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To

Lecture 4(a): Code-based Seismic Design of Structures

The Development of Seismic Design Codes and the Equivalent Static Analysis Procedure

A The ELF Procedure in UBC 97
A The ELF Procedure in IBC 2000
A The Seismic Design Procedure in BCP (2007)

The Concept of Vibration Modes of a Structure

The Response Spectrum Analysis Procedure

A The Concept of Response Spectrum
A The Elastic Response Spectrum Analysis (RSA) Procedure
A The Concept of Inelastic Response Spectra and Design Spectra

A The Code-based Response Spectrum Analysis (RSA) Procedure
The Linear Time History Analysis Procedure

Combining Responses for Member Design

The ELF and RSA Procedures as prescribed in ASCE 7-16 T Software Demonstration
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Seismic Analysis Procedures

Next Lecture 4(b)

Structural ] .
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Nonlinear
Model ) )
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This Lecture 4(a)
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SEISMIC DESIGN CODES

There are several design methods suggested in seismic codes:
A Equivalent static analysis (ESF) method (or ELF method)
A Response spectrum analysis (RSA) method

A Time history analysis method

Equivalent static analysis method is commonly used for the seismic design of ordinary and
"regular" buildings and structures.
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SEISMIC DESIGN CODES

Dynamic analysis methods (Response spectrum and Time history) are required for
"Irregular” buildings and structures, very important structures, and structures that seismic
response is not dominated by the fundamental vibration mode. ... more tedious, more difficult.

Irregularity = lrregular geometry, non-uniform distribution of mass or stiffness, structural
discontinuity, etc.

A Vertical Structural Irregularities

A Plan Structural Irregularities
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The Development of Seismic Design Codes and the Equivalent

Static Analysis Procedure

-
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DEVELOPMENT OF SEISMIC DESIGN CODES

1906 The great San Francisco Earthquake

Intensive destruction of buildings by the earthquake and fire (that was
Induced by the earthquake).

The city was rebuilt.

The only lateral force requirement placed on structures designed and
constructed in San Francisco was a = {/f] avind loading. This was
intended to safeguard structures from the effect of both wind and
earthquakes.

Lateral force is proportional to the surface area of the building.
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DEVELOPMENT OF SEISMIC DESIGN CODES

1927 Introduction of lateral earthquake force proportional to mass.

T € 8 3¢ (an empirical formula)

N

o o _ The Basic Notion
where, () is the base-shear and w is the weight of the Convert the Seismic Excitation to an

bui|ding_ AEquivalent Static Fo
base of the building, called the Base
Shear. Then Distribute the Base Shear to
various parts of the Building

1940 The El Centro Earthquake

The first set of strong motion records (acceleration time histories) ... the first set of
elastic response spectra ... Period-dependent elastic base shear demand.

S, v PAS s
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DEVELOPMENT OF SEISMIC DESIGN CODES

1940-50s Introduction of period-dependent design spectra.

T Far

where, O is the period-dependent base shear coefficient.

For long-natural-period structures, the lateral seismic force is inversely proportional to the
period of structure.

C o

0.1
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> T .( Nalicral Peviod )
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DEVELOPMENT OF SEISMIC DESIGN CODES

1960s W @ YO w (an empirical design formula).

@ Zone factor=phj hj hj F8 8(adjustment for seismic hazard level of
the zone relative to that of California)

‘G Important factor = 1 (ordinary)x 1.5 (very important building)
U = Ductility related factor = 0.67 (ductile system), 1.0 (normal), 1.3 (less ductile)
"Y= Soil factor = 1, 1.2, 1.5 (see diagram below)

O = Period-dependent coefficient (see diagram below)

S, 2% PSS ear
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DEVELOPMENT OF SEISMIC DESIGN CODES

SCx

STIFF SOIL

SOFT soil.
MEDIUM ToSQF T

> T ( Natinal Poviod)

JAAMA,
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DEVELOPMENT OF SEISMIC DESIGN CODES

1970s Revolution of Seismic Design Codes

Introduction of a modern design code based on several new scientific conceptsd
structural dynamics, soil dynamics, probabilistic seismic hazard analysis, inelastic
response spectra, etc.

L Erg

Ll 17

F

(= Zone factor = Normalized Effective Peak Ground Acceleration 'Of) HQ

0 "OBQthat has a 10% chance of being exceeded in a 50-year exposure period.
The new probabilistic seismic hazard map constructed by Dr. Algermission in
USGS was employed for the development of seismic zone map.

@ T X P i@ i@ for seismic zones 1, 2A, 2B, 3, and 4, respectively.
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DEVELOPMENT OF SEISMIC DESIGN CODES

‘G Important factor = 1 (ordinary), 1.25 (important).

& = Normalized (and adjusted) Elastic Design Response Spectra = 0 F0 "Ofwhere 0 is
spectral acceleration (pseudo acceleration).

0O p& UL and0 C& U

“Y= Site coefficient, Y= 1 (rock), 1.2 (stiff), 1.5 (soft to medium), 2.0 (soft clay).

Note: see the comparison between CS spectra and the average acceleration spectra for
different site conditions (constructed by Prof. H. Bolton Seed at UC Berkeley).

S, v PAS s
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DEVELOPMENT OF SEISMIC DESIGN CODES

s ()e()e (e

W Elastic Base Shear Demand

= The base shear that the structure will have if the response is in its linearly elastic
range during the earthquake.

Y =Reductionfactor T1* p ¢
The factor takes into account of two important effects: "ductility" and "overstrength".

The concept of inelastic response spectra (inelastic yield strength demand for various
levels of target ductility), which was introduced by Prof. Newmark, was employed.

S, 2% PSS ear
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Spectra for 5% damping

3 Soft to medium clay and sand

/ Deep cohesionless soils
Stiff site conditions

Rock

Spectral acceleration/PGA
.|

(maximum ground acceleration)
o
|

Period (s)
Average acceleration spectra for different site conditions (After Seed, et al., 1976; NEHRP, 1988)

WA,
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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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