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Postgraduate Certificate in Forensic Structural Engineering

Structural Dynamics and Earthquake Engineering

Structural Dynamics and Earthquake Engineering are crucial fields in the realm of civil engineering, with a
primary focus on understanding the behavior of structures under dynamic loads, particularly seismic forces.
This course, Postgraduate Certificate in Forensic Structural Engineering, delves into the intricacies of
analyzing and designing structures to withstand earthquakes and other dynamic loads. To navigate this
course successfully, it is essential to grasp key terms and vocabulary associated with Structural Dynamics
and Earthquake Engineering. Below is an extensive explanation of these terms:

1. **Structural Dynamics**:

Structural Dynamics deals with the study of how structures respond to dynamic loads, such as those
induced by earthquakes, wind, or machinery. It involves analyzing the behavior of structures under varying
loading conditions to ensure their stability and safety.

2. **Earthquake Engineering**:

Earthquake Engineering focuses on designing structures to withstand seismic forces and minimize damage
during earthquakes. It involves assessing the seismic hazard, understanding the behavior of soils, and
implementing strategies to mitigate the impact of earthquakes on structures.

3. **Seismic Forces**:
Seismic forces are the dynamic forces exerted on structures during an earthquake. These forces can cause
buildings to sway, twist, or undergo deformation, potentially leading to structural damage or collapse.

4. **Seismic Hazard**:

Seismic hazard refers to the likelihood of an earthquake of a certain magnitude occurring in a specific
region. Engineers assess seismic hazard to determine the level of seismic design required for structures in
that area.

5. **Base Isolation**:

Base isolation is a technique used in earthquake engineering to decouple a structure from the ground
motion during an earthquake. By isolating the structure from the shaking of the ground, base isolation
systems help reduce seismic forces transmitted to the building.

6. **Damping**:

Damping is a mechanism that dissipates energy in a structure, reducing its response to dynamic loads.
Damping can be achieved through various methods, such as adding dampers or using materials with
inherent damping properties.

7. **Resonance**:
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Resonance occurs when the natural frequency of a structure matches the frequency of an external force,
leading to amplified vibrations. Engineers must avoid resonance in structures to prevent excessive motion
and potential failure.

8. **Modal Analysis**:
Modal analysis is a technique used to determine the natural frequencies and mode shapes of a structure. By
understanding the modes of vibration, engineers can predict how a structure will respond to dynamic loads.

9. **Response Spectrum Analysis**:

Response Spectrum Analysis is a method used to evaluate the seismic response of structures. It involves
plotting the maximum response of a structure at various frequencies to assess its performance under
seismic loading.

10. **Pushover Analysis**:

Pushover Analysis is a nonlinear static analysis method used to evaluate the seismic performance of
structures. By applying lateral loads incrementally, engineers can assess the capacity of a structure to resist
seismic forces.

11. **Performance-Based Design**:

Performance-Based Design is an approach that focuses on achieving specific performance objectives for
structures under seismic loading. Engineers set performance criteria based on factors such as safety,
functionality, and repairability.

12. **Capacity Design**:

Capacity Design is a design philosophy that involves controlling the location and extent of plastic hinges in
a structure to ensure ductile behavior under seismic forces. By concentrating plastic deformation in
predetermined regions, engineers can enhance the seismic performance of a structure.

13. **Soil-Structure Interaction**:

Soil-Structure Interaction refers to the dynamic interaction between a structure and the underlying soil
during an earthquake. The properties of the soil can significantly influence the seismic response of a
structure and must be considered in the design process.

14. **Dynamic Analysis**:

Dynamic Analysis involves evaluating the response of structures to dynamic loads, such as earthquakes or
wind. Engineers use mathematical models and computer simulations to predict the behavior of structures
under varying loading conditions.

15. **Time History Analysis**:

Time History Analysis is a dynamic analysis method that involves inputting the actual time history of ground
motions into a structural model. This approach provides a detailed assessment of a structure's response to
specific earthquake records.
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16. *Nonlinear Analysis**:

Nonlinear Analysis considers the nonlinear behavior of materials and structural elements under extreme
loading conditions. This type of analysis is essential for accurately predicting the response of structures to
seismic forces.

17. **Ductility**:
Ductility is the ability of a structure to deform plastically without losing its load-carrying capacity. Ductile
structures can absorb energy during earthquakes, reducing the likelihood of sudden failure.

18. **Seismic Retrofitting**:

Seismic Retrofitting involves strengthening existing structures to improve their performance under seismic
forces. Retrofitting techniques may include adding shear walls, braces, or base isolators to enhance the
seismic resistance of a building.

19. **Performance Evaluation**:

Performance Evaluation assesses the behavior of structures after an earthquake to determine if they meet
the specified performance criteria. Engineers analyze damage, deformation, and functionality to evaluate
the effectiveness of the design.

20. **Forensic Engineering**:

Forensic Engineering involves investigating structural failures, determining the causes of failure, and
recommending remedial actions. In the context of earthquake engineering, forensic engineering plays a
crucial role in understanding the performance of structures during seismic events.

21. **Seismic Code**:

Seismic Codes are sets of regulations and guidelines that dictate the seismic design requirements for
structures in earthquake-prone regions. Compliance with seismic codes is essential to ensure the safety and
resilience of buildings.

22. **Seismic Design Category**:

Seismic Design Categories classify regions based on their seismic hazard and dictate the level of seismic
design required for structures in that area. Engineers must consider the seismic design category when
designing buildings in seismic zones.

23. **Acceleration Response Spectrum**:

Acceleration Response Spectrum is a graphical representation of the maximum acceleration response of a
structure at different frequencies. It is used in seismic analysis to assess the dynamic response of structures
to ground motion.

24. **Equivalent Lateral Force Method**:
Equivalent Lateral Force Method is a simplified approach to seismic analysis that involves applying a lateral
force distribution to a structure based on the building's mass and stiffness. This method is commonly used
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for low to medium-rise buildings.

25. **Importance Factor**:

Importance Factor is a factor applied to the seismic forces acting on a structure based on its importance
and function. Buildings with higher importance factors, such as hospitals or emergency facilities, are
designed to withstand greater seismic forces.

26. **Response Modification Factor**:

Response Modification Factor is a factor that accounts for the expected ductility and energy dissipation
capacity of a structure. A higher response modification factor allows engineers to design more ductile
structures capable of absorbing seismic energy.

27. **Seismic Performance Level**:

Seismic Performance Level defines the expected level of damage a structure can sustain during an
earthquake. Performance levels range from Immediate Occupancy (no damage) to Collapse Prevention
(minimal risk of collapse).

28. **Base Shear**:
Base Shear is the total lateral force applied at the base of a structure due to seismic forces. It is a critical
parameter in seismic design and is used to calculate the design forces that a building must resist.

29. **Spectral Acceleration**:
Spectral Acceleration is a measure of the acceleration response of a structure at different frequencies. It is
used in seismic analysis to determine the dynamic characteristics of structures under seismic loading.

30. **P-Delta Effect**:
P-Delta Effect refers to the additional lateral forces induced in a structure due to the vertical loads acting on
the building. These forces can affect the stability and overall response of a structure under seismic forces.

31. **Seismic Drift**:

Seismic Drift is the lateral displacement of a structure resulting from seismic forces. Excessive drift can lead
to structural damage or compromise the integrity of a building, emphasizing the importance of controlling
drift in seismic design.

32. **Seismic Isolation Bearings**:

Seismic Isolation Bearings are devices installed between a structure and its foundation to mitigate the
effects of seismic forces. These bearings allow the structure to move independently of the ground motion,
reducing the transfer of seismic forces to the building.

33. **Fragility Curve**:
Fragility Curve is a graphical representation of the probability of a structure exceeding a certain damage
state given a specific level of ground shaking. Engineers use fragility curves to assess the vulnerability of
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structures to earthquakes.

34. **Seismic Performance Assessment**:

Seismic Performance Assessment evaluates the behavior of structures under seismic loading to determine
their ability to meet performance objectives. This assessment helps engineers identify potential deficiencies
and implement corrective measures.

35. **Structural Reliability**:

Structural Reliability refers to the ability of a structure to perform its intended function under various
loading conditions, including earthquakes. Engineers assess structural reliability to ensure the safety and
durability of buildings over their design life.

36. **Dynamic Response Spectrum**;

Dynamic Response Spectrum is a plot of the maximum response of a structure at different frequencies
under dynamic loading. It provides valuable information about the dynamic characteristics of structures and
their response to seismic forces.

37. **Seismic Resilience**:

Seismic Resilience is the capacity of a structure to resist and recover from the effects of an earthquake.
Resilient structures can withstand seismic forces, minimize damage, and quickly return to normal
functionality after an earthquake.

38. **Seismic Risk**:

Seismic Risk is the potential threat posed by earthquakes to structures and populations in a given area. It
encompasses the probability of seismic events occurring and the potential consequences of these events on
the built environment.

39. **Seismic Retrofit Strategies**:

Seismic Retrofit Strategies are techniques used to strengthen existing structures and improve their
performance under seismic forces. Retrofitting may involve adding new structural elements, enhancing
connections, or improving the foundation system.

40. **Seismic Performance Criteria**:

Seismic Performance Criteria define the desired level of performance for structures under seismic loading.
These criteria establish the acceptable limits for damage, deformation, and functionality to ensure the safety
and resilience of buildings.

41. **Damper Devices**:

Damper Devices are mechanical devices installed in structures to absorb energy and reduce vibrations
under dynamic loads. Dampers improve the seismic performance of buildings by dissipating excess energy
and controlling motion.
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42. **Pounding Effect**:

Pounding Effect occurs when adjacent buildings come into contact or collide during an earthquake due to
lateral movement. Pounding can cause structural damage and compromise the stability of buildings,
highlighting the importance of adequate building separation.

43. **Seismic Retrofit Cost-Benefit Analysis**:

Seismic Retrofit Cost-Benefit Analysis evaluates the economic feasibility of retrofitting existing structures to
improve their seismic performance. Engineers consider the costs of retrofitting against the potential
benefits of reduced damage and risk.

44. **Seismic Hazard Mapping**:

Seismic Hazard Mapping involves assessing and mapping the seismic hazard levels in a region to identify
areas prone to earthquakes. These maps help engineers and policymakers make informed decisions about
land use and structural design.

45. **Seismic Design Philosophy**:

Seismic Design Philosophy encompasses the principles and approaches used to design structures that can
withstand seismic forces. It includes considerations such as ductility, redundancy, and energy dissipation to
enhance the seismic resilience of buildings.

46. **Seismic Design Parameters**:

Seismic Design Parameters are the input values used in seismic analysis to determine the forces and
displacements that a structure must resist. These parameters include ground motion characteristics, soil
properties, and structural system details.

47. **Seismic Performance Evaluation**:

Seismic Performance Evaluation assesses the behavior of structures under seismic loading to determine if
they meet the specified performance criteria. It involves analyzing the response of structures, evaluating
damage, and identifying areas for improvement.

48. **Seismic Vulnerability Assessment**:

Seismic Vulnerability Assessment evaluates the susceptibility of structures to damage and collapse during
earthquakes. Engineers assess the vulnerabilities of buildings based on factors such as construction quality,
age, and structural deficiencies.

49. **Seismic Retrofit Prioritization**:

Seismic Retrofit Prioritization involves ranking structures based on their seismic vulnerability and the
potential consequences of failure. By prioritizing retrofitting efforts, engineers can allocate resources
effectively to mitigate the highest risks.

50. **Seismic Design Review**:
Seismic Design Review is a process that involves evaluating the seismic design of structures to ensure
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compliance with codes and standards. It includes reviewing the structural analysis, detailing, and
construction practices to verify the safety and reliability of buildings.

In conclusion, mastering the key terms and vocabulary of Structural Dynamics and Earthquake Engineering
is essential for success in the Postgraduate Certificate in Forensic Structural Engineering course. By
understanding these concepts, students can effectively analyze, design, and evaluate structures under
dynamic loads, particularly seismic forces. The comprehensive explanation provided above serves as a
valuable resource for navigating the complexities of Structural Dynamics and Earthquake Engineering,
enabling students to delve deeper into the fascinating world of seismic resilience and structural safety.
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