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2. Seismic performance objectives 
after SEAOC Vision 2000 

Stability 
check 

Serviceability 
check 



5. Ground motion selection and scaling 
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• 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 
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 Cn = nominal capacity (per code) 
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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 

 φ = 1 for inconsequential failures 
 φ = per code otherwise 
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1.5Km, Puente Hills 

7.3Km, Hollywood 

8.8Km,  Raymond 

11.5Km, Santa Monica 

24.5Km, Elsinore 

40.0Km, Sierra Madre 

56Km, San Andreas 

Sierra Madre 
(Cucamonga) 



Building Design and Modeling 

42-story reinforced 

concrete core wall 

42-story reinforced 

concrete dual system 

40-story steel buckling-
restrained braced  frame 

Three Building Systems 



Building 1 – 
Core only 

Design B 

Design C 

Design A 



Building 2 – Dual system 

Design A Design B/C 

36” x 36” 

36” x 36” 

42” x 42” 

30th 

10th 

46” x 46” 



Bldg. 3A Bldg. 3B Bldg. 3C 

Building 3 - Buckling Restrained 
Braced Frame 

T1NS = 5.3sec T1NS = 6.5 sec T1NS= 5.7 sec 



Collapse Definition 



Disaggregation of Seismic Hazard 

T=5.0 Sec. 
RP = 2475 Years 
(R,M,ε) = 5.1, 6.6,1.6 
(R,M,ε) = 60., 8.0,2.0 



Response Spectra 
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Example results 



Base Building Costs 

Core Wall 
683,000 sq ft 

Dual System 
683,000 sq ft 

BRB 
959,000 sq ft 

 

Code Design $140  M 
$326/ sq ft 

$149 M 
$350/ sq ft 

$341 M 
$370/ sq ft 

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

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

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

 Design basis has relatively little impact on construction cost 

Davis Langdon 



Conceptual damage calculation 

EDP 
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Conceptual repair quantities 
calculation 

Performance Group i 

Quantities 
y0 y1 y2 y3 

Damage State 

concrete 0 0 0 0 

wallboard 0 0 100 10,000 

paint 100 1000 0 10,000 

steel 0 0 0 0 

electrical 0 0 0 0 

… 



Conceptual repair cost 
calculation 

Total Cost 

Hazard level 

50/50 

10/50 

5/50 

Annual 
frequency of 
exceedance 



Summary repair costs 
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Building Performance Model 
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Building Performance Models 

 Structural 
 Shear walls 

 Shear cracking 
 Flexural damage 

 Link beams 
 Gravity columns 
 Moment joints 
 Buckling restrained 

braces 

 Nonstructural 
 Curtain walls 
 Interior partitions 
 Ceilings 
 Elevators 
 Contents 



Loss Results 
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Loss Results 
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Summary Results 

 Probable Maximum Loss – 
500 year 

Core Wall Dual System BRB 

Code Design 14% 13% 3% 

PBE-1 15% 9% 3% 

PBE-2 12% 9% 3% 

Note – BRBs does not include effect of residual drift 
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Summary Results 

 Average Annual Loss 
 Annual Insurance Premium 

Core Wall Dual System BRBF 

Code $326,000 $323,000 $206,000 

PBE-1 $336,000 $269.000 $157,000 

PBE-2 $282,000 $269,000 $141,000 
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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 

 Core Wall Dual System BRB 

Code 1.0 1.0 1.0 

PBE-1 1.0 1.1 1.0 

PBE-2 1.0 1.1 1.0 



PEER Tall 
Buildings 
Initiative 
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