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EXECUTIVE SUMMARY 

Technical	
   Report	
   II	
   is	
   a	
   Pro-­‐Con	
   structural	
   study,	
  which	
   analyzes	
   and	
   compares	
   alternate	
   floor	
  
systems	
   for	
   the	
  Army	
  National	
  Guard	
  Readiness	
  Center	
  Addition	
  as	
  well	
   as	
   the	
  existing	
   system.	
  
Research	
  was	
  performed	
  into	
  the	
  existing	
  floor	
  framing	
  system	
  as	
  well	
  as	
  three	
  alternate	
  systems.	
  	
  
This	
  report	
  uses	
  the	
  current	
  standards	
  to	
  check	
  the	
  existing	
  design	
  as	
  well	
  as	
  determine	
  possible	
  
designs	
  for	
  the	
  alternate	
  systems.	
  	
  	
  
	
  
The	
  8-­‐story	
  joint	
  headquarters	
  building,	
  located	
  in	
  Arlington,	
  Virginia,	
  is	
  a	
  concrete	
  structure	
  that	
  
utilizes	
  two-­‐way	
  flat	
  slab	
  floor	
  system	
  with	
  edge	
  beams.	
  	
  Typical	
  interior	
  columns	
  are	
  22”	
  by	
  22”	
  
and	
  are	
  continuous	
  on	
  each	
  floor	
  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	
   allowing	
   the	
   tower	
   component	
   and	
   plaza	
   component	
   to	
   act	
  
separately.	
   	
  Using	
  ACI	
  318-­‐08	
   the	
  column	
  strip	
  and	
  middle	
  strip	
   reinforcement	
  was	
  determined	
  
and	
  compared	
  to	
  the	
  designed	
  reinforcement	
  using	
  the	
  Direct	
  Design	
  Method.	
  	
  	
  
	
  
For	
  this	
  report,	
  the	
  floor	
  systems	
  that	
  were	
  analyzed	
  as	
  possible	
  alternatives	
  were:	
  
	
  

-­‐ Hollow	
  core	
  precast	
  planks	
  on	
  steel	
  	
  
-­‐ Composite	
  steel	
  
-­‐ Post-­‐tensioned	
  

	
  
Using	
   current	
   standards,	
   designs	
   for	
   each	
   system	
   were	
   determined	
   and	
   then	
   advantages	
   and	
  
disadvantages	
  for	
  each	
  system	
  were	
  analyzed.	
  	
  All	
  four	
  systems	
  were	
  then	
  compared	
  to	
  determine	
  
which	
   system	
   would	
   most	
   benefit	
   the	
   construction	
   and	
   design	
   of	
   the	
   Army	
   National	
   Guard	
  
Readiness	
  Center	
  Addition.	
  	
  From	
  this	
  comparison,	
  it	
  was	
  concluded	
  that	
  post-­‐tensioning	
  was	
  the	
  
most	
  advantageous	
  for	
  this	
  building.	
  	
  It	
  reduced	
  the	
  slab	
  thickness,	
  ultimately	
  increasing	
  the	
  floor-­‐
to-­‐ceiling	
   height	
   and	
   decreasing	
   the	
   total	
   building	
  weight.	
   Reducing	
   the	
   building	
  weight	
  would	
  
benefit	
   the	
   foundation,	
  and	
   the	
  slab	
  would	
  have	
  a	
   smooth	
  ceiling	
   finish	
  and	
  not	
  entail	
  any	
  drop	
  
ceiling.	
   	
   This	
   system	
  does	
  not	
   require	
   any	
   additional	
   fireproofing	
   and	
   the	
   forces	
   created	
  by	
   the	
  
stressed	
   tendons	
   would	
   balance	
   the	
   live	
   loads	
   and	
   dead	
   loads	
   on	
   the	
   slab	
   allowing	
   for	
   longer	
  
spans	
  and	
  controlling	
  deflection	
  and	
  limiting	
  vibrations.	
   	
  When	
  compared	
  to	
  the	
  existing	
  system,	
  
post-­‐tensioning	
  was	
  the	
  closest	
  alternative	
  and	
  could	
  easily	
  be	
  substituted	
  since	
  no	
  column	
  layout	
  
changes	
  would	
   be	
   necessary	
   and	
   this	
   system	
   could	
   be	
   integrated	
  with	
   the	
   concrete	
   shear	
  wall	
  
lateral	
   system.	
   There	
   are	
   disadvantages	
   to	
   this	
   system	
   as	
  well;	
   however,	
  most	
  were	
   associated	
  
with	
  the	
  construction	
  and	
  stressing	
  of	
  the	
  tendons.	
  	
  From	
  this	
  technical	
  report,	
  it	
  was	
  determined	
  
that	
  post-­‐tensioning	
  could	
  be	
  a	
  viable	
  alternative	
  to	
  the	
  existing	
  system	
  and	
  further	
  investigation	
  
will	
  be	
  done	
  to	
  determine	
  if	
  this	
  would	
  be	
  appropriate	
  as	
  a	
  possible	
  proposal	
  topic.	
  	
  
	
  
While	
   the	
   hollow	
   core	
   precast	
   planks	
   and	
   the	
   composite	
   steel	
   systems	
   also	
   had	
   several	
  
advantages,	
  they	
  were	
  outweighed	
  by	
  the	
  disadvantages	
  of	
  both	
  systems.	
  	
  The	
  main	
  disadvantage	
  
was	
  the	
  increase	
  in	
  the	
  floor	
  system	
  which	
  would	
  greatly	
  reduce	
  the	
  floor-­‐to-­‐ceiling	
  height.	
  	
  It	
  was	
  
determined	
   from	
   this	
   technical	
   report	
   that	
   neither	
   of	
   these	
   systems	
   would	
   be	
   potential	
  
alternatives	
   to	
   the	
   existing	
   two-­‐way	
   flat	
   slab	
   and	
  no	
   further	
   research	
  will	
   be	
  done	
   for	
   either	
  of	
  
these	
  floor	
  systems.	
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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	
   	
   October	
  28,	
  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	
  



Army	
  National	
  Guard	
  Readiness	
  Center	
   	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Dr.	
  Thomas	
  E.	
  Boothby	
  
Arlington,	
  Virginia	
   	
   October	
  28,	
  2009	
  
	
  

Amanda	
  C.	
  Farace	
   Page	
  7	
  

	
  
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 

 
• PCI 6th Edition Design Handbook published in 2003 by the Precast/Presterssed 

Concrete Institute 
 

• 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 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. 
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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 Table 2 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	
  3	
  below.	
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Existing Floor System – Two Way Reinforced Flat Slab 
	
  
Properties	
  

	
  
	
   9	
  inch	
  Slab	
  (NWC)	
  
	
   22”x22”	
  Columns	
  
	
   f’c	
  =	
  4,000	
  psi	
  
	
   fy	
  =	
  60,000	
  psi	
  
	
  

	
  

	
  

	
  
Description	
  
	
  
The	
   existing	
   floor	
   system	
  designed	
   for	
   the	
  Army	
  National	
  Guard	
   readiness	
  Center	
   is	
   a	
   two-­‐way	
  
reinforced	
  flat	
  slab	
  system.	
   	
  This	
  system	
  includes	
  a	
  9”	
   thick	
  slab	
  that	
  contains	
  #6	
  reinforcement	
  
bars	
  at	
  18	
  inches	
  on	
  center.	
  	
  To	
  resist	
  increased	
  moment	
  at	
  supports,	
  additional	
  reinforcement	
  is	
  
included.	
  	
  The	
  added	
  bars	
  are	
  #6	
  and	
  spacing	
  varies	
  depending	
  on	
  the	
  magnitude	
  of	
  the	
  moments.	
  
	
  
An	
  analysis	
  of	
  this	
  floor	
  system	
  was	
  completed	
  using	
  typical	
  interior	
  bays	
  at	
  the	
  3T	
  level	
  using	
  the	
  
Direct	
  Design	
  Method	
  and	
   loads	
  determined	
  by	
  ASCE	
  7-­‐05.	
   	
   	
   The	
   typical	
  bay	
  was	
   split	
   into	
   two	
  
frames,	
   Frame	
   A	
   and	
   Frame	
   B.	
   	
   The	
   frames	
   were	
   checked	
   for	
   minimum	
   slab	
   thickness	
   and	
  
reinforcement	
  design.	
   	
  Both	
   the	
  calculated	
  minimum	
  thickness	
  and	
  reinforcement	
   requirements	
  
were	
   less	
   than	
   the	
  9”	
   slab	
   thickness	
   and	
   the	
   reinforcement	
  designed.	
   	
   The	
   typical	
   bay	
   that	
  was	
  
analyzed	
  was	
  an	
  interior	
  26’x20’	
  bay.	
  	
  Calculations	
  reviewing	
  the	
  wide	
  beam	
  (one-­‐way	
  shear)	
  and	
  
punching	
  shear	
  (two-­‐way)	
  within	
  the	
  slab	
  were	
  also	
  completed.	
  	
  Neither	
  proved	
  to	
  be	
  an	
  issue	
  and	
  
no	
  additional	
  shear	
  reinforcement	
  was	
  required.	
  	
  Deflection	
  calculations	
  were	
  also	
  completed	
  and	
  
found	
   to	
  be	
  within	
   the	
   l/480	
   limits	
   for	
   long-­‐term	
  deflection.	
   	
  All	
   supporting	
   calculations	
   can	
  be	
  
referenced	
  in	
  Appendix	
  B.	
  
	
  
Advantages	
  
	
  
The	
  use	
  of	
  a	
  flat	
  slab	
  system	
  for	
  the	
  Army	
  National	
  Guard	
  Readiness	
  Center	
  Addition	
  was	
  a	
  likely	
  
choice	
   because	
   it	
   is	
   both	
   advantageous	
   and	
   economic.	
   	
   	
   The	
   smooth	
   concrete	
   slab	
   allows	
   for	
  
aesthetically	
   pleasing	
   exposed	
   ceilings	
   due	
   to	
   the	
   limited	
   amount	
   of	
   beams	
   and	
   drop	
   panels	
  
penetrating	
  the	
  area.	
  	
  This	
  smooth	
  slab	
  can	
  also	
  reduce	
  the	
  floor	
  to	
  ceiling	
  heights	
  when	
  compared	
  
to	
  a	
  steel	
  frame	
  system.	
  	
  A	
  flat	
  slab	
  system	
  is	
  very	
  common,	
  especially	
  within	
  the	
  Washington	
  D.C.	
  
area,	
  and	
  easy	
  to	
  construct.	
  	
  The	
  concrete	
  slab	
  has	
  a	
  2-­‐hour	
  fire	
  rating	
  and	
  therefore	
  no	
  additional	
  
fireproofing	
  is	
  required	
  for	
  this	
  system.	
  
	
  
	
  
	
  

Figure	
  9:	
  Flat	
  Slab	
  System	
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Disadvantages	
  	
  
	
  
As	
  with	
  all	
  systems,	
  there	
  are	
  also	
  a	
  few	
  disadvantages	
  to	
  using	
  flat	
  slabs.	
  	
  The	
  number	
  one	
  issue	
  
with	
  this	
  type	
  of	
  floor	
  system	
  is	
  shear	
  concerns.	
  	
  	
  In	
  particular,	
  punching	
  shear	
  can	
  be	
  a	
  problem	
  
where	
   there	
   is	
   a	
   transfer	
   of	
  moments	
   from	
   the	
   slab	
   to	
   the	
   column.	
   	
   Fortunately,	
   this	
  was	
  not	
   a	
  
problem	
   in	
   the	
   Army	
   National	
   Guard	
   Readiness	
   Center	
   due	
   to	
   the	
   9”	
   slab	
   thickness	
   that	
   was	
  
required	
  for	
  the	
  25’	
  span.	
  	
  Another	
  disadvantage	
  to	
  this	
  system	
  is	
  the	
  constraint	
  on	
  span	
  lengths.	
  	
  
Only	
   moderate	
   spans,	
   however,	
   were	
   needed	
   for	
   the	
   Army	
   National	
   Guard	
   Readiness	
   Center	
  
therefore	
  this	
  was	
  not	
  an	
  issue.	
  	
  One	
  of	
  the	
  disadvantages	
  of	
  this	
  system	
  during	
  construction	
  is	
  the	
  
labor	
  and	
  cost	
  that	
   is	
  required	
  to	
  prepare	
  the	
  formwork,	
  which	
  would	
  not	
  be	
  required	
  for	
  other	
  
floor	
  systems.	
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Alternative Floor System 1 – Hollow Core Precast Panels on Steel 
	
  
Properties	
  
	
  
	
   4’-­‐0”	
  x	
  6”	
  Panels	
  
	
   2”	
  Normal	
  Weight	
  Concrete	
  Topping	
  
	
   f’c=5,000	
  psi	
  
	
   Tendons	
  –	
  66-­‐S	
  
	
  
Description	
  
	
  
Due	
  to	
  the	
  precast	
  panels	
  coming	
  in	
  4’-­‐0”	
  segments	
  it	
  was	
  necessary	
  to	
  adjust	
  the	
  bay	
  sizes	
  for	
  this	
  
particular	
  system.	
   	
   It	
  was	
  determined	
  that	
  a	
  28’-­‐0”x20’-­‐0”	
  would	
  be	
  more	
  logical	
   for	
  this	
  system	
  
rather	
  than	
  the	
  existing	
  26’-­‐0”	
  x	
  20’-­‐0”	
  bays.	
  	
  	
  For	
  this	
  analysis,	
  an	
  interior	
  bay	
  of	
  28’-­‐0”x20’-­‐0”	
  was	
  
used.	
  	
  At	
  this	
  time	
  columns	
  have	
  not	
  been	
  designed.	
  
	
  
The	
  PCI	
  Design	
  Handbook	
  was	
  used	
  to	
  select	
  a	
  6”	
  thick	
  plank	
  with	
  a	
  2”	
  topping	
  for	
  this	
  bay.	
  	
  	
  66-­‐S	
  
strands	
   were	
   used	
   within	
   the	
   hollow	
   core	
   planks	
   to	
   achieve	
   the	
   required	
   span.	
   	
   The	
   66-­‐S	
  
designation	
  refers	
  to	
  the	
  number	
  of	
  strands	
  (6),	
  the	
  diameter	
  of	
  the	
  strands	
  in	
  sixteenths	
  (6/16),	
  
and	
  the	
  strands	
  are	
  to	
  be	
  straight	
  (S).	
  	
  	
  
	
  
It	
  was	
  determined	
  using	
  the	
  AISC	
  Steel	
  Construction	
  Manual	
  (13th	
  Edition),	
  the	
  beams	
  that	
  precast	
  
planks	
  will	
  frame	
  into	
  are	
  sized	
  as	
  W18x55.	
  	
  	
  All	
  supporting	
  calculations	
  can	
  be	
  found	
  in	
  Appendix	
  
C.	
  	
  	
  
	
  
Advantages	
  
	
  
There	
   are	
   numerous	
   benefits	
   to	
   using	
   hollow	
   core	
   precast	
   planks.	
   	
   The	
   system	
   requires	
   low	
  
maintenance	
   and	
   is	
   extremely	
   durable.	
   	
   The	
   construction	
   is	
   quick	
   and	
   can	
   allow	
   for	
   early	
  
completion	
  and	
  the	
  possibility	
  to	
  fast	
  track	
  the	
  project.	
  	
  Construction	
  can	
  also	
  be	
  completed	
  year	
  
round	
   since	
   no	
   curing	
   time	
   is	
   required	
   and	
   the	
   need	
   for	
   expensive	
   formwork	
   is	
   eliminated.	
   A	
  
Hollow	
  core	
  precast	
  plank	
  system	
  is	
  also	
  recognized	
  as	
  a	
  LEED	
  rated	
  system	
  and	
  is	
  very	
  efficient	
  
for	
  noise	
  attenuation.	
  	
  	
  
	
  
Disadvantages	
  
	
  
While	
   there	
   are	
   several	
   advantages	
   to	
   using	
   hollow	
   core	
   planks	
   there	
   are	
   also	
   multiple	
  
disadvantages.	
  	
  The	
  bay	
  sizes	
  and	
  column	
  layout	
  would	
  need	
  to	
  be	
  drastically	
  rearranged	
  to	
  fit	
  the	
  
4’-­‐0”	
  increments	
  of	
  the	
  typical	
  precast	
  panels.	
   	
  This	
  could	
  result	
  in	
  an	
  unacceptable	
  building	
  size	
  
and	
  floor	
  layouts.	
  	
  It	
  is	
  also	
  not	
  appropriate	
  for	
  irregular	
  shaped	
  buildings	
  due	
  to	
  regular	
  shaped	
  
panels.	
  	
  A	
  large	
  increase	
  in	
  the	
  floor	
  system	
  depth	
  would	
  also	
  be	
  a	
  problem,	
  as	
  is	
  the	
  case	
  with	
  any	
  
steel	
  system.	
  	
  A	
  25.7”	
  deep	
  floor	
  system	
  would	
  drastically	
  change	
  the	
  floor	
  to	
  ceiling	
  height	
  when	
  
compared	
  to	
  the	
  existing	
  system.	
  	
  While	
  the	
  precast	
  panels	
  have	
  a	
  quick	
  lead-­‐time,	
  the	
  time	
  for	
  the	
  
steel	
  is	
  longer	
  to	
  account	
  for	
  fabrication,	
  detailing,	
  and	
  transportation.	
  	
  At	
  this	
  time,	
  the	
  vibration	
  

Figure	
  10:	
  Hollow	
  Core	
  Precast	
  Panel	
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associated	
  with	
  this	
  system	
  is	
  unknown.	
  	
  There	
  is	
  also	
  concern	
  with	
  connections	
  to	
  the	
  shear	
  wall	
  
that	
  could	
  have	
  unknown	
  impacts	
  on	
  design	
  and	
  cost.	
  	
  	
  
	
  
Feasibility	
  
	
  
At	
  this	
  time	
  it	
  does	
  not	
  seem	
  that	
  this	
  system	
  would	
  be	
  appropriate	
  for	
  any	
  further	
  investigation.	
  	
  
The	
  disadvantages	
  of	
  this	
  system	
  for	
  the	
  Army	
  National	
  Guard	
  Readiness	
  Center	
  far	
  outweigh	
  its	
  
benefits.	
  	
  
	
  
	
  

 

 

 

 

 

 

 

 
	
  

 

	
  

	
  
	
  



Army	
  National	
  Guard	
  Readiness	
  Center	
   	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Dr.	
  Thomas	
  E.	
  Boothby	
  
Arlington,	
  Virginia	
   	
   October	
  28,	
  2009	
  
	
  

Amanda	
  C.	
  Farace	
   Page	
  16	
  

Alternative Floor System 2 – Composite Steel 
	
  
Properties	
  
	
  
	
   3	
  ½”	
  Concrete	
  Slab	
  
	
   Metal	
  Deck:	
  18	
  Gage	
  2VLI18	
  
	
   f’c=3,000	
  psi	
  
	
   fy=60,000	
  psi	
  
	
  
Description	
  	
  
	
  
The	
   composite	
   deck	
   system	
  was	
   designed	
   using	
   a	
   typical	
   interior	
   panel	
   that	
  was	
   20’-­‐0”x26’-­‐0”.	
  	
  
Intermediate	
  beams	
  were	
  placed	
  at	
  8’-­‐8”.	
  	
  Using	
  the	
  Vulcraft	
  website,	
  a	
  Vulcraft	
  2VLI18	
  composite	
  
deck	
   can	
   span	
   10’-­‐8”	
   unshored	
   for	
   a	
   3	
   span	
   condition,	
   which	
   is	
   greater	
   than	
   the	
   8’-­‐8”	
   spacing	
  
designed	
  for	
  this	
  analysis.	
  	
  A	
  minimum	
  3¼”	
  concrete	
  topping	
  above	
  the	
  metal	
  deck	
  is	
  required	
  to	
  
achieve	
  a	
  2-­‐hour	
  fire	
  rating	
  according	
  to	
  ANSI/UL	
  263.	
   	
   	
  A	
  3½”	
  topping	
  was	
  used	
  for	
  this	
  design	
  
and	
  results	
  in	
  a	
  total	
  depth	
  of	
  5½”	
  slab	
  depth	
  when	
  accompanied	
  with	
  the	
  deck.	
  	
  This	
  design	
  meets	
  
the	
  load	
  and	
  deflection	
  requirements.	
  
	
  
The	
  AISC	
  Steel	
  Construction	
  Manual	
  was	
  used	
  to	
  size	
  the	
  beams	
  and	
  girders	
  as	
  well	
  as	
  the	
  shear	
  
studs	
  for	
  this	
  system.	
  	
  It	
  was	
  determined	
  that	
  a	
  W14x26	
  was	
  a	
  sufficient	
  size	
  for	
  the	
  beams	
  with	
  
sixteen	
  ¾”	
  diameter	
  shear	
  studs.	
  	
  While	
  deflection	
  controlled	
  for	
  the	
  design	
  of	
  the	
  girders,	
  it	
  was	
  
concluded	
  that	
  a	
  W16x31	
  with	
  twenty	
  shear	
  studs	
  and	
  a	
  ½”	
  camber	
  would	
  be	
  sufficient.	
   	
  At	
  this	
  
preliminary	
  stage	
  columns	
  have	
  not	
  yet	
  been	
  designed.	
  	
  Calculations	
  for	
  the	
  slab	
  and	
  framing	
  can	
  
be	
  referenced	
  in	
  Appendix	
  D.	
  	
  
	
  
Advantages	
  
	
  
There	
  are	
  numerous	
  benefits	
  to	
  using	
  this	
  system	
  including	
  the	
  speed	
  and	
  efficiency	
  of	
  erection.	
  	
  
Also,	
  the	
  expensive	
  and	
  time-­‐consuming	
  preparation	
  of	
  formwork	
  is	
  eliminated	
  with	
  this	
  system.	
  	
  
With	
   the	
   appropriate	
   concrete	
   thickness,	
   additional	
   fireproofing	
   is	
   not	
   required	
   either.	
   	
   	
   	
   	
   This	
  
system	
  also	
  makes	
  it	
  easy	
  for	
  trade	
  coordination	
  and	
  layout	
  of	
  other	
  building	
  systems	
  due	
  to	
  the	
  
service	
  plenum	
  that	
  will	
  be	
  created	
  by	
  the	
  drop	
  ceiling.	
  	
  
	
  
Disadvantages	
  
	
  
As	
  with	
  all	
  steel	
  systems,	
  composite	
  steel	
  decking	
  is	
  a	
  much	
  deeper	
  floor	
  system	
  when	
  compared	
  
to	
  concrete	
  systems.	
  	
  If	
  the	
  beam	
  or	
  girder	
  members	
  get	
  too	
  deep	
  they	
  could	
  significantly	
  decrease	
  
the	
   floor	
   to	
  ceiling	
  height	
   in	
   the	
  building.	
   	
   In	
   the	
  case	
  that	
   the	
  steel	
  members	
  do	
  get	
   too	
   large	
   it	
  
could	
  also	
   create	
  other	
   issues.	
   	
  Deep	
  members	
  would	
   cause	
   the	
   system	
   to	
  become	
  heavier	
   than	
  
other	
  systems	
  which	
  would	
  result	
  in	
  problems	
  in	
  seismic	
  regions	
  as	
  well	
  as	
  areas	
  with	
  weak	
  soil.	
  	
  
Deep	
  members	
  would	
  also	
  make	
  trade	
  coordination	
  much	
  more	
  complicated.	
  	
  	
  
	
  
	
  
	
  

Figure	
  11:	
  Composite	
  Steel	
  Deck	
  Floor	
  System	
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Feasibility	
  
	
  
At	
  this	
  time	
  it	
  does	
  not	
  seem	
  that	
  this	
  system	
  would	
  be	
  appropriate	
  for	
  any	
  further	
  investigation.	
  	
  
The	
  disadvantages	
  of	
  this	
  system	
  for	
  the	
  Army	
  National	
  Guard	
  Readiness	
  Center	
  far	
  outweigh	
  its	
  
benefits.	
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Alternative Floor System 3 – Post Tensioned Slab 
	
  
Properties	
  
	
  
	
   7”	
  Normal	
  Weight	
  Concrete	
  Slab	
  
	
   f’c=5,000	
  psi	
  
	
   f’ci=3,000	
  psi	
  
	
   Unbounded	
  Tendons	
  
	
   ½”	
  Diameter,	
  7-­‐wire	
  strands	
  
	
   fpu=270,000	
  psi	
  
	
  
Description	
  
	
  
	
  The	
  post-­‐tensioned	
  system	
  was	
  designed	
  for	
  a	
  typical	
  
26’-­‐0”x20’-­‐0”	
   panel	
   for	
   the	
   Army	
   National	
   Guard	
  
Readiness	
   Center	
   Addition.	
   	
   This	
   system	
   would	
  
implement	
   typical	
   7-­‐wire	
   strand,	
   ½”,	
   unbonded	
  
tendons.	
  	
  Using	
  a	
  span	
  to	
  depth	
  ratio	
  of	
  L/45,	
  it	
  was	
  determined	
  that	
  a	
  seven	
  inch	
  slab	
  would	
  be	
  
adequate	
   for	
   this	
   system.	
   	
   Calculations	
   were	
   completed	
   which	
   resulted	
   in	
   8	
   tendons	
   at	
   26.78	
  
kips/tendon	
  would	
  work	
  for	
  this	
   floor.	
   	
  Design	
  criteria,	
  such	
  as	
  stress	
   limits,	
  were	
  then	
  checked	
  
using	
  provisions	
  from	
  ACI	
  318-­‐08	
  Chapter	
  18.	
  
	
  
Neither	
  deflection	
  not	
  vibration	
  calculations	
  were	
  completed	
  for	
  the	
  post-­‐tensioned	
  system	
  due	
  to	
  
the	
   complexity	
   and	
   unfamiliarity.	
   	
   However,	
   post-­‐tensioned	
   systems	
   are	
   known	
   to	
   perform	
  
extremely	
   well	
   under	
   deflection	
   due	
   to	
   the	
   balanced	
   loads	
   from	
   the	
   stress	
   in	
   the	
   tendons.	
  	
  
Appendix	
  D	
  contains	
  supporting	
  calculations	
  for	
  the	
  post-­‐tensioned	
  system.	
  	
  
	
  
Advantages	
  	
  
	
  
Post-­‐tensioned	
  systems	
  allow	
  for	
   longer	
  spans	
  and	
  thinner	
  slabs	
  than	
  other	
  systems.	
   	
  The	
  seven	
  
inch	
  post	
  tensioned	
  system	
  is	
  actually	
  thinner	
  than	
  the	
  existing	
  flat	
  slab	
  floor	
  system.	
  	
  	
  Similar	
  to	
  
the	
   existing	
   design,	
   there	
   would	
   be	
   a	
   smooth,	
   clean	
   concrete	
   surface	
   at	
   the	
   ceiling	
   as	
   well.	
  	
  
Deflection	
  is	
  reduced	
  by	
  the	
  balanced	
  load	
  provided	
  by	
  the	
  tendons	
  and	
  the	
  rigidity	
  and	
  denseness	
  
of	
  the	
  post-­‐tensioning	
  limit	
  the	
  effect	
  of	
  vibrations.	
  	
  This	
  system	
  could	
  potentially	
  fit	
  right	
  into	
  the	
  
Army	
  National	
  Guard	
  Readiness	
  Center	
  Addition	
  without	
  adjusting	
  the	
  layout	
  and	
  would	
  increase	
  
the	
  floor-­‐to-­‐ceiling	
  height.	
  	
  
	
  
There	
  are	
  several	
  other	
  benefits	
   to	
   implementing	
  a	
  post-­‐tensioned	
  system.	
   	
   	
  The	
  normal	
  weight	
  
concrete	
  slab	
  is	
  2	
  hour	
  fire	
  rated	
  and	
  would	
  not	
  require	
  any	
  additional	
  fireproofing.	
  	
  This	
  system	
  
also	
   reduces	
   the	
   amount	
   of	
   mild	
   steel	
   reinforcement	
   that	
   is	
   required.	
   	
   A	
   short	
   lead-­‐time	
   is	
  
associated	
   with	
   this	
   construction	
   and	
   also	
   allows	
   for	
   easy	
   trade	
   coordination,	
   which	
   could	
  
decrease	
   construction	
   time.	
   	
   Finally,	
   the	
   thinner	
   floor	
   slabs	
   could	
   result	
   in	
   an	
   overall	
   lighter	
  
system,	
  especially	
  compared	
  to	
  deep	
  steel	
  construction.	
  	
  This	
  could	
  be	
  a	
  benefit	
  in	
  seismic	
  regions	
  
and	
  in	
  locations	
  with	
  weak	
  soils.	
  	
  
	
  

Figure	
  12:	
  Post-­‐Tension	
  Tendons	
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Disadvantages	
  
	
  
While	
  this	
  system	
  seems	
  to	
  be	
  one	
  of	
  the	
  most	
  advantageous	
  systems	
  for	
  the	
  Army	
  National	
  Guard	
  
Readiness	
   Center	
   Addition,	
   there	
   are	
   several	
   disadvantages	
   and	
   concerns	
   associated	
   with	
   this	
  
system.	
  	
  Most	
  of	
  the	
  negative	
  characteristics	
  are	
  related	
  to	
  the	
  construction	
  process	
  of	
  this	
  system.	
  	
  
Not	
  only	
  is	
  the	
  tendon	
  laying	
  process	
  extremely	
  labor	
  intensive	
  and	
  lengthy,	
  the	
  process	
  of	
  jacking	
  
the	
  tendons	
  to	
  reach	
  the	
  required	
  strength	
  is	
  dangerous	
  and	
  should	
  only	
  be	
  done	
  by	
  contractors	
  
with	
   experience.	
   	
   The	
   jacking	
   must	
   be	
   completed	
   at	
   a	
   consistent	
   rate	
   and	
   if	
   it	
   is	
   not	
   jacked	
  
properly	
   or	
   the	
   tendons	
   are	
   placed	
   incorrectly	
   there	
   is	
   a	
   possibility	
   for	
   a	
   tendon	
   to	
   snap	
   and	
  
rupture	
  through	
  the	
  concrete.	
   	
  This	
  would	
  not	
  only	
  cause	
  a	
  major	
  delay	
  to	
  the	
  completion	
  of	
  the	
  
building	
   to	
   repair	
   the	
   concrete,	
   it	
   can	
   also	
   be	
   extremely	
   dangerous	
   to	
   any	
   people	
   around	
   the	
  
tendon	
  when	
  it	
  snaps.	
  	
  Due	
  to	
  the	
  added	
  risk	
  during	
  construction	
  of	
  this	
  system	
  there	
  are	
  several	
  
extra	
  safety	
  procedures	
  that	
  would	
  be	
  required	
  on	
  the	
  jobsite.	
  	
  	
  
	
  
General	
  construction	
  issues	
  also	
  include	
  the	
  requirement	
  of	
  the	
  formwork	
  and	
  shoring.	
  	
  It	
  would	
  
also	
  be	
  very	
  difficult	
  to	
  cut	
  any	
  openings	
  in	
  the	
  floor	
  after	
  the	
  concrete	
  is	
  poured	
  in	
  fear	
  of	
  cutting	
  
the	
  stressed	
  tendons	
  located	
  in	
  the	
  slab.	
   	
  There	
  are	
  also	
   issues	
  with	
  shrinkage	
  at	
  corners,	
  which	
  
could	
   cause	
   cracking	
   after	
   the	
   tendons	
   are	
   stressed.	
   	
   Construction	
   would	
   also	
   be	
   difficult	
   for	
  
underground	
  levels	
  with	
  the	
  post-­‐tensioning.	
  	
  	
  
	
  
Feasibility	
  	
  
	
  
This	
   floor	
   system	
   seems	
   to	
   be	
   promising	
   when	
   considering	
   alternate	
   framing	
   systems	
   for	
   the	
  
Army	
   National	
   Guard	
   Readiness	
   Center	
   Addition.	
   	
   	
   There	
   are	
   several	
   concerns	
   in	
   regards	
   to	
  
construction	
  and	
  whether	
  it	
  would	
  be	
  feasible	
  with	
  the	
  three	
  levels	
  below	
  grade.	
  	
  However,	
  there	
  
is	
  potential	
  for	
  this	
  system	
  with	
  further	
  investigation	
  and	
  understanding	
  of	
  these	
  issues.	
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Comparison of System 
	
  
	
  
	
  

	
  
	
  
	
  
	
  
When	
   comparing	
   the	
   aforementioned	
   systems	
   as	
   possible	
   alternatives	
   for	
   the	
   Army	
   National	
  
Guard	
   Readiness	
   Center	
   Addition,	
   there	
   were	
   several	
   factors	
   that	
   were	
   considered	
   in	
   order	
   to	
  
determine	
   the	
   effectiveness	
   in	
   each	
   system.	
   	
   This	
   criterion	
   includes:	
   system	
   depth,	
   foundation	
  
changes,	
   fire	
   rating,	
   vibration	
  and	
  deflection	
   control,	
   lead-­‐time,	
   layout	
   changes,	
   constructability,	
  
and	
  cost.	
  	
  Each	
  of	
  these	
  factors	
  were	
  considered	
  based	
  on	
  the	
  preliminary	
  analysis	
  for	
  the	
  existing	
  
floor	
  system	
  and	
  each	
  of	
  the	
  three	
  alternatives.	
  	
  
	
  
Weight	
  
	
  
The	
  weight	
  of	
  the	
  system	
  is	
  one	
  of	
  the	
  most	
  crucial	
  factors	
  because	
  it	
  dictates	
  many	
  others,	
  such	
  as	
  
vibration,	
   cost,	
   and	
   foundation	
   changes.	
   	
   	
   It	
   can	
   be	
   seen	
   in	
   the	
   table	
   above	
   that	
   the	
   composite	
  
system	
   weighs	
   the	
   least	
   while	
   the	
   flat	
   slab	
   existing	
   system	
   weighs	
   the	
   most.	
   	
   Normal	
   weight	
  
concrete	
  was	
  used	
  throughout	
  the	
  design	
  of	
  each	
  system	
  in	
  order	
  to	
  conform	
  to	
  the	
  initial	
  design	
  
assumptions.	
  	
  It	
  is	
  not	
  surprising	
  that	
  the	
  precast	
  plank	
  system	
  and	
  the	
  post-­‐tensioned	
  system	
  are	
  
medium	
  weight	
  since	
  the	
  system	
  thicknesses	
  are	
  average	
  amongst	
  the	
  four.	
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Depth	
  	
  
	
  
The	
   post-­‐tensioned	
   system	
   would	
   allow	
   for	
   a	
   thinner	
   slab	
   than	
   the	
   existing	
   two-­‐way	
   flat	
   slab	
  
system	
   at	
   9”.	
   	
   This	
   would	
   increase	
   the	
   floor-­‐to-­‐ceiling	
   heights	
   in	
   the	
   Army	
   National	
   Guard	
  
Readiness	
  Center	
  Addition.	
   	
   It	
  would	
  only	
   effectively	
   change	
   the	
  heights	
   a	
  minimal	
   amount	
   and	
  
while	
  larger	
  floor-­‐to-­‐ceiling	
  heights	
  may	
  not	
  be	
  as	
  imperative	
  in	
  such	
  a	
  building	
  as	
  in	
  residential	
  
buildings,	
   it	
   remains	
   an	
   important	
   consideration	
   because	
   it	
   can	
   ultimately	
   affect	
   several	
   other	
  
aspects	
  such	
  as	
  weight,	
  cost,	
  and	
  deflection.	
  	
  While	
  the	
  composite	
  system	
  has	
  the	
  shallowest	
  slab,	
  
the	
  beams	
  and	
  girders	
  are	
  much	
  deeper	
  and	
  would	
  require	
  some	
  type	
  of	
  ceiling	
  that	
  would,	
  in	
  the	
  
end,	
  increase	
  the	
  ceiling	
  depth	
  thus	
  decreasing	
  the	
  floor-­‐to-­‐ceiling	
  height	
  significantly.	
  	
  The	
  hollow	
  
core	
  precast	
  planks	
  are	
  only	
  6”	
  but	
  require	
  deep	
  steel	
  members	
  for	
  support.	
  	
  Therefore,	
  based	
  on	
  
depth,	
  it	
  seems	
  that	
  the	
  post-­‐tensioned	
  system	
  would	
  be	
  the	
  superior	
  system.	
  	
  	
  
	
  
Vibration/Deflection	
  
	
  
Each	
  of	
  the	
  floor	
  systems,	
  with	
  the	
  exception	
  of	
  the	
  post-­‐tensioned	
  system,	
  was	
  designed	
  to	
  meet	
  
the	
   L/320	
   and	
   L/240	
   serviceability	
   requirements.	
   	
   Deflection	
   for	
   post-­‐tensioning	
   is	
   typically	
  
determined	
   using	
   computer	
   programs.	
   	
   Due	
   to	
   inadequate	
   knowledge	
   with	
   regards	
   to	
   the	
  
modeling	
  of	
  post-­‐tensioned	
  systems,	
  deflection	
  calculations	
  were	
  not	
  performed.	
   	
  However,	
   it	
   is	
  
likely	
  that	
  this	
  system	
  will	
  perform	
  well	
  for	
  deflection	
  due	
  to	
  the	
  balanced	
  moment.	
  
	
  
Given	
  time	
  constraints	
  and	
  limited	
  knowledge,	
  vibration	
  calculations	
  were	
  not	
  performed	
  for	
  this	
  
analysis.	
  	
  	
  However,	
  it	
  can	
  be	
  assumed	
  that	
  the	
  more	
  rigid	
  and	
  heavier	
  floor	
  systems	
  would	
  vibrate	
  
less	
   since	
   vibration	
   is	
   affected	
   by	
   the	
  mass	
   and	
   stiffness	
   of	
   the	
   beam	
   and	
   slab.	
   	
   Therefore,	
   the	
  
concrete	
  system	
  will	
  most	
  likely	
  perform	
  better	
  for	
  vibration	
  than	
  the	
  light	
  steel	
  systems.	
  	
  
	
  
Constructability	
  
	
  
The	
   steel	
   composite	
   systems	
  would	
  be	
   easy	
   to	
   construct	
   since	
   it	
   is	
   a	
   very	
   common	
   system	
  and	
  
does	
  not	
  require	
   formwork,	
  saving	
  both	
   time	
  and	
  money.	
   	
  This	
  system	
  does	
  have	
  a	
   longer	
   lead-­‐
time	
  and	
  would	
  require	
  additional	
  fireproofing.	
  	
  The	
  precast	
  hollow-­‐core	
  slab	
  would	
  also	
  be	
  very	
  
constructible;	
  however,	
  the	
  Army	
  National	
  Guard	
  Readiness	
  Center	
  site	
  does	
  not	
  allow	
  for	
  a	
  large	
  
amount	
   of	
   excess	
   area	
   to	
   store	
   the	
   precast	
   members.	
   	
   While	
   the	
   constructability	
   of	
   the	
   post-­‐
tensioned	
  system	
  would	
  not	
  have	
  been	
  especially	
  more	
  difficult,	
   it	
   is	
  much	
  more	
  dangerous	
  and	
  
requires	
  many	
  more	
  safety	
  regulations	
  on	
   the	
   jobsite.	
   	
  Lastly,	
   the	
   flat	
  plate	
  system	
  does	
   involve	
  
extra	
   labor	
   due	
   to	
   formwork	
   and	
   pouring.	
   	
   However,	
   it	
   can	
   be	
   easily	
   constructed	
   and	
   was	
  
constructed	
  rather	
  quickly	
  on	
  the	
  Army	
  National	
  Guard	
  Readiness	
  Center	
  Addition.	
  
	
  
	
  Lead	
  Time	
  
	
  
For	
  buildings	
  that	
  are	
  fast-­‐tracked,	
  lead-­‐time	
  is	
  especially	
  important.	
  	
  While	
  this	
  was	
  not	
  the	
  case	
  
for	
  the	
  Army	
  National	
  Guard	
  Readiness	
  Center	
  Addition,	
  it	
  was	
  important,	
  as	
  is	
  always	
  the	
  case,	
  in	
  
lowering	
  labor	
  costs.	
  	
  The	
  existing	
  system	
  was	
  a	
  cast-­‐in-­‐place	
  concrete	
  system	
  therefore;	
  little	
  to	
  
no	
  lead-­‐time	
  was	
  involved.	
  	
  The	
  hollow-­‐core	
  precast	
  and	
  the	
  composite	
  steel	
  systems	
  would	
  have	
  
had	
   a	
   significantly	
   greater	
   lead-­‐time	
   than	
   the	
   flat	
   slab	
   or	
   post-­‐tensioned	
   systems.	
   	
   While	
   the	
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general	
   lead-­‐times	
   for	
   each	
   system	
   can	
   be	
   estimated,	
   it	
   is	
   unknown	
   at	
   this	
   time	
  which	
   system	
  
would	
   ultimately	
   be	
   constructed	
   the	
   fastest,	
   based	
   on	
   the	
   experience	
   of	
   workers	
   within	
   the	
  
Arlington,	
  Virginia	
  area.	
  
	
  
Layout	
  Changes	
  
	
  
The	
   initial	
   column	
   layout	
   of	
   the	
   building	
   is	
   regular	
   and	
   fits	
   a	
   grid-­‐like	
   pattern	
   even	
   with	
   the	
  
irregular	
  building	
  shape.	
   	
  While	
   further	
  research	
   into	
   the	
  architecture	
  of	
   the	
  space	
   is	
  necessary,	
  
the	
  hollow-­‐core	
  precast	
  system	
  would	
  create	
  significant	
  changes	
  within	
  the	
  column	
  layout.	
  	
  This	
  is	
  
due	
  to	
  the	
  typical	
  4’-­‐0”	
  increments	
  of	
  the	
  precast	
  panels	
  which	
  would	
  also	
  cause	
  a	
  problem	
  with	
  
the	
   irregular	
  shape	
  of	
  the	
  building.	
   	
  The	
  composite	
  steel	
  system	
  would	
  require	
  slight	
  changes	
  to	
  
the	
  column	
   layout	
   to	
  provide	
  more	
  uniform	
  bays.	
   	
  Post-­‐tensioning	
  would	
  be	
   the	
  most	
  beneficial	
  
system	
  when	
  it	
  comes	
  to	
  layout	
  changes	
  since	
  it	
  is	
  cast-­‐in-­‐place	
  and	
  	
  	
  does	
  not	
  require	
  any	
  changes	
  
to	
  the	
  existing	
  column	
  layout.	
  	
  
	
  
Foundation	
  Changes	
  
	
  
The	
  Army	
  National	
  Guard	
  Readiness	
  Center	
  Site	
  contains	
  relatively	
  poor	
  soil;	
  therefore,	
  changes	
  in	
  
weight	
  would	
   affect	
   the	
   foundation	
   design.	
   	
   Since	
   the	
   existing	
   foundation	
  was	
   designed	
   for	
   the	
  
two-­‐way	
   flat	
   slab	
   system,	
   there	
  would	
   be	
   little	
   affect	
   on	
   the	
   foundation	
   for	
   the	
   post-­‐tensioning	
  
system,	
   which	
   is	
   relatively	
   similar	
   to	
   the	
   flat	
   slab	
   system.	
   	
   	
   However,	
   the	
   steel	
   composite	
   and	
  
hollow-­‐core	
  precast	
  system	
  could	
  cause	
  potential	
  problems	
  if	
  the	
  steel	
  members	
  were	
  to	
  get	
  deep	
  
enough	
  to	
  significantly	
  increase	
  the	
  weight.	
  	
  The	
  heavier	
  systems	
  would	
  likely	
  need	
  more	
  pile	
  caps	
  
and	
  deeper	
  foundations,	
  which	
  would	
  prove	
  to	
  be	
  very	
  costly.	
  	
  	
  
	
  
Fireproofing	
  
	
  
Careful	
  consideration	
  was	
  made	
  in	
  choosing	
  the	
  proper	
  floor	
  systems	
  with	
  appropriate	
  two-­‐hour	
  
fire	
  ratings.	
   	
  Normal	
  weight	
  concrete	
  slabs	
  greater	
  than	
  4	
  ½”	
  were	
  analyzed	
  because	
  they	
  would	
  
not	
   require	
   any	
   additional	
   fireproofing.	
   	
   An	
   additional	
   2”	
   concrete	
   topping	
   on	
   the	
   hollow-­‐core	
  
precast	
  planks	
  provided	
   fireproofing	
   for	
   that	
  system.	
   	
  The	
  composite	
  steel	
   system	
  would	
  be	
   the	
  
only	
  system	
  that	
  requires	
  additional,	
  spray	
  on	
  fireproofing	
  to	
  achieve	
  the	
  proper	
  fire	
  rating.	
  	
  This	
  
would	
  entail	
  additional	
  cost	
  and	
  labor;	
  it	
  is	
  not	
  significant	
  enough	
  to	
  dictate	
  which	
  system	
  should	
  
be	
  chosen	
  for	
  the	
  Army	
  National	
  Guard	
  Readiness	
  Center.	
  
	
  
Cost	
  
	
  
Using	
  RS	
  Means	
  data,	
  a	
  provisional	
  cost	
  for	
  each	
  of	
  the	
  floor	
  systems	
  was	
  determined.	
  	
  The	
  hollow-­‐
core	
   precast	
   system	
   is	
   the	
   most	
   expensive	
   and	
   would	
   only	
   be	
   even	
   more	
   inflated	
   in	
   order	
   to	
  
incorporate	
  irregularly	
  shaped	
  planks	
  to	
  fit	
  the	
  irregularly	
  shaped	
  building.	
  	
  The	
  cheapest	
  system	
  
was	
  the	
  2-­‐way	
  flat	
  slab	
  system,	
  which	
  was	
  extremely	
  close	
  to	
  the	
  post-­‐tensioned	
  system.	
  	
  This	
  is	
  
not	
  surprising	
  since	
  the	
  tendons	
  for	
  the	
  post-­‐tensioning	
  typically	
  cost	
  two	
  to	
  three	
  times	
  as	
  much	
  
as	
  regular	
  steel	
  reinforcement;	
  however,	
  the	
  post-­‐tensioning	
  reduces	
  the	
  amount	
  of	
  steel	
  required	
  
by	
  nearly	
  one-­‐third.	
   	
  This	
  was	
  an	
  extremely	
  rough	
  estimate	
  of	
  the	
  cost	
  of	
  each	
  system	
  and	
  more	
  
accurate	
  information	
  will	
  be	
  gathered	
  from	
  manufacturers	
  in	
  the	
  Arlington,	
  VA	
  area	
  in	
  the	
  future.	
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Conclusion  
	
  
Throughout	
  this	
  technical	
  report,	
  the	
  feasibility	
  of	
  each	
  of	
  the	
  floor	
  systems	
  was	
  discussed.	
  	
  It	
  was	
  
important	
   to	
   consider	
   a	
   number	
   of	
   design	
   factors	
   such	
   as	
   cost,	
   weight,	
   possible	
   layout	
   and	
  
foundation	
  changes,	
  and	
  the	
  constructability	
  of	
  each	
  system.	
  	
  The	
  Army	
  National	
  Guard	
  Readiness	
  
Center	
   Addition	
   utilizes	
   a	
   two-­‐way,	
   flat	
   slab	
   system.	
   	
   The	
   ability	
   to	
   form	
   concrete	
   with	
   the	
  
irregular	
  shape	
  of	
  the	
  building	
  is	
  mostly	
  what	
  made	
  this	
  system	
  most	
  appealing	
  to	
  the	
  structural	
  
engineers.	
  	
  	
  
	
  
After	
  careful	
  evaluation	
  and	
  comparison	
  of	
  the	
  comparison	
  three	
  alternate	
  systems,	
  it	
  seems	
  that	
  
the	
   post-­‐tensioned	
   system	
   would	
   be	
   the	
   most	
   feasible	
   alternate	
   floor	
   framing	
   system	
   for	
   this	
  
building.	
   	
   There	
   is	
   concern	
  with	
   the	
   post-­‐tensioning	
  with	
   regards	
   to	
   the	
   intense	
   labor	
   and	
   risk	
  
associated	
   with	
   this	
   type	
   of	
   system.	
   	
   However,	
   with	
   experienced	
   contractors	
   and	
   proper	
  
understanding	
   of	
   how	
   the	
   system	
   works,	
   the	
   construction	
   could	
   be	
   successfully	
   completed,	
  
relatively	
  easily.	
  	
  
	
  
Several	
  benefits	
  could	
  be	
  gained	
  if	
  this	
  system	
  were	
  utilized	
  in	
  the	
  Army	
  National	
  Guard	
  Readiness	
  
Center	
  Addition.	
  	
  One	
  of	
  the	
  major	
  advantages	
  to	
  this	
  system	
  is	
  the	
  ability	
  to	
  increase	
  the	
  floor-­‐to-­‐
ceiling	
  height	
  with	
  a	
  slab	
  thinner	
  than	
  the	
  existing	
  9”	
  two-­‐way	
  flat	
  slab.	
  	
  This	
  system	
  is	
  also	
  one	
  of	
  
the	
   most	
   economical	
   systems	
   and	
   would	
   not	
   require	
   any	
   additional	
   formwork	
   or	
   fireproofing	
  
when	
  compared	
  to	
  the	
  existing	
  flat	
  slab.	
  	
  When	
  compared	
  to	
  the	
  existing	
  floor-­‐framing	
  system	
  it	
  is	
  
also	
  the	
  only	
  system	
  that	
  does	
  not	
  require	
  any	
  column	
  layout	
  changes	
  or	
  foundation	
  changes	
  since	
  
the	
  building	
  weight	
  would	
  decrease	
  slightly.	
  	
  Finally,	
  the	
  stresses	
  in	
  the	
  tendons	
  balance	
  the	
  loads,	
  
which	
   allows	
   the	
   slab	
   to	
   carry	
  more	
   live	
   and	
   dead	
   load,	
   longer	
   spans,	
   reduces	
   vibrations,	
   and	
  
limits	
  deflection.	
  
	
  
The	
   composite	
   steel	
   and	
   precast	
   hollow-­‐core	
   planks	
   on	
   steel	
   also	
   had	
   several	
   benefits	
   to	
   their	
  
implementation	
   into	
   this	
   building.	
   	
   However,	
   these	
   advantages	
   were	
   outweighed	
   by	
   the	
  
disadvantages	
   in	
   both	
   cases.	
   	
   The	
  main	
   issue	
  with	
   both	
   of	
   these	
   systems	
   is	
   the	
   increase	
   in	
   the	
  
floor-­‐to-­‐ceiling	
  height.	
  	
  Both	
  systems	
  are	
  more	
  than	
  twice	
  as	
  deep	
  as	
  the	
  existing	
  flat	
  slab	
  and	
  then	
  
would	
  require	
  a	
  drop	
  ceiling.	
  	
  The	
  precast	
  hollow-­‐core	
  planks	
  would	
  require	
  significant	
  changes	
  to	
  
the	
  column	
  layout	
  to	
  fit	
  the	
  typically	
  4’-­‐0”	
  increments	
  and	
  would	
  make	
  the	
  irregular	
  shape	
  of	
  the	
  
building	
  more	
  difficult	
  and	
  more	
  expensive.	
  	
  While	
  the	
  composite	
  steel	
  system	
  would	
  only	
  slightly	
  
change	
  the	
  column	
  layout,	
  it	
  could	
  still	
  cause	
  issues	
  within	
  the	
  building	
  layout.	
  	
  Both	
  systems	
  also	
  
have	
  the	
  potential	
  to	
  add	
  a	
  significant	
  amount	
  of	
  the	
  weight	
  to	
  the	
  building	
  if	
  deep	
  steel	
  members	
  
are	
  required.	
   	
  This	
  would	
  produce	
  problems	
  with	
  the	
   foundation	
  and	
  the	
  need	
  to	
  design	
  deeper	
  
piles	
   and	
   change	
   the	
  existing	
   foundation.	
   	
  The	
   steel	
   composite	
   system	
   is	
   also	
  known	
   for	
  having	
  
deflection	
  and	
  vibration	
  issues	
  and	
  it	
  is	
  unknown	
  at	
  this	
  time	
  how	
  the	
  precast	
  hollow-­‐core	
  planks	
  
would	
   deflect	
   or	
   vibrate.	
   	
   Lastly,	
   there	
   are	
   also	
   potential	
   issues	
   with	
   these	
   systems	
   being	
  
integrated	
  with	
  the	
  existing	
  concrete	
  shear	
  walls	
  as	
  the	
  lateral	
  system.	
  
	
  
Throughout	
   this	
   technical	
   report	
   it	
   has	
  been	
   concluded	
   that	
   further	
   investigation	
   into	
   the	
  post-­‐
tensioning	
  system	
  is	
  required.	
   	
  The	
  other	
   two	
  systems,	
  steel	
  composite	
  and	
  precast	
  hollow-­‐core	
  
planks,	
   are	
   not	
   feasible	
   in	
   the	
   Army	
   National	
   Guard	
   Readiness	
   Center	
   Addition	
   due	
   to	
   the	
  
considerable	
  disadvantages	
  associated	
  with	
  these	
  systems.	
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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: EXISTING TWO-WAY SLAB CALCULATIONS 
	
  
	
  
	
  
	
  

Presented in this appendix are the hand calculations that were performed to analyze the existing two-way flat slab 
floor system employed in the Army National Guard Readiness Center Addition. 
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APPENDIX C: PRECAST HOLLOW-CORE PANELS ON STEEL CALCULATIONS 
	
  
	
  
	
  

Presented in this appendix are the hand calculations that were performed to analyze the precast hollow-core 
planks on steel as an alternate floor framing system for the Army National Guard Readiness Center.  
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APPENDIX D: COMPOSITE STEEL CALCULATIONS 
	
  
	
  

Presented in this appendix are the hand calculations that were performed to analyze composite steel decking as an 
alternate floor framing system for the Army National Guard Readiness Center.  
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APPENDIX E: POST-TENSIONING CALCULATIONS 
	
  
	
  
	
  

Presented in this appendix are the hand calculations that were performed to analyze post-tensioning as an 
alternate floor framing system for the Army National Guard Readiness Center.  
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