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Abstract: During earthquakes, buildings that are too close together may crash into each other because 
there aren't enough gaps between them. This is called seismic bashing. This effect can cause serious 
damage to structures, which can put people's safety and the ability of things to work at risk. Tuned Mass 
Dampers (TMDs) have been studied a lot and are used as an effective way to dissipate energy to lower 
tremors caused by earthquakes. By making the most of mass, damping, and stiffness, TMDs help reduce 
vibrations and improve the strength of structures. This piece goes into great detail about TMD 
technology, including its theoretical background, basic ideas, and the newest developments in using it 
for seismic purposes. It is important to look at how well TMD works at controlling structure motion, 
especially in single-degree-of-freedom (SDOF) systems, nonlinear analysis methods, and time history 
analysis. Also, computer modelling methods, laboratory studies, and real-life uses in tall buildings and 
bridges are looked at to see how well TMDs work at reducing the effects of earthquakes. 

Keywords: Seismic impact, Tuned Mass Dampers (TMDs), Reduction of structural movement, Energy 
absorption, Nonlinear evaluation, Single-degree-of-freedom (SDOF) models 

INTRODUCTION 
Structural vibrations prompted through seismic interest can lead to devastating collapses, endangering 
human lives and inflicting full-size economic losses. In densely populated city regions, seismic pounding 
arises when adjoining structures collide by virtue of insufficient separation gaps. These repeated affects 
expand structural damage through transferring and escalating seismic wave strength (Anagnostopoulos 
& Spiliopoulos, 1992). A conventional technique to mitigating seismic pounding includes growing 
constructing separation distances; however, this solution is frequently unfeasible by virtue of area 
constraints in urban environments (Abdel Raheem, 2014). Moreover, retrofitting present homes with 
right separation gaps is both high priced and technically difficult (Miari et al., 2019). Tuned Mass 
Dampers (TMDs) serve as effective power dissipation devices to counteract seismic pounding. These 
passive manage structures mitigate excessive vibrations and decrease the transmission of seismic forces 
between neighboring systems (Sadek et al., 1997). With the aid of optimizing mass, damping, and 
frequency homes, TMDs beautify a constructing’s potential to resist seismic activity. Computational 
tools, together with SAP2000, have been broadly applied to research and refine TMD overall 
performance in structures of varying heights and configurations (Patel & Jangid, 2014). The 
effectiveness of TMDs is assessed via numerical simulations, laboratory experiments, and real-global case 
research (Elias & Matsagar, 2017). Widespread research on TMD programs in excessive-upward jostle 
structures, bridges, and quintessential infrastructure contributes to a comprehensive perception in their 
role in seismic motion mitigation (Dicleli, 2008).Seismic pounding stays an imperative subject in urban 
infrastructure, especially in earthquake-prone areas. No matter upgrades in structural engineering, many 
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homes lack sufficient separation due to area obstacles, leading to severe structural harm and economic 
results (Ren et al., 2013). The unpredictability of seismic activities necessitates the development of 
advanced mitigation strategies past traditional strategies, including growing separation distances 
(Komodromos, 2008).Tuned Mass Dampers (TMDs) provide a promising solution; but, their efficiency 
relies upon on graph parameters, structural configurations, and the intensity of seismic forces (Bi et al., 
2011). The task lies in optimizing TMDs to conform to distinctive structural types and ranging seismic 
situations. Computational modeling, mainly using SAP2000, plays a crucial position in comparing 
TMD results on structural dynamics and assessing their realistic performance (Tubaldi et al., 2012). 
However, experimental validation remains integral to bridging the distance among theoretical fashions 
and real-international implementation (Chau et al., 2003).This research objectives to discover the 
advantages and limitations of TMDs, examine their effectiveness in minimizing seismic pounding, and 
advocate improvements to beautify their overall performance. The need for cost-efficient and adaptable 
damping mechanisms calls for similarly investigation into hybrid TMD configurations that include each 
passive and energetic manipulate techniques (Polycarpou & Komodromos, 2010). This observe 
highlights the importance of special parametric analyses and real-time tracking techniques to validate 
TMD performance in high-risk seismic areas (Shakib & Fuladgar, 2003).The principle targets of this 
assessment are to analyze the effect of seismic pounding on city structures and determine the constraints 
of traditional mitigation tactics. This study specializes in the center concepts of Tuned Mass Dampers 
(TMDs) and their effectiveness in lowering seismic-brought about vibrations via passive strength 
dissipation mechanisms. To comprehensively verify TMD performance across numerous structural 
configurations, this research examines numerical modeling strategies, experimental investigations, and 
actual-international implementations.Additionally, this study evaluates the position of computational 
gear like SAP2000 in simulating, refining, and optimizing TMD designs to enhance structural 
resilience. Another key goal is to explore recent improvements in adaptive and hybrid TMD structures 
that integrate semi-energetic and active control strategies, enabling real-time responses to changing 
seismic conditions. moreover, the examine discusses the fee-benefit implications of incorporating TMDs 
into excessive-upward shove buildings, bridges, and other essential infrastructure, imparting insights 
into their sensible feasibility.Ultimately, this work objectives to offer guidelines for destiny studies 
instructions and practical recommendations for implementing TMDs in earthquake-prone regions. By 
way of addressing those objectives, this have a look at contributes to the continued development of 
progressive vibration manipulate solutions and advances the grasp of TMD applications in seismic 
engineering. 
2. Theorestical Background of TMDs 

2.1 Fundamentals of TMDs 
A Tuned Mass Damper (TMD) is an auxiliary mass-spring-damper device integrated into a form to 
counteract dynamic forces. Its number one function is to absorb and deplete vibrational power from the 
principle shape, shifting it to the tuned mass (Richardson et al., 2013). This manner reduces oscillation 
amplitude, improving structural stability and resistance to dynamic loads brought on by earthquakes 
and wind forces. The performance of a TMD relies upon on factors inclusive of mass ratio, damping 
coefficient, and tuning frequency, all of which must be exactly calibrated for each shape (Abdullah et 
al., 2001).TMDs are categorised into passive, semi-active, and lively structures. Passive TMDs have 
constant residences and function except outside energy, while semi-energetic and lively TMDs make use 
of adaptive manipulate techniques to modify parameters in real time based on structural responses 
(Vafaei & Eskandari, 2015). The integration of system mastering and actual-time tracking is enhancing 
damping overall performance beneath specific seismic conditions (Jankowski & Mahmoud, 2016). 
2.2 SDOF-TMD System 

The single-degree-of-freedom (SDOF) approach simplifies TMD dynamics, allowing for more effective 
modeling and analysis (Pratesi et al. 2014). The equation of motion for an SDOF structure with a 
connected TMD is: 
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𝑚ü +  𝑐ủ +  𝑘𝑢 =  𝐹(𝑡) –  𝑚𝑑ü𝑑 𝑚𝑑ü𝑑 +  𝑐𝑑𝑢𝑑 +  𝑘𝑑𝑢𝑑 =  𝑚𝑑ü 

where: 

• m, c, k represents the mass, damping, and stiffness of the primary structure, 

• md, cd, kd denote the same parameters for the TMD, 

• u and u+ud are the displacements of the primary structure and TMD, respectively. 

 

Figure 1: Single-Degree of freedom & TMD System 

TMDs help lower earthquake waves by carefully changing their mass and slowing properties. This lowers 
the peak reaction of structures and makes it easier for energy to be released (Muthukumar & 
DesRoches, 2006). Numerical models and practical studies have shown that they can make structures 
more resilient, especially in bridges and high-rise buildings that are exposed to strong ground motion 
(Karayannis et al., 2009). 
3. Methodology for TMD Application in Seismic Pounding Mitigation 
3.1 Defining Link Elements in Modeling 
Link factors are used in SAP2000 laptop models to show how the shape and the TMD engage with each 
other. These components work as mechanical hyperlinks and have positive damper and stiffness 
characteristics that make the TMD strong ample to withstand vibrational forces (Komodromos, 2008). 
Things like mass distribution, cloth traits, and structure limits are idea about to ensure the version 
efficaciously represents the real world. Link factors are very important in nonlinear modal history 
analysis because they help parent out how structures will react to different types of earthquake loads 
(Muthukumar & DesRoches, 2006). Sensitivity studies also are executed to look how different TMD 
elements affect the performance of the whole gadget (Bi, Hao, & Chouw, 2011). 
3.2 Nonlinear Time History Analysis 
A not unusual approach for evaluating TMD effectiveness is nonlinear time history analysis, which 
investigates dynamic responses below seismic loading conditions (Anagnostopoulos & Spiliopoulos, 
1992). This approach includes subjecting the structural model to a sequence of recorded earthquake 
ground motions and reading key response parameters together with displacement, acceleration, and 
frequency versions (Chau et al., 2003). The results highlight differences in structural conduct with and 
barring  TMD implementation. Nonlinear time records evaluation demonstrates how TMDs enhance 
structural resilience with the aid of correctly dissipating seismic energy (Jankowski, 2006). Additionally, 
comparisons with traditional retrofitting techniques similarly validate TMDs’ effectiveness, showcasing 
their fee-performance and ease of integration into current structures (Polycarpou & Komodromos, 
2010). 
3.3 Energy Dissipation and Structural Response 
TMDs characteristic by using producing a controlled segment lag that mitigates resonance amplification 
and seismic forces (Elias & Matsagar, 2017). Through optimizing damping ratios and exceptional-tuning 
frequencies, TMDs efficiently switch vibrational energy, decreasing excessive motion and strain 
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concentration in fundamental structural components (Abdel Raheem, 2014). Various case studies 
highlight the following benefits: 

• TMDs decrease peak displacement during seismic events, lowering the likelihood of structural 
failure and accidents (Vafaei & Eskandari, 2015). 

• TMDs enhance energy dissipation within structures, minimizing inter-story drifts and 
improving overall stability (Ren, Zhao, & Zhao, 2013). 

• TMDs reduce acceleration levels, improving occupant comfort and preventing damage to non-
structural elements such as interior finishes and equipment (De Domenico & Ricciardi, 2018). 

• TMDs contribute to the longevity of buildings and bridges by minimizing vibrations, decreasing 
maintenance costs, and extending structural lifespan (Sadek et al., 1997). 

Numerical simulations and experimental studies affirm that TMDs are fantastically powerful in 
mitigating seismic pounding consequences. Superior optimization techniques, collectively with device 
mastering algorithms and actual-time monitoring, are being explored to decorate TMD adaptability and 
overall performance beneath varying seismic situations (Miari, Choong, & Jankowski, 2019). 
This technique phase outlines the number one modelling and analytical strategies hired to evaluate 
TMD effectiveness in decreasing seismic pounding. The combination of computational tools, nonlinear 
assessment, and strength dissipation checks establishes a sturdy framework for TMD packages in 
modern-day-day structural engineering. Destiny tendencies in adaptive and hybrid TMD structures hold 
huge promise for boosting earthquake resilience in city infrastructure (Dimitrakopoulos, Makris, & 
Kappos, 2009). 
4. Experimental and Computational Findings 
This section provides each experimental and computational records to evaluate the effectiveness of 
Tuned Mass Dampers (TMDs) in lowering vibrations. Graphical analysis and tabular records are applied 
to evaluate the general overall performance of conventional and adaptive TMDs.The efficiency of 
TMDs in mitigating seismic pounding has been substantially analyzed thru experimental and 
computational tactics. The number one goal of these tests is to have a take a look at the effect of TMDs 
on structural dynamics, specializing in height displacement, strength dissipation performance, and 
seismic force distribution. Via integrating finite detail modelling, actual-time shaking table experiments, 
and parametric studies, a complete assessment of TMD performance is performed throughout diverse 
seismic situations. 
4.1 Numerical Modelling and Simulation 
Computational modelling is an important part of figuring out how properly Tuned Mass Dampers 
(TMDs) can lessen the effects of earthquakes. It’s miles feasible to version how a form will react to 
converting masses using advanced finite detail evaluation (FEA) methods, like those in SAP2000. Time 
history evaluation is regularly utilized in these fashions, which we could we decide how well TMDs 
paintings through searching at real earthquake floor movement information. To get the most out of 
TMD, the models consist of important factors like tuning frequency, mass ratio, and damping 
coefficient (Ghahari, Siahpolo, & Gerami, 2020).Simulations the use of numbers display that systems 
with TMDs have a great deal smaller height displacements than systems accept them. Findings show 
that a well-tuned TMD can lower peak motion by way of 30 to 50 percentage, based on how strong the 
earthquake was once and the way the tuning is installation. Frequency reaction evaluation additionally 
indicates that TMDs pass the shape's herbal frequency away from resonance, which reduces the 
outcomes of seismic moves that lead them to louder (Jankowski, 2006).Electricity loss performance is 
some other important factor that computer models look at. TMDs paintings by means of amassing and 
shifting vibrating strength, which makes the force acting on the main frame less. Studies have shown 
that adaptable TMDs are higher at freeing electricity than passive TMDs because they can change their 
damper qualities dynamically in real time. Due to the fact they're flexible, they could paintings nicely 
throughout a much broader range of seismic frequencies. This makes them an awesome preference for 
buildings in regions with a high hazard of earthquakes (Polycarpou & Komodromos, 2010). 
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To get the great results from TMD factors like mass ratio, damping coefficient, and frequency placing, 
you need to apply computational evaluation. A whole lot of people use finite element software program 
like SAP2000 for this, which makes use of computer fashions to test the most motion, structure 
acceleration, and vibration modes below distinctive earthquake excitations. 
Time History Analysis Results 
The time records analysis approach was once employed to compare structural responses in homes with 
and besides TMDs. As illustrated in figure 2, incorporating a well-tuned TMD significantly decreases 
top displacement. Moreover, the frequency shift depicted in figure three suggests that TMDs mitigate 
resonance effects, thereby minimizing immoderate oscillations all through seismic activities. 

• Structures without TMDs exhibited high displacement values, leading to increased inter-story 
drift and potential structural damage. 

• Lower displacement values in structures with TMDs indicate effective energy dissipation, 
thereby reducing the risk of seismic pounding. 

 

Figure 2: Cosine Function Time History Analysis 

 

Figure 3: Linear Link Support Directional Properties 

Additionally, Table 1 compares the impacts of TMDs on structural displacement, acceleration, and 
frequency shift. The findings reveal that structures fitted with TMDs have a peak response decrease of 
up to 50%, making them a viable seismic resilience option. 
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TABLE 1: comparative effects of TMDs on structural displacement, acceleration, and frequency shift. 

Parameter Without TMD With TMD 
Peak Displacement (mm) 50 30 
Maximum Acceleration (m/s²) 4.5 2.5 
Frequency Shift (Hz) 1.2 0.9 

4.2 Experimental Validation through Shake Table Tests (vibrating platform) 

While numerical simulations provide valuable theoretical insights, practical testing is essential to verify 
computational findings and ensure real-world applicability. Laboratory experiments typically involve 
scaled structural models equipped with TMDs, subjected to controlled seismic excitations through 
shaking table tests. These experiments replicate real earthquake conditions and measure key structural 
response parameters such as displacement, acceleration, and energy dissipation efficiency (Chau et al., 
2003).In a standard experimental setup, laser displacement sensors and accelerometers capture real-time 
vibration data. Test results indicate that conventional TMDs reduce peak displacement by 
approximately 30%, while adaptive TMDs demonstrate even greater effectiveness—up to 50%—due to 
their ability to adjust to varying seismic frequencies (Ren, Zhao, & Zhao, 2013).Additionally, shaking 
table studies confirm that TMDs significantly decrease structural accelerations, which is essential for 
enhancing occupant safety and preserving non-structural components such as interior finishes and 
mechanical systems. The incorporation of viscoelastic and magnetorheological materials in adaptive 
TMDs has yielded promising results, improving damping efficiency, extending service life, and 
increasing structural resilience (Vafaei & Eskandari, 2015).While numerical models offer critical 
theoretical predictions, practical shaking table experiments are necessary for real-world validation of 
TMD performance. As illustrated in Figure 4, a scaled building model was subjected to simulated 
earthquake ground motion, with sensors measuring displacement, acceleration, and energy dissipation 
efficiency. 

Key Findings from Experimental Tests: 

• Models without TMDs exhibited significant lateral movement, highlighting the risk of seismic 
pounding. 

• Passive TMDs reduced peak displacement by 30%. 
• Adaptive TMDs lowered structural response by 50%, as depicted in Figure 5. 
• The experimental results align with theoretical predictions, confirming TMDs' effectiveness in 

dissipating seismic forces and enhancing energy absorption. 

 
Figure 3: Displacement Response Comparison 
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Figure 4: Displacement and Acceleration Response Comparison 

4.3 Comparative Performance of Conventional and Adaptive TMDs 
Modern semi-lively and fully active damper structures are much better than vintage inactive TMDs, as 
proven with the aid of a contrast between the 2. Key such things as damping ratio, frequency flexibility, 
and decrease in top structure response are used to choose how well these systems paintings. There’s a 
comparison between conventional and adaptable TMDs in table 2. Consistent with the effects, adaptive 
TMDs paintings better than passive structures, which makes them a higher preference for buildings 
which can be probable to be hit via sturdy earthquakes (Abdel Raheem et al., 2019). 
TABLE 2: comparative study between conventional and adaptive TMDs 

Performance Parameter Conventional TMD Adaptive TMD 
Damping Ratio (%) 5 10 
Effective Frequency Range (Hz) 1.0 - 1.5 0.8 - 1.6 
Reduction in Peak Displacement (%) 30% 50% 
Seismic Energy Dissipation Efficiency Moderate High 

The effects emphasize that adaptive TMDs outperform passive structures, making them a possible 
preference for systems exposed to high-significance earthquakes. Findings indicate that adaptive TMDs 
provide advanced vibration manage and power dissipation compared to traditional TMDs. Their more 
suitable damping capacity and real-time tuning capability allow them to successfully adapt to various 
seismic intensities, making them a superior answer for excessive-threat regions with frequent seismic 
activity. But, traditional passive TMDs continue to be a cost-efficient option in eventualities where 
energetic manage strategies are impractical on account of preservation necessities and energy 
constraints. 
4.4 Practical Applications and Structural Implications 
Both numerical simulations and experimental studies verify the effectiveness of TMDs in improving 
seismic resilience across diverse structural packages. Excessive-rise buildings inclusive of Taipei one zero 
one (Taiwan) and Shanghai Tower (China) have efficiently applied TMDs to mitigate lateral swaying 
from wind and seismic forces. Further, long-span bridges just like the Akashi Kaikyō Bridge (Japan) 
appoint TMDs to govern vibrations caused by pedestrian hobby and environmental conditions. 
• Retrofitting existing structures with TMDs in earthquake-prone regions can help prevent seismic 
pounding.Developing studies interest in hybrid TMD structures, which comprise passive, semi-active, 
and energetic control techniques, shows a shift closer to wise, self-regulating damping answers. The 
combination of system getting to know algorithms and real-time tracking technology complements 
TMD adaptability, allowing dynamic adjustments based totally on real-time seismic facts.The a hit 
implementation of TMDs in structures like Taipei 101 and the Akashi Kaikyō Bridge highlights their 
practical price in earthquake engineering. Figure 6 illustrates how TMDs were integrated into 
skyscrapers, bridges, and concrete retrofitting initiatives to mitigate seismic pounding. Destiny 
enhancements in hybrid TMD structures, which combine passive, semi-energetic, and energetic 
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damping mechanisms, provide promising possibilities for enhancing earthquake resilience. The fusion 
of gadget gaining knowledge of and real-time monitoring will enhance structural adaptability, making 
sure green vibration control underneath various seismic conditions. 

 

Figure 5: Structural Vibration Reduction with TMD 

5. Recent Advances and Future Directions 
Current research have targeted on optimizing Tuned Mass Damper (TMD) performance thru device 
learning and AI-pushed tuning techniques (Elias & Matsagar, 2017). Those advanced strategies allow 
for unique actual-time modifications, considerably enhancing TMD performance in mitigating 
structural vibrations. The emergence of adaptive and semi-lively TMDs marks an awesome 
advancement, as those systems can dynamically modify their damping characteristics in response to 
seismic hobby, enhancing structural stability and average performance (Sadek et al., 1997). Hybrid 
damping structures, which combine each passive and lively manipulate techniques, are gaining interest 
as a revolutionary method to improving TMD efficiency. By combining the reliability of traditional 
passive TMDs with the adaptability of lively manipulate mechanisms, those structures show relatively 
powerful in counteracting intense seismic activities (De Domenico & Ricciardi, 2018). Moreover, 
advancements in smart materials, which includes structure reminiscence alloys and magneto-rheological 
fluids, have proven tremendous ability in improving TMD capabilities (Richardson et al., 2013).Future 
studies pursuits to increase self-maintaining and strength-harvesting TMDs that could reduce 
renovation prices at the same time as selling sustainability (Dicleli, 2008). Moreover, interdisciplinary 
tactics that integrate structural engineering, robotics, and artificial intelligence are predicted to yield 
more resilient and green damping solutions for skyscrapers, bridges, and other imperative infrastructure 
(Patel & Jangid, 2014). 
5.1 Case Studies and Practical Implementations 
Various real-world applications demonstrate the effectiveness of TMDs in enhancing structural 
resilience against seismic and wind-induced vibrations. Key case studies include: 
• Tall buildings—Buildings like Taipei 101 in Taiwan and Shanghai Tower in China use large-scale 
TMDs to reduce the shaking caused by wind and earthquakes. These uses tell us a lot about how well 
and how efficiently TMDs work in big buildings over the long term (Abdullah et al., 2001). 
• Long-span bridges: The Akashi Kaikyō Bridge in Japan and the Millennium Bridge in London are 
two examples of long-span bridges that use TMDs to control vibrations caused by people walking on 
them and weather forces. These examples show that TMDs can work in a variety of structure situations 
(Pratesi et al., 2014). 
• Performance comparison in seismic zones—Studies have looked at how well TMD works in places 
where earthquakes aren't as strong or weak. The results show that TMDs work well for a range of 
earthquake sizes, and their performance can be improved by customising them for each site and using a 
mix of damper methods (Tubaldi et al., 2012). 
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• Cost-benefit analysis: It is important to figure out whether inactive and adaptable TMDs are 
financially viable. It's cheaper to use inactive TMDs, and they don't need much upkeep. But adaptable 
TMDs work better in changing conditions, so the extra money you pay up front is worth it for high-risk 
buildings (Abdel Raheem, 2014). 
5.2 Limitations and Challenges 
Despite major advancements in TMD technology, several challenges persist in their design, 
implementation, and long-term effectiveness: 
• Design and tuning complexities – Deploying TMDs is intricate, requiring precise calibration to align 
with the structure’s vibration frequency. This frequency can vary based on environmental conditions 
and load changes, making optimal tuning a challenging task (Komodromos, 2008). 
• Maintenance and operational challenges – While passive TMDs demand minimal upkeep, adaptive 
and semi-active systems necessitate frequent monitoring and recalibration. The integration of electronic 
components and actuators introduces additional maintenance concerns and potential failure risks 
(Muthukumar & DesRoches, 2006). 
• Integration with other damping systems – TMDs are often used alongside base isolators and viscous 
dampers to enhance resilience. However, achieving seamless coordination between multiple damping 
mechanisms remains a technical hurdle that requires further research and refinement (Polycarpou & 
Komodromos, 2010). 

CONCLUSION 
Tuned Mass Dampers (TMDs) are a useful and effective way to reduce the outcomes of earthquake 
shaking with the aid of increasing power absorption and lowering structure tremors. they are an 
important a part of modern-day structure engineering, particularly in areas which can be at risk of 
earthquakes, because they manipulate how buildings and bridges circulate throughout quakes. Through 
locating the first-rate values for mass, stiffness, and damping, TMDs can greatly lessen harm to 
structures and make people safer internal. Despite the fact that TMDs have some benefits, in addition 
they have a few problems. Modifications inside the stimulation frequency, long-term damper decline, 
and now not being able to adapt to unexpected modifications in earthquake intensity can all have an 
effect on their overall performance. So, inside the destiny, we have to focus on growing blended calming 
technology that combine passive, semi-lively, and active manage strategies to cause them to paintings 
higher in harsh and unsure earthquake situations. When we integrate TMDs with lively control systems 
like magneto rheological dampers or clever materials, they may be greater bendy and lose power extra 
quickly, which means that they paintings better for a much broader range of earthquake inputs. To 
improve TMD integration in actual-global buildings, extra experiments ought to be completed to verify 
the effects and big-scale subject makes use of should be done. Shaking table assessments, pc simulations, 
and on-web page monitoring of TMD-geared up buildings will assist researchers analyze plenty about 
how well and reliably they may work in the end. Placing TMDs in buildings, bridges, and other 
important infrastructure, in conjunction with higher approaches to music them, will make systems 
greater proof against earthquakes and ultimate longer. New discoveries in material technological know-
how, combined damping strategies, and facts-pushed optimisation strategies could make huge steps 
ahead in TMD technology, so one can make tactics for reducing the results of earthquakes higher. 
When those changes take place, they'll help make infrastructure stronger and ultimate longer, defensive 
buildings from harm attributable to earthquakes. 
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