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Source: www.byjus.com

Design for Earthquake
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dynamic 

static 

2)
(modal response spectrum) 

(time 
history analysis) (linear) 

(non-linear)
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seismic wave 
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Strength Design

2 
(1) Strength design 
(2) Serviceability 
design

Strength design 
resistance

available strength)
(load required strength)

load moment, shear 
axial moment 

capacity, shear capacity axial capacity
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Seismic (strength) Design

load

(1) seismic load 
live load 

(2) structural system load 
mass (m)

stiffness (k) (3) 
ductility (R)

localized 
parameter 
(m, k, R) seismic load
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Natural Frequency
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structure non structure 
(dynamic property) 

>>> 

(amplitude) 

(damping) 
natural frequency, fn

natural period, Tn

dynamic load test
(stiffness) 

Ground Motion (Pulse)
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Mass 

Mass 

damper 

Qr Code

W

Ground Motion (Wave)

system mass stiffness natural period [Tn = 2 (m/k)] 

acceleration response spectrum
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Building Response to Ground Motion

(magnitude) 

lateral stiffness 
displace 1 

1 

lateral stiffness 

demonstration 
SDOF pattern 
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Seismic Design Philosophy

member 
elastic

elastic
stiffness 

(1) (2) 
... = * 

elastic 

inelastic damage 
collapse
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Deformation

Force

CollapseLife SafetyImmediate
Occupancy

Elastic

EQ Load vs. System Ductility (R)

acceleration response spectrum 
(Tn) 

Tn
g = 9.81 m/s2) W 

mass 
base shear F = ma = (W/g)*( *g)

Maximum Considered Earthquake 
(MCE) 2,475 

2% 50 

MCE
2/3*MCE Design Basis Earthquake 

(DBE) 
(R) 
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Inelastic design

From MCE to DBE 
and finally EQ load
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Lateral Load Transfer

(lateral load) 
(wind load, W) (earthquake 

load, EQ) 2 dynamic 
load 

(transient load)

diaphragm 
(lateral system)

(mass) mass 
center of mass 

diaphragm 
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Earthquake Load Transfer

(EQ) 
center of mass (CM) 
lateral system 

diaphragm lateral 
system stiffness 

EQ lateral 
system stiffness 

x (E-W) y (N-S) 

lateral system 

stiffness lateral 
system 
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Ref: www.researchgate.net

CM CM

Cantilevered Beam or Truss

(steel beam) 
(truss) member 

lateral system internal 
force shear/normal stress beam 
element axial load truss member

lateral system 
cantilevered beam or truss 

cantilevered beam/truss 

tension/compression zone 
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CM

Lateral System Arrangement

lateral system 
RC shear wall Steel 

moment or braced frame 

CM
Center of 

Rigidity, CR CM CR

(torsional 
mode) 
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EQx

Rx

Y EQy

Ry

CR
Bracing

CM

Iy
Ix = 0

Iy
Ix = 0

Iy = 0

Ix

d M = EQx(d)

Rex Rex

Unstable System 

Stable System 
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vs.
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(optional)
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2 

2566 load combination, factor of safety, fire 
rating 3 

6 48 60 3 
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1301/1302 

1304 
member 

detail
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1301/1302

1301/1302 
2 

(1) static 
equivalent (2) 

2.1) modal analysis 
2.2) time history analysis

(2) computer 
software 

+ 

(1) 
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1304

1304

CBF (Concentric Brace Frame) 
EBF (Eccentric Brace Frame) 
MRF (Moment Resisting Frame) 

protected zone 

1304
1301/1302 

connection lateral system 
(ductility, R) 

designer s assumption R
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1301/1301 1304
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Introduction

( 1304) 
AISC 341: Seismic Provisions for 

Structural Steel Buildings 
(moment frame) 

AISC 358: Prequalified Connections for 
Special and Intermediate Moment Frames for 
Seismic Application
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How to approach

1304 

1301/1302-61 static 
equivalent base shear response 
spectrum acceleration acceleration

natural period
base shear 

story force static equivalent 

magnitude frequency 
frequency 
resonance) 

magnitude frequency

base shear 

story force 
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Expected material strength - 1

concept 

member connection member

member 
SS400 Fy 245 MPa 

SS400 Fy 280-300 
MPa 

connection 
beam beam beam 

expected yield nominal) connection 
Ry = Expected 

yield/Nominal yield Rt = Expected tensile/Nominal tensile
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Expected material strength - 2

Ry Rt  
Expected Nominal SS400 (A36) Ry 

1.5 Rt 1.2 SS400 245x1.5 = 368 MPa 
400x1.2 = 480 MPa 

Ry Rt 1304 
 seismic-resisting system member 

performance member 
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MRF column detail

member member yield 

yield 
mechanism 

= * 

performance 

(prequalified) 
( cycle) 

(special) 
(intermediate) (ordinary) 
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Seismic resisting system vs. R

R 2.3-1 1301/1302-61 R 
base shear response spectrum 
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Protected Zone

protected zone 

sensitive 

Ref: https://www.ideastatica.com/de/support-
center/capacity-design-aisc
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Steel Moment Frame

Ordinary Moment Frame 
(OMF)

R = 3.5
Min inelastic deformation

protected zone
CJP 

FR & PR permitted
FR: Mn = 1.1RyMp

FR: Vn Mn

Emh = 2*(1.1RyMp) Lcf

Overstrength factor

Intermediate Moment Frame 
(IMF)

R = 4.5
Limit inelastic deformation

protected zone
requirement 

panel zone 
CJP 

AISC358
Connection: Story drift 
0.02 Mn 0.8Mp

Connection: Vn

Mn Emh = 2*(1.1RyMp) Lcf

Special Moment Frame (SMF)

R = 8
Column plastic 

moment 
Beam plastic moment 

requirement 
panel zone

CJP 
Connection: Story drift 
0.04 Mn 0.8Mp

Connection: Vn

Mn Emh = 2*(1.1RyMp) Lcf
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Steel Moment Frame

Ordinary Moment Frame 
(OMF)

R = 3.5
Min inelastic deformation

protected zone
CJP 

FR & PR permitted
FR: Mn = 1.1RyMp

FR: Vn Mn

Emh = 2*(1.1RyMp) Lcf

Overstrength factor

Intermediate Moment Frame 
(IMF)

R = 4.5
Limit inelastic deformation

protected zone
requirement 

panel zone 
CJP 

AISC358
Connection: Story drift 
0.02 Mn 0.8Mp

Connection: Vn

Mn Emh = 2*(1.1RyMp) Lcf

Special Moment Frame (SMF)

R = 8
Column plastic 

moment 
Beam plastic moment 

requirement 
panel zone

CJP 
Connection: Story drift 
0.04 Mn 0.8Mp

Connection: Vn

Mn Emh = 2*(1.1RyMp) Lcf
Ref: www.pacosteel.com/smart-moment-frames/
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Ref: https://engineeringdiscoveries.com/



Fundamental

(high earthquake 
magnitude) (high 
seismic force to buildings)

(ground vibration)

(building vibration frequency)
(resonate)
(building natural frequency)

stiffness (k) mass (m) 

mass (m) 
base shear base 

shear story force
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(building vibration frequency)
(resonate)
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FM AM
AM FM FM AM)

Fa Fv

A 
E 
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(1) (gravity 
system) DL LL 

(2) 
(lateral system) 

(1) 

(ductility, R) (2)

(R) 
detail 

(R) R
acceleration response spectrum
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Ss (short)

S1 (1 sec)
Importance 
factor 

Fa Ss) 
Fv ( Ss)

lateral 
system

(R) 

1
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Ss = 1.019g

S1 = 0.269g

I = 1.0

Rock (B)

Fa = 1.0
Fv = 1.0

lateral 
system

O-MRF, R = 3.5

4 (footprint 200 sqm) 
12 m flat slab 

20 cm DL 
5 cm 25 cm

DL = 4*0.25*200*2500 
= 500,000 kg (W = mg)

m = 500,000/g

SMS = Fa  Ss = 1.019g
SM1 = Fv  S1 = 0.269g

SDS = 2/3* SMS = 0.679g
SD1 = 2/3* SM1 = 0.179g

T = 0.03H = 0.03*12 = 0.36 sec

Sa = min (SD1/T, SDS ) 
= min (0.179g/0.36, 0.679g)
= 0.498g

VB = I/R * Sa * Building Weight
= 1.0/3.5 * 0.498g * 500,000/g
= 71,164 kg

VB = 71,164 kg

1
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Ss = 1.019g

S1 = 0.269g

I = 1.0

Rock (B)

Fa = 1.0
Fv = 1.0

lateral 
system

O-MRF, R = 3.5

4 (footprint 200 sqm) 
12 m flat slab 

20 cm DL 
5 cm 25 cm

DL = 4*0.25*200*2500 
= 500,000 kg (W = mg)

m = 500,000/g

VB = 71,164 kg

Cv4 = (12*w/4)/[3*w/4 + 6*w/4 + 9*w/4+12*w/4] = (12/4)/(30/4)

Cv3 = 9/30 = 0.3 

Cv2 = 6/30 = 0.2 

Cv1 = 0.1 

0.4VB

0.3VB

0.2VB

0.1VB

Cv4 = 0.4 

Shear Force 
Diagram

Bending Moment 
Diagram

2
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Ss = 0.310g

S1 = 0.098g

I = 1.0

Soft rock (C)

Fa = 1.2
Fv = 1.7

lateral 
system

S-CBF, R = 5.5

3 (footprint 200 sqm) 
9 m flat slab 

20 cm DL 
5 cm 25 cm

DL = 3*0.25*200*2500 
= 375,000 kg (W = mg)

m = 370,000/g

SMS = Fa  Ss = 0.372g
SM1 = Fv  S1 = 0.167g

SDS = 2/3* SMS = 0.248g
SD1 = 2/3* SM1 = 0.111g

T = 0.03H = 0.03*9 = 0.27 sec

Sa = min (SD1/T, SDS ) 
= min (0.111g/0.27, 0.248g)
= 0.248g

VB = I/R * Sa * Building Weight
= 1.0/5.5 * 0.248g * 375,000/g
= 16,909 kg

VB = 16,909 kg



2
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Ss = 0.310g

S1 = 0.098g

I = 1.0

Soft rock (C)

Fa = 1.2
Fv = 1.7

lateral 
system

S-CBF, R = 5.5

3 (footprint 200 sqm) 
9 m flat slab 

20 cm DL 
5 cm 25 cm

DL = 3*0.25*200*2500 
= 375,000 kg (W = mg)

m = 375,000/g

VB = 16,909 kg

Cv3 = (9*w/3)/[3*w/3 + 6*w/3 + 9*w/3] = 9/18 = 0.50 

Cv2 = 6/18 = 0.33 

Cv1 = 3/18 = 0.17 

0.50VB

0.33VB

0.17VB

Shear Force 
Diagram

Bending Moment 
Diagram
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Ss (short)

S1 (1 sec)
Importance 
factor 

Fa Ss) 
Fv ( Ss)

lateral 
system

(R) 

O-MRF (R = 3.5) I-MRF (R = 4.5) S-MRF (R = 8)

O-CBF (R = 3.5) S-CBF (R = 6) EBF + MRF (R = 8) EBF no MRF (R = 7) 
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1304 
Concentric Braced Frame (CBF) 

Eccentric Braced Frame (EBF) 
Moment Resisting Frame (MRF) Ordinary 

Intermediate Special
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1304 
Concentric Braced Frame (CBF) 
Eccentric Braced Frame (EBF) 

Moment Resisting Frame (MRF) Ordinary 
Intermediate Special

R = 3.5
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1304 
Concentric Braced Frame (CBF) 

Eccentric Braced Frame (EBF) 
Moment Resisting Frame (MRF) Ordinary 

Intermediate Special

R = 4.5
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1304 
Concentric Braced Frame (CBF) 

Eccentric Braced Frame (EBF) 
Moment Resisting Frame (MRF) Ordinary 

Intermediate Special

R = 8
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R = 8
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Reduced Beam Section (RBS)

(MRF)
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Moment
Resisting

Frame
(MRF)

R = 8

R = 4.5

R = 3.5

Qr Code

Ordinary

Intermediate

Special

How do we 
know which one 

is O or I or S?

Source: AISC

(MRF)
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Moment
Resisting

Frame
(MRF)

R = 8

R = 4.5

R = 3.5

Source: AISC

(MRF)
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Moment
Resisting

Frame
(MRF)

R = 8

R = 4.5

R = 3.5

Cover plate

Side plate

Partial penetration 
welding (shop)

On-site 
weld

Cover plate method Side-plate method (horizontal haunch)

Increase of Section of Flange Reduction of Stress at Weld

Loss of Section at Flange Base Metal Expected Plascitization of Base Metal

Notch
Hole

RBS method (notch) RBS method (drilling)
Source: Shimizu



(MRF)
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Moment
Resisting

Frame
(MRF)

R = 8

R = 4.5

R = 3.5

Kaiser

SidePlate

Simpson

N o n  - p r o p r i e t a r y

Proprietary

(MRF)
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Moment
Resisting

Frame
(MRF)

R = 8

R = 4.5

R = 3.5

Source: AISC

Backing bars shall be removed after the completion of 
flange-to-column welding of MRF in high seismic zone

#WeLoveSteelConstruction

Source: AISC Source: Takenaka Source: AISC

Source: AISC

Ordinary Steel Concentrically Braced Frame 3.5

Special Steel Concentrically Braced Frame (CBF) 6.0

Steel Eccentrically Braced Frame + Moment Connection 8.0

Steel Eccentrically Braced Frame (EBF) 7.0

Steel Plate Shear Wall (SPSW) 7.0

R

Innovative System: (1) BRB
#WeLoveSteelConstruction

Buckling Restrained Braces (BRB)

Steel Casing

Steel CoreSteel Casing

Steel Core Debonding material

Mortar
Source: AISC

Source: www.shellbuckling.com



Innovative System: (2) SPSW
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Qr Code

Innovative System: (3) Base Isolation
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Source: Kitamura, Control of Vibrations in Steel-structure Buildings , Tokyo University of Science

Innovative System: (3) Base Isolation
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Source: Kitamura, Control of Vibrations in Steel-structure Buildings , TUS

Innovative JP Steel Material & Product
#WeLoveSteelConstruction

Source: Sumitomo Metal

B Deformation capacity and weldability Major framing members such as column and beam

C Grade B + Thickness-direction property Weld built-up box column, through-diaphragm plate



Innovative JP Steel Material & Product
#WeLoveSteelConstruction

Source: Sumitomo Metal

Japan Building Standard Law
#WeLoveSteelConstruction

Primary design; Elastic design for Medium earthquake, 
seismic intensity up to 5
Damage does not occur in the structure (deformation does not remain).

*Recently, seismic-isolation & vibration-control structures have made progress. 
It has become possible to design that causes nearly no damage even during major 

earthquake.

Secondary design; Plastic design for Major earthquake, 
seismic intensity up to 6 or less to 6 or more: 
Although damage occurs in the structure, collapse is prevented and 
human life is safely secured (deformation remains in the building 
structure even after earthquake).

Need help!!!
#WeLoveSteelConstruction

Be friend with us via 

LINE ID WeLoveSteelConstruction: @060tlizi

https://www.facebook.com/WeLoveSteelConstruction

https://www.youtube.com/c/WeLoveSteelConstruction

https://construction-forum.ssi-steel.com/

iOS: https://apps.apple.com/th/app/ssi-steel-design/id1474838160
Android: 

https://play.google.com/store/apps/details?id=com.ssibdt.ssisteeldesign&hl=en&gl=U
S


