Structural Design and Foundation Design
ACBA6018

Seismic Design

Timothy Issac Mills

Student Number: 2206144
Submission Date: 01/05/2023

1|Page



Contents

)TN L4 o o 18Tt oY TSPt 3
2) SEISMIC DESIZN COUES.......c..eiiiieiieeccieee et e e et e et e e st e e et te e e eeeteeeesseeeesstaeeeasssseesassseeesnsseeeanssaesannsseeesnsseeaans 4
3) Structural Systems for SEISMIC DESIZN ..........ccceiiiiiiiiiiciieecee et e e e s e e ste e e be e ebeessbeeeseesbaeenseeenes 4
3.1) Moment-Resisting Frames (IMRF) SYSEEM ..........cccoiiiiiiieiiiecieecieeere et e e steesae e sae e re e saaeesabeesareesanas 5
3.2) Braced Frame SYSTEIM ...........oiiiiiiiiiiiiee e ciiee e ettt e ette e e st eeeette e e e eaetaeesaseeeestaeeeaassaeesassaeeesntseeeastneesnnseens 5
3.3) ShEAr Wall SYSTEMIS........ooiiiiiie e cee ettt e e e st e e e et e e e e e et e e e s abe e e e s taeesaassaeesnsseeeaastaeeeanssaeesneeens 6
Y 0 T | IV T TSR 6
3.5) Base ISOIatioN SYSTEIM ........ccccuiiiiiiciie ettt et e e st e e s aa e e st e e sate e sabeessaeesabeesaseesaseensseesnseennees 7
4) Case Study — Turkey & Syria Earthquake 2023 ..............ccceiiiiiiiieiie ettt re e st e e sreesabe e sateasanee s 7
L T 0o T Lol 1113 o USSP 9
() L (= =1 (=TSRSS 9

2|Page



1) Introduction

Seismic activity is the occurrence of earthquakes, developing in a sudden release of energy from the earths
crust causing ground movement & vibration. These seismic events can have a profound impact on both natural
and manmade structures, including buildings, bridges, slopes, and other infrastructure.

During such events, structures are subjected to increased vertical and horizontal forces, which must be
carefully considered during the design process to ensure the building's ability to withstand seismic forces.
Horizontal forces pose the greatest risk to structures due to the sway and twisting motions they endure, which
can severely compromise the structures stability. The failure of a structure during a seismic event can lead to
catastrophic consequences, it is essential for civil engineers, structural engineers, and architects to account for
seismic activity in their designs. This includes ensuring that beams, columns, and foundations are designed in
compliance with relevant seismic design codes.

This research aims to explore the considerations involved in the seismic design of both structural and
architectural aspects. It will examine various design codes; review case studies of structural failures caused by
seismic activity and highlight successful seismic design strategies that have benefited both structural integrity
and architectural functionality.

Although the UK is not classed as a high seismic area it is susceptible to small seismic activity. Below is a map
to show the seismic activity across the UK, with the highest seismic area being in Wales.

While the UK is not considered a high seismic region, it is susceptible to minor seismic activity. The map below
illustrates seismic activity across the country, highlighting Wales as the area with the highest recorded seismic
activity.

Seismic hazard map: spectral acceleration (SA)

at 0.2 s on rock for a 475 year return period
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Image 1 - ICE - Seismic Map UK (Baptie et al., 2020)
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2) Seismic Design Codes

Seismic design is governed by British Standard BS EN 1998 (Eurocode 8) — Design of Structures for Earthquake
Resistance. This set of design codes offers a detailed guideline to engineers in creating buildings and
infrastructure that can withstand the forces generated by seismic.

BS EN 1998 (Eurocode 8) outlines the essential requirements for designing structures to resist both the
horizontal and vertical forces typically experienced during an earthquake. These codes cover various aspects,
including material strength, structural layout, and safety measures, ensuring that all potential risks are
considered during the planning and construction phases.

By following these design codes, engineers can effectively design and lessen the effects of seismic forces,
improving the overall resilience and safety of buildings. Furthermore, adherence to seismic design codes helps
to regulate practices across the industry, consistency and reliability in the design of earthquake-resistant
structures. This ensures that buildings are not only functional but also safe in regions prone to seismic activity.

“Providing specific building-related requirements for various structural materials (including concrete, steel,
timber and masonry), it details the fundamental requirements and other significant design and safety issues
related to the base isolation of structures, particularly buildings” (BSIGroup, 2025)

BS EN 1998 (Eurocode 8) — Design of structures for earthquake resistance is broken down into 6 sections, these
are as follows:-

BS EN 1998-1 (EC8 — Part 1) - General rules, seismic actions, and rules for buildings

BS EN 1998-2 (EC8 — Part 2) - Bridges

BS EN 1998-3 (EC8 — Part 3) - Strengthening and retrofitting of buildings

BS EN 1998-4 (EC8 — Part 4) - Silos, tanks, and pipelines

BS EN 1998-5 (EC8 — Part 5) - Foundations, retaining structures, and geotechnical aspects.

BS EN 1998-6 (EC8 — Part 6) - Towers, masts, and chimneys.

3) Structural Systems for Seismic Design
During seismic design, selecting a suitable structural system is essential for ensuring a building's stability during
an earthquake. There are several structural systems used for seismic design these are: -

- Moment-Resisting Frames System
- Braced Frame System

- Shear Wall System

- Dual System

- Base Isolation System

- Diaphragm Systems

- Mass Damper System

Frame systems consist of interconnected beams and columns, which work together to resist both vertical and
horizontal forces, allowing for flexibility during seismic events. Wall systems, on the other hand, rely on shear
walls to provide resistance to lateral forces, offering increased stiffness and strength to the structure. Braced
Frame systems combine the benefits of both frames and walls, utilizing diagonal braces to enhance the
building's resistance to lateral loads while maintaining flexibility and stability.

Each of these systems has distinct advantages and is chosen based on factors such as building height, design
requirements, and the severity of seismic activity in the area. The right choice of structural system is essential
for optimizing a building’s performance during an earthquake.
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3.1) Moment-Resisting Frames (MRF) System

Moment-resisting frames are a design where the connections between beams and column are designed with
moment (fixed) connections, which allows the structure to act in unison, allowing the structure to bend while
maintaining its overall stability. This system is commonly used in mid-to-high rise buildings, commercial
buildings and office complexes.

Some of the key features of using MRF system include: -

- High Ductility - Allowing large deformation without structurally failing.
- Architecturally flexible — Allows for fewer wall & braces to create larger open spaces.

Some of the limitations and disadvantages of the MRF include: -

- Typically, heavier members required to maintain strength and ductility.

?
\§§

Image 2 — Moment Resisting Frame (Hazard-specific building-resilience considerations (2025))

moment resisting frame

3.2) Braced Frame System
Braced Frame System resists against seismic loads through diagonal bracing members. These bracing members

work by forming triangulated frames, which transfer lateral loads to the column which transfer the loads to
the ground, reducing the demand on the primary members by getting the structure to work in unison and
transferring the loads to the ground. This system is commonly used in mid-rise buildings, commercial buildings
and retrofit applications.

There are two main types of braced frame system, these are:-

e  Concentrically Braced Frames (CBF) where each brace member meets at a single point this making it
efficient and stiff but less ductile.

e Eccentrically Braced Frames (EBF) where the brace members are offset from the beam/column joint,
creating a link that allows for controlled deformation and high energy dissipation.

Some of the key features of using braced frame systems include: -

- Efficient load paths — Aids in axial load distribution and often lighter than MRF.
- Aids in Seismic & Wind loads — Suitable for two different load applications
- Retrofit — Bracing members can be added to existing structure to improve

Some of the limitations and disadvantages of the MRF include: -

- Complex analysis - Irregular geometry can complicate seismic modelling due to the load distribution
throughout the structure

- Architectural interference — Obstruction for architectural items such as windows, doors or open space
layouts.
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Image 3 — Braced Frame System (Hazard-specific building-resilience considerations (2025))

3.3) Shear Wall Systems
A Shear Wall System resists seismic loads by using vertical structural walls that act like deep beams that

transfer the loads to the foundations by resisting shear forces, bending, and overturning moments. Shear walls
are typically built surrounding a stair well, elevator or the perimeter of the building. This system is commonly
used in high rise buildings/residential towers, critical buildings such as schools and hospitals.

Some of the key features of using MRF system include: -

- Suitable for large load & lateral resistance — Can carry different load combinations simultaneously.
- Architectural Benefit — Can be designed to have the shear walls as the core of the structure with the
main structure surrounding it.

Some of the limitations and disadvantages of the MRF include: -

- Architectural interference — Large walls may limit the design flexibility & amount of
windows/openings.

- Increased weight compared to other systems — Increased mass to the structure, which can increase
base shear during seismic activity.

shear walls

Image 4 — Shear Wall Systems (Hazard-specific building-resilience considerations (2025))

3.4) Dual System
A Dual System is a combination of moment-resisting frame system & either shear walls or braced frames

system. This system merges the benefits of both systems of moment-resisting frames by utilising the ductility,
whilst benefiting in rigidity and strength from the shear walls or bracing elements. This system is commonly
used in mid-to-high rise buildings & structures in high seismic areas.

Some of the key features of using MRF system include: -

- Balanced system — with the combination of a ductility and stiffness through both systems.
- Architectural Benefit — Can be suitable for complex design layouts.
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Some of the limitations and disadvantages of the MRF include: -

- Engineering difficulty — Analysis ensuring the co-ordination between two different systems.
- Architectural limitation — space requirements for the shear walls and bracing can have limiting factors
for architectural requirements such as open spaces and window/door openings.

S

Shear Wall -

Moment resisting Frame —

Image 5 — Dual System — Moment Resisting & Shear Wall (Allen, L. et al. (2008))

3.5) Base Isolation System

Base Isolation System separates the structure from its foundations by using isolation dampeners. During an
earthquake, the isolators absorb and deflect seismic energy, reducing the energy transferred to the
superstructure. The common types of Isolators are high damping rubber bearings, friction pendulum system
and lead rubber bearings.

DDD Bage icolation
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Image 5 — Dual System — Moment Resisting & Shear Wall (Sivraj (2023))

4) Case Study — Turkey & Syria Earthquake 2023

A recent disaster that occurred in Turkey and Syria, highlighted the significant impact that seismic activity can
play a critical role in a structure failing. Turkey was subjected to a 7.8-magnitude earthquake which was shortly
followed by a second 7.5-magnitude earthquake and may other aftershocks in February 2023, reports are
estimating that at least 6,400 buildings have been destroyed across the two nations, with many more badly
damaged. (Johnson, T.-2023).
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The damage caused by the earthquake has been substantial which studies have forecasted the initial amount
of damage is between £28.8bn and £41.2bn. (Johnson, T.-2023) There isn’t just a financial impact to seismic
failure, data following the disaster stated more than 9,000 deaths and 52,900 injured.

Image 6 — Turkey Earthquake Disaster 2023 (The Independent (2023))

Earthquake Engineering Field Investigation Team (EEFIT) at University of Cambridge undertook a longitudinal
study report following the disaster, from their studies they investigated the shortfalls that caused so many
building failures. The main takeaways were as follows: -

1) Non-compliance and regulatory failures.

- Profit driven construction culture with reduction in material to cut costs.
- Inadequate inspections during construction.

2) Issues within the reinforced concrete structures

- Poor concrete quality and inadequate detailing showing lack of reinforcement.
- Newly Built reinforced buildings showed several design and construction flaws
- Signs of cracking and brittle failure on non-structural elements.

3) Un-engineered/Self-Built Additions

- Many buildings showed signs of unpermitted extensions & rooftop additions, which resulted in a
disruption in the balance and structural load paths.
- Ground failures such as settlement, tilting, and subsidence were evident in some locations.

EEFIT (2024)

The 2023 Turkey & Syria earthquake disaster has exposed the vulnerabilities that is caused within the built
environment when seismic resilience is compromised. Although the presence of modern building codes, non-
compliance, poor construction practices, and regulatory failures led to the collapse of thousands of structures.
EEFIT highlighted critical issues driven by cost-cutting and insufficient oversight, which ultimately contributed
to the catastrophic human and economic losses cause by the seismic activity. The disaster is a reminder of the
importance of enforcing building standards and integrating seismic design into all phases of construction.
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5) Conclusion

Seismic analysis is a critical part of the design of buildings and infrastructures, when considering the
unpredictable nature and severity of earthquakes. The design of a building is heavily reliant on the location of
the structure; by designing under the compliance with current codes such as BS EN 1998 (Eurocode 8) ensures
that the structure is designed to withstand the seismic load requirements for the specific location.

Although designing structures to withstand loads is critical it is even more critical to ensure that the design of
the building is constructed accordingly as shown in the results from the Turkey and Syria Earthquake in 2023.
Despite having access to modern standards, failure in implementation and compliance can result in
catastrophic failures and extensive loss of life.

This report shows various seismic design systems including moment-resisting frames, braced frames, shear
walls, dual systems, and base isolation and shows the engineering principles essential for reducing seismic
risks. Each system presents unique benefits and limitations, and their suitability depends on structural
requirements, site conditions, and seismic exposure.

Although the UK is considered a region of low seismic activity, minor tremors are still possible. As urban

environments continue to evolve, it remains essential that civil and structural engineers integrate seismic

considerations into their projects, ensuring safety and building performance even in regions where seismic
risks are perceived to be low. When designing it is important to consider the future safeguarding of the
structure for any change in climate/activity.
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