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Dear Dr. Said,  

The following report, Structural Notebook Submission C, is the third of a 

three part evaluation of One City Center in Washington D.C.  The report 

has been appended to my previous Submissions and consists of an analysis 

of the Lateral system in the building.  The analysis is based off of both hand 

and model results.  The model has been verified by comparing the center of 

mas and rigidity as well as the story forces that were calculated by hand.  

Overall and story displacements have been determined and compared to 

the allowable code value.  Furthermore flexural and shear capacity were 

determined for each shear wall and compared to their calculated flexural 

and shear forces.   

Thank you for your evaluation of this report.  Please let me know if you 

have any questions regarding the material.  I look forward to improving this 

report based on your feedback.  
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Executive Summary  
 

            One and Two City Center are commercial buildings that are a part of a multi-use 

development located in Washington D.C.  Being approximately 312,000 square feet the 

building is part of a four lot project.  Planning and design began as early as April 2007 

but due to the recession, construction was delayed until April of 2011 and was finished 
later in 2014.   

 

     The twin office buildings now stand 12 stories tall with a floor to floor height of 12’.  

The shell of the structures is a glazed aluminum curtain wall with movable louvers.  Like 

many roofs in D.C., there is a rooftop mezzanine on both One and Two City Center with 

several areas used as a green roof.  Connecting the two buildings on every floor are glass 

coated walkways which span the alleyway separating the One and Two City Center.  The 

building has achieved LEED Gold certification and the development has been one of the 

first to achieve LEED-ND (Neighborhood Development) certification.  

 

     The structural floor systems are two way post tensioned concrete slabs supported by 

typical 24” x 24” concrete columns.  These columns run down through the building into 

the below grade parking and come to rest on shallow concrete foundations.  Lateral 

loads are resisted by a series of shear walls which surround the elevators and stairwells.  

The glazed aluminum curtain wall is fastened to the structure at the concrete slab and 

supported by HSS sections.  The penthouse roof and floor are supported by a series of 

W10’s.     

 

       The additional lots feature commercial, residential, parking and public areas.  

To the north of One and Two City Center (Lot46) is an outside plaza with a captivating 

reflecting pool. To the east of the site is a four structure commercial and residential 

development (Lot 47).  The two main lots are connected by an alleyway lined with retail 

stores. At the center of Lot 47 is a small courtyard offering relief from the city.  

Underneath Lot 46 and 47 is a four story parking garage for public access and the use of 

delivery trucks.     
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Site Plan     
 

One and Two City Center are located in the downtown area of Washington D.C.  The site 

is a part of a larger development shown in figure one below.  The entire development sits 

on four stories of below grade parking.  The two office buildings are connected by a 

series of bridges which span the alleyway separating them. 

 

 

 

 

 

 

Figure 1: A plan view of the buildings inside the 

development shaded grey. 
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1. Gravity Loads      

1.1 Floor Loads  
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1.2 Wall Loads 
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1.3 Roof Loads 
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1.4 Snow Loads  
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1.5 Live Loads  
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2. Lateral Loads 
2.1  Wind Loads      
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2.2 Seismic Loads 
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3.0 Existing System, gravity spot check   
 Many of the bays inside One City Center are not typical as far as reinforcing steel 

and post tensioned steel.  The sizes of bays are typically 20’-30’ in one direction to 20’-

25’ in the other direction. Thus it was decided to choose an interior bay that had a 

decent amount of post tensioned steel to be analyzed and to choose a bay that was 

within the typical dimensions.  Figure 2 below shows a floor plan with the important 

structural details highlighted in various colors.  More importantly Figure 2 depicts the 

bay that shall be analyzed and redesigned. 

 

 

 

 

Figure 2:   Plan view of the structural 

components in a typical floor.  
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3.1 Post Tensioned Slab 
The analysis method for the existing post tensioned slab was the equivalent frame 

method.  This method takes the stiffness properties into account when computing the 

moments throughout the slab.  The moments were then determined using moment 

distribution.  Stresses caused by these moments were then checked against the 

minimum compressive and tensile stresses from ACI 318-14.  Shear stresses along with 

punching shear forces were then calculated and compared to the slabs shear capacity.     
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3.2 Exterior and Interior Columns 
 Columns were checked based on their axial loading capacity. Typical columns 

were 24” x 24” with 8 #8 bars as detailed below.  The columns that were analyzed were 

below the lowest framed level and thus saw the most axial load.  It is important to note 

that the columns axial capacity was severely controlled by its strength reduction factor 

which was determined from ACI 318-14.  If this factor was slightly smaller the columns 

would not have passed.   
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4. Alternative Systems 
4.1 Composite Metal Deck  

A composite system was chosen over a non-composite for its higher level of 

strength and performance.  The metal decking was chosen from the Vulcraft catalog.  

This deck is then supported by steel wide flange members which were checked against 
moment capacity for unshored strength, live load and wet concrete deflections.   
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4.2 One Way Slab   
A one way slab system was initially chosen out of interest for feasibility and 

system requirements.  It was known initially that a two way system is more practical 

given the square dimension of the bay.  This slab design could be used in the future if 

the dimensions of the bay become more rectangular in nature. The system features a 

concrete beam spanning the middle of the bay and supported by a concrete girder. Slab 

and member design were based on ACI 318-14 for reinforcement, moment capacity, 
shear capacity and deflection.   
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4.3 Two Way Slab  
 A two way slab system is more appropriate than a one way slab system given the 

geometry of the bay.  This system was designed by determining the column and half 

middle strip for each direction then designing the reinforcing steel to support the 

negative and positive moment at different points along each strip.  One way and two way 

shear was also determined along with the shear due to the transfer of the moments in 

the slab.  The design was a 10.5” thick slab with an f’c of 4000 psi.  Reinforcing steel was 

#9 at 12” top and bottom at a location of 7’ away from supports, everywhere else had #5 
at 12” top and bottom.    
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4.4 Precast hollow Core Concrete Plank  
 A system of precast prestressed hollow core concrete planks was chosen for the 

last alternative system.  Two different layouts were chosen for design.  The main 

difference between the layouts is the span of the planks.  In the first layout the planks 

span the entire width of the bay.  In the second the planks span half the width and are 

supported by a steel wide flange beam.  The Elematic Hollow Core Plank Catalog was 

used to determine the moment capacity along with the live load deflection limit per 

plank.  D- Beams were not designed in this system, the planks can be interlocked 

together through their own geometry and through grout.  
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5. System Comparison  
 

 

 

 

System Height Cost(per bay) Notes 
 

Post Tensioned Slab 
 
 
 

-8.5” slab 
- 7.5” drop panels 
Total Height = 16” 

 
$29,000 

 

-complex analysis   
-involves only concrete 
subcontractors 

 
Composite Metal Deck 

 
 
 

-3.5” concrete slab 
-1.5” metal deck 
-12” beam 
-18” girder 
Total Height = 24” max 

 
$33,000 

-moderate analysis  
-high level of capacity  
-best for vibration 
control  

 
One Way Slab 

 
 
 

-6” slab 
-18” beam 
-24” girder 
Total Height = 30” 

 
$34,250 

-most expensive 
system  
-lowest floor to floor 
height  

 
Two Way Slab 

 
 
 

-10.5” reinforced slab 
-#9, #5 bars both ways 
top and bottom 
Total Height = 10.5” 

 
$30,750 

-low level of capacity  
- heavily dependent on 
reinforcing steel 
-best overall height    
 

 
Hollow Core Planks 

(Design 2) 
 
 

-8” plank 
-18” girder 
Total Height = 26” 
 

 
$28,100 

-simple analysis   
-involves multiple 
contractors of various 
trades  
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5.1 Cost Analysis  
 The following calculations are a simplified version of a detailed estimate.  The quatities for each 

line item are roughly approximated and then multiplied by the base cost from the Building Construction 

Costs wit RS Means Data.   
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Figure 3:  Plan view of the lateral system with shear 

walls shown in dark green.  

   

6. Lateral System Analysis  
 

6.1 Modeling Information and Assumptions   

 
 The Modeling software used for the lateral analysis was ETABS 2016.  A plan view of the lateral 

system for One City Center is shown below in Figure 3.  There are a total of twelve shear walls that are 

the full height of the building. The compressive strength of these shear walls change throughout their 

height.  Thus each separate compressive strength region was modeled as a different shell element with 

its respective compressive strength.  Overall analysis did not include any of the below grade parking that 

the shear walls go into.  This was dealt with by assuming a completely fixed support at the base of each 

shear wall due to how the building would behave in real life.  The diaphragm is post tensioned concrete 

that was modeled as a rigid diaphragm that transfers all lateral load to the columns.  It was not 

determined in this analysis weather or not the columns take any lateral load and thus they were not 

included in the model.  Holes were put in each level of the diaphragm where there would be service 

elevators or stairwells.  A 3D image of this model is shown in Figure 4.      
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Figure 4:  A 3D 

view of the lateral 

model from 

ETABS 2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

The Loading parameters used for this analysis was wind and seismic loads.  In order to compare 

the loads obtained for wind and seismic, shown in section 2, parameter were entered into ETABS that 

would generate an additional set of lateral loads.  These loads and their forces on each shear wall will 

later be compared in this analysis.  Thus the loads on this model are not user defined but come from 

ASCE 7-10.  The Seismic and Wind loads for the model were broken up into their X and Y components.  

This will better show the forces that go to the shear walls resisting N-S (Y) versus E-W (X).   
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6.2 Model Validation  
 

 In order to validate the lateral model three results were compared to hand calculations.  These 

results were center of mass (COM), center of rigidity (COR) and story forces.  It is important to note that 

the values for the model generated story forces were obtained by subtracting the story shears.  As a 

result from this method the story forces at the top of each shear wall could not be determined and were 

therefore approximated to zero.  It is known that this is not the actual case but was only used for 

comparison purposes. For the manual calculations both paper and excel sheets were used.  For a better 

look at excel calculations see the separate excel sheet posted to the CPEP page.  

 The COM and COR found from both hand calculations and the ETABS model were fairly close to 

one another.  As shown in Figure 5, the center of masses and center of rigidities are fairly close to one 

another.  Their eccentricities are also a foot off from one another.  Due to this similarity it can be 

assumed that the diaphragms and shear walls have the correct stiffness’s and masses. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 The other system of checks that was done to validate the ETABS model was a comparison of the 

story forces generated by hand to the story forces found in the ETABS model.  For each instance the 

story forces were found for both wind and seismic in both N-S and E-W directions.  It is important to 

note that the controlling wind case was case one from ASCE 7-10 27.4-8.  The results were, for most 

stories, close to the hand calculations.  However at the base of each shear wall the ETABS model story 

forces were notably different.  This could be a result of a number of things such as fixity at the base, 

difference in dead load (Nu) approximation or material properties.  The story force comparison excel 

sheet is shown in the Appendix and is posted on the CPEP website.   

 

 
 

Figure 5: A plan view of the 

center of mass and center of 

rigidity generated from 

both hand calculations and 

ETABS model.  
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6.2.1 Hand Calculations for COM, COR and relative stiffness   
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Figure 6:  Graph of height vs displacement for the lateral 

load cases compared to the allowable code disp0lacement.  

6.3 Member Spot Checks 
  Once the ETABS model was validated against the hand calculations it was deemed correct for 

generating results such as story displacements.  Figure 6 depicts a graphic representation of height vs 

displacement for every load case and code.  
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 Individual shear walls were also analyzed for both shear and moment capacity and compared to 

their base shear (max) and base moment (max) respectively.  The critical factor for each shear wall 

passing in flexure was the dead load approximation Nu.  This value was determined from taking the 

dead load previously determined in report A and multiplying it by the shear walls tributary area.  Many 

of the shear walls passed for the wind loads but not the seismic loads.  Due to the nature of how the 

analysis method was fairly simple and approximate it can be said that the shear walls might have passed 

if a more detailed analysis was done.  Furthermore the shear walls that didn’t pass flexure might have if 

the dead load was reanalyzed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 


