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Abstract--- Tall buildings are highly exposed to seismic risk, and their mitigation needs innovative solutions
regarding their structural susceptibility. Advanced Earthquake-Resistant Technologies (AERT) offer
revolutionary solutions to mitigate such risks. The existing methods are inapplicable because they cannot
mitigate the dynamic loads precisely, hence increasing the structures' vulnerability during such seismic events.
To overcome these limitations, the proposed AERT framework employs smart materials, energy dissipation
devices, and online monitoring technologies. The framework improves the resilience of buildings with seismic
forces and consequent damage through adaptive dampers, base isolators, and Al-driven analysis. This method
has been implemented to clearly show its ability to decrease structural stress caused by earthquakes and
enhance safety. Building stability, repair cost, and occupant safety are improved significantly with AERT,
thereby significantly developing seismic engineering of urban infrastructure. Therefore, This research finds a
pathway to more resilient, sustainable construction in earthquake-prone regions.
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I. Introduction

While urbanization and environmental changes pose a threat everywhere, they particularly increase seismic
hazards to susceptible regions (Thai, 2023). In such regions, high-rise architectural structures call for adequate
seismic designs to withstand the forces generated during an earthquake (P & Shivakumar, 2023). The foregoing
study advocates for the improved application of Advanced Earthquake-Resistant Technologies (AERT) in the
seismic performance of tall buildings (Forcellini & Kalfas, 2023). Structural failure was limited due to adaptive
dampers and real-time monitoring combined with Al (Zheng et al., 2023). It integrates smart materials, which
allow energy dissipation, and bearing isolation. New advances such as the usage of shape memory alloys and
high-damping rubber bearings help to limit the base shear while also providing stabilization and increasing the
safety of the occupants (Galano & Calabrese, 2023). This research assists in developing urban infrastructure
that scalably does and can withstand unpredictable occurrences.

II. Related Works

Other techniques such as base isolation, stiffness augmentation and damping mechanisms have also been
investigated with the aim of enhancing the seismic performance of high-rise buildings (HRBs). There
approaches allow for structural failure in case of an earthquake, enhance the strength of a structure and reduce
the vibration effects in regions susceptible to earthquakes.

Fluid Viscous Dampers (FVDs)

Building vibrations may be reduced by earthquake-resistant design that has been the subject of much study.
Fluid Viscous Dampers (FVDs) with High-Damping Rubber Bearings (HDRBs) are the subject of an evaluation
in a research of reinforced concrete structures with a lower floor height (Belbachir et al., 2023). Non-linear
dynamic analysis shows that FVDs and HDRBs, when combined, improve seismic resistance for reinforced
concrete structures by 80%, acceleration by 54%, and displacement by 47%.
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Shaking Table Tests (STT)

Earthquakes and subway-induced vibrations are less likely to occur in over-track structures due to base-
isolation technology. Shaking Table Tests (STT) on a 1/30 scaled high-rise model demonstrated that an
improvement in seismic performance would be achieved in horizontal and vertical seismic responses by
lowering them and increasing damping ratios if the base is isolated (Li et al, 2023). Gravity distribution
optimization of the base-isolation layer showed this can enhance stability regardless of overturning effects, thus
proving efficacy for tall buildings.

Tuned Mass Dampers (TMDs)

High-rise buildings (HRBs) face seismic vulnerability due to increasing human activities and limited land
availability (Kontoni & Farghaly, 2023). Interaction of soil and structures is considered in this stiffness-
enhancement study, which includes use of bracings, shear walls, and Tuned Mass Dampers (TMDs); reduced
base shears, moments, and displacements, and improvements in stability and damping performance under
seismic loads do indicate that all these approaches enhance HRB seismic resistance significantly.

III. Proposed Method

Al-powered approach that combines smart materials, adaptive dampers, energy dissipation systems, and
real-time monitoring would make tall buildings less susceptible to earthquake damage and save money on
repairs.
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Time Monitoring
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Figure 1: Proposed Framework for Enhanced Earthquake Resilience

Figure 1 demonstrates AERT framework using adaptive dampers, smart materials, base isolators, and real-
time driven by artificial intelligence monitoring helps to improve the resistance to seismic stresses of the
structure. Combining reduction of dynamic loads, energy distributing, and ensures for data analysis might make
infrastructure in places prone to earthquakes safer and more sustainable. This greatly improves seismic
resistance.
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Figure 2: Workflow of the AERT Framework

Figure 2 illustrates the framework for Advanced Earthquake-Resistant Technology, which encompasses the
procedure. The input layer comprises processed data derived from seismic activity and structural
characteristics. Fundamental technologies in an integrated optimum configuration enhance structural
performance and security assured by the process flow. The output layer seeks to minimize seismic damage and
enhance sustainability.
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IV. Result and Discussion

The studies show that AERT has better stability and safety ratings compared to any other stabilization
system, including STT and TMD. The occupancy safety during seismic events is assured with improved
structural resilience using AERT.

Analysis of Building Stability
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Figure 3: Analysis of Building Stability

Methods of stabilizing various constructions against earthquakes are compared in the following figure 3. In
terms of stability, the most effective technology is the Advanced Earthquake-Resistant Technologies AERT
which averaged at a score of 96.11% and surpassed other technologies such as the Seismic Tuned Technology
STT and the Tuned Mass Dampers TMD the two scoring 86% and 91% respectively. The results confirm that the
AERT framework is advanced in earthquake-prone regions and that the system works to reduce the risk of
hazardous structures The technique helps minimize the chances of hazardous structures..

Analysis of Occupant Safety
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Figure 4: Analysis of Occupant Safety

During seismic events, however, ensuring the safety of occupants is crucial in figure 4. Based on the analysis
provided in the previous section, it was determined that the AERT model is superior to other approaches, such
as TMD and STT with a rate of achievement of 99.09. Since escalating performance thresholds with AERT and
eco-friendly adaptive dampers can be utilized for improved seismic protection, the architecture shows greater
potential than many conventional models.
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V. Conclusion

The new Advanced Earthquake-Resistant Technologies (AERT) framework provides an innovative method
for enhancing the seismic resistance of high-rise buildings. With the aid of intelligent materials, adaptive
dampers, base isolation, and advancements in Al monitoring, AERT ensures that the safety of the occupants is
protected even during an earthquake, thereby enhancing the risk management of buildings and reducing
structural damage. The findings support the efficacy of AERT and its essential advancement in seismically active
regions as it affords a robust and ecological strategy for constructing urban structures. The primary emphasis
in subsequent research will be on the operational monitoring of the AERT system in the long term, the
optimization of materials, and their practical application.
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