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Executive Summary 
 
This report is an in depth analysis of the lateral load resisting system of Eight Tower 
Bridge.  The first section of the report is a brief introduction and overview of the 
building superstructure.  The next section is an in-depth look at the lateral system of 
Eight Tower Bridge.  This section includes a detailed description of the type of system 
used, typical framing members, and some of the benefits of the system.  The report 
goes on to review the seismic and wind analysis conducted for Technical Assignment 
1, “Structural Concepts/Existing Conditions Report”.  This section describes changes 
that were made to the original analysis, as well as compares the two separate loading 
cases.  Methods used to conduct both of the analysis are again derived from ASCE7-
02.  The final section includes a discussion of the lateral load distribution within Eight 
Tower Bridge, and also describes the analysis of the system conducted in the 
structural modeling program, ETABS.  The computer model was used to analyze the 
structural behavior of the building under wind and seismic loads.  The computer 
model was helpful in obtaining shear, moment, and drift data for Eight Tower Bridge, 
as well as being able to view any deformed shapes through animation of the model. 
 
The wind and seismic load analysis from Technical Assignment 1 were reviewed and 
error corrected in order to provide a more accurate results.  The wind analysis was 
conducted again through ASCE7-02, Chapter 6, Method 2.  A change in Cp factors 
resulted in a more accurate wind analysis in regards to the long and short sides of the 
building, as the short side was determined to have stronger wind forces.  The seismic 
analysis was reviewed and a more accurate assumption of the total building weight 
was determined, as well as the removal of live loads from the seismic calculations.  
The removal of the live loads was accidentally overlooked in the first technical report.  
 
Finally, an 3D frame model of Eight Tower Bridge was constructed in the computer 
modeling software package, ETABS.  Both seismic and wind load cases were analyzed 
through this program.  The lateral load resisting system was checked for strength as 
well as drift.  The model was constructed using the structural documents provided 
from Skidmore, Owings and Merril, LLP.  Certain assumptions were in creation of the 
model to focus on key members of the lateral system. 
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Introduction 
 
General Overview 
 
Eight Tower Bridge is a 16 story high-rise office tower 
located outside of Philadelphia in Conshohocken, 
Pennsylvania.  The office tower provides nearly 315,000 
total square feet of office space on levels 2 through 16, 
while the ground level houses the entrance lobby, parking 
for nearly 50 vehicles, and a small space for a retail tenant.  
In addition to the 16 story office tower, a mechanical 
penthouse has been placed on the building roof, housing 
two large cooling towers, a mechanical room, and an 
elevator machine room.   
 
The superstructure system for Eight Tower Bridge is 
comprised of entirely steel members.  Typical bays are 
28’x44’4” with wide flange beams spanning in the long                Eight Tower Bridge 
direction.  These members support a 3-1/4” lightweight  
concrete slab poured over 2” composite deck.  The slab obtains composite action 
through the use of 4”-3/4” diameter shear studs, spaced evenly along the length of 
each member. 
 
The lateral reinforcing system consists of both moment resisting frames around the 
building perimeter, and laterally braced frames in combination with moment resisting 
connections at the building core.  The lateral system will be the main focus of this 
report.    
 
 
Lateral Reinforcing System 
 
The lateral system of Eight Tower Bridge is actually two separate concentric steel 
frame systems.  The inner framing structure is an 18-story core tower comprised of 
braced frames in combination with moment resisting connections at various points 
within the frame.  There are six frames located at the core the building.  The four 
frames located along column lines D, E, F and G help resist the wind and seismic 
lateral forces in the East-West direction and are 28 feet in length, or the length of a 
typical bay.  The remaining two frames are located along column lines 4.1 and 4.9 
between lines D and F, and help resist the lateral loads created in the North-South 
Direction.  These frames are twice the length of the frames mentioned above, 
spanning two typical bay lengths.  Each frame is connected to the building 
foundation through ¾” steel anchor rods extending 2’6” into 4’ pilecaps.  Frame 
columns are encased in concrete at the structure base to further resist the overturning 
moment created by lateral loads. 
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The East-West lateral force 
resisting frames are 
comprised of columns ranging 
in size from W14x550 at the 
frame base to W 14x90 at the 
frame top.  Horizontal 
members are W18x65 and 
W18x50 beams with typical 
pin connections at either end.  
The diagonal bracing for 
these frames consists of two 
8x6x3/4” double angles pin       Figure 1.1- Typical braced frame along column line D 
connected to a ¾” gusset        
plate at each corner with slip-critical type connections arranged in a “V” frame 
formation.  The double angle braces are oriented with the long legs back to back. 
 
The double angle bracing members described above are typical diagonal bracing 
members throughout the frame with the exception of the bottom level.  The bracing 
at the bottom of the frames along column lines D, E, F and G consists of two L-
8x6x1” angle brackets; a ¼” increase in thickness over the typical frames diagonals, 
most likely to resist the total base shear and overturning moment.  The frames along 
column lines 4.1 and 4.9 between D and E actually use two WT sections as the 
diagonal bracing rather than back to back angle shapes.  
 
The frames in the North-South direction span the length of two bays and consist of 
similar column members, but W14x132 and W18x50 beam members with moment 
connections at either end.  The reason for the variation in member size is due to the 
bays that frame into them.  The W14x132 beam that spans each of these frames 
between column lines D and E does not carry any loads from the adjacent bay, as the 
floor beams are oriented perpendicular to those of a typical bay.  Diagonal bracing of 
these frames consists of two L6x8x3/4” double angles in two different arrangements.  
The portion of the frames between column lines D and E have the diagonal braces 
arranged in a “V” frame formation, but with eccentrically placed bracing.  The 
diagonal bracing on the frame between column lines E and F are also placed 
eccentrically and can be seen in Figure 1.2 below.  

 
    Figure 1.2- Typical braced frame along column lines 4.1 and 4.9 
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Eccentric diagonal bracing of these frames combines the strength of both moment 
frames and braced frames.  They provide the strength and stiffness of a braced frame, 
and the open space between joints (highlighted in red above) allow for energy 
absorption under cyclical loading, which is a benefit when sustaining seismic loads.  
However, perhaps the most practical use for eccentrically braced frames in the lateral 
system of Eight Tower Bridge is to allow for doorway openings to the stair tower 
found between column lines 4.1 and 4.9, and D and E, and also to provide an opening 
to the elevator lobby found on each level between column lines E and F.  Refer to the 
typical floor plan found in Appendix A. 
 
The exterior framing structure is made up of entirely moment resisting frames.  The 
exterior frames of the building are comprised of columns ranging in size from 
W14x176 to W14x90, with a majority of them being sized at W14x61.  The horizontal 
frame members are W21x44 beams with moment resisting connections at either end.  
The moment resisting frames retain good ductile quality and are more flexible than 
the braced frames found at the building interior, which is important to consider when 
dealing with the ability of the building envelope to flex when sustaining lateral loads.  
However, moment frames may allow too much deflection, often resulting in non-
structural damage such as window cracking and cracking of pre-cast panels and in 
worst cases, structural failure.  The diagonal braced frames at the interior resist the 
excessive deformations and racking stresses that can be found in moment frames. 
 
The analysis conducted in this report has been focused to the braced frames found at 
the core of Eight Tower Bridge.  It has been assumed that the braced frame core of 
the structure resists most of the lateral loads. 
 
 
Lateral Load Development 
 
Wind Loading 
 
A wind analysis of Eight Tower Bridge was previously conducted in Technical 
Assignment 1, “Structural Concepts/Existing Conditions Report”.  Wind loads were 
developed 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, due to it’s combination of both moment 
and laterally braced frames. 
 
The analysis conducted in Technical Assignment 1 was found to have multiple errors, 
which have been corrected for the analysis in this report.  The leeward external 
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pressure coefficients (Cp) for the N-S direction and E-W direction were accidentally 
switched.  The calculation for each Cp is as follows: 
 
  N-S: L/B= 196/118= 1.66 Cp = -0.368   [ASCE07-02 Figure 6-6] 
  E-W: L/B=118/196= .602 Cp = -0.50     [ASCE07-02 Figure 6-6] 
 
The following adjustments resulted in the shear resultant forces displayed in Table 1.1 
below: 
 

 
  Table1.1- Story shears from wind analysis 
 
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.   
 
Seismic Loading 
 
A seismic analysis of Eight Tower Bridge was also conducted in Technical Report 1.  
Loads were developed using methods set forth in ASCE07-02, Chapter 9.   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 were obtained from table 9.5.5.3.2 in ASCE07-02.  These 
values determine that the approximate period in both directions was sufficient to 
classify the building as a rigid structure. 
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The seismic analysis conducted in Technical Assignment 1 was reviewed and found to 
have errors that yielded a larger base shear, and consequently larger story shears.  
Error was involved when interpreting the site class factors Fa and Fv, resulting in a N-
S base shear of 556 kips and a E-W base shear of 1013 kips.  After determining the 
value of these site class factors to be 1.0 rather than values nearly twice that, the 
resulting base shears came out to be 179.9 kips and 318 kips in the N-S and E-W 
directions respectively.  A summary of the Seismic analysis is displayed in Table 1.2 
below:    
 

 
                              Table 1.2- Story shear and resultant base shear from Seismic Analysis 
 
Additional flaws in the original analysis also included a miscalculation of the building 
total weight.  The building façade comprised of precast concrete panels and glass 
windows was estimated to be 180psf, but was not multiplied by the story height.  The 
weight of the concrete slab was also miscalculated.  Finally, a better estimate of steel 
member weight was determined to be 10psf per floor, and an additional 114 kips was 
added to the total building weight to allow for concrete reinforcement weight, MEP 
slabs and the weight of additional framing members and connections. 
 
The penthouse was again was not assessed as a separate floor that would take a 
seismic shear force in the analysis.  Instead, the dead weight of the mechanical 
penthouse was calculated and added to the weight of the roof.  This additional weight 
contributes to the rather large shear force found at the roof the structure in the 
seismic analysis, and added to the “whiplash” effect which ultimately affects the size 
of the shear forces near the top of the structure. 
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Comparison 
 
Both the corrected seismic and wind load analysis have been combined and compared 
in Table 1.3 below. 
 

 
   Table 1.3 Comparison of Seismic and Wind Loads 

 
The controlling lateral force in for the majority of levels in both directions are the 
wind forces.  This result makes sense, as Conshohocken, Pennsylvania is not a very 
seismically active location and would be controlled by wind design.  Seismic design 
only controls for the floors 14 through 16 in the North-South direction, again due to 
the mechanical penthouse weight atop the structure.  A full spreadsheet for both wind 
and seismic analysis can be found in Appendix B. 
 
  
Lateral Load Distribution 
 
As previously described, the lateral system of Eight Tower Bridge employs the use of 
moment resisting connections around the perimeter of the building, as well as laterally 
braced frames at the building core.  The rectangular footprint of the building is 
constructed symmetrically around the building core.  Due this symmetry, the 
building’s center of mass is located nearly at the geometric center of the structure.   
 
The lateral loads developed on the structure from both wind and seismic forces are 
transferred from the building perimeter to the building core and braced frames 
through the composite concrete slab and steel framing members.  The gravity 
members are connected with simple pin connections, allowing for rotation and the 
transfer of shear through the length of the member.  In a very complex analysis, the 
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columns and moment frames around the perimeter of the building would be included 
in a lateral system analysis.  However, this report analyzes the structure neglecting 
the effects of “leaning columns” and assumes that the braced frames with larger 
column member and a greater rigidity will draw all of the lateral forces.   
 
The symmetry also allows for the assumption to be made that each braced frame 
carries an equal distribution of the lateral load in each direction.  That is, a quarter of 
the controlling lateral load in the East-West direction will be distributed to each 
frame of the four frames spanning that direction, while the lateral load developed in 
the North-South direction will be divided evenly among the two braced frames in the 
same direction. 
 
In order to conduct a simplified lateral analysis, it has been assumed that the floor 
slab of each level is a rigid diaphragm.   

 
Lateral System Analysis 
 
In attempt to perform a more accurate wind 
and seismic analysis, the computer 
engineering software program ETABS was 
used.  ETABS is a very powerful 3D-
structural modeling program with both design 
and analysis capabilities.  The analysis side of 
the program was used to model the structure, 
as the building members have already been 
designed.  The model was created simply to 
analyze the structure behavior. 
 
Several assumptions were made in order to 
analyze the structure for wind and seismic 
loadings only.  Gravity loads were not 
included as part of the static load case in 
ETABS, although a more accurate model 
could be developed if these loads had been 
included.  The floor slabs were meshed around 
floor beams, which allow any loads placed on 
the slab including self weight, to be            Figure 1.3- 3D frame model in ETABS  
transferred to the beams and columns of  
the structure.   
 
The floor slab for this report will be modeled in the ETABS computer model as a rigid 
diaphragm only.  Modeling these structure components as a rigid diaphragm will only 
allow the slab to translate in its own plane and rotate about an axis perpendicular to 
this plane.  This allows for the transfer of lateral forces to the building core while the 
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program runs the structure analysis.  This will also eliminate the out-of-plane 
behavior of the slab (i.e. slab bending) in the model.  Figure 1.3 below shows the rigid 
diaphragm assignment to each of the floor slabs.  The white lines converge at the 
structures center of rigidity. 
 

 
                 Figure 1.4 ETABS model in 3-D plan view with rigid diaphragms assigned 
 
The building superstructure was modeled as close as possible from the information 
given in the structural documents.  All floor beams and columns were modeled as pin 
connections, with the exception of the members noted as having moment resisting 
connections and also at column splices.  The connections at the base of the building 
were assumed to be fixed in order to resist overturning moment.  All slab and deck 
properties were specified in ETABS as noted in the structural drawings.  The 
mechanical penthouse was modeled as a single story rather than a separate penthouse 
level and recessed mechanical room.  It is acknowledged that this may cause a small 
degree of error on the conservative side when modeling the seismic loads, as the 
penthouse does not actually have as much surface area as modeled. 
 
 
Seismic and Wind Analysis in ETABS 
 
After the model was completed, an analysis was performed for both wind and seismic 
loadings in each direction.  From this model analysis, story forces under both shear 
and seismic loadings were obtained and are displayed below in Tables 1.4 and 1.5 
respectively. 
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          Table 1.4- ETABS output for wind analysis  
 

 
           Table 1.5- ETABS output for seismic analysis 

 
The results of the ETABS analysis for wind loading on the structure were fairly 
agreeable with the results of the wind analysis performed through ASCE7-02.  Each of 
the story shear forces generated from ETABS differs from the story shear forces 
derived from ASCE7-02 between 5% and 9% with a total base shear difference of 
9.4% in the North-South direction and 15.7% in the East-West direction.  While it 
has been previously mentioned that there were inconsistencies between the model 
created in ETABS and the simplified model used in ASCE7-02, the discrepancies in 
base shear and stories shears must be examined further.  The 3D model in ETABS will 
be refined in regards to geometry and behavior for the proposal and final thesis work. 
 
The seismic loads generated through ETABS were found to be nearly three times as 
great as the loads developed through ASCE7-02.  This can most likely be attributed to 
a difference in total building weight calculated.  The total building weight dead 
weight computed for the initial seismic calculations, was 19,717 kips.  This weight is a 
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summation of dead weight only.  A list of load allowances and the dead weight 
calculation can be found in Appendix B.  The building weight generated by ETABS 
was determined to be 53,802 kips, near two and a half times the weight found by 
hand.  While it is agreed that computer software is more accurate in calculating the 
self weight of members due an extensive material properties database, the difference 
in weights is still too great.  The model will be reviewed for the proposal and for future 
thesis work in hopes of generating more agreeable answers. 
 
Bracing Check 
 
A member check was conducted for the lateral resisting frame along column line D in 
the East-West direction and the frame along column line 4.1 in the North-South 
direction.  Due to the symmetry of the building, it was assumed that each of the 
frames would resist an equal share of the story shear at each particular level and for 
the building as a whole.  The frames found along column lines E, F and G are similar 
to the frame along column line D, so it is implied that these frames will resist the same 
magnitude of lateral forces in the East-West direction.  The same assumption was 
made for the frame along column line 4.9 with respect to the frame along column 4.1. 
 
The forces used for the bracing check were taken from the wind load analysis 
developed through both ASCE7-02 and the ETABS model.  The bracing was found to 
be adequate for all frames in both directions with outputs from both methods.  The 
diagonal bracing was analyzed as if the horizontal beams in the brace were to act at 
zero force members and take no load in the idealized truss model.  Hand calculations 
for this member check can be found in Appendix C. 
 
A full spread sheet for the axially forces developed on each diagonal brace was 
generated using output from the ETABS model and can be referenced in Appendix C. 
 
Conclusions 
 
 In conclusion, it was found that the braced frames located at the core the building 
were adequately designed to withstand the wind and seismic forces generated through 
both the computer model and by hand using ASCE7-02.  In actuality, this framing 
system is just a piece of the total framing system, as there are moment resisting 
connections around the perimeter of the building.  These moment frames will resist 
some of the lateral loads developed.  However, the braced frames will take a majority 
of this load. 
 
Additionally, it has been determined that the model created through ETABS was not 
completely accurate, as is indicated by the rather large seismic loads and the 
difference in wind loads.  This model will be further examined in order to refine and 
improve it, in hopes to create a model that will accurately predict the behavior of 
Eight Tower Bridge under multiple loading conditions, both lateral and gravity. 
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Appendix A 
 

Typical Floor Framing Plan, 
Lateral Braced Frame Drawings 
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Figure A.1- Typical Framing Plan (floors 3-15) with stair and elevator entrances noted 
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Figure A.2- Laterally braced frames found at building core.  The brace in elevation B can be found along 
column line D, in addition to column lines E, F and G. 
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Appendix B 
 

Wind Analysis Spreadsheets, 
Seismic Analysis Spreadsheets 



 16

 
 
 



 17

 
 



 18

 
 
 
 
 



 19

 

 



 20

 
 

Appendix C 
 

ETABS Output 
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Frame 4.1 
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Frame 4.9 
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