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Design Team and Location 

Architect:  Hammel. Green and Abrahamson 

Structural:    Hammel, Green and Abrahamson 

Construction: The Boldt Company 

Civil:   McMahon Associates 

Mechanical: Tweet/Garot Mechanical 

Electrical:  Excellence Electric 

Fire Protection: J.F. Aherns Co. 
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# of Stories:  8 plus a penthouse 

Total Height:  127’-3” total height 

Total Area:   152, 330 sq. ft. 

Project Delivery:  June 2008 – January 2011 

Total Cost:   $59,100,000 



Gravity System and Foundation 
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Steel Rigid Frame 

 

Composite Beam and Deck Design 

 

Mat Foundation 

 

Exterior bays typically 30’ long 
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Concentrically 

Braced Frames 

 

8 Total Frames 

4 in the X-direction 

1 in the Y-direciton 

3 at 60o 
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• Move the addition to an area in San Francisco, 

CA 

• Modify the existing structure for change in 

location 

• Use base isolation to reduce loads 

• Compare displacements and drifts of a modified 

structure and the existing structure 

Architecture Breadth 

• Find a way to cover up the moat 

• Do case studies on surrounding buildings 

• Use Sketch-up to show changes in façade 

 

Construction Breadth 

• Do a cost and schedule analysis 

• Check feasibility of base isolation 

Goals 

 

• Prove there is a significant change in base shear 

• Control drifts 

• Model the building to displace between the min. 

and max design displacements  
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San Francisco, CA 

 

Sds :   1.000g 

Sd1 :   0.553g 

SDC :  D 
 

 

Appleton, WI 

 

Sds :   0.045g 

Sd1 :  0.040g 

SDC :  A 

 
 



Change in Column/Bracing Size Z 

X 
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Frame 13 Frame 12 Frame 5 Frame 2 Frame J Frame XA Frame XC 
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History of Base Isolation 

From University of Buffalo 

From: National Earthquake Hazards  

  Reduction Program (NEHRP) 

 

• 200 buildings 

• Use of damping elements to reduce lateral 

forces 

• Control inter-story drifts 

• 3 components to base isolated building 
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Design of Base Isolation 

𝐾𝐷𝑚𝑎𝑥 = (1 + 𝑘)
𝐾𝐷𝑚𝑖𝑛

(1 − 𝑘)
 

 

𝐾𝑀𝑚𝑎𝑥 = (1 + 𝑘)
𝐾𝑀𝑚𝑖𝑛

(1 − 𝑘)
 

𝑉𝑏 =  𝐾𝐷𝑚𝑎𝑥𝐷𝐷 

 

𝑉𝑠 =  
𝐾𝐷𝑚𝑎𝑥𝐷𝐷

𝑅𝐼
 

Where, 

SD1  and SM1 = spectral coefficients 

BD and BM = damping coefficients 

TD and TM = isolated periods 

g = gravitation acceleration (in/s2) 

W = weight of the building 

KDmin and KMmin = minimum eff. 

horizontal stiffness 

k = ±% variation 

Vb = minimum lateral seismic  force on 

elements below the superstructure 

Vs = minimum shear force on 

superstructure as if it were fixed 

𝐷𝐷 =
𝑔

4𝜋2

𝑆𝐷1𝑇𝐷

𝐵𝐷
 

 

𝐷𝑀 =
𝑔

4𝜋2

𝑆𝑀1𝑇𝑀

𝐵𝑀
 

𝑇𝐷 = 2𝜋
𝑊

𝐾𝐷 𝑚𝑖𝑛𝑔
 

 

𝑇𝑀 = 2𝜋
𝑊

𝐾𝑀 𝑚𝑖𝑛𝑔
 

DD =  18.61 in 

DM =  32.86 in 

Assuming 

Tfixed  =  1.09 s 

Then, 

TD =  4.64 s 

TM =  5.46 s 

KDmin =  81 k/in 

Vb =  1845 kips 

Vs =  1640 kips 
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Design of Base Isolation 

-67.92% 



Introduction 

Existing Structural System 

Proposal 

Structural Depth 

 Modified Braced Frames 

 Base Isolation 

Architectural Breadth 

Conclusion 

Time History Analysis 

Video removed to reduce to smaller 

file 
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Displacements and Drifts Z 

X 

Y 

1 18.148 18.137 0.06% 0.00 0.00

2 18.702 18.669 0.18% 1.20 1.15 4.05%

3 19.240 19.181 0.30% 1.16 1.11 4.63%

4 19.740 19.667 0.37% 1.08 1.05 2.92%

5 20.394 20.310 0.42% 1.42 1.39 1.78%

6 20.987 20.893 0.45% 1.28 1.26 1.58%

7 21.542 21.457 0.39% 1.20 1.22 -1.64%

8 22.218 22.185 0.15% 1.47 1.58 -7.60%

9 22.718 22.718 0.00% 1.08 1.16 -6.69%

Comparison of Structures - Loma Prieta Y-direction (all values in inches)

Le
ve

l

Brace J

Max Displacement
% 

Change

Max Drift
% 

Change
Existing 

Structure

Modified 

Structure

Existing 

Structure

Modified 

Structure

Frame J 

6 20.987 20.893 0.45%
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Displacements and Drifts Z 

X 

Y 

1 19.2 19.2 -0.09% 0.00 0.00

2 19.8 19.8 0.13% 1.31 1.22 6.92%

3 20.3 20.3 0.28% 1.16 1.09 6.00%

4 20.8 20.7 0.35% 1.02 0.99 3.18%

5 21.5 21.4 0.35% 1.44 1.44 0.59%

6 22.1 22.0 0.34% 1.38 1.39 -0.20%

7 22.7 22.7 0.32% 1.31 1.32 -0.31%

8 23.4 23.3 0.09% 1.38 1.49 -8.31%

9 23.8 23.8 -0.06% 0.98 1.06 -7.49%

Modified 

Structure

% 

Change

% 

Change

Comparison of Structures - Loma Prieta X-direction (all values in inches)

Le
ve

l Max Displacement Max Drift

Existing 

Structure

Modified 

Structure

Brace 13

Existing 

Structure

Frame 13 

1.38 1.49 -8.31%
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Displacements and Drifts 

1 18.15 0.00 0.00

2 18.70 1.20 1.47

3 19.24 1.16 1.61

4 19.74 1.08 1.39

5 20.39 1.42 1.68

6 20.99 1.28 1.68

7 21.54 1.20 1.68

8 22.22 1.47 1.68

9 22.72 1.08 1.68

δ = S9 - S1 4.57

Level
Max Displace. 

(in)

Max Drift 

(in)

Allow. 

Drift (in)

Brace J Displacements and Drifts

Δmax = 0.010hsx

1 18.14 0.00 0.00

2 18.67 1.15 1.47

3 19.18 1.11 1.61

4 19.67 1.05 1.39

5 20.31 1.39 1.68

6 20.89 1.26 1.68

7 21.46 1.22 1.68

8 22.18 1.58 1.68

9 22.72 1.16 1.68

δ = S9 - S1 4.58

Max Displace. 

(in)

Max Drift 

(in)

Allow. 

Drift (in)

Brace J Displacements and Drifts

Level

Δmax = 0.010hsx

1 0 0

2 12.25 1.47

3 25.65 1.61

4 37.25 1.39

5 51.25 1.68

6 65.25 1.68

7 79.25 1.68

8 93.25 1.68

9 107.25 1.68

10 127.25 2.40

Level Height (ft)
Allow. 

Drift (in)

Allowable Drifts

BASE ISOLATION WITH MODIFIED STRUCTUREBASE ISOLATION WITH EXISTING STRUCTURE

Frame J Frame J 



Moat Cover-up 
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Shrubs 

Retaining 

Wall 

Moat 

Disposable 

Grate 



Case Studies 

Student Services Hensill Hall 

Administration 

Building 

Humanities 
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Changes in Façade 
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Summary Conclusion 
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• Prove there is a significant change in              

base shear? 

 

• Control drifts 

 

• Model the building to displace between            

the min. and max design displacements  
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