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Executive Summary 
 
 
This report is a technical analysis of the lateral load resisting system of the 
Visteon Village Corporate Center in Van Buren, MI. RAM Structural 
System and SAP2000 were the two main structural analysis programs 
used in this report. Hand calculations were also performed to determine 
the structural adequacy under combined loading of the members 
composing the special steel moment frames that account for the lateral 
system. This report takes a detailed look at both the seismic and wind 
forces present on the building and how the moment frames distribute 
these loads. It also analyzes other design considerations including story 
drifts, relative stiffness of the lateral framing, and overturning moments at 
the base of the building. The moment frame system in the building was 
coordinated to minimize the eccentricity between the center of rigidity and 
loading as efficiently as the design would allow, keeping the torsional 
shears as small as possible.  As previously suspected, the wind loading is 
the controlling force in both the N-S and E-W direction of analysis, as the 
building is not located in a region with high seismic activity. While the 
system is able to adequately handle the loading, some of the independent 
and overall story displacements do not meet acceptable standards. This 
topic will be noted as a potential topic of investigation for a thesis 
proposal. 
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Introduction: Visteon Corporate Village Center 

 
 
The Visteon Corporate Village Center is located in the Detroit metro area 
of Van Burin, MI. The facility is one of many office and laboratory buildings 
present on the corporate campus of the global automotive supplier. The 
campus is laid out and styled to provide a village type of atmosphere, 
complete with sidewalks and streetlights. All master planning, architecture 
and engineering of the campus and its various buildings was completed by 
the Detroit office of the SmithGroup. 
 
The Visteon Corporate Village Center is five stories high, with the fifth 
story penthouse reaching a height of 72’-9” above grade, and has an 
overall size of 130,000 gross square feet. The building is a steel framed 
structure consisting of a composite steel decking system resisting gravity 
loading and a special steel moment frame system for lateral support. The 
majority of the building consists of 40’-0” x 20’-0” bays providing a large 
amount of floor area that is uninterrupted by column placement.  
 
The following report is an assessment of the lateral loading to the 
structure due to wind and seismic forces, as well as the adequacy of the 
structure to resist these applied forces. The computer analysis programs 
of RAM Structural System and SAP2000 were used extensively to 
complete this report, as well as hand calculations to verify the correct 
member selection. 
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Existing Framing System 
 

 
Foundation: 
 
All of the foundation systems for the Visteon Village Corporate Center 
were designed based upon the findings of a geotechnical investigation 
performed by Somat Engineering on October 14, 2002. There is a deep 
foundation system to support all building columns, walls, grade beams and 
other foundation elements. The deep foundation elements are comprised 
of friction steel H-piles in native medium compact to compact sand. All H-
piles consist of 75 foot long HP12x84 sections with concrete pile caps and 
are of ASTM A992 steel (Fy = 50 ksi). The number of piles for each 
foundation element range from 1 to 7 providing capacities of 100 kips to 
1050 kips respectively. The concrete pile caps are of reinforced concrete 
construction with their top elevation at a minimum depth of 3’-6” below 
finished grade as to prevent frost heave. The dimensions of the caps 
range from 3’x3’ for a single H-pile element up to 13’x11’-8” for a 7 H-pile 
element. All concrete used in the foundation systems has a minimum 
compressive strength of 3000 psi. 
 
 
Columns: 
 
All of the columns of the building are composed of structural steel. The 
main column system is made up of ASTM A992 wide flange shapes 
ranging in size from W14x43 to W14x311. Typically, these columns rest 
upon the deep foundation system and extend 72 feet to the penthouse 
level with a column splice at an elevation of 52 feet (falling within the third 
story). These multistory columns are also part of the special moment 
frame system that resists lateral loading.  
 
Floor and Roof Framing System: 
 
The typical framing system for the Visteon Village Corporate Center is 
composed of structural steel composite beams and girders. The supported 
floor consists of 40 foot long ASTM A992 wide flange shapes spanning a 
column free space. The typical bay for each floor is 40’x20’ with wide 
flange beams spaced at 10’ on center supporting 3” composite metal floor 
deck with 3-1/4” light weight concrete fill providing a total slab depth of 6-
1/4”.  All supporting materials for this system can be found in the 
appendix. 
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Design Guides and Criteria 

 
 
During the analysis of the lateral system used by the Visteon Corporate 
Village Center, the following design aids were used: 
 

The 2006 International Building Code (IBC 2006) 
 
Building Code Requirements for Structural Concrete 2008, 
American Concrete Institute (ACI 318-08) 
 
Steel Construction Manual, 13th Edition, American Institute of Steel 
Construction (AISC) 
 
Minimum Design Loads for Buildings and Other Structures 2005, 
American Society of Civil Engineers (ASCE 7-05) 

 
 Drift Criteria per the 2006 International Building Code 
 

  Dwind = H/400 (Allowable Building Drift) 

Dseismic = 0.25hsx (Allowable Story Drift) 

 
The load cases used during this analysis were taken from section 1605 of 
the 2006 International Building Code. They included: 
 
 1.4D 
 1.2D + 1.6L + 0.5Lr 
 1.2D + 1.6Lr + (1.0L or 0.8W) 
 1.2D + 1.6W + 1.0L + 0.5Lr 
 1.2D + 1.0E +1.0L 
 0.9D + 1.6W 
 0.9D + 1.0E 
 
These combinations were analyzed in different directions and applied to 
various eccentricities during the computer analysis. There were 122 LRFD 
load combinations that were generated and analyzed. Due to time 
constraints and simplicity, snow loading was not included in this analysis. 
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Lateral System 
 

 
Lateral: 
 
All lateral loads caused by wind and seismic forces are resisted by special 
steel moment frames. There are five moment frames running in the 
North/South direction of analysis and six moment frames running in the 
East/West direction of analysis. Each moment frame consists of multistory 
wide flange columns and wide flange beams. The columns are spliced at 
the third story, with the top three stories consisting of a W14x211 section 
being supported by a W14x311 extending through the lower two stories.  
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Frame sections of special steel moment frames spanning in the North-South 
direction: 

 
These diagrams are intended to show the frame sections and are not to 
scale. 
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Frame sections of the special steel moment frames spanning in the East-
West direction: 

 
These diagrams are intended to show the frame sections and are not to 
scale. 
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Building Loads 

 
 
Building Gravity Loads  

 

For proper analysis of the lateral system, gravity loading was introduced to 
enable all appropriate load cases to be assessed. All of the dead and live 
loads used in the design of the building have been displayed previously in 
Technical Report one. The values come from the corresponding accepted 
values from the 13th Edition of the Steel Construction Manual, or are 
mandated by the 2006 International Building Code. 
 

 

Dead Loads               Total    Construction 

Supported Floor w/ Composite Floor Deck 91 psf 65 psf 

Penthouse Composite Floor Deck 89 psf 80 psf 

Roof Deck; Low, Concrete Roofs 85 psf 65 psf 

Fire-Rated Composite Floor Deck, Penthouse 94 psf 80 psf 

 
Live Loads (MBC, IBC 2000) 

Office Building 100 psf 

Penthouse Floor* 150 psf 

*Accounts for weight of mechanical equipment pads 
 

 
Criteria for Wind Loading 
 
Wind loading was analyzed according to ASCE 7-05 section 6.5. The 
assumptions used to obtain the magnitude of the wind pressures and 
forces are listed below: 
 

 V= 90 mph Rigid Structure 
G=0.85 
gQ=gv=3.4 
z=(0.6)h=43.6 
Iz=c(33/z)1/6=0.286 
Lz=l(z/33)є=351.1 

 
 kd= 0.85   

 I= 1.15   

 Exposure 
Category= 

 
B 

  

 kzt= 1   

 zg= 1200 ft  

 α= 7     
       
    Q=sqrt(1/(1+0.63((B+h)/Lz)

0.63))= 0.814 NS 

     0.768 EW 
       
    G=0.925((1+1.7gQIzQ)/(1+1.7gvIz))= 0.818 NS 

     0.791 EW 
    Gcpi= -0.18     
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Criteria for Seismic 
 
Wind loading was analyzed according to ASCE 7-05 chapters 11 and 12. 
The assumptions used to obtain the magnitude of the seismic and forces 
are listed below: 
 

 
Ss= 0.126 

   

 
S1= 0.046 

 

42.241 
N 

83.433 
W 

 
Category= III 

   

 
Site Class= D 

   

 
Fa= 1.6 

   

 
Fv= 2.4 

   

 
Sms= Fv*Ss= 0.2016 

   

 
Sm1= Fv*S1 0.1104 

   

 

SDS= 
2*Sms/3= 0.1344 

   

 
SD1=2*Sm1/3= 0.0736 

   

 
Ct= 0.028 

   

 
hn= 108 

   

 
x= 0.8 

   

 
Ta=Ct*hn^x= 1.186 

   

 
Ts=Sd1/SDs= 0.548 

   

 
0.8*Ts= 0.438 

   

 
SDC= B 

   

 
R= 7 

   

 
I= 1.25 

   

 
TL= 12 
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 SAP2000 
 

 

To determine the distribution of forces in the special steel moment frames, 
a relative stiffness analysis was performed. This consisted of modeling all 
of the moment frames of one direction in a single plane, and then 
assigning a diaphragm constraint to each separate z level to ensure that 
the deflections in each frame would be identical. A unit force of 1000 kips 
was then placed on the top story joint of one of the frames, and the shear 
values in each frame was recorded. Using these shear ratios, the relative 
stiffness of each frame could be identified. The full results of the SAP 
analysis leading to these values can be found in the appendix. 
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` RAM Structural System 

 

 

RAM Structural System was used extensively in the analysis of the lateral 
load resisting system. This program is very powerful because it allows you 
to model all of the gravity members quickly and efficiently giving you a 
very realistic representation of the entire structural system. In doing so, 
the accuracy and efficiency of center of mass and center of rigidity 
calculations increases dramatically as compared to hand calculations. 
Another advantage of using RAM is the direct integration of ASCE 7-05 
and the 2006 International Building Code load combinations and analysis 
options. Simply by entering in the criteria listed earlier in this report, the 
program is able to give you a very accurate and thorough analysis of the 
lateral system by automatically running iterations of the various seismic 
and wind load cases. As suspected, the critical load case for both the N-S 
and E-W directions turned out be wind loading. A summary of the data 
found is shown below, with more detailed documentation as to how these 
numbers were obtained found in the appendix. 
 
Total Shear Distribution in the North-South direction of analysis: 
 

 
 

Total Shear Distribution in the East-West direction of analysis: 
 

 
 

 

 



Jamison Morse Structural Option Visteon Corporate Village Center 
Advisor: Dr. Andres Lepage Technical Report #3 Van Buren, MI 

Page 14 of 29 

 

   Story Drifts 

 

 

 

Using the drift values acquired from the RAM analysis, the serviceability of 
the special steel moment frames was checked. All values obtained from 
the model were checked against the criteria specified by code for 
allowable story and total drift.  
 
Story Drifts due to Wind Loading: 

 
 

Story Drifts due to Seismic Loading: 

 
 
 
The second and third story fail the deflection criteria set forth by code 
when the critical wind loading is applied. This is most likely due to the 
difference in story height at this level. The second story is 16’-8” in height 
which is slightly higher than the 14’-0” heights of the other floors. This 
provides a longer unbraced length that would decrease the rigidity 
allowing for larger deflections. A correction to this in an effort to restrict the 
drift to allowable limits mandated by code could be a potential topic area 
to investigate for a thesis proposal. 
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  Overturning Effects 
 
 
 
  

The maximum overturning moments were caused by the critical wind 
loading in the East-West direction. The overturning moment was found to 
be just under 29,000 ft-k. It is assumed that the friction pile foundation 
system that extends 75 ft below grade will be adequate to resist these 
moments. A summary of the overturning moment analysis is shown below: 
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 Member Spot Checks 
 
 
  

Spot checks for lateral members on the lowest story of the most heavily 
loaded frame were analyzed by hand, and compared to the numbers 
produced by the computer analysis. Using interaction equations for the 
combined loading on the members, it was determined that the members 
checked were indeed adequate to carry the loads required. This 
conclusion agreed with the computer model, which produced slightly 
different numbers but overall very similar results. The member checks, as 
well as the RAM analysis results can be found in the appendix. 
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 Conclusion 
 
 
  

Reviewing the acquired information taken from RAM Structural System, 
SAP2000, and the hand calculations, the building is deemed acceptable 
under code, except for the two stories that failed the drift criteria. In the 
grand scheme of things, the fact that it failed by such a small amount in 
the lower floors and still met overall story drift limitations lends to the fact 
that this issue is not overly critical to the performance of the structure as a 
whole. Still, this issue will be looked at in greater detail as a possible 
thesis proposal.  
 
All design and procedures performed were in accordance with the 
applicable codes and design guides. All members seemed to be well 
within their strength specifications for both shear and flexural capacities 
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Appendix 
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 SAP2000 Relative Stiffness Analysis 
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 RAM Structural System Analysis Results 
 

 
Using RAM structural system, the wind forces were found to be the 
prevailing lateral loads. Once this was determined, an analysis of the 
eccentricities was done to analyze the direct shear, torsional shear, and 
total shear of the individual frames. The following charts show the results 
of this analysis: 
 
Eccentricities: 
 

 
 

Direct Shears (N-S): 
 

 
 

Direct Shears (E-W): 
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Distance of Moment Frames to Center of Rigidity: 
 

 
 

 

 
 

Ki*di and ki*di^2 were obtained for use in the Torsional Shear equation: 
 

 
 

 
 
 

 
Sum of ki*di^2 results for use in Torsional Shear equation: 
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Torsional Shears using the equation (M*ki*di)/(∑ki*di^2): 
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Total Shears on each Frame (Direct Shear + Torsional Shear): 
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 Member Spot Checks 
 

 
Spot checks were performed on lateral frame members using combined 
loading interaction equations. The checks were performed using the 
forces from the critical wind loading case on the first story column and 
beam of frame 6. A RAM analysis was performed and then checked for 
accuracy by hand calculations with values out of the 13th Edition Steel 
Construction Manual. 
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Beam Spot Check: 
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Column Spot Check: 
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