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1 .Volcanic Earthquakes
2 .Induced Earthquakes
3 .Collapse Earthquakes
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2 . Body wave magnitude scale
3 . Moment magnitude
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1. Pageetal

2 . Bolt

3. Arias Intensity
4 . Husid
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1. Serviceability Level Earthquake (SLE)
2 . Design Basis Earthquake (DBE)
3 . Maxgmum Considered Earthquake (MCE)
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1985 Mexico City Earthquake
Pino Suarez Towers looking north -- one of the few
steel frame buildings to collapse.
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1988 Leninakan, Armenia, Earthquake
Damage to a stone bearing wall building. The floor planks
were not tied to the supporting bearing walls.
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1995 Kobe, Japan,
Earthquake

Distorted train tracks.

SAN FERNANDO EARTHQUAKE
February 9, 1971

Bidmeshki

1971 Earthquake in the San
Fernando Valley of California

Earth dam located about 20 km from
the epicenter. Part of the upstream
face lost bearing strength and slipped
beneath the water.



1971 San Fernando Valley Earthquake
“Soft story” failure of the Olive View Hospital. The column
failure caused a collapse that pinned the ambulances under
the rubble, rendering them useless.

1989 Earthquake in Loma Prieta, California
Oakland Bay Bridge failure.
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1994 Earthquake in
Northridge, California

Bull Creek Canyon Channel
Bridge on the Simi Valley freeway
near the epicenter to the north.
Shear failure of a flared column.

1994 Northridge
Earthquake

Gavin Canyon Undercrossing
on -5
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Inelastic Behavior of Material and Structures During the
Earthquake
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INELASTIC BEHAVIOR OF
MATERIALS AND STRUCTURES

@ FEMA i Material C ing FEMA 451, Design i iors 6 -1
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Inelastic Behavior of Structures

From material

|

to cross section
to critical region
to structure
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Idealized Inelastic Behavior
From Material.....

Stress
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¥ Strain u
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Stress-Strain Relationships for Steel

Stress, ksi
80:
60
40 - /—/—‘
20 -

0005 0.010 0.015 0.020 0.025
Strain, in/in
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Stress-Strain Relationships for Concrete
(Unconfined and Confined)

SR s
Stress, Ksi é:é ds grf, % Unconfined
- —.%Asp __{ ‘\\\\\\

'y —
fa) (b)

Confinement  Forces actingon  Confinemen! from

from spiral  one-half spirai or a square hoop

6 r or circular  circular hoop

hoop

Confined

Unconfined

0.002 0.004 0.006 0.008 0.010
Strain, in/in
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Concrete Confinement
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{a} Circular hoops (b} Rectangular hoops {c) Overlapping
or spiral with cross ties. rectangular hoops
7 7 =
%‘ % = T
% '79 g% = Unconfined
i 1 = concrete
7 7 = W
7 0 .
7/ .
Vi e—— "
(d} Confinement by (e) Confinement by
transverse bars longitudinal bars
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FORCE, kN

Unconfined

80
DEFLECTION, mm

a) Poorly confined column
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FORCE, kN

400

Confined

b) Well confined column
Sl 00l ools lis ISl 0 by 4 [ Sadjgame jgas Coed

Benefits of Confinement

e .
,}R N A

" 2.4 Spiral Confinement
; . -

Olive View Hospital, 1971 San Fernando Valley earthquake
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Idealized Inelastic Behavior

To Section.....
Strain Stress Moment
B
¢-" l f ELASTIC
L1 4—‘.
& O, M

y
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Strain Stress Moment
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INELASTIC
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Idealized Inelastic Behavior
To Section.....

Moment
MH
!,[¢ — ¢u
9,
¢J‘ Curvature ¢”
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Idealized Inelastic Behavior

3 To Critical Region and Member

Curvature

Ly ELASTIC INELASTIC
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Idealized Inelastic Behavior
To Critical Region and Member

Moment

M

u

M

.‘ 4

—— Rotation

5 ; 011

NOTE:Iugglueglu¢
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Idealized Inelastic Behavior
To Structure.....

> Displacement

Note: Ly < fi

il po bk olal 2 (6 2y SIS Slals
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Loss of Ductility Through Hierarchy
Strain x,.= 100

Curvature x,= 12 to 20

Rotation x,= 8 to 14

Displacement x,=4 to 10
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Hysteretic Behavior

AREA=
Energy Dissipated | Force

Force

Deformation Deformation

ROBUST PINCHED (No Strength Loss)
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Hysteretic Behavior

Force Force
A
> Pl >
Deformation % /‘/A/ Deformation
ROBUST PINCHED
(Excellent) (Good)
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Hysteretic Behavior

Force
Force
s
g ; ;/ Deformation Deformation
PINCHED (with strength loss) BRITTLE
Poor Unacceptable
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Why Is Inelastic Response Necessary?

Compare the Wind and Seismic Design of a
Simple Building

Building properties:
Moment resisting frames
Density p = 8 pcf

Period T=1.0 sec
Damping &= 5%

Soil Site Class “B”

AN

AN

62.5’

— 90’ | Wind:
> 100 mph Exposure C
120’

Earthquake:
Assume Sp,= 0.48g
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Wind:
100 mph fastest

Exposure C 62.5 /
Velocity pressure q,= 25.6 psf ! 90’

Gust/exposure factor C, =1.25 120’
Pressure coefficient Cq =13
Load factor for wind = 1.3

Total wind force on 120-foot face:
V120~ 62.5*120%25.6%1.25%1.3*1.3/1000 = 406 Kips

Total wind force on 90-foot face:
Viygo = 62.5*90*25.6*1.25*1.3*1.3/1000 = 304 kips

Earthquake:
Building weight, W = 62.5’
120*90*62.5*8/1000 = 5400 ,
kips L J 90
120°
Veq = CsW
Sp, 048

STT(R/T) 10(10/10)

Total ELASTIC earthquake force (in each direction):
Veq= 0.480*5400 = 2592 kips

Do Sy 3 a8 33,8 o alaslle .enl siel ity (RET) Sl )3, 2,8 Lagl 3y jlade 598 JS5 0
O golamdl 18w g ooy pRadir s b (5958 4 S loj ) (b (65,5 0l (gl p Sl LS,
208 0 Tk

Comparison: Earthquake vs. Wind

Veo _2592 ., Ve 2592
Vo 406 Viyey, 304

8.5

18,5 O yg0 dulie 4 az g L
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Constant Displacement Idealization
of Inelastic Response

- ACTUAL BEHAVIOR - IDEALIZED BEHAVIOR
3000 3000
o 2T . .
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Equal Displacement Concept
of Inelastic Design
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of Inelastic Design
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Ductility supply MUST BE > ductility demand = % —6.34
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Ductility/Overstrength
FIRST SIGNIFICANT YIELD

First -]
Significant
Yield o

Force
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Definition of Overstrength Factor 2

Apparent Strength

Overstrength Factor £2= Design Strength
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Definition of Ductility Reduction Factor
Elastic Strength Demand

Ductility Reduction R, =
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Definition of Response Modification
Coefficient R

Force
R X Design Strength

02x Design Strength |7 ==

T Displacement

Displacement

ANALYSIS DOMAIN Demand
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Definition of Deflection Amplification Factor Coefficient C
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