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Seismic Design Philosophy

• The main goal of earthquake-resistant 

design is to attain a structure with sufficient 

strength and ductility to assure life safety, 

i.e., to prevent collapse under the most 

intense earthquake expected at a site during 

the life of a structure. In most structures that 

are subjected to moderate-to-strong 

earthquakes, economical earthquake-

resistant design is achieved by allowing 

yielding to take place in some structural 
members. 2



• It is typically impractical as well as 

uneconomical to design a structure to 

respond in the elastic range to 

maximum expected earthquake-

induced inertia forces. However, for 

certain types of structures such as 

nuclear containment buildings, hospital 

etc., yielding in the structure cannot be 

tolerated, and the design needs to be 

elastic.
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Conceptual Design Procedure

❑ Structural Design of Foundation and 

Superstructure ( Structural Framing 

System )Concept

❑ Code of Practice, Guidelines and Material 

Specification

❑ Design Load and Loading Combinations

❑ Computer application Software and Method of 
3
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(Some )Important factors for 
Earthquake resistant Design

• Applied code of practice

• Structural framing system{Building configuration effects 
(symmetry, height, mass distribution., )  }

• Analysis and design method { Ductility, redundancy, and 
energy dissipation }

• Seismic detailing of RC  structures

•  Real-life case studies of well-performing and failed buildings
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Consideration for 

Whole Building Unit
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Example for Providing  Wall & Frame



Structural Elements

• Slab

• Beam

• Column, Walls , Basement 
Walls

• Footing,etc.

• Staircase , Parapet Walls,     
Sunshade Fans
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Strengthening Floor Beam 

Example

22



23



24



25



26



27



Need for Steel-based 
Strengthening

• Reasons to choose steel over other 
materials:

• • Superior ductility and toughness

• • Familiarity in design codes (AISC, 
Eurocode 3)

• • High fire resistance compared to FRP

• • Ease of inspection and reversibility
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Steel Bandaging Techniques 
Overview

• External confinement using steel 
straps or plates.

• • Confinement for columns: circular 
and rectangular

• • Shear strengthening for beams

• • Retrofit of seismic regions
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Materials for Steel Bandaging

•Key materials and specifications:

•• High-strength steel straps (fy ≥ 
250 MPa)

•• Mild steel flat plates

•• Hydraulic jacks and turnbuckles

•• Bolts, washers, and steel anchor 
plates
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Application Procedure –
Bandaging

• Steps for installing steel bandages:

• • Surface preparation: clean and roughen 
concrete

• • Position and align steel straps/plates

• • Secure with anchor plates and bolts

• • Apply corrosion protection 
(galvanizing/paint)
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Steel Jacketing Techniques 
Overview

• Encasing members with steel plates 
or shells.

• • Full or partial steel jackets

• • Welded vs bolted connection 
methods

• • Suitable for columns and beams
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Materials for Steel Jacketing

•Components for jacketing:

• • Steel plates ( eg.thickness 6–12 mm)

• • Connection studs or welding rods

• • Bolts and stiffeners

• • Corrosion-resistant coatings
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Application Procedure –
Jacketing

• Step-by-step jacketing process:

• • Prepare substrate and remove loose 
concrete

• • Fit and align steel plate segments

• • Weld or bolt plates to existing member

• • Install internal reinforcement if needed

• • Seal joints and apply protective coatings
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Design Example – Jacketing

• Example: 500×500 mm column with steel 
shell (10 mm thick)

• • Compute composite area Ac = Ao + As

• • Evaluate increased moment capacity Mn

• • Check local buckling using slenderness λ

• • Verify overall section strength
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Comparison: Bandaging vs 
Jacketing
• Selecting the appropriate method:

• • Bandaging: quick, minimal weight, less 
invasive

• • Jacketing: higher capacity gain, more 
durable

• • Cost, site access, and desired 
performance

• • Combination approaches for optimal 
results
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• Steel bandaging and jacketing offer 
robust solutions for structural 
strengthening.

• • Enhance capacity and ductility

• • Cost-effective and sustainable

• • Applicable to diverse structural 
elements
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Example for Column & Beam in 
a Frame



BEAM SECTION (20” x 
24”)

Existing R.C Beam Section

(20” x 24”)

Strengthening 

with H-Section (6” x 6”)

Strengthening 

with C-Channel (4” x 2”)
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Longitudinal Reinforcing Steel Before Strengthening

Longitudinal Reinforcing Steel After Strengthening
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Shear Reinforcing Steel Before Strengthening

Shear Reinforcing Steel After Strengthening
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Torsion Reinforcing Steel Before Strengthening

Torsion Reinforcing Steel After Strengthening
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Strengthening Beam Detail        
( Elevation )
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Strengthened Beam Section 
( example)
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Strengthened Beam Section 
( example)
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Strengthening Reinforced 

Concrete Column 

Example
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Strengthening Column Detail 
( Elevation )



Strengthened Column Section ( 
example)
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Strengthening Beam & Column with 
Steel Member and Providing vertical 
Stiffener for Brick wall



Strengthening Floor Slabs 

•Providing Floor Beams to reduce 
slab span length ( ie. To reduce 
bending & shear stress etc. ,)

•Before providing additional beam, 
check adequacy of strength & 
serviceability etc. of existing 
perimeter beams. 64
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Additional (Steel) Beam to Reduce Slab Panel Area      
( ie. To lessen slab span length la & lb )
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Slab Section Detail 
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Connection detail 
at beam & Slab 
Joint



From design aspect, a structure 

may fall under one of the 

following categories:

1.Undesigned structures

2.Underdesigned structures

3.Overdesigned structures

4.Optimally designed 

structures 68
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Undesinged Structures

• The undesigned structures are those built without being
designed following any of the well-established analysis
and design procedures.

• Both the proportioning of members and the actual
construction are done entirely based on rules of thumb
or past experiences.

• The structure may thus be overstrong in one part while
inadequate in another.
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Underdesigned structures

• The underdesigned structures are those designed by
engineers but are deficient in strength for using
undersized members reinforcement too lightly. This is
mainly due to a deliberate effort to get most profit out of
the project, without regard for the consequences of
structural failure in case of overloads or accidental
understrength of members.

• The margin of safety is less than the internationally
accepted norms.

Losses of life and property are at stake!!!
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Overdesigned structures

• The overdesigned structures are those designed by
engineers who are too eager to avoid making a bad name
in their carrier through possible structural mishap caused
by factors which are beyond their control.

• Another reason for overdesign is that the designer has
no control over the quality of materials and construction.

Practice without theory is BLIND!!!
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Optimally designed structures

• The optimally designed structures are those analyzed and
designed according to logical and scientific concepts,
principles and methods, with due consideration given to
peculiarities of individual sites.

• The designer may often be called upon to make reasonable
assumptions in analysis and design, to take calculated risk,
to exercise judgement and to make decisions based on
sound engineering principles in order to meet the
requirements of safety, serviceability and economy.

• The designer under this category will always try to “trim the
fat” from all parts of the structure in order to achieve
economy without affecting safety and serviceability
requirements. 72
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As a Designer:

•You are responsible to try your 
best to protect the losses of life 
and property of the occupants or 
users of the structure. Human life 
is invaluable. The first rule is 
therefore SAFETY COMES FIRST. 
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•Strictly follow safety provisions of 
Codes. You are totally responsible 
for a failure due to design fault.

•You are responsible to try your 
best to save as much money as 
possible for the benefit of the 
client by cutting down 
unnecessary wastes. A 
RESPONSIBLE DESIGNER ALWAYS 
CARES ABOUT ECONOMY. 74
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Remarks ( for existing 
damaged buildings)

•Diagnose all structural elements 
by using appropriate structural 
analysis and design method for 
considered load combinations.

•Check stability requirements for 
whole structural unit .
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• To strengthen a structural member , 
determine forces ( bending, shear, torsion, 
axial ,etc., ) at critical sections

• Apply suitable strengthening method ( if 
necessary ,for existing structures)

• Check structural safety, serviceability, 
reliability , etc.,
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