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EARTHQUAKE INTENSITY
The Modified Mercalli (MMI) Intensity Scale®

ESTIMATED MMI INTENSITY

4 LIGHT 8 I SEVERE
5 NODERATE 9 [ VIOLENT

NEUQUEN

6 STRONG 10 [ EXTREME

7 VERY STRONG

Source: USGS
POPULATION EXPOSED TO SHAKING
The Nodified Mercalli (MM!) Intensity Scale
MMIINTENSITY POPULATION

4 1,218,000
5 2,721,000
6 751,000

7 7,285,000
8 5,480,000

Source: USGSIPAGER Alert Version: 7




Challenges In collapse prediction

« We'll never be able to do it right

- Even if we knew how, what difference does it
make In the context of structural design
decisions?

« We can not codify design for collapse safety

 All structures have a finite probability of collapse
(because of the uncertainty in the earthquake
hazard)

« Most older structures have a significant
probability of collapse

 Collapse has economic and social |
consequences and it should be considered in a
performance-based design decision process
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Hazard analvsis — Hazard curve

Annual Hazard Curve for Speetral Acceleration, Based
Based on a dataset of n=40 records for Los Angeles
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Collapse capacity analysis

Develop realistic analytical model of structure that
permits prediction of the response till collapse occurs
(required modeling of deterioration)

Subject model of structure to ground motion of
Increasing intensity until collapse occurs (evaluate
collapse capacity)

Subject structure to sufficient number of ground
motions to perform statistical evaluation of collapse
capacity (obtain collapse fragility curve accounting for
aleatory variability)

Modify fragility curve for modeling (epistemic
variability) uncertainties



Load (Kips)

Component modeling :
Basic modes of deterioration

UCI G12 OSB
F,=8.2 kips, 8,=0.45 in, s=0.047, 0,;=-0.081, 0,=1.94, 5,/5,=5.44
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Load (kips)

Component modeling :
Basic modes of deterioration

UCI G12 OSB
Pinching Model, k=0.5, F,=8.2 kips, 6,=0.45 Iin
0s=0.047, 0,.=-0.081, 0,c=1.94, §./5,=5.44, ys=270, y.=270, y, =0, 1,=270
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Component modeling :
Basic modes of deterioration

Monotonic Moment-Rotation Model Cyclic Moment-Rotation Model
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Deterioration and Collapse (MDOF

=®- Non-degrading system
=0~ Degrading system

/ ..... : \ \
\ Collapse
. Capacity

Deformation Parameter \,
10

Ground Motion Intensity

ol

Load (kips)
o

— Monotonic

i _

’’’’’ il 1 —1S0

isplacement

1
a1

N
o

. -6 -4 -2 0 2 4 6 8
After H. Krawinkler Displacement (in)



Developing Collapse Fragility Curve

Obtaining the collapse fragility curve (SW)
N =8, T=0.8,y=0.25, Stiff = Unif. Str. = -0.05M, pase, & = 0.05
6, =0.02, 6,./6, = 1, A = 20, Mc/M, = 1.1
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Effect of uncertainty on prob. of collapse
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Assessment of probability of
collapse at certain hazard level

Van Nuys Hotel Structure
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Assessment of probability of
collapse at certain hazard level




Assessment of probability of
collapse at certain hazard level




Assessment of probability of
collapse at certain hazard level
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ssessment of MAF of collapse
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Assessment of MAF of collapse

MAF of Collapse for VNHB, T = 1.5sec.
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Performance-based design for
collapse safety

Hazard Domain Structural System Domain

Mean Hazard Curve(s) for Collapse Fragility Curves
Design Alternatives for Design Alternatives




Structural Parameters Matrix
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Structural Parameters Matrix

UCSD Test PWD East Wall
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Development of collapse fraqgility curves

Collapse fragility curves (SW)
N =8, T=0.8,y = var., Stiff = Unif. Str. = -0.05M, pase & = 0.05
6, = 0.02,0,/0, = 1, A = 20, M/M, = 1.1

o
\l
&

Probability of Collapse
o
(6]

0.25

0 T
0 2 4 6 8

IM[Sa(T,)/g]



PBD for Collapse Safety (Design Aids)

Plastic Hinge Rotation Capacity Effect on n. (MR
N =8, T, =1.2,y=var.,Stiff.&Str. = Shear, SCB = 2.4-1.2, & = 0.(

8, =var., 6,,/6, = 5.0, A =20, M;//M, = 1.1
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PBD for Collapse Safety (Design Aids)

. (Sa/g)

Strong Column Beam Ratio Effect on n. (MRF)
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PBD for Collapse Safety (Design Aids

P-Delta Effect on n. (MRF)
N =8, T, = 1.2,y = var.,Stiff.&Str. = Shear, SCB = 2.4-1.2, £ = 0.05
6, = 0.03, 8,./6, = 5.0, A = 20, M/M, = 1.1
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FEER

IM-EDP (Single story/floor) Obtain relationship between IM and EDP

far a specific story/floor level

Obtain relationship between IM and EDP
for a maximum EDP amaong all
stories/floors

IM-EDP (Maximum among all
stories/floors)

EDP Profile Obtain EDP at different story/floor levels
= qgvenlM

Mean Loss Estimation (per

floor/story)

Design Decision Support System (DDSS)

Mean Loss Estimation (Average
among all stories/floors)

Probability of Collapse
Estimation

http://spee.eng.uci.edu

Design Decision Support System (DD55)

Obtain probability of collapse and its
sensifivity to variation in structural
paramaeters

Comments and Suggestions

& & Internet ® 100% -


http://spee.eng.uci.edu/

Sensitivity of Probability of Collapse to Variation in Basic Structural Parameters

Rotation Capacity
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http://spee.eng.uci.edu/CTool/index.html

Concluding remarks

Can Collapse be Predicted?

 If we are capable of modeling deterioration
characteristics of all important structural
components

 If we are capable of modeling all collapse modes
(local, story, global)

 If we are capable of predicting propagation of local
collapse

 If we are capable of incorporating all “intangible”
contributions that delay collapse



Concluding remarks

Given all constraints and assumptions

« Deterioration of structural components and P-Delta
effects are fundamental causes of collapse.

* Including Epistemic uncertainty (i.e., confidence
statements), increases the probabillity of collapse of a
given building and increases the required strength and
deformation capacity in conceptual design for collapse
safety.

« Sensitivity of probability of collapse to variation of
structural system and structural parameters were
Investigated

« A graphical tool to exercise Performance-Based Design
for collapse safety is developed.
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