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ADDENDUM             

In the first technical report done by the author, a mistake in looking at the drawings caused inaccurate 

calculations for the wind and seismic loads applied to Union Station. While there is an expansion joint 

separating the existing portion of Union Station from the expansion, there is another expansion joint 

located within the new portion of the 

building. The joint is located along column 

line C (See Appendix A, Figure A for a 

visual location), which is at the center 

length along the north-south direction 

length. 

Since an expansion joint is within the 

expansion, each level must be treated as 

two individual masses instead of one (See 

Figure i). In technical report one, the author 

only treated each level a one mass instead 

of two therefore there the calculations for 

wind and seismic were incorrect. 

Because the third technical report deals 

with the lateral system and lateral loads, 

the author revisited the steps to determine 

the wind and seismic forces and corrected 

to have two separate areas for both 

calculations. Appendix B and C have the 

revised calculations which were used 

throughout this technical report. 

 

Figure i: Location of Expansion Joint 
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EXECUTIVE SUMMARY           

In this third technical report, a detailed lateral analysis for the expansion to Union Station was conducted 

by using STAAD, SAP, and hand calculations. Concrete moment frames are the lateral system used 

throughout the structure and a total of fifteen, eight located in Area1 of Union Station and seven in Area 2, 

are within the building. 

Since the expansion to Union Station was designed by using post-tension within the slab, beams, and 

girders, getting accurate results from a computer program offered at The Pennsylvania State University or 

by hand calculations would be a challenge. After a discussion with Professor Parfitt, the ideas to use the 

properties of ordinary concrete were within this report (Cracking Inertia, Ultimate Rupture, etc.). 

Recognizing that some of the properties in regular concrete are weaker than post-tension, the author 

realizes some of the drift results that failed could be from not using the post-tension properties.   

Within the body of the report, a detailed description of the foundation, floor system and lateral system can 

be located. Focusing on the lateral system for this report, the author mentions the wind and seismic 

criteria in order to determine the initial loads on the expansion to Union Station. As mentioned above, 

there are fifteen moment frames and the author decided to focus on two of the frames within the body of 

the report (Refer to the Lateral System section of the report located on page 6 to see what frames will be 

reported on). Each of the frames relative stiffness, forces, and drift from wind and seismic loads will be 

looked. Within the appendixes of the report, there are detailed calculations for all fifteen moment frames. 

The author included all the calculations to show how the complete process of the lateral analysis was 

done for Union Station. 

For both moment frames 2 and E, the allowable drift for the wind and seismic loads were within the limits. 

However, there were other moment frames that did not pass the drift criteria for wind and/or seismic 

loads. One main cause for this could be how the section properties for ordinary concrete were used 

instead of post-tension. More reasons the author believes the frames did not pass can be located within 

the conclusion, located on page 25. 
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EXISTING STRUCTURAL SYSTEM          

Foundation: 

Union Station’s expansion main foundation system consists of concrete piles, which carry the load from 

the train track stations to the soil and supportive columns for all the levels above the track level. Each one 

rests upon a square footer that is either six feet or twelve feet in length and width, with a height of two 

feet. 

All the columns and piles are located between the eight locomotive rail ways that are part of Union 

Station. Maximum diameter size of the columns and the piles are 1 ½’ and are spaced 22’-0” spanning in 

the north-south direction of the building between the railroads. 

From the provided geotechnical report, the net soil bearing capacity for the site is 1000 PSF, which is 

considered weak for the soil. Fine to coarse sandy clay fill is the soil designation on the site for Union 

Station. After examining the geotechnical report, each column supporting the structure above the track 

level was designed to carry a typical load of 1000 kips to the ground.  

 

Existing Floor System: 

Union Station’s typical floor system is a two-way post-tension cast-in-place concrete slab with a thickness 

of 7”. All the beams and girders are post-tension cast-in-place as well. In Union Station, the beams span 

a length of 63’-0”. The girders located in the expansion, carry the load from the beams to the columns and 

have a typical span of 24’-4” throughout the expansion. The concrete compressive strength for the slabs, 

beams, and girders is f’c = 5000 psi while the columns supporting the floors are cast-in-place with a 

compressive strength of 8000 psi. It is to be noted that the floor systems for the expansion and the 

existing structure for Union Station do not connect with each other. 

For the Ground Level, a rigid 6 ½” concrete slab was used for majority of the floor. A composite design 

located along the west elevation was utilized to help reduce the weight within the weakest are of the site. 

A 5” light weight concrete slab over 1 ½” gage LOK-Floor was used which makes the ground floor total 

thickness to be 6 ½”. Shear studs sized at ¾” x 4 ½” were used in the composite floor design. Typical 

member size for the beams is W27x84 which span 63’-0” and tie into a W33x118 girder. Each girder ties 

into the concrete columns that are part of the foundation system.  

There are two typical bay sizes located in the expansion of Union Station, 63’-0” x 27’-6” and 63’-0” x 40’-

0”. Since the tracks running through Union Station were the major consideration in the design as well as 

the bus terminal, the use of long spans was concluded as the best approach for the design.  
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Lateral System: 

Union Station’s lateral load system is composed of 

ordinary reinforced concrete moment frames. As 

mentioned in the executive summary, two of the 

moment frames will be focused on in the body of 

the report (See Figure 1 to the right). Frame 2 is 

located within Area 1 of Union Station as spans in 

the north-south elevation while Frame E spans 

east-west within Area 2. To see a plan view of all 

moment frames with their designation for this 

technical report can be found in Appendix A, 

Figure 1. 

                                                                                                 Figure 1: Moment Frames Used In Report 

Lateral loads, as well as the gravity loads, reach the foundation of Union Station by first traveling through 

the beams, then carry through the girders which connect to the columns. From there, all loads travel 

down in the columns to the ground level and then the columns take all the loads into the square footers. 

Figure 2 below shows a visual representation of how loads travel in the frames. Not all beams and girders 

take part of the lateral system in Union Station. Figure 1 above only shows the beams and girders that act 

as part of the lateral system. Intermediate beams and girders were left out of the figure. 

 

Figure 2: Visual Representation of Loads Traveling Through Moment Frame 

An expansion joint was placed between column lines 7 and 7-1 (Refer to Appendix A, Figure 1) is located 

between the existing structure and the expansion to Union Station. As stated in the addendum, there is 

also an expansion joint within the expansion. This joint is used to create two separate areas that can 

move independent of each other due to forces acting upon the building. 
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CODES AND LOAD COMBINATIONS         

Codes and References: 

The following tables represent codes used for the design of Union Station by the engineers in practice 

and the codes used by the author of this technical report. Since Union Station was designed with different 

edition of codes, values for loads and member sizes could be off depending if any significant changes 

were to the codes. For this technical report, no significant changes to the codes will have an impact on 

the values the author will obtain from the calculations. 

 

Table 1: Codes & References Used by Design Team 

 

Table 2: Codes & References Used in Technical Report III 

 

Drift Criteria: 

In ordinance with the International Building Code, 2006 edition, the following allowable drift criteria will be 

used to check the deflection of the expansion to Union Station. 

DWind = H/400   [Allowable Building Drift] 

DSeismic = 0.015hSX  [Allowable Story Drift]  
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Load Combinations: 

The following table represents the LRFD load cases used in the analysis for this technical report. All load 

combinations were obtained from the 2006 edition of the International Building Code, Section 1605.  

 

Table 3: Load Combinations 
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LATERAL RESISTING SYSTEM          

Building Isometrics: 

As previously mentioned, there are fifteen concrete moment frames within the expansion to Union 

Station. Each frame extends from the ground floor to the roof and do not extend below to the track level. 

Figure 3 below shows the entire structure, including intermediate beams and girders, while Figure 4 

shows only the moment frames and how the interact with each other.  

 

                                                                                                       Figure 3: Isometric View of Union Station Structural System  

 

                              Figure 4: Isometric View of Moment Frames 
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Building Loads: 

In order to determine story shears and member strengths, the following two tables regarding dead and 

live load will be used. The loads represented in the tables are within the range to what the design team 

for Union Station used. All the loads in the tables below were referenced out of ASCE 7-05. 

 

Table 4: Dead Loads 

 

Table 5: Live Loads 

 

Wind & Seismic Criteria: 

As mentioned in the addendum in the beginning of the report, the initial wind and seismic loads were re-

calculated for this technical report. All the criteria used for them in the first technical report remained the 

same. The only difference was making two areas for wind and seismic and changing the length used. 

Wind loads were analyzed using Chapter 6 of ASCE 7-05 and the seismic loads were determined by 

using Chapter 11 and 12 of ASCE as well. Appendix B and C have all the criteria and load calculations for 

both wind and seismic. 
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LOAD DISTRIBUTION AND ANALYSIS         

Relative Stiffness: 

In order to determine the relative stiffness of each moment frame located in Union Station, each frame 

was modeled in SAP and each member that acts as part of a moment frame was dimensioned according 

to the existing drawings. Using the same f’c values for the beams, girders (5000 psi), and columns (8000 

psi) that the design team designed with, the author determined the modulus of elasticity (Ec) for the 

members by using the equation Ec = 57,000(f’c)1/2. A value of 4031 psi was used for the beams and 

girders while a value of 5098 was used for the columns. Once these two values were inputted into SAP, 

the program automatically adjusted all the properties for normal concrete to fit this requirement. As 

mentioned in the executive summary, the author realizes that the values are not of post-tension design. 

For each moment frame, a 1 Kip force was induced on the roof level acting in the horizontal plane and 

then the deflection was checked at each level on the moment frame. By taking the force over the 

deflection (P/D), relative stiffness for each level was then determined and the relative stiffness for the 

entire moment frame was calculated by taking the average of all five levels.  

As stated in the lateral system portion of the report, Frames 2 and E will be looked in depth for this report. 

The following two tables are the relative stiffness for Frames 2 and E and the relative stiffness for all 

fifteen moment frames can be located in Appendix D of this report.  

 

 

 

 

 

        Table 6: Relative Stiffness for Frame 2              Table 7: Relative Stiffness for Frame E 
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Center of Rigidity: 

Making the assumption that the center of mass for each 

floor within each area is located at the center of the 

slab, the author was able to determine the center of 

rigidity for each floor. Table 8 breaks down the relative 

stiffness for each moment frame floor by floor and the 

eccentricity, distance from the center of mass to the 

center of rigidity, is shown in both the x and y direction, 

located from the origins. Figure 6 to the right shows the 

coordinate system used for determining the center of 

rigidity for each level (the blue dots indicate the origins 

location on the figure).   

 

 

 

                                                                                                                  

                                                                                                               Figure 6: Center of Rigidity Coordinate Axis 

 

 

Table 8: Center of Rigidity for Area 1 and Area 2 
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Direct, Torsional, & Net Forces:  

In order to determine net forces acting on the frames, the calculation of direct and torsional forces need to 

be done. Direct forces relate to the relative stiffness of each frame on each level. Appendix E gives 

detailed calculations on how to solve for the direct forces for wind in both the north-south as well the east-

west direction. Appendix H is for the direct forces due to seismic loads. 

Torsional forces come from the torsional moment on a floor that is due to wind and/or seismic load. 

Appendixes F and I give the necessary calculations to determine the torsional forces due to wind 

(Appendix F) and seismic (Appendix I). 

The following table show all three forces for Frames 2 and E in both wind and seismic. By inspection, 

wind forces will control, in north-south direction as well as the east-west direction, the drift of the building 

since the values are greater than the seismic.  

 

Table 9: Net Force Results for Frame 2 and Frame E 

 

 

 

 

 

 

 

 

 



Joseph W. Wilcher III                       Union Station Expansion 
Structural Option    Washington DC 
 
Adviser: M. K. Parfitt  Technical Report III  November 21, 2008 

  Page 14 of 66 
 

 

Serviceability Check: 

From the previous section of this report, the net forces figured out for Frames 2 and E determined and the 

loads were applied to the respected moment frames in SAP as well as the remaining thirteen frames. 

After comparing all the frames, it was determined by the author that Frame 2 controls the drift from wind 

in the north-south direction of Area 1 of Union Station while Frame E controls in the east-west direction of 

Area 2 for wind as well. This was concluded by noticing both of the frames deflect the most when the net 

forces are applied to each of them. However, neither Frame 2 nor E control in their respected direction in 

the area they are located in for seismic drift. Appendix K shows each the drift in both wind and seismic for 

each frame. The following frames will control in their respected direction and area for both wind and 

seismic. 

Controlling Wind Drift: Area 1 

N-S Direction: Moment Frame 2  E-W Direction: Moment Frame A 

Controlling Wind Drift: Area 2 

N-S Direction: Moment Frame 5  E-W Direction: Moment Frame E 

Controlling Seismic Drift: Area 1 

N-S Direction: Moment Frame 4  E-W Direction: Moment Frame A 

Controlling Seismic Drift: Area 2 

N-S Direction: Moment Frame 5  E-W Direction: Moment Frame E 

 

Below are the tables for allowable drifts in Frames 2 and E for both wind and seismic. Wind drift was 

compared against DWind = H/400 while seismic drift was analyzed with DSeismic = 0.015hSX. From looking at 

the tables, both moment frames pass the drift criteria for wind and seismic. However, while doing the 

other moment frames, some of them did not pass wind and/or seismic drift calculations. One possibility is 

how the author used properties or ordinary concrete instead of post tension. Another is the wind and 

seismic criteria for the loads are incorrect and there was a variable not taken into account throughout the 

calculations.  
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Table 10: Wind Drift for Moment Frames 2 & E 

 

 

Table 11: Seismic Drift for Moment Frames 2 & E 
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Overturning Check: 

One important aspect of designing is to determine if there will be overturning affects due to the moment 

caused by the building. A quick check was done for the expansion to Union Station for both areas for 

overturning moment. Table 12 shows how the check was done for both wind and seismic loads. By taking 

the controlling moment for each area and dividing by half the length in the direction that gives the 

controlling moment, a force (P) was determined. Comparing the value of P to half the weight of the area 

was done and since the weight in both areas is greater than P, overturning moment will not be an issue 

for both wind and seismic. 

 

Table 12: Overturning Check 
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Member Verification: 

Hand calculations were done for the highlighted members on Frame 2. The column was done with PCA 

Column and the results show indicated the column is adequate to handle to loads that travel through it. 

The beam calculations were all done by hand and according to the results, the beam cable of handling 

the loads on the second floor by a factor of 2. Since the same beam is being used on each floor within the 

frame, the design of the beam makes sense when you reach the first and mezzanine level. Since the 

author used the assumption of regular concrete instead of post-tension, the values for the beam were 

designed by a conservative approach.  

 

Figure 7: Designation of Members Checked By Hand Calculations 
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CONCLUSION            

Throughout this technical report, a detailed look at the lateral system for two of the fifteen frames in the 

expansion to Union Station was accomplished as well as spot checks on a beam and column in Frame 2. 

Both of the frames past the allowable wind and seismic drift and the members checked were adequate to 

carry the required loads. 

While Frames 2 and E in the report past the criteria, Frames 5 through 7 did not pass either the wind or 

seismic drift. As stated within the executive summary and throughout the body of the report, one 

possibility for this was using the properties of ordinary concrete instead of post-tension. Another 

possibility that the author believes that all three frames did not pass was excluding a moment frame that 

did not seem representative of one. By inspecting Figure 1 from Appendix A, the end of Area 2 is an 

overhang. Here there are no columns running from the roof to the ground floor, but there are columns that 

run from the roof to the second floor.  

After reviewing the drawings and all calculations for this technical report, the author determined that the 

column line Aa is indeed a moment frame for the supporting floors of the overhang. If the author was to 

include this moment frame within the report, there is the possibility that Frames 5 through 7 would pass 

because there would be an additional frame that would take lateral load from the other three frames 

spanning in the respective direction. 

Moment Frames 1 through 3 with respect to seismic forces had one level not pass the criteria. Not using 

the properties of post-tension concrete is the best beliefs for the frames to have a floor not passing the 

criteria. 

From inspection by the calculations done for this technical report, the wind loads will act as the controlling 

lateral load. Each area of Union Station is capable of handling the wind load, as well as the seismic, if the 

worst case scenario load came in contact with the building.  
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APPENDIX A: PLANS & SECTIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Joseph W. Wilcher III                       Union Station Expansion 
Structural Option    Washington DC 
 
Adviser: M. K. Parfitt  Technical Report III  November 21, 2008 

  Page 27 of 66 
 

 

 

Figure 1: Moment Frame Designation for Technical Report III 
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Figure 2: Moment Frames 1 Through 6 

 

 

 

 

 

 

 

 

 

 

Figure 3: Moment Frame 7 
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Figure 4: Moment Frames A Through D 

 

 

 

 

 

 

 

 

Figure 5: Moment Frames E Through H 
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Figure 6: Section of Union Station 
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APPENDIX B: WIND CRITERIA & LOADS 
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Table 1: General Wind Information for Union Station: Area 1 

 

Table 2: Gust Factor Variables for Union Station: Area 1 

 

Table 3: Variables for Wind Calculations for Union Station: Area 1 
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Table 4: North-South Pressures, Forces, & Overturning Moment for Union Station: Area 1 

 

Table 5: East-West Pressures, Forces, & Overturning Moment for Union Station: Area 1 

 

Table 6: General Wind Information for Union Station: Area 2 
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Table 7: Gust Factor Variables for Union Station: Area 2 

 

Table 8: Variables for Wind Calculations for Union Station: Area 2 

 

Table 9: North-South Pressures, Forces, & Overturning Moment for Union Station: Area 2 

 

Table 10: East-West Pressures, Forces, & Overturning Moment for Union Station: Area 2 
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APPENDIX C: SEISMIC CRITERIA & LOADS 
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Table 1: Seismic Design Parameters for Union Station: Area 1 

 

Table 2: Seismic Shear & Overturning Moment for Union Station: Area 1 

 

Table 3: Seismic Design Parameters for Union Station: Area 2 

 

Table 4: Seismic Shear & Overturning Moment for Union Station: Area 2 
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APPENDIX D: RELATIVE STIFFNESS FOR MOMENT FRAMES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Joseph W. Wilcher III                       Union Station Expansion 
Structural Option    Washington DC 
 
Adviser: M. K. Parfitt  Technical Report III  November 21, 2008 

  Page 38 of 66 
 

 

 

 

 

Table 1: Moment Frames 1 Through 7 Level & Total Stiffness 
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Table 2: Moment Frames A Through H Level & Total Stiffness 
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APPENDIX E: DIRECT FORCES DUE TO WIND 
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Table 1: Direct Forces Due to Wind on Union Station: Area 1 
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Table 1 Continued 
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Table 2: Direct Forces Due to Wind on Union Station: Area 2 
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Table 2 Continued 
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APPENDIX F: TORSIONAL FORCES DUE TO WIND 
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Table 1: Torsional Moments Due to Wind 

 

Table 2: Torsional Forces Due to Wind: Area 1 
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Table 2 Continued 
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Table 3: Torsional Forces Due to Wind: Area 2 
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APPENDIX G: NET FORCES DUE TO WIND 
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Table 1: Net Forces Due to Wind: Area 1 
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Table 2: Net Forces Due to Wind: Area 2 
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APPENDIX H: DIRECT FORCES DUE TO SEISMIC 
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Table 1: Seismic Forces Due to Wind on Union Station: Area 1 
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Table 1 Continued 
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Table 2: Seismic Forces Due to Wind on Union Station: Area 2 
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Table 2 Continued 
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APPENDIX I: TORSIONAL FORCES DUE TO SEISMIC 
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Table 1: Torsional Moments Due to Seismic 

 

Table 2: Torsional Forces Due to Seismic: Area 1 
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Table 2 Continued 
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Table 3: Torsional Forces Due to Seismic: Area 2 
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APPENDIX J: NET FORCES DUE TO SEISMIC 
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Table 1: Net Forces Due to Seismic: Area 1 
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Table 2: Net Forces Due to Seismic: Area 2 
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APPENDIX K: WIND & SEISMIC DRIFT RESULTS 
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Table 1: Drift Results for Wind: Area 1 

 

Table 2: Drift Results for Wind Area 2 
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Table 3: Drift Results for Seismic: Area 1 

 

Table 4: Drift Results for Seismic: Area 2 
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