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Executive Summary 
 
The following report is an in-depth summary and preliminary analysis of the 
structural system for Eight Tower Bridge, a 16-story steel high-rise office building 
located in Conshohocken, Pennsylvania.  Completed in April of 2002, Eight Tower 
Bridge sits on the shore of the Schuylkill River, next to the Fayette Street Bridge, 
leading to both interstates I-476 and I-76.  This prime location for a multi-tenant 
office building is less than 15 minutes outside of Centre City Philadelphia.  The 
building was designed by the high profile architecture firm of Skidmore, Owings and 
Merrill, who have been responsible for such structures as the Sears Tower in Chicago, 
and are currently designing the new Freedom Tower in New York City.  Eight Tower 
Bridge is the most recent office building to be constructed in the Conshohocken area 
by the real estate development company Oliver Tyrone Pulver Corporation.  The 
company has built nearly $400 million worth of new office, commercial and retail 
space in the area over the past 10 years, adding nearly 1.2 million square feet of 
rentable space.  The 315,000 square foot Eight Tower Bridge was the largest single 
function structure of the Tower Bridge buildings to be constructed, falling second in 
overall size to the mixed-use One Tower Bridge.   
 
The scope of this report is limited to construction documents issued for construction 
on March 25th, 2001 and in some cases, revision bulletins one through seven.  This 
report is intended to provide an overview of the existing structural system of the 
building, including information relative to design concepts and required loadings, as 
well as design assumptions.  This report includes a summary of the building’s 
structural components including the general floor framing, structural slabs, lateral 
load resisting system, foundation system, and bracing system.  Spot checks have been 
completed for a typical floor beam, column and lateral braced frame.  Additionally, 
both wind and seismic load analysis have been conducted on the structure to further 
analyze the effectiveness of the lateral reinforcing system.  Copies of these calculations 
can be found in Appendices A and C, while sections, plan drawings and framing 
details can be found in Appendix B and within the body of this report.  All loads for 
analysis have been developed through use of ASCE7-98, BOCA National Building 
Code and through use of construction documents.   
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Code and Code Requirements 
 
Both the gravity and lateral structural systems of Eight Tower Bridge were designed 
in accordance with requirements set forth by the BOCA National Building Code, 1996 
edition.  Structural steel members were designed using AISC “Load and Resistance 
Factor Design Specification for Structural Steel.”   For the development of lateral 
load analysis for this report, load development procedures were taken from ASCE7-
98, chapters 6 and 9.  Material properties have been specified within the construction 
documents and adhere to ASTM and AISC standards for steel, and with ACI 318 
standards for concrete construction.  
 
Gravity and Lateral Loads 
 
As mentioned in “Code and Code Requirements” above, the gravity and lateral loads 
for this report were developed using methods and standards set forth by ASCE7-98.  
Additional loading cases and requirements were obtained from the structural 
documents.  A combination of loads from both sources provided the necessary 
loadings for the structural system design.  The following loads were obtained from 
ASCE7-98 and are the primary loads used within the scope of this report:   
 
Live Loads (psf): 

• Typical Offices: 50  
• Partitions: 15 
• Lobbies/Corridors (1st floor): 100 
• Lobbies/Corridors (above 1st floor): 80  
• Stairs: 100  
• Roof: 20  
• Mechanical Rooms: 125  

Dead Loads (psf): 
• Superimposed Dead Load: 20 
• Ceiling, Mechanical, Electrical and Plumbing: 5 
• Carpet/Misc: 5 
• External wall load: 150 

 
Additional load cases have been specified in the structural documents, but are not 
used within the scope of this report.  They are as follows: 

  
Terrace at Level 15      
        -Superimposed Dead Load: 75  
        -Live Load: 50  

 
Roof/Mechanical Penthouse Level- 
• Roof 

-Live Load: 30 
-Superimposed Dead Load: 12  
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• Mechanical Rooms 

-Live Load: 300 
-CMEP Dead Load: 8  

Elevator Machine Room   Figure 1.1- Shows the load distribution over 
-Live Load: 150   the penthouse level of the structure.   
-Dead Load: 8    

• Cooling Tower     
-Live Load: 150  
-Dead Load: 62 
-CMEP Dead Load: 8  

• Roof Drift Snow 
-Dead Load: 62 
-Superimposed Dead Load: 12  
 
 

 
 
 
 
 
 
The additional loadings listed above under apply strictly to the areas specified.  Areas 
to which to loads apply are hatched on the penthouse plan layout in figure 1.1 above. 
 
Lateral Loads: 
 
Wind and seismic lateral loads for the structure were derived from the methods set 
forth in ASCE7-02, chapters 6 and 9.  A copy of ASCE7-98 was not obtained.  A table 
summarizing the results of the both wind and seismic analysis in the E-W direction 
can be found below.  For a complete table of all factors, assumptions and derivations, 
as well as the results of N-S seismic analysis, please refer to Appendix A. 

Table 1.1- Results of a wind load analysis 
 

- Roof Load 
 

-Mechanical Load 
 

-Elevator Room Load 
 

-Cooling Towers 
 

-Snow Drift 
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(Not to Scale) 

    
Figure 1.2-Vertical profile of wind loads    Figure 1.3- Wind loads resolved to floors (E-W)                  
 

(Not to Scale) 

 
Figure 1.4- Wind force on E-W side of structure 
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Discussion of Wind Analysis 
 
As mentioned above, the wind analysis of Eight Tower Bridge was conducted in 
accordance with the provisions set forth in ASCE7-02, Method 2.  Several 
assumptions and interpolations were made during the wind analysis.  To obtain the 
topographic factor (Kzt) and exposure category, the area surrounding the structure 
was assumed to be flat.  Eight Tower Bridge was determined to be a use group of II 
(office building), and the lateral load resisting system was classified as “other 
structural system” in table 9.5.5.3.2. 
 
To resolve the total wind pressures to forces on the 16th floor and mechanical 
penthouse roof, half of the 16th story height and half of the mechanical penthouse 
height were multiplied by the corresponding reduction in area of the mechanical 
penthouse in both directions.  The penthouse roof forces were obtained by multiplying 
half the penthouse story height by its corresponding width, and multiplying by the 
directional wind pressure.  This procedure resulted in an adjusted and more accurate 
wind forces for these levels.  Figures 1.2 through 1.4 above further illustrate the 
results of the wind analysis. 
 
Seismic Loads (ASCE7-02) 

Table 1.3-E-W distributions of seismic forces               Figure 1.5-Seismic loads resolved to floors (E-W) 
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Discussion of Seismic Analysis 
 
The seismic analysis of Eight Tower Bridge also required several making several 
assumptions.  Due to the combination of both braced frames and moment resisting 
frames, a Ct and an x value of 0.02 and 0.75 respectively from table 9.5.5.3.2.  These 
values determine that the approximate period in both directions was sufficient to 
classify the building as a rigid structure. 
 
In order to simplify the seismic analysis, the structure was analyzed as a 16-story 
structure, with a height totaling only 193 feet and neglecting the 22 foot mechanical 
penthouse.  Instead, the mechanical penthouse was calculated as a dead load on the 
16th story of the building added to the total floor weight for that story.  The analysis 
was then conducted as normal.  Table 1.3 above displays the results of the seismic 
analysis.  Figure 1.5 illustrates the resolution of each of the seismic forces to each floor 
level.  A complete table of factors used during the seismic analysis, as well as the 
tabulation of building loads and weights can be found in Appendix A.  
 
  
Description of Structural System 
 
Eight Tower Bridge is a steel framed high-rise office tower.  The structural system of 
supports 16 stories stretching 192’ into the air.  The superstructure also supports a 
mechanical penthouse level that rises 22’ above the lower roof, topping the building 
out at 214’.  The mechanical penthouse protects two massive cooling towers, a fan 
room, and an elevator machine room that controls the six general access elevators.  
The structural framing of Eight Tower Bridge provides strong lateral support, as well 
as opening the floor plan of the building in order to maximize rentable space to nearly 
19,800 square feet per floor.  In addition to mechanical roof loads, gravity floor loads, 
and lateral forces, the perimeter of the building must support a façade of pre-cast 
concrete panels and glazed windows. 
  
Foundation 
 
The building foundation system of Eight Tower Bridge consists of reinforced normal 
weight concrete pile caps ranging from 36” to 54” in depth.  The pile caps range in 
dimension from approximately 7’x7’ to 11’x10’.  These pile caps are supported by four 
to eight 16” diameter auger–cast piles driven to an average bearing depth of thirteen 
feet below grade.  The piles are made of normal weight concrete with a compressive 
strength of 4,000psi, and have been designed to a capacity of 100 tons.    
 
The core of the building is supported by a 4’3” reinforced concrete mat foundation, 
supported by additional auger-cast piles.  The entire building is supported by a total 
of 328 piles.  Reinforced concrete grade beams connect all of the pile caps, as well as 
the interior core mat foundation. 
 
Slab at the lobby level consists of a 5” concrete slab-on-grade reinforced with one 
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layer of 4x4 welded wire fabric.  The slab sits over a loose granular fill, which sits over 
compacted sub-grade soil.  The inner core slab-on-grade is similar, but is cast 8” thick 
and has two layers of welded wire fabric as reinforcement.  The lobby level also 
functions as a parking garage, eliminating the space for HVAC equipment underneath 
the building, thus forcing placement on the roof.  The mechanical equipment loading 
creates an additional dead load on the structure, as well as adding to the complexity 
of wind and seismic calculations.   
 
Superstructure Frame 
 
Eight Tower Bridge is a steel framed structure.  The framing in this system is fairly 
straight forward in design.  The simple design has allowed for 13 of the 16 stories to be 
designed with a typical framing plan.  Beam sizes for this system are most commonly 
W 18x40 and typically spanning 44’4” and spaced at 9’4”.  Variations in this framing 
system occur at the extreme north and south end of the building, as well as in the 
buildings core due to mechanical system loads, and the insertion of six elevator towers 
through the height of the building.  Exterior girders have been sized to W21x44 with 
spans ranging from 28’ to 12’.  Interior girders are primarily sized as W18 shapes with 
weights ranging from 26 to 86 pounds per foot.  Interior beam-to-column and beam-
to-girder connections are typically simple shear connections.  Beam-to-column 
connections in the moment resisting frames are fully welded moment connections, or 
as an alternate, have bolted end-plate moment resisting connections.  All structural 
steel beams spanning over 35’ are designed with an upward camber and have been 
specified to ASTM A992 grade 50 steel.  Figure 1.6 below shows a typical floor 
framing plan. 
 

 
Figure 1.6- The typical framing plan found at levels 3 to 15 
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Lateral System 
 
The lateral system of Eight Tower Bridge is actually two separate concentric frame 
systems.  The inner framing structure is an 18-story core tower comprised of a 
combination of moment and braced frames.  The braced frames span 28’ along column 
lines D, E, F and G in the east-west dimension of the building.  Additional braced 
frames span 56’ along column lines 4.1 and 4.9 in the north-south direction between 
column lines D and F.  The braced frames can be seen in the typical framing plan in 
Figure 1.6 above.  The typical frame is made of W 14x90 through W 14x550 columns, 
W18x50 beam members, and braced diagonally with two 8 x 6 x ¾ welded angles of 
A36 Steel.  The core tower supports the elevator machine room, as well as the 
mechanical fan room. 
 
The outer frame is comprised of structural steel moment resisting frames located 
around the building perimeter.  All structural steel is specified as ASTM A992 grade.  
These moment connections have been designed with single shear plate slip-critical 
connections in order for the beam to resist lateral and gravity loads and develop the 
total designed beam end reaction.   
 
Structural Slab 
                                                                               Figure 1.7- Typical beam section and elevation 
Eight Tower Bridge employs the use of 
reinforced concrete slab poured over 
metal deck for the flooring system.  
The typical floor slab is 5-1/4” thick 
with 3-1/4” light-weight concrete 
poured over 2” non-cellular metal 
deck.  The system uses 6x6-
W1.4xW1.4 welded-wire mesh and 
shear studs spaced along the span of 
the beam to develop a full composite 
structural slab.  Designing the slab to 
act with full composite strength allows the W-shape floor beams to develop a larger 
moment capacity, thus capable of spanning longer distances.  The ability of a beam to 
span a longer distance results in further column spacing, allowing for flexibility in the 
floor plan which is a desirable trait in office building design.  The concrete slab 
described above is shown in Figure 1.7 and is used as primary flooring system in all 
office spaces. 
 
Special Design Cases and Concerns 
 
Additional slab systems were designed for the mechanical penthouse and mechanical 
fan room.  The mechanical fan room located on each level of Eight Tower Bridge 
requires and 8” thick normal weight concrete slab with 2” deep metal deck.  
Reinforcing for this slab is specified as #5 bars spaced at 12” for both top and bottom 
reinforcing.  The slab also acts in composite with W-shape floor beams, and also 
required shoring during construction. 
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A similar slab system was used for the mechanical penthouse.  Differences include the 
increase in slab depth to 9” total, and reinforcing of #4 bars spaced at 12”.  The 
thickened slab and increase in reinforcing is required to support the large cooling 
towers which are treated as live loads.  Additional thickened slabs at the penthouse 
level occur in the mechanical fan room and elevator machine room, where shoring was 
required during construction due to the increase in service loads. 
 
Eight Tower Bridge also incorporates a window washing system onto the roof of the 
structure.  Strategically placed davit pedestals comprised of 18”x1”x1’ plates with ½” 
vertical stiffener plates have been attached at various locations on the rooftop.  These 
davit pedestals will be used to lower window washing equipment along the side of the 
building, which will affect the loading on the structural members to which they are 
attached.  The exact location and effects of this system on the structure was 
coordinated with a special consultant.  
 
 
Structural Member Check 
 
Typical Beam Check 
 
A check of a floor beam found within a typical bay was conducted.  The beam was 
arbitrarily chosen from a typical bay on the sixth level in between column lines 4.9 
and 8, and G and F.  The loads previously listed in this report were used to develop 
the member loading.  These loads were factored using the equation 1.6L+1.2D.  Live 
load reductions were applied where necessary.  Although several different members 
could have been selected, a W18x40 beam was chosen in order to verify that the 
member does work for this framing system.  The member was also checked for 
defection and results indicate that each of these typical beams must be fabricated 
with an upward camber.  Detailed calculations can be found in Appendix C. 
 

 
Figure 1.8- A typical bay from the 6th floor. 
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Typical Column Check 
 
A column check was performed on level 6    Figure 1.9- Layout of column analyzed 
of the structure at column mark G-4.1.  
Columns of eight Tower Bridge are 
typically two stories high with an 
average height of 24’2”.  However, the 
maximum un-braced length is only 12’1” 
due to the flooring systems acting as 
column bracing.  A maximum live load 
reduction of 0.4 was used in development 
of column axial forces and moment.  The 
column being analyzed supports some of 
the large mechanical dead loads on the 
roof, resulting in a column size of 
W14x311.  This column is also part of 
the laterally braced frame that runs 
along column line G.  However, these two factors were not taken into account in the 
spot check, resulting in a much smaller W 14x 82 column being selected as the initial 
size.  Additionally, the area contributing to the column compression was not 
symmetrical.  The dimensions of the tributary area for the column check are shown 
above in figure 1.9.  Detailed calculations for the column check can be found in 
Appendix C.  
 
Lateral Bracing Check 
 
The lateral braced frame along column line F between column lines 4.1 and 4.9 was 
checked for ability to withstand the seismic and wind loads developed in the previous 
sections of this report.  The frame was analyzed at level 6, where it was found that a 
total combined wind and seismic shear force of 1319kips was acting on the story.  The 
frame being analyzed is just one of four like frames resisting shear and moment in the 
same direction.  A reasonable assumption was determined that a quarter of that story 
shear was being resisted by the two A36 steel 8x6x3/4 angle members welded back to 
back.  A detailed calculation is included in Appendix C.  The frame is shown below in 
Figure 1.10. 

   
 
 
 
 
 
 
 
 
 

Figure 1.10-Analyzed braced frame on level 6
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Appendix A 
 
Table A.1- Basic wind analysis factors and pressure distribution 
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Table A.2- Wind analysis results and force distribution, shear and moment 
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Table A.3- N-S Wind Gust Factor Effect         Table A.4- E-W Wind Gust Factor Effect 
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Table A.5- Seismic analysis factor calculations 
 

 
 
 
 
 
 
 
 
 
 
 
 



 15

Table A.6- Building Weight Calculations 
 

 
                   
                         (Not to Scale) 

          
 
 
 
 
 
 
 
 
 
 

Figure A.1- Shows the load distribution over 
the penthouse level of the structure.  This  
distribution was used to determine the weight 
of the roof for the seismic analysis.  

 

- Roof Load 
 
-Mechanical Load 
 
-Elevator Room Load 
 
-Cooling Towers 
 
-Snow Drift 
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Appendix B 
(Drawings not to scale) 

 

    
Figure B.1- East/West Section     Figure B.2- North/South Section 

 
               Figure B.3- Typical Framing Plan (Floors 3-15) 
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Figures B.4 and B.5- Typical Braced Frame elevations 
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Appendix C 
Beam Check 
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Column Check 
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Lateral Frame Check 
 

 
 


