Chapter 38: Importance of Ductility

Introduction

Ductility is a key material and structural property that defines a system's ability to
undergo significant plastic deformation before failure. In the context of
earthquake engineering, ductility plays a critical role in determining how
structures respond to seismic loads. Earthquakes introduce dynamic,
unpredictable, and often extreme forces. Unlike static loads, earthquake-induced
forces can rapidly reverse direction and increase in intensity within seconds. In
such scenarios, it becomes essential for structures not just to remain elastic but to
exhibit ductile behavior — absorbing energy and undergoing deformation without
sudden collapse.

Modern seismic design codes emphasize ductile design philosophy, which allows
for controlled damage and energy dissipation in predefined regions of a structure.
The presence or absence of ductility can significantly influence the performance of
buildings during earthquakes and is often the difference between life safety and
structural failure.

38.1 Definition and Concept of Ductility

Ductility refers to the ability of a material or structure to undergo large plastic
(permanent) deformations without fracturing. In structural terms, ductility is
the capacity to deform inelastically and absorb energy during seismic
excitation.

Ductility can be considered at two levels:

e Material Ductility - The intrinsic property of the material (e.g., steel vs.
brittle concrete).

e Structural Ductility - The ability of the structure or its components to
deform plastically (e.g., beams, joints).

Key Parameters:



e Ductility Ratio (p) = Au / Ay Where: Au = ultimate displacement Ay = yield
displacement This ratio is a measure of how much deformation a structure
can undergo beyond the elastic limit.

38.2 Role of Ductility in Earthquake Resistance

Earthquakes impose high-intensity, cyclic, and reversing loads. Unlike wind or
gravity loads, seismic forces:

e Are not constant in direction or intensity.
e Have high frequency and short duration.
e (Cannot be completely resisted by strength alone.

Hence, ductility enables the structure to absorb and dissipate seismic energy,
reducing the demand on strength and minimizing the risk of sudden collapse.

Benefits include:

e Enhanced energy dissipation.

e Redistribution of forces among structural members.

e Delay in the onset of failure, providing time for evacuation.
e Reduction in seismic vulnerability.

38.3 Ductile vs. Brittle Failure

Characteristics Ductile Failure Brittle Failure

Deformation Large plastic Little or no plastic
deformation deformation

Warning before Yes No

failure

Energy absorption High Low

Failure mode Gradual Sudden

Ductile failure is preferred in seismic design since brittle failure (like shear
failure in concrete) can be catastrophic and occur without warning.




38.4 Types of Ductility
(a) Material Ductility

e Concerned with stress-strain behavior.
e Examples:

o Steel: High ductility; yields before fracture.
o Concrete: Low ductility; cracks and crushes.
(b) Structural or System Ductility
e Overall ability of the structural system to redistribute stresses through
plastic deformations.

e Dependson:

o Detailing of joints.
o Configuration of structure.
0 Load path continuity.

38.5 Factors Affecting Ductility

1. Material Properties

o Steel reinforcement (mild vs. high-yield).
o Concrete strength and strain capacity.
2. Member Geometry

o Short, deep members are less ductile than slender ones.
o Proper detailing increases moment rotation capacity.
3. Reinforcement Detailing

o Anchorage and development length.
o Adequate stirrup spacing (confinement in columns).
o Ductile reinforcement ratios.

4. Confinement

0 Proper lateral ties in columns improve ductility.
o Spiral reinforcement enhances post-yield strength.
5. Load Reversal Behavior



o Capacity under cyclic loading is a measure of ductility.
0o Joints and beam-column interfaces must remain intact.
6. Structural Redundancy

o More load paths lead to better redistribution under plastic
deformation.

38.6 Methods to Improve Ductility in Structures

1. Proper Design Codes and Seismic Detailing

o IS 13920 (Ductile Detailing of RCC Structures Subjected to Seismic
Forces).
o Emphasis on shear strength, confinement, and curvature ductility.
2. Use of Ductile Materials

o Steel with high yield strain.
o Admixtures to improve concrete strain capacity.
3. Confinement of Critical Zones

0 Use of closed ties in beam-column joints.
o Enhanced reinforcement in plastic hinge regions.
4. Capacity Design Principles

o Strong column-weak beam concept to ensure ductile flexural yielding.
o Avoid brittle failure modes (e.g., shear failure, bond failure).
5. Energy Dissipation Devices

o Baseisolators.
o Dampers to reduce energy entering the structure.

38.7 Codal Provisions for Ductility (IS 13920, IS 1893)

IS 13920:2016 - Ductile Detailing of Reinforced Concrete Structures
e  Minimum and maximum reinforcement limits.
e Special confinement reinforcement for plastic hinge zones.
e Requirements for splicing and anchorage.



IS 1893 (Part 1):2016 - Criteria for Earthquake Resistant Design of
Structures

e Importance of ductility factor in seismic coefficient calculation.

e Defines Response Reduction Factor (R) which depends on ductility.

High-ductility systems have higher R values, thus lower design forces due to their
energy-dissipating capacity.

38.8 Ductility Demand and Capacity in Seismic Design

e Ductility Demand: The level of deformation required during seismic events.
e Ductility Capacity: The maximum deformation the structure can sustain.
e Asafe design ensures:

o Ductility capacity > ductility demand.
o No brittle failure before the structure reaches its ductility limit.

38.9 Examples of Ductile vs. Non-Ductile Behavior in
Earthquakes

e Bhuj Earthquake (2001): Poorly detailed RC buildings collapsed due to lack
of ductility.

* Northridge Earthquake (1994, USA): Steel frame buildings survived due to
high ductility and redundancy.

e Nepal Earthquake (2015): Traditional masonry buildings with no ductility
were devastated.

38.10 Ductility in Different Structural Systems

Structural System Ductility Level
Steel Moment Frames Very High
RCC Moment Frames (Well High
Detailed)

Masonry Structures Very Low

Shear Wall Structures Moderate



Structural System Ductility Level

Braced Frames Variable

Ductility should be strategically introduced in specific components (plastic
hinges in beams, shear yielding in links) to create predictable and controllable
failure mechanisms.
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