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Abstract. In recent years, the construction industry is experiencing a number of changes in the regulatory
enactments to improve the quality and safety of construction work. As Latvia is one of the few countries, where
you can experience all four seasons (spring, summer, autumn and winter), you can observe significant
temperature fluctuations. This has an effect on both the construction and the various finishing materials. If
calculations are made in the first case, taking into account the effect of the weather, then in the second case the
weather impact is rarely observed. However, the weather effect on the finishing materials is enormous, so it is
necessary to take measurements over longer periods of movement joints in walls and facades to observe and
analyse the changes depending on the weather. It can be successfully implemented by installing crack-measuring
plates and measuring weekly or more frequently at temperature fluctuations. The aim of the study is to perform
deformation monitoring on the walls, to observe the state of the cracks and to make measurements, to determine
the causes of the cracks, to make proposals to stabilize the situations. This will give an idea of the processes that
are taking place under the influence of the weather and will lead to the assessment of new projects including
structural design projects, renovation projects and European funded projects. In many projects this is not
properly assessed, but the presence of deformation in the form of cracks can be observed in real life at homes
with multiple sections or long wall spans. In time, this can lead to further damage to the facade. In order to save
money and make the facades long lasting, these issues should be given more attention, so the authors focus on
researching these issues.
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Introduction

There are many EU-funded projects currently under way in Latvia to reconstruct and insulate
various buildings. When insulating buildings, sometimes cracks appear in the facades, it significantly
deteriorates the appearance of the building because of the wall’s flawed constructive solution.
Commissioning party blames the contractors at the occurrence of defects for providing a poor quality
job, although often the reason lies far more deeply — in the wrong constructive solution of the wall —
excluding the designing of movement joints.

Need for movement joints in masonry walls

While building is being operated, temperature fluctuations and deformation of the wall structure
can cause cracks or shifts of the masonry. This usually happens in places where the wall is weakened
by openings or columns, as well as in places where longitudinal integration ends or steel columns are
laid. The main causes of cracks are:

e Deep excavation and poorly sealed shutter primer will over time compress and settle, causing
the wall to crack. This process can take months or even years. Such natural landing causes
narrow vertical cracks rather than large robot cracks. However, significant downward
movement under the wall can cause structural defects. If the soil is rinsed (for example, a
gradual leak or sudden flood), significant sowing may occur. Sink holes are a dramatic
example of this;

e Reactive soil, such as clay, that changes its volume due to moisture and drought may cause
cracks in masonry walls;

e If the building is near a construction site or a quarry, it may be exposed to wall cracking. The
use of heavy machinery, vibration, excessive mechanical compression of the soil or blasting
(use of explosives for excavation) can cause wall cracking. If cracks in the walls appear after
construction in your area, then it is necessary to make a gap assessment and legal advice.
Similarly, earthquakes, although rare in Latvia, can cause cracks in the walls;

e Wall cracking can also occur when a building or part of it (such as an extension) is poorly
designed or constructed. Excessive load on the load-bearing wall can cause cracks to appear.
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Inadequate, erroneous or damaged building materials or incorrect foundation footprint can
contribute to wall cracks;

¢ Blocked gutters, flood damage, garden sprinklers, dams or leaking pipes can cause the soil to
be impregnated with water or even soil denudation, which can cause wall cracking;

e Trees often have influential root structures that can contribute to wall cracking, so make sure
there are only small shrubs near the walls. Regardless of destructive roots, trees can also
contribute to wall cracking by absorbing water from the soil and affecting the soil moisture
content. Removing large wood from an area close to your building can cause cracking, as it
can destabilize the soil in the space previously occupied by the root system. It can also cause
changes in soil moisture levels or landing over time;

e Deterioration of building materials can cause cracks in the walls. If the causes are not too
serious, cracks can be prevented by installing movement joints in the wall. The distances
between the temperature and movement joints should be determined by calculation.
Movement joints in walls associated with reinforced concrete or steel structures must coincide
with the joints in these structures.

These issues should be transparent and incorporated into the regulatory framework. These issues
are very serious. There may also be very low-risk and dangerous consequences for human life, if they
are not respected [9]. The causes of cracks should be evaluated in a timely manner and eliminated.

Regulatory framework

Masonry structure buildings have been built since ancient times and, overtime, conditions for
erection of safe masonry wall structures have been developed which have gained regulatory status in
recent decades. Taking into account the fact that the tensile and shear strength of the masonry
structures is very low, practically it is zero for non-reinforced masonry structures, when designed and
erected, provisions should be made for and measures must be taken to avoid the negative impact of
tensile and shear stresses in such structures. Shear and tensile stresses in the masonry walls most
commonly derive from alteration of the surrounding temperature, setting of base ground and
deformations of other structures. In order to avoid the harmful effects of stresses caused by these
deformations, movement joints shall be fitted in the masonry wall structures. Distinction shall be made
between the temperature joint compensating the temperature deformations of large-scale structures
and the movement joint, which compensate the irregular deformation of the base of the structure.

During the Soviet occupation period the design and construction process of structures was
governed by the construction regulations of SNiP — Construction norms and regulations. The
placement of movement joints in masonry wall structures was defined in SNiP II-22-81 “Masonry and
reinforced masonry structures”, erection of masonry structures was regulated by SNiP III-17-78
“Rules for the performance and recruitment of building works. Masonry structures”, but from the
01.06.88 accordingly with SNiP 3.01.87 “Load bearing and boundary structures”. According to the
requirements of the paragraph 6.79 of SNiP II-22-81, the distance between the vertical temperature
joints depending on the type of the structure and average temperature of the coldest five days, shall be
not less than 35 to 120 meters. The paragraph 6.81, on the other hand, stipulated that movement joints
should be installed in the walls in all places where an uneven setting of the base is possible. Such
requirements were also applicable in Latvia after April the 30, 1998, when the Latvian Building Code
LBN 205-97 “Design norms of masonry and reinforced masonry structures” [1] entered into force,
which almost entirely took over the requirements of SNiP II-22-81 regarding the movement joints.

The situation changed on June the 1, 2015, when the new version of LBN 205-15 “Design of
masonry structures” [2] came in force. According to the requirements of LBN 205-15, the masonry
structures shall be designed in accordance with the methodology specified in the Eurocode standards,
particularly according to the LVS EN 1996 “Eurocode 6: Design of masonry structures”. Provisions
for deformation joins are included in the paragraphs NA 2.3.1 and NA 2.3.2 of the National annex to
the standard “Eurocode 6: Design of masonry structures — Part 2: Design considerations, selection of
materials and execution of masonry”. The horizontal distances between the temperature joints,
depending on the type of brick and the average air temperature of the coldest five days, must be not
more than 50 to 120 meters. The horizontal distances between the vertical movement joints of the non-
load bearing walls, depending on the material of the masonry, must not exceed 6 to 12 meters. The
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movement joints of the walls must be arranged in all cases where uneven setting of the base of the
building is possible.

The outer wall or facade is a very important part of the building, since it not only forms the
aesthetic face of the building, but serves as an external climate protector. The outer wall must be able
to provide protection against precipitation, temperature variation, winds, cold, noise and other adverse
effects of the external environment. A high-quality exterior wall structure is one of the main
preconditions for a healthy and homegrown indoor microclimate. One way of ensuring the longevity
of the facade and avoiding the deformations leading to cracks is to design and build buildings,
anticipating the construction of movement joints to ensure depreciation of the building’s movements.
The various materials available include a variety of distances for the placement of joints of 20, 6,
7.5 m, but it is often observed in nature that movement joints have not been constructed at all.
However, it is clear that there are many buildings where movement joints should be, but there are
none. In assessing and identifying the causes of cracks, it is possible to plan and take the necessary
remedial measures or a set of them. Proper design and building helps avoid creating unwanted cracks.
Similar topics are addressed in scientific research by other authors [8;9]. Today, many different
materials and methods enable successful choices of solutions.

Materials and methods

Research methods such as comparative analysis, observations, experiment, methods of
measurement and others are used in the research part.

The aim of the study is to perform deformation monitoring on the walls, to observe the state of the
cracks and to make measurements, to determine the causes of the cracks, to make proposals to
stabilize the situation.

The research task is setting up, evaluating and compiling the resulting measures, identifying
consistency between the occurrences of cracks. Measurements were performed by crack monitoring
rulers. These high-quality plastic (polycarbonate) ones are appropriate for use at temperatures ranging
from -40 till + 80 °C, because they have an extremely low thermal expansion factor: 6.8-10” cm-cm™
to °C.

Fig. 1. Standard plane rulers and corner rulers (photo by J.Gruntmanis)

Fig. 2. Ruler sliding planes, crack width rulers and digital gauge (photo by J.Gruntmanis)

The rulers may be fixed on the wall by means of dentils (screws), glues, or both. By nature, the
rulers have two planes moving one in relation to the other. The table to be displayed on the line is
calibrated to 1 mm, the smallest section value is 0.5 mm. Plane rulers and corner rulers have special
pins against which to push the slider. This allows to read the results at a resolution of 0.01 mm.
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Other high-precision techniques available today

Digital tools for automatic crack monitoring are electronic data loggers for automatic and very
accurate recording of crack distance and ambient temperature. Gap monitoring logger CMR Ul
provides continuous reading of the crack widths and ambient temperature with a programmable
interval of 1-91 hours. The data are later transferred to the PC via a USB cable.

Fig.3. Digital tools for automatic crack monitoring — electronic data loggers (hoto by J.
Gruntmanis): Resolution: 0.003 mm; Range: 80 mm; Linearity: 0.07 % throughout the range;
Temperature sensor: -20 till + 80 °C; Resolution: 1 °C; Data capacity: 31926 readings;
Power: CR2023 battery; Working temperature: -10 till + 60 °C

The latest technologies in construction monitoring are related to the creation of automated control
systems controlled by a computer, thus minimizing the possibility of human error. It is possible to
control mechanical displacements, vibrations, operating conditions and chemical processes.

Depending on the parameter to be measured, appropriate measuring systems shall be used:
1. crack displacements shall be measured by optical fiber, piezoelectric or resistance tensometers

[31;
2. compaction deformations shall be measured by radar or automated multi-purpose operation
laser rangefinders [4];
4. surface vibration shall be read from the reflected laser beam scanner, accelerometers or geophone

[5].

Automated systems can control these processes in continuous mode and cyclically. One of the
most promising types of global building monitoring and development trends is satellite radar systems
that record the displacement of structures or parts of buildings. When processing satellite radar
measurements, not only displacements are obtained, but also the rate of deformation in the vertical and
horizontal directions.

98]

The research is conducted by a relatively simple method of measuring the installed crack
monitoring rulers.

The course of the experiment

The experiment will monitor the outer walls of two types of houses. The first is a building with
375 mm Aeroc wall blocks without additional silences with consciously incorporated movement
joints, which are observed in the various parts of the building, Fig. 4. As seen in Fig. 5, the other type
is a production building walled from the clay bricks of Kalnciems, where uncontrolled cracks have
emerged in the wall in various parts of the building, which are then observed.

Readings are carried out at intervals of 7-9 days, with an indication of the outdoor air temperature,
relative humidity and the results on all eight installed crack-monitoring rulers. When looking at the
results obtained, it can be seen that in both cases deformation occurs. In the second case, the wall
creates uncontrolled cracks in the weakest areas of the wall (at openings, covers, etc.). In the first case,
the deformation is compensated by the embedded deformation profile. Compared to one reading from
each type of the walls, we see that the Aeroc Wall, with a pointed point of deformation, is larger than
the brick wall, which suggests that it retains more internal pressure that adversely affects the longevity
of the brick material. Other schedules show that the negative winter temperatures had an effect on
deformation, while the effects of humidity are less apparent. On the other hand, looking at the
graphics, by type of the walls in all points, four of them show that variations take place differently and
in different directions.
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Fig. 4. Aeoroc wall block building with Fig. 5. Ceramic brick wall building without
movement joints (photo by J.Gruntmanis) movement joints (photo by J.Gruntmanis)

If comparing the measurements by one point from each wall, we see, that for the Aeroc with a
deformation stitch the observed deformation is 30 % higher and consequently the impact of the stress
on the wall is smaller, Fig.6. The graph in Fig. 7 shows that deformation at the various points of the
building takes place differently.
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Fig. 7. Aeroc (aerated concrete block) masonry deformation measurements
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The graph in Fig. 8 shows that deformation at different points occurs differently, and when the
strains are summed up, the deformation is explicit at certain stages.
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Fig. 8. Brick masonry deformation measurements
From the graph in Fig. 9 it can be inferred that humidity does not have as significant effect on
deformation as the temperature does. The graph in Fig. 10 shows that the deformation of Aeroc is

slightly different from the wall deformation due to the stress in the wall.
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Fig. 9. Measurements of outdoor temperature, relative humidity
and brick wall deformation fluctuations
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Conclusions

1.

10.

Buildings containing movement joints do not form cracks, as all internal pressures are captured by
these joints.

In buildings, where movement joints are not applied, uncontrolled cracking on the facade is
observed, where deformation sutures should be located.

The results of the study confirm that cracks are formed in the facade in places where there should
be movement joints and in variations due to the temperature changes.

The Building Design Rules (Eurocodes) require movement joints in masonry structures and, when
designing a building design, the responsible designer (architect) must specify the location of the
movement joints. In addition, a careful geological exploration must be carried out before
designing the building design.

Construction worker (work supervisor) work must be implemented according to the developed
construction project.

During the renovation or insulation of the building, the technical inspection of the building must
be carried out before the project is completed. If necessary, cracking measures should be taken.
Otherwise, covering the structures with thermal insulation, if necessary, will make it difficult to
inspect and detect the growth of the cracks.

During the operation of the building, care must be taken to ensure that the hydrological conditions
(rainwater drainage, groundwater leaching) remain unchanged.

Failure to comply with the above paragraphs may result in substantial material damage as well as
financial loss to the responsible persons.

More extensive gap monitoring should be intensified; the latest technology deployment
monitoring should be promoted to provide more objective and operational information to
technical surveyors.

Continuous, systematic and effective investment in renovation of large-scale buildings is
necessary to maintain the building safety at an appropriate level. Proper design and proper
construction help avoid unwanted cracks, thus saving the building resources. The results of the
study confirm that cracks are formed in the facade where there must be movement joints and in
variations due to the temperature changes.
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