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Army National Guard Readiness Center
Arlington, Virginia

EXECUTIVE SUMMARY

Technical Report I is a structural concepts and existing
conditions report, which describes the structural system of
the Army National Guard Readiness Center Addition.
Research was performed into the structural systems of the
building and methods used for design. This report uses the
current standards to check the design of the structure.

The 8-story joint headquarters building, located in Arlington,
Virginia, is a concrete structure utilizing a 43” mat
foundation, flat slab concrete floor system with column
strips and edge beams, ordinary reinforced concrete shear
walls and various reinforced concrete columns. Typical
interior columns are 22” by 22”, which are monolithic from
top to bottom of the building with variations in
reinforcement. Due to deviations in footprint between the
subgrade levels and the tower levels, a 2” expansion joint is
located in the 9” floor slabs on the subgrade levels.

For this report, seismic and wind loads were calculated using
Chapters 12 and 6 of ASCE 7-05 respectively. The analytical
method 2 in Section 6.5 was used to calculate the wind loads
while seismic loads were calculated using the equivalent
lateral force (ELF) procedure. After the loads were found it
was determined that seismic base shear controls the lateral
forces and wind forces in the East-West direction control the
overturning moment.

Dr. Thomas E. Boothby

October 5, 2009

Figure 2: Mat Slab Reinforcement

Spot checks were performed on the three main structural components of the building. The first
spot check was an edge beam along the eastern side of the building. A typical interior 22” by 22”
column was also checked at three different levels. These

SITE PLAN

calculations in this

Lower level
footprint

Figure 3: Site Plan depicting the variatft
building footprint
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levels were where the reinforcement changes. Via the

report it was determined each

component is adequate and seemingly oversized for the
forces. As noted in the report, however; only gravity
loads were considered for this analysis and it is likely that
once that lateral loads are considered, the members will
need to carry a greater capacity, hence the larger design.
The final spot check was completed to check the thickness
of the floor slab using a typical 20’ by 25’ bay.
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INTRODUCTION

The ArNG headquarters addition is sited to the south of the existing facility, where the storm
water retention pond had been 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 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 encompasses 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 entities 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 to 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 entities will be
discussed of analyzed.

Amanda C. Farace
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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 4: West Perspective
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STRUCTURAL SYSTEM

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 monolithic on each floor, there are

three changes in reinforcement. For levels 3P to 00 0 00 o ofoe o o
1P columns are reinforced with sixteen No. 10 oo N T S A
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.
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Figure 5: Typical Interior Column Figure 6: Typical Column Layout for Underground Levels
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Figure 7: Typical Column Layout for Tower Levels

Floor Systems

Dr. Thomas E. Boothby
October 5, 2009

The Army National Guard Readiness Center Addition utilizes a concrete structural system. All
of the floors are a 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 pounds per
square inch. 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

for reinforcement in the
floor systems.

s

—IF

® ©e08 o No. 8 bars are typically used
el T T | |

Due to the irregular shape
of the building and the
change in shape from the
underground portion of the
Figure 9: Elevation showing location of building to the tower
expansion joint and relationsh'ip between component, a two-inch
Plaza portion and Tower portion . C. .

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 8 and 9
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Figure 8: 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 10: Typical Shear Wall Locations in Figure 11: Typical Shear Wall
Below Grade Levels 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 34”

Lateral Deflection Criteria

Total Allowable Wind Drift limited to H/500
Total Story Wind Drift limited to H/400
Total Allowable Seismic Drift limited to 0.015hsx
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Material Specifications

These materials, their grades, and strengths were the materials that the current Army National
Guard Readiness Center Addition is utilizing. All materials were listed on the drawings,
general notes, of the specifications. These materials area summarized in table 1.

Table 1: Material Properties

Material Grade Strength

Concrete

Foundation f'c=4,500 psi

Slab on Grade - f'c=4,000psi

Columns - f'c=4,000psi

Shear Walls - f'c=4,500 psi

Floor Slabs - f'c=4,000psi

HSS Rectangular A500-Gr B fy=46,000 psi

HSS Circular A500-Gr B fy=46,000 psi

Reinforcing Bars ASTM 615-Gr. 6 fy=60,000 psi

Steel Deck ASTM A625 - Gr. 33 | fy=33,000 psi

CMU Type 1 - Gr. N Med Wt| f'm=1,500 psi
Grout C270 Type S -

GRAVITY & LATERAL 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 Table 2 below.

Table 2: Live Loads
Occupancy Design Load ASCE 7-05 Loads

100 psf 100 psf

" Corridors (Above
First Floor) 80 psf 80 psf

20 pst 20 pst
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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 3 below.

6" Raised Floor 43 psf
24" Raised Floor 20 psf
Normal Weight Concrete 150 pcf
MEP/Celing 15 psf
CMU Partitions Actual Weight

Normal Weight Concrete 150 pcf
MEP/Celing 15 psf
Roofing Finish 4 psf

Snow Loads

The flat roof snow load for the Army National Guard Readiness Center was calculated in
accordance with Chapter 7 of ASCE 7-05. A summary of the snow load factors that were used
can be found in Table 4. Due to the lack of information regarding the heights of mechanical
units, the drift snow load was not taken into consideration for this technical report. This load
could have a significant impact near mechanical equipment and parapets and will be
considered for further analysis.

Table 4: Snow Load Criteria

' Tel Factor

" Minimum Required Load | pf= 20psf ‘
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Wind Loads

In accordance with IBC 2006, the wind loads ., —

on the building were determined by the ? ok
provisions of ASCE Chapter 6. To examine D

the lateral wind loads in both the — =&« PENTHOUSE (65'-0)

North/South and East/West direction, 1220
Method 2, the analytical method, was used. = B .
From Figure 6-1 in ASCE 7-05 it was found ., , EvEL TS - 0)

that the basic wind speed in Arlington, VA 19843k
was 90 mph. This method does not take into sk LEVEL3T (26 - 0')

account any apparent shielding afforded by 20224k
other building to reduce wind velocity. e VLA (19 - 0)

This could be crucial due to the relative VLT 0 - ==

proximity of the new facility with the -

existing structures that surround the \ZBT"/
building. For this technical report, a few

11,762.66 K-FT

assumptions were made to simplify the

procedure. The main assumption was the
ArNG Readiness Center Addition was to be
considered a regular-shaped building. A more accurate and detailed analysis of lateral loads
will be conducted in a later technical report. Using the commentary within ASCE 7-05 the
approximate fundamental frequent of the building was calculated. It was determined from this
that the building is flexible in nature and the Gust Factors were calculated accordingly (Refer
to Appendix B for calculations). Figures below summarize the story forces and shear in both
the north-south and east-west direction. Appendix B contains detailed spreadsheets,
calculations, and criteria that were determined to ascertain the wind forces.

Figure 12: Story Forces and Shear in the North-South Direction

64.26 k o ROOF (82'-0")

.26k
64.26

46.87k PENTHOUSE (65’ - 0")

11413k

44.75k N LEVEL ST (52 -0")

158.88 k

41.63 k LEVEL 4T(3%' - 0")

200.51k

37.10k LEVEL 3T (26’ - 0")

237.61k
—_—

34.40k LEVEL 2T (13’ —0")

27201k

LEVEL 1T (0’ - 0")

272.01k

31,675 K-FT

Figure 13: Story Force and Shear in the East-West 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 S; 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.

108 k _ ROOF (82 —0")

108 k

99.82 k PENTHOUSE (65° - 0")

208.08 k

76.85 k _ LEVEL 5T (52’ —07)

284.93 k

5486k LEVEL 4T(3%" - 0")

N

339.8k

3411k, LEVEL 3T (26’ —0")

3739k

15.10 k LEVEL 2T (13’ -0")

389 k

LEVEL 1T (0’ - 0")

A

389k

20066.3 K-FT

Figure 14: Story Forces and Shear

Other Loads

There are a number of other important loads that require further research but will need to be
considered in future analysis. For instance, the subgrade walls are subjected to a lateral soil
pressure that needs to be taken into consideration. Also, the foundation should be checked to
determine if it is sufficient to overcome any hydraulic lift forces that would be present. Since
the Army National Guard Readiness Center is a government building, there are Department of
Defense building regulations that are required, such as blast and progressive collapse criteria.
If these requirements create a worse case scenario it could result in the need for larger
members and more reinforcement than compared to an ordinarily designed structure.
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SPOT CHECKS

Gravity Beam Spot Check

Dr. Thomas E. Boothby
October 5, 2009

For this technical report, three types of spot checks were completed, one edge beam spot check
and 3 column spot checks. For the first spot check, a typical edge beam on the east side of level

Figure 15: Location of Edge Beam
Analyzed forces.

Gravity Column Spot Check

For the column spot checks, three capacity checks at the
existing column line 5E were performed at each level
where the reinforcement changes, level 3P, 1T, and 3T
(See figure below for exact location). For each check
three points were chosen to check the interaction
diagram. Due to the simplifying assumption that the
columns were not part of the lateral system, only the
compressive forces were actually required. PCA Column
was used to plot the interaction diagrams and the load of
the column; these results can be seen in Appendix D.
From the results of the calculations and interaction
diagrams, it is clear that the column is adequately
designed for the determined loading. After the analysis,
it seems as if the columns are oversized, however this is
most likely due to the fact that the structural material is
concrete and therefore the columns will see moment and
take some of the lateral load. The lateral system will be
analyzed in depth in a later technical report. Detailed
calculations can be referenced in Appendix D.

Amanda C. Farace

3T (See figure 15 below for exact location) was chosen to be
analyzed to see if it was capable of carrying the determined loads.
The results were determined using methods from ACI 318-05.
The middle of the beam was reinforced differently than the left
and right side of the beam therefore; the two most crucial
sections on the beam were analyzed. The beam was 18 inches by
24 inches with #9 reinforcing bars and a #3, closed stirrup
spaced at six inches on center. To get the moments and shears in
the beam, ACI moment coefficients were used. Calculations in

Appendix D show the beam is adequate to carry the determined
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Figure 16: Location of Column Analyzed
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Slab Spot Check

While the columns follow a typical gridline pattern, it was difficult finding an area of the
building with typical adjacent bays that included edge beams and could be analyzed due
to the irregular shape of the building. The area that was chosen for this slab check was in
the northeast corner of the tower portion of the building. Here the building forms a 9o
degree angle and follows a typical bay layout (Reference Figure 17). The spot check was
used to analyze the structural engineer’s use of a 9” slab thickness. ACI’s Direct Design
Analysis was used to determine the alpha values for each of the edge beams. Following
the ACI Chapter 16 guidelines it was determined that a 7.5” slab thickness is sufficient as
the minimum therefore the 9” slab was adequate. Detailed calculations are provided in
Appendix D.

6008 ]

Figure 17: Typical Bay used to Analyze Slab

CONCLUSION

Technical Report I is an investigation into the structural concepts and existing conditions of the
Army National Guard Readiness Center in an attempt to better understand the design decision
made at the onset of the project. This report includes a detailed discussion of the structural
system and floor framing plans for a more comprehensive look into how the structure works.

Calculations were performed on individual members in order to verify the engineer’s design.
These spot checks concluded that some of the members may be oversized however, as stated in
the report, these checks were completed with the simplifying assumption that they do not act as
part of the lateral system and therefore do not take any moment forces. This will be taken into
consideration in a more in-depth analysis of the lateral system in a future technical report.

This Technical Report also includes calculations into the lateral design forces that act on the Army
National Guard Readiness Center. From the calculations of the wind loads and seismic loads it was
determined that the seismic loads control the base shear on the building while the wind forces in
the east-west direction control the overturning moment.
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APPENDIX A: BUILDING LAYOUT

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.

Amanda C. Farace Page 16
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Partial Mat Foundation Plan
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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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Table 2B: Building Information

Building Height (Feet [ 82 |

Table 1B: Building Location Parameters

Wind Enclosure Catego

E-W Building Length (Feet 232.75

L/B in E-W Direction 0.7

Wind Directionality Factor (K.) | 085 |

Table 3B: Gust Factor

Wind Direction
Variable N-S E-W

Stiffness |  Flexible |
| L(Feet) | 23275 | 162 |

- n, | 08242 0.8242

Q| 0791 0.768
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Table 4B: Gust Factors

Wind Direction Cy; Windward Cp; Leeward Gust Factor
N-S Direction 0.8 -0.3 0.87 0.18
E-W Direction 0.8 0.5 0.86 0.18

Table 5B-1: Typical Wind Pressures in North-South Direction

Wind Pressures (psf)
N-S Windward N-S Leeward N-S Total

50 | o081 | 1642 | 1482 | 831 | 2313 _

Height (Feet) KZ qZ

Table 5B-2: Typical Wind Pressures in East-West Direction
Wind Pressures (psf)
E-W Windward E-W Leeward E-W Total

o2 1 o0o: 1 1905 | 651t T iie2 I 2013 |
-m-
50 | o1 | 1642 | 1e72 | 1162 | 2634 _
30 | 07 | 119 | 1318 | 1162 | 268

Height (Feet) KZ qZ
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Table 6B: Wind Load Distribution in North-South Direction

Tributary Windward Story Force Story Shear  Overturning Moment

Level Height (Feet) Helght (Feet) (psf) Leeward (psf)  Total (psf) (Kips) (Kips) (Ft-Kips)

Roof

VO 65 | 13 | 1560 | 831 | 2391 | 5067 | 5213 | 155641 |

5T

GO 39 [ 13 [ 101 | 831 | 232 | 730 | 15113
3T

i) 13 | 13 | 1143 | 831 | 1974 4183 | 24224 11762.66 |

1T

Table 7B: Wind Load Distribution in East-West Direction

Level Height (Feet) Nbr&:{]mea WI?:;';M Leeward (psf)  Total (psf) Sto(%‘l::]rce Sto&g:; ol Overtu[;:}f(%pb:)o e
e 65 | 13 | 1549 | iiee | 2041 | 468 | 11613 | 205196
;7 I T N N N NS N VYT A
7 R R IV T 7 N S N AT S

1T
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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. 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 seismic forces.
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Table 1D: General Seismic Information

| sSiteClass | ]| D

Short Period Spectral
Response

Ss 0.1799

Maximum Short Period

Spectral Response Sus D258

Design Short Spectral

Sus 0.192

Response Modification
Coefficient
Effective Period 0.844
! |

Table 2C: Seismic Loads

Tributary  Story Weight
Height (Ft) wy (Kips)

. Lateral Force Story Shear Moments My
Level Height hy (ft) Fy (kips) Vy (kips) (ft-kips)

Roof

el 65 | 13 | 3044 | 133.27 40567580 | 026 | 99.82 108.22 918.01

5T

N 39 | 13 ] 3044 | 7324 22293198 54.86 284.89 6388.02

3T

ol 13 | 13 | 3044 | 2021 | 6151574 | 004 | 1514 37386 | 15080.92

-
z(w.lhk) =1580867.38
Total Building Weight(Above Grade) = 14,957 kips

hxk thxi Cwx
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APPENDIX D: SPOT CHECKS

Presented in this appendix are the hand calculations that were performed to analyze individual members of the
structural system of the Army National Guard Building to verify the structural engineer’s design. The first part
consists of the spot check that was completed on a typical edge beam at the 3T level of the building. The second
part of this appendix is the spot check for a typical 22” by 22”, interior column checked at three different levels.
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