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APPENDIX C 

C. 1 Front Spar Lower Horizontal Chord - Existing Fatigue Cracking 

Fatigue cracks were found in the Front Spar lower horizontal chord in the fillet radius 
just outboard of the underwing longeron splice fittings at both RBL and LBL 80. The existing 
cracks were approximately 1.2 inch and 1.45 inch on the RHS and LHS, respectively. The 
cracks originated at the inside fillet radius and were part through cracks, progressing 
approximately one third through the chord thickness (approximately 0.10 inch deep and 0.125 
inch deep on the RHS and LHS, respectively). A schematic illustration of the fatigue cracking is 
shown on the top of the following page. 

The Front Spar lower horizontal chord in the vicinity of the fatigue cracking is subjected 
to inspection under the Supplemental Structural Inspection Document (SSID) program. A 
previous instance of cracking at this location was found on a different 747-100. Those cracks 
were larger than the ones identified on TWA800 but also did not extend through the thickness of 
the chord. 
secondary deflections acting to open and close the angle between the lower chord legs as a 
function of body pressure and underwing longeron loads. The orientation and configuration of 
the cracking does not degrade the capability of the front spar lower chord in performing its 
primary function of reacting wing bending loads as part of the basic wing box structure. This 
region is affected by SB 747-53-2064 for adjacent ring chord cracking. The modification per SB 
747-53-2064 had been installed on N93 119 in 1982, incorporating two bathtub fittrngs on the 
Wing Center Section lower skin panel and a double bathtub fitting on the fuselage skin. These 
fittings are immediately adjacent to the underwing longeron splice fitting and serve to provide an 
alternate load path for the longeron forward/aft loads. It is apparent from the bathtub fitting 
arrangement that the post-modification configuration is very stiff and the deflection that would 
have initiated and propagated the fatigue cracking has been significantly Limited. Without 
continued deflection, the fatigue growth cannot continue, indicating that the minor fatigue 
cracking existed prior to the installation of the bathtub fittings. 

indicates an abrupt transition from slow crack growth to a sudden ductile fracture. This provides 
further confirmation that the cracking did not propagate to failure due to fatigue but rather was 
the result of a one time static overload associated with structural breakup. The NTSB Materials 
Laboratory has examined the larger of the two cracks and will issue a separate report. A more 
complete description of the fatigue cracking may also be found in the Metallurgical Field Notes. 

Finally, the structural breakup pattern of the front spar has been discussed in Sections 
4. I1 and 4.12. The fiacture of the lower chord through the fillet radius is consistent with the 
impact of SWB #3 on the front spar and the subsequent overpressure acting on the front spar 
rotating it forward about the lower chord. A similar fracture occurred in the fillet radius of the 
upper chords of the front spar and SWB #3 as well as through part of the lower chord of SWB 
#3. It should be noted that it is the propagation of the fracture at the fillet radius which has 
coincidentally exposed the two areas of localized, pre-existing fatigue cracking near RBL and 
LBL 80 in the lower chord. 

Cracking between the horizontal and vertical legs of the chord is initiated by 

Examination of the area of fatigue cracking and adjacent material on the fracture face 

. , . ., .._ .... ... . -  __.I 



C. I Front Spar lower horizontal chord - existing fatigue cracking, (continued) 
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C.2 Front Spar vertical stiffener shear ties - existing fatigue craclung 

Small existing fatigue cracks were found in the vertical stiffener shear ties at RT3L 83.24 
(lower), RBL 75.92 (upper and lower), LBL 75.92 (upper and lower), and LBL 83.24 (lower). 

I The cracks were all in the shear tie radius 
near the base of the leg that attaches to the 
vertical stiffener at the aft edge. This 
cracking is the subject of SB 747-57-2249. 
The Service Bulletin was issued in 1989 after 
reports of in-service cracking. The maximum 
crack length on the subject airplane was 0.20 
inch long. In service, operators have reported 
cracks ranging from 0.50 inch to 1.5 inch 
long without complete part fracture, 
demonstrating the capability of these shear 
ties to withstand cracking well in excess of 
the 0.20 inch detected cracking under normal 
operating conditions. Furthermore 
examination of the area of fatigue cracking 
and adjacent material on the fracture face 
indicates an abrupt transition from slow crack 
growth to a sudden ductile fracture. This 

Typical vertical stiffener shear tie 
Plan View 

provides further confirmation that the cracking did not propagate to failure due to fatigue but 
rather was the result of a one time static overload associated with structural breakup. 

See the Metallurgical Field Notes for a complete cracking description. 



C.3 Longitudinal Floorbeam at Front Spar - existing fatigue cracking 

Small cracks were found in the shear tie of the LBL 75.92 and the LBL 33.99 
longitudinal floorbeams at the intersection with the Front Spar upper chord at STA 1000. The 
LBL 75.92 shear tie has a 0.15 inch fatigue crack emanating fiom the aft side of the hole and a 
possible 0.125 inch fatigue crack emanating from the forward side of the hole as shown. The 
LBL 33.99 shear tie has a 0.25 inch fatigue crack emanating from the forward side of the hole. 
Examination of the area of fatigue cracking and adjacent material on the fracture face indicates 
an abrupt transition from slow crack growth to a sudden ductile fracture. This provides further 
confirmation that the cracking did not propagate to failure due to fatigue but rather was the result 
of a one time static overload associated with structural breakup. 

carrying primary airframe loads. 
The component is a secondary attachment for floor structure and does not contribute to 

See the Metallurgical Field Notes for a complete cracking description. 

Longitudinal Floorbeam shear tie 
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4 Ref: Timoshenko. "Theory of Plates & Shells" 
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NSlON STRESS AND LATERAL DEFLECTION AT 
CENTER OF LONG FLAT PLATE UNDER 

UNIFORM LOAD WITH SIMPLE SUPPORTS 
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Appendix E: Boeing SupDortinP Data 

E. 1 Introduction 

Both concurrent with and subsequent to the determinations of the Sequence 
Group, Boeing conducted separate analyses in the Seattle area to address various steps of 
the documented breakup sequence. This exercise was done with the intent of providing 
added assurance that the sequence as determined from the wreckage evaluation on site 
would in fact be rational from the perspective of a much more rigorous analytical 
assessment of airplane loads, stresses, and predicted structural behavior. 

the fuselage from FS 520 to FS 1480 and the majority of the wing box. Due to the very 
large size of the model (approximately 120,000 degrees of freedom) and the need to run 
thousands of iterations to address the nonlinear, dynamic effects of the structural 
behavior, a number of weeks of run time were required on the Cray T94 computer. 

Only selected aspects have been presented in th s  appendix added as part of the 
April, 1997 reconvening of the Sequence Group. The analysis work is still ongoing and 
further tasks may possibly be defined as a result of the latest efforts by the Group. This 
data is presented with the intent of supplementing, not replacing, the stress analysis done 
on site withm the Group and summarized in Appendix D. 

The primary analysis tool used was an ANSYS finite element model comprised of 

E.2 Failure Initiation in the Red Area Fuselage 

The computer model was adapted to simulate the failure of SWB #3 and the front 
spar as described in Sections 4.10 and 4.1 1. For the purpose of these analyses a sustained 
overpressure of 25 psi was assumed in the wing center section. This number was 
selected because it is somewhat higher than the minimum breaking strength of center 
section spanwise beams which would make it reasonably representative of a fuel-air 
combustion minimum overpressure. The fuselage was pressurized to 4 psi cabin pressure 
differential. 

The model confirms that the mass of the potable water tanks will impede the 
forward motion in the center region of the front spar under overpressure loading. Failure 
of the remaining upper chord and web at LBL 66 and RE3L 66 would be the expected 
result from the model. The model was then run with the front spar and lower bulkhead 
webs fractured at LBL 66 and Rl3L 66. Figure E - 1 shows the predicted fuselage ring 
chord and skin stress in the hoop direction to be approximately 60 KSI. This would 
therefore exceed an allowable stress of approximately 55 KSI resulting in a predicted net 
tension failure of the fuselage at S-40 (BL 66). 
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E.3 Seauence of Wing Tip Failure and Wing Center Section Failure in Wing Bending 

The objective of this phase was to determine that the wing tips could be expected 
to fail prior to-failure of the already damaged wing center section for an airplane 
configuration and flight condition rational for Flight 800 just prior to major breakup. It 
was assumed that with the forward fuselage gone that the remaining airplane would 
eventually reach a high angle of attack attitude due to the pronounced bias in aft center of 
gravity. Since secondary radar returns do not appear to show a significant speed change 
300 knots was assumed. Most important was the relative loading and strength at the tip 
failure location (approximately WS 1195) versus the center section rather than the 
absolute loading values. Two different levels of wing center section damage were 
assumed to envelope what was believed to be represented by the wreckage. Damage was 
primarily introduced by “deleting” effectiveness of varying amounts of forward upward 
skin panel to simulate loss of support (i.e. front spar, SWB #3, longitudinal floor beams, 
SWB #2?) and resultant load carrying capability of the skin panel.. 

The analysis concluded that at a hgh  angle of attack and approximately 5.5 to 6.0 
“g7’ load factor the wing tips would fail while the wing center section with the lesser level 
of damage would continue to carry the predicted loads. Figure E - 2 shows the margin of 
safety for the upper wing panel in compression (up bending) buckling versus wing 
percent span. As the figure shows,the margin of safety just outboard of the outboard 
engine is minus four percent. 

removed the analysis was then rerun to determine if it is still rational to expect the center 
wing box to fail after the tip is gone. Figure E - 3 shows the results of this analysis 
illustrating that the wing upper panel would buckle if the damage was somewhat more 
severe than the minimum level of “Case 1”. This loacbng case represented a further 
increase in load factor of approximately 1 “g” over and above the flight condition which 
resulted in the prior wing tip failure. The two wing bending analyses (tip on and tip off) 
do appear to support the premise that SWB #2 was still sufficiently intact to provide 
substantial support to the wing upper panel. This would be consistent with localized 
damage to only the mid-portion of the beam due to keel beam separation. 

With the aerodynamic loading assumptions modified to account for the wing tip 

E.4 Discussion of Original 747-100 Static Test Purplane Wing Destruction Test Results 

As another check on the relative wing bending strength of the wing tip region 
versus the center section the original 747-100 static test airframe Wing destruction test 
was reviewed. In this test the primary failure was upper panel compression buckling just 
outboard the left side of body. However there was also a secondary failure a fraction of a 
second later at (also upper panel compression buckling) at WS 1 196 just outboard the # 1 
nacelle. A photo of the side of body failure is provided as Figure E - 4 and a photo of the 
wing tip failure is provided as Figure E - 5. Both photos are looking at the top of the left 
wing. The failure at the wing tip area on the test airplane is almost identical in location 
and type to those documented for left and right wing on Flight 800. 

versus side of body region. It would be expected that with some center section 
The test confirmed the similarity of relative bending strengths of the wing tip 



overpressure damage the upper panel buckling initiation would move from just outboard 
the side of body to just inboard (as documented near the left side of body on Flight 800). 
The fact that the initial wing failure on Flight 800 was biased toward the wing tip versus 
the compromised center section can still be explained by the respective Wing loadings of 
the test airplane versus Flight 800. The most significant difference relates to loss of lift 
on the inboard wing of the Flight 800 airplane due to the aerodynamic inefficiencies 
associated with the missing forward body and wing to body fairing. 

E.5 Summary 

The Boeing analysis effort directed at providing addhonal confirmation of 
various aspects of the documented breakup sequence is still ongoing. Because of the size 
of the computer models involved this is a time consuming process and represents a 
sigmficant resource commitment for Boeing. To date analysis has been done to replicate 
sequence elements for wing center section overpressure driven failure up to and 
including failure initiation of the red area fuselage lower lobe adjacent to the front spar. 
Analysis has also addressed the sequence of wing tip failure and wing center section 
failure due to upbendmg overload. Examples of areas of ongoing analysis are the 
forward keel beam separation and fracture propagation in the fuselage lower lobe. As of 
the time of inclusion of this appendix (April 8,1997) the analysis has uncovered nothmg 
to refute the basic findings of the Sequence Group. 
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Breakup Sequence 
Failure Initiation; Fuselage Lower Lobe 

0 Keel Beam overpressure related loading still present in lower 
pressurebulkhead ( *ELATED TO A ~ S ~ M G ~  25 PSI) 

@ Load reaction is concentrated in ring chord and adjacent I 

fuselage skin at RE3L 66 and LBL 66 where web has failed 

0 Ring chord and adjacent fuselage fail in net tension at RBL 66 
(S-40R) 6 0  KS \ PFZEO\CTED 55 K% \ ALLOWABLE 

@ Fuselage crack propagates forward to access door opening at 
STA 810 
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