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Red Zone Fuselage Pieces: Fracture Directions I w ” 

Deformations 

Longitudinal fractures through rivet lines were examined for evidence of “net 
area tension” (direct circumferential tension, crack initiation equally from both 
sides of the rivet holes). The area with the most predominant features of net 
area tension was on the right side of the fuselage, between pieces RF95 
(green zone) and LF6A (red zone), along stringer S40R. and at the aft end of 

with possible net area tension was found on the left side of the fuselage, at 
the lower end of piece LF5, along stringer S34L and between FS 820 and 
900. It was noted that the skin in this area was separated along the lower 
rivet line of the lap joint, through the underlying skin piece, and that the lower 
end of the upper skin piece was deformed outward over much of this area. 
This area is indicated by a dashed red line in the accompanying drawing. 

Crack directions in the skin were determined where ever possible, based on 
the rivet-to-rivet fracture pattern, separations in the shear ties, etc. The 
directions of skin cracking, where determined, are indicated by the red arrows 
in the accompanying drawing. ( b < w i d ~  I I 2 ) 

Several pieces of belly skin (LF24A and LF24B) from the left side of the 
fuselage were totally separated from the frame shear ties and stringers. 

Many of the red zone pieces exhibited peeling deformation to the skin, The 
direction of peeling was determined to be as if the pieces were moving away 
from the fuselage, with the final point of separation being the end of the curl in 
the peeled area. This point generally had the greatest amount of deformation. 
The points at the ends of peels are indicated by red dots in the accompanying 
drawing. The extent of the peel area is indicated by the grouping of red lines C bUAwiN6 
associated with the red dots. On pieces where the peeling extended to an 
edge instead of a point, multiple red dots were used. Only two pieces (RFI 
and LF5) that were located below the window belt level contained peels. 
These pieces were nearly symmetric in appearance and were peeled up and 
aft into the window belt. 

Both window belts and skin above the belts contained compression buckling 
deformation from compression loads in the longitudinal direction. In the skin 
above the belts, the compression damage was generally more severe 
adjacent to the belts and extended upward almost to the top of the fuselage. 
On the right side, the compression in the window belt extended from the aft 
side of the R2 passenger door (FS860) to FS960. The skin compression 
damage on the right side extended upward from this portion of the window belt 
approximately to the top of piece RF35 (stringer S6R). On the left side, the 
compression damage in the window belt extended from the aft side of door L2. 

the forward cargo bay (forward of FS 1000 to about FS 940). This area is 
indicated by the solid red line in the accompanying drawing-A second area 
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Both window belts and skin above the belts contained compression buckling 
deformation from compression loads in the longitudinal direction. In the skin 
above the belts, the compression damage was generally more severe 
adjacent to the belts and extended upward almost to the top of the fuselage. 
On the right side, the compression in the window belt extended from the aft 
side of the R2 passenger door (FS860) to FS960. The skin compression 
damage on the right side extended upward from this portion of the window belt 
approximately to the top of piece RF35 (stringer S6R). On the left side, the 
compression damage in the window belt extended from the aft side of door L2. 

Many of the red zone pieces above the window belts contained peeling 
deformation on one corner or edge of the piece. The major exception was 
piece RF35, which had a large amount of compression damage. The peeling 
damage appeared to be sequential from the top and aft sides of piece RF 35 
(peeling in pieces RF21, RF20, RF19, and RF46) across the top of the 
airplane and down the left side (peeling in pieces LF74 and then LF12A) to 
the left window belt piece (LF12B). 

Because of the complex fracture pattern on the red zone pieces on the lower 
right side of the fuselage, the fracture locations in this area were plotted on a 
slightly larger scale (see attached drawing). (DRAW I*& 3) 

Major longitudinal ftactures in the green zone pieces (aft of the red zone 
pieces) were also examined for evidence of net area tension, and no such 
areas were found. All examined fractures that progressed along rivet lines 
were running fractures, mostly in the aft direction. ( PKAVJ I rJ G f k s ) 
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Internal OverDressure Indication and Fracture Direction Survey 
\ 

Obiective: Survey all recovered fuselage structure noting on skin panel 
diagram areas which show indications of damage due to internal 
overpressurization. 

Note: 
overpressure 

The following indications may not result solely from 

Indications of Internal Overpressure Daniagg 

1) Outward uniform pillowing of skin in a frame/stringer bounded bay 
(Should be judged on the basis of more than one adjacent bay). Pillowing 
may not be obvioe or even detectable in weas of thicker skin gage. 

2) 
or fully pulled through). 

Generally symmetric skin dimpling at countersunk fasteners (partially 

3) Stringers andor frames pulled generally straight away from skin (2s 
opposed to being twisted ‘off Izteraljy). Xiere should be r,o obvious 
indications of stringer or fiamc crushing. Iridications may inclwie shzar ties 
fractured in a tension cl$ i~~ode .  

i 

/ 4) Skin (typically m.ni1.s substructure) fai-ly uniformly “rolled“ cr 
“curled’ outward dong sorile distance of the edge. 

5) Net tension failure of the skin at horizontal fastener lices. [it’s 
important to distinguish between in-plane overload (caused by internal 
overpressure) and cjut-of-plane ov,-r!osd (more typically dce to break-up). In- 
plane overload will result in very rmiform appearance of fastener holes %id 
adjacent material from one side to the next in the direction of thc fastemi 
row. Out-of-plae ovcr!oad (a tearing action) will cmse ouI-of-phne 
deformations at the fastener holes and adjacent material dong the fastener 
line. Note: net tension failures will normally only be in a hoop loading 
direction (i.e., along stringer fastener line)]. 
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Metallurgy Field Notes - Fuselage 

The notes and shaded diagram of the skin of the airplane on the following pages 
reflect fractographic examination performed until the beginning of October 1996, 
and does not indicate all of the pieces that were examined at a later date. All of 
the fuselage skin and adjoining structure examined contained features 
characteristic of overstress separations except as noted in the fatigue section of 
this notebook. 

/ 

sh 0/9  7 ./ 
R’ 

Michael Marx, SupervisgF Metallurgist 



. . 

The purpose of this survey was to supplement the Structures notes by making 
detailed observations about the skin panel segments recovered in the red zone 
along with the yellow and green zone parts immediately fotward and aft of the red 
zone. In addition, detailed observations were made about the Sta. 140 and Sta. 
2360 bulkheads. When possible, modes of fracture (tension, compression, 
torsion, bending) as well as deformation directions and patterns were 
documented in each of the examined panels. Some fracture surfaces were also 
examined to determine if there was any evidence of pre-existing slow growth 
cracks (Le. fatigue or stress corrosion) in these areas. This detailed data exists 
is the Structures Fuselage books as well. 

The attached airplane fuselage maps give a running log of the pieces analyzed 
and to what extent. A high lighted line around the perimeter of the piece means 
the fracture surfaces have been examined with no evidence of any pre-existing 
slow growth cracks found. A completely high lighted orange section means that 
both general observations and all fracture surfaces were examined. A orange 
high lighted box around the ID implies that general observations were only made. 

In the back of this section are the notes specific to the K e e l  Beam Study as well. 
Again this data exists in the Structures Fuselage book as well. 
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Metallurav Grow Notes - Keel Beam Study 

October 9, 1996 

Examined the keel beam consisting of LF14AI LF 146, and LF14C to 
determine the mode of se aration from the airplane. 71-L 

Section LF14A 

d. @ 6. % O ,  sk, Ila.% -B%. lzcc w.4 t L  Y C S U l t  rf &nWMd/F/rW-J L”dy  
( ~ A 1 d - k .  & d b c \ & s $ j p ~ & ~ b % , Z  O*d d s p r r  

The ductile fractures of the two lower chords of the forward portion of the 
keel beam at the front spar exhibited deformation flow marks indicative of a 
fracture originating at the top surface due to downward bending. 

All the bolts on the upper surface of the keel beam that attach the front 
spar, spanwise beam no. 3,2 , and the midspar, remained attached to the keel 
beam. Examination of the four bolts attaching the front spar chord to the keel 
beam revealed no evidence of bending deformation, whereas, the exposed bolts 
for spanwise 3, 2, and the midspar showed bending deformation in the aft 
direction. 

The ductile fractures of the two lower chords of the aft portion of the keel 
beam (STA 1151.95) exhibited deformation flow marks converging toward the 
upper surface of the fracture indicative of downward bending. 

The top of the web on each side of the center line was bowed outward %5* 
forward of SWB 2 location and contained a diagonal wrinkle 

that starts from the top of the keel beam and extends down and forward bakey  

Section LF14B & 14C 

-. DCIC S&&, 4. L O U L d  berJ -a d u y l d  l 0 J l - X - b  

W L  A&% .A - p w s s i R  buc-klb+. 

The keel beam at the rear spar location contains two vertical stiffeners that 
are attached to the rear spar structure. The left vertical stiffener was twisted 
INBD and AFT above the lower wing skin. The right vertical stiffener above the 
lower wing skin contained a fragment of the rear spar web which was bent in the 
AFT direction. 

A portion of the lower skin for the wing center section at the rear spar 
remained attached to the right side of the keel beam. This portion of skin was 
bent AFT. 

The fracture at Sta. 1255 (left side of lower chord) initiated at the top 
surface of the left chord and was due to ductile separation due to downward 
bending. 



The AFT fracture of the keel beam at Sta. 1338 was due to ductile 
separation typical of a over stressed condition. The direction of 
fractureldeformation was not clear. 

See the attached Figure for a graphical representation of the noted 
conditions. 

afJu-- IO- 7- 26 
Frank Zakar, NTSB Metallurgist 

w e s  Straus, Boeing Metallurgist e6 
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