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Abstract

This article analyzes innovative technologies and engineering solutions aimed
at enhancing the earthquake resistance of buildings and structures. It discusses
the advantages of seismic isolation, damping systems and dampers, advanced
construction materials, 3D printing, and Building Information Modeling (BIM)
in improving structural performance under seismic loads. Drawing on
international practice, the article considers the prospects for introducing these
technologies and solutions in Uzbekistan and highlights their potential
contribution to increasing the resilience and safety of the built environment.
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Introduction

Throughout human history, earthquakes have been among the natural disasters that
cause the greatest losses. According to reports by the World Bank and the United Nations
on emergency situations, over the past 50 years more than 1.3 million people worldwide
have died as a result of earthquakes, and hundreds of millions have been left homeless.
Earthquakes cause enormous damage not only to human lives but also to the economy,
infrastructure, and social life. For example, the 2011 Tohoku earthquake and tsunami in
Japan caused more than 235 billion USD in economic damage. The 1999 Turkey (Izmit)

carthquake resulted in the deaths of more than 17,000 people.

Uzbekistan is also one of the regions with a high seismic risk. More than 80 percent
of the country’s territory lies in a seismically active zone. The regions of Tashkent, Andjijan,
Namangan, Samarkand, Fergana, and Kashkadarya are at risk of strong earthquakes ranging
from 7 to 9 on the seismic scale. As a result of the 8-magnitude earthquake that struck
Tashkent in 1966, more than 300 industrial and social facilities and thousands of residential
buildings were destroyed, and over 100,000 people were placed in temporary shelters. This
event clearly demonstrated the need to give particular attention to reducing the
consequences of major earthquakes and ensuring earthquake-resistant construction in our

country.

Today, with the rapid progress of urbanization, the expansion of multi-storey
residential complexes, large shopping centers, industrial facilities, and transport
infrastructure, the issue of designing and constructing earthquake-resistant buildings has
become even more urgent. In modern construction, relying only on traditional structural
solutions is not sufficient to ensure a high level of safety. It is necessary to effectively apply

innovative technologies, advanced engineering solutions, and international experience.

Currently, developed countries implement wide-ranging approaches to ensuring
seismic safety. For instance, seismic isolation systems and energy-absorbing devices are
widely used in Japan; in the United States, design methods based on Building Information
Modeling (BIM) are applied as mandatory practice; and in countries such as Chile and
Turkey, the use of highly elastic composite materials in new construction has become a

regulatory requirement.

In Uzbekistan, regulatory documents on “Earthquake-Resistant Construction” are

also in place and are being aligned with international standards. However, in practice, many
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newly built structures still face issues such as narrow evacuation routes, insufficient alarm
systems, and the lack of implementation of innovative technologies that mitigate the
impact of earthquakes. Therefore, the widespread adoption of modern technologies and
engineering solutions in ensuring the earthquake resistance of buildings and structures is
one of the most important conditions for national security, sustainable urban development,

and the protection of human life.

Level of Research on the Topic

International organizations such as the UNDRR (United Nations Office for
Disaster Risk Reduction), FEMA (Federal Emergency Management Agency, USA), NFPA
(National Fire Protection Association), and ISO (International Organization for
Standardization) have developed a number of international standards and
recommendations concerning the design, operation, and seismic resistance of buildings and
structures. In particular, normative documents such as Eurocode 8 and NFPA 5000 are

recognized as key international standards for ensuring seismic safety.

Additionally, leading scholars around the world have conducted extensive scientific
research in this field. For example, A.K. Chopra, in his work “Dynamics of Structures”,
thoroughly analyzed the impact of seismic forces on structures; Farzad Naeim and James
Kelly conducted fundamental studies on seismic isolation and energy-dissipating dampers;
Nigel Priestley developed theories for enhancing the seismic performance of reinforced
concrete and steel structures; and Gordon P. Warn contributed to the advancement of

monitoring systems and sensor-based control methods.

Among local researchers, scholars such as S.E. Bozorov, S.B. Gaibnazarov, B.
G‘ulomjonov, J. Nasriddinov, S.B. Sadullacv, M. Khodjakulov, and X.S. Karimov have
carried out studies related to ensuring seismic resistance under Uzbekistan’s conditions,

applying innovative materials, and improving evacuation routes and structural solutions.
Research Tasks:
Based on the objectives of the study, the following tasks were defined:

1. To analyze traditional seismic protection methods used in buildings and structures and

identify their limitations.
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2. To study the scientific foundations of modern innovative technologies—such as seismic
isolation, damper systems, 3D-printing construction technologies, nanomaterials, and

carbon-fiber reinforcement.

3. To analyze the possibilities of assessing seismic safety in advance through the use of

BIM (Building Information Modeling) and monitoring systems.

4. To determine the prospects of applying international practices (Japan, USA, Chile,

Turkey) in the context of Uzbekistan.

5. To develop methodological recommendations for improving earthquake-resistant

construction.

Research Methodology

In this research, the following methods were utilized: analytical, comparative
analysis, simulation, expert evaluation, and systems-based approaches. Additionally,
practical-experimental methods were applied, during which evacuation drills were
conducted and their effectiveness, evacuation time, density level, and the performance of

alarm systems were monitored.

Analysis and Results: In recent years, as urbanization has accelerated in our
country, the number of multi-storey residential buildings, shopping centers, and industrial
facilities has sharply increased. Accordingly, ensuring the seismic resistance of these
structures has become a matter of great importance. In particular, the application of
innovative technologies remains a priority in high-seismic-risk regions such as Tashkent,

Andijan, Samarkand, and the Fergana Valley.

A large proportion of buildings constructed in Uzbekistan and in many other
seismically active regions are based on traditional structural solutions. Typically, reinforced
concrete frames, brick walls, and standard concrete foundations are used. Although these
methods provide a certain level of resistance to moderate earthquakes, their effectiveness

significantly decreases during strong seismic events.

The main issues are as follows: Lack of seismic isolation systems. Traditional
buildings do not have special isolators installed between the foundation and the ground to

reduce vibration. As a result, seismic energy is transferred directly to the entire structure,
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increasing deformation risks. This is particularly dangerous for multi-storey residential

buildings and aging industrial facilities.

Insufficient structural flexibility. Many buildings are constructed with rigid frame
systems, which cannot adequately adapt to seismic movements. Consequently, stresses are
concentrated at certain points, increasing the likelihood of cracks and possible collapse. For
example, most of the multi-storey buildings constructed in Tashkent during the 1970—

1980s exhibit this deficiency.

Low quality of construction materials. In practice, concrete density and strength do
not always meet regulatory requirements. Corrosion of steel reinforcement significantly
reduces structural durability. This problem is especially critical in older buildings that have

been operational for many years.

Narrow and poorly located evacuation routes. In many older buildings, evacuation
routes and emergency exits were not designed in accordance with normative standards. As
a result, during an emergency, the flow of occupants slows down and bottlenecks occur,

potentially increasing casualty rates during earthquakes.

Lack of monitoring and warning systems. Traditional structures do not contain
» ’ . a . . .
smart sensors” to monitor vibration levels or rapid eatly warning systems. Delays in
receiving hazard information hinder effective protection of human life during an

earthquake.

Operational issues during the service period. Buildings that have not undergone
repairs for many years and whose structural elements have deteriorated are more vulnerable
to seismic threats. According to reports from the Seismology Institute, nearly 40% of
multi-storey buildings constructed in Tashkent during the 1960-1970s require major

repairs.

In Japan and the United States, nearly all buildings constructed since the 1980s have been

equipped with seismic isolation or damper systems.

In Uzbekistan, however, such isolation systems are currently being tested only in
selected large facilities (such as newly constructed shopping centers and administrative
buildings). While traditional structural solutions may offer short-term economic
advantages, they are insufficient for ensuring human safety during strong earthquakes.

Therefore, the introduction of modern innovative technologies is essential for Uzbekistan.
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Over the past decade, many countries around the world have placed strong
emphasis on the adoption of innovative technologies in earthquake-resistant construction.
These approaches are significantly more effective than traditional methods and can increase
the seismic resilience of buildings by 30—60%. Below are key technologies and their

practical outcomes (Figure 4).
Seismic Isolation Systems.

Seismic isolation works by separating a building from ground motion through its
foundation. Using special elastomeric bearings or movable supports, a portion of the

earthquake’s energy is absorbed and does not fully transfer into the building structure.
Tokyo, Japan — The “Shinjuku Mitsui Building,” a 55-storey skyscraper, can
withstand earthquakes up to magnitude 9 thanks to its seismic isolation system. During the

2011 Tohoku earthquake, this building reduced vibration by 50%.

New Zealand — The Parliament Building in Wellington is equipped with a seismic isolation

system and sustained minimal damage during the 2016 Kaikoura earthquake.

Figure 1. Seismic Bearings

Damper Systems (Energy Dissipation Devices)

Dampers absorb excessive energy during an earthquake and reduce the loads
transmitted to the structure. They may be metallic, viscoelastic, or hydraulic. Los Angeles,
USA — The U.S. Bank Tower (310 meters) is equipped with hydraulic dampers. During the
1994 Northridge earthquake, the building sustained almost no damage. Tokyo, Japan — The
Tokyo Skytree (a 634-meter tower) is equipped with more than 2,000 dampers connecting its

central core and outer frame. This technology reduces vibration by up to 40%.

Volume 3, Issue 3, 2025 [@EI




Muradov Sirojiddin

Nanoconcrete, composite materials, and carbon-fiber reinforcement provide buildings with

reduced weight while maintaining high structural strength.

Figure 2. Installation of Seismic Bearings to
Reduce the Impact of Earthquakes on Figure 3. Installed Seismic Bearings
Building Structures

Germany — Experimental buildings constructed using nanoconcrete demonstrated 1.5

times higher seismic resistance compared to conventional concrete.

South Korea — Bridges utilizing carbon-fiber reinforcement increased seismic stability by

25-30%.

BIM Technology and Smart Monitoring. Through Building Information Modeling
(BIM), the seismic resistance of structures can be simulated in advance, while sensors

continuously monitor the real-time condition of the building.

San Francisco, USA — The Salesforce Tower is equipped with thousands of sensors that track

deformations online during an earthquake.

Turkey — The new airport terminal in Istanbul was designed using BIM technology and is

capable of withstanding earthquakes up to magnitude 7.5.
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SEISMIC ISOLATION DAMPER SYSTEMS

NEW CONSTRUCTION
MATERIALS

=

Figure 4. “Innovative Technologies Used in Earthquake-Resistant Construction”

Conclusion

Earthquakes remain one of the most destructive natural disasters in human history.
According to the World Bank and United Nations reports, more than 2.3 million people
have died worldwide as a result of major earthquakes between 1970 and 2020, while
economic losses have amounted to hundreds of billions of U.S. dollars. For example,
during the 2011 Tohoku earthquake in Japan, nearly 20,000 people lost their lives, and
economic losses exceeded 235 billion dollars. In the 1999 Izmit earthquake in Turkey,

more than 17,000 people were killed.

Uzbekistan is also located in a seismically active zone. The 1966 earthquake in
Tashkent measuring 8 on the MSK scale left more than 100,000 people homeless. Such
historical experiences have led to strong governmental attention toward earthquake-

resistant construction in the country.
Analyses show that:

* In buildings constructed using traditional structural solutions, there is a high risk of

significant human casualties;

* In facilities equipped with seismic isolation and damper systems, the probability of

fatalities can be reduced by 40—50%;
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* Buildings utilizing nanoconcrete and carbon fiber reinforcement exhibit higher durability,
and their likelihood of collapse after an earthquake is twice as low compared to

conventional structures;

* BIM and monitoring technologies accelerate evacuation procedures and help ensure

timely movement of people to safe areas.

International experience demonstrates that widespread implementation of
innovative technologies significantly reduces mortality rates. For instance, in countries like
Japan and New Zealand, even in densely populated areas, the number of fatalities remains
relatively low during 7-8 magnitude earthquakes. The main reason behind this success is

the integration of advanced engineering solutions.

In Uzbekistan, incorporating these technologies into regulatory documents, making their
application mandatory in new construction, and gradually retrofitting the existing building
stock will help not only reduce economic losses but also significantly increase the level of

human safety.
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