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STRUCTURAL TECHNICAL REPORT 3
LATERAL SYSTEM ANALYSIS AND CONFIRMATION DESIGN

EXECUTIVE SUMMARY
This third technical assignment is an analysis that confirms the design of the existing 
lateral load resisting system of the new tallest building in Philadelphia, the Comcast 
Center.  Currently under construction, the Comcast Center will be 57 stories tall reaching 
a height of 1,002 feet.  The glass-clad skyscraper will primarily function as office space 
with a few retail and restaurant spaces.  This LEED-certified structure promotes public 
transportation with a new grand entrance to the Suburban Station providing access to the 
commuter rail and two subway lines.

The gravity load system of the Comcast Center is composed of a composite metal deck 
floor supported by steel beams.  The steel beams frame into steel columns along the 
perimeter of the building and a massive concrete core at the center of the building.  

Lateral loads from wind and seismic activity are resisted by the massive concrete core 
walls which range from 1’-6” thick to 4’-6” thick and act as shear walls.  The glass 
façade is supported at every floor with a steel tube which resists the local lateral forces 
caused by wind.  

The total drift of the structure is 17.5 inches.  A drift limit of L/600 allows for 20 inches 
of lateral drift.  Due to the cantilevered condition of the building the story drifts
experienced at the top of the structure are greater than the story drifts at the base.

Member checks such as shear strength were performed to confirm the design of the shear 
walls.  The total shear strength of the core walls is 22,000 kips.  This is much greater than 
the 6,300 kips the structure experiences. With a shear strength 3 times greater than 
structurally necessary it poses the question of whether or not all the shear walls are 
needed.  This theory will be explored in my thesis this Spring.
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INTRODUCTION AND BACKGROUND
The Comcast Center is a 57 story glass-clad office building located in Philadelphia, 
Pennsylvania.  The top of the roof of the Comcast Center is at a height of 1001 feet and 6 
inches.  The structural system of the Comcast Center is composed of a concrete core which 
supports the steel framed building shell. The slab is typically composite metal deck with 3-
1/4 inches of concrete on 3 in metal deck. The composite action of the floor slab allows for a 
minimal floor depth.  Figure 1 below is a sketch of the 19th & 20th floor framing plan which is 
representative of the framing of the other floors.  

The gravity loads are resisted by the composite deck slab, steel beams and columns and the 
concrete core.  Lateral loads are resisted through the thick concrete shear walls of the core at 
the center of the structure.  Six shear walls run north and south and range in thickness from 1 
feet 6 inches to 2 feet at the base.  The number and thickness of the shear walls decreases as 
higher floors.  Figure 2 below is a photograph of the concrete core.

The foundation is designed with an allowable bearing capacity of 20 tons per square foot.  
Caissons are located under all columns and are socketted a minimum of 6 feet into rock. The 
caissons range in thickness from 3 to 8 feet.  A 10 foot thick mat foundation supports the 
concrete core.  The perimeter dimensions of the concrete core are 130 feet by 48 feet.   The 
mat foundation is 156 feet by 76 feet to distribute the load from the concrete core.

FIGURE 1:  TYPICAL 19TH & 20TH LEVEL FLOOR FRAMING PLAN
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The format of this report is as follows:
• Loads & Load Cases
• Distribution of Loads
• Analysis
• Member Checks
• Conclusion

LOADS & LOAD CASES

WIND LOAD
A wind tunnel test was performed to quantify and assess the wind loads on the Comcast 
Center.  A summary of the wind tunnel test was acquired and used to approximate the 
wind loads acting on the main wind force resisting system.  Only one elevation was 
provided.  It was assumed that a similar loading pattern was experience on all facades in 
order to complete this assignment. The wind load resisted by the Main Wind Force 
Resisting System ranges in magnitude from 20psf to 50 psf.  Local areas of the façade
experience wind loads as high as 70 psf.  These areas are rather small compared to the 
rest of the surface area of the building.

FIGURE 2: CONCRETE CORE CONSTRUCTED
FIRST, STEEL ERECTION FOLLOWS
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DEAD LOAD
The dead load of the structure were calculated based on the information provided in the 
design documents.  Light weight concrete with a weight of 115 pcf was used for the 
composite metal deck floor slabs. The concrete core was constructed with reinforced 
normal weight concrete weighing 150 pcf.  Dead Loads used for calculating seismic loads 
were based on the space planning diagrams in the architectural drawings.  A spreadsheet 
was used to calculate the weight of the structure for seismic loads.

LOAD CASES
The critical load case was 1.2D + 1.6W +0.5L + 0.5Lr.  To determine over turning 
moment the load case 0.9Dead + 1.6Wind was used.  

LATERAL SYSTEM

The concrete shear walls of the central core make up the lateral force resisting system.  
Six shear walls ranging in thickness from 1 foot 6 inches to two feet run north and south 
along grid lines C, D, E, F, G and H.  The length of these walls ranges from 45 to 48 feet 
depending on the thickness of the flange element. Figure 3 identifies the flange and web 
elements of the concrete core. Shear walls in the east and west direction are short due to 
the large walkway opening.  These short shear wall segments are connected with a deep 
beam.  

N
Flange Element          Web Element

FIGURE 3:  CONCRETE CORE SHEAR WALLS
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DISTRIBUTION OF LOADS

LOAD PATH OF WIND LOADS
As wind applies pressure and suction on the glass façade of the Comcast Center the load 
is transferred to the steel framing members.  The lateral load transferred to the steel 
framing members is passed through the rigid floor diaphragm which on the majority of 
floors is a composite concrete and metal deck floor slab. The diaphragm transfers the 
load to the massive concrete core located at the center of the building.  The web members 
of the concrete core resist the wind load applied to the north and south façades.  The 
flanges of the concrete core resist the wind load applied to the east and west facades.  The 
flanges of the concrete core resist the overturning moment in the weak direction of the 
building.  Figures 4 and 5 below illustrate the wind load applied to the structure and the 
load path.

FIGURE 4:  TYPICAL FLOOR PLAN WITH WIND LOADING
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The 2 foot thick web elements of the concrete core are stiffer than the 1 foot 6 inch web 
elements.  The load applied to the main force resisting system is distributed to the shear 
walls in proportion to the stiffness of the wall. In the north and south direction all the 
shear walls are the same length.  This, however, is not the case for the flange elements of 
the concrete shear wall.  The flange elements are shorter and thicker than the web 
elements.  The flange elements transfer shear force through deep beams that connect the 
short flange shear walls.  

ANALYSIS

It was determined in Technical Report one that wind loads controlled the design of the 
lateral load resisting system.  Corrections were made to the seismic calculations.  The 
corrected calculations for seismic loading are included in Appendix ().  Seismic loads 
were calculated using BOCA 96.  Figure 6 below shows the distribution of the seismic 
forces on the Comcast Center.  Table 1 was used to calculate the weight, height, vertical 
distribution factor, and the lateral force at each level due to seismic activity. The base 
shear calculated is 1,492 kips.  

FIGURE 5: LOAD PATH FROM GLASS FAÇADE TO FRAMING TO CONCRETE CORE



AE 481W Comcast Center Cynthia Milinichik
Advisor: Dr. Lepage Philadelphia, PA Structural 
15 Dec. 2006

Page 7 of 29

SEISMIC LOAD CALCULATIONS

FIGURE 6: LATERAL LOAD PER FLOOR RESULTING FROM SEISMIC LOADING
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TABLE 1: SEISMIC LOADS

k= Level wx  (k) hx (ft) wxhx
2 Cvx (k) Fx(k)

V=1492

Crown 3 59 180 22 87120 0.001508 2.25
Crown 2 58 788 22 381513 0.006606 9.86
Crown 1 57 1373 45.5 2842971 0.049223 73.44
Office 56 5958 17 1721975 0.029814 44.48
Office 55 2953 17 853397 0.014776 22.05
Office 54 2885 17 833904 0.014438 21.54
Office 53 3337 17 964260 0.016695 24.91
Office 52 3337 17 964260 0.016695 24.91
Office 51 3337 17 964260 0.016695 24.91
Office 50 3337 17 964260 0.016695 24.91
Office 49 3337 17 964260 0.016695 24.91
Office 48 3337 17 964260 0.016695 24.91
Office 47 3337 17 964260 0.016695 24.91
Office 46 3337 17 964260 0.016695 24.91
Office 45 3337 17 964260 0.016695 24.91
Office 44 3372 17 974473 0.016872 25.17
Office 43 3372 17 974473 0.016872 25.17
Office 42 3372 15 758673 0.013136 19.60
Office 41 3372 15 758673 0.013136 19.60
Office 40 3552 15 799173 0.013837 20.64
Office 39 3552 15 799173 0.013837 20.64
Office 38 3552 15 799173 0.013837 20.64
Office 37 3552 15 799173 0.013837 20.64
Office 36 3552 15 799173 0.013837 20.64
Office 35 3552 15 799173 0.013837 20.64
Office 34 3552 15 799173 0.013837 20.64
Office 33 3552 15 799173 0.013837 20.64
Office 32 3552 15 799173 0.013837 20.64
Office 31 3552 15 799173 0.013837 20.64
Office 30 3531 15 794385 0.013754 20.52
Office 29 3531 15 794385 0.013754 20.52
Office 28 3531 15 794385 0.013754 20.52
Office 27 3531 15 794385 0.013754 20.52
Office 26 3531 15 794385 0.013754 20.52
Office 25 3531 15 794385 0.013754 20.52
Office 24 3531 15 794385 0.013754 20.52
Office 23 3531 15 794385 0.013754 20.52
Office 22 3531 15 794385 0.013754 20.52
Office 21 3531 15 794385 0.013754 20.52
Office 20 4071 15 915885 0.015858 23.66
Office 19 4071 15 915885 0.015858 23.66
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Office 18 4071 15 915885 0.015858 23.66
Office 17 4243 15 954702 0.016530 24.66
Office 16 4243 15 954702 0.016530 24.66
Office 15 4243 15 954702 0.016530 24.66
Office 14 4243 15 954702 0.016530 24.66
Office 13 4243 15 954702 0.016530 24.66
Office 12 4243 15 954702 0.016530 24.66
Office 11 4243 15 954702 0.016530 24.66
Office 10 4243 15 954702 0.016530 24.66
Office 9 4243 15 954702 0.016530 24.66
Office 8 4247 15 955514 0.016544 24.68
Office 7 4247 15 955514 0.016544 24.68
Office 6 4247 15 955514 0.016544 24.68
Office 5 4247 15 955514 0.016544 24.68
Office 4 4247 15 955514 0.016544 24.68
Office 3 4169 15 937977 0.016240 24.23
Office 2 4193 15.75 1040177 0.018010 26.87
Office 1 6681 13.75 1263076 0.021869 32.63
Parking B1 9799 14.5 2060272 0.035672 53.22
Parking B1.5 4012 10 401234 0.006947 10.36
Parking B2 5168 10 516826 0.008948 13.35
Parking B3 6184 10 618359 0.010706 15.97
Totals 240319 1001.5 57756557 1

The wind load condition controls the lateral force resisting system design.  Wind loads 
create a base shear of 6,247 kips on the Comcast Center. Elevations of the Comcast 
Building are given in Figure 7. The slight contours of the façade contribute to the wind 
loading experienced by the building. A representative elevation of the concrete core is 
presented in Figure 8.  Figure 9 below results from the wind tunnel test performed and 
indicates the pressures experienced by the main wind force resisting system. The 
simplifying assumption used to calculate the base shear on the Comcast Building is 
evident in Figure 10.  The structure was treated as a cantilevered beam for the base shear 
calculation.
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FIGURE 8: TYPICAL ELEVATION OF CONCRETE CORE
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FIGURE 7: ELEVATIONS OF THE COMCAST CENTER
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WIND LOAD CALCULATIONS

FIGURE 9:  PRESSURES ON THE MAIN FORCE RESISTING 
SYSTEM OF THE COMCAST CENTER DETERMINED THROUGH
WIND TUNNEL TESTING
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Detailed calculations for the story drift and the drift of the over all structure can be found 
in Appendix A.  The story drift is 5.83x10^(-5) inches for the levels with a 15 foot story 
height.  The drift of the entire structure was calculated by dividing the building up in 
segments and using superposition.  The angle of rotation at the start of each segment 
needed to be calculated in order to use superposition.  The overall drift of the structure is 
approximately 17.5 inches.  Using a limit of L/600 the Comcast Center would be able to 
move 20 inches.  The 17.5 inches is an acceptable drift value for the 1001.5 foot tall 
office building.  

FIGURE 10:  WIND LOADING ANALYZED
AS A CANTILEVERED BEAM
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MEMBER CHECKS
The shear strength of each type of shear wall was calculated.  For wall type W1 the 
factored shear strength is 3,255 kips.  Wall W1 is 1 foot 6 inches thick.  Wall typeW2 is 2 
feet thick and has a factored shear strength of 4505 kips.  The total shear strength of the 
six walls is 22,034 kips.  The base shear caused by the wind load is 6,247 kips which is 
significantly less the shear strength of the walls.  This suggests that the size and or 
number of shear walls is not structurally necessary.  This theory will be explored in 
greater depth in the thesis to come next semester.  Figure 11 displays the type of shear 
walls.

CONCLUSION
The existing lateral system appears to be more than adequate for the wind loads 
experienced.  The shear strength of the shear wall was more that 3 times load experience 
by the wind.  The drift of the tower was only 17.5 inches.  The fact that the shear strength 
was so higher than the need strength suggests that the concrete core is larger than it needs 
to be.  This theory will be tested in the thesis next semester by removing the outer two 
web members.

Note:  A computer model in Etabs was being used to analyze the forces and the reactions 
of the lateral system.  Due to time restraints and complications with the software, the
model was not completed in time for this report. The model will be used for the thesis 
next semester.

FIGURE 11:  SHEAR STRENGTH CALCULATION.  THE TYPE OF SHEAR WALL IS 
INDICATED IN THE SKETCH.
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APPENDIX A: DRIFT CALCS



AE 481W Comcast Center Cynthia Milinichik
Advisor: Dr. Lepage Philadelphia, PA Structural 
15 Dec. 2006

Page 16 of 29



AE 481W Comcast Center Cynthia Milinichik
Advisor: Dr. Lepage Philadelphia, PA Structural 
15 Dec. 2006

Page 17 of 29



AE 481W Comcast Center Cynthia Milinichik
Advisor: Dr. Lepage Philadelphia, PA Structural 
15 Dec. 2006

Page 18 of 29



AE 481W Comcast Center Cynthia Milinichik
Advisor: Dr. Lepage Philadelphia, PA Structural 
15 Dec. 2006

Page 19 of 29



AE 481W Comcast Center Cynthia Milinichik
Advisor: Dr. Lepage Philadelphia, PA Structural 
15 Dec. 2006

Page 20 of 29

APPENDIX B:  SHEAR STRENGTH CALCS
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APPENDIX C:  WIND DESIGN CALCS
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APPENDIX D:  SEISMIC DESIGN CALCS
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