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Eastern span replacement of the San Francisco–Oakland Bay Bridge



Loma Prieta, 1989 Replacement Completed, 2013



Design Earthquake PGA for Replacement Bridge :
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Institutional building near Erzurum  where an 

M7+ earthquake had occurred  in 1859, virtually 

destroying the city. The region is highly seismic.
8
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column?
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Seed et al. (1976)



Seed et al. (1976)



UBC(1994)



SMS = FaSS and       SMl = FvSl

SDS = 0.67 SMS and SDl = 0.67 SMl (ASCE7)

SDS = SMS and SDl = SMl (TBDY-2019)



Site Class

Mapped Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response 

Acceleration Parameter at Short Period

Ss ≤ 0.25 Ss = 0.5 Ss = 0.75 Ss = 1.0 Ss = 1.25 Ss = 1.5

A 0.8 0.8 0.8 0.8 0.8 0.8

B 0.9 0.9 0.9 0.9 0.9 0.9

C 1.3 1.3 1.2 1.2 1.2 1.2

D 1.6 1.4 1.2 1.1 1.0 1.0

E 2.4 1.7 1.3 * (1.1) * (0.9) * (0.8)

F * * * * * *

List of Ss Values



Site Class

Mapped Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response 

Acceleration Parameter at Long Period

Sl ≤ 0.1 Sl = 0.2 Sl = 0.3 Sl = 0.4 Sl = 0.5 Sl = 0.6

A 0.8 0.8 0.8 0.8 0.8 0.8

B 0.8 0.8 0.8 0.8 0.8 0.8

C 1.5 1.5 1.5 1.5 1.5 1.4

D 2.4 2.2 2.0 1.9 1.8 1.7

E 4.2 * (3.3) * (2.8) * (2.4) * (2.2) * (2.0)

F * * * * * *

List of Sl Values



1975



1998



2019



lnY = b1 + b2 (M - 6) + b3 (M - 6)² + b5 ln r + bV ln (VS / VA)         

r = (rcl² + h²)1/2                  







Peak Acceleration at Stations



Soil Classification at Stations



Just How Prescient Are These?







The universal, perpetually 

correct slide--may be used in 

any lecture for any occasion. 

It defies being projected 

incorrectly.



Range of Possible Combinations Including the Error Term-Kuşadası Station

(Mean-σ) SDS & (Mean-σ) SD1
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Range of Possible Combinations Including the Error Term-Kuşadası Station

(Mean-σ) SDS & Mean SD1
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Range of Possible Combinations Including the Error Term-Kuşadası Station

(Mean-σ) SDS & (Mean+σ) SD1
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Range of Possible Combinations Including the Error Term-Kuşadası Station

Mean SDS & (Mean-σ) SD1
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Range of Possible Combinations Including the Error Term-Kuşadası Station

Mean SDS & Mean SD1
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Range of Possible Combinations Including the Error Term-Kuşadası Station
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Range of Possible Combinations Including the Error Term-Kuşadası Station

(Mean+σ) SDS & (Mean-σ) SD1
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Range of Possible Combinations Including the Error Term-Kuşadası Station
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Range of Possible Combinations Including the Error Term-Kuşadası Station
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Range of Possible Combinations Including the Error Term-Kuşadası Station

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4

Sa
e 

(T
)

T (s)

Mean SDS & Mean SD1

Mean SDS & (Mean+σ) SD1

Mean SDS & (Mean-σ) SD1

(Mean+σ) SDS & Mean SD1

(Mean+σ) SDS & (Mean+σ) SD1

(Mean+σ) SDS & (Mean-σ) SD1

(Mean-σ) SDS & Mean SD1

(Mean-σ) SDS & (Mean+σ) SD1

(Mean-σ) SDS & (Mean-σ) SD1



Range of Possible Combinations Including the Error Term-Seferihisar Station

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4

S
a

e
 (

T
)

T (s)

(Mean-σ) SDS & (Mean-σ) SD1



Range of Possible Combinations Including the Error Term-Seferihisar Station
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Range of Possible Combinations Including the Error Term-Seferihisar Station
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Range of Possible Combinations Including the Error Term-Seferihisar Station
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Range of Possible Combinations Including the Error Term-Seferihisar Station
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Range of Possible Combinations Including the Error Term-Seferihisar Station

Mean SDS & (Mean+σ) SD1
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Range of Possible Combinations Including the Error Term-Seferihisar Station
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Range of Possible Combinations Including the Error Term-Seferihisar Station
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Range of Possible Combinations Including the Error Term-Seferihisar Station
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Range of Possible Combinations Including the Error Term-Seferihisar Station
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Last Words:

A smooth statement: If we do something we have not done before, we’d better check. Imitation may 

be the sincerest form of compliment, provided it suits you.
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