Design of Seismic-Resistant Steel
Building Structures
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Countries with the most earthquake fatalities 1900-2012

Chinz 75,334

Haiti 222,576

Indonesia 195,431

Japan 194,370

IFan 147,117

Pakiztan 142,950

traly 115,645

Turkery 89,236

Indli=

78,206

Peru 0,710

Mumber of desths

n Wiarldwide; Centre for Research on the Source: Certre for Rezearch on the Epidemiology
Epidemialogy of Dizasters of Dizasters (CRED

B Statista 2013




Collapse of RC Buildings

Landslides .
N Collapse of RC Buildings

Other Causes

Collapse of Timber

Buildings Landslides

Other Causes

Collapse of Timber
Buildings

Earthquake Fatalities: 1900 - 1949 Earthquake Fatalities: 1950 - 1990
(795,000 Fatalities) (583,000 Fatalities)

Causes of Earthquake Fatalities: 1900 to 1990
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Typical example of a fracture at a moment connection

The fracture is in the area of the groove weld
that connects the beam bottom flange to the
column flange.




1995 Hyogoken-Nanbu (Kobe) Earthquake
 Large loss of life (about 6000 fatalities)
« Approximately 90 steel buildings collapsed

« Most heavily damaged steel buildings constructed
before Japan’s current design code adopted (1981)

* But, even modern steel buildings showed unexpected
damage, including fractures at welded beam-to-
column connections
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(1985 Mexico City; 1994 Northridge; 1995 Kobe)
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US Seismic Code Provisions
for Steel

® Structural Engineers Association of California
(SEAOC) Blue Book — 1988:
First comprehensive detailing provisions for steel

* American Institute of Steel Construction (AISC)
Seismic Provisions

— 1sted. 1990

— 2nd ed. 1992

— 3rd ed. 1997
« Supplement No. 1: February 1999
« Supplement No. 2: November 2000

— 4thed. 2002

— Sthed. 2005

— 6thed. 2010
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Ductility = Inelastic Deformation
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Special Steel Moment Frame
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Advantages:
Architectural simplicity, relatively low base shear

Disadvantages:
Drift control, connection cost, connection testing




Elastic vs. Inelastic Response

The shows
the force and
displacement that
would be reached if
the structure
responded
elastically.

The green line
shows the actual
force vs.
displacement
response of the
structure

The

indicates the
minimum strength
required to hold
everything together
during inelastic
behavior

The IS the

force level that we
design for. Lateral Displacement (Drift)

We rely on the
ductility of the FIGURE C5.2.7 Factors affecting overstrength.

system to prevent
collapse. 48
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Required Lateral Strenqth (design seismic lateral forces)

ASCE-7:
Minimum Design Loads for Buildings and Other

Structures
(lislo p o)y slo )b pidds Cexo)

Detailing for Ductility

AISC 341.:
Seismic Provisions for Structural Steel Buildings

(pgw Juad-(50¥Y 98 sliilaislu G119 £ 5b (2o Conmo)
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Design EOQO Loads — Base Shear per ASCE 7:

V=CW

SDS SDl

STRNTTRI)

The factor R is called the
"response modification coefficient”

9 Ceoglito oy Alolo R Cu jud 33 yb 51 4ol oy
opd o0 plxil 1y gy IS
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R factors for Selected Steel Systems (ASCE 7):

SMF (Special Moment Resisting Frames): R=8
IMF (Intermediate Moment Resisting Frames): R=45
OMF (Ordinary Moment Resisting Frames): R=3.5

HA
H 4

elastic

3/4 *Helastic:

112 *H, .6

elastic

114 *H_.crid

elastic




R factors for Selected Steel Systems (ASCE 7):

SMF (Special Moment Resisting Frames):

IMF (Intermediate Moment Resisting Frames):

OMF (Ordinary Moment Resisting Frames):
EBF (Eccentrically Braced Frames):

SCBF (Special Concentrically Braced Frames):

OCBF (Ordinary Concentrically Braced Frames):

BRBF (Buckling Restrained Braced Frame):
SPSW (Special Plate Shear Walls):

Undetailed Steel Systems in
Seismic Design Categories A, B or C
(AISC Seismic Provisions not needed)

R=8
R=4.5
R=35
R=8or7
R=6
R=3.25
R=8or7
R=7
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e How were -.-il'"“- =
current R-factors gasssnn |

- 11111
determined? wangann |

e R-factors for B i
new systems? Quantification of Building

— ATC-63 project Seismic Performance
Factors

FEMA P69S / June 2009

e

Some background:
http://peer.berkeley.edu/tbi/wp-content/uploads/2010/09/Heintz ATC-63.pdf
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2010 AISC Seismic Provisions

341-10

Seismic Provisions for
Structural Steel Buildings

da
Supplement Mo. 1 dated Movember 1
and 2l] previous ve

Approved by the AT qumittes on Specifications

AMERICAN INSTITUTE OF
Ome East
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AISC Seismic Provisions for
Structural Steel Buildings

Symbols, Glossary, Acronyms

A. General Requirements

B. General Design Requirements

C. Analysis

D. General Member and Connection Design Requirements
E. Moment-Frame Systems

F. Braced-Frame and Shear-Wall Systems

G. Composite Moment-Frame Systems

H. Composite Braced-Frame and Shear-Wall Systems

|. Fabrication and Erection

J. Quality Control and Quality Assurance

K. Prequalification and Cyclic Qualification Testing Provisions
Commentary A-K

References
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AISC Seismic Provisions for
Structural Steel Buildings

Cross Reference

Symbols

Glossary

Provisions

A.GENERAL REQUIREMENTS

A1. Scope
A2. Referenced Specifications, Codes and Standards
A3. Materials

A4. Structural Design Drawings and Specifications
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B. GENERAL DESIGN REQUIREMENTS
B1. General Seismic Design Requirements
B2. Loads and Load Combinations
B3. Design Basis
B4. System Type
C. ANALYSIS
C1. General Requirements
C2. Additional Requirements
C3. Nonlinear Analysis
D. GENERAL MEMBER AND CONNECTION DESIGN REQUIREMENTS
D1. Member Requirements
D2. Connections

D3. Deformation Compatibility of Non-SFRS Members and
Connections

D4. H-Piles
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E. MOMENT-FRAME SYSTEMS
E1. Ordinary Moment Frames (OMF)
E2. Intermediate Moment Frames (IMF)
E3. Special Moment Frames (SMF)
E4. Special Truss Moment Frames (STMF)
E5. Ordinary Cantilever Column Systems (OCCS)
E6. Special Cantilever Column Systems (SCCS)

F. BRACED-FRAME AND SHEAR-WALL SYSTEMS
F1. Ordinary Concentrically Braced Frames (OCBF)
F2. Special Concentrically Braced Frames (SCBF)
F3. Eccentrically Braced Frames (EBF)
F4. Buckling-Restrained Braced Frames (BRBF)
F5. Special Plate Shear Walls (SPSW)
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G. COMPOSITE MOMENT-FRAME SYSTEMS
G1. Composite Ordinary Moment Frames (C-OMF)
G2. Composite Intermediate Moment Frames (C-IMF)
G3. Composite Special Moment Frames (C-SMF)
G4. Composite Partially Restrained Moment Frames (C-PRMF)
H. COMPOSITE BRACED-FRAME AND SHEAR-WALL SYSTEMS
H1. Composite Ordinary Braced Frames (C-OBF)
H2. Composite Special Concentrically Braced Frames (C-SCBF)
H3. Composite Eccentrically Braced Frames (C-EBF)
H4. Composite Ordinary Shear Walls (C-OSW)
H5. Composite Special Shear Walls (C-SSW)
H6. Composite Plate Shear Walls (C-PSW)
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|. FABRICATION AND ERECTION
I1. Shop and Erection Drawings
12. Fabrication and Erection
J. QUALITY CONTROL AND QUALITY ASSURANCE

K. PREQUALIFICATION AND CYCLIC QUALIFICATION TESTING
PROVISIONS

K1. Prequalification of Beam-to-Column and Link-to-Column
Connections

K2. Cyclic Tests for Qualification of Beam-to-Column and Link-
to-Column Connections

K3. Cyclic Tests for Qualification of Buckling-Restrained Braces
COMMENTARY

References
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