensional blocks.

Depending on the number of storeys, length, geological and climatic condi-
tions, three-dimensional block residential buildings have different design solutions.
With regard to spatial connectivity, buildings can be divided into systems: houses
with a flexible and rigid scheme.

Flexible scheme. Development from load-bearing blocks with their placement
on top of each other, like a "pillar”, where the height is equal to the height of the
building, with horizontal connections from steel rod reinforcement between the pil-
lars of the blocks. A flexible scheme is rational in construction sites with subsiding
soils, mine workings, as this allows the building to follow the deformations of the ba-
ses without the appearance of strong additional efforts. But it is very important that
the deformations do not exceed certain values, in order to avoid displacements of ad-
jacent blocks in the places where openings are organized between them. Vertical dis-
placements should be no more than 10 mm per store’s height, the values at the bot-
tom of the horizontal deformations in the seams and at the top should not exceed 20
mm. For sanitary wiring, flexible inserts are needed to compensate for any defor-
mations so as not to harm the engineering communication systems. Seal of seams and
joints must be closed. This scheme provides a small margin of safety. Since each col-
umn is calculated for the action of vertical and horizontal actions, not taking into ac-
count the load of neighboring columns.

Spatial scheme. Complete or partial filling of gaps between load-bearing
blocks with concrete, forming connections that can take large shear forces between
pillars. Thus, it is like a single spatial system of a beam, a console, a box, since the
actual connections prevent their shift. The value of the horizontal displacement of a
point type is not more than 1/4000 N. The calculated deflection is not more than
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1/1000 L. A rigid scheme is used in construction in seismic areas. Also a tower. But
in general, when designing three-dimensional block houses, mixed solutions are
used [1].

Depending on the structural elements that perceive the existing design loads, 3
structural schemes are conditionally distinguished: block; block-panel; block with a
bearing frame.

The first two above are made of bulk blocks and are desirable for the construc-
tion of low-rise buildings (up to 5 floors). Provides a high degree of readiness in the
factory. When, as at a construction site, only pipelines are connected, sealing joints.
So due to the reduction of labor costs, the construction time is significantly reduced.
Also, thanks to this scheme, the coherence of architectural and planning solutions is
maintained.

Block-panel is common in areas of dispersed construction, when it is necessary
to transport blocks, for example, by rail or during the construction of residential com-
plexes in cities, towns, areas of cultural and community significance.

With a height of 12 to 16 floors, heavy or light reinforced concrete is used. The
frame-block scheme is assessed as more rational for the use of high-rise construction,
since lightweight volumetric blocks are used.

Since in the construction of block-modular buildings the main element is a
three-dimensional block, the choice of construction technology, the choice of cranes
according to their lifting capacity, the degree of completion of the block under pro-
duction conditions at the plant will depend on its classification. The mass of the block
ranges from 10-40 tons (due to the size, materials, design scheme, this figure varies).
For example, for a nine-story house, a block the size of a room has a specific gravity
of 700 kg/m?, where lightweight/porous concrete is used, for a supporting frame -
rolled metal products.

According to the manufacturing method, the blocks are divided into monolithic
and prefabricated, where the former are produced using bench technology on con-
veyor lines, and the latter, from separate flat or curved panels. For the production of
monolithic formwork systems are required to obtain the desired dimensions and
shape, or a stand for high-precision welding of metal beams into a single frame. Then
the formation of the outer wall, the ceiling slab, that is, we get a three-dimensional
block. After that, he proceeds to the installation of electrical, plumbing, and finishing
works. Finally, it is packaged and transported to its destination.

The technical and economic indicators were analyzed, which showed the high
efficiency of the method. It has been estimated that the labor intensity of block build-
ings is approximately 2-4 times lower than the construction of large panels and bricks

[2].

The constructive scheme of the building is a three-dimensional block with ver-
tical and horizontal connections between the pillars of the blocks. With hinged outer
insulated panels. The main structural element of the building is a one-piece reinforced
concrete volumetric 5-plane block of the “lying glass” type (Fig. 1).
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Figure 1 — Block type "lying glass"
[Source: https://saitinpro.ru/glavnaya/nesushchie-konstruktsii/zhelezobetonnye-
konstruktsii/obemnye-bloki/]

The volumetric element of the “lying glass” type is a one-piece ribbed 5-plane
block consisting of three walls, a floor and a ceiling. It is recommended to use volu-
metric blocks of the “lying glass” type, provided that they are linearly supported and
the load is transferred floor by floor on two sides. This type is considered since this
design scheme was used in the construction of residential complex 7Ya in Astana

(Fig. 2).

Figure 2 — Residential complex 7Ya in Astana

One of the varieties of spatial design schemes is recommended scheme with the
use of spatial finite elements (SFE). SCEs are formed by horizontal or vertical sec-
tions. Horizontal sections are recommended to be used for volumetric blocks of the
"cap" type, and vertical ones — for volumetric blocks of the "lying glass" type. Sec-
tions should be carried out so that the distances between the secant planes are as
equal as possible. The total number of SCEs obtained as a result of the section of a
three-dimensional block by planes must be at least six. Elements with the same geo-
metric and physical characteristics are considered to be of the same type. A special
element is the ceiling slab of the volumetric block, the rigidity of which is taken into
account only in its plane [1].
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When analyzing foreign experience, the widespread use of light steel thin-
walled structures (LSTC) was revealed. During the construction of attic, interroom,
interfloor ceilings, townhouses, cottages, warehouses, garages, shops, hospitals, etc.
A distinctive feature of LSTK is the minimal impact on the landscape and of course
the saved time and minimal labor costs, economically beneficial and what is an im-
portant point is seismic resistance. The disadvantage of this method is the impossibil-
ity of building more than two floors [3].

Technical and economic indicators.

Evaluation of the effectiveness of design solutions begins with the preparato-
ry stages (transport, installation work). It can be assessed according to four criteria,
such as:

— initial (at the design stage, manufacturing of modules at the factory);

— basic (volumes, transportation, construction and installation work, labor
costs, economic costs);

— specific;

— additional (level of mechanization, shift ratio, level of manufacturability of
structures and processes, degree of combination of work, downtime, skill level of
workers).

When comparing various options for the production of works, the most widely
used are: specific reduced costs, specific labor intensity, specific cost. Also, the effec-
tiveness of such parameters as manufacturability and operation is affected by the
manufacturing process of the blocks themselves at the factory. The influence of de-
sign and planning decisions (set by the architect on the basis of data on the area of the
building site) is great on the choice of the type of building, technological parameters
for the manufacture, transportation and installation of block modules. Choice of ma-
terials. Which determine the thermal, functional and operational properties (durabil-
ity, strength, fire resistance, frost resistance), which must be at least sixty years old.

Results and discussion

Block building examples

Buildings from modular blocks can be used for areas with seismicity of 7-9
points when using not labor-intensive and low-cost special measures in the structural
system. Reducing the weight of volumetric blocks is achieved by using modern
lightweight innovative materials, which, due to their technological properties, allow
the use of structures with a smaller cross section than in capital construction. Such
structures can be easily transported to the construction site and promptly mounted at
the site of the element's design location.

The project “Tourist center in the foothills of the Zailiysky Alatau”, developed
by student A. Temirbekova (supervisor — associate professor of the department “Ar-
chitecture and Design” G.R. Iskhodzhanova, KazNTU named after K.I. Satpaev) is
an example of the use of modular prefabricated structures in high mountains. The
center is supposed to be built on a mountain slope in the gorge of the Middle Talgar
River for the development of a tourist and high-mountain type of recreation [4].
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The main purpose of using block-modular construction is to accelerate com-
missioning, taking into account not only existing international scientific and techno-
logical achievements, but also promising, predicted future trends in the development
of architecture. Buildings are rented or leased directly from the factory, and the cus-
tomer receives a new building within a few days. Modular construction is a new cul-
ture of meeting the needs of construction objects and quickly achieving results, which
turns the previously heavyweight construction industry into qualitatively advanced
technologies of the 21% century.

Due to economic constraints, modular construction provides a solution to many
problems for further improvement, and the creation of a regulatory framework for the
design of modular technology is very important here. However, at the moment Ka-
zakhstan has only one standard for the design of modular buildings ST RK 3190-
2018. Buildings are block-modular. Specifications. But in a rapidly developing mar-
ket, these technologies are not enough, since from the side of seismic resistance,
high-rise buildings, etc. not yet reviewed. This is also indicated by foreign experience
in the form of the construction of a five-star hotel in the Huan province of China on
the shores of Lake Dongting, with a height of 30 floors and an area of 17 thousand m?
(Fig. 3). Built in 15 days. With a minimum effort of 200 people. And from the
equipment there is only one tower crane. The development and implementation of the
project was carried out by BSB (BroadSustainableBuilding), and the work completed
in such a short time included finishing work and equipment with electrical and
plumbing fixtures.

Figure 3 — Hotel assembly process in Huan Province, China

And the most important is the construction of the world's tallest modular house
461Dean in Brooklyn (New York) (Fig. 4). This is a 32-storey building with a height
of 109 m, consisting of 930 modules, each of which is fully equipped in the factory.
The author of the project is the architectural firm SHoPArchitects [5].
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Figure 4 — 461Dean House in Brooklyn

Despite the presence of so many advantages, there are still disadvantages. For
example: increasing the carrying capacity of the mechanisms and transport used; the
need for a priority purchase of imported blocks-modules; lack of necessary equip-
ment, trained personnel, introduction of special software for the production of mod-
ules with strict adherence to design solutions and high quality; absence of the design
stage "Factory documentation™, quality control standards for the production of modu-
lar units and construction and installation works); complexity of transportation of
modular blocks [6]. Economists and experts from the UK are less positive about sav-
ings and certain design limitations.

Conclusions

As a result of the study, we came to the conclusion that, of course, one of the
most important advantages of block-modular construction is time, the speed of con-
struction, where the period of the year does not depend. | would like to note that in
case of natural disasters, this solution will be the best solution. Based on the situation,
the pros and cons of designs, choose the desired type. At the moment, architects are
thinking about creating a unified design for modular structures and buildings. It is al-
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so promising in the construction of standard residential buildings, because thanks to it
it is possible to provide the population with affordable housing in the shortest possi-
ble time, which will increase the quality component. Thus, in order to develop this
area in our country, it is necessary to think about production, the construction of fac-
tories, and the design of buildings.
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BJIOKTBIK-MOAYJbAIK KYPbLIBICTBIH JAMY TAPUXBI:
TYPIbIH YU MOCEJIECIH IIYITY TOCIJII

AnpaTna. Maxaraoa Kiaccuxkanvlk Kypoeii KYpbliblcKa Oanama 0Ooavin maduliamulH
MOOYILOIK KYPblLIblC Kapacmuipbliadvl. Mooynvdik eumapammapowly Oipkamap apmulKubLIbIK-
mapvl 6ap, Mblcanbl: MOOVIbOIK KYPbLIbIMObL MYPEbi3yOblH HCLIIOAMObIEbL, KYPBLILIC HCYMbIC-
MAapbiHblY, MOMEH KYHbl, KYPbLIbLMHbIY aMOeOanmulavl, KOHObIPMAHbIY MYMKIHOII, JHcana dicepoe
bonwexmey, macvlManday HcaHe HCUHAY MYMKIHOIZI, KYPblIblC MAyCbiMObIebl. 3aManayu icaz-
oaunapoa, JHCblIOamoblK neH ambebanmviy Mauwl30bl 00718aH Ke30e, OYI MAaKblpvll KYPbLIbIC
HapwleblHOa 63eKmi 60bln madwvLIAbL.

Tyitin ce3nep: 010K-M00YIbOIK KYPBLIbLC, HCOLINCLIMALBL HCIHE HCLIIOAM KYPACMbIPMATbL
KYPbLIbIC, OI0OK-MOOYIb, HCLIOAM KYPbLIbIC, KOHCEMIMOI bacnana.
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HCTOPHUA PAZBUTHA B/IOYHO-MOAYJIbHOI'O CTPOUTEJIbCTBA:
CIIOCOB PEHIEHMS )KNJINIHOMU IMTPOBJIEMbI

AHHOTaUMsA. B cmamve paccmampueaemcsi MoOyIbHOEe CHMPOUMENbCMBO, KOMOopoe A6/si-
emcsi pazyMHOU QIbMEPHAMUBOL KIACCUYECKOMY KANUMALbHOMY cmpoumenscmsy. Mooyivhbie
30aHUsL UMEIOM P50 NpeuMyuecms, makux KaK: blCOKAs CKOPOCMb 8036€0eHUsl MOOYIbHOU KOH-
CMPYKYUU, HU3KASL CIOUMOCMb CMPOUMENbHLIX paOdOmbl, YHUBEPCATILHOCHbL KOHCMPYKYUU, B803-
MOJHCHOCMb HAOCMPOUKU, B03MONCHOCHb OEMOHMANCA, NePeBO3KU U COOPKU HA HOBOM Mecme, Ce-
CE30HHOCMb CIMpoumenbcmed. B cospemennuvlx ycnosusx, Koeoa 8adcHvbl CKOPOCMb U YHUBEPCANb-
HOCMb, OAHHAsL MeMA A6ILeMCsl AKMYATbHOU HA PbIHKe CMPOUmeibCmed.

KiroueBble c€0Ba: 0104HO-MOOYIbHOE CMPOUMENbCIBO, J1E2KOBO3800UMOCHb, MOOUTb-
HOCMb, O10K-MO0YaU, ODblcmMpoe CMPOUmMenbCmeo, 00CHMYNHOE HCUNbE.
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