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2. Seismic performance objectives

after SEAOC Vision 2000

Earthquake Performance Level
- Busic Objective /' Unacceptable Unacceptable

Serviceability Stability
check check

Earthquake Design Level




5. Ground motion selection and scaling

7/ motions

Scaling or matching
Dispersion

Conditional mean spectra




Service Level Analysis

= Performance Goal: Minor structural
damage

= Model

= All components that provide strength and
stiffness

= Analysis
= Linear response spectrum analysis
= 43-yr return period, 2.5% damping

= Acceptance criterion
= Effectively linear response



Load Combinations & Acceptance

Q=D+L,, +1.0E, +0.3E,
Q=D+L,, +0.3E, +1.0E,
L, =0.25L

‘Q<154C, -

Drift < O. h
étory rift OOOSJ

» C, = nominal capacity (per code)
= ¢ =resistance factor per ACI or AISC



Maximum Considered
Level Analysis

= Performance goals:
= Minor implicit risk of collapse
= Modest residual drift
= Limited potential for failure of cladding

= Model
= All components that provide strength and stiffness

= Analysis
= Nonlinear dynamic analysis
= MCE level

= Acceptance criteria
= Force and deformation demands within limits
= Transient and residual drifts within limits



Transient and residual drift

= Transient story drift

= Mean of 7 runs < 0.03

= Maximum of any run < 0.045
= Residual story drift

= Mean of 7 runs < 0.01
= Maximum of any run < 0.015



Non-ductile actions

F, <ok, .

F, =15F
F =F+130c>12F

= ¢ = 1 for inconsequential failures
= ¢ = per code otherwise



TBI Guidelines Chapters

1. Introduction

2. Performance objectives
3. Design process
4. Design criteria documentation

5. Seismic input

6. Preliminary design

7. Service level evaluation
s. MCE level evaluation

9. Presentation of results
10. Project review

Guidelines for
Performance-
Based Seismic

Design of
Tall Buildings

Version 1.0
November 2010

Devaloped by
Pacific Earthquake Enginaoring Research Conter
Report No. 201005

Sponsomd by

The Cherles Pankaw Foundation

Callfomia Salsmic Safety Commisslon
Callfomla Emergency Manmgement Agoncy
Los Angeales Department of Bulkling and Bafety




1?#}"‘ II--' \-“-Jf;i“cfi‘

“TBI

\

1

'4". é

n

%

§ 51(m \Puente H|IIs

7. 3I§m Ho1|ywood

8. 8Km, \Raymond
11\5Km Santa Monlca
24\5Km ‘EJsmore W '
~4p 0}(m Sleri‘a Madre
SQ.K-m San A‘hdreas

EITI gery Detes: Mar 16 ZﬂDﬁ - Noy 16, 2009 24702 T 04N

05,627 W

eley 2881




Building Design and Modeling
Three Building Systems
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Building 2 — Dual system
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Building 3 - Buckling Restrained

Braced Frame

Bldg. 3C

Bldg. 3B
Tins= O.7 sec

Tins = 6.5 sec

Bldg. 3A

Tins = O.3sec






Disaggregation of Seismic Hazard

e

72

o

2 Conlitribution to Hazard
g g

Vo,

<median(R,M)
[ | gg<-2
[P gg=-1

-1<gy<-0.5

=

Prob. SA, PGA :C‘.i
Sy
5
)medlan“'%zg
D<gg<03 -

05<gg=<1
l<gy<2
[ | -0.5<gy<0 [ | 2<gg=3

PSH Deaggregation on NEHRP C soil
Los_Angeles_-_1 118.251° W, 34.050 N.

SA period 5.00 sec. Accel.>=0.11754 ¢

Ann. Exceedance Rate .403E-03. Mean Return Time 2475 yrs
Mean (R.M.gg) 23.9 km,7.20, 1.58

Modal (R,M.g;) = 5.1 km, 6.60, 1.57 (from peak R.M bin)

Modal (R,M,e*)= 5.6 km, 6.58> 2 sigma  (from peak R ,M,¢ bin)
Binning: DeltaR=10. km, deltaM=0.2, Deltae=1.0

T=5.0 Sec.

RP = 2475 Years
(R,M,e) =5.1, 6.6,1.6
(R,M,e) = 60., 8.0,2.0

2008 UPDATE

(e "l 2000 Jul 323:55:30 | Distance (R}, magnitude (M), epsilon (E0,E} deaggregation for a site on soilwith ave rage vs= 525. m's top 30 m. USGS CGHT PSHA2008 UPDATE  Bins with 1t 0.05% contrib, omitied



Response Spectra
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Example results

Return

Building 3A

N-S

E-W

GM set
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%16M and %84M o e e e e e o
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Base Building Costs

Core Wall Dual System BRB

683,000 sq ft 683,000 sq ft 959,000 sq ft

Code Design $140 M $149 M $341 M
$326/ sqg ft $350/ sqg ft $370/ sqg ft

PBE-1 $140 M $174 M $329 M

PBE-2 $143 M $174 M $333 M

Davis Langdon

Structural system selection has significant impact on
construction cost (13%)

Design basis has relatively little impact on construction cost



Conceptual damage calculation
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Conceptual repair guantities
calculation

Performance Group i

Damage State

Quantities

Yo Y1 Yo Y3
concrete 0] 0] 0] 0
steel 0 0 0 0
wallboard 0] 0] 100 10,000
paint 0] 100 1000 10,000
electrical 0] 0] 0] 0]




Conceptual repair cost
calculation

Hazard level

~

Total Cost Annual

frequency of
exceedance



Summary repair costs
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Building Performance Model
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Building Performance Models

= Structural = Nonstructural
= Shear walls = Curtain walls
= Shear cracking = Interior partitions
= Flexural damage . Ceilings
= Link beams = Elevators
= Gravity columns . Contents

= Moment joints

= Buckling restrained
braces



Loss Results

Probability of repair cost not exceeding indicated value

Building 1AM (initial buil

ding cost = 140 million US dollars)

——— SLE25

= SLEA43 [

10 15 20 25
Repair cost (% of initial building cost)
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Building 2AM (initial building cost = 149 million US dollars)

[u

5 Y ar—rr
Summary Results Lo——K //’ =
/ =1
[ //
II / /
= Probable Maximum Loss — =~/ /tf
500 year J_l/l
__
Code Design 14% 13% 3%
PBE-1 15% 9% 3%
PBE-2 12% 9% 3%

Note — BRBs does not include effect of residual drift



Summary Results ¥ (Lossewi (P(GM,))

= Average Annual Loss
= Annual Insurance Premium

| Corewall | DualSystem |  BRBF

Code $326,000 $323,000 $206,000
PBE-1 $336,000 $269.000 $157,000
PBE-2 $282,000 $269,000 $141,000



Summary Results

= Cost-Benefit Analysis
= Initial Construction Cost
= Net Present Value of Insurance Premium
(50 years)
= Time value of money — 5%
= Normalized to code-based building cost

| cCorewall | Dual — _

Code
PBE-1 1.0 1.1 1.0

PBE-2 1.0 1.1 1.0



PEER Tall
Buildings
Initiative




	Slide Number 1
	TBI Partners
	TBI thanks
	TBI Guidelines Chapters
	1. Introduction 
	2. Seismic performance objectives�after SEAOC Vision 2000
	5. Ground motion selection and scaling
	Service Level Analysis
	Load Combinations & Acceptance�
	Maximum Considered�Level Analysis
	Transient and residual drift
	Non-ductile actions
	TBI Guidelines Chapters
	Slide Number 14
	Building Design and Modeling
	Building 1 – Core only
	Building 2 – Dual system
	Building 3 - Buckling Restrained Braced Frame
	Collapse Definition
	Disaggregation of Seismic Hazard
	Response Spectra
	Example results
	Base Building Costs
	Conceptual damage calculation
	Conceptual repair quantities calculation
	Conceptual repair cost calculation
	Summary repair costs
	Building Performance Model
	Building Performance Models
	Loss Results
	Loss Results
	Summary Results
	Summary Results
	Summary Results
	PEER Tall Buildings Initiative

