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The Pentagon Building

• The Pentagon is the 
headquarters of the United 
States Department of 
Defense in Washington, DC.

• It has five sides, five floors 
above ground and one
basement level. 

***Photo credit: Virginia Department of Historical Resources***



Pentagon Rings and Layout

• Layout contains five, concentric, 
pentagons and interconnected rings 
of corridors / offices per floor with a 
total of 17.5 miles corridors. 

• From the center out, these rings are 
named “A” through “E” with a 
continuous, uninterrupted link called 
A&E Drive between rings “C” & “D”.  

• Rings “F” and “G” are in the 
basement.

***Image credit: Virginia Places.ORG***



Pentagon Wedges
***Photo credit: semanticscholar.org***

• The building is also divided 
into five wedges.



The Pentagon Building
• Largest low-rise office building in the world containing more than 6.6 million square feet 

with three times the floor space of the Empire State Building.
• The central five-acre pentagonal plaza is nicknamed "ground zero" on the presumption 

that it would be a prime target in a nuclear war.
• The original cast-in-place reinforced concrete building structure was designed in 

accordance with the American Concrete Institute’s standard ACI 501-36. 
• The typical floor framing consists of closely spaced columns-varying in size-

supporting short span beams, girders and one-way slabs. 
• The 5.5″ thick slabs span 10′ between 14″ x 20″ beams, that in turn typically 

spanned 10′ to 20′ to supporting girders. 
• The girders, which were parallel to the exterior walls, span 20′ between supporting 

columns.



Pentagon History
• The Pentagon was conceptualized by Army Brig. Gen. Brehon B. Sommervell.
• In the early 1940s, Sommervell proposed the facility as a temporary solution to the then-War 

Department's critical shortage of space as WW2 loomed on the horizon.
• Designed by American architect George Bergstrom and built by contractor John McShain. 
• The original design was for a hospital but was changed to office space / storage by the DOD.
• Ground was broken on September 11,1941 and dedicated on 15 January 1943.
• The 1,100 acres was formerly part of the massive estate of Confederate Gen. Robert E. Lee but 

confiscated by the federal government during the Civil War.
• The original site was Arlington Farms, which had an asymmetric, roughly pentagonal shape, so the 

building was planned accordingly as an irregular pentagon.
• Concerned that the new building could obstruct the view of Washington, D.C., from Arlington Cemetery, 

President Roosevelt ended up selecting the Hoover Airport site instead.
• This alternate site was bordered by five roadways, so the developers decided to retain the five-sided 

building design, naming it the Pentagon.



Pentagon Site at Hoover Airport
***Photo credit: defensemedianetwork.com***



Pentagon History
• The Pentagon was built in 16 months and officially completed in January 1943. 
• Project staffed by 14,000 tradesmen who worked three shifts around the clock.
• Designed in compliance with the racial segregation laws in force in the state of Virginia, 

with separate eating and lavatory accommodations for white and black persons.
• When Roosevelt toured the facility before its dedication, he ordered removal of the 

"Whites Only" signs in segregated areas. 
• Consequently, the Pentagon was the only building in Virginia where racial segregation 

laws- overturned in 1965- were not enforced.
• Due to steel shortages during World War II, the Pentagon was built as a reinforced 

concrete structure, using 680,000 tons of sand dredged from the Potomac River.
• From 1998 to 2011, the Pentagon was completely gutted of finishes, mechanical, 

electrical, plumbing, etc. and reconstructed in phases to modernize and improve 
efficiency, including human security provisions.

• The Pentagon was catastrophically damaged during the 9-11-01 attacks.



Pentagon Under Construction
***Photo credits: news.yahoo.com (left); defense.gov (right)***



Pentagon Under Construction
***Photo credits: Bowman Constructors (left); Huffington Post (right)***



9-11 Terrorist Attack on Pentagon
• At 9:37 A.M. on Sept. 11, 2001, American Airlines Flight 77- from Washington 

Dulles International Airport to LAX- crashed into the Pentagon after being taken 
over by terrorists, killing 184 innocent victims and significantly damaging a portion 
of the structure.

• The Boeing 757 weighed an estimated 181,661 pounds and was traveling at 
speeds exceeding 530 mph, according to flight recorder data.

• The aircraft’s forward section disintegrated on impact, but the middle and tail 
sections penetrated three of the Pentagon’s five concentric rings – 310 feet 
beyond the building’s facade.

• In the immediate path of the hijacked plane initial impact was the Navy Command 
Center (NCC), the central hub for tracking and monitoring global naval operations.

• Fire temperatures raged at 1740 degrees, taking firefighters 3 days to extinguish.
• The devastation was staggering and caused part of the Pentagon to collapse. 



Pentagon Attack Aftermath
***Photo credits: The Atlantic (left); Al Jazerra (right)***



Path of Aircraft at Pentagon
• The aircraft traveled 

through the structure at 
a 45-degree angle to 
the face of the building, 
striking the building 
between the 1st and 
2nd floor levels and 
between the 4th and 5th

corridors in Wedge 1. 
• The plane tore through 

Wedge 1 & penetrated 
the unrenovated 
Wedge 2, creating a 
hole 30 ft. wide and 
100 ft. deep.

***Drawing credit: Naval History and Heritage Command***



Compromised Structure 

• Site investigations and analysis concluded 
that the impact of the aircraft destroyed 
approximately 30 columns.

• The load-carrying capacity of approximately 
20 additional columns were severely 
impaired on the first story, as well as 
approximately 6 perimeter columns on the 
second story.

• Although the number of columns damaged 
was extensive, the portion of the structure 
that collapsed was comparatively small.



Impact on Pentagon Structure
• At the time of the attack, Wedge 1 was under a three-year renovation

and five days short of completion as part of a 20-year, multi-phase, $1.2 
billion overhaul of the entire Pentagon.

• The tremendous impact of the plane and ensuing fire severely damaged 
the first-floor slab and collapsed parts of the upper floors in Wedge 
One within one hour. 

• This also caused deflection of adjacent floor areas in Wedges 1 & 2.
• The damage affected more than 2 million sq ft. at a cost of $700M.
• 400K / SQ FT in Wedges 1 & 2 required complete structural demolition 

and reconstruction.



Drawing of Damage to First Floor
***Drawing Credit: pentagonspacelist.org



Structurally Damaged Columns
***Photo credit: Leo Titus of Engineering Consulting Services and FEMA***



Impact on Pentagon Structure
• Most of the fire damage to the building was inflicted from the plane’s 10,000-gallon fuel 

reserves in the wings and fuselage and the burning documents in the occupied space.
• The fire on the Wedge 1 side of the building was eventually extinguished by the sprinkler 

systems. However, in the unrenovated Wedge 2 side, the fire continued to burn for about 3 
days, damaging the structure. 

• Additional damage was caused by smoke, water and mold caused by the thousands of 
gallons of water that flooded the building, displacing 4,500 tenants.  

• The limestone exterior on Western Façade was destroyed, requiring 3,700 new stone 
pieces to be quarried, cut and re-installed.

*** Photo credit: stonebtb.com***



Impact, Fire, Water Damage
*** Photo credit: Naval History & Heritage Command (left) / ABC News (right)



Phoenix Project is Born
• The Phoenix Project was the name given to the project to repair the damage to the Pentagon 

caused when American Airlines Flight 77 crashed into the building during the 9-11 attack.
• The Phoenix Project name was inspired by the Jimmy Stewart movie “The Flight of the Phoenix” 

and also Greek mythology, i.e. coming out of the ashes.
• The project's goal was to reoccupy the outermost ring of the rebuilt section by 9-11-02. 
• This deadline was beat with tenants moving back in on August 15, 2002.
• The scope of work included the complete demolition and reconstruction of the C, D, and E 

Rings in the area of the boundary between the recently renovated Wedge 1 and the unrenovated 
Wedge 2. 

• Wedge 1 space would be fully rebuilt, while only the building shell would be rebuilt for Wedge 2. 
• A full build-out for the Wedge 2 space would be completed at a later time.
• The phrase "Let's roll", as spoken by Todd Beamer on United Airlines Flight 93, was adopted as 

the project’s motto, and displayed prominently on the building's exterior during the reconstruction 
work.

• A clock counting down the time until 9:37 AM on September 11, 2002, was located on site as well.



Let’s Roll - Countdown Clock
***Photo credit: Lee Evey***



Phoenix Project Leaders: 
Allyn Kilsheimer
• CEO of KCE Structural Engineers, P.C. from l972 to present.
• Registered Professional Structural Engineer in 21 states.
• Managed $11.5 billion dollars of construction over career.
• Consulted over the last 33 years as a forensic engineering expert on over one hundred 

matters involving investigation, analysis, arbitration and/or litigation.
• Direct involvement in the restoration, rehabilitation, facade retention, facade removal and 

re-construction, facade support and building moving and/or support design analysis for 
over 100 projects.

• Extensive direct experience with virtually all types of construction methods and materials 
and has involved their application to a wide variety of specific economic, environmental, 
aesthetic, and functional requirements for projects.

• KCE was retained on September 11, 2001, for emergency rescue and recovery of the 
portion of the Pentagon damaged by the terrorist attack and served as the Prime Design 
Firm and Owner’s Representative for The Phoenix Project, rebuilding the Pentagon 
in one year.



Phoenix Project Leaders: 
Lee Evey
• Pentagon Renovation Program Director from 1997 to 2002
• Established goal of restoring Pentagon outer ring by 9-11-02.
• Developed mission statement “on cost, on schedule, built for the next 50 

years”.
• Cheerful psychology major, by his own admission knew nothing about 

construction. 
• Master of human nature and motivation, a contracts specialist who led a quiet 

revolution in the way the government deals with contractors.
• Prior roles as top contracting chief for the Air Force and NASA, where he 

negotiated contracts for the international space station. 
• After three years of work, the Pentagon program was five days from completing 

the renovation of the first of five wedges.



Phoenix Project Complexity
• Management of a schedule with 30,000 activities.
• Working from the original 1941 construction drawings proved to be an ongoing challenge. 
• Not all wedges were drawn and a fifth floor that was added during construction that wasn’t 

detailed on the available drawings. 
• Of the structural columns that needed to be replaced, 38 of the columns were not aligned with 

the center of the pile caps that support the columns. 
• Some of the columns were in a different location or were a different size than shown on the 

drawing.
• Demolition of 400,000 square feet of structure; removal of 56,000 tons of contaminated debris.
• Fabrication and installation of 2.5 million pounds of replacement limestone façade by 6-11-02.
• Three million man-hours were worked, encompassing 2-3 shifts per day, seven days a week over 

an 11-month construction period.
• 21,000 cubic yards of concrete were poured, and 3,800 tons of reinforcing steel placed.



Impact of Fire on Concrete
Excerpts from “Effects of Fire on Concrete” by Narendra Gosian
• It’s commonly accepted in the building industry that concrete is the most fire-resistant building 

material in everyday use.
• The effects of fire on concrete are greatly influenced by the type of coarse aggregate used. 
• Concrete containing carbonate aggregates (including limestone and dolomite) and lightweight 

aggregates (either naturally occurring or manufactured by expanding shale, clay, or slag) retain 
most of their compressive strength up to 1200 °F (650 °C)

• Concrete containing siliceous aggregates, such as granite, quartzite, schists, and other materials 
consisting largely of silica, retain only about 55% of their compressive strength at 1200 °F (650 °C). 

• According to Scott Wolter, President of of American Petrographic Services who lead the concrete 
forensic evaluations at the Pentagon, the building’s concrete mix design used siliceous 
aggregates.

• Tests have shown that reinforcing bars heated to temperatures beyond 932 °F (500 °C) undergo a 
significant reduction in both yield strength (Fig. 2) and ultimate strength.

• The damage to concrete caused by fire can range from minor cosmetic blemishes to more serious 
damage such as external cracking, delamination and spalling, internal microcracking, and chemical 
changes.



Physical Effects of Temperature on 
Concrete Table- Narendra Gosain
Temperature Color change Changes in physical appearance and benchmark

temperatures Concrete condition

0 to 550 °F (0 to
290 °C) None Unaffected Unaffected

550 to 1100 °F (290
to 590 °C) Pink to red

Surface crazing: 570 °F (300 °C); Deep cracking:
1020 °F (550 °C)
Popouts over chert or quartz aggregate: 1070 °F (575 °C)
*** “chert= hard, dark, opaque aggregate composed of silica” ***

Sound but strength 
significantly reduced

1100 to 1740 °F 
(590 to 950 °C) Whitish grey

Spalling, exposing not more than 25% of reinforcing bar surface:
1470 °F (800 °C);
Powdered, light colored, dehydrated paste: 1650 °F (900 °C)

Weak and friable

1740+ °F (950+
°C) Buff Extensive spalling Weak and friable



Impact of Fire on Concrete
Excerpts from “Effects of Fire on Concrete” by Narendra Gosian
• Damage assessment involves essentially three stages: initial on-site survey, detailed 

on-site investigations, and laboratory testing. The first two must be performed on 
every assessment, but the need for the third is dependent on the findings of the first two 
stages. All of these stages were performed at the Phoenix Project.

• The initial assessment stage comprises data collection, including fire duration, location, 
and temperature; interviews of eyewitnesses; measurement of the extent of visible 
damage; and review of structural drawings (if available). All of these stages were 
performed at Phoenix except the eyewitness interviews.

• Once the initial on-site assessment has been completed, directed nondestructive and 
destructive testing should take place. Performed minimally at Phoenix.

• The primary tool in assessing the internal condition of the concrete is petrographic 
examination, comprising macro-examination of concrete cores using either fluorescence 
or dyed thin section techniques”. Concrete Forensics at Phoenix Project by American 
Petrographic Services. Over 170 cores taken.



Pentagon Core Samples



Pentagon Aggregate
***Photo credits: Leo Titus of Engineering Consulting Services and FEMA***



Evaluation of Concrete at Pentagon
• All concrete evaluations, demolition and structural design decisions were taken 

by KCE Structural Engineers.
• All A, E, M, P, interior, and fire protection contractors or subcontractors reported 

to KCE Engineering.
• Non-destructive and destructive tools and techniques included: visual 

inspection of slab undersides; “Swiss Hammer” sounding; chain 
dragging; 170 hundred core samples with petrographic analysis; “hammer 
on pole” technique; crack inspection and assessment.

• Concrete forensics and core samples by American Petrographic Services.
• Engineering Consulting Services arrived one hour after the crash to provide 

structural and life-safety evaluations.
• Third party survey firm- Vika- conducted elevation surveys throughout- reporting 

to KCE.



Self-Leveling Technology 
• Engineered cements, formulated with a special blend of polymers.
• High bond, compressive and flexural strengths.
• Time and labor saving.
• Install over: interior concrete, terrazzo, ceramic and quarry tile, epoxy coating 

systems, wood, metal and non, water-soluble adhesive residue on concrete.
• Installs up to 1 1/2” neat / 5”  with aggregate in most applications. 
• Can be tapered to a feather edge.
• No troweling required; pourable or pumpable. 
• Walkable in 2 to 3 hours. 
• Install moisture-insensitive tile and stone after 6 hours, all other floor coverings 

after 16 hours. 
• Designed specifically for fast-track installations.



Self-Leveling Underlayment 
Installation Steps 

MIX POUR



Self-Leveling Underlayment 
Installation Steps

SPREAD SMOOTH



Self-Leveling Underlayment 
Installation Steps

PUMP



Self-Leveling Applications at Phoenix 
Project
• The fire and impact-damaged concrete that was salvaged exhibited spalling, pop-

outs, craters, gouges and indentations.
• Concrete surfaces were also rough from the range of surface prep techniques, 

including scabbling, scarifying and shot-blasting.
• Self-leveling material used to smooth and flatten these conditions.   
• Those slabs salvaged in the Wedge 1 and 2 areas of the Phoenix scope were either 

previously deflected or further deflected from the impact of the plane and 
subsequent effects of the intense fire.

• Self-leveling compounds used to correct deflections installed from feather edge to 2”.   
• KCE confirmed that the existing structure could sustain the additional dead load. 
• During the demolition of damaged structures, the scope of work did not include the use 

of  self-leveling materials.
• During normal ongoing construction discovery, slabs requiring re-surfacing or 

exceeding acceptable flatness and levelness tolerances for the intended use of 
space were identified and self-leveling materials were used to correct those conditions.  



References and Citations
• Wikipedia.ORG
• American Society of Civil Engineers
• Readers Digest
• U.S. Departments of Defense & State
• Naval History and Heritage Command
• History Channel
• PBS News Hour
• The Washington Post
• Canadian Consulting Engineer 
• Interviews with Allyn Kilsheimer; Lee Evey; Tim Kehayias; Paul Treffinger; Lew 

Rea & Scott Wolter
• Effects of Fire on Concrete by Narendra Gosian



Questions?
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