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SHEAR TIE STUDY FACTUAL SUMMARY 

A study was conducted to determine the motion of the frontspar, mid spar, and 
spanwise beams No. 3,2, and 1, relative to the upper and lower skins. Where applicable, 
the shear tie bolt holes were examinqd for deformation or witness marks, deformation to 
bolts attaching shear ties to the chords or skins, and deformation to the chord fastener 
holes. Of 213 shear ties and 48 tension fittings associated with the spanwise beams, 124 
shear ties and 41 tension fittings were recovered. While a number remained attached to 
the stiffeners, the majority remained attached to the chord or skin, as appropriate. 

In addition, the bolts and bolt holes associated with the vertical (web) faces of the 
tension fittings installed on the upper skin beneath the floor beams were evaluated for 
deformation. 

UPPER SKIN 

Front Spar 

Of the twenty nine shear ties associated with the front spar upper section, twenty 
seven were recovered. Those at LBL 114.93 and RBL 114.93 were not recovered. The 
upper spar chord horizontal flange at LBL 114.93 was missing. The shear ties at LBL 
106.72 and 98.48 remained attached to the upper skin with all the bolts. No direction or 
deformation was observed. Between LBL 95 to the center of the center fuel tank, all of 
the shear ties were accounted for; several remained attached to the stiffeners while the 
remainder fractured and remained with the skin. The upper chord bolt holes associated 
with the shear ties exhibit evidence of forward deformation in nearly all the shear tie 
locations and the bolts that remained with the shear ties at LBL 57.40, 49.60, 41.77 and 
18.13 exhibit evidence of aft bending. The shear tie chord attachment flange at LBL 
75.82, 57.40, 33.89 and 11.31 remained attached to the skin with the flange lifted away 
from the chord on the all side. One or more afl bolts of the shear ties from LBL 66.65 to 
LBL 41.77 and LBL 26.03 and LBL 18.13 exhibit tensile pull-out and there is no lateral 
deformation on the bolts. 

The shear ties remained with the stiffeners between RBL 11.31 and RBL 49.60, 
and at RBL 66.65. One or more forward bolt holes in the upper chord exhibited 
deformation in the forward direction between the center of the tank and RBL 26.03, as 
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well as at RBL 41.77, 49.60 and 66.65. The aft pair of bolts at RBL 18.13 and 26.03 
exhibit no deformation. At RBL 33.89 all four bolts remained with the shear tie that is 
attached to the stiffener and the bolts exhibit no deformation. The shear ties at RBL 
57.40 and between RBL 75.82 to RBL 106.72 remained with the upper skin and the aft 
edge is lifted off the chord except for RBL 106.72. The shear tie at RBL 114.93 is 
missing and all of the three fasteners are fractured with stubs remaining in the upper 
chord. Witness marks are evident forward of these bolt holes. The outboard half of the 
shear tie at RBL 91.14 remained attached to the stiffener. The forward hole in the 
stiffener shear tie was elongated aft; the aft bolt was bent aft and inhoard. 

Spanwise Beam #3 

In spanwise beam #3 the shear ties are attached to the upper and lower chords by 
two bolts, with the exception that on the upper chord along the passenger floor beam 
locations a tension fitting, with one large diameter bolt is used to attach the stiffener to 
the chord. There are nineteen shear ties and ten tension fittings associated with the upper 
skin. All of the tension fittings were recovered. The associated stiffeners where a 
tension fitting is used, remained attached to the skin and had separated approximately 6" 
below the inside surface of the upper skin. No deformation of the bolt or the bolt hole 
was observed. 

With the exception of that at LBL 25.26, no shear ties were found which 
corresponded to specific upper skin locations. At least one shear tie which corresponded 
to spanwise beam no. 3 was found, but could not be associated with a specific position. 
Generally, the bolt holes in the upper chord which correspond to the shear tie between 
LBL 83.24 to RBL 106.20 exhibited deformation in a forward direction. Two upper chord 
bolt holes of the shear tie at RBL 112.39 exhibit no deformation on the bolt holes. 

At the lip of the upper chord vertical flange, which remained after the chord had 
fractured, witness marks were noted forward of several shear ties. These marks were 
caused by the shear tie fasteners after they had withdrawn from the holes in the upper 
chord skin flange. Often, no evidence of continuous contact between the bolt and the 
skin flange was exhibited on the flange material between the bolt hole and the witness 
marks. Generally, these marks indicated that the shear ties near BL 0 had translated 
forward with no lateral movement, and those farther outboard of BL 0, on either side, had 
translated forward and slightly inboard. On the right side at LBL 66.65 and 83.24, the 
witness marks show bolt translation approximately 30 degrees inboard from the original 
position. 
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Spanwise Beam #2 

Spanwise beam #2 uses nineteen shear ties and ten tension fittings in the upper 
surface. Of these, nine shear ties and nine tension fittings were recovered. From LBL 
112.39 to LBL 91.14, all the shear ties are missing and the direction of the hole 
deformation could not be determined. Bolt holes at LBL 83.24, 49.60, and 41.77 of 
SWB2 exhibit evidence of forward outboard or forward inboard deformation. At LBL 
17.27, the shear tie remained with the stiffener and retained both bolts. The forward hole 
on the upper chord associated with this shear tie exhibited no deformation. The aft bolt 
hole exhibited aft outboard deformation. The tension fittings at RBL 33.97 and RBL 
57.48, along with the shear ties at RBL 41.77 and RBL 49.60, remain attached to the 
upper chord and to a considerable length of stiffener. These stiffeners comprise the 
"curtained" area of spanwise beam #2. All of the remaining shear ties on the right side 
are attached to the upper chord. The shear tie at RBL 112.39 is lifted away from the 
upper chord on the inboard side. Three of the six bolt holes between BL 0 and RBL 25.26 
exhibited no deformation, except RBL 25.26 shows forward inboard deformation. 

Mid Spar 

Of eight shear ties and ten tension fittings associated with the mid spar, only 
seven shear ties and nine tension fittings were recovered. Of these, one (LBL 17.27) 
exhibited evidence of gapping from the upper chord at the aft end. Two tension fittings 
remained attached to the stiffeners at RBL 34.00 and RBL 57.51. The upper chord bolt 
hole at RBL 34.00 is elongated inboard The hole in the tension fitting at RBL 57.51 is 
elongated forward and outboard. The shear tie at LBL 44.65 and the tension fitting at 
LBL 34.00 are missing. The skin hole at LBL 34.00 for tension fitting was elongated 
forward. 

Spanwise Beam # 1  

Along SWBI, eight of sixteen shear ties and all of the ten tension fittings were 
recovered. All of the recovered tension fittings remained attached to the upper skin with 
the stiffeners fractured below the tension fitting. The inboard skin attachment flange 
bolt holes associated with the shear ties at LBL 106.20 and 83.24 exhibit forward 
elongatiodaft motion of shear tie. The bolts holes at LBL 91.14 exhibit no deformation. 
The bolts in the upper skin associated with the shear ties at LBL 66.65, 49.60 and 41.77 
exhibit slight aft bending. At LBL 17.27, the bolts are retained by the stiffener and 
exhibit no deformation, and the bolt holes in the skin exhibit aft deformation. The bolt 
holes in the upper skin associated with the shear tie at RBL 17.27 exhibit straight aft 
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elongation. The holes at RBL 49.60 exhibit no deformation. The bolts at RBL 41.77 
exhibit no deformation. The outboard bolt hole at RBL 83.24 exhibits aft and slightly 
outboard deformation. The inboard bolt hole at RBL 91.14 exhibits straight aft 
deformation. The outboard bolt hole at RBL 91.14 exhibits forward outboard 
deformation. 

UPPER SKlN TENSION FITTINGS 

The vertical faces of the tension fittings associated with spanwise beams 3 and 1 
were evaluated for deformation. The tension fittings are only installed on the upper skin 
at locations common to the floor beams. The bolt holes exhibited deformation which 
was consistent with vertical andor lateral loads applied simultaneously with the 
longitudinal loads which resulted in the bolts withdrawing from the shear ties. The 
vertical face of the tension fittings on spanwise beam #3 face forward to mate with the 
web, thus the bolt withdraw occurred as the beam web moved forward. The vertical face 
of the tension fittings on spanwise beam # I  face aft to mate with the web; thus the bolt 
withdraw occurred as the beam moved att. 

Generally, the bolt holes on the vertical faces of those fittings recovered from 
spanwise beam # I  exhibit downward deformation with somewhat random lateral 
deformation. The holes on the vertical faces of the fittings recovered from spanwise 
beam #3 exhibit downward deformation with no lateral component at BL 0, and an 
outboard component to the downward deformation which becomes more pronounced 
with distance from BL 0 (except for RBL and LBL 98). 

LOWER SKIN 

Front Spar 

Of twenty five shear ties associated with the front spar lower section, all but those 
at BBL 0, inboard half of RBL 18.13, and RBL 91.14 were recovered. Portions of the 
shear ties at LBL 66.65,57.40,49.60, RBL 26.03,57.40 and 66.65 remain attached to the 
stiffeners; the remainder of these shear ties, as well as all other recovered shear ties, are 
attached to the lower chord. The aft edges of shear ties between LBL 98.48 and RBL 
8.94, with the exceptions of those at LBL 91.14, 83.24, and 49.60, have lifted away from 
the chord. Those at RBL 41.77, 49.60, and the inboard half of 57.40 have also lifted 
away from the lower chord. The fastener holes associated with the chord attachment 
flange on the portions of shear ties remaining attached to the stiffeners at LBL 66.65, 
and 57.40 exhibited deformation in the att direction. The fastener holes associated with 
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the chord attachment flange on the portions of shear ties remaining attached to the 
stiffeners at RBL 57.40 and 66.65 exhibited deformation in the forward direction. One or 
more fasteners at RBL18.13,26.03, and 66.65 exhibit no deformation. 

Spanwise Beam #3 

Sixteen of twenty seven shear ties associated with spanwise beam #3 were 
recovered of these, all remained attached to the stiffeners except those at LBL 98.56 and 
49.60, and at RBL 98.56. The two tension fittings at LBLJRBL 8.94 remained attached to 
the stiffener and were separated from the skin The shear ties at LBL 98.56 and RBL 
98.56 exhibit a gapping of the aft edges away from the chord. The shear ties which were 
retained by the stiffeners did not retain any bolts; however, the deformation of the bolt 
holes in the chord attachment flanges is in the forward direction. The lower chord 
retained the shear tie attachment bolts at LBL 112.39, 106.20, 91.14, and 83.24. These 
bolts are bent aft and slightly inboard (lower shear tie moved aft, top of beam moved 
forward). The lower chord also retained three of six shear tie attachment bolts at RBL 
106.20, and 112.39. The bolt deformations at these sites are aft and inboard. The three 
empty bolt holes at these sites exhibit deformations that was also aft and inboard. The 
bolt holes on the lower chord from LBL 8.94 and RBL 8.94 exhibit no deformation. 

A portion of the web from approximately LBL 120 to 30, approximately RBL 20 
to 55, and approximately RBL 110 to 120 remained attached to the lower skin at SwB3. 
The web was generally deformed in the forward direction. 

Spanwise Beam #2 

A total of eight shear ties out of twenty seven and both tension fittings were 
recovered which were associated with the lower portion of spanwise beam #2. Of these, 
six were still attached to the lower chord. Those located at LBL 83.24 and 66.65, RBL 
25.26 and 112.39, and the tension fitting at LBL 8.94, exhibited no deformation below 
the stiffener flange fracture. The tension fitting at RBL 8.94 has lifted away from the 
lower chord at the at3 edge. The shear ties at LBL 112.39, 106.20, 75.90, and 57.48 
remained attached to the stiffeners. The bolt holes in the chord attachment flanges of the 
shear tie at LBL 57.48, and the outboard hole at LBL 75.90 exhibit deformation in the aft 
inboard direction. The outboard bolt hole in the lower chord at LBL 112.39 shows 
outboard forward deformation; the inboard hole shows aft inboard deformation. The 
outboard hole in the lower chord at LBL 106.20 shows aft outboard deformation; the 
inboard hole shows forward inboard deformation. The one surviving bolt hole in the 
lower chord at LBL 17.27 exhibits no deformation. The inboard bolt hole at RBL 17.27 
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exhibits aft deformation. At RBL 33.97, the inboard bolt hole exhibits no deformation; 
the outboard bolt hole shows forward inboard deformation. The bolt holes at BBL 0 
exhibit no deformation. 

Mid Spar 

Of sixteen shear ties and two tension fittings associated with the lower mid spar, 
seven complete shear ties, one partial shear tie, and both tension fittings were recovered. 
Those at LBL 98.59,87.26,66.65,57.51., 44.65 and 34.00 remained attached to the lower 
chord. The shear tie at LBL 17.27 is fractured through the chord attachment flange and 
only the aft inboard portion remains. Thc knsion fitting at LBL 8.94 remains attachcd to 
the stiffener, but the bolt hole has damage at inboard forward side. The tension fitting at 
RBL 8.94 is also attached to the stiffener and shows no deformation in the bolt hole. A 
bolt hole in the lower chord at KBL 17.27 exhibits no deformation. The inboard bolt 
hole in the lower chord at RBL 44.65 is elongated aft and outboard. The bolt holes in 
the lower chord at RBL 57.51 are deformed forward and inboard. The inboard bolt hole 
at RBL 66.65 is similarly deforme4 the outboard hole at this station exhibits no 
deformation. The shear tie at RBL 98.48 remains attached to the lower chord. 

Spanwise Beam # 1 

Eighteen of twenty seven shear ties associated with spanwise beam #1 were 
recovered. Both tension fittings at L B W L  8.94 were recovered The shear ties at LBL 
75.93, 112.39 and RBL 17.27, 25.26, 34.00,&39, 106.20, and 112.39 are still attached 
to the lower skin and exhibit no directionality. The tension fitting at LBL 8.94 also 
remains attached to the lower skin and also shows no directionality. The shear ties at 
LBL 106.20, 98.59, 91.14, 83.24, 57.51, 49.60, 41.77, 25.26, 17.27, and RBL 41.77 all 
remain attached to the respective stiffeners. The bolt holes in the skin attachment flanges 
all exhibit deformation in the aft direction with varying and slight inclinations either 
inboard or outboard. The bolt holes in the lower skin at LBL 66.65, 34.00, RBL 57.51 
through 75.93 all exhibit forward deformations or no deformations at all. The shear tie at 
LBL 17.27 remains attached to the stiffener, and the bolt hole in the chord attachment 
flange exhibit aft deformation. Howover, the outboard bolt is retained by the lower skin, 
and this bolt is bent more than thirty degrees in the outboard and slightly aft direction. A 
similar bend is seen in the outboard bolt at RBL 49.60, which is retained in the lower 
skin. This bolt is bent inboard and slightly forward. The shear ties at LBL 75.93, RBL 
98.59, and the tension fitting at RBL 8.94 all are lifted away from the lower skin at the 
forward edge. The shear tie at LBL 49.60 is retained by the stiffener, and the associated 
bolts are fractured mid shank. The fracture directions are aft. From approximately LBL 
127 to RBL 40, a portion of the beam web remains attached to the lower chord. 
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