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SUMMARY

This Note records the results of a number of static and dynamic
detonations of 3/16 and 1/4 inch square-seoction continuous rod (C.R.) warheads
against Boeing "B.29", Vickers "Valiant", Handley Page "Victor" and some replica
steel fuselage sections, most of which were either loaded to simulate straight
and level flight conditions during attack and/or were subsequently loaded to
determine residual strength. Rod effectiveness was found to depend, for &ll the
targets, on the direction of rod approach to, and the construction of, the
section attacked but at least for the 3/16 inch C .R., appeared to be independent
of rod impact velocity in the range 3000 to 5000 f-p.s.

Stress analyses made of the damaged targets indicate that there may well
be a correlation between the failing stresses in bending of fuselages of various
forms of construction. Further work to confirm and extend this and other
indications is proposed.
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I INTRODUCTION

1.1 As a continuation of a general investigation into the effectiveness of
continuous-rod (C.R.) warheads, further field trials have been made against a
selection of aircraft fuselage targets, to extend and amplify the data obtained
from previous trials ,2# 3 . In particular, the results of firings against certain
sections of loaded Boeing B.29 fuselagesJ had shown the marginal effectiveness,
under the trials conditions used, of the C.R. types at present envisaged, in
defeating fuselage structure. It was considered desirable, therefore, to make
additional firings against targets of different construction and under different
target loading and attack conditions.

1.2 Firings were made against fuselage sections of Boeing 'B.29A', Vickers
'Valiant' Type 673, Handley Page 'Victor' second prototype aircraft, and against
replica targets representative of a modern supersonic bomber and based on the
Avro 730 project. Some of the targets were attacked in the unloaded condition,
some loaded subsequent to attack and others loaded to level flight conditions
during attack. The choice of targets was mainly dictated by their availability,
but nevertheless they represent a range of materials and types of construction
which may be expected in both present and future Soviet aircraft.

1.3 All the firings recorded in this Note were made at the Proof and
Experimental Establishment, at either Shoeburyness or Pendine, between November
1960 and July 1962. Firings in which the Pendine long test track was used were
made jointly with R.A.R.D.E.

2 OBJECTS Or THE TRIALS

2.1 The main object of the trials was to obtain further data on the effective-
ness of 3/16 inch and I/4 inch square-section continuous-rods in the attack of
aircraft fuselage structures, the data being required for the assessment of
conditional kill probabilities applicable to likely warhead/target engagement
conditions.

Within this general objective were the following specific requirements:-

(a) To compare the results of attacks against similar targets loaded when
attacked and loaded subsequent to attack.

(b) To establish the extent and nature of rod damage on fuselage structures
of different types of construction and to compare their residual strengths.

(o) To determine the influence of rod impact velocity on the extent and
nature of damage to fuselage targets of similar construction, and on the residual
strength of the structures.

(d) To determine the effectiveness of continuous-rods against compression
loaded areas of fuselages of different forms of construction.

(e) To determine the effectiveness of continuous-rods in the attack of
experimental steel fuselage sections either empty or containing simulated fuel
and internal equipment.

(f) To attempt a correlation of trials results by simple stress analysis
wmthods.

-8-

CONFIDNITIA



C(OWIDNUMfAL

Technical Note No. Meoh En 382

3 TRAZPOU

3.1 Since, in general, a continuous-rod projected from a G.W. warhead is
equally likely to strike an aircraft fuselage at any section and from any
direction, the programme of firings was designed to cover attacks from above
and below against fuselage sections of varying detailed construction, e.g. bomb
bay, rear fuselage eto. It was however decided that all rod strikes should
impact the fuselages so as to give circumferential cuts in the structures, in
order to make the damaged sections amenable to simple stress analysis.

3.2 Thirteen separate fuselage sections were attacked, involving eight war-
head firings, four of which projected 1/4 inch square-section C.R's and the
remaining four, 3/16 inch square-section C.R's. All the four 1/4 inch and one
of the four 3/16 inch warheads were detonated statically, whilst the remainder
of the 3/16 inch warheads were detonated dynamically on the Pendine long test
track in order to achieve high rod striking velocities.

3.3 Of the thirteen targets, three were loaded to'ig'at the time of attack,
to reproduce strbight and level flight stresses at the attack station, and,
where necessary, subsequently loaded to failure or to the maximum attainable
load. Four targets were not loaded during attack but were subsequently loaded.
The remaining six targets were not loaded, being used merely to obtain data on
extent and nature of damage.

3.4 Of the loaded targets, four rear fuselages, i.e. the 'Victor', 'Valiant'
and two 1B.291al, were attacked in tension loaded regions, whilst two 1B.291
bomb bays and one 'B.29' rear fuselage were attacked in normally compression
loaded areas. The six unloaded targets, i.e. one 'Victor' rear fuselage, two
'B.29' centre fuselages and three steel specimens, were attacked from either
above or below.

3.5 A summary of the firing programme and the results is given in Table 1.

4 WARHADS

4.1 All firings were made using experimental models of Blue Jay, Red Dean or
VR.725 warheads to project 3/16 and 1/4 inch square-section continuous-rods.
The major details of these warheads are given in Table 2.

4.2 For the 1/A inch C.R. static firings the Red Dean and VR.725 warheads
were detonated at suitable distances above the ground on base plates secured
to simple wooden or tubular steel structures. The stand-off distances from
warhead centre to the point of first impact on most of the targets was adjusted
to be 85/o of the rod theoretical maximum hoop radius (M.H.R.) i.e. 32 ft stand-
off for the Red Dean. Exceptionally, for reasons of target layout geometry, the
target attacked by VR.725 was positioned at 80. MeH.R., i.e. 46 ft stand-off.
In three of the four 1/4 inch rod firings (Nos.2, 6 and 7), the rods were ejected
in the horizontal plane, and in the vertical plane for the remaining firing
(No.1).

4.3 All but one firing (No.8) of the 3/16 inch Blue Jay warheads were made
dynamically using the Pendine long test track. For this purpose each warhead
was mounted, with its major axis vertical, at the front end of a two-stage
rocket-propelled vehicle. The warheads were detonated at the end of the track,

COKFIDENTIAL
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when moving at approximately 3000 f.p.s., and ejected their hoops in a horizontal
plane. The effective stand-off distance for these firings was approximately
20 ft, i.e. 85, M.H.R.

4.4 The fourth Blue Jay warhead (Firing No.8) was detonated statically, mounted
on an angled baseplate secured to a simple wooden support. The rods were ejected
in a plane approximately 30 to the horizontal and at a stand-off distance from
the target of 20 ft.

5 TARGETS

5.1 The fuselage targets used in the trials consisted of the following:-

(a) Vickers 'Valiant Tye 673'

This unique aircraft, derived from the standard 'Valiant B Mk.1' was
specially designed for intruder missions involving high speed and high 'g' at
low altitudes. Consequently, it was considerably stronger, structurally, than
the B Mk.1. For this reasoh, its fuselage strength and construction (conventional
skin and closely spaced Z-stringers) were considered to be similar in parts to
that likely to be used in more modern supersonic medium bombers such as the
Soviet 'Blinder' aircraft which C.R. warheads may be required to defeat.

For the purposes of the trial, the full-length 'Valiant 673' fuselage was
assembled, complete with inner wings, and mounted in the normal flying attitude
on supports under the wing roots. Dead loads were applied to the upper surface
of the tailplane to reproduce the approximate level-flight bending and shear
stresses at the attack station. The target was attacked at Stn.963, in the
bomb bay deflector region, in mainly tension and shear loaded material, from a
direction of 45 above abeam.

(b) liandlvy .Page 'Victor'

Of the two 'Victor' targets attacked, the largest comprised the centre
fuselage (Stns.263 to 1005) containing the whole of the bomb bay and the wing
carry-through structure of the second prototype aircraft (Fig.17a). Construction
of the bomb bay region was mainly of conventional skin and closely spaced
f-stringer type, with longeronsp and was typical of the bomb bay of a high
subsonic medium bomber, occupying most of the fuselage depth. It could well be
broadly similar to the bomb bay region of the Soviet 'Blinder' aircraft, parti-
cularly in view of its location behind the wing-box structure. For the firing,
the section was simply supported at each end by sandbag cradles, and attacked
in the unloaded condition at Stn.740, i.e. near the aft end of the bomb bay,

0from a direction of 45 above abeam, so that mainly tension and shear loaded
structure was struck by the rod. Subsequently, the damaged fuselage was
supported under the forward end and also just forward of the damaged station and
then loaded by means of a downward load applied to the tail end, in order to
determine its residual strength.

The second 'Victor' target was a section of the rear fuselage (Stns.967 to
WO 5) which had been used as a strength test specimen and had also been attacked

in a previous trial'. Since# in the present firing, the object was merely to
record the nature and magnitude of the damage, the target was simply supported on

- 10-
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oe of its ends with its longitudinal axis vertical, and attaked n the

unloaded condition, at S n.94O.

(c) Boeing 'B.29A'

'B*29A' fuselage sections were used in the trials since they were
available in limited quantity and could thus be used for comparative firings.
Furthermore, the 1B.29' is of conventional construction and is considered to be
broadly similar in structural features to the Soviet 'Badger' subsonic medium
bomber. Two bomb bay sections (Stns.218 to 66), fitted with dummy bomb doors,
were attacked, one in the forward section (Target 3B, Stn.300), and one in the
rear (Target 2, Stn.566), i.e. forward and aft of the wing box structure, from
a normal below direction of attack (Figs.22a and 21a respectively). Both were
unloaded during attack and subsequently assembled into a complete fuselage and
inner wings, and supported under the wing roots for loading. Downward loads
were applied to nose and tail, as appropriate, to determine the residual
strengths of the specimens.

In addition, three'B.29'mid-crew compartments0 (Stns.646 to 834), aft of
the bomb bay, were attacked at Stn.768, two from 45 above abeam and one from
normal below (Targets 4A, 5A and 3A). Two of these targets (3A and 5A) -
Figs.23& and 25& - were loaded during attack to simulate level flight stresses
at the attack station and, since failure did not occur, subsequently subjected
to increased loading. The remaining section (4A - Fig.24.a) was attacked in the
unloaded condition and later loaded to the limit of the straining gear. Two
rod attacks were also made against that part of the 1B.29' fuselage incorporating
the very heavy wing carry-through structure (Stns.383 to 485). As the two
targets (A and 7B, Figs.19a and 20a) were salvaged sections from previous trials
they were simply supported on one end with their longitudinal axes vertical and
not loaded during or after attack. Normal above and nrrmal below directions of
attack were used, at Stn.4y4.

(d) SSi

This target was a replica of one version of the projected Avro 730 super-
sonic reconnaissance aircraft. It represented a 20 ft section of fuselage at
about mid-length and just forward of the wings. It was of conventional skin,
frame and closely-spaced Z-stringer construction, but built entirely of 3.3
steel. It had been designed to represent an integral fuel tank, as in the
'Avro 730', but was not capable of being loaded. Two rod attacks were made
against this type of target, one in which the target (No.4B - Fig.26) was filled
with water to represent fuel and the other (No.5B - Fig.27) containing simulated
dense internal equipment.

(e) Honeyoomb sandwich target

This cylindrical target 6 ft 4 in. diameter and 7 ft 6 in. long was of
steel honeycomb sandwich construction (Target No.8 - Fig.28a). It was manu-
factured by A.V. Roe and Co. in 1956, when the firm were investigating steel
sandwich structures for the Avro 730 project. Although it is typical of a
section of an aircraft, it was produced mainly to assess the design of fixtures
used in its manufacture. Consequently, core to skin strength was not omphasized
and may have been below standard. Construction was of 18 MIG (O,.S") Rex 448

- 11 -
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steel skins with the honeycomb core of 0.003" mild steel material. Skin joints
were partly welded and partly riveted$ the jointing members being of 16 SIG
(0.064") DTD.171 material. The cylinder was closed by a diaphragm at one end
and was mounted with its longitudinal axis vertical a~d resting on the open end.
The attack was made transvcrsely, at approximately 30 to normal, at aid-length.
It was not suitable for loading.

5.2 Details of the layouts and methods of loading of the various targets are
given in Appendix 1. General arrangement drawings of the layouts are given in
Figs.i to 4 of Appendix 1, and shown pictorially in Figs.5 to 8 of Appendix 1.

5.3 Cross-sections of each of the targets which were subjected to loading,
showing the location and areas of the various structural members at the
stations attacked, are given in Figs.1 and 2 of the Note.

6 INSTRUE4TATION

6.1 The extent and type of instrumentation used in the trials varied, to some
degree, with each firing, but consisted essentially of equipment for the deter-
mination of rod velocities and high speed camera coverage of rod and target
behaviour during and after attack. Broadly, the instrumentation may be
considered separately for the static and dynamic warhead firings# as follows:-

6.1.1 Static firings

(a) In all static firings, other than that concerning the honeycomb sand-
wich target, the times taken for the continuous rods to travel between the point
of detonation and the target were measured by micro-second counter chronometer
(M.C.C.) actuated by an infra-red photo-cell directed at the warhead and a
number of 'make' screens or wires secured to the target at the attack station.
The rod mean velocities were then calculated using the averages of the times
obtained from each channel. Striking velocities were then computed from rod
retardation data and are given in Table 1.

In the remaining static firing, in which the honeycomb target was attacked,
rod travel times were measured by an Argon Lamp Chronograph actuated by warhead
detonation and 'break' wires spaced at intervals on the target. Mean and
striking velocities were then calculated as above.

(b) In the static firing against the loaded 'Valiant' fuselage it was
desired to investigate the behaviour of the C.R. hoop in the vicinity of one of
the tangents to the fuselage - drawn from the point of warhead detonation. To
achieve this, a searchlight illuminated translucent screen of thin plastic was
used to provide a background for the rod which was photographed using a Fastax
high-speed camera running at approximately 14,000 half-frames/sec. This tech-
nique was successful, as shown in Fig,16e

(c) Other instrumentation in the static firings consisted of 16 am cine-
photographic coverage of spring-balance readings in oases where targets were
loaded after attack through a cable system. Additionally, full still photographio
coverage was used throughout the trials.

-12-
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6.1.2 Dynamic firinRs

(a) In all the C.R. dynamic firings, rod mean velocities were obtained
from the rod flight times measured by an Argon Lamp Chronograph actuated by
warhead detonation and 'break' wires on the targets. Striking velocities were
computed by R.A.R.D.E. from retardation data. The range of velocities at the
targets are given in Table I. Detailed tnlyses of the velocity measurements
are given in separate R.A.R.D.E. reports ' J .

(b) As in the 'Valiant' fuselage static firing, it was also desired to
investigate rod behaviour in the loaded target tangent zones. The method
adopted was similar to that used in the static firing except that, owing to
the vertical disposition of the target, the Fastax camera was mounted on a tall
tower and viewed downwards along the fuselage side towards a flash bulb illumi-
nated white background screen laid on the ground (Figs.7a and 7b of Appendix I).
Good results were obtained in all three dynamic firings, as shown by the
examples in Figs.25e and f. In each case rod velocity was in the region of
5300 f.p.s.

(c) Loaded target behaviour, both during attack and under subsequent
additional loading, was recorded by Fairchild cameras running at approximately
250 frames/sec.

(d) In addition to the above instrumentation, mainly concerned with
target response, the following data were recorded by, or at the request of,
R.A.R.D.E., who participated jointly in the dynamic trials:-

(i) Warhead point of detonation, by means of a Fastax camera viewing -
at right angles to the test track - the expected detonation zone, and
running at approximately 14,000 half-frames/seo.

(ii) Rod development, by the 'Flare Path' technique using a Fastax camera
viewing, through a mirror, the arc of rod projected in the direction of
warhead motion. Film speed was again 14,000 half-frames/sec.

(iii) A general view of the target arena during firing, by means of an
Aomade camera running at about 1000 frames/sec.

(iv) Space-time data of both primary and secondary rocket vehicles, using
the magnet and coil system installed on the long test track.

(v) Warhead ignition delay, by means of a duplicated M.C.C. and fuze-
timer system operated by the warhead firing current and the detonation
flash.

FrPrher details concerning the above arc given in the relevant R.A.R.D.E.
reportst, o

6.2 In all firings the instrumentation was provided and operated by the staff

of either P. C: E.E.(S.), P. & E.E.(P) or R.A.R.D.E.

7 TRIALS PROCEDURE

7.1 The procedure adopted in each trial varied slightly according to whether
the firing was to be static or dynamic and the targets loaded or unloaded.

- 13 -
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However, in each firing, after assembling (where necessary) and positioning of
the targets and in certain oases applying the simulated '1 g' level flight loads,
the warhead was detonated. The resulting damage was recorded and in oases where
the loaded targets did not fail under attack they were subjected to additional
incremental loads until failure occurred or a limiting load was reached. In the
four cases where unloaded fuselage targets were subsequently loaded, the damaged
portions were assembles into complete fuselages and then subjected, firstly, to
the level flight loading and then, where necessary, to increased loading up to
failure or, again, until a limiting load was reached. In all oases the maximum
attainable loads were noted or the residual strengths of the targets determined.

8 TRIALS RESULTS

8.1 The conditions under which each firing was made are given in Table 1, and
the damage to each of the fuselage targets from rod attack is summarised in
Table 3, shown diagrammatically in Figs.3 to 15, and illustrated in Figs.16 to
28.

8.2 Fuselage failing loads, where applicable, and the residual strengths of
the loaded targets are detailed in Table 1.

8.3 The results of the trials, in terms of lethality, may be sui3arised as
follows:-

- I14k -
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9 STRESS ANALYSIS OF LOADED TARGETS

9.1 In order to obtain as much technical information as possible from full-
scale trials of the type considered in this Note, and with the expectation of
devising 'damage laws' for use in C.R. warhead lethality assessments, data on
the maximum stresses achieved in damaged structures subjected to loads, either
during or after attack, are being collected. The intention is to make a full
investigation of the subject when further evidence has been obtained. Thus, in
all recent trials in which fuselage specimens were loaded to establish their
residual strength, the apparent maximum tensile and compressive stresses
developed in the damaged structures at failure (or at maximum achievable
loading) have been calculated. These stresses normally occurred at the
extremities of the rod cuts, but in some attacks from 'below' the aircraft
they occurred in heavy longeron members which were not completely severed and
which effectively butted under load.

9.2 Concerning the trials rocorded in this Note, stress analyses have been
made of the seven fuselage targets which were either loaded during attack and/
or subsequently loaded. The method of analysis used is similar to that employed
by most aircraft manufacturers for the simple stressing of a fuselage in pure
bending. In the case of the 'Valiant' and 'Victor' targets the manufacturers
themselves were consulted, and for the 'B.29' targets the method was that used
by the Boeing Airplane Co. in the design of the 'B.29', as noted in a U.S.
report6 .

9.3 The analyses were confined to pure bending since visual examination of
failed targets showed no evidence of shear failure or of torsional effects due
to asymmetric damage. Frame damage was neglected because of its minor nature
in the purely circumferential cuts inflicted in the trials. Rod 'exit' damage
was also neglected because, although quite substantial in the dynamic warhead
firings against empty fuselage sections, it appeared to have little or no effect
on the mode of failure or on the maximum stresses achieved and, further-ire,
would be a rare occurrance in modern aircraft fuselages densely filled with
bombs, fuel or equipment.

Details of the stress analyses relating to the seven loaded targets are
given in Appendix 2.

10 DISCUSSION OF TRIALS RESULTS

10.1 Loaded targets

10.1.1 The two attacks against the 'Ig' loaded 'Valiant' and the
subsequently loaded 'Victor' aircraft (Targets IA and IB) showed that the in.
C.R., at thS low impact velocity of about 34M f.p.z., was capable of defeating,
from the 45 above abeam direction, the rear fuselages of aircraft employing
closely spaced stringer construction typical of modern subsonic and low super-
sonic bombers (Figs.16b and o, i7h, J and k). It may be inferred that the rods
would be equally effective at any attack direction from normal above to 450 on
either side of this position.

On the other hand, the 3/16 in. C.R. was incapable, in two attacks
(Targets 4A and 5A), of defeating the rear fuselage of the B.2I9 from the 45o

-17-
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above abeam approach direction and at a striking velocity of approximately
5100 f.p.s. (Figs.24&, b, o and d, 25a). This may be largely due to the
relative toughness of the 0.29's widely spaced extruded stringer construction
as shown by a comparison between similar fuselage sections of the 'Valiant' and
the 'B.29' (Stns.963 and 566 respectively). In the 'Valiant' section a level

6
flight benainC moment of approximately 7.5 x 10 lb in. is taken by a cross-
sectional area of about 39 in.' whereas the 1B.29' section bending moment of

4.75 x 106 lb in. is supported by as much as 31.4 in,2 of material.

10.1.2 Three attacks against forward and rear bomb bay sections, and a
rear fuselage section, of the ;.29 (Targets 3B, 2 and 3A), showed that neither
the in. C.R. at approximately 3400 f.p.s. nor the 3/16 in. C.R. at approximately
5100 f.p.s., were capable of causing fuselage failure in attacks from normal
below, under level flight loads. In two attacks the longeron members were not
completely severed (; igs.2le and g, 23a) and butting of the damaged sections
occurred, whilst in the other case (Target 3B) the longerons were completely
severed but even so butting still took place, and persisted despite the appli-
cation, eventually, of a fluctuating load (Figs.22e and f).

It would appear from these results that the 3/16 and 1 in. C.R's are
unlikely to prove effective against comi ression loaded fuselage structure
incorporating relatively heavy extruded stringers or longerons and ma only be
effective against light skin and sheet stringer structure under compression
loading.

10.1.3 The reoults of the two 3/'6 in. rod attacks (Targets 4A and 5A)
made against similar sections of the B.29 rear fuselage under similar attack
conditions, except for the loading, (Figs.24. and 25a), showed that the residual
strength of a target attacked in the unloaded condition and subsequently loaded
could be up to 17; greater than one attacked in the loaded condition, even
though slightly less structure was severed in the target loaded during attack.
It is evident that this indication should be investigated so that due allowance
can be made when using the results of unloaded trials for assessment purposew.
The magnitude of the difference cannot, at present, be even approximately esti-
mated since identical structures can show considerable variations in strength
and the nature of rod damage is not always consistent under similar attack
conditions.

10.1.4 It was intended that the effects of increased rod striking velocity
should be shown by comparison of the results of two attacks, Target No.5A and
Firing No.2 of Ref.3 against similar sections of the B.29 rear fuselage.
Unfortunately, the high velocity rod impact (Fig.25a) resulted in a continuous
cut some 13 of arc smaller, and cutting approximately 37 les:3 material of the
'attack' side, than the corresponding low velocity strike. Hence, the residual
strengths of the two targets corresponded to '1.8g' and '1.5g' loadings, for the
high and low velocity strikes, respectively. That this lower order of damage
was not typical of high velocity impacts was shown by the results from Target
No.94A against a similar B.29 section, where the rod 'entry' damage (Fig.24a) was
virtually identical to that in the low velocity firing. However, the residual
strengths of these targets are not strictly comparable because of the differing
loading conditions during attack.

- 18 -
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10.1.5 Although, from these few firings it is difficult to estimate the
effect on fuselages of rod striking velocity, it must be noted that neither in
Target 4-A nor 5A did the higher striking velocity produce more rod 'entry'
damage than the lower velocity strike. Rod 'exit' damage was, however, found
to be consistently greater for the high velocity impacts on nearly empty
targets.

10.1.6 It is also worth noting, at this point, that no 3/16 in. C.R.
attack of a fuselage target, either described in this Note or previously
reported3, under a variety of attack conditions, has been found capable of
defeating the target under 'Ig' level flight loading.

10.1.7 All but two attacks of the loaded targets produced values of
'arc of rod cut to arc visible' of reatcr than 901, the exceptions being high-
velocity strikes (Targets 3A and 5A), where there was evidence of breaks in the
rod hoop occurring near the ends of the rod cut on the target, thus reducing
the rates of 'are cut' to 'arc visible' to 80, and 83,7 respectively.

10.1.8 All the seven attacks of loaded targets, except Target 2, where
heavy longerons were present, give percentages of structural material severed
in the rod 'entry' surface to that of the croso-sectional area of the whole
section varying only between 33. and 37,,. This result is perhaps surprising
in view of the different trials conditions involved such as target construction,
direction of attack, rod striking velocity etc. If both rod 'entry' and 'exit'
damage are added, then the percentage of the total cross-sectional area of the
section cut by the rod rises to between 41, and 530. This much larger variation
seems to be independent of the attack conditions and is probably attributable
to the widely differing quantity and location of internal equipment and secondary
structure within the various targets, all of which affects the 'exit' damage
considerably.

10.2 Unloaded targets

10.2.1 The results of Firing No.6 against the 'Victor' rear fuselage
largely confirmed the result obtained from the secondary target in Firing No.1
of Ref.3, in that all the rod 'entry' side structure, such as skin, closely
spaced stringers and longeron members, within the 1550 arc of cut, was severed.
In addition, it showed that the arc of rod cut as a percentage of arc visible,
i.e. 91,0, was of the same order as obtained on circular fuselage sections
employing other forms of light-alloy construction. Rod 'exit' damage, however,
was considerable, in the absence of the strong structural members near the
fuselage centre line which were present in the earlier firing, and accounted for
approximately one third of the total structural cross-sectional area severed
(Figs.5 and 18).

10.2.2 The damage to Targets 7A and 7B showed conclusively that * in.
C.R's, after passing through either the top or bottom fuselage skins of a B.29
winG/fuselage junction, were incapable of stvcrely damaging the wing box
structure, largly due to rod break-up on the fuselage 'entry' skinning
(Figs.19b and 2O) . In both attacks structure severed on the rod 'entry' side
could account for no more than 15-2Qo of the total structural cross-sectional
area as compared with some 35,. commonly obtained on cylindrical shell target
sections. Consequently, neither of these two attacks could be assessed as

- 19 -
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fuselage structural kills because of the very heavy wing carry-through structure
which, since only lightly damaged, would probably be capable of carrying fuselage
loads transmitted to it by the severance of fuselage skinning. This assessment
is, of course, confined to the fuselage and does not consider the effects of
spanwise damage to the inner wings which would inevitably occur in practice with
this type of attack.

10.2.3 Both firings against steel cylindrical sections (Targets 4-3 and 5B)
having very closely spaced stringers showed a relatively low percentage of 'arc
of rod out to arc of target visiblc', being about 83 to 85a as compared with the
normal for light alloy targets of over 901. This may well be accounted for by
the comparatively higher resistance to the rod of the stringers near the point
of tangency despite the high impact velocity. This is supported by the clear
evidence of the gradually decreasing damage to the 10 or so stringers just before
the end of the rod cut in the skin.

In the case of the water-filled target (No.4B) the damage (Figs.13 and 26)
was such that, had it been in a mainly tensile loaded region, the aircraft might
possibly have survived longer than the 1 seconds required for a Cat. 'K' kill,
owing to the relatively low arc of cut. Had it occurred in a mainly compression
loaded region, howuvcr, the r, sult would probably have been catastrophic.

In the attack of the target (4o.5) with simulated equipment, no exit
damag e was producd and ince the arc of cut on the target at rod entry was
restricted to 132 and severed only 364 of the total cross-sectional area
(Fic.27), it seems likely that the target would have survived whether the damage
had been in tension or comiression loaded material.

10.2.1:. 7hC single attack against the target (No.8) of steel honeycomb
construction yielded the unusually low ratio of 'arc cut to arc visible' of 71:".
Examination of the damage (Fig.28) showed this to be due to the bunching-up of
the honeycomb core between the stc,l skins at the rod cut extremities. This
presented a very solid barrier to further progress of the rod, and probably
caused it to break prematurely. It was also noted that the cut skins of the
target exhibited a marked degree of petalling (Pig.28o) particularly on the
inner skin, a phenomenon which did not occur with light-alloy skins under either
low or high velocity rod impact nor on the steel skin and stringer target in
Miring :B (2ig.27).

11 DISCUSSION OF STRESS MI~ALYSIS RESULTS

11i. In order to indicate the naturc, of the evidcnce which is being obtained
from the stress analyses, the results from the seven loadyd target trials
covered in this Note and five results from earlier trials 7 , are discussed.

11.2 The approximate maximum strcsses, neglecting possible stress-concentration
effects, occurring at failure or at maximum achievable loading, in the seven
loaded specimens of this Note, were found to bc as follows:-

- 20 -
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Approx. Maxinam alrs
Target Target Target Direction rod lb/In.
T. arrfsttoet ofa a triking Loading condition

.f t In. n of aack vdlocit y Co re ie

IA Valiant 963 1 x * 450 above 3W At failure during 28,80 10,000
abeam attack at is

11 Victor 74.0 z * 450 above 3450 At failure under 19,100 7,850
abeam 0,94Z loading

4A B.2 766 /16 a 3/16 450 above 5000 Under Ig loading 9.060 5,590
abo&m after attack

Under ma. loading 19,650 12,000
of 2.1g

5A .00 76 3/16 x 3/16 450 above 5100 Under Ig loading 9,0 5,870
abeam after attack

At failure under 16,450 9,900
1.8g loading

A Ben 768 3/16 x 3/16 Noral 5100 Under ig loading 4,925 7,710
below after attack

Under mxi. loading 9,570 14,9.50
of 2&

2 5.9 566 Normal 3380 Under lg loading 6,920 9,040
below after attack

Under max. loading 16,200 21,200
of 2o3t*

35 B.29 300 3/16 x 3/16 Norml 5200 Under Ig loading 4,525 8,180
below after attack

i Under max. loading 12,80 23,200

,of 2.84-

* Failing loads could not be attained in these tests

11.3 Combining the current and earlier trials, eight of a total of 12 results
involved normally tensile loaded structure, whilst the remaining four involved
compression loaded material. Since the mode of failure of tensile and
compressive loaded structure is quite different, they must be considered
separately.

1l.. The oaloulated maximum tensile stresses are noted first, and are as
follows:-
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Calculated saxft te sul1
stress 1 in.2

Tasrget ,or Rod size Target Fuselage Attack At failure

tiring and aircraft station condition AL failure undere
No. velOcit W under increased load

attack load applied

1A if L.V. Valiant 963 Loaded 28,800 - -

1B if L.V. Victor 740 Unloaded - 19,100 -I (No
LA 3/16' H.V. B.29 768 Unloaded - 19,650 failure)

5A 3/16P N.Y. B.29 768 Loaded - 16,450-
I L.V. B29 768 Loaded 11,500 - -

2 3/16' L.V. B.29 768 Loaded 16,400 -

3 iO L.V. B.29' 566 1 Loaded 22,600 -

4 5/166 LoV. B.29 566 Loaded 25,500 - -

* Data from Ref.3

iI .5 From the four cases where fuselage failure occurred on gradually
increasing the loading it appears that the range of failing stress could be
from about 16,000 to 23,000 lb/in.2 . This is not contradicTed by the single
case where no failure occurred at a stress of 19,650 lb/in. , since this target
was unloaded during attack and might therefore be expected to have a somewhat
higher residual strength. Furthermore, it was not possible at the time to
continue the loading to a stress level of around 23,000 lb/in.2 . Of the three
targets which failed during attack, two probably failed under stresses
considerably lower than the 'apparent' maximum values calculated. The remaining
target, however, failed at the exceptionally low nominal stress of 11,500 lb/in.2,
some 5000 lb/in.2 less than the maximum stress values of two similar targets which
failed during increased loading after the attacks. This low-stress result,
obtained from the fir3t rod warhead firing against a loaded fuselage target
conducted in the U.K., could be due to inexperience, at that time, in determining
precisely the extent of rod damage in targets which failed under attack. This
isolated result should, therefore, be treated with reserve.

11.6 From the few results available so far, the broad indications are that for
C.R. attacks against tensile-loaded surfaces of cylindrical semi-monocoque
fuselages employing different forms of construction, the fuselages are liable
to fail if the calculated maximum tensile stresses, in the damaged section,
equal or exceed the following values:-

(a) 16,000 lb/in.2 for skin, frame and light extruded stringer
construction.

(b) 17,000 lb/in.2 for skin, frame and closely spaced sheet stringer
construction.

(0) 22,000 lb/in.2 for skin, frame and widely spaced heavy extruded
stringer construction.

- 22 -
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At present, these must be regarded an tentative deductions. Nevertheless
they are thought to be reasonable in view of the narrowness of the band of stress
values covering the three types of structure so far investigated.

11.7 In all, four attacks Lave been made against fuselage compression loaded
surfaces. The calculated maximum compressive stresses achieved are as follows:-

Calculated MziMM

Target s uress ul
or Rod size Target Fuselage Attack At failure

firing and aircraft station condition At enximm
No. veloity underloadapplied achievable

load

3A 3/16' H.V. B. 768 Loaded - 14P950 No
2 if Love 5929 566 unloaded 21,200 Noiur
3B Y 16' .v. 5.2 300 Unloaded - 2 a,20 i

/*1' L.V. B.29 566 Unloaded 29,750

Data from Ref.7

11.8 These results, although consistent, are too few for even tentative
deductions to be made at this stage, particularly in view of the probably wider
band of failing stress values than for the tension loaded surfaces. It appears,
both from the compressive stress values and from the behaviour of the targets
under the maximum achievable loads, that the stress for failure will increase
considerably where longerons are present. This could be due to the difficulty
experienced by C.R's in cutting completely all the members of a built-up section
and hence the high probability of butting of semi-severed structure.

II .9 Using the estimated failing stress values obtained by the foregoing method,
and in conjunction with theoretical analyses of the influence of direction of
attack on the maximum stresses in rod-damaled fuselages of different types of
construction?, it should, eventually, be possible to predict, with fair accuracy,
the results of C.R. strikes on likely target aircraft. At present, accuracy in
limited by the relatively few trials results, the few types of construction
investigated and the simple attack conditions so far considered.

12 CONCLUSIONS

12.1 The following general indications may be deduced from the results of the
trials described in this Note and, in certain cases, from consideration of the
results of previous work3:-

(a) The 14 in. C.R. should be capable of causing failure in level flight
of the rear fuselage of a modern subsonic or low supersonic bomber, employing
closely spaced light alloy stringer and skin construction, when attacking from
above.

(b) Neither the in. C.R. at low impact velocity, nor the 3/16 in. C.R.
at high impact velocity, appears capable of causing failure in level flight of
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the entire lower half, nor the centre section upper half, of the fuselage of a
subsonic bomber of similar construction to the Boeing 'B.29'.

(o) The 3/16 in. C.R. even at high impact velocity, may be incapable of
causing failure in level flight of a supersonic (M2 to 3) bomber fuselage of
steel skin and closely spaced stringer construction, except for strikes on
integral fuel tank sections containing fuel.

(d) There is evidence that stecl honeycomi) fuselage structure, typical of
high supersonic aircraft, may be appreciably more resistant to C.R. attack than
consideration of the structure might suggest.

12.2 In addition, the following syecific points arise from the trials:-

(a) No siCnificant differunce has been found in the extent and nature of
rod 'entry' damage from 3/16 in. C.R's impacting similar targets at approximately
3200 f.p.s. aid 5200 f.p.s., although rod 'ezit' damage was greater for the high
velocity impacts on virtually empty targets.

(b) The com.)ression-loaded under-surfaces of fusclages were found to be
capable of withstanding attack, because of the liability to butting of the
damaged material, which occurred even when rclatively light longeron members
were severed.

(c) The residual strcngths of targets attacked by C.R. in the loaded
condition are likely to bc considerably less than those of targets attacked in
the unloaded condition and subsequently loaded.

12.3 A simple bending stress analyses of loaded targets, as described in this
Note, if used in conjunction with studies of the influence of direction of
attack on maximum stresses in damaged targets of various forms of construction,
should - when more data become available - enable fair estimates to be made of
the results of actual C.R. attacks against likely types of aircraft targets.

13 FURTHER WORK

13.1 The work described in this Note has, by its limited nature, revealed only
indications and trends likely to be important in the attack of fuselage
structures by C.R's. It is necessary that further trials should be made to
confirm and extend these indications. These might include:-

(a) Firings of 3/16 in. and 2 in. C.R. against loaded sections of
fuselage structures of various types in order to obtain more data on the
behaviour of the different forms of construction, in particulhr those in steel.
Stress analyses of such firings should provide a better understanding of the
failing stresses of structures damabed by C.R's.

(b) Firings of :' in. C.R's at high velocity against fuselage structures
to determine whether the performance of this size of rod is enhanced by higher
impact velocity.

(c) rirings of C.R's against fuselages such as to produce more complex
attack conditions, e.g. angled cuts etc.

- 24 -
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13.2 In addition, it is considered that the investigation on the influence of
direction of attack on the stresses in a damaged fuselage, commenced in Ref.li,
should be extended to other fuselages of different construction in order that
present mnd future trials results may become more generally applicable to
various potential targets and also may be used with greater confidence.

I% ACINO.DIMW S
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TABLE 1 - Summary of oontinuou

Firing Rod oross- Direction Stand Rod rod

and sectin of off mean r g

target in. x in. rod distanoo velocity striking T

No and approach ft '. velocitytype of trial P'" fps

IB i x Xj 450 above 32 3663 3450 HindeyeV0
static abeam 

B Mk,3 Vc rSee Fig.1 a

6B x * 45° above 32 3663 350 Handley Pal
statio abeam prototype 1

see ig*, tb

| 6 : x 4/5° 0bove 46 3700(E) 3500 Handley Pagi

static abeam prototypen

fuselage

7A * c * Normal 30 3700(E) 3500 Boeing B.29,
static above fuselage j

7 * x Normal 30 3700(E) 3500 Boeing B.29j
static below fuselage jw

2 k x i Normal 32 3591 3380 Boeing B.29j
statio below bomb bay

See Fige2o

3B 3/16 x 3/16 Normal 32 5500 min.(E) 5030 min. Boeing B.29
dynamio below true 5975 max. 5459 max. bomb bay

20 See Fig,2a
offeotive

I ccarr IiLC



c0?qIDENTIAL

Toohnioal Note No. Moeh Eng 382

Lmmary of continuous-rod firings against fuselage targets

:imated
rod Attack . Target loading R esult of Target loading
-iking Target station during attack attack after attack
Ocity

450 Vickers Valiant 963 11 flight loads Fuselage
B -k.2 rear fuselage 27,216 lb at Stn.1210 giving failed
See Fig.1a B.M. = 7,660,000 lb in. see Fig.16

S.F. = 31,540 lb at Stn.963

450 Handley Page Victor 740 Unloaded See Fig.17 Subsequently loaded by
prototype bomb bay applying 21,280 lb at
See Fig.ib Stns.972 and 1005 giving

B.M;. 5,680,000 lb in.
B.F. = 25280 lb at
Stn.740 equivalent to, o.094g. FLUJ,1X, F'AIM

500 Handley Page Victor 940 Unloaded Sea Fig.18 None
prototype rear
fuselage

500 Boeing B.291 win/ 434 Unloaded See Fig.19 None
fuselage junction

500 Boeing B.29% -wing/ 434 Unloaded See Fig.20 None
fuselage junction

380 Boeing B.29, rear 566 Unleaded See Fig.21 Subsequently loaded by
bomb bay applying 18,368 lb at
See Fig.20 Stn.1059 giving

B.M. = i,160,000 lb in.
S.F. = 25,710 lb at
Stn.566, equivalent to
2.3g. FUSELAGE DID NOT
FAIL

Smin. Boeing B.29A forward 300 Unloaded See Fig.22 Subsequently loaded by
9max. bomb bay applying 23,605 lb at

See Fig.2a Stns.50 and 191 giving
B.M. = 6,175,700 lb in.
S.F. = 29,200 lb at
Stn.300, equivalent to
298g. FUSELAGE DID NOT

- 27 -
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¢OMrnMTAL

Firing Rod cross- Dire-ton Stand Rod Estimated
Fn section O otn Rorod
tag in.n of off mean striking Target
target i nd rod distance velocity velocityNo. apeproach ft f. p. e.No. type of trial ap r a hf ~ o ef ap s,

3A 3/16 x 3/16 Normal 33.2 5335 min. 4860 min. Boeing B.29A mid-
dynamic below true 5900 max.(E) 5410 max. crew oompartment

20 See Fige2b
effective

4A 3/16 x 3/16 450 above 33.5 5264 min. 4850 min. Boeing B.29A mid-
dynamio abeam true 5733 max. 5260 max- crew oompartment

20 See Fig.2b
effective

5A 3/16 x 3/16 450 above 33.5 5354 min. 4900 rain, Boeing B,29A mid-
dynamio abeam true 5813 max. 5300 max. crew compartment

20 See Fig.2b
effective

4B. 3/16 x 3/16 Symmetrical 33.5 5264 min. 4850 min. SS.1 steel replica
dynamic target true 5733 max. 5260 max. fuselage section

20
effective

5B 3/16 x 3/16 Symmetrical 33.5 5354 min. 4900 min. SS.I steel replica
dynamic target true 5813 max* 5300 max. fuselage section

20
effective

8 3/16 x 3/16 Symmetrical 20 3550 3390 Steel honeycomb
static target sand-rich fuselage

section

'31 denotes an estimated rod velocity in oases where recordings were incomplete

'min.' and 'max.' denote minimum and maximum rod velocities recorded on the targets in the dy

-28 -
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CONTIDNTIAL

Teohnioal Note No. Meoh Ing 382

TABS I (Continued)

Target Attack Target loading Result of Target loading
station during attack attack after attack

Boeing B.29A mid- 768 Ig flight loads, 8600 lb at Fuselage did Load increased to
crew compartment Stn.1050 giving not fail 16,600 lb at Stn.1050
See Fig.2b B.. = 2,420,000 lb in. See Fig.23 giving

S.F. = 8600 lb at Stn.768 B.M. = 4,700,000 lb in.
S.F. = 16,600 lb at
Stn.763, equivalent to
2.0g. FUSELAG& DID NOT
FAIL

Boeing B.29A mid- 768 Unloaded See Fig.24 Subsequently loaded by
crer compartment applying 17,679 lb at
See Fig.2b Stn.1050 giving

B.M. = 4,980,000 lb in.
S.F. = 17,679 lb at
Stn.76 8, equivalent to
2.1g. FUSELAGE DID NOT

FAIL

Boeing B.29A mid- 768 1 g flight loads, 8864 lb at Fuselage did Load increased to
crew compartment Stn.1050 giving not fail 14,884 lb at Stn.1050
See Fig.2b B.M. = 2,495,000 lb in. See Fig.25 giving

S.F. = 8864 lb at Stn.768 B.M. = 4,210,000 lb in.
S.F. = 14,884 lb at
Stn.768, equivalent to
1.8Sg. FUSELAGE FAILED

SS.1 steel replica Mid- Unloaded but filled wTith See Fig.26 None
fuselage section length water

SS.1 steel replica Mid- Unloaded but filled with See Fig.27 None
fuselage suction length simulated equipment

Steel honeycomb Mid- Unloaded See Fig.28 None
sandwich fuselage length
section

comple te

i the targets in the dynamio firings

- 28 -
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Toohnioal Note Noe Kooh bkg 382
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TABU 3 - Sua= of rod dma

"ro of A 
1fuselage aro of Total f

and Rod oross- Direction risiblo strike Percentage strucand seotion of Target from ti Weeta ross-
target in. x in, rod approach Wal'ead fuselage aio° positon in

A * x 45 0 above Stn.963 Valiant 165 151 t  92 38
(L.V.) abeam fuselage

6 L x 45 above Stn.74 0 Viotor 164 151 92 35
(L .V abeam fuselage

6 x 50 0 above Stn.940 Viotor 170 155 91 35
(L.V.) abeam fuselage

7A x Normal above Stn.434 B.29 134 134 100 78.
(L.V.) fuselage

7B x Normal below Stn.434 B.29 130 130 100 67.
(L.V.) fuselage

2 j x / Normal below Stn.566 B29 166 161 97 31.
(L.V.) fuselage

3B 3/16 x 3/16 Normal below Stn.300 B.29 158 147 93 27.
(H.V.) fuselage

3A 3/16 x 3/16 Normal below Stn,768 B.29 161 1282 80 27.
(H.V.) fuselage

4A 3/16 x 3/16 45' above Stn.768 B.29 161 146 91 27.
(H.V.) abeam fuselage

5A 3/16 x 3/16 450 above Stn.768 3.29 161 134 83 27.
(H.V. ) abeam fuseleige

43 3/16 x 3/16 Symmetrioal Mid-length 88.1 160 136 85 36.
(H.!.) target steol replica

5B 3/1 x 3/16 Symmetrical Hid-length 8.1 160 132 83 36o'
(H.V.) target steel replioa

8 3/16 x 3/16 Steel Mid-length 165 117 71 26.4
(L.V.) honeycomb

target

iT2S- I - Including 250 break LoV. - Low velocity rod strike a 34
2 - Break in rod hoop before impact HV. - Nigh velocity rod strike a 5100 1

S30
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Teonioal Note No* Moch Ing 382

A 3 - Sumary of rod danag to fuselaA targets

tual Approx. percentage
o of Totto fuselage 1prox. peroentage of total fuselage

rike Peroentage structural of total fuselage structural C.S.. . stitneu
on /A o cross-seotional structural C.S.A. severed on structure sult

elage area severed on severed,aein. 2  entry side % entry side*

eit side %

511 92 38.8 37 45 1 frame Fuselage failed on
attack under fig,
loading

51 92 35.8 36 53 1 frame Fuselage failed
under 10.94e loading

55 91 35.4 40 62 1 frame Not loadWd

34 100 78.6 20 33 None Not loaded

30 100 67.1 15 20 None Not loaded

61 97 31 .4 27 41 1 frame Fuselage did not
fail under 12.3g'
loading

47 93 27., 33 44 None Fuselage did not
fail under 12. 8 g'
loading

80 27.3 35 43 None Fuselage did not
fail under ' 2 g'
loading

46 91 27.1 36 47 2 frames Fuselage did not
fail under '2.lg'
loading

34 83 27.1 33 41 2 frames Fuselage failed
under 'I 1 8 g' loading

36 85 36.1 36 36 4 frames Not loaded

32 83 36.1 36 36 1 frame Not loaded

17 71 26.6 28 32 None Not loaded

iA

looity rod strike L 3400 fpo.s
relocity rod strike a 5100 frp 9 ,e

- 30 -
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CdWlINTAL. TN. me. 38z.

F IG.S.

CONSTRUCTION: BRAZED WONEYCOMS SAtDIC.
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FIG. IS. TARGET 83. RECORD OF ROR DAMAGE TO STEEL
H4ONEYCOMB ISANDWICH TARGET %R1,AC. LOW VEL)



COMPSNAL TECH. NOTE: MECH. ENG. 362
FIG. 16a & b.

FIG.16s. TARGET Ia. LOADED VALIANT REAR FUSELAGE BEFORE ATTACK

FIG.I6b. TARGET Is. DAMAGE TO ROD "ENTRY"
SIDE OF FUSELAGE SHOWING FAILURE

(LOW VEL lin. ROD. STN. 9%3)



CONUINTI TECH. NOTE: MECH. ENG. 382

FIG.I6c. TARGET Ia. DAMAGE TO ROD "EXIT" SIDE OF "VALIANT" FUSELAGE
(LOW VEL lin. ROD. STN. 9%3)

FIG.I6d. TARGE IL. DETAIL OF FUSELAGE FAILURE

AT STARBOARD SIDE END OF ROD CUT(LOW VEL. 41n. ROO. STN. 9%3)



COUPISIT"A TECH. NMT: MUCH. ING. M6

MG.I6e;

RJULAGE cItcUHmhJ~cE

FIG.lic. TARGET IL. ROD BEHAVIOUR
NEAR END OF CUT ON PORT
SIDE OF "VALIANT" FUSELAGE
(Low VIL *1. 10. Snw. 93)
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C0101U1"AL TECH. NOTE: MICH. ENG. 302
RG.I7a s b.

RG.17s. TARGET lb. UNLOADED "VICTOR" FUSELAGE
BEFORE ATTACK

FIG.17b. TARGET lb. DAMAGE TO ROD "ENTRY' SIDE
OF "VICTOR" FUSELAGE
(LOW VEL fln. ROD. SMN. 740)

C@NFSBNTAL



compmoNwl. TECH. NOTE: MECH. ENG. 382
FIG. l7c & d.

, 10 4 ,

FIG.17c. TARGET lb. DAMAGE TO ROD "EXIT" SIDE
OF "VICTOR" FUSELAGE
(LOW V&iL jin. RtOD. STN. 740)

FIG.17d. TARGET l b. DETAIL OF ROD CUT END ON
STARBOARD SIDE OF -V15TOR" FUSELAGE(LOW VIL lin. RtOD. STN 70)



CONPIDNTIAL TECH. NOTE: MECH. ENG. 38
FIG. lie & f.
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COMUNISNYIAL TECH. NOW: MECH. ENG. 382FIG.17 g & h.

Il

FIG.17S. TARGET lb. ROD CUT END AFTER SUBSEQUENT
LOADING EQUIVALENT TO 0-6x.
COMPARE WITH FIG.17d.

FIG.17h. TARGET lb. FAILURE OF "VICTOR" FUSELAGE UNDER

SUBSEQUENT LOADING EQUIVALENT TO 0-44.
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flWMSNTML TECH. NOTE: HECK. ENG. 362
FIG. 17j a k.
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CONFIDENTIAL TECH. NOTE: MECH. ENG. 382

FIG.Ika. STARBOARD SIDE ROD -ENTRY- DAMAGE

FIG.I8b. TOP ROD ENTRY" DAMAGE

FIG.I~c. ROD 'EXIT" DAMAGE
FIG.Ibab. AND c. TARGET 6. ROD DAMAGE TO

"VICTOR" REAR FUSELAGE
(LOW VEL. ,in. ROD. STN. 940)
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COMPIDINTIAL TECH. NOTE: MECH. ENG. 382
FIG.19a & b

FIG. 19. TARGET 7a. ROD DAMAGE TO TOP
OF 129 WINGIFUSELAGE JUNCTION
(LOW VEL. tin. ROD. STN. 434)

FIG.19b. TARGET hs. ROD "ENTRY" DAMAGE TO WING BOX
TOP SURFACE INSIDE 1929" FUSELAGE
(LOW VII.. jim. R00. STN. 434)

CONFMDNTIAL Loi



CO~PmwytaL TECH4. NOTE: MICH. ENG. M6FIG.I9c &d. '

RIG.Ik TARGET 7a. DETAIL OF ROD CUT END ON
FUSELAGE STARBOARD SIDE (PORT SIDE SIMILAR)
(LOW VEL. *in. ROD. STN. 434)

FIG.INd. TARGET 7&. DAMAGE TO ROD EXIT SIDE
OF 129 WINGIFUSELAGE JUNCTION
(LOW VIin I. ROD. Mi. 434)

CONPSD519IA L



CONFIDNTIAL TECH. NOTE: MECH. ENG. 362

FIG.20a & b.

FIG.20. TARGET 7b. ROD "ENTRY" DAMAGE TO BOTTOM OF
B29 WING/FUSELAGE JUNCTION
(LOW VEL. tin. ROD. STN. 434)

FIG.20b. TARGET 7b. ROD "EXIT" DAMAGE TO WING BOX
TOP SURFACE INSIDE "B29" FUSELAGE
(LOW VII. Jim. ROD. STN. 434)
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co@wHnT" TECH. NOT: MECH. ENG. MU
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CONFDENIAL TECH. NOTE: MECH. ENG. 302
FIG.21c &d.

FIG.21c. TARGET 2. DAMAGE TO ROD "EXIT" SIDE OF "129" FUSELAGE
(LOW Vii.. jin. ROD. SM. 566)

FIG.2 Id. TARGET 2. STARBOARD SIDE OF DAMAGED
"B29" FUSELAGE UNDER SUBSEQUENT LOADING

NOTIE:. SKIN WRINKLING

COMPIDINTIAL



CWPSUflN1AL TECH. NOTE: MECH. ENG. 382
FIG.21e & h.

- a w

FIG.21e. STARBOARD LONGERON FIG.llf. STARBOARD CATWALK

FIG.21S. PORT LONGERON FIG.21 h. PORT CATWALK

FIG.21e. to h. TARGET 2. ROD DAMAGE TO LONGERON STRUCTURE
(LOW VEL. fin. ROD. STN. S66)

CONFINONTIAL



co 119u1 L TECH. NOT: MECH. ENG. 3UFIG.2ij &k.

FIG.21j. STARBOARD LONGERON SHOWING
PERMANENT DEFORMATION
(COMPARE WITH FIG.2 I..)

PIGIlk. FORT LONGIRON
(COMPARE WITH FIG.21g.)

FIG211j. AND It. TARGET 2. DAMAGE TO LONGERONS AFTER ROD

ATTACK, SEVERING, AND LOADING TO 2.31
(LOW VEL. lin. ROD. STN. %6)
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CONPIDINTIAL TECH. NOTE: MECH. ENG. 30
FIG.22a &b.

FIG.22a. TARGET 3b. DAMAGE TO ROD "ENTRY"
SIDE OF UNLOADED "B29" FUSELAGE
(HIGH VEL. +n. ROD. STN. 300)

FIG.22b. TARGET 3b. DAMAGE TO ROD "EXIT"

SIDE OF "1129" FUSELAGE
(HIGH VEL +In. ROD. STN. 300)
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____ ____ ___ ____ ____ ___FIG.22c a d.

FIG.22c. PORT SIDE. NOTE:- SKIN BUTTING

FIG.22d. STARBOARD SIDE

FIG.22c. AND 22d. TARGET 3b. ROD "ENTRY" SIDE DAMAGE
UNDER SUBSEQUENT LOADING

EQUIVALENT TO 2-g I
CONF6IMNTUAL



CONPMSNTIAL TECH. NOTE: MECH. ENG. 362

IG.2le &f.

PIG.22e. PORT SIDE. NOTE:- BUTTING OF SEVERED MEMBERS

FIG.221. STARBOARD SIDE. NOTE:- BUTTING OF SEVERED MEMBERS

F10.22. AND f. TARGET 3b. BEHAVIOUR OF SEVERED
LONGERON MEMBERS UNDER SUBSEQUENT

LOADING EQUIVALENT TO 268g.
CONFIDENTIAL



CONPINTIAL TECH. NOTE: MECH. ENG. 302
FIG.23a & b.

FIG.23a. TARGET 3a. DAMAGE TO ROD "ENTRY SIDE OF "s
LOADED "B29" MID-CREW COMPARTMENT
(HIGH VEL. +'n. ROD. STN. 768)

FIG.23b. TARGET 3h. DETAIL OF DAMAGE AT ROD
CUT END ON STARBOARD SIDE
(HIGH VEL *in. ROD. STN. 7a)

CONIIIII)INTIAL



CONFIDNTIAL TECH. NOTE: MECH. ENG. 362
FIG.23c &ad.

FIG.23c. TARGET 3L. DETAIL OF DAMAGE AT
ROD CUT END ON PORT SIDE
(HIGH VEL. *In. ROD. MT. 768)

FIG.23d. TARGET ha. DAMAGE TO ROD "EXIT" SIDE OF FUSELAGE
(HIGH VEL *in. ROD. STN. 769)

CONUIDINITIAL



CONFISETIAL TECH. NOTE: MECH. ENG. 382
FIG.24a &b.

RIG14L TARGET 4a. DAMAGE TO ROD "ENTRY" SIDE OF
UNLOADED "829" MID-CREW COMPARTMENT
(HIGH VEL. *in. ROD. STN. 76)

FIG24b. TARGET 4L. DETAIL OF DAMAGE AT ROD CUT
END ON STARBOARD SIDE
(HIGH VEL 40.. ROD. STN. 768)
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FIG.24c ad.

FIG24c. TARGET 4a. DETAIL OF DAMAGE AT ROD CUT
END ON PORT SIDE
(HIGH VEL. +n. ROD. STN. 768)

FIG.24d. TARGET Ala. DAMAGE TO ROD 4'EXIT" SIDE OF FUSELAGE

(HIGH VII. A'. ROD. STN. 766)

COUPSUNTIAL



COMP11114IMML TECH. NOTE: MECH. ENG. 36
FIG.25a & b.

FIG.25&. TARGET S&. DAMAGE TO ROD "ENTRY" SIDE OF
"Is" LOADED "129" MID-CREW COMPARTMENT

(HIGH VEL. +n. ROD. M~. 7")

FIG.25b. TARGET SL. FAILURE OF FUSELAGE UNDER
SUBSEQUENT LOADING EQUIVALENT TO "I IS"

C@NPIDUNT3AL
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FIG.25c &d

FIG.2Sc. TARGET Sa. DAMAGE TO ROD "EXIT" SIDE OF
FUSELAGE AFTER SUBSEQUENT FAILURE
(HIGH VEL *in. ROD. STN. 70)

FIG2Sd. TARGET S&. DETAIL OF COMPRESSION LOADED
SIDE OF FUSELAGE AFTER SUBSEQUENT FAILURE
(HIGH VEL *tn. ROD. STN. 768)

i ~CoNHOIVINTIAL



CONFIDENTIAL TECH. NOTE: MECH. ENG. 30
FIG.25 &f.

FIG.2%. TARGET 4a.
FIRING 4a.

FIG.25f. TARGET Ss.
FIRING Sa.

FIG.2S. AND L. ROD BEHAVIOUR NEAR END OF CUTI
ON "529" FUSELAGE SECTIONS

(HIGH VEL ft&n. ROD. STN. 7N6)



CONFIDENITIAL TECH. NOTE: MECH. ENG. 3M1
FIG.26 & 27.

FIG.26. TARGET 4b. ROD DAMAGE TO WATER FILLED S.S.1 TARGET
(HIGH VEL. *in.~ ROD)

FIG.27. TARGET Sb. ROD DAMAGE TO SIMULATED EQUIPMENT
FILLED S.S.I TARGET (NO"EXIr DAMAGE)

(HIGH VEL. &In. ROD)

CONNOINTIAL



cowufhwrBIIA± TECH. NOTE: MECH. ENG. 3M2

FIG.2k & b.

FIG.2a. TARGET 8. DAMAGE TO ROD "ENTRY" SIDE
OF STEEL HONEYCOMB TARGET

(LOW VEL. AI. ROD)

MGM. TARGET 8. ROD "EXIT" SIDE DAMAGE TO
STEEL HONEYCOMB TARGET

(LOW VEL. *n. ROD)
CONIPDNTIrlA



CONMUNTflAL TECH. NOTE: MECH. ENG. 362

FIG.28c &d.

FIG.2kc TARGET S.ROD DAMAGE TO HONEYCOMB
CORE AND INNER SKIN

(LOW VEL I. ROD)

PIG.2S1d. TARGET 3. DETAIL OF TYPICAL ROD CUT
END ON STEEL HONEYCOMB TARGET

(LOW VEL *in. ROD)

LidCONFIDNTIIAL
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APPENDIX 1

REAL OF TARGET LAYOUTS PMD UTHODS OF LOADING

(All figure numbers quoted refer to figures at the end of this Appendix)

I TARGHT LAYOUT

1.1 The attacks on thirteen aircraft fuselage sections described in this Note
involved eight actual warhead firings. Thus, in five of the firings two fuselage
sections were attacked simultaneously. It should also be noted that in several
of the firings, other targets, such as aircraft wings etc, were included. The
wing target attacks are to be reported in a separate Note.

In the case of the seven attacks in which the targets were loaded, three
different loading methods were used and hence it is necessary to describe the
target layouts and methods of loading used in each firing, as follows:-

-1,2 Firint, No.1

(a) In this firing, the Vickers 'Valiant' Type 673 was attacked in the
'Ig' loaded condition and the Handley Page 'Victor' second prototype in the
unloaded state. For the purposes of the trial the 'Valiant' fuselage was
assembled complete with inner wings and tail unit, and mounted as shown in
Figs.i and 5a.

It was desired that the target loading should produce stresses in the
target, at the station attacked, representative of those occurring when the
aircraft was-flying straight md level in non-turbulent air at 0.81 M, at an
all-up weight of 135,000 lb (i.e. with full bomb load and half fuel load).
Owing to the complex loading system that would have been required to reproduce
these stresses exactly, it was decided to load the fuselage by means of weights,
placed on the aircraft tailplane, such that the errors in Bending Moment (B.M.)
and Shear Force (S.F.), at the station attacked, were assnall as possible. The
required values of B.M. and S.F., together with the actual trials values were
as follows:-

Level flight Trasvle
values 0 ) Trials values
(Stn.963 (Stn.963)

tB ing moment (B.M.) 7,539,000 lb in. 7,660,000 lb in.
Shear force (S.F.) 30,680 lb 31,540 lb6-... .. ... , o el

Counterbalance weights were provided in the form of sand and water in
containers located in the pressure cabin, radome bay and forward services bay.
Details of the fuselage section weights, applied loads and points of appli-
cation are given in Fig.1,

- 31 -
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(b) The secondary target in this firing consisted of the entire centre
fuselage of the Handley Page 'Victor' second prototype mounted, for the firing,
as shown in Figs.1 and 5a. After firing and re-mounting, loads were then
applied to the damaged section by a combination of steel plates, acting through
a wooden platform over the fin-root attachments, and by a vertical cable
attached to the fin-post, passing through a pulley secured to a strong point
in the ground, via a spring balance and to a tractor (see Fig.5b). The 'Ig'
level flight B.M. and S.F., at the station attaoked when the aircraft is
flying at 0.875 M and at an all-up weight of 116,2 lb (i.e. with full bomb
load and half fuel load) are compared, below, with those applied at failure of
the fuselage under load.

Level flight Approx. valuesf"X N i values (0g at failure

(Stn.7405 (Stn.74.0)

Bending moment (B.M.) 6,04-0,000 lb in. 5,680,00) lb in.
Shear force (S.F.) 18,800 lb 25,280 lb

The target layout and different loading methods used in Firing No.1 arc shown
in Fig.1.

1.3 Firing No.2

In this firing the primary target consisted of a 'B.29' centre fuselage,
attacked in the unloaded condition, together with miscellaneous secondary
targets (not dealt with in this Notc) all positioned in a circular array round
the warhead, as shown in Fig.2. For the firing, the fuselage section was
mounted as shown in Fig.6a. To remove the axial load inhcrent in this mounting,
the target was supported by means of a wooden beam passing under the rear spar
and supported by wooden posts. After attack, the target was carefully assembled
to the remainder of a B.29 fuselage and also the inner wings, as illustrated in
Fig.6b. The attack station was then loaded by means of weights placed on the
aircraft tailplane up to the equivalent of the 'ig' loads occurring when the
aircraft is flying in non-turbulent air at an all-up weight of 117,000 lb
(i.e. with full bomb load and half fuel load). Since the fuselage did not fail,
additional loading was imposed by a tractor and cable system similar to that
used for the 'Victor' target after Firing No.1. The B.M. and S.F. at the attack
station in level flight, and also at the maximum load it was possible to apply
in the trial, were as follows:-

- evel flight Maximum values
values (Ig) applied

(Stn.566) (Stn.566)

Bending moment (B.M.) 4,763,000 lb in. 11,160,000 lb in.
Shear force (S.F.) 18,300 lb 25,710 lb

Dotails of the loading method aro given in Figs.3 and 6b.

- 32 -
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1.4 Firings Nos,3. 4 and 5

These three firings were made using the Pendine long test track. For
each firing, the warhead was mounted on the front end of a two-stage rocket
propelled vehicle as shown in Fig.7d. The warhead was then propelled along the
track and detonated on an expendable section of rail near the centre of a
circular arena containing two aircraft fuselage sections and other miscellaneous
targets, as shown in Figs.7a and 7b.

(a) In each firing the primary target, a B.29 mid-crew compartment,
either loaded during attach, or subsequently loaded, by means of a loading rig
(Fig.7o) consisting of a ground frame to one end of which the target was bolted.
To the other end of the frame, a tower, also of Bailey bridge structure was
secured. Two tower locations were provided on the frame. A triangulated loading
arm was attached to the upper end of the target at Stn.646 and, for the two
firings against the fuselage tension loaded surfaces, a cable was attached to
the apex of the arm and thence over a pulley in the top of the tower to a large
tank suspended within the tower and whose weight gave the required 'Ig' B.M. and
S.F. at the target attack station. If the target did not fail under attack the
forces at the attack station could be increased to the '2g' condition by filling
the tank with water.

In the case where the tar ct compression surface was attacked the second
tower position was used (Vir.7b5 and the cable loading system replaced by a
strut connected by a cable to the water tank so that a pushing force was applied
to the loading arm apex and hence to the target. The 3.M's and S.F's, at the
station attacked, for 'ig' level flight conaitions in non-turbulent air at an

* all-up weight of 117,000 lb (full bomb load and half fuel load), are given below
together with the actual trials values:-

Level flight Target No.A Target No.4A Target No..5

values ( 18) During Max. values During Max. values During
S"768 attack applied attaek applied attack

Bending 29314,000 2,420,000 4,700,000  Not loaded 4,980,000 2,495,000 4,210,000
moent, (5.1.) lb In. lb In. lb in. lb In. lb In. lb In.

Shear 8225 lb 8600 lb 16,600 lb Not loaded 17,679 lb 8.864 lb 14,884 lb
force (S.F.)

The small discrepancies between the required level flight values and the trials
values are due to practical difficulties of loading; they arc, however, well
within the range of fluctuating values to be expected in level flight.

(b) In two of the firings, the secondary targets (413 .nd 5B) consistci of
replica steel supersonic fuselage scctiori not designed to be loaded. They were
mounted, relative to the track, at the position shown in Figs.4 and 7a.

In the third firinr, the secondary target (3B) was a B.29 centre fuselage
mounted in a similar position, as shown in Fig.e7b. After attack in the unloaded
condition, the target was assembled to the remaining sections of a 'B.29' fuselage

- 33 -
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and also the inner wings, as shown in Fig.8a. In this case, the required
counterbalance weights were applied to the aircraft tailplane, as illustrated
in Fig.Cb, the tail being supported by a cradle. The attack station was then
loaded up to 'Ig' level flight conditions by means of water-filled tanks
positioned in the pressure cabin. Since failure did not occur, additional
load was applied, by the previously described tractor and cable system, to the
nosewheel pivot point, up to the maximum achievable. This load was then
relaxed and re-applied five times in quick succession in order to simulate
gust loading conditions. Failure did not result.

The B.M's and S.F's at the attack station for 'Ig' level flight in non-
turbulent air at an aircraft al-p weight of 117,000 lb (with full bomb load
and half fuel load) are &iven below together with the maximum applied during
the loading procedure :-

Lev,:I flight Maximum values
values 0Ig applied

(Stn.3005 (Stn.300)

Beridink moment (B.M.) 2,1711,100 lb in. 6,175,700 lb in
Shear force (S.F.) 13,809 lb 29,200 lb

Target layouts for Firings Nos.3, 4 and 5 are shown in Figs.4, 7a and 7b and the
loading method for Targets 4A, 5A in Fig.T7. Fig.7b shows the loading system
for Target 3A.

1.5 Firings Nos.6. 7 and 8

Four fuselage specimens (Nos.6, 7A, 7B and 8) included in these firings
were secondary targets in layouts involving miscellaneous other targets not
dealt with in this Notu. They were not suitable for loading either during or
after attack, and were positioned in the target arenas with their longitudinal
axes vertical and resting on one end. All sustained circumferential rod 8uts
except that in Firing No.8 where the out was inclined at approximately 30 to
the normal to the fuselage surfaoe.

is.-4 Drg. Nos. SUE 88695 - 88698/
Figs.8 Neg. Woo. i4,O36 - 164,040
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FIG. 2.

829 Bomb BAN' SECTION,
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X C.R. WARHE4AO
(APPROX. 6-6'
ABOVE, QOUND

MISCCLLANEOU5 WIN~q
TARcQCTS (NOT DEALT

PLAN VIEW. WITH IN THIS NOTE)

FIG. 2.TARGET LAYOUT IN FIRFIG 2.
SCALE: 1/240.
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ALTCRNATIVE LOAOINC4

GROUND FRAME - -POSITION (FIRINGS 4 Al

LOADINCq TOWER TRIARGTA
WITH COMPRESSION PIMA-REWT
LOADINC% STRUT ATCE
ASSEMBLY (FIRINC. 3) B~wI

H-S CMERAINSTA
5TOPRO

WITH

M IRROR\

I N 4.,MI SCEL.LANEOUS
TARG.ETS. (NOT

BUTT IN THIS NOTE)

L TARGET
SECONDARY TARO
FUSELA^E ATAC
NORMAL SILLOW

UNLOADEDO CON~i'
SUSSIQUENTLY L0
IN FIe4%.3.b. 0F APP.

SAFETY WA'

FIG.4. TARGET LAYOUT AND PRIMARY TARGET LOADING
(SIMILAR ARRANGEMENT USED IN FIRIF



,RNATIV LOADINC TOWER cowleatI1. TN. M.. 3 2.
TION (FIRINGS 4 AND 5) APPLNOIX I.

FIG. 4.
CAMERA

// /

FUZE TIMER

TARGET 3 A
PRIMARY TARGET-B2 _
MID-CRL.W COMPARTMENT /

IATTACKED FROM NORMAl / /
BELOW IN THE LOADED /

) CONDITION.

4%\

INSTANTANEOUS CENTRE OF
%N T ROD HOOP AT FIRST IMPACT

WITH PRIMARY TARQLT.

LONG TEST TRACK
I 3= 1 . 4'. .L.AN00U.

MISCELLANEOUS OTHER
TARGETS. (NOT DCSCRIBE0
IN THIS NOTE)

POINT OF WARHEAO
OETONATION

TARGET 3 B.
--- SECONDARY TARC4ET - B 213 CENTRE

F.-SELA ATTAC.KED FROM
NORMAL 13ELOW IN THE
UNLOADED CONDITION AND
SSSEQuENTLY LOADED AS
IN PIC%.3.b. OF 'APP. I

SAFCTY WALL-

IGET LOADING SYSTEM USED IN DYNAMIC ROD FIRING No.3.
USED IN FIRINGS 4 & 5) (SCALE- /s n.)
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FRG.5a & b.

FIGS.. OF APPENDIX 1. TARGET LAYOUT FOR STATIC FIRING
AGAINST LOADED AND UNLOADED TARGETS
(FIRING I.

FIG.Sb. OF APPENDIX 1. METHOD OF SUBSEQUENTLY

sill LOADING VICTOR TARGET I.b.
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FIG6A & b.

FIG.6. OF APPENDIX 1. TARGET LAYOUT FOR STATIC FIRING
AGAINST UNLOADED TARGETS (FIRING 2.)

FIG.6b. OF APPENDIX 1. METHOD OF SUBSEQUENTLY LOADING
B29 FUSELAGE TARGET (FIRING 2.)

CONIMIDINTIAL
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APPENDIX I

FIG.Y& b.

FIG.7. OF APPENDIX I. TYPICAL TARGET LAYOUT FOR DYNAMIC
WARHEAD FIRING SHOWING TARGET 4a.
TENSION LOADING GEAR (FIRING 4.)

PIG.7b. OF APPENDIX I. TYPICAL TARGET LAYOUT FOR DYNAMIC WARHEAD
FIRING SHOWING TARGET 3a. COMPRESSION
LOADING GEAR (FIRING 3.)
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CONHSUNTIAL TECH. NOTE: MECH. ENG. 382
An XIFIG.7c a d.

FIG.7c. OF APPENDIX I. DETAILS OF TYPICAL TARGET TENSION LOADING
SYSTEM FOR DYNAMIC WARHEAD FIRINGS
(TARGETS 4a. AND 5.)

FIG.7d. OF APPENDIX I. *In. BLUE JAY ROD WARHEAD MOUNTED
ON 2-STAGE ROCKET VEHICLE FOR DYNAMIC

WARHEAD FIRING
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ROGm & b.

P1GA. OF APPENDIX 1. METHOD OF SUBSEQUENTLY LOADING
B29 FUSELAGE TARGET (TARGET 3b.)

FIG.lb. OF APPENDIX 1. DETAIL OF TAIL SUPPORT AND
COUNTERBALANCE LOADING
(TARGET 3b.)

CONFIDONTIAL



OMWIDRU!AL

TecbnSea1 Note N. Moh ling 382

WrUSS MUM~hZ CI DANA=~ PUMUQ TARMT8

i MKIM C ANALYSIS

1.1 As a continuation of the investigation comenced in Ref.3 of the Note,
simple bending stress analyses have been made of the seven damaged fuselage
sections which were loaded during o subsequent to attack. The limitations and
assumptions to which the analyses are subject have already been described in
para 9 of the Note. The method of analysis may be briefly described as
follows :-

(a) In each analysis the location of the apparent neutral axis of the
damaged section was first determined.

(b) The total effective cross-sectional area of the remaining structure was
then calculated and used to locate the effective neutral axis.

(o) The total moment of inertia was then determined and substituted in the
relation:-

I

where a a apparent maxium stress (lb/in2)

M = bending moment (lb in.)
y = distance from effective neutral Vxis (in.)
I = moment of inertia of section (in 4 )

By this means, the magnitude ard location of the apparent maximnm stresses in
the damaged section were determined. The detailed calculations are given in
Tables I - 7 of thls Appendix. The maxyim stresses at the various loading
ond-itions, such as level flight, failure or maximum applied, are given for
the purposes of omparison.

ATTACH :-

Tables 1 - 7

CO1W3DMIAL



TABLE I

Strs~s aalysis cl da d 'Valiant' fus

Target No.IA - j in. rod, lo

(Bending-loads only, rod exit da

Effeotive skin arva EffctiveMember Di stamoe of s... . tie Total

(see Figs.Ia member from Tension Compression rer area
ard 3) neutral axis ar23in. in2  in2  in2  in2  in3

S2 3 . 6 7

- A Ady
- (3) or (4)+ (6) = (2)x

.-0 659 = 163 0.122 0.285
11 63.3 0.,63 0.122 0.285
12 61.5 0.163 0.122 0.285
13 59.1 0.163 0.122 0.285
14 56.6 0.163 0.122 0.285
15 53.9 0.163 0.122 0.285
16 50.4 0.163 0.301 0.464
17 47.0 0.163 0.128 0.291
18 43.9 0.163 0.128 0.291
19 40.7 0.163 0.128 0.291
20 37.6 0.163 0.128 0.291
21 31.3 0.163 0.128 0.291
22 30.9 0.163 0.128 0.291

23-23' 27.6 0.326 0.256 0.582 0
24-24' 24.3 0.326 0.256 0.582
25-25' 20.9 0.326 0.256 0.582
26-26' 17.5 0.326 0.256 0.582
27-27' 13.4 0.350 0.602 0.952
28-28' 9.7 0.372 0.256 0.628
29-29' 6.9 0.363 0.256 0.624

30 4.1 0.14 0.128 0.312
31 1.4 0.164 0.128 0.312
32 -1.2 0. 1 4 0.128 0.312
33 -3.9 0.184 0.173 0.357

34-3' -6.4 0.368 o. 36 0. 714
35-35' -8.9 0.368 O.346 0.714
36-36' -11.4 0.368 0.346 0.714
37-37' -13.7 0.368 0.31+6 0.714
38-38' -16.0 0.36b 0.34.6 0.714
39-39' -13.1 0.372 0.346 0.718
40-40' -20.2 0.263 0.346 0.609
S -4 ,.._ -22.Q . .. .. 2_ .o - ._...% 8 - -,

0T) Distance :Ro al -ax-' is to datum 20.3 in. (3) -1.

(2) ~ 0 (mnce skin in compressionl in assumed 10CS effective under lg' loads) (4) Tr

- 36 -
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TABLE 1

rget No.IA - j in. rod, low velooity.
Dg-loads only, rod exit damsge negltoted)

Distanoe of
Total membtur from Moment of Maximum stress Maximum stress Maximum stress
area effeotive I im--rtia (fig' loading) (trial loading) applied

23 neutral axis .22
iinin. in4  lb/in 2lb/in 2  lb/in

7 8 - 0my1 H 12 i

A AMy y 2 =7 ro= -
(3) or (4) + (6) =(2) x (6) =(2) EM MA~ (8 8)I" 8

__ _ _ __ _ _ (6) n(8)2 o* 1 r= - Z(9) a* n E191

0.285 65*9 M8 11 +84 20M
0.285 63.8 ii60
0.285 61.5 1078
0.285 59.1 996
0.285 56.6 913
0.285 53.9 828
0.464 50.4 1179
0.291 47.0 643
0.291 43.9 561
0.291 __40.7 482
0.291 37.6 412 0
0.291 -'34.3 345
0.291 . ~ 30.9 278
0.582 027,6 444d
0.582 . ~ 24.5 34
0.582 20.9 254
1,582 17.5 178
D-952 13.4 171
0.628 . ~ 9.7 59

.646.9 30 H
)o1 4.1 5 0

)-3121.o6a
)-312 .9 1.4 0.6
)-357 -3.9 5.4
0.14. -6.4+ 29
)-714 -8.9 56
).714 -1114 93
).714 -13.7 134
)-714 -16.0 183

)78-18.1 236
).609 -20.2 249

- 22 8 _4897. -9 . -10,000

der 11g' load&) (4) Trials bonding momont Mw a 7,660,000 lb in.

-36-
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T"LE 2

Target No.IB - * iL. rod low velocil
(Bending loads only, rod uxit damage ncg]

r Distance f .Effotive skin &rua Erffctivt Distano
Memiber member from Ti strner Total member(ae F) neutral axis area area effct

and 4) 2 2 2 2 3 neutral
in. in in in in in in.2

- "3

dy-A M.y Y
" - =(3) or (4)+(5) =(2) x(6) =(2)..

8 54.3 0.238 0.177 0.415 54.
9 50.4 0.238 0.177 0.415 50.4
10 45.9 0.293 0.177 0.470 45.9
11 41. 0.305 0.201 0.506 1.1
12 35.9 0.202 0.177 0.379 35.9
13 33.1 0.193 0.177 0.370 33.1
14 30.3 0.0%.5 0.177 0.222 30J
15 27.4 0.193 0.177 0.370 C 27.4
16 24.5 0.045 0.177 0.222 "" 24.5
17 21.5 0.193 0.177 0.370 S 21.5
18 18.4 0.04.5 0.177 0.222 18.4,
19 15.3 0.193 0.177 0.370 15.3
20 12.2 0.045 0.177 0.222 12.2
21 9.1 0.193 0.177 0.370 9.1
22 6.0 0.045 0.218 0.263 6.0
23 2.9 0.193 0.102 0.295 2.9
24 -0.2 0.045 0.177 0.222 -0.2
25 -3.3 0.193 0.102 0.295 -3.3
26 -6.4 0.045 0.177 0.222 -6.4
27 -9.5 0.193 O.102 0.295 o -9.5
28 -12.5 0.045 0.177 0.222 : -12.5
29 -15.4 0.193 0.102 0.295 -15.4
30 -18.3 0.023 0.218 0.241 -18.3

31-31' -22.3 - 11.400 11.400 -22.3
32 +40.0 - 031 0.831 +40.0

33-10% of 331 +36.5 - 1.003 1.003 +36.5
34,-25% of 341 +36.5 -1.140 1.140 +36.5

£ .......- i i . 21'.

(1) Distance from neutral axis to aatum = -6.0 in. (3) Aircraft 'ig'

(2) 0 = (since skin in oomprt.;ssion is assumod IOQ, o effeotive under 'ig' loads) (.) Trials bendiq

(5) Failing bandii
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COVIDNTIL

Teohnicoal Note No. Moch Bag 382
Appendix 2

TABLE 2
d j, g _'Victor'_fu~a eto n7O

No.IB - i,. rod low velocity
ads only, rod uxit damage nuglected)

Distanoce of
member from Moment of Maximum stress i.aximum stress Maximum stress
Offtctive inertia ('Ig' lo.ding) (trial loading) applied

neutral axis 2 2
in. iin bn lb/in2  lb/in

MY MlY MOY-r7 -,10 1' ---- 12 '-

A. dy Y I= LAY 2  1 1 1

+ =(2)x (6) =(2) - (6) x (8)2 M X (" M X (8) 'W( (8)

54.3 1223 +20,300 None +19,100
50.4 1054

45.9 990
41.1 855
35.9 489
33.1 406
30.3 204

" 27.4 278
24.5 133
21.5 171

0C: 18.4 75
15.3 87
12.2 33
9.1 31
6.o 10
2.9 3
-0.2 0
-3.3 3
-6.4 9

o -9.5 27
-12.5 35
-15.4 70
-18.3 81
-22.3 5666 -8,350 Nao -7,850
+40.0 1330
+36.5 1336

_ _+36.5 1521
16j 10 -t.. . .

(3) Aircraft 'Ig' bcnding momnt M : 6,040,000 lb in.

oads) (4) Trials bending momnt M' = None

(5) Failing bonding momunt M" = 5,680,000 lb in.
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CONIDENTIML



Itag jysia of*. daw.Axe R. 99

Target No.2 -*in. ro
(Bending loads only, rod exi

Disto E'ctive skilL area E'ective
ember rom tineTotal

(,see iFiga.2c a eb Tonsion Cmrs insrne area
and 8) eutral axis area

2 2 .223in. i in in in in

6 7

e'A A.dy

- -
- (3) or(4) (5) -(2)x

A 45.3 0.451 - 0.402 0.853 38.7
B-B' 44.6 2x. 451 - 2x0.395 1.692 75.5
C-C' 42.6 2x0.451 - 2xO.395 1.692 72.0
D-D' 39.2 2xO. 451 - 2x0.198 1.298 50.8
E-E' 37.0 - - 2xO.122 0.244 9.0
F-F' 34.6 2x0.451 - 2xO.395 1.692 58.5
G-G' 28.8 2x0.451 - 2x.122 I.146 33.0
H-H' 22.1 WO.451 .- 2xO.301 1.5C4 33.2

I-I' 14.6 2W0.451 - 2x0.122 1.146 16.7
J-J' 6.3 Z0.45i - 2x.301 i.5 0 9.5
K-K' -2.2 0.4-51 0.077 2x0.173 0.874 -1.9
L-L' -11.0 - 2x0.O77 2x0.173 0.500 -5.5

M-50e of M' -19.8 - 0.077 Ifx0.301 0.529 -10.5
N -28.3 - - 0.173 0.173 -4.9

50 of 0-50,, of 0 -36.6 0 - 0.173 0.173 -6.3
P-25'- of P' -40.3 - - I1O.732 0.915 -36.9

-R' -40.3 W9 - 2x4.90 1.880 -75.8
T-50/ of T' -53.7 - - 1x2.534 3.801 -204.0

21.616 +51.1

(I) Distance !'rom neutral axis to dctum = +1 in. (3) Aircraft 'ig' bendin6 mc

(2) 111=+2.4 in. (4) Trials bending moment H1

(5) Maximum applied bending

- 38 -CCtIDDIA



CONDWIAL

Teohnioal Note No. Meoh Bg 382
* Appem dz 2

_aialiXsis of damtwed B.29 fusulcD suction (Stn.566

Target No.2 - j in. rod low velooity
Bending loads only, rod exit damage neglected)

Distanoc of Moment of Maxdmum stress Maximum stress Maximum stress
Total mmbur from inertia ('Ig' loading) (trial loading) applied
area effective

neutral axis
in 2  in3  inl. inai lb/in 2  lb/in2  lb/in2

7 .10 11 12

MY

A A. dy y I =EAY 2 2I-
(3) or (4) + (5) = (2) x (6) -(2) - = (6) x (8)2 X (8) M' x (8) M" X (a)

0.853 38.7 42.9 1573 #6,920 .6,920 +16,200
1.692 75.5 42.2 3020
1.692 72.0 40.2 2733
1.298 50.8 36.8 1758
0.244 9.0 34.6 293
1.692 58.5 32.2 753
1.14-6 33.0 26.4 800
1.5C4 33.2 19.7 586
1.146 16.7 12.2 171
1.50 9.5 3.9 23
0.874 -1.9 -4.6 18
0.500 -5.5 -13.4 89
0.529 -10.5 -22.2 263
0.173 -4.9 -30.7 163
0.173 -6.3 -39.0 262
0.915 -36.9 -42.7 1667
1.880 -75.8 -42.7 3425
3.801 -204.0 -56. 1 11950 -9,040 -9,040 -21,200

21.61 6 +51.1 29,____51+7__ L_________

3) Aircraft 'Ig' bendin6 moment M = 4,763,000 lb in.

) Trials bending moment M' = 4,763,000 lb in.

5) Maximum applied bunding moment 9" - 11,160,000 Ib in.
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cONI LAL

Stroso analysis of damaged B.29 fus-lagu seotion

Tar6et No.3B - 3/16 in. rod high velooiti
(Bending loads only, rod uxit damage negleo

Dis oo ffective skin area oi IDistancol

Member Distan of d a r feotive Total member fro,e 2 member from ostringer
(eFis neutral axis area area effective
and 9) in. 2 2 2 2232nuetral aax

in. in in in in i3 in.

2 3 5 6 7

- - I A A dy
=(3)or(4)+(5) =(2)x(6 =(2)-

i nn- ---
A 36.2 0.358 0.402 0.760 27.5 30.4

B-B' 35.5 2c0.358 2X0.395 1.506 53.4 29.7
C-C' 33.4 2x0.358 2x0.395 1.506 50.3 27.6
D-D' 30.0 2x0.358 2x0.198 1.112 33.4 24.2
E-E' 27.7 - 2x0.122 0.244 6.7 21.9
F-F' 25.3 NO.408 2x.395 1.606 40.6 19.5
G-G' 19.5 2xO.457 2x0.122 1.158 22.6 13.7
H-H' 12.7 2xc0.57 2xO.301 1.516 19.2 6.9
I-I' 5.1 2xO.57 2xO.122 1.158 5.9 0.7
J"J' -3.2 2xO. 078 2x0.301 0.758 -2.4 -9.0
K-K' -11.9 2x0.078 ZcO.173 0.502 -6.o -17.7
L -20.8 0.078 0.173 0.251 -5.2 -26.6
M -29.7 0.114 0.301 0.415 -12.3 -35.5
11 -38.4 0.073 0.173 0.251 -9.6 -44.2

-46.7 o 0.078 , o.173 0.251 -11.7 -52.5
-49.2 0.126 i 0.732 0.858 -42.2 1 -55.0

Q -54.3 0.078 0.395 0.473 -25.7 -60.1
R -49.2 0.172 0.940 1.112 -54.7 -55.0

!n -- " "~i2.I~u,5.8 i nl I _nu+8

0) Distanoe from neutral aixs to datum +20.8 in. (3) Aircraft 'ig' bending moment
(2) IL . 8' +" 5.8 iln. (4) Trials bending moment U1 a 2,

(5) Maximum appliu, bun ding norao
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ONFI3TIAL

Toohdnoal Not. No. Uooh EnS 382
AppeAidlV 2

TABLE

Sof' damaged B.29 f'u3;a% a uction (Stn.=~0~

N'o.3B - 3/16 in. rod high velooity
oada only, rod uxit damage neglected)

Distano of Mximum ntrss
I member from Moment of Maxdmum strqj ipm a sitred

effective inertia ('Ig' loadx) (tia loading) (2.8@ loading)

nuetral axis 2 2
l n3 in, in 4  ib/in2  ] lb/in2  lb/in2

S 7 1 9 t 12
-= =MOY

A.d Y =AY2  1

4) + (5)1- (2)x (6) = (2) - * (6) X (8)2 M X (--(
=(99 E(9)

60 27.5 30.4 702 4,525 4,525 12,840
%53.4 29.7 1328

S50.3 27.6 11%8
12 33.4- 24.2 652
4 6.7 21.9 117
)6 40.6 19.5 61o
58 22.6 13.7 218
16 19.2 6.9 72
58 5.9 0.7 0
58 -2.1- -9,0 61
2 -6.o -17.7 157

51 -5.2 -26.6 178
15 -12.3 -35.5 523
51 -9.6 -44.2 490
51 -11.7 -52.5 692
58 -42.2 I -55.0 2595
73 -25.7 -60.1 1708
12 -5.7 -55.0 3364 -d,180 -8,189 -23,200

(3) Aircraf t 'ig" bendin momtt M = 2,174,400 lb in.

(4) Trias bcrdiig moment M' = 2,17.,4(CX) lb in.

(5) Maximum appli:L bending moment N' - 6,175,700 lb in.
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Target No.3A - 3/16 in.
(Bonding loads only, rod exit

Distanoc of Effective skin ama Erfective Total
(se r Fgs+.b member f rom strirger area

ane 10g neutral axis area
in. in2 in2 in 2  in2 in 3

-_ 3 5 6 ,7

A A.dy
- = (3) or (4) + (5) (2) x (0

A 36.1 0.378 0.402 0.780 28.2
B-B' 35.5 2W0.378 o. y+6 1.102 39.1
C-C' 3. 7 0.244 0. 244 8.5
D-D' 33.8 2xO.378 0.346 1.W2 37.3
S-E' 32.4 - 0.244 0.244 7.9
F-F' 31.0 2<0.378 0..3 6 1.102 34.2
G-G' 28.9 - 0.244 0.244 7.1
H-H' 27.1 i ZO.378 0.790 1.516 I 41.9
I-' 22.3 20. 378 0.244 1.000 22.3
J-J' 16.3 2 O.337 0.804 1.478 24.1
K-K' 10.3 0.297 0.048 0.244 0.589 6.1
L-L' 4.3 2(O.O48 0.602 0.698 3.0
M-M' -3.9 20,0048 O.346 0.442 -1.7
N -11.i 0.076 0.279 0.355 -3.9
0 -18.5 0.048 0.301 0.349 -6.5
P -25.7 0.048 0.173 0.221 -5.7
Q -32.5 0.048 0.395 0.443 -14.4
R -38.8 0.144 0.402 o.546 -21.2

S-90% of St -4.5 i 0.091 2.808 2.899 -129.0
T -47.0 0.048 0.173 0 0.221 -10.4
U -49.3 0.048 0.395 I 0.443 I -21.8

- ---------- &

(1) Dintance from neutral axds to datum 1.1 in. (3) Ai

(2) -EI 4" +, in. (4) Trid

(5)
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e IDUIAL

Teohnioal Note No. Meoh Ing 382
Ape eriz 2

TABLE 5

a analysis c damaged B.29 fuas1a e seotion (Stn.768)

Target No.3A - 3/16 in. rod high velocity
(Bending loads only, rod exit damage negleoted)

Distanoe ot
Total member from Moment of Maximum stress Maximum stress Maximum stress
area effective inertia (lg' loading) (trial loading) applied

i 3 neutral axis 2 2 2
in in in. lb/in lb/in lb/in

6 _7 11 12
a = MY art ,M'Y may

A At dy I = ZAY2  T I

- (3) or (4) + (5) (2) x (6) = (2) -y =(6) x(8) 2 C 8) Mx (8) if ()

0.780 28.2 33.3 865 .4 710 .4,925 *9,570
1.102 39.1 32.7 1180
0.244 8.5 31.9 248
1.102 37.3 31.0 1059
0.244 7.9 29.6 214.
1.102 54.2 28.2 878
0.244 7.1 26.1 166
1.51#6 01.9 24.3 913
1.000 22.3 19.5 380
1.478 24.1 13.5 269
0.589 6.1 7.5 33
0.698 3.0 1.5 1.6
0.442 -1.7 -6.7 19.8
0.355 -3.9 -13.9 68.6
0.349 -6.5 -21.3 158
0.221 -5.7 -28.5 180
0.443 -14 4 -35.3 551
0.51+6 -21. 2 -41.6 945
2.899 -129.0 -47.3 6485
0.221 1 -10.4 -49.8 549
0.443 -21.8 -52.1 1202 -7,365 -7,710 -14*950

"__ +4.5 . 16370 , --

(3) Airorrft '1g' bending moment M = 2,314,000 lb in.

(4) Trials bending moment U' = 2,420,000 lb in.

(5) Maximum applied bending moment MI a 4700,000 lb in.
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Stress and.La a ~M ~~.Ue3esec8tr 8 anlysis o~f damaged B.29 fusela~

Target No.AA - 3/16 in. rod high vt
(Bonding loads only, rod exit damege n4

Distanoe o EfTeotive skin area Toftotive Distsz
membr mebe fto srige Total membel

(see Figs.2b meuer from Tension Compression area area eff:
and 11) neutral axis neut

in. in 2  2 2 in2 in 3  n
S -- 6 7

A A.dy
=(3) or (4)+(5) =(2) x (6) =(2)

D 61.2 0.378 0.173 0.551 33.7
F 58.4 0.378 0.173 0.551 32.2 54
G 56.3 - 0.122 0.122 6.9 52
H 54.5 0.378 0.395 0.773 42.1 50
I 49.7 0.378 0.122 0.500 24.9 45
J 43.7 0.337 0.402 0.739 32.3 39
K 37.7 0.297 0.122 0.419 15.8 33
L 30.9 0.297 0.301 0.598 18.5 26
M 23.7 0.297 0.173 0.470 11.1 t9
N 16.3 0.297 0.279 0.576 9.4 12
0 8.9 0.297 0.301 0.598 5.3 4
P 1.7 0.228 0.00 0.173 0.409 0.7 -2
Q -5.1 0. 040 0.395 0.443 -2.3 -9
R -11.4 0. 144 0.402 o.546 -6.2 -15

S-S' -17.1 2x.048 2x1.478 3.052 -52.2 -21
T-T' -19.6 2x0. C4 2x0.173 0.442 -8.7 -23
U-U' -21.9 2xO.040 2x0.395 0.886 -19.4 -V
V-V' -25.8 2x0.122 2x.402 1.04,3 -27.0 -3C
W-W' -28.6 2x0.031 2x0.395 0.852 -24.4 -32
X-X -30.3 2x0.031 2x.173 0.408 -12.4 -Y4
Y -30.9 0.200 0.402 0.602 -18.6 -35

£ .... __'_- 14.585 +61.7

() Distanoe from neutral axis to datum -46.3 in. (3) Airoraft 'ig' bending ma

(2) uf&Z= 4.2in. (4) Trials bending moment N'

(5) Maximum applio bending

NOTE: Strinc.ra '' ana ' ' not prusunt i
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wNIDIXA

Teohajoal NoW No. moh ft 362
AppmIx 2

TABLE 6

of' damaged B. 29 fusulqge seotion (S iLZ6

No.4A - 3/16 in. rod high velooity
oads only, rod oxit damsge negleoted)

Distanoe of
L member from Moment of Maximum stress Maximum stress Maximum stress

effeotive inertia ('1g' loading) (trial loading) applied

neutral axis b/ 2  2  2in3 in, in lb/in 2 bin2 ibin2

lO 8111 12

c= MY " M'Y
A.dy Y I = EAY 2  1-- 1r

+,(5) =2) x(6) (2=-(6) x (8)2  c 8 ,X()M 8

33.7 57.0 1790 9,060 None 1P9,550
1 32.2 51.2 1619
2 6.9 52.1 331
3 42.1 50.3 1956
o 24.9 45.5 1035
9 32.3 39.5 1252
9 15.8 33.5 470
8 18.5 26.7 426
o 11.1 19.5 179

9.4 12.1 84
5.3 4.7 13

9 0.7 -2.5 2
3 -2.3 -9.3 39

-6.2 -15.6 133
2 -52.2 -21.3 1384
2 -8.7 -23.8 250

-19.4 -26.1 603
-27.0 -30.0 943
-24.4 -32.8 917

3 -12.4 -34.5 486
-18.6 -35.1 74 -5,590 None -12,000

5) Aircraft 'ig' bending momunt M = 2314,000 Ib in,

.) Trials bending moment M' a Non

i) Maximum appli d bunding momant NO = 41980,000 lb in.

a 'C' 6,d 'E' not jresunt in this tar~ot
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Tarcet .-o.5A - 3/16 in. rod, k
(Bendini., lo.d oray, rod exit dam

Distance of Effective skin aroa Effective
ember mmbr from stringerTotal

(see Fs.2b neutral axis Tension Compresion are area
and 12) 2ena 2 a2 2in. in2 in 2  in2 in 2  in3

- A A.dy
=(3) or (4) + (5) =(2)x (6)

D 61.7 0.378 0.173 0.551 33.9
F 58.9 0.378 0.173 0.551 32.5
G 56.8 - 0.122 0.122 6.9
H 55.0 0.37L 0.395 0.773 42.5
I 50.2 0.378 0.122 0.500 25.1
J 44.2 0.337 0.402 0.739 32.7
K 38.2 0.297 0.122 0.419 16.0
L 31.4 0.297 0.301 0.598 18.8
K 24.2 0.297 o.173 0.470 11.4I
N 16.8 0.297 0.279 0.576 9.7
0 9.4 0.297 0.301 0.598 5.6
P 2.2 0.240 0.oo6 0.173 0.419 0.9
Q -4.6 O.OW1 0.395 0.443 -2.0

R-R' -10.9 2x0.144 Z(0.402 1.092 -11.9
S-B' -16.6 2xO. 041 2x.478 3.052 -50.7
T-T-19.1 2x0.0IW 2xO.173 0.442 -b.4
U-U' -21.4 N0.018 2xO. 395 0.886 -18.9
V-V' -25.3 2x0.122 J 2O.402 1.046 -26.5
,-W -28.1 2x.031 2x. 395 0.852 -23.9
X-X' -29.8 Zx0.031 2x0.173 0.408 -12.2
Y -30.4 0.200 0.402 0.602 -18.3

__ ___ _- -- 15. t41

(1) Distanoe from neutral axis to datum a -16.8 in. (3) Aircraft 'I

(2) - - in. (.) Trinls b-idi

(5) Faling bend

NOs Stringer& 'CI arA '
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COt ID TIAL
Toohnloal Note No. Mach ~ 382

AppmndUz 2

TABLE

anf dam d t.29 funlu seoton n

Torctet ho.5A - 3/16 in. rod, high vulocity
Bendin* lo.ds orily, rod .xit damagu ncglucted)

Distfnoe of
Total mmbur from Moment of Maximum strcss Maximum 3trusz Maximum stress

area effuctive inertia ('Ig' loading) (trial loading) applied
2 ~neutral axis4222

in in in. in4  lb/in lb/in lb/in
' 8 .. .- __ _ _ . . . 1 - ..- "1

7 to 1.12
k M'Y M"Y

A A.dy Y I =AY 2  1 1 1

(3) or (4) + (5) =(2) x (6) = (2)-, =(6) (8)2 M X (8 X (

0.551 33.9 57.5 1820 +9,040 49740 +16,450
0.551 32.5 54.7 1647
0.122 6.9 52.6 337
0.773 42.5 50.8 1995
0.500 25.1 46.o 1057
0.739 32.7 40.0 1182
0.419 16.0 34.0 484
0.598 18.8 27.2 443
0.576 9.7 12.6 92

0.598 5.6 5.2 16
0.419 0.9 -2.0 2
0 443 -2.0 -8.8 34
1.092 -11.9 -15.1 21,9
3.052 -50.7 -2o.8 1318
0.442 -b.4 -23.3 239
0.886 -18.9 -25.6 581
1.04.6 -26.5 -29.5 912
0.852 -23.9 -32.3 888
0.408 -12.2 -34.0 471
0.602 -18.3 -34,6 720 -5,440 -5,870 -9,900

_ _ _ _ __._ -- _ _ .. . .... .. 20 -5o440 -......

(3) Airoraft 'ig' bending momwnt M = 2,31%,000 lb in.

(4) Tri-ds bunding momcnt M' = 2,495,000 lb in.

(5) Failing bunding momcnt M" = 4,210,000 lb in.

NO'1I: Stringers 'C' and IS' not present in this target
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