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EXECUTIVE SUMMARY 
 
Technical Report III is an in depth study of lateral loads to gain a better understanding of how they 
are distributed as well as to verify a load path and confirm the adequacy of the lateral members 
that  have  been  design  for  both  strength  and  serviceability  criteria.    Reinforced  concrete  shear 
walls  were  utilized  as  the  lateral  load  resisting  system  in  the  Army  National  Guard  Readiness 
Center Addition.   The  lateral  loads determined  in Technical Report  I were slightly modified and 
applied  to  the  lateral  system.    A  summary  of  both wind  and  seismic  loads  is  presented  in  this 
technical  report.    Various  load  combinations  from  ASCE  7‐05  were  used  to  check  the  shear 
strength design.  An ETABS model was generated of the building’s lateral system.  Output from this 
analysis was compared to hand calculations to verify the system’s shear strength.  An investigation 
into the torsion, overturning moment, and story and overall building drifts was also completed. 
 
Hand calculations were completed  to determine  the relative stiffness of each of  the shear walls.  
The  center  of  mass  and  center  of  rigidity  were  also  calculated  to  determine  the  shear  forces 
caused by eccentricity.   The torsional moments calculated were converted to shear values acting 
on the building’s  lateral system.   The  loads were appropriately distributed and a strength check 
was  performed  according  to  ACI  318‐08  to  verify  the  strength  of  the  walls.    From  this,  it  was 
concluded that the walls were adequately designed. 
 
Building drift requirements for lateral loads were considered in this technical report.  The overall 
building drift values were taken from the ETABS output and compared to the limitation of H/400 
set  forth  by  code  and  industry  standards.   Hand  calculations were  also  completed  to  find  story 
displacements and were also check against the H/400 limit.  The Army National Guard Readiness 
Center  Addition  passed  the  building  drift  and  story  displacement  limit  check.    The  hand 
calculations  neglected  any  coupling  action  that  would  have  been  present  where  the  walls  are 
connected  and  would  have  reduced  the  displacement.    The  ETABS  analysis  took  this  into 
consideration  and  therefore  the  ETABS  values  could  not  be  directly  compared  to  the  hand 
calculated values. 
 
Overturning moment was also investigated in this report.  Due to the presence of the lateral forces, 
it was evident  that overturning moments would exist  and could potentially effect  the building’s 
foundation.   A stress check between the lateral loads and the dead loads from the buildings self‐
weight  was  performed.    From  this  check,  it  was  concluded  that  the  self‐weight  of  the  building 
would  sufficiently  resist  the  overturning moments  and  there would  be  a minimal  effect  on  the 
foundation.  A slight increase around the perimeter of the foundation would be expected due to he 
uplift caused by the wind pressure.  
 
From this technical report a better understanding of the distribution of  lateral  loads throughout 
the Army National Guard Readiness Center Addition has been gained.    It can be concluded from 
the analysis in Technical Report III that the shear walls that comprise the building’s lateral system 
have been satisfactorily designed. 
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INTRODUCTION 
 
The Army National Guard Readiness Center headquarters addition is sited to the south of the 
existing facility, on the location where previous storm water retention pond was located.  Due 
to the loss of the retention pond, the project also includes the installation of storm water 
detention tanks.  The new building is 82 feet above grade and approximately 251,000 square 
feet.  The contract value was $100 million and is a Design-Bid-Build project with Tompkins 
Builders, Inc., the general contractor, holding lump sum contracts with all subcontractors.  The 
eight-story facility is comprised of 3 underground levels (Referred to as Levels 3P, 2P and 1P) 
and a 5 level tower component (Levels referred to as 1T – 5T) as well as a mechanical 
penthouse.  The three underground levels account for the majority of the building’s square 
footage, with a much larger footprint than the above ground floors.  The underground levels 
encompass approximately 150,000 square feet and the five-story tower encompasses 100,000 
square feet.  This design was developed to increase the amount of green space since a large 
portion of the underground levels will be topped with an intensive green roof system. 
 
The addition is designed to meet Department of Defense Anti-Terrorism and Force Protection 
Requirements.  This required that physical security measures, such as internal bracing to 
prevent progressive collapse, blast walls, berms, bollards and heavy landscape, to have been 
integrated into the design of the building.   The facility is also expected to achieve LEED Silver 
Certification.  LEED points are anticipated through the green roof system, offering bicycle 
storage and changing rooms, low-emitting and fuel efficient vehicles, reduction of water usage, 
water efficient landscaping, use of low-emitting as well as recycled and regional materials, and 
creating office space that can be 75% daylight.  The building will incorporate open office 
spaces, general office suites, conference rooms, specialized compartmented information 
facilities, a fitness center, small library, and an auditorium.   
 
As a result of the location and the existing facilities that are on site, several other features have 
been incorporated into the project. This includes the installation of the storm water detention 
tanks, the relocation of an existing radio tower, relocation of existing gate, a one story bridge 
connecting the new facility with the existing headquarters, construction of a new mailroom, 
and a construction of a new multi-story parking facility.  This report will focus on the new 
Army National Guard Readiness Center Addition and none of the other project features will be 
discussed or analyzed.  
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BACKGROUND 
 
 
The Army National Guard (ArNG) Readiness Center is located at 111 South George Mason 
Drive in Arlington County, Virginia.  The site is bordered on the east by the U.S. Department of 
State, National Foreign Affairs Training Center, on the north by Arlington Boulevard, on the 
west by George Mason Drive, and on the south by a residential community.  The fifteen-acre 
site is comprised of a 248,000 square foot headquarters facility, two 3-story parking garages 
and several small out buildings. 
 
The Army National Guard Readiness Center houses administrative and resource functions that 
provide support and liaison to the National Guard in all 50 states and requisite territories and 
to the Pentagon.  Currently there is about 1,300 staff based at this facility.  The 2005 Base 
Realignment and Closure Act (BRAC) actions required the realignment of Jefferson Plaza 1 in 
Crystal City by relocating National Guard Bureau Headquarters and Air Force Headquarters to 
the Army National Guard Readiness Center in Arlington and to Andrews Air Force Base, in 
Maryland.  This means the relocation of more than 1,200 National Guard Bureau Joint Staff 
and Army National Guard Staff to relocate to the Readiness Center.  This relocation has created 
a great need for a Readiness Center Addition.  Due to the BRAC Requirements the 1,200 
personnel must be relocated before 2011.  This makes the construction schedule particularly 
crucial.    
 
 
 

 
Figure 1: West Perspective 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 6 

STRUCTURAL SYSTEMS 

Foundation 
 
The geotechnical report engineering survey was performed by CH2M Hill on April 21, 2008.  In 
this study, it was found that a relatively high water level of approximately 6 feet to 10 feet 
below the existing surface was anticipated.  As much as 35 feet of excavation was required to 
reach the building grades. Therefore, drilled in soldier piles with wood lagging and tied-back 
anchors was recommended for temporary excavation support as well as the installation of 
dewatering well points.  CH2M Hill noted that, with proper ground water management and 
control, the existing subsurface is suitable for support of the building using a mat foundation 
system based on evaluation of allowable bearing capacity and anticipated settlement.  The 
recommended allowable bearing capacity for the new building location was 4800 lbs/ft2 for a 
mat footing.  As a result, a 43-inch concrete mat foundation was designed.  

Columns 
 
A reasonably consistent column layout exists throughout the building even with the 
changes in the shape of the floors between level 3P and 1T.  The typical interior gravity 
column is a 22-inch by 22-inch, reinforced normal weight concrete column.  The 
strength of all columns is 4,000 pounds per square inch.  While the size and shape of 
the column is the same on each floor, there are 
three changes in reinforcement.  For levels 3P to 
1P columns are reinforced with sixteen No. 10 
vertical bars.  These change after the 1P level 
where the tower component of the building 
begins.  For levels 1T and 2T columns are 
reinforced with sixteen #8 vertical bars.  The 
reinforcement changes again at the 3T level up to 
the 5T level; these columns are reinforced with 
eight #8 vertical bars.  #3 ties are located 12 
inches on center at every level. 

 
 
 
 
 
 
 
 

 
 

Figure 2: Typical 
Interior Column 

Figure 3: Typical Column Layout for 
Below Grade Levels 
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Figure 4: Typical Column Layout for Tower Levels 

 

Floor Systems 
 
The Army National Guard Readiness Center Addition utilizes a reinforced concrete structural 
system.  All of the floors are two-way flat slab with column strips and edge beams along the 
eastern and northern walls of the Tower component.  The typical concrete strength is 4,000 
psi.  The typical slab thickness is nine inches however; this changes in areas where the access 
flooring changes and for drainage areas in mechanical and electrical rooms.  No. 6 and No. 8 

bars are typically 
used for 
reinforcement in the 
floor systems. 
 
Due to the irregular 
shape of the building 
and the change in 
shape from the 
underground portion 
of the building to the 
tower component, a 
two-inch expansion 

joint is located at the 3P to 1T levels along column line 6.2.  
This expansion joint makes the building act as almost two 
separate building, the tower portion and the plaza portion.  
The tower portion extends from level 3P to 5T while the plaza 
portion is comprised of the subgrade levels and topped of with 
an intensive green roof.  This can be seen in figures 5 and 6. 

Figure 5: Elevation showing location of 
expansion joint and relationship between the 
Plaza portion and Tower Portion 

Figure 6: Location of Expansion Joint
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Roof Systems 
 
The penthouse roof of the tower is a two-way flat slab.  The slab is 10” thick with a concrete 
strength of 4,000 pounds per square inch.  This roof was designed to hold a 30 pounds per 
square foot snow load and is reinforced with #5 bars at 12 inches on center and 18 inches on 
center.    A large skylight over the northern stairs required steel framing, which consists of 
beams ranging from W12x14 to W12x26. 
 
The plaza roof is also a two-way slab with drop panels. The slab thickness ranges from eight 
inches to sixteen inches with a concrete strength of 4,000 pounds per square inch.  This roof 
will act as an intensive green roof and therefore had to be designed to carry a 100-pound per 
square foot roof garden load.  It is reinforced with #6 bars and includes a two-inch expansion 
joint where the roof abuts the floor of the first tower level (1T), as do the floors below.   
 

Lateral System 
 
The lateral system for the ArNG Readiness Center consists of reinforced concrete shear walls. 
These walls have a thickness of twelve inches and a concrete strength of 4,500 pounds per 
square inch.  The numbers of shear walls varies between levels due to the building’s change in 
footprint. Typical shear wall locations can be seen in figures 10 and 11 below.  This system 
resists lateral loads in the north-south and east-west direction depending upon the orientation 
of the wall.   
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 7: Shear Wall Locations in Levels 3P to 1P 

Figure 8: Shear Wall Locations in Tower 
Levels 
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DESIGN & CODE REVIEW 

Codes and References 
 
The following documents were either furnished for review or otherwise considered for this 
report: 
 

• ACI 318-08 Building Code Requirements for Structural Concrete published in January 
2008 by the American Concrete Institute 
 

• AISC 13th Edition (LRFD) Steel Construction Manual Published in December 2005 by 
the American Institute of Steel Construction, Inc. 
 

• ASCE/SEI 7-05 Minimum Design Loads for Buildings and Other Structures published 
in 2006 by the American Society of Civil Engineers 
 

• IBC 2006 International Building Code published in January 2006 by the International 
Code Council, Inc. 
 

• Notes on ACI 318-08 Building Code Requirements for Structural Concrete Published in 
2005 by the Portland Cement Association 

 
• Construction Documents originally dated August 25, 2008 by DMJM H&N, Inc. 

 

Deflection Criteria 
 

Floor Deflection Criteria 
 
  Typical Live Load Deflection limited to L/360 

  Typical Total Deflection limited to L/240 

  Maximum Deflection limited to ¾” 

Lateral Deflection Criteria  
 

  Total Allowable Building Drift limited to H/400 

  Story Wind Drift limited to H/400 to H/600 

  Story Seismic Drift limited to 0.015hSX 
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Load Combinations 
 
The following load combinations were considered for combining factored loads for gravity and 
lateral load analysis.  All load combinations are based on LRFD design and come from ASCE 7-
05 Section 2.3.  By inspection, it was clear that the wind would control in the East/West 
direction and the earthquake controls in the North/South direction.  Therefore, for all hand 
calculations, load case 4 was used for East/West and case 5 was used for North/South.  All load 
cases were input into the ETABS model for further analysis and to check hand calculations.   
  
 

1.4(D+L) 

1.2(D+F+T)+1.6(L+H)+0.5(Lr or S or R) 

1.2D+1.6(Lr or S or R)+(L or 0.8W) 

1.2D+1.6W+L+0.5(Lr or S or R) 

1.2D+1.0E+L+0.2S 

0.9D+1.6W+1.6H 

0.9D+1.0E+1.6H 
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LOADS 
 

Live Loads 
 
 The live loads for the Army National Guard Readiness Center were calculated in accordance 
with IBC 2006, which references ASCE 7-05, Chapter 6.  The loads that were determined from 
these references are noted in the table below.  
 

 
 

Dead Loads 
 
The dead  loads used for the design of the Army National Guard Readiness Center were 
noted on the structural drawings for this project.  These occupancy types and loading are 
summarized in Table 2 below.  

 

 

 

Wind Loads 
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In accordance with IBC 2006, the wind loads on the building were determined by the 
provisions of ASCE 7-05 Chapter 6.  To examine the lateral wind loads in both the North/South 
and East/West direction, Method 2, the analytical method, was used.  From Figure 6-1 in ASCE 
7-05 it was found that the basic wind speed in Arlington, Virginia is 90 mph.  This method does 
not take into account any apparent shielding afforded by other buildings to reduce wind 
velocity.  This could be crucial due to the relative proximity of the new facility with the existing 
structures that surround the building.  
For this technical report, a few 
assumptions were made to simplify 
the procedure.  The main assumption 
was the ArNG Readiness Center was 
considered a regular-shaped building.  
 
Using the commentary within ASCE 7-
05 the approximate fundamental 
frequency of the building was 
calculated.  It was determined from 
this that the building is rigid in nature 
and therefore 0.85 could be used for 
the Gust factors.  Figures below 
summarize the story forces and shear 
in both the North-South and East-
West direction.  Appendix C contains 

detailed spreadsheets, calculations, 
and criteria that were determined to 
ascertain the wind forces. 
 

 
Figure 10: Story Forces and Shear in the EastWest Direction 

 
 

Figure 9:  Story Forces and Shear in the NorthSouth Direction 
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Seismic Loads 
 
Chapters 11 and 12 of ASCE 7-05 were referenced in order to calculate the seismic forces on the 
Army National Guard Readiness Center.  It was assumed that the ArNG Readiness Center 
employed a rigid diaphragm, which allowed for the use of the Equivalent Lateral Force 
Procedure (ELF) found in section 12.8 of ASCE 7-05 standards.  Upon investigation of the 
geotechnical report provided by CH2M Hill, it was determined that the Army National Guard 
Readiness Center falls under Site Class D.  SS and S1 were then determined using the United 
State’s Geological Surveying (USGS) website.   All design variables and site parameters that 
were used in determining the seismic loads can be found in Appendix C along with detailed 
calculations and spreadsheets that were utilized to obtain the building weight, base shear, and 
overturning moment.  Figure 14 is a loading diagram that summarizes the story forces, base 
shear, and overturning moment acting on the ArNG Readiness Center due to seismic loads.   
 
 

        
 

Figure 11: Story Forces and Shear 
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MODELED LATERAL SYSTEM ANALYSIS 
 
 
ETABS is a computer modeling and analysis program developed by Computers & Structures, 
Inc.  The goal of this analysis was to determine how the loads are distributed throughout the 
building’s lateral system.   For this technical report, only the lateral elements and diaphragm of 
the building were modeled for simplicity as well as to reduce possible errors.  The mass of each 
of the shear walls was incorporated into membranes that define each portion of the wall.  Walls 
were meshed into areas with a given maximum dimension allowing walls that were connected 
to act as one rigid unit.  The diaphragms were modeled as to act completely rigid, which is 
accurate due to them being concrete.  Results from this model were compared to hand 
calculated values for center of mass, center of rigidity, and story forces.  Additional information 
was pulled from the model such as overall building drift and the controlling load cases.  
 
 
 

 
 

Figure 12: ETABS Model 
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DISTRIBUTION OF LATERAL LOADS 
 
 
It  is  assumed  that  the  distribution  of  the  lateral  loads  throughout  the  Army  National  Guard 
Readiness Center  is controlled by relative stiffness.   The  lateral  forces caused primarily  through 
the wind and seismic loading hit the building’s façade.  The concrete floor slabs act like beams to 
transfer  the  lateral  loads  to  the shear walls and the shear walls act  like cantilevered beams and 
carry the loads into the foundation.  The relative stiffness of each shear wall is determined by the 
rigidity of the wall.  The most rigid walls draw the forces to them.   
 
The  shear walls  (seen  in  the  figure  below)  are  in  the  same  location  on  each  floor  of  the  ArNG 
Readiness Center and maintain a 12” thickness everywhere with the exception of the penthouse 
level.   Shear walls six; seven, and eight do not exist on the penthouse  level. Due to the  irregular 
shape of the building, not all of the shear walls are positioned in the direct North‐South or East‐
West direction, but at a 35.5‐degree angle from the horizontal.  These walls were resolved into X 
and Y components to determine the relative stiffness of each wall with respect to the East‐West 
lateral forces or the North‐South lateral forces.   
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Figure 13:  Shear Wall Locations 

 
 

 

Shear Wall Stiffness   
 
To  determine  the  forces  that  go  to  each  shear  wall,  the  stiffness  of  each  is  critical  due  to  the 
diaphragm acting rigidly.   The torsion of each floor as well as the overall building torsion is also 
dependent  on  the  stiffness  since  it  affects  the  rigidity.    The more  rigid  the  shear  wall  the  less 
deflection will be created. 
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The rigidity of each wall was determined using the equation: 
 

 

Ri =
Et

4(h L)3 + 3(h L)  
 
 

 
 

 
 
 
The  rigidity  values  for  each  shear  wall  can  be  seen  in  the  following  table  and  supporting 
calculations can be referenced in Appendix D.   Once the rigidity values were known, the relative 
stiffness  of  each wall  was  determined.    The  relative  stiffness  dictates  the  percentage  of  lateral 
force  that  is distributed  to each wall.   Again,  the values  for each shear wall  can be  found  in  the 
following  tables  and  calculations  in  Appendix  D.    The  relative  stiffness  for  each  wall  was 
established by: 
 

 

Re lativeStiffness =
Ri

ΣR
x100%
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Center of Mass & Center of Rigidity 
 
In order to  find the  location of  the resultant story  force the center of mass (COM) and center of 
rigidity (COR) for each diaphragm were calculated.  These two points determine the eccentricity of 
each floor, which creates a torsional moment.  The center of mass was calculated as the center of 
mass of a triangle to simplify the calculations.  The center of rigidity was determined on each floor 
using the rigidity values that were found for each shear wall on the given floor.  
 

 

CenterofRigidity =
Σ(R × DistanceBetweenElement & Orgin)

ΣR
 

 
The hand calculated values for both the center of mass and the center of rigidity were compared to 
the  ETABS  output  and  can  be  seen  in  Table  6.    From  this  table  it  can  be  seen  that  the  hand 
calculated values are comparable to the ETABS output.  The slight variation in the center of mass 
values is mostly caused by the assumption made in the hand calculation to use the center of mass 
of  a  triangle, which neglected and openings within  the diaphragm as well  as wall  locations  that 
were most likely considered in the ETABS analysis.  There was also a small difference in the center 
of  rigidity  values, which  suggests  that  the diaphragms were  considered  in  the determination of 
rigidity, as opposed to the hand calculations where it was assumed that only the shear walls were 
to be considered.  For this technical report, the values produced by the hand calculations for both 
the  center  of  rigidity  and  the  center  of  mass  where  used  where  required.    Example  hand 
calculations can be referenced in Appendix D.  
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TORSION 
 
Torsion is present in the Army National Guard Readiness Center since the center of mass and the 
center  of  rigidity  are  not  in  the  same  location.    The  torsion must  be  considered  along with  the 
direct story force applied to each floor while calculating the lateral forces acting on the buildings 
lateral  system.    The  eccentricity  between  the  center  of  mass  and  center  of  rigidity  produces  a 
moment, which creates an additional torsional shear that must also be considered.  The torsional 
shear will be discussed further when the direct shear component is analyzed.  
 
For  buildings with  rigid  diaphragms,  like  the Army National  Guard Readiness  Center,  there  are 
two separate moments that must be accounted for according to section 12.8 of ASCE 7‐05.  There 
is the inherent moment, Mt, and the accidental moment, Mta.  The inherent moment is the moment 
due to the eccentricity between the center of mass and center of rigidity.  The accidental moment 
is  caused  by  an  assumed  displacement  of  the  center  of mass  and was  determined  according  to 
ASCE 7‐05 section 12.8.4.  Table 7 shows the torsional moments that were produced by forces in 
both directions.   
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SHEAR 

Direct Shear 
 
The lateral forces that act on a building cause direct shear and are distributed to the shear walls 
by  relative  stiffness.        The  direct  shear  for  each wall was  determined  by multiplying  the  story 
shear by the relative stiffness of the given wall.  The values for the direct shear can be seen in the 
following tables and example calculations can be found in Appendix E. 
 
 

 
 
 

 

 

Torsional Shear 
 
As mentioned previously, torsional shear is also present when torsion is produced by the building 
and must be considered with the direct shear.  Torsional shear was calculated for the shear walls 
supporting Level 4T as an example.  The shear was calculated using the equation: 
 

T =
VTotalediRi

J
 

 
Values found from the example calculation can be found in Table 9 and supporting calculations in 
Appendix E. 
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Shear Strength Check 
 
Shear strength checks were done on the  lateral elements of  the Army National Guard Readiness 
Center  to  confirm  the  strength  of  the  shear  walls  is  adequate  to  carry  the  loads  determined 
previously in this report.  For an example, the shear strength of the walls supporting Level 4T was 
checked.    From  section  21.9.4.1  from ACI  318‐08  the  equation  for  shear  strength  of  reinforced 
shear walls is: 
 

 

Vn = Acv[(acλ f 'c ) + (ρt f y )] 
 

The values determined for the shear strength of each wall supporting level 4T can be found in 
Table 10 below.  All of the were within the capacity that was determined using the equation from 
ACI 318‐08 above.  Detailed hand calculations can be referenced in Appendix E. 
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DRIFT AND DISPLACEMENT RESULTS 
 
The drift of a building is a serviceability issue that must be considered in the building design.  Drift 
is  inversely  proportional  to  the  total  stiffness  of  the  building’s  lateral  structure  and  should  be 
limited  as much  as  reasonably  possible.    The maximum building  deflection  due  to  lateral wind 
loads  is  limited  to  1/400th  of  the  total  building  height.  For  the Army National  Guard Readiness 
Center the drift is limited to: 
 

Δ Limit = (990"
400) = 2.475" 
 

The building drift was taken from the ETABS analysis.  From ETABS it was found that the building 
drifts 1.32” in the x‐direction (due to the East/West forces) and 1.49” in the y‐direction (due to the 
North/South  forces).    Both  of  these  drifts  were  well  below  the  deflection  limit  and  therefore 
building drift is not and issue for the Army National Guard Readiness Center.   
 
Each  story was  also  examined  independently  to  determine  an  approximate  value  for  the  story 
displacement and drifts of each level.  Hand calculations were performed to find these values.  The 
equation used was: 
 

Δ = ΔFlexure + Δ Shear =
Ph3

3EcI
+

1.2Ph
ErA

 

 
As  an  example,  the  story  displacement  was  calculated  for  Shear  Wall  2  in  the  North‐South 
direction.    All  supporting  calculations  and  tables  can  be  found  in  Appendix  F.    These  hand 
calculations were performed for a rough approximation and assumptions were made to simplify 
these  calculations.    Since  these  assumptions  neglected  some  factors  that  were  included  in  the 
ETABS  analysis,  it  was  a  true  approximation  and  the  values  calculated  by  hand  cannot  be 
compared to the ETABS values.   
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OVERTURNING MOMENT 
 
 
Overturning moments are cause by lateral forces on a building and must be considered due to the 
effects  it could have on the building’s  foundation.   The moments were calculated by multiplying 
the story shear by the mid‐height of each level.  This was done with the seismic loads in the North‐
South direction and wind forces in the East‐West direction.  These values can be seen in the table 
below.  A rough estimate showed that the overturning moment would not be an issue in the Army 
National Guard Readiness Center.  This approximation was done by comparing the stresses due to 
the  lateral  loads on  the building with  the stresses caused by  the dead  loads  (self weight) of  the 
building.  The dead load stresses of the building will counteract the stresses from the lateral load 
to  eliminate  overturning  issues.   Because  the  stresses produced by  the  lateral  forces  are  only  a 
small portion of the produced by the building’s self weight, overturning moments would have only 
a minimal effect on  the  foundation.    It  is expected  that  there will be slight  increases around the 
perimeter where a small uplift force will be present on the windward side and downward force on 
the leeward side. 
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CONCLUSION 
 
Throughout this technical report, the lateral system of the Army National Guard Readiness Center 
was analyzed.  To perform the lateral analysis the loads that were initially determined in Technical 
Report  I  had  to  be  adjusted  and  then  factored  according  to  the  load  combinations  for  strength 
design from ASCE 7‐05.  It was determined that the lateral forces were controlled by the seismic 
loads  in  the North‐South direction and wind  loads  in  the East‐West direction.   From this  lateral 
analysis  it can by concluded that  the wind and seismic  loads  that create  the  lateral  forces cause 
shear at each level which are resisted by the reinforced concrete shear walls located throughout 
the building.  Since the floor diaphragms act rigidly, the lateral loads are distributed to the shear 
walls  on  the  basis  of  relative  stiffness.    A  computer  model  was  generated  of  the  building’s 
diaphragms  and  lateral  system  using  ETABS.    From  this modeled  analysis,  the  overall  building 
drift was found to be 1.32” in the x‐direction and 1.49” in the y‐direction.  Hand calculations were 
also completed to check the story displacement and drift.  All values were within the H/400 limit.   
 
It was determined  that  torsion was present  in  the building due  to  the  eccentricity between  the 
center of mass and center of rigidity.  This added torsional shear to the walls, which needed to be 
considered  along with  the  direct  shear,  distributed  to  each  of  the  shear  walls.    Shear  strength 
checks were performed on the walls including both torsional and direct shear.   It was concluded 
from this analysis  that  the walls were adequately designed to resist  the anticipated shear  loads.  
The  presence  lateral  forces  also  create  overturning  moments  that  could  effect  the  building’s 
foundation.  A stress check between the lateral loads and the dead loads caused by the self‐weight 
of  the  building  concluded  that  the  building  weight  would  sufficiently  resist  the  overturning 
moment that exists.   
 
From  Technical  Report  III,  the  distribution  of  the  lateral  loads  throughout  the  Army  National 
Guard Readiness Center can be better understood.   A more complex model and  further analysis 
into the lateral system would need to be performed in the future depending on what changes and 
concepts will be investigated in the second portion of senior thesis.  From this analysis, it can be 
concluded  that  the  shear walls  in  the  Army National  Guard  Readiness  Center  are  satisfactorily 
designed.   
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APPENDIX A: BUILDING LAYOUTS 
 

 
Presented in this appendix are some of the main drawings and details that were referenced during the 

investigation and research to complete this technical report. 
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APPENDIX B: WIND LOAD CALCULATIONS 
 
 

Presented in this appendix are summaries of variables and building parameters required to determine wind loads 
in both the North-South and East-West directions.  Hand calculations were performed and can be referenced here 

as well as force distribution tables and diagrams used to determine the base shear and overturning moments 
caused by wind forces.  
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APPENDIX C: SEISMIC LOAD CALCULATIONS 
 
 

Presented in this appendix are summaries of variables and building parameters required to determine the seismic 
loads on the Army National Guard Readiness Center Addition.  Hand calculations were performed and can be 

referenced here as well as force distribution tables and diagrams used to determine the base shear and 
overturning moments caused by wind forces.  
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APPENDIX D: LOAD DISTRIBUTION 
 
 

Presented in this appendix are summaries of variables and building parameters required to determine the load 
path and distribution for the lateral system of the Army National Guard Readiness Center Addition.  Hand 

calculations were performed and can be referenced here as well as force distribution tables and diagrams used to 
determine the rigidity and relative stiffness of all the shear walls and the center of mass and center of rigidity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 53 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 54 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 55 

  



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 56 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 57 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 58 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 59 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 60 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 61 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 62 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 63 
 



Army National Guard Readiness Center                  Dr. Thomas E. Boothby 
Arlington, Virginia    December 1, 2009 
 

Amanda C. Farace  Page 64 

 

 

 

 

 

 

APPENDIX E: SHEAR CALCULATIONS 
 
 

Presented in this appendix are summaries of variables and building parameters required to determine the shear 
forces and shear strength check for the lateral system of the Army National Guard Readiness Center Addition.  

Hand calculations were performed and can be referenced here as well as force distribution tables and diagrams 
used to determine the direct shear, torsional shear, and the shear strength of the shear walls. 
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APPENDIX F: OVERTURNING MOMENT 
 
 

Presented in this appendix are summaries of variables and building parameters required to determine the 
overturning moments for the Army National Guard Readiness Center Addition.  Hand calculations were 

performed and can be referenced here as well as tables and diagrams used to determine the stress check for 
overturning moment control.  
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APPENDIX G: DRIFT & DISPLACEMENT 
 
 

Presented in this appendix are summaries of variables and building parameters required to determine the overall 
building drift and story displacements for the Army National Guard Readiness Center Addition.  Hand 

calculations were performed and can be referenced here as well as tables and diagrams used to determine the 
building drift and story displacement.  
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