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Precision Measurements of the Damage at the Pentagon  
Validate Both a Boeing 757-200 Impact and its Flight Data Recorder 

By Wayne Coste, PE 

 
A trace of damage caused by a Flap Track Fairing in the roof of the diesel generator trailer will be used as 
a key detail to establish the horizontal and vertical location of an impacting Boeing 757-200.  This trace 
was not seen in the roof of the generator trailer in any pre-event photographs including a satellite image 
from September 7th.  The appearance of this very noticeable trace in the photographs, during and after 
the event, indicates that the impacting aircraft was the source of this trace. Appendices to this paper 
document the approach using isometric drawings that illustrate details of the impact with precision.  

 
Dimensions are Important 

To establish a precise path of the aircraft, the location of the impact trace of the right wing’s Flap Track 
Fairing will be used. These mechanical fairings, or covers, are a feature of 757 wing design. Figures 1 and 
2 show the location of these fairings in relation to the centerline of a Boeing 757 [1]. They are 4 and 20 
feet beyond the outside edge of the engine.  One dimension of interest, shown in green, is the distance 
from one Flap Track Fairing to the centerline of the opposite engine.  For a Boeing 757-200 this 
measurement is 63.1 feet.  

 

Figure 1: Dimensions of a Boeing 757 including distances to Flap Track Fairings. 
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Figure 2: Photograph of the underside of a Boeing 757-200 provides a better understanding of the wing and dimensions. 

Figure 3 provides an overview of the west side of the Pentagon before 9/11 [2].  This image shows the 
location of the generator trailer, the wire spools, the gouged retaining wall, a fence around the outside 
of the generator trailer, other adjacent structures and the Pentagon facade.  While soot can be seen 
discoloring the center of the generator trailer roof, there is no hint of the Flap Track Fairing trace in this 
pre-event image which shows only a clean, smooth rear cabin roof.  Additionally, the cabin roof at the 
front of the trailer has a uniform color that matches the uniform color of the rear.  This suggests a 
satellite image would record the roof as a single color, except for the discolored center.  
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Figure 3: Overview of the west side of the Pentagon. 

 

Figure 4 through Figure 6 show the impact sequence of the right engine into a 3-D model of the 

generator trailer.  Figure 4 shows that upon impact by the right engine (blue arrow), the trailer was 

tipped sideways as the front of the trailer was simultaneously pushed down violently and rotated to the 

right.  Figure 5 shows that as a result of a teeter-totter that pivots the trailer around the right front tire, 

the rear of the trailer would be pushed forcefully upwards.  The trailer has three large tires on each side.  

This teeter-totter would impart an upward force into the right wing that both imprints a trace of the flap 

track fairing into the roof of the trailer and “hurls” the right wing upwards. This would be recorded in 

the Flight Data Recorder as an upward vertical acceleration of the aircraft.  This upwards force would 

change the observed pre-impact aircraft roll angle of 3.2 degrees to the right into a zero-degree roll 

angle upon impact. 
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Figure 4: 3-D model showing location of right engine impact into the front of the generator trailer that would cause a collapse of 
the front struts and a tipping onto the right-side wheels. 

 

 

Figure 5: 3-D model showing the pivot and teeter-totter around the right front tire that forces the rear upwards (green arrow) 
into the underside of the right wing. 
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Figure 6: 3-D model showing final resting orientation after teeter-totter rotation and pivot around the right front wheel. 

 

Pushing the front of the trailer to the side and forcing it down allowed the engine to pass alongside.  The 
impact created a ‘bullseye’ on the corrugated side of the folded-over forward portion of the trailer’s 
steel cabin where the corrugated siding was hammered-out smooth.  The ‘bullseye’ appears to be 
approximately 5 ft from the front of the trailer.  This marks the exact location where the engine began 
impacting the trailer.  The trace of the Flap Track Fairing on the top of the trailer can then be used as an 
unambiguous data point for the height and position of this specific identifiable aircraft component. 
Detailed drawings of this impact are presented in the appendices. Figure 7 shows the “bullseye” and 
trace of the outer right-wing fairing in the top of the generator trailer [3]. 



6 
 

 

Figure 7: Impacted generator trailer showing “bullseye” and trace of a Flap Track Fairing. 

Figure 8 shows an overhead view of the trailer roof in a photo by Scott Boatwright [4].  Compared to the 
parallel objects on the ground, the final location of the trailer is rotated approximately 30 degrees 
around the right front wheel.  This image shows the trace to be an arc; not a straight line.  Such an arc is 
consistent with the generator trailer being rotated while the Flap-Track Fairing trace was being 
impressed.  At the observed approach speed of 795 feet/sec (542 mph) [5], the contact time of the flap 
track fairing into the trailers roof would have been less than 2/100th of a second.  For this arc to have 
been captured in the roof, the trailer would have needed a significant rotational velocity. Appendix C 
provides a series of drawings that illustrate this process. 
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Figure 8: Zoomed in section of the Scott Boatwright photograph (“A”) showing the arc in the trace (highlighted in “B”) [6].  

Figure 9 shows the total rotation of the trailer around the right front wheel is approximately 30 degrees.  
The imparted rotational inertia from the impact of the engine into the trailer would have caused the 
trailer to continue rotating after the trace was impressed into the roof. The axial alignment of the 
approaching 757 would have placed the outer right Flap Track Fairing on a path toward a point on the 
façade between columns 18 and 19. Once the rotation ceased, the trace is orientated in the direction of 
column 26 or 27.   
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Figure 9: Due to impact and imparted energy, the trailer was rotated approximately 30 degrees around its rear wheels. 

 

Figure 10 shows the interior of the front portion of the cabin from the front.  The interior space shows 
what appears to be a large rectangular object that appears to have been a control panel, tool lockers or 
some other wall-mounted unit.  The heavy diesel generator equipment would have been mostly over 
the three-axles of the rear wheels giving a center of mass near the rear. 
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Figure 10: Interior view of the generator trailer from the front. 

Figure 11 is a satellite image of the Pentagon from September 7, 2001 and will be used to establish all 
relevant dimensions. Using this single image eliminates most problems with parallax and other 
distortions affecting measurements.  However, the satellite’s location is not exactly above the center 
courtyard and allows 3-5 feet of the east facing and north facing walls to be visible.  The satellite’s 
eastern location can be verified by the visibility of the “whiteish” wall on the west side of the interior 
courtyard and the exterior north wall.  Because the position of the satellite to the north and east is 
slight, the edge of the visible roofline on the west represents a nearly perfect location of the column 
rows.  Even with these visual imperfections, a resolution of about one foot (±1 foot) seems reasonable 
when working with this image. While the effect of perspective by can be seen, this resolution is more 
than adequate for the analysis presented in this paper. 
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Figure 11: Satellite Image of the Pentagon from September 7, 2001 (the western direction is up and to the left) [7]. 

Figure 12 shows the relevant section of the satellite image along with dimensions and other 
notations.  The first inset, “A,” shows a rotated version of Figure 3 which identifies the generator trailer 
and two other adjacent buildings.  The second inset, “B,” shows a detail of the generator trailer with 
dimensions that can be estimated once its length has been determined from the satellite image. The 
area between the white lines topped with red dots locate the side air intake vents. The third inset, “C”, 
shows the trailer with and without outlines.  The outline of the trailer is bounded by the consistent light 
color of the roof with the only deviation being the area in the center that was discolored by diesel soot.  
While the soot can be seen discoloring the center of the trailer roof, there is no hint of the trace in this 
image.  The fourth inset, “D,” provides a larger view of the trailer in the satellite image showing the 
location of the trace.   

Because photographs showing the front of the trailer before the event do not have sufficient granularity 
to gauge the size of the gap between the front of the trailer and fence along the front accurately, a five-
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foot extension of the trailer will be presented as a sensitivity in Appendix “A” for completeness.  This 
extension is shown as a red outline in inset “C.”    

The basis of all measurements is the length of the bay of the facade which is labeled as 450 feet.  There 
are slight variations in measurements across this length due to the non-perpendicular satellite 
perspective that will be neglected. 

 

Figure 12: Zoom-in of satellite image taken September 7, 2001 with insets to provide additional context and detail. 

The image shows six key dimensions plus some additional annotations using green lines and green text.   

A. Length of window bay.  This is 450 feet long and provides the primary basis for all dimensions 
B. Distance from facade to the far side of generator trailer is about 92.5 feet 
C. Length of generator trailer is about 40.3 feet 
D. Distance from back of the generator trailer to the beginning of the first vent is about 9 feet 
E. Distance from back of the generator trailer to the Flap Track Fairing trace is about 10 feet  
F. Distance from back of the generator trailer to the end of the third vent is about 19 feet 

The long green line is important because it establishes the location of the outer Flap Track Fairing that 
was impacted at 52 degrees while the short green line shows the location of the left engine which is 
separated by 63.1 feet.  The short green line intersects with the red line segment that shows the 
location of a gouge in the retaining wall that has been, correctly, associated with the impact of an 
aircraft’s left engine. 

Figure 13 shows before and after images near the gouged retaining wall where the red line segment was 
drawn. Figure 13A shows seven wire spools from a photo taken prior to September 11.  These spools are 
in locations consistent with the satellite images in Figures 11 and 12.  The shadows preclude adequate 
resolution to discern the location and size of each individual spool. Figure 13B provides an identification 
using colors and numbers.  Spools 1, 2 and 3 are near the generator trailer, while spools 6, 5, 4 and 7 are 
seen close to the retaining wall.  The spool labeled 4 is near the retaining wall and closest to the 
Pentagon facade.   
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Figures 13C and 13D show the location of the remaining spools after impact.  Spools 5 and 6 are in the 
same location as shown in Figure 13B while spools 7 and 4 are knocked toward the facade.  Figure 14 
shows Scott Boatright’s overhead photo, cropped to show the post impact location of the spools more 
clearly. 

 

Figure 13: Location of wire spools before and after impact. 
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Figure 14: Overhead view of the location of the wire spools after the impact. 

This resulting spool locations are consistent with the bottom of the left engine of a Boeing 757 
impacting the retaining wall while the front/right side of the engine impacted spool 7 which knocked it 
into spool 4 sending both traveling toward the facade.  Meanwhile, spools 5 and 6 remained unaffected 
because the engine passed to their left without striking them while the wing was above them. 
Additionally, there was sufficient space between the engine and fuselage as shown in Figure 1.  

 
Location of the Right Wing-Tip 

One of the key parameters for validating the alignment of the impacting aircraft is the location of the 
right wingtip. This dimension for a Boeing 757-200 is about 62 feet from the centerline of the fuselage. 
While there are no definitive marks that explicitly answer this positional question on the façade, there is 
evidence that the right wingtip very nearly reached column 21 and solidly impacted column 20. Figure 
15 shows significant debris on the window sill between columns 20 and 21.   
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Figure 15: Debris on window sill between Columns 20 and 21. 

Figure 16 shows that the frame of the window between columns 20 and 21 has its left side bent. 
Because this window frame is constructed with 8” square steel tubing, a significant impact would have 
been needed to create this observed deformation.  

Detailed graphical analysis of these distances is presented in the isometric drawings in the appendices. 

 

Figure 16: Bent window frame between Columns 20 and 21 with significant debris on the window sill. 
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Initial Alignment to the Right of Column 13 

As shown in Figure 17, a Boeing 757-200 traveling along the axial path fits the observations perfectly. 
With an axial alignment toward the right of column 13, the outer Flap Track Fairing aligns with the trace 
in the generator trailer roof. The right engine impacts the trailer at approximately the middle of the 
front half of the trailer where the ‘bullseye’ records an impact. Additionally, without considering any 
yaw rotation, the outer right wingtip would impact column 21. The yaw rotation would steepen the 
impact angle and the reduce the southward extent of the right wing upon impact.  Wire spool 7 would 
be impacted while wire spools 6 and 5 would be underneath the left wing between the fuselage and 
engine. The left engine is perfectly aligned to impact, and gouge, the retaining wall section which is 
shown in red. While more detailed explanations about the 757 Impact can be seen at 911Speakout.org 
[8], the measurements in this analysis are more precise.  

The column locations along the façade are from an actual scale drawing of the wall extracted from the 
Arlington Fire Department’s After-Action Report [9].  

 

 

Figure 17: Boeing 757-200 shows alignment with Flap Track Fairing. 

Surviving Corner Segment of a Chain Link Fence 

One of the minor structures that can provide insights into the dimensions of the impacting aircraft is a 
surviving corner segment of the chain-link fence that had surrounded the generator trailer.  Figure 18 
shows this surviving corner section is largely undamaged and, including the barbed-wire, it is 
approximately half the height of the trailer.  Two sections of the fence have been bent over between the 
surviving corner segment and the continuation of the fence along the side of the trailer.   As shown in 
Figure 17, the right engine of a Boeing 757-200 would have impacted the fence at the location of the 
bent-over sections while leaving the corner segment unaffected.  The alignment of this fence segment 
can be seen in the isometric drawings in Appendix “A.” 
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Figure 18: Generator Trailer showing surviving corner segment of the chain link fence. 

 

Impact Recorded in AA 77’s Flight Data Recorder (FDR)  

Warren Stutt [10], an independent researcher, obtained and investigated the FDR data for both AA 77 

[11] and UA 93 [12].  He identified that the NTSB did not decode all of the available data for AA 77 

because the last data frame was not identified as validated by the vendor’s software due to an unwritten 

parity bit at the end of the last data frame.  Warren added a correct parity bit to eliminate the validation 

error and produced a complete decoding.  The complete decoding included a significant amount of 

recoverable data in the last frame of the FDR, providing an additional four seconds of data which ends 

with the impact into the Pentagon and the premature termination of the data streams.  The premature 

termination prevented the writing of a valid concluding “parity bit.”  Warren Stutt discussed the 

authenticity of the AA 77 FDR at a conference in Denver [13] in 2019. 

With a terminal speed prior to impact of nearly 800 feet per second, there is less than a quarter second 

between the time between when the right engine impacts into the diesel generator trailer and when the 

right wing impacts the Pentagon façade.  This event sequence is captured in the FDR with sufficient 

fidelity to explain the dynamics of the impact sequence with confidence.   

Figure 19 shows four key parameters for the last four seconds.  The last three sets of data points are 

labeled as “A,” “B” and “C.”  These sets are one-quarter second apart.  Only the vertical acceleration has 

one-eighth second resolution. 
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Figure 19: Last four seconds of the FDR. 

The longitudinal acceleration (orange dots) shows that the plane was still accelerating at 0.20 G under 

full engine power until the last second.  A decrease in the acceleration from 0.200 G to 0.000 G occurs 

about a half second before “A” suggesting a possible loss of power from the right engine due to injecting 

tree branches.  The longitudinal acceleration then increases from 0.000 G to +0.118 G as the plane 

advances from “A” to “B.” The increase in longitudinal acceleration at “B” is small and may be explainable 

due to the aircraft pivoting around its center of inertia as the right engine impacts the generator trailer.  

In this case, the torque could accelerate the plane’s fuselage with the left engine assisting in the forward 

acceleration because it would have been at full thrust.  The final two longitudinal acceleration data 

points drop from a positive acceleration of +0.118 G at “B” to the maximum recordable deceleration at 

“C.” The final acceleration is translated as -1.083 G because the “raw analog” longitudinal acceleration 

signal drops to zero.  Negative analog signal values are not defined.   

The impact of the right engine into the generator trailer shown in Figure 4 to Figure 6 would have two 

related dynamic effects.  The first would be an upward force on the right engine that would tend to 

change the roll of the aircraft to the left (yellow dots in Figure 19) and second would be a lateral 

(sideways) acceleration toward the left (blue dots). 

The lateral acceleration due to the impact of the right engine with the generator trailer increased the 

lateral acceleration from -0.007 G at “A” to -0.180 G at “B”.  Because the longitudinal acceleration is still 

positive at “B” (e.g., aircraft speed is still increasing) this lateral acceleration cannot be associated with 

the final impact of the aircraft fuselage into the façade.  The final lateral acceleration reading at “C” is  

-0.563 G which is associated with the right wing impacting the Pentagon façade while the aircraft 

impacts and begins to pivot around column 18 and the second-floor slab.   

The roll angle at “A” (approximately at about light poles #1 and #2) was right-wing down at 3.2 degrees.  

This roll angle was reduced to a right-wing down roll angle of 1.8 degrees at “B.”  This is because the roof 

of the generator trailer was teeter-tottered upward as a result of the front of the trailer being actively 

forced down as the trailer rotated sideways and the rear was forced upwards.  This created an upward 

impact of the trailer’s roof into the outermost flap track fairing of the right wing (green arrow in Figure 

5).  This would have imparted an upward force on the wing and imprinted a trace in the roof of the 

trailer.   
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This upward force at “B” would effectively hurl the right wing upwards.  Because of the connections to 

the fuselage, the upward moving wing would have also created an upwards vertical acceleration into the 

fuselage.  Due to the elasticity of the wing, this upward energy would continue to transmit an upward 

vertical acceleration to the fuselage after “B” as shown in Figure 19.  

The final roll reading was zero degrees upon impact into the façade at “C.” Because the location of the 

roll-recording instrument was inside the fuselage, this effectively meant that the tail would have been 

vertical.  The exact location of the wings can be in different orientations compared to being at rest on the 

tarmac because of the flex of the wings and the dynamic forces on the airframe that resulted from 

impacting the generator trailer.   

The last measurement to be discussed is vertical acceleration (gray dots) which is recorded twice as 

frequently as the other parameters at one-eighth second.  At “A” the vertical acceleration is +1.504 G 

(NOTE: the reading of an accelerometer at rest is +1.000 g vertically upward).  Upon impact with the 

generator trailer, the right wing is hurled upward from the impact.  The effect is to have the right wing 

then accelerate the aircraft body upward, which would be recorded as an increase in vertical 

acceleration which was recorded at 1.785 G.  This potentially violent upward acceleration of the right 

wing would explain the right-wing-up orientation imprinted onto the façade a quarter second later while 

the tail would be vertical and the left wing would be effectively horizontal.   

 

Authenticity of the AA 77 FDR 

The key validation that the FDR for AA 77 is authentic comes from the review of these last four seconds 

of the flight that was recovered by Warren Stutt.  These frames of data contain details that describe the 

impact of AA 77 into the generator trailer and the Pentagon façade. A key aspect of this impact is a 

clockwise yaw rotation caused by the right engine solidly impacting a generator trailer about 90 feet 

from the Pentagon.  There are potentially a few witnesses to the impact that vaguely describe a rotation 

upon impact and only one that describes a “yaw rotation” during impact. The concept of a yaw rotation 

never entered any documents describing the impact such as the ASCE The Pentagon Building 

Performance Report [14], Purdue Pentagon Attack Simulation Using LS-Dyna [15], Then Came the Fire: 

Personal accounts from the Pentagon, 11 September 2001 [16], the Department of Defense’s Pentagon 

9/11 [17] or any other known source.   

It appears that the presence of the yaw rotation was unknown to any person involved in investigating the 

events at the Pentagon.  This unknown detail led to endless questions about why the tail left no trace at 

the (assumed) obvious impact point at column 14.   

A 2017 analysis [8] documented the yaw rotation which placed the tail section impact into the area 

between columns 12 and 13.  This was responsible for pulling down the beam under those windows.  

This then allowed the masonry under, and around, these windows to fall away.  Figure 20 shows this key 

evidence for the yaw rotation as well as showing the angle of column 14AA which is hanging from the 

third floor and pushed in the direction of the impacting aircraft. Because the left wing impacted column 

9AA about one-third of the way below the second-floor slab and the ground floor slab, no other aircraft 

parts could have impacted the area under the window between columns 12 and 13 on the second floor -

- except the tail section. 
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Figure 20: Photo of the damaged facade from the north shows Column 14AA to be angled inward at about 30 degrees. (Photo by 
Will Morris, annotated [18])  

Due to the absence of knowledge about this yaw rotation and any discussion by Pentagon researchers, it 

is inconceivable that the NTSB technicians could have inserted fake details documenting this yaw 

rotation into the FDR records.  Yet the sudden lateral acceleration of the plane in the last two data point 

is evidence that the yaw rotation actually occurred.   

There are no grounds for asserting the FDR data is faked. 

 

Appendices 

There are three appendices that provide graphical information about the impacts. 

• Appendix-A_757_Isometric.pdf: This compares the impact approach of a Boeing 757 

from two interrelated isometric perspectives (overhead view and a view from the rear 

before impacting the generator trailer). Dotted lines connect many of the objects in each 

perspective.  Due to the lack of granularity in pre-event photographs, a second drawing 

illustrates a sensitivity analysis with the generator trailer assumed to extend another 5 feet 

toward the front.  A second page has two diagrams showing the 757 from the rear with 

the generator trailer front struts collapsed to show the clearance between the trailer and 

the right engine after the trailer is reoriented and collapsed.  The right-most image shows 

the 757 in a post-generator trailer impact orientation that has the left wing angled down 

so the left engine impacts the retaining wall a fraction of a second later. 
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• Appendix-B_757_Impact_Sequence.pdf:  This series illustrates the approach and 

impact of a Boeing 757 into the Pentagon.   

• Appendix-C_757_Generator_Sequence.pdf: This series illustrates the approach and 

impact of a Boeing 757 into the generator trailer. The emphasis in these drawings is an 

explanation of the creation of the arc in the Flap Track Fairing trace on the roof of the 

trailer. 
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