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ABSTRACT
The volumes of construction, both in the private and public sectors, increase
annually. Therefore, building materials become more and more popular, the
manufacturers of which are on the move and constantly offer all new types that are
significantly superior to the main characteristics of their predecessors. One of these
materials is Lego brick, which is a high-quality product made by hyper pressing
without using of firing. This article presents an analysis of the advantages of the Lego
brick in modern construction, the technology of its production, and especially the use
in stonework. It is described what raw material is used in the manufacture, its
features of shape and structure.
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The global housing shortage has stimulated the search for new cost-effective ways to erect
walls of buildings and structures. Among the majority of technologies, there are many
promising options with the use of bricks made by semi-dry hyper-pressing, both with and
without masonry mortar.
As a rule, builders always face the questions: how to reduce the effects of uneven brick
laying, how to increase the strength of the walls and create a presentable appearance? We will
try to answer these questions by proposing the use of Lego bricks in modern construction.
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The history of the creation of Lego-bricks is directly related to their manufacture by the
method of hyper pressing in the early 1900s. Among the first inventors who contributed to
the formation of the technology of brickwork without mortar were:
- Englishman FrankHornby (1863 - 1936) from Liverpool.
- AC Gilbert (1884 - 1962) from Salem.
- Charles Pajeau (invented Tinker Toy construction sets in 1913).
- JohnLloydWright (opened the Lincoln Magazine in 1920).
- Ole Kirk Christiansen (1891 - 1958), invented Lego.
Lego brick brickwork was first used in Denmark in 1949 and was named Automatic Brick
Laying. Lego brick brickwork was first used in Denmark in 1949 and was named Automatic
Brick Laying. And in 1951, the wording “Automatic Brick Laying” was renamed and got its
final name: “Lego brick”, which was first developed on a commercial basis in 1958.
Subsequently, since the 70s, pressed cement-sand brick has become widespread first in
Africa, then in Canada, in the Middle East and India [1-3].
As a rule, when performing various types of brickwork requires a fairly large variety of
types and shapes of bricks. The existing commercial forms of Lego-bricks have different
configurations, which allows for a wider variation in the range and quantity of bricks needed
to perform certain construction works.
Table 1 presents two main groups of bricks, depending on their use in construction.
Category A bricks have a grip that limits movement in the horizontal and lateral direction
to the wall surface; bricks of category B can be moved horizontally during the installation,
and the movement in the transverse direction is limited. By the type of connection, it is
customary to subdivide the lego-bricks into three basic types: grooves and tongues (T & G),
protrusions and dimples (P & D) and the so-called non-planar topological lock. T & G and P
& D are the most popular lock connections, while the topological method is the least used.
Table 1 - Categories of lego-brick joints

To date, there are two main tasks of dry (without mortar) laying of Lego-bricks:
The first task is that the system must be pre-fabricated.
Requirements for pre-fabricated Lego-brick constructions include:
- mounting to each other without further adjustment (cutting, leveling or other
processing).
- the presence on the brick of such various guides, which will prevent the possible
erroneous laying of bricks, because they will not match each other, and therefore will require
either a change of position or a replacement to correct the situation.
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- Tight (strict) limits in size.
- Presence of different elements, each of which with its simple and at the same time
unique form, contributes to the simplification of the process of production and construction
management and prevents the possibility of confusion between the elements.
Prefabricated brickwork will reduce the need for skilled labor, and will also increase
productivity in construction.
Most of the Lego-bricks form an interlocking joint, either with the help of existing
protrusions and dimples, or with the help of grooves and tongues, such joints are also called
masculine and feminine.
The second task of a lego-brick masonry (Pic. 1) is to have effective methods of
interlocking joints, which allow without mortar to achieve perfect verticality and stability of a
wall of blocks that can withstand various effects (horizontal shear and vertical loads) under
loads that occur during and after construction.
Lego-brick has a number of advantageous design features. It is a rectangular block of 250
× 125 × 65 mm in size, on the bed part of which there are two holes with a diameter of 65
mm protruding 5 mm above the main surface (Picture 1), which ensures reliable adhesion to
the overlying side. Accordingly, there are two slots on the bottom shelf.

Picture 1. The geometric dimensions of Lego-bricks

Protrusions and dimples provide bonding and brick laying control, which reduces the use
of leveling compounds and leveling tools.
If we consider the algorithm for producing bricks with an interlocking joint, it should be
noted that the technology of its production differs from the standard method of manufacturing
building blocks.
After all, here in the filler, which includes water, sand, cement, limestone, shell rock,
specialized plasticizers and iron oxide dyes are introduced. After that, the whole composition
is thoroughly mixed, and on special machines using the method of hyper pressing, various
modules and blocks are formed from the existing substance. In this case, the fundamental
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factor that affects the production of high-quality light blocks is the amount of pressure at
which the substance is pressed into a given shape.
Producing Lego-bricks is an excellent idea for small and medium businesses due to lowvolume production. The compact size of the press machine allows you to get by with minimal
floor space. A medium-sized garage is able to assume the responsibilities of the production
department and warehouse all in one.
Depending on the required productivity, the machines are classified into:
1. Machine for the manufacture of Lego-bricks with one's own hands (1000 pcs /
shift). It can be both with manual and electric drive.
2. Machines for individual production of the medium category (2000 pcs. / Shift).
3. Mini-plants and machines for industrial production (750 pieces / hour).
The average weight of the machine is 900 kg, length is 1.25 m, width is 1 m, and height is
2.1 m (Pic.2).
It consists of:
–Crushing and riddling unit.
–Filing mechanism (conveyor, loader, manual loading, and pneumatic feeding).
–Mixer (metering unit).
-Hydraulic Press.

Picture 2. An example of a machine for the production of Lego-bricks

The manufacture of this product is a combination of the following stages: in the first
stage, it is necessary to prepare a high-quality mixture. Components are crushed (if
necessary) then enter the mixer (metering unit) by means of a feed mechanism or by manual
loading, where they are mixed to obtain a homogeneous mass.
At the second stage, the finished mixture is loaded into the matrix of the desired form,
and through a hydraulic press, compression is carried out under a pressure of about 2 tons for
facing brick, and more than 30 tons for bearing brick.
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At the third stage, the lego – brick of a given shape and size is stored until the reduction
of internal stresses.
The result is a durable, easy to use and with excellent noise and heat insulation material
for the construction of objects for any purpose.
As a rule, the poor quality of pressed bricks is the result of the lack of control or
monitoring of materials and the entire production process.
In order to limit the size of the gravel and remove other large particles, being first
crushed, the rock is passed through a standardized sieve with 4-6 mm holes. An important
factor when pressing inert is the degree of compaction of the rock, which depends on the
fractional composition.
The choice of rock is often perceived as a one-time testing process, to confirm that such a
rock meets all the necessary criteria for pressing and to determine the best ratio of the particle
size distribution for the best compaction.
However, to ensure a stable result during the use of the mixture, it is necessary to monitor
the properties of the rocks in practice constantly and take into account any changes that
occur. The test procedure and the sequential test plan described by Gooding for preliminary
on-site testing are one of the main stages of rock selection. Although cone and linear
shrinkage tests were recommended as “approximate laboratory tests”, the author believes that
such tests can be used on site and can be a reliable guide for determining the proportions of
cement and rock mixing.
The information displayed in Table 2 shows that rocks with shrinkage less than 2.5% or
more than 9% should not be used for compaction, if this cannot be changed to achieve a
better density (clay content from 10 to 35% ) [4, 5].
Any mixture, which composition is modified by mixing different fractions and
constituents, should be checked several times until the required compaction from 2.5 to 9% is
reached. The data in the Table 2 are the result of field experience in accordance with
calibrations (according to VITA) for a low-pressure press up to 2 MPa, and higher machine
pressure up to 10 MPa (via Webb).
The results of the linear squeezing test (LS) determine the proportions that allow you to
calculate the amount of binder used, as well as the required pressure.
Also agreeing with the recommendations of Webb and Lockwood regarding the choice of
press:
Low compaction of rock (high sand content) is better compacted with Portland cement
and is pressed by high pressure (> 4 MPa) of the press, while
High compaction of rock (with a high content of clay) is better compacted using lime and
low-power presses (up to 2 MPa).
After determining the fractional composition of the rock, its linear shrinkage and the
selection of an appropriate ratio (cement to rock - C: R), the final stage is to prepare test
bricks; at least ten blocks from each batch. This is used to test the suitability of the soil for
stabilization using the proposed ratios of soil and water to cement (Table 2).
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Table 2 - Soil shrinkage level with the recommended squeezing pressure
(data obtained using Alcock shrink box - 600 * 40 * 40 mm)

The following observations were made:
- mixing process: if it is difficult, it means that the clay content in the mixture is too high.
Basic inert require modification: either by adding additional cement, or by mixing with sand;
- The level of chips and cracks when moving newly made bricks to the place of their
curing. Too high (> 10%) indicates too low clay content in the mixture;
- appearing of cracks, warping and significant shrinkage during the first three days. If
they are too large, this indicates a clay content that is too high, which may require additional
mixing with sand or adding more cement.
Testing is performed to determine the compressive strength in three, seven, and fourteen
days in order to test the effectiveness of the stabilizer (the minimum strength value after 14
days> 1 MPa). Results depend on having a properly equipped laboratory and the
requirements of the Gooding project.
The above quality control checks, as a rule, should continue throughout the entire
production period for each new batch of the mixture, even if the inert ones are taken from one
source [7–9].
In the traditional production of concrete blocks, after molding the product, the block is
removed from the molding area of the press along with the pallet and it is placed in the curing
area until the next day. The production of the blocks (lego-bricks) we are considering, in the
usual established practice for each brick, is molded and removed from the molding zone,
mostly manually, without a technological tray. For further strength development, a brick is
placed on its end or on its front / rear surface.
The generally accepted duration of strength is set to 28 days. Of course, in the case of
traditional work related to the production of bricks, this is quite a long time. In practice, the
best time for gaining optimum strength with a concrete product and minimizing costs for this
is considered to be 7 days.
Thus, we conclude that the main advantages of the Lego brick building material are:
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- The ideal geometry of the product greatly simplifies the process of laying material;
- High strength characteristics (150 - 300 kg / cm2) ensure good reliability of the whole
structure;
- Low water absorption (up to 12%) increases the service life of the material and
favorably affects the climatic indicators of the property;
- High frost resistance (F - the number of freeze / thaw cycles varies from 100 to 150);
- The widest choice of colors is achieved by introducing into the mass of various dyes and
pigments;
- Ecological purity due to the composition of the Lego brick, in which there are
predominantly natural components;
- A wide variety of shapes, sizes, types of material and the presence of various additional
elements;
- The possibility of laying in the free cavities of the material of various engineering
communications;
- Ease of processing;
- Ease of installation due to the presence of the interlocking joints in the modules and the
straightening of the geometric shapes of bricks.
- Modifications of Lego-bricks.
Nevertheless, among the minuses can be identified:
- Low vapor permeability and increased thermal conductivity (which requires the laying
of material with an air gap);
- Higher cost;
That is, from all of the above, we can conclude that the Lego-brick is likely to become a
worthy competitor to its traditional counterpart in the near future.
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