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Executive Summary 
 
The Dulles Town Center Building One project is located in Dulles, Virginia; five 
minutes north of Dulles International Airport and 25 miles outside of Washington, D.C.  
It consists of seven stories of office space above grade and one story below grade that 
includes rentable space, storage, mechanical rooms, a loading area, a trash room, 
building service offices, and a workout space.  The building is approximately 202,000 
square feet and reaches a total height of 118 feet above grade. The building has an open 
floor plan and an average floor-to-floor height of 12’-6” making it ideal for office space.  
A typical bay is 20 feet by 40 feet, and the gravity system consists of a post-tension 
concrete beam and non-post-tension one-way slab system with typical 24”x24” 
columns. 
 
In this third technical report a detailed investigation of the existing lateral system of 
Dulles Town Center Building One was conducted using computer analysis and hand 
calculations.  Direct and torsional shears caused by wind and seismic loads were 
computed and used to find the total lateral force at each story.  From this, frame 
analyses were performed by both computer software and hand calculations to access 
the strength of certain critical members within the lateral system.   
 
The results from the computer analysis and hand calculations verify that wind loads 
control lateral design in the east-west direction while seismic forces control in the north-
south direction.  Using the calculated story and base shears, member checks were 
performed to confirm member sizes while drift analysis was used to validate that they 
were acceptable when compared to code limits.  The member checks showed that the 
large beams could take the moments from the lateral and gravity loads, but the drop 
panel along the exterior could not as designed.  Uplift and overturning were not 
considered in this report.  The gravity loads from of the building along with the soil 
friction on the caissons is more than enough to assume overturning could be neglegted.    
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Introduction 

 
The Dulles Town Center Building One project consists of seven stories of office space 
above grade and one story below grade that includes rentable space, storage, 
mechanical rooms, a loading area, a trash room, building service offices, and a workout 
space.  It is located in Dulles, Virginia; five minutes north of Dulles International 
Airport and 25 miles outside of Washington, D.C.  The building’s architectural use of 
precast concrete and glass curtain-wall have helped set the tone for the modernist 
themes conveyed along the Route 28 corridor.  At night, this building is one of the most 
recognizable buildings along Route 28 with its linear neon focal points. 
 
The building is approximately 202,000 square feet and reaches a total height of 118 feet 
above grade.  The building has an open floor plan and an average floor-to-floor height 
of 12’-6” making it ideal for office space.  A typical bay is 20 feet by 40 feet, and consists 
of a post-tension concrete beam and non-post-tension one-way slab system. 
 
The following report will investigate the current lateral resistance system of Dulles 
Town Center Building One with a brief overview of the structural system along with a 
more in-depth look at the lateral load distribution using computer analysis and hand 
calculations.  The following topics will be determined and discussed to help explain the 
methods of analysis and results: 
 

• Direct and Torsional Shear Forces  
• Controlling Load Combinations 
• Load Distribution 
• Building Drift 
• Strengths of Lateral Members 
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Existing Structural System Overview 

Floor Systems 
The typical floor is a post-tensioned beam and non-post-tensioned one-way slab system.  
The 7” thick slab is of normal weight with continuous edge drops that are 3’ wide and 5 
½” deep along the east face to help support the precast concrete and ribbon window 
façade.  A typical bay is 20’x 40’ with a typical beam length of 40’.  Slab reinforcement 
consists of #4 top bars spaced at 6” on center and #4 bottom bars at 12” on center.  
Reinforced concrete beams are located at stairwells and elevator shafts.   
 

Lateral System 
The lateral resistance system in the east-west direction, as seen in Figure 1, is comprised 
predominantly of concrete moment frames with typical beams being 17”x 48” and 
typical columns being 24”x 24”.     
 

Typical Floor - Concrete Moment Frame in East – West Direction 

 
Figure 1 

 



David Geiger‐ Structural Option                                                                                             Technical Report III    
Dulles Town Center Building One  Page 6 
 

The north-south lateral system, seen in Figure 2, is also made up of concrete moment 
frames.  The middle frames have large 24”x 60” beams, shown as solid lines, at the 
frame-ends with the floor slab working laterally throughout the rest of the frame, 
shown with dashed lines, on typical 24”x 24” columns.  The exterior frames use the 7” 
slab, along with a 36”x 5 ½” drop panel along the frame at plan north, with typical  
24”x 24” columns for lateral resistance. 
 

Typical Floor - Concrete Moment Frame in East – West Direction 

 
Figure 2 

 
Foundation 
The foundation system consists of a slab on grade with strap beams and caissons.  The 
slab is 5” thick and reinforced with 6x6 – W2.0xW2.0 welded wire fabric.  It sits on a 6 
mil. polyethylene vapor barrier over 6” of washed, crushed stone.  Strap beams ranging 
from 24”x 36” to 48”x 48” rest on a 2’-0” thick foundation wall to help support the slab 
at grade changes.  The cast-in-place caissons are capped with reinforced concrete and 
have shaft diameters that range from 30” to 75”. 
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Codes and Design Criteria 
 
These are the codes, load cases, and design criterion used to assist in the analysis of 
Dulles Town Center Building One’s existing lateral system. 

 

Codes and References 
• Building Code Requirements for Structural Concrete (ACI 318-08),  

American Concrete Institute (ACI) 
• International Building Code 2006 
• Minimum Design Loads for Buildings and Other Structures (ASCE 7-05), 

American Society of Civil Engineers (ASCE) 
• STAAD.Pro 2006 
• PCA Column 

  

Load Cases and Combinations 
The following are the load cases considered for analysis per IBC 2006, Section 
1605.2: 
 
1.4D 
1.2D + 1.6L + .5Lr 
1.2D + 1.6Lr + (1.0L or .8W) 
1.2D + 1.6W + 1.0L + .5Lr 
1.2D + 1.0E + 1.0L 
.9D + 1.6W 
.9D + 1.0E 
 

Deflection Criteria  
The following are design criteria considered for analysis per ASCE 7-05: 
 
Allowable Story and Building Drift due to Wind Forces:  

 ΔWIND = h/400 
Allowable Story and Building Drift due to Seismic Forces:  

 ΔSEISMIC = .025hsx 
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Load Distribution and Analysis 
 
The distribution of lateral loads to Dulles Town Center Building One is based on the 
relative stiffness of each frame within the lateral system.  The 7” concrete floor slab is 
considered a rigid diaphragm and thus distributes load to the reinforced concrete 
moment frames according to their stiffness.  When conducting the frame analysis an 
approved simplified typical floor layout, which is shown below, was used.  In the 
north-south direction columns are typically spaced at 20’ on center and in the east-west 
direction the columns of the outer bays and inner bay are spaced at 40’ and 25’-6” on 
center, respectively.   
 

Approved Simplified Floor Plan - Typical Frame Layout 

 
Figure 3 

 
To begin the lateral analysis, the relative stiffness of each frame had to be determined.  
First, gross moments of inertia, Ig, were taken from the existing beams and slab areas 
along each frame and adjusted per ACI 10.10.4.1.  A factor of .7 was applied to beams 
and a factor of .25 to slab areas.  Members with equivalent moments of inertia were then 
placed in STAAD.Pro 2006 to get a frame that could be used for analysis. A one kilo-
pound load was then applied to each type of frame and the deflection obtained was 
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placed in the following equation to get the relative stiffness.  A stiffness layout can be 
found in Appendix A. 

݇ ൌ
ܲ
∆

 
Direct shears from wind and seismic loads were then determined using the relative 
stiffness and the initial loads in the following equation: 

ூோா்ܨ ൌ  
݇
∑݇

 ூேூ்ூܨ

The center of rigidity and center of mass were then calculated.  Calculations for both 
can be found in Appendix A.  These two centers are used to find shear forces caused by 
torsion when wind and seismic loads are applied to the building.  The following 
equation is how those forces were derived: 

ைோௌூைே்ܨ ൌ
ݔ݇ ܯ
ܫ

 

The Calculation for Ip is located in Appendix A.  Table 1 shows the torsion constants 
used to find total story shears. 
 

 
Table 1 
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Wind Analysis: ASCE 7-05, Chapter 6 
Initial wind loads for each level were calculated using the Analytical Procedure found 
in Section 6.5. For this analysis the lateral loads on the architectural fin were added to 
the roof.  Wind design factors can be found in Appendix B.  Initial wind forces, direct 
shear tables and torsional shear tables can be found in Appendix C.  Tables 2 and 3 
show the resulting shears at each floor caused by wind forces. 
 

 
Table 2 

 

 
Table 3 

 
As a result, wind was found to control lateral design in the east-west direction. 
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Seismic Analysis ASCE 7-05, Chapter 12 
Initial seismic forces were determined using the Equivalent Lateral Force Procedure 
found in Section 12.8.  For this analysis, the gravity loads from the architectural fin and 
penthouse were included in the roof.  For general seismic design information refer to 
Appendix B.  For initial seismic shears, total gravity loads, and direct and torsional 
shear tables refer to Appendix D.  Tables 4 and 5 show the resulting shears at each floor 
caused by seismic forces. 
 

 
Table 4 

 

 
Table 5 

 
As a result, seismic forces control lateral loading in the north-south direction.  The total 
shears for both wind and seismic loads prove to be smaller than those derived from 
tributary area. This is because the loads are distributed more efficiently to each frame 
using a ratio of frame stiffness over total stiffness.  This allows for computed forces 
applied to each frame to be more accurate.  The higher accuracy results in more reliable 
portal frame, strength and drift analyses. 
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Frame Analysis 
 

Portal Frame Analysis 
After direct and torsional shears were calculated, story forces were applied to the 
structure.  Using the portal frame method, frames A, B, F and G were analyzed.  Frames 
A and B run in the east-west direction and were analyzed using the total shears caused 
by wind.  Frames F and G run in the north-south direction and were analyzed using 
total shears caused by seismic forces.  The resulting moments in the beams and columns 
found through this analysis were then used in the strength checks.  Results from the 
portal frame analyses can be found in Appendix C. 
 

STAAD Analysis 
A frame analysis using STAAD.Pro 2006 was also performed.  This analysis was 
conducted not only to find story and overall building drifts, but to also find moments in 
the beams and columns.  The building drifts were then compared to the allowable drift 
values seen in Tables 6 and 7, while the moments were compared to those found via the 
portal frame analysis.  Generally, STAAD was used to quickly verify hand calculations 
and drift analysis.  The following figures show wind loading diagrams for frames A and 
B. 
 
          Frame A          Frame B 

 
 
 
 
 
 
 
 
  Figure 4       Figure 5 
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Member Checks 

In order to finish the analysis of Dulles Town Center Building One, select members 
were checked for strength.  Dead and live loads used for this part of the analysis can be 
found in Appendix B.  The following lateral system components, seen in Figure 6, were 
the members checked in this section.  They are taken from the third floor and analyzed 
as such. 
 

Lateral Design Components Checked 

 
Figure 6 

 
With axial forces and moments calculated from the portal frame analysis along with 
moments derived from gravity loads, PCA Column was used to check a continuous 
beam (1), an interior column (2), an edge drop panel (3), and a beam running in the 
north south direction (4).  These were chosen due to their location within the lateral 
resisting system.  Refer to Appendix E for partial calculations. 
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Drift Analysis 

 
Drift is one of the most important factors when dealing with building design.  Building 
facades and other systems, as well as building occupants, can be affected by too much 
drift.  The result could be damage to expensive architectural facades and building 
systems.  Design parameters set forth in the IBC and ASCE 7-05 for both wind and 
seismic loads are placed to help with this problem.  The drifts obtained from STAAD for 
both wind and seismic forces were compared to these parameters to perform a 
serviceability check.  Drift caused by wind was compared to ΔW=H/400, which is found 
in Table 1604.3 of the IBC, while drift caused by seismic forces was compared to 
ΔS=.025hsx, which is located in Table 12.12-1 of the ASCE 7-05.  Tables 6 and 7 show 
these comparisons. 
 

 
Table 6 

 

 
Table 7 

 
The above tables show that the story and total drifts of Dulles Town Center Building 
One comply with both wind and seismic parameters.  Story drift and total drift for both 
wind and seismic are acceptable and do not go over 1.5 inches. 
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Conclusions 

 
Dulles Town Center Building One utilizes ordinary reinforced concrete moment frames 
as its lateral resistance system and that system was analyzed and discussed in detail 
within this technical report.  Both hand methods and computer software were used 
throughout this project to find the necessary loads and constants needed for an accurate 
lateral system analysis.  Using STAAD.Pro 2006, the relative stiffness of each frame was 
determined as well as the direct and torsional shears being applied along each frame.  
Computer analysis and portal frame analysis were then used to find moments and 
shears at each member within the frame.  The moments found through computer 
modeling were lower than that of the hand method and the reason is due to member 
being taken into account in STAAD. 
 
The computer output was also used to determine which load case governed lateral 
design for each direction.  Wind forces ended up controlling design in the east-west 
direction and seismic forces controlled north-south design.  STAAD also gave the 
deflection of each story and of the overall frame, which was then compared to the 
parameters set forth in IBC 2006 and in ASCE 7-05.  Both wind drift and seismic drift 
were acceptable according to the code. 
 
Design strength of critical members within the lateral system was also analyzed using 
forces derived from the portal frame analysis and gravity loading.  These moments and 
axial forces were put into PCA Column and were analyzed and compared to standards 
set forth ACI 318-08.  The continuous beam, interior column and 60”x 24” beam in 
Frame F were all able to carry the applied loads, but the drop panel located along Frame 
G failed to work.  This could be due to the initial assumptions when putting members 
with equivalent gross moments of inertia into STAAD to be analysis.  Uplift and 
overturning were neglected in this report because by inspection, the gravity loads of the 
building along with the friction of soil against the caisson foundation system are large 
enough to prevent those happening. 
 
Ultimately, the lateral system of Dulles Town Center Building One is adequate 
designed to carry the lateral loads applied to it.  The member strengths will be 
discussed and investigated further through the proposal and research to follow. 
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Appendix A 
General Lateral Calculations 
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I values used for Torsion 

 
 
 
 
 
 
 
 
 
 



David Geiger‐ Structural Option                                                                                             Technical Report III    
Dulles Town Center Building One  Page 20 
 

Appendix B 
Building Design Loads and Criteria 
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Gravity Loads 
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Wind Design Criteria 
 

 
 

Wind Variables 
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General Seismic Design Information 
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Appendix C 
Wind Calculations and Tables 
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Initial Wind Tables  
 

 
 

 
 

Direct Shear Tables 
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Torsional Shear Tables 
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Appendix D 
Seismic Calculations and Tables 
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Initial Seismic Table 
 

 
 

Direct Shear Tables 
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Torsional Shear Tables 
 

 
 

 
 

• Note:  There is no torsional shear in the north-south direction due to the 
resultant force being located on the x-axis of the center of mass. 
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Appendix E 
Member Calculations 
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Continuous Beam Check:  Partial Calculation 
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Exterior Frame Drop Panel Check:  Partial Calculation 
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60” x 24” Beam on Frame F: Partial Calculation 

 


