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1979-1994 

1979 Imperial Valley 

1984 Morgan Hill 

1983 Coalinga 

1986 North Palm Springs 
Whittier-Narrows 1987 

1989 Loma Prieta 

1992 Big Bear 
1992 Landers 

1987 Superstition Hills 

1994 Northridge 

1992 Cape Mendocino 

Earthquakes ≥ M5.8 



Performance-based guidance 
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Performance objectives 
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(b)	  Structural	  analysis	  
model	  

Performance objectives 

(a)	  Ground	  mo5ons	   (c)	  Structural	  responses	   (d)	  Performance	  



Trial designs 

42-story reinforced 

concrete core wall 

42-story reinforced 

concrete dual system 
40-story steel buckling-
restrained braced  frame 

Three Building Systems 



Building designs 

Building 1A 
(Code design) 

Building 1B 
(PBEE design) 

Building 1C 
(PBEE+ design) 

Ø  VX = 4581 kips 
Ø  VY = 4581 kips  

Ø  VX = 5013 kips 
Ø  VY = 6018 kips  

Ø  VX = 6686 kips 
Ø  VY = 8151 kips  

Ø  B4 – L24: 24” 
Ø  L25 – Roof: 21” 

Ø  B4 – L13: 28” (N-S) 
                   32” (E-W) 
Ø  L14 – L31: 24” 
Ø  L32 – Roof: 21” 

Ø  B4 – L13: 32” (N-S) 
                   36” (E-W) 
Ø  L14 – L31: 24” 
Ø  L32 – Roof: 21” 



Building designs 



Base Building Costs 

Davis Langdon 

Core Wall Dual System BRBF 

Code $140 M 
($326/sq ft) 

$149 M 
($350/sq ft) 

$341 M 
($370/sq ft) 

TBI Guidelines $143 M $174 M $333 M 
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Performance study 
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Performance study 

n  Average Annual Loss  
(= Annual Insurance Premium?)  
n  Annual Insurance Premium Core Wall Dual System BRBF 

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

TBI Guidelines $282,000 $269,000 $141,000 



Performance study 

n  Average Annual Loss  
(= Annual Insurance Premium?)  
n  Annual Insurance Premium 

n  Total Cost = Construction cost + Net 
present value of insurance premiums 

Core Wall Dual System BRBF 

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

TBI Guidelines $282,000 $269,000 $141,000 

Core Wall Dual System BRBF 

Code $149M $157M $346M 

TBI Guidelines $150M $180M $337M 





 
This code …“is dedicated to 
the development of better 
building construction and 
greater safety to the public, 
through the elimination of 
needless red tape, favoritism 
and local politics by uniformity 
in building laws;  
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This code …“is dedicated to 
the development of better 
building construction and 
greater safety to the public, 
through the elimination of 
needless red tape, favoritism 
and local politics by uniformity 
in building laws; to the 
granting of full justice to all 
building materials on the fair 
basis of the true merits of 
each material; and to the 
development of a sound 
economic basis for the future 
growth of cities through 
unbiased and equitable 
dealing with structural design 
and fire hazards.”   …1946 
UBC 


