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Caroline Klatman 
cjk5258@psu.edu 
 
October 17, 2014 
 
Dr. Thomas Boothby 
The Pennsylvania State University 
209 Engineering Unit A 
University Park, PA 16802 
 
Dear Dr. Boothby:  
 
Enclosed is Technical Report 3, a technical report analyzing the existing gravity system of 181 Fremont as 
well as three alternative gravity systems.  This report evaluates the performance of the existing system 
by assessing the framing under design loads.  It also illustrates the alternative framing options and the 
corresponding strength and deflection calculations.  
 
Included in this report is an abstract describing primary building systems, a list of building codes and 
specifications used, and calculations determining the performance of the existing and three alternative 
systems: concrete framing, post-tensioned slabs, and composite beams with lightweight concrete deck.  
 
Thank you for taking the time to review this report.   
 
Sincerely,  
 
Caroline Klatman 
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Executive Summary 
 
181 Fremont is a 54 story high-rise in the South of Market neighborhood in San Francisco, California.  Its 
construction is a part of the San Francisco Transit Center District Plan – a redevelopment plan that 
allows for greater building heights within that area of the city.  As such, the building rises to 700 feet, 
the maximum height allowed per the limitations on the site.   
 
In response to the high seismic loading brought about by the site location, the structure expresses a 
unique and complicated design solution.  A mega-frame system, expressed on the exterior of the 
building, acts as the primary lateral system of the structure into which all other lateral forces are carried.  
 
 Buckling restrained brace frames in the interior of upper stories of the structure and moment frames at 
the lower story exteriors supplement the mega-frame in providing lateral-force-resistance.  Other 
contributors to the lateral system include collectors at each floor and viscous dampers in the exterior 
braces of the structure.  
 
Because the mega-frame system is not defined in ASEC 7-05, an in depth seismic analysis was completed 
that conforms to the San Francisco Department of Building Inspection Administrative Bulletin on the 
Seismic Design & Review of Tall Buildings Using Non-Prescriptive Procedures (SF AB-083, 2010) and the 
PEER Guidelines for Performance-based Seismic Design of Tall Buildings (PEER TBI, 2010).   
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Building Location and Site Plan 

Building Location 
 

  

Site Plan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

South of Market District 
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Documents Used in Preparation of This Report 
 
2010 California Building Code 

 ASCE 7-05 
 
2010 San Francisco Building Code  
 
Other Documents 

 AISC Manual of Steel Construction 

 ACI 318-11 

 RS Means Online 
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Gravity Load Calculations 
 
 
 
 
 
 

Typical Roof Bay Cross Section 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



Caroline Klatman | Structural Option TECH REPORT 3 

 

181 Fremont   9 

 

 
 

 

 



Caroline Klatman | Structural Option TECH REPORT 3 

 

181 Fremont   10 

 

 

 

 

 

 

 

 

 

 

 

 

Typical Floor Cross Section, Deck Parallel to Beam 
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Typical Exterior Wall Detail Cross-Section 

 
  

INSULATED GLAZING UNIT 
W/ SHADOW BOX 
ASSEMBLY: AIR GAP, 
METAL PANEL, RIGID 
INSULATION, AND 
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Existing System 
 

Typical Floor Plan 
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Typical Bay 

 

 
 

 

 

Bay Information:  

 5 ¼” slab on deck 

o Lightweight concrete  

o 2”, 18 gage metal deck 

o #5 bars @ 12” slab reinforcing 

o f’c = 4000 psi 

o Deck spans = 9’-4 ½”  

 Superimposed dead load = 60 psf (as designed) 

 Live load = 65 psf (as designed) 

 Curtain wall = (13 psf)*(12.5’ tributary height) = 163 plf along the W24x76 

o Value designed for = 175 plf 

  

28’ – 6” 
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Framing Checks 
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Alternative System 1: Concrete Framing 
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Alternative System 2: Post-Tensioned Slab 
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Alternate System 3: Lightweight Composite Framing  
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Systems Comparison 
 

Cost 

 

At $21.07 per square foot, the cheapest system to build in San Francisco is a concrete slab on beams.  

Adding in $3 per square foot for formwork brings the approximate cost of alternative system 1 to 

$24.07.    

 

Post-tensioned slabs requires dimensional lumber rather than traditional plywood form to prevent 

distortion during stressing of the tendons.   This adds extra cost to the post-tensioning system, as does 

the extra labor in the post-tensioning process.  An equivalent flat slab system would cost about $20 per 

square foot.  Adding in an extra $4 for forms and $1 for labor puts the equivalent cost at $25 at least.  

 

On average, composite construction is $26.21/sf for the bay size being considered in the third 

alternative system.  This closely compares to the predicted average cost of the existing system as 

described in the next comparison.  Because fire rating controls, the same deck type is used as in the 

existing system, so no savings are found there.  The amount of steel material needed, however, is more 

than 40lbs less per beam member than a non-composite version of the same system would be (see 

bottom of page 29).  This system is therefore still more practical to use compositely.   

 

Wide flange framing has an average cost of $19.12 per square foot in San Francisco for the bay size 

required in the existing framing.  Adding in the $8.14 per square foot deck on top of that brings the cost 

to $27.26.  This in turn makes the existing framing the more expensive option from solely a materials 

standpoint.   

 

Impact on Lateral System 

 

Although concrete framing is the cheapest on average, its effect on 181 Fremont specifically needs to be 

considered.  Considering the significantly greater weight of concrete framing rather than steel framing, 

the seismic forces of the building are going to be greater.  In turn, more money would need to be spent 

on a lateral system.   

 

Post-tensioned slabs reduce the slab depth and eliminate the need for concrete beams to span between 

members.  Consequently, a lot of benefit is seen in the reduction of the building’s weight.  Post-

tensioned slabs also experience greater amounts of story drift than traditional concrete however, and 

extra care and cost has to be spent in the detailing of slip connections to prevent cracking.  

 

Alternative 3, the use of composite slabs, causes the slab on deck to be affected by the lateral system 

and loading.  Whereas a non-composite deck would have little to no interaction with the lateral system, 

a composite deck may be affected by lateral loading and thus the design would require that to be 

considered.     
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Fireproofing and Compatibility With Other Disciplines 

 

Because of the imposed 700’ height limit on the project, limiting the depth of the gravity system at each 

floor is an important factor to consider.  Being able to fit more floors within the same height due to a 

shallower gravity system generates more square footage and rental income for the building owner.   

 

A major benefit of the concrete systems is the inherent fireproofing.  Steel framing require a 3 hour fire 

proofing for this project, which adds additional material cost to the already more expensive material 

framing.   

 

The small depth of the post-tensioned slabs are a great bonus for interdisciplinary compatibility, as they 

open up a lot of the overhead space of each level.  Composite Steel Framing is the next best with the 5 ¼ 

inch depth slab on beams, as the composite beams allow for a much shallower depth than the existing 

framing does.  

 

The large mass and depth of traditional concrete slab on beams is the least ideal as far as integration is 

concerned.  Deeper beams are required, and as a result there would be much more difficulty in fitting 

MEP systems into the overhead space.   

 

Constructibility, Labor, and Time 

 

Concrete slab on beams for this project have the added benefit of less detail work in connections.  Steel 

seismic connections are a constructability issue with the high-rise building and putting laborers at risk.  

Concrete, however, requires 3 days strength before workers can stand on a floor and continue work.  In 

turn, this extends the schedule and adds time to the overall construction.  The need to shore each level 

also much be considered.  

 

The composite system was designed so no shoring would be required, giving it the advantage compared 

to concrete in that respect.  Both the existing and the alternative steel systems provide quicker erection, 

but more expense in connection detailing.  

 

Post-tensioned slab over 54 stories of a building require extra detail and attention to the connections 

with supporting columns and members.  The span length and pours as well would be affected by the 

design, which may pose challenges in the building layout and scheduling of construction.  In addition, 

the learning curve for the laborers is greater, extending the time of the project.  The number of floors of 

the building, however, allow for economy in repetition.  
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Appendix A: Existing System Risa 2D Output 
 

W21x62 Reduced Live Load Risa 2D Diagram 

 

 

 
 

 

W21x62 Reduced Live Load Risa 2D Deflection Output 

 

 
 

 

 

 

W = -0.305 klf 

P = -18.5k P = -18.5k 



Caroline Klatman | Structural Option TECH REPORT 3 

 

181 Fremont   34 

 

W24x76 Total Load Risa 2D Diagram 

 

 

 
 

 

 

W24x76 Total Load Risa 2D Deflection Output 
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Appendix B: Alternative 1 spBeam Output 
 

Transverse Beams Input Diagram 

 

 
 

Transverse Beam Reinforcing  

 

 
 

Transverse Beam Strength 

 

 

 
 

Transverse Beam Instantaneous Deflection 
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Transverse Beam Long-term Deflections 

 

 

 
 

 

Longitudinal Beam Input Diagram 

 
 

 

Longitudinal Beam Reinforcing 
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Longitudinal Beam Strength 
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Appendix C: Alternative 2 ADAPT Output 
 

Design Moment 

 

 
 

Provided Additional Rebar 
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Punching Shear 

(Assuming 14”x14” columns) 

 

 
 

Deflection 

 

  



Caroline Klatman | Structural Option TECH REPORT 3 

 

181 Fremont   40 

 

Appendix D: Alternative 3 Risa 2D Output 
 

Cantilever Beam Input 

 

 
 

Cantilever Beam Deflection 

 

 
 

Girder Input 

 
 

 

Girder Deflection 

 


