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The Concept of Elastic Design Spectrum
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Elastic Design Spectra

• The design spectrum is intended for the design of new structures, 

or the seismic safety evaluation of existing structures, to resist 

future earthquakes. 

• For this purpose the response spectrum for a ground motion 

recorded during a past earthquake is inappropriate. 

• The jaggedness in the response spectrum is characteristic of that 

one excitation. The response spectrum for another ground motion 

recorded at the same site during a different earthquake is also 

jagged, but the peaks and valleys are not necessarily at the same 

periods. 

• Similarly, it is not possible to predict the jagged response spectrum 

in all its detail for a ground motion that may occur in the future. 

• Thus the design spectrum should consist of a set of smooth curves 

or a series of straight lines with one curve for each level of 

damping. Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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Construction of Elastic Design Spectra

• Researchers have developed procedures to construct such design spectra from ground motion parameters.

• The design spectrum should be representative of ground motions recorded at the site during past earthquakes.

• If none have been recorded at the site, the design spectrum should be based on ground motions recorded at other sites under 

similar conditions. The factors that one tries to match in the selection include

• The magnitude of the earthquake, 

• The distance of the site from the causative fault, 

• The fault mechanism, 

• The geology of the travel path of seismic waves from the source to the site, and 

• The local soil conditions at the site. 

• The design spectrum is based on statistical analysis of the response spectra for the available ensemble (or set) of recorded 

ground motions. Statistical analysis of these data provide the probability distribution for the spectral ordinate, its mean value, 

and its standard deviation at each period 𝑇𝑛. 

Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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Construction of Elastic 

Design Spectra

• Observe that these response spectra are much smoother than the response 

spectrum for an individual ground motion

• such a smooth spectrum curve lends itself to idealization by a series of straight 

lines much better than the spectrum for an individual ground motion.

Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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Construction of Elastic 

Design Spectra

Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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Modern Methods for the Construction of Elastic Design Spectra

• Modern methods for constructing design spectra are based on probabilistic seismic hazard analysis, which considers the 

past rate of seismic activity on all faults that contribute to the seismic hazard at the site, leading to the uniform hazard 

spectrum.

Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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The Use of Elastic Design Spectra

• The elastic design spectrum provides a basis for calculating the design force and deformation for SDF systems to be designed 

to remain elastic. 

• For this purpose the design spectrum is used in the same way as the response spectrum was used to compute peak response. 

Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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Comparison of Elastic Design RS and Actual RS 

• The response spectrum for an individual ground motion 

differs from the design spectrum. 

• Such differences are to be expected because the design 

spectrum is not intended to match the response spectrum for 

any particular ground motion but is constructed to represent 

the average characteristics of many ground motions. 

• These differences are due to the inherent variability in 

ground motions and responses.

Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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Comparison of Elastic Design RS and Actual RS 

• A design spectrum differs conceptually from a response spectrum in two important ways.

• First, the jagged response spectrum is a plot of the peak response of all possible SDF systems and hence is a 

description of a particular ground motion. The smooth design spectrum, however, is a specification of the level of 

seismic design force, or deformation, as a function of natural vibration period and damping ratio.

• Second, for some sites a design spectrum is the envelope of two different elastic design spectra.

Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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Distinction between Elastic Design RS and Actual RS 

• Consider a site in southern California that could be affected by 

two different types of earthquakes: a Magnitude 6.5 earthquake 

originating on a nearby fault and a Magnitude 8.5 earthquake 

on the distant San Andreas fault.

• The ordinates and shapes of the two design spectra would 

differ because of the differences in earthquake magnitude and 

distance of the site from the earthquake fault. 

• The design spectrum for this site is defined as the envelope of 

the design spectra for the two different types of earthquakes. 

Note that the short-period portion of the design spectrum is 

governed by the nearby earthquake, while the long-period 

portion of the design spectrum is controlled by the distant 

earthquake.

Source: Chopra A. K. (2012). Dynamics of Structures, 4 th Edition.
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Average acceleration spectra for different site conditions (After Seed, et al., 1976; NEHRP, 1988)
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Site dependent design spectra modified from Seed et al. (1976) and specified by 

ATC-3 (Dorby et al. 2000)
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Normalized response spectra recommended by 1988 NEHRP for use in building 

codes (NEHRP, 1988)
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Design Response Spectrum (UBC 1997)
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The Concept of Inelastic Response Spectrum

• Evolution of Seismic Design Factors (𝑅, 𝛀 and 𝐶𝑑 ) in Building Codes

• Evolution of the Concept of Ductility in Building Codes
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Basic Design Objective of Seismic Resistant Design:

• To protect the life safety of the building occupants and the general public.

• To control the severity of damage in small or moderate earthquakes.

Expected Seismic Performance of Buildings:

• Resist a minor level of earthquake ground

motion without damage

• Resist a moderate level of earthquake ground

motion without structural damage, but possibly

experience some non-structural damage

❑ Elastic or lightly inelastic response

❑ Drift control

Need Elastic Response Spectrum

o Acceleration spectra for strength design

o Displacement spectra for stiffness (Drift) 

design

• Resist a major level of earthquake ground 

motion having an intensity equal to the strongest 

either experienced or forecast for the building 

site, without collapse, but possibly with some 

structural as well as nonstructural damage

❑ Inelastic response

❑ Control of inelastic deformation

Need Inelastic Response Spectrum

o Inelastic strength Demand spectra for 

strength design
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UNIFORM BUILDING CODE Comparison of base shear coefficient from elastic design spectrum 

and Uniform Building Code (a US. code) :

𝑉𝑏: Peak base shear induced in a linear elastic 

system by strong ground motion (PGA=0.4g)

𝑊: The weight of the system

Natural period T, sec

Most buildings are designed for base shear much 

smaller than the elastic base shear associated 

with the strongest shaking that can occur at the site.

Buildings design by the code forces will be deformed 

beyond the limit of linearly elastic behavior when 

subjected to ground motions represented by the 0.4g 

design spectrum. Thus it should not be surprising that 

buildings suffer damage during intense ground shaking.

The design should be based on 

Inelastic Response Spectrum.
The challenge to the engineer is to design the structure 

so that the damage is controlled to an acceptable degree.

Base shear coefficient
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Earthquake Response of Inelastic SDF Systems 
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FORCE-DEFORMATION RELATIONSHIPS

During an earthquake, structures undergo oscillatory motion with reversal of deformation.

The experimental results from cyclic loading conditions indicate that the cyclic force-deformation

behavior of a structure depends on

o the structural material (concrete, steel)

o the type of structural members (beam, shear member, axial member)

o how members are assembled into the structural system.
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Force-deformation relation of a steel beam

Hysteresis loop under cyclic deformation because 

of inelastic behavior.

Force𝑭

Deformation𝒖
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Force-deformation relations of a structural steel component

Hysteresis Loop
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Force-deformation relation of a reinforced concrete structure

Force

Deformation
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Force-deformation relation of a masonry structure

Force

Deformation
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Typical force-deformation hysteresis loop shapes for concrete and masonry structural elements
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ELASTOPLASTIC IDEALIZATION

Force-deformation curve during initial loading: Actual and elastoplastic idealization

𝑢𝑚:

𝑢𝑦:

Maximum deformation

Yield deformation

𝑓𝑦:

𝐾:

Yield strength

Stiffness in elastic range
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Force

Deformation

Force-deformation curve of an elastoplastic system for a typical cycle of loading, unloading, and 

reloading:

ELASTOPLASTIC IDEALIZATION

The simplest model of inelastic behavior of simple 

structure under cyclic loading

𝜇 = 𝑑𝑢𝑐𝑡𝑖𝑙𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝑢𝑚/𝑢𝑦

The ductility factor is commonly used as an 

index of seismic-induced inelastic damage.
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Elastoplastic system and its corresponding linear system 

(having the same 𝑘 in their initial loading phases)

In order to understand the effects of the inelastic force-deformation relation on the earthquake

response, it is necessary to evaluate the peak deformation of an elastroplastic system and

compare this deformation to the peak deformation of the corresponding linear system.

ELASTOPLASTIC IDEALIZATION
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RESPONSE OF ELASTOPLATIC SYSTEM TO EARTHQUAKE GROUND MOTION

Equation of motion: 𝑚
𝑑2𝑢

𝑑𝑡2
+ 𝑐

𝑑𝑢

𝑑𝑡
+ 𝑓𝑠 𝑢 = −𝑚

𝑑2𝑢𝑔

𝑑𝑡2

where 𝑓𝑠 𝑢 is a nonlinear function of𝒖 (as shown earlier).

The response 𝑢 𝑡 to an earthquake ground motion 
𝑑2𝑢𝑔

𝑑𝑡2
can be computed from the above equation 

by a step-by-step direct integration.

The nonlinear resisting force 𝑓𝑠 can also be obtained from the elastoplastic force-deformation 

relation.

For a low-level ground motion, the system may behave like a linear elastic system with 

𝑓 =
1

2𝜋

𝑘

𝑚
𝑇 = ൗ1 𝑓 ,

where 𝑘= initial stiffness in the elastic range.
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Deformation

𝑢 𝑡

EFFECTS OF INELASTICITY ON EARTHQUAKE RESPONSES

Response of a linearly elastic system with 𝑇=0.5 sec and 𝜉 = 0 to El Centro ground motion:

Force ൗ𝑓𝑠 𝑊
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Response of an elastoplastic system 

having the same mass and initial 

stiffness as the linear system (𝑇 =

0.5 𝑎𝑛𝑑 𝜉 = 0) to El Centro ground 

motion. 

EFFECTS OF INELASTICITY ON EARTHQUAKE RESPONSES

𝑢 𝑡

ൗ𝑓𝑠 𝑊

Time intervals 

of yielding

ൗ𝑓𝑠 𝑊

𝑢 𝑡

The yield strength 𝑓𝑦 of the system is set to 

0.125 𝑓0, that is 𝑓𝑦 = 0.125 𝑓0 = 0.125×

1.37 𝑊 = 0.17𝑊
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Deformation response and yielding 

of four elastoplastic systems due to 

El Centro ground motion; 

All four systems have identical properties 

in their linearly elastic range, but they 

differ in their yield strength.

EFFECTS OF INELASTICITY ON EARTHQUAKE RESPONSES

𝑢 𝑡

𝑇 = 0.5 𝑠𝑒𝑐, 𝜉 = 0.05

𝑎𝑛𝑑 𝑓𝑦 = 𝑓0 , 0.5𝑓0 , 0.25 𝑓0 𝑎𝑛𝑑 0.125 𝑓0

Systems with lower yield strength yield 

more frequently and for longer intervals.

With more yielding, the permanent 

deformation 𝑢𝑝 of the structure after the 

ground stops shaking tends to increase.
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DUCTILITY FACTOR Ductility factor for the four elastroplastic systems:

System Yield strength

𝒇𝒚

Yield deform.

𝒖𝒚 (𝒊𝒏)

Max. Deform.

𝒖𝒎(𝒊𝒏)

Ductility factor

𝝁

A 𝑓0 2.25 2.25 1.00

B 0.5𝑓0 1.125 1.62 1.44

C 0.25𝑓0 0.562 1.75 3.11

D 0.125𝑓0 0.281 2.07 7.36

• For each system, the computer ductility factor 𝜇 is the “ductility demand” imposed on

elastoplastic system by the ground motion.

• The system should be designed such that its “ductility capacity” (i.e. the ability to

deform beyond the elastic limit) exceeds the “ductility demand”.

Decreasing in Yield Strength → Increasing in “Ductility Demand”.
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ഥ𝑓𝑦 =
𝑓𝑦
𝑓𝑜

Normalized yield strength

Yield strength reduction factor 𝑅𝑦𝑅𝑦 =
𝑓𝑜
𝑓𝑦

𝑅𝑦 is equal to 1 for linearly elastic systems.

𝑅𝑦 greater than 1 implies that the system is not strong enough to 

remain elastic during the ground motion. Such a system will yield and 

deform into the inelastic range.

𝜇 =
𝑢𝑚
𝑢𝑦

For systems deforming into the inelastic range, 𝑢𝑚 exceeds 𝑢𝑦 and the ductility factor is greater than unity.

ഥ𝑓𝑦 =
𝑢𝑦
𝑢𝑜

Normalized Yield Strength
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CONSTANT-DUCTILITY SPECTRUM

The procedure to construct the response spectrum for elastoplastic systems corresponding to 

specified levels of ductility factor is shown by a flow chart below.

Please see next slides for 

enlarged flow chart
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ഥ𝑓𝑦 =
𝑓𝑦
𝑓𝑜

normalized yield strength
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Natural period 𝑇, sec

𝑢𝑦 𝑉𝑦 = 𝜔 𝑢𝑦 𝐴𝑦 = 𝜔2 𝑢𝑦

𝑇𝑛 𝑇𝑛 𝑇𝑛



DUCTILITY DEMAND Ductility demand for elastroplastic system due to El Centro ground motion: 

𝜉 = 0.05 𝑎𝑛𝑑 𝑓𝑦 = 𝑓0 , 0.5𝑓0 , 0.25𝑓0 𝑎𝑛𝑑 0.125𝑓0.

Ductility 

demand 

𝜇

Natural period 𝑇, sec

For systems with long natural periods,

The ductility demand 𝜇 ≈ 𝑓0/𝑓𝑦

For systems with short natural period,

The ductility demand 𝜇 can be longer 

than 𝑓0/𝑓𝑦. 

It may be more appropriate to design 

these short-period systems to remain 

elastic: otherwise, the inelastic 

deformation and ductility demand may 

be excessive.



DUCTILITY DEMAND Ductility demand for elastroplastic system due to El Centro ground motion: 

𝜉 = 0.05 𝑎𝑛𝑑 𝑓𝑦 = 𝑓0, 0.5𝑓0, 0.25𝑓0 𝑎𝑛𝑑 0.125𝑓0.

Ductility 

demand 

𝜇

Natural period 𝑇, sec

If the acceptable value of ductility 

factor 𝜇 is specified, it is possible to 

determine the corresponding yield 

strength 𝑓𝑦 by an interpolative 

procedure. 

This "𝑓𝑦” may be considered as the 

“yield strength demand” for the 

desired ductility factor 𝜇.



YIELD STRENGTH DEMAND

Yield strength demand for elastroplastic systems (𝜉 = 0.05) for specified ductility 

𝜇 = 1,1.5, 2, 4, 𝑎𝑛𝑑 8; El Centro ground motion.

Yield strength 

demand

ൗ
𝑓𝑦

𝑊

Natural period 𝑇, sec

The structure having the specified ductility 

factor 𝜇 should be designed such that its 

yield strength exceeds the “yield strength 

demand”.

The yield strength demand is reduced with 

increasing values of the ductility factor.

The design yield strength 𝑓𝑦 for a simple 

structure permitted to undergo inelastic 

deformation can be much lower than the 

strength required for the structure to remain 

elastic.
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Combined 𝐷𝑦 − 𝑉𝑦 − 𝐴𝑦 plot of the above constant ductility response spectrum

Note:

𝐷𝑦 = 𝑢𝑦

the yield deformation

𝑉𝑦 = 𝜔𝑛 𝑢𝑦

the yield pseudo-velocity 

𝐴𝑦 = 𝜔𝑛
2 𝑢𝑦

the yield pseudo-acceleration

𝑇𝑛 (sec)



DESIGN OPTIONS

A structure may be designed for earthquake resistance by making it strong, by making it

ductile, or by designing it for economic combinations of both properties.

Consider a simple structure with 𝑇 = 0.5sec 𝑎𝑛𝑑 𝜉 = 0.05

If the structure is designed for strength 𝑓0 =

0.919𝑊 or larger, it will remain within its linearly 

elastic range during the El Centro ground motion; 

therefore, it needs not to be ductile.

On the other hand, if it can develop a ductility factor 

of 8, it needs to be designed only 12% of the 

strength 𝑓0 (that is only 0.11𝑊 !)

Natural period 𝑇, sec

ൗ
𝑓𝑦

𝑊

Alternatively, it may be designed for strength 

equal to 37% of 𝑓0 and a ductility capacity of 2.



Normalized strength ҧ𝑓𝑦 of elastoplastic systems as a function of natural vibration period 

𝑇𝑛 𝑓𝑜𝑟 𝜇 = 1, 1.5, 2, 4 𝑎𝑛𝑑 8; 𝜉 = 5%; El Centro ground motion.



DESIGN OPTIONS

A structure may be designed for earthquake resistance by making it strong, by making it

ductile, or by designing it for economic combinations of both properties.

Consider a simple structure with 𝑇 = 0.5sec 𝑎𝑛𝑑 𝜉 = 0.05

Natural period 𝑇, sec

ൗ
𝑓𝑦

𝑊
For some types of materials and structural member, 

ductility is difficult to achieve. In such cases, the 

structure should be designed to have a high yield 

strength and low ductility.

For others, providing ductility is much easier than 

providing lateral strength. So, the structure in this 

case should be designed for low yield strength and 

high ductility.

Economic combinations of strength and ductility 

properties.



RELATIVE EFFECTS OF YIELDING AND DAMPING

Response spectra for elastoplastic systems and EL Centro ground motion; 

𝜉 = 2, 5 𝑎𝑛𝑑 10% and 𝜇 = 1, 4 𝑎𝑛𝑑 8.

- Both yielding and damping reduce

the pseudo-acceleration 𝐴𝑦 and

hence the peak value of the lateral

force for which the system should

be designed.

- But the damping is, in general, not

as effective as yielding



INELASTIC DESIGN RESPONSE SPECTRA

Obtained from a comprehensive statistical study of yield strength demands on simple

structure when subjected to many different ground motions recorded in various earthquakes.

(Miranda, ASCE J.Struc. Eng., 119, No5, May, 1993)

𝑅𝑦 = 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚′𝑠 𝑦𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ = 𝑓𝑦

𝑚 = 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚

𝑃𝐺𝐴 = 𝑃𝑒𝑎𝑘 𝑔𝑟𝑜𝑢𝑛𝑑 𝑎𝑐𝑐𝑒𝑙𝑎𝑟𝑎𝑡𝑖𝑜𝑛

Mean Normalized Strength Demand Spectra for 𝝁 = 𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔

The computed results are based on:   

o 124 ground motions

o systems with bilinear hysteretic behavior.

3% post-yielding 

stiffness

𝑓𝑠

𝑢
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INELASTIC DESIGN RESPONSE SPECTRA

Obtained from a comprehensive statistical study of yield strength demands on simple

structure when subjected to many different ground motions recorded in various earthquakes.

(Miranda, ASCE J.Struc. Eng., 119, No5, May, 1993)

𝑅𝑦 = 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚′𝑠 𝑦𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ = 𝑓𝑦

𝑚 = 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚

𝑃𝐺𝐴 = 𝑃𝑒𝑎𝑘 𝑔𝑟𝑜𝑢𝑛𝑑 𝑎𝑐𝑐𝑒𝑙𝑎𝑟𝑎𝑡𝑖𝑜𝑛

Mean Normalized Strength Demand Spectra for 𝝁 = 𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔
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INELASTIC DESIGN RESPONSE SPECTRA

Obtained from a comprehensive statistical study of yield strength demands on simple

structure when subjected to many different ground motions recorded in various earthquakes.

(Miranda, ASCE J.Struc. Eng., 119, No5, May, 1993)

𝑅𝑦 = 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚′𝑠 𝑦𝑖𝑒𝑙𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ = 𝑓𝑦

𝑚 = 𝑡ℎ𝑒 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚

𝑃𝐺𝐴 = 𝑃𝑒𝑎𝑘 𝑔𝑟𝑜𝑢𝑛𝑑 𝑎𝑐𝑐𝑒𝑙𝑎𝑟𝑎𝑡𝑖𝑜𝑛

𝑇𝑔 = 𝑡ℎ𝑒 𝑝𝑟𝑒𝑑𝑜𝑚𝑖𝑛𝑎𝑛𝑡 𝑝𝑒𝑟𝑖𝑜𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑛𝑑 𝑚𝑜𝑡𝑖𝑜𝑛

Mean Normalized Strength Demand Spectra for 𝝁 = 𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔
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THE CONCEPT OF OVERSTRENGTH AND DUCTILITY

Suppose that a structure is designed to resist a code-prescribed design shear 𝑉𝑏 by “Allowable 

Stress Design” method.

The behavior of the structure under a monotonically increasing load would be:

The yield strength of the structural system 𝑓𝑦 is 

usually considerably higher than the design base 

shear 𝑉𝑏, ( the effect of “overstrength”) 

Therefore, the design base shear 𝑉𝑏 can be set 

much lower than the “yield strength demand”. 
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The Basic Concept of R and 𝛀 Factor in Building Codes

• Basic Idea:

• A structure can be economically designed for a “fraction” of the estimated elastic seismic design forces, while 

maintaining the basic life safety performance objective.

• The intent of R is to simplify the structural design forces such that only linearly elastic static analysis is needed for 

most building design.

• “R” factor can be traced back to a “K” factor which appeared in the first edition of the Blue Book (SEAOC 

Recommended Lateral Force Requirements and Commentary) in 1959.
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Base Shear

Natural period, sec

Design Base Shear 𝑉𝑏 =
𝑍𝐼𝐶

𝑅𝑤
𝑊

𝑍𝐼𝐶𝑊 = Elastic Strength Demand (𝑓0)

𝑅𝑤 = Reduction Factor = 𝑅Ω 𝑅𝑦

UNIFORM BUILDING CODE (1994)

𝑅𝛺 = factor for reducing “yield strength demand” (𝑓𝑦) 

to “design base shear” (𝑉𝑏).

𝑅𝛺 is associated with the overstrength of the system.

𝑅𝑦 = factor for reducing “elastic strength demand” (𝑓0) to 

“inelastic yield strength demand” (𝑓𝑦) 

𝑅𝑦 is associated with the ductility capacity of the system.
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𝑅𝑤

𝑅𝑦

𝑅Ω

𝑅

Natural period, 𝑇

RESPONSE REDUCTION FACTOR

𝑅𝛺 = factor for reducing “yield strength demand” (𝑓𝑦) 

to “design base shear” (𝑉𝑏).

𝑅𝛺 is associated with the overstrength of the system.

𝑅𝑦 = factor for reducing “elastic strength demand” (𝑓0) to 

“inelastic yield strength demand” (𝑓𝑦) 

𝑅𝑦 is associated with the ductility capacity of the system.
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RESPONSE REDUCTION FACTOR 𝑹𝒘

1994 UNIFORM BUILDING CODE 

TABLE 16N-STRUCTURAL SYSTEMS

𝑹𝒘

𝑯

𝑁𝑜𝑡𝑒: 𝑯 𝑖𝑠 ℎ𝑒𝑖𝑔ℎ𝑡 𝑙𝑖𝑚𝑖𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒 𝑡𝑜 𝑠𝑒𝑖𝑠𝑚𝑖𝑐 𝑧𝑜𝑛𝑒𝑠 3 𝑎𝑛𝑑 4
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RESPONSE REDUCTION FACTOR 𝑹𝒘
TABLE 16N-STRUCTURAL SYSTEMS

𝑹𝒘 𝑯

𝑁𝑜𝑡𝑒: 𝑵. 𝑳.= 𝑁𝑜 𝑙𝑖𝑚𝑖𝑡
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RESPONSE REDUCTION FACTOR 𝑹𝒘
TABLE 16N-STRUCTURAL SYSTEMS

𝑹𝒘 𝑯
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Maximum inelastic displacement expected during the design earthquake = 𝐶𝑑 ×

Deflection Amplification Factor

Deflection determined by elastic 

analysis (under reduced forces)

𝛿𝑥 = 𝐶𝑑 𝛿𝑥𝑒
Where

𝛿𝑥𝑒 = deflection determined by elastic analysis

𝐶𝑑 = deflection amplification factor
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Overstrength Factor (Ω0)

• Typical Values

3.0 for ductile steel frames (Special Case)

2.5 for ductile concrete frames

2.5 for ordinary concrete frames

2.5 for RC shear walls

2.5 for reinforced masonry shear walls

2.5 for unreinforced masonry shear walls

2.0 for ordinary steel frames
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IBC 2000
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IBC 2000
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IBC 2000
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IBC 2000



Thank you


