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[bookmark: _Toc196815215]1. Introduction

Seismic design is essential for ensuring the safety and resilience of buildings in earthquake-prone areas (Roger D. Borcherdt, 2003). This paper explores the structural and architectural considerations critical to seismic design, examines relevant design codes and methodologies, discusses various structural systems for earthquake resistance, and presents case studies illustrating practical applications. 
Earthquakes pose significant risks to the built environment both structural and non structural, requiring comprehensive design strategies that encompass both structural integrity and architectural functionality (Giulia Cerѐ, 2017).Effective seismic design aims to minimise damage, prevent collapse, and ensure occupant safety. This paper examines the key structural and architectural factors influencing seismic performance, reviews design codes, and analyses structural systems using case studies that show best practices in earthquake-resistant design.

[bookmark: _Toc196815216]2. Literature Survey: Structural and Architectural Considerations in Seismic Design

[bookmark: _Toc196815217]2.1 Structural Considerations

	Ductility and Energy Dissipation
	Ductility refers to a structure’s ability to undergo significant deformations without losing its load-carrying capacity. Structures designed with high ductility can absorb and dissipate seismic energy, reducing the likelihood of catastrophic failure. Performance-based seismic design emphasises ductility to enhance building resilience (Kanli, 2025).


	Redundancy and Load Path Continuity
	Redundant structural systems offer multiple load paths, ensuring that if one element fails, others can redistribute the loads. This redundancy enhances overall structural resilience during seismic events (Alessio Pipinato, 2022).

	Base Isolation Systems
	Base isolation systems are widely used as an effective and practical solution to protect the structure and non-structural elements from seismic hazards. (Hediyeh Sheikh, 2022). Base isolation decouples the building from ground motions, reducing seismic forces transmitted to the structure. Techniques include rubber bearings, friction pendulum systems, and laminated rubber bearings, which allow controlled building movements during earthquakes (Hediyeh Sheikh, 2022).

	Foundation Design
	The seismic design of foundations for structures depends on dynamic bearing capacity, dynamic settlements and liquefaction susceptibility of soil (Vijay K. Puri, 2013). Foundations must accommodate seismic-induced ground movements. Deep foundations, such as piles reaching bedrock, provide stability. Understanding soil-structure interaction is crucial for designing foundations that can withstand seismic forces (Vijay K. Puri, 2013).



[bookmark: _Toc196815218]2.2 Architectural Considerations

Architectural planners must give due consideration to seismic events as they present substantial hazards to both critical infrastructure and human well-being (Shareef, 2023)
	Building Configuration
	Regular and symmetric building layouts perform better during earthquakes due to uniform distribution of mass and stiffness. Irregularities can lead to torsional responses and stress concentrations. Architectural design should aim for simplicity and symmetry to enhance seismic performance (Shareef, 2023)

	Material Selection
	Lightweight and flexible materials reduce seismic demands. The use of sustainable and locally sourced materials, such as bamboo, has been effective in earthquake-resistant structures due to their flexibility and strength (Shareef, 2023).

	Openings and Facades
	The placement and size of openings influence structural performance. Large openings can weaken shear walls, necessitating careful design to maintain structural integrity (Shareef, 2023).


	Non-Structural Components
	Architectural elements like ceilings, partitions, and facades must be securely anchored to prevent hazards during seismic events. Proper detailing and anchorage of non-structural components are essential to prevent injuries and property damage (Shareef, 2023).





[bookmark: _Toc196815219]3. Design Codes and Methods for Seismic Design

[bookmark: _Toc196815220]3.1 Design Codes

There are many different design codes adopted throughout the world for seismic design, the most common are listed below.

BSEN 1998-5:2204 / Eurocode 8 (EN 1998): Applicable in the UK and Europe, Eurocode 8 provides guidelines for designing structures in seismic regions, focusing on ductility, energy dissipation, and structural regularity. It emphasises capacity design principles and performance-based approaches to ensure safety and serviceability (Institution, 2005).

International Building Code (IBC): Widely adopted in the United States, the IBC incorporates seismic provisions based on ASCE 7, addressing seismic load calculations, detailing, and material specifications. It outlines minimum design requirements to safeguard life and property during earthquakes (iccsafe, 2017).

Japanese Building Standards: Japan has developed a world-leading commitment to building safety and resilience in response to its frequent seismic activity (Shapiro, 2024). Japan’s stringent building codes mandate structures to withstand significant seismic forces due to their location along 4 major fault lines. These standards have evolved to include advanced technologies such as base isolation and energy dissipation devices (Shapiro, 2024).



[bookmark: _Toc196815221]3.2 Design Methods

Seismic design methods aim to ensure structures can withstand the large forces and displacement caused by earthquakes, three main design methods are:-
Equivalent Static Analysis:  Suitable for preliminary design for regular, low-rise buildings, this method applies static lateral forces equivalent to expected seismic loads. It simplifies the dynamic effects of earthquakes into static forces for design purposes (Bourahla, 2013).
Response Spectrum Analysis: Response spectrum analysis is a method to estimate the structural response to short, nondeterministic, transient dynamic events (encyclopedia, 2025). These dynamic analysis method evaluates structural responses across various frequencies, providing a more accurate assessment for complex structures. It uses a response spectrum to determine maximum expected responses.
Time-History Analysis: Involves applying actual or simulated earthquake records to the structural model, capturing detailed responses over time. This method is used for critical structures where precise modelling of seismic behaviour is required (Nikos D. Lagaros, 2013).

[bookmark: _Toc196815222]4. Structural Systems for Earthquake Resistance

[bookmark: _Toc196815223]4.1 Moment-Resisting Frames
These frames rely on rigid beam-column connections (See figure 1) to resist lateral forces. They offer flexibility and ductility, making them suitable for seismic applications. Moment-resisting frames allow for energy dissipation through inelastic deformations.
[bookmark: _Toc196815224]4.2 Shear Walls
Shear walls are deep, relatively thin, vertically cantilevered reinforced concrete beams that provide lateral stiffness and strength (See figure 1). Shear walls are effective in resisting horizontal seismic forces, especially in high-rise buildings. They are often constructed of reinforced concrete or masonry (A. E. Cardenas, 1973).

[bookmark: _Toc196815225]4.3 Braced Frames
Incorporating diagonal braces to enhance lateral stiffness (See figure 1). Variants include:
· Concentric Braced Frames (CBFs): Braces intersect at a single point, providing stiffness but limited ductility.
· Eccentric Braced Frames (EBFs): Braces connect eccentrically, allowing for energy dissipation through controlled yielding of link beams.
· Buckling-Restrained Braced Frames (BRBFs): Utilise braces that yield in both tension and compression without buckling, offering superior energy absorption (Institution, 2005).


[bookmark: _Toc196815226]4.4 Base Isolation Systems
As previously discussed, base isolation systems (see figure 2) decouple the building from ground motions, reducing seismic demands. They are particularly effective for critical facilities like hospitals and emergency centres (Hediyeh Sheikh, 2022).

[bookmark: _Toc196815227]4.5 Tuned Mass Dampers (TMDs)

A tuned mass damper (TMD) is a device consisting of a mass, a spring, and a damper that is attached to a structure which will reduce the dynamic response of the structure. The frequency of the damper is tuned to a particular structural frequency so that when that frequency is excited, the damper will resonate out of phase with the structural motion (purdue, 2002), similar to a pendulum (See figure 3). Taipei 101 which is discussed in the next section uses a 660-ton TMD to mitigate seismic and wind-induced vibrations, enhancing occupant comfort and structural performance.

[bookmark: _Toc196815228]5. Case Studies

[bookmark: _Toc196815229]5.1 Taipei 101, Taiwan

Designed to withstand typhoons and earthquakes, Taipei 101 incorporates outriggers, a massive TMD (See figure 4), and deep foundations extending into bedrock. These features collectively enhance its seismic performance (explained, 2021).

[bookmark: _Toc196815230]5.2 Wilshire Grand Centre, Los Angeles

This skyscraper employs advanced seismic engineering, including BRBs and a reinforced concrete core, to resist earthquakes up to magnitude 7.4. The building’s central core is reinforced by three rings of buckle-resistant braces (Figure 5), each brace stretching and squashing to absorb seismic energy (Wired.com, 2016). 

[bookmark: _Toc196815231]5.3 Sabiha Gökçen Airport, Istanbul
The airport’s terminal is one of the largest seismically isolated buildings in the world. Over 300 base isolators allow the structure to move independently of the ground during seismic events, significantly reducing the acceleration and forces transferred to the superstructure. This approach not only enhances safety but also allows the building to remain operational immediately after a major earthquake (Arup, 2025).


[bookmark: _Toc196815232]5.4 Gensler Shanghai Tower

The Shanghai Tower, standing at 632 meters, is the tallest building in China and was designed with seismic activity in mind. The building utilizes a “mega-frame” system, integrating a central core with an outer ring of super-columns connected by outrigger trusses. This configuration provides strength and flexibility, critical for high-rise structures in seismic zones. A tuned mass damper is installed near the top of the building to mitigate lateral displacements due to both wind and seismic activity (daily, 2015). 

[bookmark: _Toc196815233]6. Personal Research and Discussion

Through analysing multiple real-world examples and reviewing seismic design theory, it is evident that a successful seismic design must incorporate structural resilience and architectural sensibility. For instance, while structural systems such as moment-resisting frames or shear walls provide robustness, their integration must be balanced with spatial planning, lighting, and ventilation needs which are core concerns in architectural design.

Modern approaches like Performance-Based Seismic Design (PBSD) enable architects and engineers to collaborate more closely. PBSD focuses on achieving specified performance objectives (e.g., life safety or immediate occupancy) under various levels of seismic intensity (IRMI, 2003). This method provides flexibility, allowing designers to make informed trade-offs between cost, aesthetics, and performance.

Additionally, urban planning considerations—such as site selection, zoning, and neighboring structures—also play a significant role. Soft soils or high water tables may amplify ground motion or cause liquefaction, requiring further structural adaptation.

Sustainable materials and innovative techniques (e.g., bamboo, recycled steel, or prefabricated seismic-resistant modules) are increasingly becoming more significant, especially in low-resource settings or disaster-prone regions.

[bookmark: _Toc196815234]7. Conclusion

Seismic design of buildings is an interdisciplinary effort, requiring close coordination between structural engineering principles and architectural design strategies. While structural systems like shear walls, braced frames, and base isolation significantly enhance resilience, architectural planning must ensure spatial regularity, appropriate material selection, and the secure anchorage of non-structural components.

Case studies from diverse geographical and seismic contexts demonstrate the effectiveness of modern design techniques. As urban populations grow and more buildings are constructed in seismic zones, continued innovation, adherence to codes, and informed design will be vital in reducing risks and protecting lives.





















[bookmark: _Toc196815235]Structural Analysis & Design of a Small Office Building

The image below illustrates the office building and the 6m x6m bay which will be designed to the below specification
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[bookmark: _Toc196815236]Introduction

This report presents the structural design of a 6m × 6m bay of a 5-storey steel-framed building, following Ultimate Limit State (ULS) principles according to BS 5950-1:2000.

[bookmark: _Toc196815237]2.0 Load Calculations
- Dead Load (Gk) = 6.0 kN/m²
- Imposed Load (Qk) = 4.0 kN/m²
- Factored Load = 1.4Gk + 1.6Qk = 14.8 kN/m²
- Beam tributary width = 3.0 m
- Line load on beam = 14.8 × 3 = 44.4 kN/m
- Including beam self-weight (+0.4 kN/m): Total w = 44.8 kN/m

[bookmark: _Toc196815238]3.0 Definitions and Notations
Z_p: Plastic section modulus (cm³, from Steel Blue Book)
M_pl,Rd: Plastic moment resistance (kNm)
f_y: Yield strength of steel (275 N/mm²)
γ_M0: Partial safety factor (1.0)
P_c,Rd: Axial load capacity (kN)
A: Cross-sectional area (mm²)
w_u: Factored uniform load (kN/m)
R_A,     R_B: Support reactions (kN)
λ: Slenderness ratio
r: Radius of gyration (mm)
KL: Effective length (mm)
V_pl,Rd: Shear resistance (kN)
[bookmark: _Toc196815239]4.0 Beam Loading and Support Reactions
Reactions calculated as:
R = (w_u × L) / 2 = (44.8 × 6) / 2 = 134.4 kN

[image: A graph paper with writing on it
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[bookmark: _Toc196815240]5.0 Shear Force and Bending Moment Calculations
Shear force diagram
[image: A graph paper with lines and points
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Shear of 134.4 KN at ends and 0 KN at mid span
Bending moment diagram
[image: A graph paper with lines and points
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[bookmark: _Toc196815241]6.0 Beam Design

This section assesses trial steel beam sections under Ultimate Limit State (ULS) loadings. Both bending and shear checks are carried out according to BS 5950-1:2000.

[bookmark: _Toc196815242]6.1 Maximum Bending Moment Calculation
Formula:
M_max = (w_u × L²) ÷ 8
w_u = Factored uniform load (kN/m)
L = Beam span (m)

Calculation:
M_max = (44.8 × 6²) ÷ 8
M_max = (44.8 × 36) ÷ 8
M_max = 1612.8 ÷ 8 = 201.6 kNm

[bookmark: _Toc196815243]6.2 Shear Force Calculation

Formula:
V_u = (w_u × L) ÷ 2

Calculation:
V_u = (44.8 × 6) ÷ 2
V_u = 268.8 ÷ 2 = 134.4 kN
Reactions R1 and R2 are equal

[bookmark: _Toc196815244]6.3 Beam Trial 1: 305 × 165 × 40 UB

Plastic modulus Z_p = 510 cm³
Shear area A_v = 43.6 cm²

Moment Capacity Formula:
M_pl,Rd = (f_y × Z_p) ÷ γ_M0

Calculation:
M_pl,Rd = (275 × 510 × 10³) ÷ 10⁶ = 140.25 kNm

Shear Capacity Formula:
V_pl,Rd = (A_v × f_y) ÷ γ_M0

Calculation:
V_pl,Rd = (43.6 × 275) ÷ 1.0 = 11,990 N = 119.9 kN
Moment: 140.25 kNm < 201.6 kNm = FAIL
Shear: 119.9 kN < 134.4 kN = FAIL

[bookmark: _Toc196815245]6.4 Beam Trial 2: 356 × 171 × 51 UB

Z_p = 673 cm³
A_v = 57.2 cm²

Moment Capacity Calculation:
M_pl,Rd = (275 × 673 × 10³) ÷ 10⁶ = 185.1 kNm

Shear Capacity Calculation:
V_pl,Rd = (57.2 × 275) ÷ 1.0 = 15,730 N = 157.3 kN

Moment: 185.1 kNm < 201.6 kNm = FAIL
Shear: 157.3 kN > 134.4 kN = PASS

[bookmark: _Toc196815246]6.5 Final Beam Selection: 406 × 178 × 67 UB

Z_p = 914 cm³
A_v = 74.6 cm²

Moment Capacity Calculation:
M_pl,Rd = (275 × 914 × 10³) ÷ 10⁶ = 251.35 kNm

Shear Capacity Calculation:
V_pl,Rd = (74.6 × 275) ÷ 1.0 = 20,515 N = 205.15 kN

Moment: 251.35 kNm > 201.6 kNm = PASS
Shear: 205.15 kN > 134.4 kN = PASS

[bookmark: _Toc196815247]7.0 Column Design

This section assesses different Universal Columns (UC) for the calculated axial design load.

[bookmark: _Toc196815248]7.1 Explanation of Column Load 1827 kN

Each floor load:
14.8 kN/m² × (6 × 6 m) = 532.8 kN per floor.
5 floors:
5 × 532.8 = 2664 kN

Each column in the grid carries ¼ of this load so roughly 666Kn plus the column self weight which is approximately 10Kn which equates to 676Kn
Assuming an internal column supports multiple bays i.e 2-3 bays this 676Kn will be scaled up to roughly 3 times to account for the rest of the weight of the building and its tributary beams acting upon it and incorporate a factor of safety within the design (R.C.Hibbeler, 2022).
Final factored design load ≈ 2028 kN.

[bookmark: _Toc196815249]7.2 Axial Load Calculations

Formula:
P_c,Rd = (A × f_y) ÷ γ_M0

A = Cross-sectional area (mm²)
f_y = 275 N/mm²
γ_M0 = 1.0

[bookmark: _Toc196815250]7.3 Column Trial 1: 203 × 203 × 52 UC

Area A = 6620 mm²
P_c,Rd = (6620 × 275) ÷ 1000 = 1820.5 kN
Result:
1820.5 kN < 2028 kN = FAIL

[bookmark: _Toc196815251]7.4 Column Trial 2: 254 × 254 × 73 UC

Area A = 9300 mm²
P_c,Rd = (9300 × 275) ÷ 1000 = 2557.5 kN
Result:
2557.5 kN > 2028 kN = PASS

[bookmark: _Toc196815252]7.5 Column Trial 3: 305 × 305 × 97 UC (Final)

Area A = 12300 mm²
P_c,Rd = (12300 × 275) ÷ 1000 = 3382.5 kN
Result:
3382.5 kN > 2028 kN = PASS

[bookmark: _Toc196815253]7.6 Slenderness Check

Formula:
λ = (KL) ÷ r

K = 1.0 (pinned ends)
L = 3000 mm (storey height)
r = Radius of gyration from Blue Book.
For 254 x 254 x 73 UC, r = 61.6 mm.
λ = (3000) ÷ (61.6) = 48.7
Since λ < 100 = PASS

K = 1.0 (pinned ends)
L = 3000 mm (storey height)
r = Radius of gyration from Blue Book.
For 305 × 305 × 97 UC, r = 82.5 mm.
λ = (3000) ÷ (82.5) = 36.36
Since λ < 100 = PASS
Due to the lower slenderness score and therefore making the column much more stable (less risk of buckling) this 305 x 305 x 97 size column was chosen.
[bookmark: _Toc196815254]8.0 Base Plate Design

[bookmark: _Toc196815255]8.1 Required Area

Factored axial load on column (N_u): 1827 kN
Concrete grade (f_ck): 30 N/mm²
Design concrete bearing stress (f_cd): 0.6 × f_ck = 18 N/mm²
Steel plate yield strength (f_y): 275 N/mm²

Required Base Plate Area:
Formula: A_required = N_u ÷ f_cd
Calculation: A_required = (1827 × 10³) ÷ 18 = 101,500 mm²

[bookmark: _Toc196815256]Base Plate – 300 × 300 mm
Provided Area = 300 × 300 = 90,000 mm²
Required Area = 101,500 mm²
Check: 90,000 < 101,500 = FAIL
Bearing stress: σ = N_u ÷ A = (1827 × 10³) ÷ 90,000 = 20.3 N/mm² > 18 = FAIL

[bookmark: _Toc196815257]Base Plate – 400 × 400 mm
Provided Area = 400 × 400 = 160,000 mm²
Required Area = 101,500 mm²
Check: 160,000 > 101,500 = PASS
Bearing stress: σ = (1827 × 10³) ÷ 160,000 = 11.42 N/mm² < 18 = PASS

[bookmark: _Toc196815258]Thickness Check 
Assume 'a' = 100 mm beyond column face
Formula: t = sqrt((p × a²) ÷ (2 × f_y))
t = sqrt((18 × 100²) ÷ (2 × 275)) = sqrt(327.27) = 18.1 mm
Provide: 20 mm thick plate = OK

300 × 300 mm base plate: FAIL (bearing pressure too high)
400 × 400 mm base plate: PASS (adequate area and thickness)

[bookmark: _Toc196815259]Anchor Bolt Check:
Use 4 × M20 bolts
Typical capacity per bolt: ~75 kN
Total bolt capacity: 4 × 75 = 300 kN
Bolts resist uplift/sliding if required = Adequate

[bookmark: _Toc196815260]9.0 Summary

Beam	 selected is 406 × 178 × 67 UB and this is used for all beams due to simplicity and bulk purchase costs as buying all beams in the same size. For one bay approximate costs for one beam is £700, this is for a 6m length (Steelproductsdirect, 2025) with offers for bulk purchasing for more than one beam purchased of the same size at the same time.
Column selected for all columns in the design is  305 × 305 × 97 UC 
Base Plate for all are  400 × 400 × 20 mm with 4 × M20 Bolts














[bookmark: _Toc196815261]Appendices
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Figure 1 – Moment resisting frames, Shear wall and braced wall frames (Researchgate, 2013)
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Figure 2 – Base isolation system (Seismosoft, 2022)
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Figure 3 – Tuned mass damper (Aly, 2015)
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Figure 4 – Taipei 101 (Structures-explained, 2021)
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Figure 5 – Wilshire grand centre buckle resistant braces (Wired, 2016)
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The figure shows a typical floor plan of a five-storey building. The floor is a reinforced
concrete slab supported on universal beams.

The design loading has been estimated as:

Dead load—slab, self-weight of steel, finishes, ceiling, partitions, services and fire
protection: = 6.0 kN/m?

Imposed load = 4.0 kN/m*

Use grade 5275 steel.





image2.jpeg
|

|

L
|

N\
[
| Stp it

~

e o B |
LI
SRR
0 o e
- N
L I T i g T




