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( ABSTRACT

€>An experimental investigation was conducted to determine

. - the static and dynamic responses of a specific stiffened
flat plate design. The air-backed rectangular flat plates

of 6061-T6 aluminum with an externally machined longitudinal
narrow-flanged T-stiffener and clamped boundary conditions

were subjected to static loading by water hydropump pressure

and shock loading from an eight pound TNT charge detonated
underwater. The dynamic test plate was instrumented to

IS TN PP TR, Y

" measure transient strains and free-field pressure. The
static test plate was instrumented to measure transient
strains, plate deflection, and pressure. Emphasis was
placed upon forcing static and dynamic stiffener tripping,
obtaining relevant strain and pressure data, and studying

the associated plate -stiffener behavior. u,ﬂpvw ' I €zt Qowa‘ - e Al
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I. INTRODUCTION 3
0 A. BACKGROUND DY,
;: Military submarine hull design has concentrated on the ?@
k? basic structural element, a stiffener reinforced shell. The ;.
. submarine: shell/stiffener form is the ring stiffened e
f cylinder. The cylinder construction, which is the least E
§ | expensive and the simplest form of shell construction, takes %:
J advantage of the high strength 1levels in high-strength .
. materials through the use of ring stiffeners allowing higher v
; load bearing capacities without the cylinder becoming :i'
j; unstable. Additionally, high-strength material is used for Ii
A its toughness (due to low temperature requirements) and i;
™ resistance to high dynamic loads (e.g., depth charge attack) ,;
§ [Ref. 1: sect. 1.]. &;
» The submarine ring stiffened cylinder is designed with ;i
=~ generous safety margins against overall collapse triggered 3?
< by frame &ielding or tripping [Ref. 1: sect. 2.1]. i?
3 Tripping, a lateral-torsional buckling occuring in flexur- i;
N ally stiff frames which have low lateral-torsional rigidity, i»
N has been identified as a potential form of catastrophic s
o collapse which may take place with but a single application E‘
: of load. The sti.iener tripping form of panel collapse is a R
Y sudden and drastic reduction in load-carrying ability, a :E'
v damage mechanism which occurs through compression plastic 25
instability affecting a large critical region of cross- vi
section. Predictions of this prime mode of failure need to éi
;5 be supported by good test data that is inside the current ‘E;
! ship design range. To date, supporting experimental data Q;
i for this panel and grillage behavior is extremely scarce. ) >
Y Generous safety margins have been the accepted practice to :’E
3 avoid premature sideways tripping rather than to predict it. . :<

However, avoidance design is really an extension of design :
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based on acceptable risk, where additional strength is
necessary to provide a certain 1level of safety against
extreme conditions [Ref. 2: p. 271]. Avoidance designs may
not be the answer since stiffeners (i.e., frames) may over
play their part and, because of excessive rigidity, actually
cause premature failure of the shell by inducing in it addi-
tional components of stress. It has been observed that the
cause of ultimate collapse in the plating of a '"thin-walled"
shell is excessive circumferential stress rather than longi-
tudinal stress and there may be excessive yielding of the
shell at the toes of frame flanges (before collapse finally
occurs) due to high circumferential stress [Ref. 3: p. 120].
The alternative approach is then: how weak may the frame
rings be and still be adequate? It has been generally
recognized that a stronger, more resilient type of construc-
tion is that in which frames and shell are nearly equal in
strength as opposed to a hard-framed structure.

Frame dimensions are also of concern; using high web
height-to-thickness ratios could lead to designs for which
local stiffener tripping becomes important since excessively
slender frame proportions make the frame sensitive to any
tilt. Also, internal frames are equally sensitive to the
effecté of any tilt in bringing about tripping of frames
under load. This mode of failure is usually a result of
coupled flexural and torsional modes of buckling. The
result in any of these cases being the same (i.e., general
instability of the frame and shell in unison causing failure
of the submarine hull under external pressure).

Submarine hulls require the high structural efficiency
which can be achieved by reducing the excess rigidity of
frames, (i.e., minimizing stress concentrations).
Accordingly, if frame weight can be reduced in the process
and that amount of weight wused in additional thickness of
the shell, the cylinder's collapse strength will effectively
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be increased. The careful choice of ring-stiffened geometry
can have a significant influence on shell performance, but
there is a general lack of agreement on what the "appro-
priate’ general collapse loads for ring-stiffened cylinders
are [Ref. 4: p. 95].

B. OBJECTIVE

Submarine hull failure is a complex process involving
stages of failure including initial yielding, large
displacements, local instability, and finally collapse.
Analysis of grillage failure and knowledge of plating
behavior throughout the load range is necessary, both stati-
cally and dynamically. It is therefore of considerable
importance to be able to predict the safe buckling behavior
through general and reliable methods of analysis which

provide necessary correlations between sea loads and their

effects on a structure. According to A.E. Mansour [Ref. 5:
p- 42], no satisfactory analysis method exists for inelastic
tripping of stiffeners welded to continuous plating or for
the prediction of the inelastic collapse strength.
Therefore, it is more than a matter of being able to predict
stresses, but the_way in which the stresses are used to
anticipate failure.

This investigation and analysis will follow the guide-
line that in many physical problems, resort to experiment is
often the shortest cut to a decision as to which analyses
need be made and what effects are important in those anal-
yses [Ref. 6: p. 332]. Employing this guideline, data
obtained on a specific model design of a longitudinally
narrow-flanged T-stiffened rectangular flat plate under
static and dynamic (i.e., underwater charge detonation)
conditions, will be investigated and analyzed.
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II. STRUCTURE BEHAVIOR

A. STATIC TRIPPING PHENOMENA

Tripping (or compound failure), as shown in Figure 2.1 ,
will be discussed here qualitatively in terms of a rectan-
gular flat plate stiffened by a T-stiffener. Generally
speaking, stiffener bending stress arises from the reaction
of- a plating-stiffener combination to a loading (i.e. water
pressure) normal to the plating, while the plating itself
acts as one flange of this system. In the case of a ship
hull, the shell plating performs functions of contouring and
sealing in addition to sharihg the load carrying requirement
with the stiffeners, (ring stiffeners in the case of subma-
rines) [Ref. 7: p. 104].

The web of the T-stiffener can be considered a plate
restrained against rotation (hinged) along one edge, free
and elastically supported by the flange on the other one
(the restraining effect of the web on ‘the flange being
small). Also, the flange can be thought of as a plate
simply supported by the web along one side and free on the
other [Ref. 8: p. 342]. 1In an actual structure, a stiffener
welded to one side of a plate results in a considerable
increase in the flexural rigidity of the stiffener since the
adjacent zones of the plate take part in the bending of the
deflected stiffener, that is, the stiffeners not only carry
a portion of the load but subdivide the plate into smaller
panels, thus increasing the critical stress at which the
plate will buckle [Ref. 8: p. 381]. Additionally, there
occurs an incompatibility of the buckling patterns (as
favored by the web and the flange) which tends to make the
buckling load higher than it would be for either the web or
the flange of the stiffener alone [Ref. 9: P. 2].
Therefore, such combinations are able to support ultimate
loads well above the load for local buckling of the plate.

13
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Even though there is a substantial restraining effect of
the plate on the stiffener and of the stiffener on the
plate, there are also plate-stiffener destabilizing influ-
ences on each other. The fact that the plate prevents the
stiffener from moving laterally in any other way except by
rotation around the toe of the web, dictates the form of
failure called tripping. This mode of failure involves the
twisting of the stiffener about its line of attachment to
the plating, a coupled displacement combination of sideways
flexure and stiffener rotation. For example, as the load
orthogonal to the plate increases, the effectiveness of the
plate decreases until at some limiting stress the stiffener-
plate combination fails and as the plate buckles, the rota-
tional constraint provided by the plate at the line of
attachment of the stiffener changes, thus increasing the
stiffener's sensitivity to tripping. Once the stiffener
starts lateral torsional buckling, any increase in deforma-
tion will cause an unloading which is triggered by yielding
after considerable deformation. [Ref. 2: p. 732] ‘

There is the possibility that under extreme conditions a
submarine hull ring stiffener may trip. If such deforma-
tions were to become large, the support furnished by the

ring to the cylinder hull would be impaired and there would

be a redistribution of pressure resistance to adjacent rings
resulting in a rapid deterioration in the general capacity
of the shell to resist pressure.

B. DYNAMIC RESPONSE

Under static loading, stresses and strains are generally
distributed throughout the entire body and every part of the
body has an opportunity to particicpate. However, under
impulsive loading, transient and highly localized stresses
and strains exist in the rapidly changing stress system.
This dynamic phenomenon involves interactions between iner-
tial, hydrodynamic, and elastic forces which can arise as a
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f consequence of the detonation of an explosive charge. The L ;
structural response to a plane step shock wave has attracted ;cﬁ
considerable interest since steep-fronted shock waves are —

' characteristic of underwater explosions and have similar . 5%
properties [Ref. 10: p. 319]. $§

The large amount of energy that is transmitted to a -
structure (when it is dynamically loaded) distributes itself ;é
within the metal and much of the absorbed energy is observed s
in the form of macroscopic and microscopic inelastic defor- ?;T
mations. It has been noted that the critical value of the 5
equivalent static pressure in dynamic loading is consider- il
ably higher than the static buckling pressure. The critical fﬁ
load is so high that buckling is plastically initiated - ;Ef
(i.e., an unstable behavior called dynamic plastic buckling) 74
[Ref. 11: p. 6]. This is a consequence of two uniquely x
dynamic effects. First, the shape of the structure impul- a:
sively loaded and constraints imposed upon it frequently Sﬁ
determine both the 1location and the amount of plastic flow ) 'ft
that will take place. Secondly, the intense transient ._f
stress disturbances and the extremely high pressures and . ﬁ@

! rapid loading rates of impulsive loads markedly influence ;E¢

y the mechanical properties of the metal being 1loaded: the ;ﬁﬁ
hardness increases, the tensile strength goes up, and yield ]
and plastic flow characteristics are altered. Metal i
behavior is strongly contingent upon stress level, behaving f
at the highest extremes of pressures as a fluid and at .
lowest stresses as an elastic body. That is, metal poss- ?T
esses rigidity when elastic, but at very high stress levels :3:
it completely 1loses its rigidity and acts as a fluid. :ét
[Refs. 12,13: p. 146,121] o
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III. EXPERIMENT AND MODEL DESIGN —
A. BASIC MODEL %
. The intention of this investigation and the several F:
' preceding it [Refs. 14,15,16] has been to use one basic flat Sl
plate model and vary the stiffener types and plate thick- gf’
n nesses so that the underwater explosion shock (undex) {l’
3 response of these different geometries c¢ould be studied. : :E;
L But, due to several equipment failures, stiffener design o
5 geometries which showed no instability, and strain gage o
N over-ranging, there was not a significant amount of dynamic 2%
. tripping information compiled. However, each attempt was an %}
3 invaluable step in the process of developing the proper o
f model and the necessary experimental expertise. :;
f It was clear that the model should be redesigned since f:
N no obvious tripping behavior was demonstrated in any of the £§
. previous four underwater shock tests. Also, as a preventive 2;
y measure against equipment failure and strain gage over- Af
" ranging, a static test was performed (on a model of the same E?
- geometry as the redesigned test panel) to field test the ,i
" same type of strain gages and same equipment used in the E:
undex test. X
j The new test panel was designed after closely examining EE
w the physical deformations of each of the previous undex test E;*
' panels. The objective was to combine the greatest plate E:
! deflection with the most sensitive stiffener. The model .
: plate thickness used in the Rentz investigation [Ref. 14: p. ﬁ%i
{ 75] exhibited the most favorable plate deformation, while ?ﬁl
. the rectangular stiffener behavior in the Langan investiga- (o
tion [Ref. 16: p. 51] gave the most promise of showing N
instability. Based on this, the model established was a o
0.1875 inch thick test panel, 18 inches in length by 12 3
: inches in width, machined out of the center of a 6061-T6 NI
. 17 ~
o
v '
* .
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3 aluminum blank measuring 27 inches by 33 inches and two :i
b inches thick. One free-standing longitudinal narrow-flanged 3
T-stiffener (vice a rectangular stiffener) was machined as  ed
A an integral part of the plate. The T-stiffener web slender- ’ E:
r ness ratio (i.e., web height divided by its thickness) was é@
: also increased to enhance the stiffener's sensitivity to ﬁy
plate deflection. Additionally, to avoid the stiffener end P
: tensile fractures observed in previous tests, the ;;;
: T-stiffener ends were detached from the boundaries of the ';%
- cavity as shown in Figure 3.1 . -
B. STATIC TEST ]
In order to verify the reliability (under more -
controlled conditions) of all the electronic equipment, 2;
cabling, and strain gage type (and attachment) that would be é%
: used for the underwater shock test, a static test was -
performed. The static test also was expected to provide
valuable insight into the behavior of the redesigned test :
panel and the opportunity of comparing the static and the :;
. dynamic responses of a specific plate-stiffener geometry. . o
’ The experimental procedure was intentionally kept as Ef
2. simple as possible with the desire to collect only strain ;E
and deflection data as the stiffened plate (i.e., test &
panel) was deformed by increasing water pressure from zero ﬁ
N psi to 350 psi. This pressure range was selected to cause f
N approximately a four plate thickness deflection (deflection -;
> predictions calculated using the finite element/finite ]
central difference computer code, EPSA, Elasto Plastic Shell i}
_ Analysis) [Ref. 1l4: p. 24]. It was expected that this iJ
; amount of deflection would produce tripping behavior in the ﬁ%
. stiffener. The test configuration was as shown in Figure s
. 3.2 . NN

The stongback used to enclose the test panel cavity, see iﬁ

E Figure 3.3, was machined from a one inch thick high strength ;}‘
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steel sheet and was drilled and tapped for standard three-
quarter inch pipe fittings for a low point filling connec-
tion and a high point vent. Between the inlet valve and
strongback there was installed a zero to 400 psig Ashcroft -
pressure gage and the high point vent was fitted with a

Wi

Sl
'y %y
¥

Y

s Yy

> standard three-quarter inch gate valve. To provide an %;
adequate pressure seal, the strongback and test panel mating B
surfaces were coated with a Permatex high pressure sealant o
and separated by a precut one-eighth inch thick cork gasket. gs
The test panel and strongback were then secured together by e
28, one inch in diameter, A325 high strength structural ;'
steel bolts and torqued to 500 ft-1lbs. The test medium was y{
potable water and was used to gradually fill the test panel gh
cavity and purge it of all air. The source of applied pres- %&E
sure was a manually operated, single piston, reciprocating -?
hydropump rated for 1000 psi. A check valve and gate valve %}
arrangement was used to regulatc the pressure in 25 psi i:;
increments from zero psi to 350 psi. Several minutes (2 to - QE
3 minutes) were needed at each increment to allow deflection B
readings to be obtained. The strain measurements were ) &i
recorded continuously on a magnetic tape recorder. Strain s
gage arrangement and details of the electronic instrumenta- -'}:;
tion will be discussed in the underwater shock test section. ' o
S
: C. UNDERWATER SHOCK TEST o
- 1. Undex Experiment Design RN
N It is well known that the shock wave loading of a _;;
body by an underwater explosion is complicated considerably ?5‘
by the secondary effects of the explosion phenomena. §}
Therefore, as in previous studies [Refs. 14,15,16: P- ;ﬁl
27,18,16], by using the correct test configuration and A
sample time window, the data sampling can essentially be . ]
limited to the response of the test panel to the incident &E
shock wave emanating from the charge. Consequently, the ;G
secondary effects from bulk cavitation, cavitation closure, ?{
'_:':.: {
%
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reloading from the explosive gas bubble and bubble migra- qg

tion, surface cutoff, and bottom reflections can be avoided %ﬂ

or ignored [Ref. 17]. i;

;- The initial studies mentioned used eight pounds of ;';

h TINT at a depth of four feet with a nine foot stand-off in an 3'

b attempt to produce the necessary plate deflection to force t.

_ stiffener tripping. Post-shot analysis of the four undex 3

4 tests' pressure data [Refs. 14,15,16: p. 80,116,59] indi- )

. cated that the TNT charges were not of a calibrated type and R?;

X were reacting typically thirty percent greater in charge g&
‘ size (i.e., an 8 1lb charge was exploding with the force of a

: 10.4 1b INT charge). Under the assumption that all other EQ

3 eight pound TNT charges used would continue to react as 3;

) larger sized charges, all test panel standoff and explosive ;5

charge depth calculations were made on the basis that the -

N the explosive charge would react approximately as a 10 pound j$

TNT charge. Accordingly, it was determined that the charge %:

5 depth be 4.5 feet with a test panel standoff of 10 feet. &;

' Using this test configuration and a four millisecond sample E;

. window, the response expected would be that of a test panel }x

: experiencing an approximately plane shock wave. fﬁ‘

. 2. Test Configuration o

‘ All undex testing was performed' at the West Coast -

Shock Facility (WCSF), Hunter's Point Naval Shipyard, San 3;

- Francisco, California. ﬁi

*»
&4
& %
)

% |

-, In order to simulate a hull configuration and to
ensure fully clamped boundary conditions, the test panel was
securely bolted to the air-back chamber shown in Figure 3.4,

AL

2 designed by Rentz [Ref. 1l4: p. 105]. Note that the stif- 2
y fener is exposed so that the loading conditions at the plate i&.
center will be compressive (i.e., enhancing the possibility =

. . of tripping).

R

For the actual testing the test panel and chamber

-- ’.
- combination was suspended as shown in Figure 3.6 by steel 2
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cables attached to two pneumatic fenders. Figure 3.5 illus-
trates the critical dimensions of the test configuration,
charge depth set at 4.5 feet with test panel/chamber stan-
doff of 10 feet. The free-field pressure gages were set to
measure incident pressure at a ten foot standoff radius. A
pressure gage was also attached to the test panel exposed
surface to measure fluid pressure at the plate, Figure 3.7 .

Strain measurements were taken on both the water
exposed side and the air-backed side of the test panel as
shown by Figures 3.7, 3.8 and 3.9 . The strain gage place-
ment was determined on the basis of symmetry and the stif-
fener position. Consequently, the strains observed should
be consistent with their position on the plate and would
approximate the values and trends exhibited by symmetrically
equal positions on other portions of the plate.
Additionally, gages on the stiffener flange should be the
first to show tripping effects, with the longitudinal array
of three gages on the airside centerline soon mimicking the
same trend. '

3. Instrumentation

Twelve strain gages and three pressure transducers
were placed as previously discussed and depicted. The
strain gages were attached as described in [Ref. 14: p. 1321
and coated with silicone sealant to ensure water tight
integrity. The tourmaline pressure transducers were tied in
their respective positions.

Two Honeywell MD-101 Wideband II (direct record)
tape units were used to record all data channels at a tape
speed of 120 inches-per-second, Figure 3.10 . Post-shot
processing of the recorded strain and pressure data was
through the NPS Vibrations Laboratory's HP-5451C Fourier
Analyzer. Equipment specifications are listed in Table I .
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TABLE I
SPECIFICATIONS OF EQUIPMENT

EQUIPMENT TYPE RANGE

strain gages CEA-350 ohms 50k microstrain

pressure transducers .25" Tourmaline 10 k:ti:, 97% response
ratio

amplifiers : Ektron 563F J = =  --cccec-ca---
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Figure 3.4 Test Panel Bolted -to Air-back Chamber.

26

MR m L e ion o e aa

PRSP P Sl WP T WP 1A D S W W, Y, i, Y A U O G DR AP PPy P P )




4

-ve 6 » a e o

R LR LT I DA AU AT LW DA U - IR LI DS LT A L W T LN L B il et pi gul gn

water line

— eei{PN@UMAtic.
fender

fender

4.5 ft (charge depth)

3 1b TNT
charge

(stand~off)

°
<® ¢
o ¢
\ .”3)5
o o®
N\ x<®
! K
\ "
4 ;
rd
’d
P d
'l
[ d
L
rd
-
”
"
.O’ g

test chamber with
test panel installed

Figure 3.5 Schematic of Undex Test Geometry.

27

rr v v v~ LT PR TATOT I
a6l s Plre s e
' ’1".. 't :':'« ".nf,-" ’, "0,‘

M0

AR

.'.
S
.

o %
0"
¢

Y
’

PR
SN
2 4

,’- N

A

ERRRPN
'53‘4;%

NN v e et R A
JORTRE ._.\".‘_ I ._:‘_. R LT .ﬂ:-_ﬁ.g LS -_r DRI )



> At oo e At Bt i w i i S ACRCAdAY

L~ e g s A0l e b 4 A e A S G an e ey 4

JBC 2 e e e i ke iR e

AR a0 A AL A i AN S e e Sk i

A

-

3
&
.
ﬁ
.
-
p
a
Figure 3.6 Test Panel and Chamber Slung from
*  Pneumatic Fenders.
28
T T T e e e S T e e e e et




~ ey "

> o j AL O] 4,4 4 4, ; o ' Wit F IR .u--. .-.‘\- R
e \AWurr -.m.. x. A ...L..L ... ....”...n. ﬁz x......\.u...w IXNNNA m A .\.;.:...... aeﬁ.:ﬂfw. AR

Gage and Pressure Transducer

in
Placement (waterside).
29

7 Stra

Figure 3.

5 ' re o - . . SRR AR PRI PETLER. . . PN R A AN | N MW LR AN 4‘-!V




¥ \
1 !
ry
.l
LI
o, »
R . o>
4 o
A -..

.
" g 3
' A.

5

¥

- 2%
oY s

» R

~ 0

N '
%o’ “

-t .
p ~

;

Figure 3.8 Strain Gages (Airside).

30 N

A ISR

. e
RRAATHERCHREHLS




“a b

‘e

at,

AIR SIDE

e o bt e o o Dn OO U e 8 LY
ate f"“h.?‘.s\a.‘ yh\-bku Bl : .)-.-Q;- 5 4t
e
3
% " ) %
[ ] L]
1 1 v
]

] '

' [ “ h

{ | o

' |
} 1
- 3DII' - |I- """ o
)

{ ' .
| \ i "
| | ' -

O ' |
oYU o1
<SS
o0 ~N r

i \n

— L 4

\

' — m— o e -

1|ﬁﬂ e

t wm

| -

|

]

.y M hied % -,v PHLA A/

-

e IR L AT

SEPARI

“y-Ay a2 Sy <y W)

WATER SIDE

.......

........

5.6™

3.6"

3.6"

3.6"

L

.............

Diagram of Strain Gage Placement.

Figure 3.9

31

g et e -, - l. - .- P
AL A s S D L S R

w'.w"._ S, \.,‘-: . .&'\




L% Y WL ST FIER .

.

.

A

PRI

B\

E‘.

Ba Ria S8 RL RO L A BL UL Bl QL L GL LY "\}
'.\
e

b

.

Fiesprey o

R EE R A R Y

H
2
-
&
-
<
$
s

Figure 3.10 Undex Data Recording Instrumentation
Arrangement.

32

A

e



NN i &y e A tatat i tatatal ]

R MY

* Vet as

.....................

IV. RESULTS AND DISCUSSION OF DATA

A. STATIC TEST RESULTS A
The static pressure deflection test of the panel
machined for this purpose, proved to be a source of very
good strain and deflection data showing the plate/stiffener
behavior building up to elastic tripping as increasing water
pressure deformed the plate. Figure 4.1 shows the plate
segmented into 16 horizontal and 26 vertical elements for
one "one-half symmetrical section" of the test panel. This
was done to allow points on the plate to be denoted as
nodes. Deflections were measured by dial indicators at
positions 1 through 5 as shown in Figure 3.2, the results of
which appear in Table II. - Node (16,13) indicates the posi-
tion at horizontal element 16 and vertical element 13. The
nodal -deflections across the horizontal element 16 (vertical
element 1 through 26) are depicted in Figure 4.2 . Nodal
deflection is . again represented in Figure 4.3, but here
deflection has been normalized to pressure at each 25 psi
increment. Note the well defined regions for elastic,
plastic, and elastic tripping behavior. These regions were
approximately definéd from the following information:
1. After completion of the_test, pressure was released.
centerline node (16,13) retained a permanent set of
. inches after a tota deflection of _0.695 inches
at 350 psi This_meant that approximately the first
0,287 inches of deflection were elastic gl.e., deflec-
tion correspondlgg to the 1initial one-hundred psi of
pressure applied
2. The elastic  tripping behavior was noted initiall
the strain histories for SG-2 and SG-4 at approxlma ely
5 psi and continued through the end of the test
3. Therefore, the glon between elastic__deflection and
elastic trlpplng ? psi tq 225 psi can be
cons1dere glas tic deformatlon of the plate and
T-stiffener together. ain, referring to Flgure 4,3,
all five normalized de ection curves. show same

trends and  the same definite changes in slope at the
regions indicated.
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Strain data was continuously recorded on the Honeywell
MD-II at a tape speed of 1.87 inches per second, over the
entire forty minute period needed to perform the test. Ten
strain gages performed very satisfactorily while two (SG-5
and SG-11) failed for unknown reasons. The recorded strain
history for each surviving gage was then displayed by a
strip-chart recorder, thus providing the traces seen in
Figures 4.4 through 4.13 . Table III contains the strain
values recorded at each pressure increment for each strain
gage.

The effect of stiffener unloading and stress redistribu-
tion as the stiffener began to elastically ¢trip can be
clearly seen in Figures 4.14 and 4.15 . The region of the
plate most sensitive to symmetrical stiffener tripping would
be the area near the toe of the web, accordingly strain gage
$SG-2 would and did first sense the stiffener unloading.
Additionally the center of the plate and the stiffener
continued to be areas of largest strain (SG-2 and SG-10)
until elastic tripping occurred at approximately 225 psi, at
which point the stiffener web was elastically buckling and
unloading as was demonstrated in all other regions of the
plate (Figures 4.16 and 4.17). Also note that strains moni-
tored at the far ends of the stiffener (SG-1, 3, 9, 10 and
12) continued to increase until elastic tripping occurred,
at which point the rate of strain-increase became greater at
these positions. This was not typical in the case of SG-10
(located 1.8 inches off the center of the point of maximum
vertical deflection of the flange) where strain continued to
increase but at a decreasing rate, demonstrating that the
stiffener load was being redistributed to the regions of the
stiffener where ‘the web had not yet begun to rotate out of
the vertical plane. The redistribution of the stresses
throughout the stiffener is best illustrated in Figure 4.18
which is strain normalized at each 25 psi increment for
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strain gages SG-1, 3, 9, 10 and 12. None of these plate ‘and
stiffener gage 1locations showed the same ‘elastic tripping
"unloading" as did sG-2, 4, 5, 7, and 8. Accordingly SG-1,
3, 9, 10, and 12 best represented the response of the stif-
fener flange (SG-9, 10, and 12) and web toe (SG-1 and 3) to
elastic tripping. In Figure 4.18 it again can be seen how
the center of the stiffener flange (SG-10) begins to unload
as the web rotates elasticalli out of the vertical plane
(symmetrical tripping) and the remaining portion of the
stiffener assumes the load. The strain histories also indi-
cate that the stiffener was rotating out of the vertical
plane towards strain gage $G-6, which is why SG-7 and SG-8
values were not sensitive to the initial tripping action
until 275 psi, versus 250 psi for SG-6 (Figure 4.16).

As a consequence of this test it was determined that
more than four plate thicknesses deflection would be

X AN  CHNUNELA AL L TEmwmegs g L g PR

required to initiate inelastic tripping. Lateral measure-
ments of the stiffener (after the 0.695 inch centerline
vertical deflection of the test panel, i.e., approximately
four plate thicknesses) indicated no permanent deformation
of the flange or web out of the vertical plane.
Additionally, the progressive behavior of this specific
plate-stiffener combination when loaded was found to be well
defined, qualitatively predictable, and sensitive to trip-
Ping. The static field test had shown also that the equip-
ment to be used in the underwater explosion data collection
was reliable and performed well.

B. UNDERWATER SHOCK TEST RESULTS
The shot went off as planned and, as predicted, the 8 1b
charge reacted as a 10 1b charge (determined by post-shot

calculations). The dome and plume from the explosion were
symmetrical, as was expected for the cylindrical charge
used, see Figures 4.19 and 4.20 . Also, as had happened
during the Langan test [Ref. 16: p. 46], the pneumatic

fenders were ruptured from the force of the explosion.
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TABLE II .
STATIC TEST DEFLECTION AND PRESSURE DATA

PLATE DEFLECTION (inches)

- M -

TSI (5,13)  (10,13)  (16,13)  (16,8). (16,4)

25 L0463 079 . 095 . 080 . 040

50 . 080 . 148 . 180 . 154 . 075

75 . 110 . 204 L2647 .211 . 103

100 . 139 . 255 . 304 . 260 . 131
125 . 180 .308 .361 . 311 . 165 B-
150 . 197 . 352 . 407 . 352 . 190 o
175 .223 .39 . 451 . 392 .217 i
200 . 248 .434 . 492 . 430 . 262 RS
225 . 275 . 473 .532 . 466 . 267 i
250 .297 .506 .566 . 497 .288 2
275 .321 . 540 . 601 .529 .311 &;
300 . 342 ..570 .632 . 557 .333 B
325 . 364 . 601 . 664 . 586 . 354 =
350 . 387 .632 .695 615  .376 -
A
NOTE: §TTES BT RS T TPAGRE A6 EAENT su oF

. ,13). :

—)-..‘-'.-" .~.~'. -..-“-‘ '-*‘Jv. -



IMOMNEND
sl et et

PRI S

~—

side-3 (fixed)

w

P And

A- o T4y euwAS) Z-9p TS

narrow-flanged t-stiffener

.(pPBXT4) b-OPIS

side-1l (fixed)

hE A R A S

A AR SANANRAYY

LP A it A L

Pl 20 o

PR MOy

-~

o3

CEE GRS e W St S Sl Wi SR Y S G WA N

2
1
10

o o ~ L -4

vy 3 ~” (2]

1

l6-

15

13 14

L]

-

11

10

3

element number

2

(typical)

LT R

-
RN K n- -J

Segmentation of Half-plate.

Figure 4.1

e 8

37



(01 INHWA' TS TVLNOZIION SSOUIV)
SLNAWH I "TVOLLAMA
el

1 6 L
Il

IS4 05 =

BT Ta \\\\\MV\\a\\\
// Tt m ||\\|\

€0

¥0
OILDATAAA ALVId

1Sd 008 =
15d Gc @
15d 0%e o
ISd Seg %
I5d.00g =
_ISd 64T o
IS 08T o
15d Gal_ x
I5d 001+
ISd G4 v
Sd 05 o
Sd G¢ o
[NEREN

JdUON SA NOLLOA' LA

10

c'0

L0 9°0 G0
(STHONI) N

80

6°0

Plot of Static Deflection Test Results.

.2

Figure 4

el

™ '.. .'. ..- .
LI AL

RPN A
LR,

SRR
PRACOD W ¥  FS

-

4

.{:-..




AP PR RN R

(1Sd) MANSSHAd

.sv-n.n

RO ...u”h mu 2l o .\-9

0s
t

ONIddIYL JI1SVYI

NOIOIW__ _ .

J11SV13

1

Dt

2300201023, 53

CCIOIC

f e e Yt
|2z

ISd SA NOLLOATAMUA dAZI'TVINION

et et et

-

.
RSCRVA

o

%

~teTatu®
CaA
- .

W

v

O N
il I

S0
LR R IR )
VR ERES TS L

A

1

LY

e
.

1
-
[}
-
N
-
4
\l,

S1

1
0l) 3¥NSST¥d/143d
39

<

'

€

(ISd/NI

g'e
Plot of Static Deflection Normalized to Pressure.

Figure 4.3




Al et TRt Suh SRt Bl it hal Sof- it Ryt Bugl Dy, Dhgh 6 G Rk W

Pl Bl thald bt Bt S "R 4

s Rt AN

TR T

he 4

T T

TR FINIATRTE YT

>

L

&

TEIS

st o ol

o 3

TABLE III
STATIC TEST STRAIN AND PRESSURE DATA

‘(s RTIINY Svolah) 439 REA.DRHIBTR W IRRL
0S1V ‘1S3l Ol d0oI¥d auq~<mo--um nz« n@%mmmmw«» uw«mwM 410N
LETTT 0618 ¢OTOT  9€2T 169 8%0T ¢S8% 681€ %8  99C¢ IN3A
QLLLT 8L9%T THL9T  %96C LLET EWLT 966  6LL9 HEL €169 0S¢
686ST 96%%T OT6YT T160€ T9%C €L81 O0EOT 6809 09Z €229 ¥4
I8I%T YIEYT BLOET 10Y%S 989¢ HSLZ €LO0T O06%S 118  LE9S 00€
6S€ZT <CEIYT ¢SSIT  T106L CISL 88Z9 8SZI 8€E6Y 19¢1 0L0S SLT
LG0T LL8ET 1166 1S€EL 809 8%S9 THST O%EH €€9T 9GHY 0s¢
9106 8SHET €198 8.9 ¢Hv6S 0€8S GSIST €E€8E OFEE SL6E szt
€Z€L 8%621 180L €819 T1€0S HI0S 6GET 18ZE €S0E€ 8OYE 002
2665  HL02T 699§ 0SSS %% yEey 1€CT ¢08BZ ¢0BC ¢T6C S/
68L%  TTITIT 18LY% 69L% TLSE %HS9€ OOTT THEC LEST O%%e 0s1
L06E 0TL6  810% GZ0% OEOE B860€ [L6 TB8T L62T S661 YA
6ST1E€  Y%9L  €S2CE YIEE O%EZ 8%%Z 1%8 1sYT 920Z 2eSl 001
809¢ 2€IS 1897 G6ST €941 9981 %69 €80T 9TLI O%I1T St
8861 8¥EH  G10T L69T 981T TL21 60§ TI%L €%21 18¢ 0s
9€21  §69Z  9SI1 SYL 61S 7?9 TyT  €LE 919  €O¥ S¢
r4 o1 6 8 L 9 '/ € rA 1 - mmmmm

-SNOILIIS0d d5V9 NIVI1S -
(UTEIIFoIoTW) VIVA 15VD NIVAIS

40

RSN

re
\

A

3




‘ W .
R RO, |
Nf\x\f\.\». x.\-.....f.l.r ~

(uyeaysosotw) NIVHLS @30¥0IIY

et [
n o
4 -«
- L]

781
403

| 1140

DY T

'75 ps

[0 RSN W

i

i,
—— 50 peid

—

i
ii—";

prict—r e =
——
R,

1 Strain History.

—_

IC TN
.
—_—

-

SRy
guand

el

[ S SVRIEEY (RS

-l

2 4m-
[N

T
280

!
- T

-

hn S e

¥

'Y 328 pei T

8°6C

lat b e

el
. -l fd-
NN S IV

Strain Gage NO.

R

4

pury
]
i a—p

6°bEe

y

e

8°9t

350 pei

A ]

7 6¢
(seynurw)
NOL1VI0Y

3dv1

THETI T O 225 eed

T
b

vent
Ioponod

Figure 4.4

'q.' 1 .-.\.'\'-.‘h.\' ,"




R TOBLEA Bl XA

4 . (uUIeJ3S0IaTN) "NIVHLS GITYODIY

1°7¢

+
-
+
i
.
t
:
i
H

¥ (=] ~” o ~ ~ v g ” 0 .
” w o ” o ~ pr < - Fa
X ~ o - © n ~ o ~ o~ 0 -
M L] - ~ o~ ~ ~ - - o
: S Y LF FH - . TTHIPTHTE i ﬁ — o0 »
b Al " RERASRARN _ THITE THL T H ! i e w
1§ b ] - i A1l [ i 2 t o
») T - 1 R = = 11 [ ) - - gy
f i THEANHEH LU EH R S i o
N 11 Lt 31 ,m..L - e S°9 ot
m..r T TR EH -1 T T .\1.‘—. ne e HHHTHH RERS 1 - m
s . F . - - HEE s -} 41 4 . €6
i . -1 L3 E _ et .c.| L L e 5% X 1t 114 o
h I __ ne 3 (1 .m LT PEA _ ] y
¥ [ viitfae -+ HA- HIT1-HA- 1 1 -ttt
. . 4 -l -+ 11201431 -4 -
r.f 1 ‘,“....1 444 . HH v1+ A1 14 N
,» 1* 4L 4 H A H A R - Ny . N
> s it T Ak - et S
: I ¢ A P R P A TR
' - ; - 111 T I ..J_, a T voz o o
m : SNNERERNREEY NN SEHH L H - K % S o
; TH | HE L L T H BERT: S
W - o HHH A 444 1 JENEE 144 LA
: L ‘_1_ HibiHlE _nP_ Stiud BIupdRRaRRpunRadunatpRuRl NSRS " ree 5
“ uswﬁy - 4} 1 44 -1 ..II., In A3 44- ] P
, SHHTERTHE T At TR T A - o ez H
y TR 1T T U T NS 86 L
i it 3 11 [ RENE -HA i 0
[ 4]
™~
~N

4"
=

6°tE

rL
T
-1SG:
r
+
s
-
™

B T PP G-

I
1
L
1
L]
)l
~
T _.__.300 pei”

._
Y
13
-]
> 72
K M 1T RRSEAS I T L.fl‘ uEEyRERE Lﬁ ] ! htow: “ * g ot l.n..
RaARsesaiaand asanapal {]paiiinspatngianagiundagnaptiviy o - 26t o
! 4-1- -4 44 |- {1t 3 H - -1 _m“ (Seynutw) -
K vitH I i T : ﬁ AU RNRARERS i 15 zo—:wi 3
= i —+ 1\.T 1 1T ;.f A_ 1173 17 1 - ™ pﬂ 3dv — .n
Fxe

B

- . o NP

LI g NN ERAARAS R B anshh RPORRAT ; 55 4 % % N ALy Y




(uresysolatw) NIVILS 430¥003Y

3

o ~ - o~

7

< ~” ® o
” o N - J
< L) ~” [a)

1 741
3

RIS Yy
i
v

25 psi

Lo

50 pmi

o e L

B
i i

3 Strain History.

RS S,
S C ym—

'
-1

ey [l

4
H
s
-+
NS
:

e

.
t-

dend]
ol

B T [t T Ty S

e | -

e
-
jornal dh ey

Lk

ed— b

2.

B e e e Bt

Strain Gage NO.

Lkt ]

i t-au— -

ror oo

i
-z

——— e

6°vE
8°9¢
I Z 6t
:uoa:.:lu

NOILVI0Y
adve

T ""}'“‘I —t

Figure 4.6

F ——
™7

————d . e
——— el e

v . - “gm e -
- N



(uieJysosdTH) NIVYLS 0IY0IIY

151s
1359
1231
694
509

11542

—

T+ 0

T

=+
el
L

)

Y

[

{

3

1

T

*50 pwil "

75 ps:

1y

¥

-
1
=
1
-

T

—— e

|

i

—— e — oo | ———

T

N R

T T

123 psi

)

2

b—.—*.
-

o

[
L

175 pei

i ]

i

150
S

I}

’n

i

I

250 psi

opnf it
T

g

]

PO N T o

-

o gia g
i

i

1+

il

I

R

[ T A

set

1+

; permanent

—

mammn|

8°6¢C
LENE A
6°vE
8°9¢
z°6¢

(seynutw)

Strain Gage NO. 4 Strain History.
44

NOIlVJ01

3dvi

Figure 4.7




TR TR TR RO T Y

Dl Bal e § S Gl au S anb ol an & kot guni o

LAl e A8 mad e

LOad G0 Sl a2 B St b g &

T

LR T LN

t ad

-

e

v V.

-~ Ty

TR

ol Sadl

g g

MR R

(uywJ3soIoFw) NIV¥LS 030D

o [=3 < < < o © ~ ~ e
- - P= — ™ v on - ~ ~ N
" ] (=] ~ -4 o « o~ 0 o
o w (4] L4 ~” () o~ -t N Jh 00 o
ST I T T S FESEE § B4 TTTTHIRT T e 3
B R TR A e R e R ;
ca SRARENE . AL : . L4t Ly 4 -} :
i L T A T ] L : =
4:, JNRE REWN RE i B T EEN AN TFHTE 1 s°v
by HHHH h% HEi e st P _ ol S eo &
i Hivai ] wa N SRR A Shaul Basldh s gﬂ., B1 HRRRG R ST , o
[ B | SREEUEE -+ . S R G N {44140 iy o B ! e R
[P FER RN R ] m Hi 34 _T.;L [ - ,_ﬁ.r...._\ll\h..m-, o : ﬂ _ £°6 D -
stHE L R e e RS R aR | Euna R SnnadeRus REN CERREE SIS IS n .
b nLrv shsdndl ”-. = {1 'y ° Y—r il! ' ) -
S fagad guin M@ _u..T paATE ) ba AT 2k .
| BRI BRI CHLGEH ) ]
it esl L SRl iRss ISR EERRIE Vil et =
—ap by G [ . 4- ERRS SRR o
i panan nud A ddnin e H 3 1+ voz o ok 2
by C Jitis IH ! .~
) EERERES T mfv ; _ﬁ.kr EoT ez S
el i L RS I oy 11l and i .
— e HilRE ST I g X
SRR HEl HILE 31 o ¥
(g R 4 1 1 i - r ~I>
. LW T ...In.n..m ) _ %W.. S 8 62 L .-ru
—.H .. T ~ i o -4 A “.I.w W o
- T " By td sEE Lo 2 cze .
i ; o t M‘ ] T g ! e~
s RARS hn (g I e o3
k-t 4t , 1e ]! N Pie had Y
R Ty % TS i T T8, " &t < i
N AEu : SHHH TE A S R ' ey *,
o R ane s Tt L‘& frt 8 v LAY o .
o .r».nw i~ ‘s 111 m_ it o ~ & (seynutw) " n-\
o § vamy et ZH FH 1 .__. b 8 T.\.J_ NOILYI01 g .
v u.rw. +.~.LT.P g- ’ .‘\“w _\s.'w |. 1_., m T ”. ’ B _. 24vL u -‘
»
1) i,
b )
-!“,

.‘q

N

PR A (i

T Tl LR EREE o A T, WYYy, PPN WIS | S AL { o2, 2, 0 T 10w S <LV 0% AVVYYYYD (RS



(uIesysSoIdTR) NIVYLS GIA¥0IIY

7512

o
~”
[}
~”

6708

i

. S031
- 1186

-
~r

p—tm

T3

O
b
R

Tt

[

l—‘,—-LL.;

in-«'
-

Tt

i+
T

B A% PR M
= L
T+

il

.lr

[T-7.-100 psi

i
-

e f

L

T

1

"

[ eatated =
ne—t-
1=+

}

-1-v4

.

=

T[Ty 1275 pei T

———

——

Ll

175 psi

.

!

M

2N

e

r

PP

NSRS R

1

v

i Y
s

-

set

psi-

|

i

S T

f—u— =

350 pwii

RSN S TS A R

ctd

2wt —r 325

Lit.

———

,L'

6°ve
8°9¢
T 6t

(Seynutw)

h ]
o
.

tory.

18

7 Strain H

MCL GO \.:$.._‘ :

RS

46

WS CY, €S (AN

.

Strain Gage NO.

A,

o

ph I,

NOILVYI01

3dviL

Figure 4.9

"J'\'f-‘d'

',

'. NS

e’

&



- ‘ X L Atk PSR! AN & X , q.\- ’ .-- - .-u D - N
o S W e A 1 RAKAIREAR 18
(uresymosoTw) NIVNLS GIQNDOIY
. o n L 4 w
z Y ° ) ° n - ¢ ~ o~
~ -~ L' 4 O w : fH _
— v T 1] T31TIL - 11 T 11
. 1 ﬁ_ 1 @y“ﬁ‘;1 THHT: il S
T m : ﬂm,¢5 gl :
il | -H _ :
] - ..lu - - ” ~ | m
T k3 1. | i
. T wq == i .
! : b‘ # A - ) __; P i
n R b R [N !
. m = { b T NI ANA
A i s
AEEdk I FREER L -v oz
; 2 ] T :
.‘,. —|. u‘ ) i . _ _IQ-NN
4 i . : ;.%yﬁn L
L o 1 T It |
a H " ,_h i T il - )
. N M i ! 8762
) --
. . | Tree
b’ i 3 -4 J - I-llL-v
_ O T Lt Tt -
: ~ -] 2 L_ 6" vt
- : Ty g 8 Tl 8°9¢
_ i I TR E e T
; 1 | i : w L -H [ sonure)
s I HHIE m__ s AR5 CNOILYI01
. R ' i r } ‘._.. : ” ! _. .. 3dvi
. .“ eyt - .... i i P
! Py — }

History.

in

Gage NO. 8 Stra

Strain

10

Figure 4

47




Al SN

I T A o ¥ ., o v ' 3 A g [ kSO0 ;. A ; OO - SNPORMISIVIE: {
- 2k i ' ? R e e e % % IR ) RIS P 1
‘ : 7 -MU \-.'-.M.\n-\oﬂ\ : .’l“.l,ufh S, rn.. ..~....A..... ....-.. . --;-.-..-r\-\.. me LML DA S0 | -.\s. .-.-‘.- Jol ..-r 2

(UyeJ3SOoSItw) NIVYLS GIAU0IOIY
3 3 - PN ~t - ~ o - ® €@ A4 n o "
~ o o w - - © 0 © “ N @ e~ ™
- - 3 . o © o © ~ o o v o ~ H
0 < (] - (-] [.] ~ " < b4 ~ ~N o~ - [o]
~ ~ — - s
] I ; dERAP 1 Y] 1 M I EANARUGAERINS 1171, T 0°0 (7))
R - Lit Lk - - o b ! 1 4 - 1L : 1 t ﬂ .
SEE S TEE O A AHETER TR R AT A ﬂ.: 4 8T a)
.wluA. W DN 0% -1 1 {- .“ -} -4+ ] 14 +1- -1 i H .KIV”'
1y . [ ] ] 1: 11 i 4141 - s ! -] S'v
.UL— amn - _ [ n ;L _ - — B ” ". N -m
_“.‘ 41 = - -1 11 At 4 4-+ . x\r . 1 — ' " ° _ 69 a
ol . e f
iy Tt ] THH U ER TR R LR e _ 6 L
il AT e T :
L i - 4 N i . . MANEEEEEE N
L*.‘ THETH P D T T L ] LIt 4_ Fortet o
JEEL 4L il 1 THHVH [ ‘ g |° I .
L 14 T ' : L 1l [ T ta L o
RSN EEEEEARLANE 11 I H- -} N __ L . =
SHPEHHOH T . Ji T ] oLt
BEEN R Tl : 11 1 4 | R n “
SEesd I ERR RN AR AR RRRARE RROEN Hiske - HERIE 1! v-oe s
rh_\ : _ LR It - ) _” F -zz ©
A e E - E K ] .LHn Titw ]
NN By BN ENN [NES .— i e = h ) .m
AnirE ik h "r_v RANEEE R “; 192 ©
R | L W L r
EER R REN N T3 TTTT i : ﬁ..mif.u. 1] T i
it “J ] 1 &L H {41 8°'62 W
. - I.m -1 - - ' B - Y i 44 - ....uq - | _
~m gl Bpgud Ba H= 3 R o N ] RS
a [1 ! : - - I O N e U .
P& 1l 8 S I_TJ.LL I 1] 1 Wb b e
o —yed .m,l NS ¥ i) B U0 08 1% 10 Ay OO O i ~ &b —t
n oo 4- I ~ HM 44- 4] -4 ) L E Y —
fran wawe s R g e 1 o ST T T 8- 9t .
.ﬂoﬂ- HIHHBLHTTHRS MM ﬂl ] } _ 1 - _ i <
IR : T i & 1T 15 gand b z 6¢ ®
. 3 T . d.
ety SEERNENY U B ] — 117 IREEA Ennig Eunn i RANN R iy (seynutw) u
11 8§ s J .J X RSEAREEE 11 1 il NOI1V201 0
m>sH AH_mlLr L+ .#. - .ﬁvL 11 11H | I Y 4 3dvL ol
i (25

-



4ty w,a.....:.‘h:,.&..t«( Ly, ~u find ..‘5\ 19 ..,..- ”6 . e ,,..\..nxn.
““ g, ﬁu—ﬂ- «h ‘ NN 0 O \-\. MR RER \.w Uhrat IO s-.u.n\.q. NENF BRAAIAY

> +'e 427 AR

4

oA
s
%
e arKds (ureJysosoyw) NIVYLS Q3Q¥0ITY . ...m
W < M A O ¢ N”h @ N VJ o fd
- -~ ~ -~ .« .-~ o o < o~ o wn 8 Ty
@ @ T € M MmN O - =~ k-4 ~m <t wn ..0-

. L I I B Y I I ] - - ~ [ ~ (] O [e] v
~ - N ~ w0 L4 ~ ) _.;_
/._\4\ \ J... 1— ._ 1 v - @ .\..A

L) T ( .t B 211 11T X 1 0" . .
17 [- AM.V— T_: m_’, 131 ! 11T i HH L .o n._.u- S

R -+ — ‘_... -+ rA— + 11 1 43 44 444 _ TR 8" 1 .x
S P R I P H A B e o -
FHIH HEH rH 4] | w (11T a s"® e 4

S R e e R s R AR T T o _.

\ 1FH HEREER NS ST T Fim 1 o 1 I »mo ¥ .A
: T NS SEENENEE R STNY B A FY FEEE & s L o
b .g - .~ L - ERES ~4-4-3- <od 4 1 {o 1t i A w

13T ! mEgn _m B ~ 4 i _

) ARSARAS [ BRN BT g 111 ; i ! o

| PRI ) I8 N ) P91
A THHT L A4t 8 LS sttt 1 A: Lo — .
ARRRERRREN et j:x IH T ;__ y et .
4 ) RERE) : N BEGRREE ¥ N i . e
T AL TR | * T S y
FHEH T G R - ! 1L >
+ f Lok AT HHEA T 6 e
EEEEA R il sai Rans i nny N AR RARURu R RRRE ] p1) il ) o '
' ANESN RS . i .ol».lﬁ“ i + .“L.. o . o0 s ,
A S e T 11 IR A y vooz d
T _\\_ 23R e I H - SRRk i T8z ©
) H " l - __ o '
NHERIEEE-EHIEUHE TE AT 1HH L &
_ e ® T U e 2
1 m..n_ m -9‘-_- Tk . w.. R 1 ' .L.*lmu. : u ....
o8 - EE RN B - i o Fe ez n
;| SR EIFLERIENIN e A RS

i " Nn‘.. BN B ' - ¢ - i : : | .

! T : L. M_‘ i B N B \ 1°2¢ ..~
3 Faa el ni i Es it L y
s o . l (I ey ! L rm ve 1u ¥

_ 15 ¢ _ ¥ ! i ;mw. I 8ot <

i L - alyy. g ! _ - _ A

_ H 4. w =Re % EREEH B : L Fz 66 m o

h i d . 1 v

o R H H (Sejnutw) A
1§ ___ i ] _ :_ 1 i m __ze—:wo_ 3

3 14>8; - [RESE NN FRARENEBEEE R 1 3 . h .
Y ...\
ab

) -.4.‘
0 4..
4 ~-.
L] 's'.
L] --
PR ok - Y U - - . 0\. ~ s A LY TR 7 Y -.--.... 7 L RPN N R PN N Ny ey N R Fu P n ) [ s ] .t.. L LTS I...-



. c - " o " Y A
et -, A AL A - o s Ry L2 3 ) 1 RS (c o ol -
QORI |1 7oA o PV R i T I PIRPLR AU f ORISR LA ]

B (ugesysosstw) NIVELS GITH00I¥

. o <
: S 8 G 8 I n % 3 5 83233
: = « ! - - ” o ~ o0 ~ n (4] [a ]
, N . y " b4 wy - ~” ~ o~ - -
" ~ wn L4 ~n o o "~
’ - - ~ - a , .
s IMERN L M B 1l - REMERER 14 i R NS _» —._ H
. 1L LT - ,.,H,LPM,Hr HH 1 w
- ] : . T ‘ .
N A5 r A - - 41414444 1 | R “ “w n
| TR e TEHH AR LT ] 11 e
1T -
F. i B n ARY ' IREN THH [ 1 | 11 ~ I “..__n_ _
et | EENgENE N .- . -1 - [ O 0 8 B BN AN W 5 il ” _ £ 6
h_ — I N -8 - - - £ Ac ‘AV ) Iln.l 41 HY KHI
2 Suuk 1 iR BARRE ks r#-o.
3 R S H A R A e (e R
‘ ; Y] uA NN r ] FerT T et
! THT : ST L -
..— RENS REEGRERES L g
X e EHHHHE H R REunangnERus c e it
] L | 1. 1L )- |- ]
3 i 1is= ? c vroz
EEE) AT R eon n g -] f
__ - o ..uﬂ a
L | | Ry
| 1: egiads |
] H R AHH T T c 19z
K Vi el i N [
b, I | m T “alir.xtij FEEEN I.quﬁmf r .
| S R e L
__ . ol -IrrL Tl 1 T i - 8 62
; H S IH g HH - r-ze
" NEaBan Jn\_H |v;l,. NN RN .
by » RENE - 44 41 | BN -
, ! _n-. [ ;M.Art e T (T 11 - 6 ve
A Y : -
i 3 [ T & FEE R R T e 8 9F
: HHF R4 AHE T s :
2 ot ; ot § e bty i ol - peet
4 Fi o CEVEEA b 2 -
: 1 W - an 4A1 Tﬁ 5 L * B (SejnutTw)
b |- T FH 1 - NO11VI01
“ [HlEee e R _ 1 - "3dvi
2 ._ i [N | TC ! : 1| RS REAN AR SR
-,
Y
i
2
d

LEPAMPAR. X AARAIYYE SN ETRY X AR A o SIS N YR e R

12 Strain History.

in

Figure 4.13

Q.O
Gage NO.
50

Stra

CERLS L R




g

24

4

e - . - e - - 3 A
™ AP ™ 1 RRAT R RN N
5 SN A s DOCEX O BORRIANIY dr. BASI 11
s zr oy % s il . cww vy vEore sibE ¥ osrrys
PO G Y Ml oer 2 o T 88 3 s E ool D
11 o® vw v & e a® + ® - we uil
19evss e 2 yed' I ety 1 i
it e i i Ij
hi: HiH ] one1
H HH] T 1" HH H oot ~
y H oty 11 i—o—-.—. R H CHIH sste ]
ty @ .— z_ 1 HHT H H o8t i1
1 BHH I 83 st HET i HERIHH : '
s ! HH Y HH H i
m ' o x H it 1 = H [ : (1) i HH{BHIH i i
H ﬂ;. 1 [ 1H t : HH { HUBIBRE HE I e seo{iH
sess [ H st H H H ¢ vos so HifHH T vow 114 tess 1 [ _.*—w. i
i I . 11 veee BYH 1 181 nanid HIHHHHHH H
P . Y . 11 . ™o
H HEme H : H 11T H 3 g
1o 1 H1 m H eees 1
1 H U1 H { : : {
H : me-# HH it I~ HEHH HHH i _ x“ HHHHEH =. |
. H i NHAHLH HY i 3 e oo s2zfii ]
m e 1 721838 ores HH : 1 ¥
s HhH: H} HiHH o *' —:
i A F e Y HEBREE m H # HH
. H ] oo ' vy B ' e 1 HBHH H e B
1168 Y T ‘ ety H s g [ ctee 9gp 108
] trasne
H 1] 31l 1 i 18 oo [ H T TR
H ezt H ] 1H (114 H 3214
|3 3 H Hiil’ ‘,:“- _“. 11]: COLNG i1 H | | i Mx HHH ” ¢
[IT341] s t 444 H [N LN i H H s TR
HE A_z 141 :-.:/u s H H ssecen
B wmm [13] H eerooe RE{HT st 1]
f o aet vieen HUH L ! T BHH REHHH T
scoter B HITHIH sse o HitHH R mmx“ e ' ' 3
] eeoer H 1
1 iiffiize ] HHHH
oo 13, { H ' alibiils H );
I t | ....,.hmn LI HHE HiH ses-ar [ : '
' H . 3 H hs H
. : R . H H : : H H
R R H N ‘-ﬂ.-.:....u..« proa~ ] - ’ i
4
ecerur H HUHLHH
y, " 4 >
&\\\\; (NOISS3¥AK0D)
RO, - B ) Lo s NS LN TS Y o1 AL .

‘f - - o

AR

FF\P‘

Strain History Recorded Longitudinally

Across Flange of T-stiffener.

Figure 4. 14

LN

51




g

XA
/ .
. . . .
i
1
I
b
A
nn
B
[N
’ .
. H ow 20 ¢ & %3 b
A - st oy ¥z oresily A A A -
? Nl v e L en e - T o s
ﬁ we h 1711 3 § 2 ﬁr ﬁ B w muw_mmrmn“ m
_., A i d
w“ teor “ LHH  ove ” 1o o7 H1 “
ﬁ e H 1 1 i i|st 1131 n
o H i .
_ rontf] -m_ H 1 H H g o0 .
Ll LE H g M
eoee, ¢ a8 o v
D Jij] : 3 Wl... " - @
vose, [T lree g1 [ L od 11 B | i m
: il T i it i -
m.-:n. [H 2 i m — mﬁ H -“ ““
£ el : m -.:m i 8¢ ‘ M h
M g4 i O A
oveol H m fgs & Q
- H seoe 21 I Y'Y
sterfl]] Mz 11 _- u > (]
- teee T | TR ] o~
oers H i ~ o a wy
1 13 IH H 12 v A
H 1 Hl tese 4 H N —
evool HTH I it R
vose e
sees [rend o
i H sl g
HY ! i i .-..Wmm 1 4 ¢
i HIHHH il HHH ' -
R K1 oree Y H &M
: IR : j v o
- O
o
A

(NoISNAL)

Figure 4.15

—_

el )

TR

Error nemmess,”



";w)AOJlI LN PGP )

‘AR MY

*
»

»
<

.

a'a s s * LY

)

. .
P

s
'

W SARRSELA

EvIeTY 1 phe "Ria" 4. a8 p, 1] [ PAr ot ot JSA TR gtR r2 e i ns i3 s
.
&
A
IR
e
Y
5
¥
5.
| KL .
vilth s
273 et groesypssps 1512 H
r4 -1
.
3 r!- r ‘\_ ]
o
.
700 unge G
sad
> Saed 230 st TTHIT esas <
H LI « yaus E IH '.\
t+4 ) saily] ‘-‘\.
s a C » . RN
H e qpwilt L1 ass gd E [» ] 630 %y
223 sei gagyaans xaghs pgpssanys e d
REY BPS LR ES amw. us 4 A
H 1 £
dad e »}_ 4] H . ‘
L L sgiudadys g a .
H F sgnm .
S0t H h:;"‘ 311+ - soie g RN
208 puap " 4 - K 111290 sed| E I \-
- s
- 3 44 * S
3 apu H [N
a7 = r LEELR N
78 snd H 179 poni v » b1 \1
F4 +(H - [
T "o i - "
e T i tald
1872 Al l=-
150 oma) 158 smt T - "
EE F *TTE . o
v 4 t Fd r"
e10 HH ] t | lose g L
123 sma bt 123 ool - LS
. / 11 - R
129 ved-] at 380 sut ss o AY
Hise I 1% anesani -t 2448
H : 100 pas i HHT 198 sea
b T it +44H
LA =+ H ] HHH 323 sed HH
Y veat 3 Y 2 1848
3 4160 (1380 em 13 sas 111
+H+ s d. et [ 14
' oy oy - T vent e
agwa. 8 kue] TH » 11 oenes 1T tHdaan
1 e 106 ¢
i H 0 oat 3 HEHT 30 pes ) j
peww + 2 H == +4+ +r++
S — F-Hrd 4 H-A ++ {Ht 3 eddas}
! 1 4] H . - 4 - tHH- - 28804 a8 8
t" nr:::—l - ".'f' I{" o 118 t au‘:'-n ,4[» -4 "y 498 28 paa Il YYY
- .- v v Ut - =) e i 4.y e,
25.'1!. . . <o - " aa e .!!u ae =~ o - -~ @& a ae
= . " ye ) 3
=§:======:: - s e e =o =§§:=:::ouoa 2 8 & e ae
- 22

|
|
|
i

Figure 4.16 Strain History Recorded Across
Transverse Centerline of Plate Back.
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As the chamber was pulled from the water immediately
N after the shot (Figures 4.21 and 4.22) it was readily
obvious that over three-quarters of the test plate surface
area was blown free from the rest of the test panel. Upon
= closer inspection (Figure 4.23) it was discovered that the
missing section had been cleanly torn along the boundaries

.l‘r ’-. 4

£y

o

of the test panel and was lying in the bottom of the air-
back chamber (Figure 4&.24). As can be seen in Figure 4.25,
the stiffener exhibited an anti-symmetric displacement
configuration (i.e., the stiffener remains vertical) as
described in [Ref. 8: p.361]. This type of deformation is
the initial stage of inelastic tripping before collapse of
the stiffener. The web had begun to buckle at the point of
attachment to the flange in three separate areas spaced
symmetrically along the length of the stiffener: the center
and four inches on either side as shown in Figure 4.25 .
The stiffener, though it had not rotated out of the vertical
plane, was showing indications of doing so and collapsing to
the left side of the plate. The center-most position of the
plate (node 16,13) retained a perménent vertical deflection
of approximately 1.30 inches, a deflection of seven plate
thicknesses. Even at this extreme amount of deformation
there was not a total collapse of the stiffener. .

The strain histories were expected to follow the same
symmetry and trends experienced in the static test, even
though now the applied pressure was 3780 psi (Figure 4.26)
and was generated by a shock wave which peaked 17.3 microse-
conds after arrival at the ten foot standoff radius.

The recorded peak strain values and arrival times are
listed in Table IV and associated strain histories are shown
in Figures 4.27 through 4.38 . Each strain gage history had
been transferred from the high speed tape to disk storage on
the HP-5451C Fourier Analyzer, where individual records were

s

RACACAA, h A
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X KN A
7l R D R A

[] X -
I PN M Y

= P I IR
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reviewed and out-putted graphically. Typically, one gage
strain history would cover fourteen records (approximately

W N )

a"s h 2

56

Rara |

T O, O R B B A SN T R SO R e 2o g e e I S RS Y S

g
%)




A A GRSV R L n A €At B e A5 6 R A N A A G A0 1y Lt 10 B ittt o T i g a0 25 21 22

i
.'h(:;
4.48 milliseconds). Note that the voltage values on the éé
vertical axis were multiplied by each strain gage's calibra- ﬁ?
tion factor to obtain the peak strain values which are anno- »;;
tated on each strain gage history. The strain gage _ #:
histories are also marked at the time of arrival of the wave oy
front and the "individual record"” containing the peak value gﬁ
(top plot) was annotated on the extended strain histories of K
each strain gage (bottom plot). Each "individual record" is 5
320 microseconds in length. ﬁ%j
A characteristic of every strain history was an eventual ’3
peak strain drop-off to a negative wvalue. This represented ;g
the plate detaching from the water (due to cavitation at the t
plate surface) allowing the plate to come to rest until it Q‘
was reloaded microseconds later by an on rush of water from ﬁ;
the explosion [Ref. 13: p. 84-91]. A summary of strain gage =
shockwave arrival times, peak times before reloading -4
(multiple peaks in many cases), times to cavitation (i.e., ﬁj
last peak time less the arrival time), and reload times is o
provided in Table V . Note that reload times for all strain L
histories in the center of the plate and across the stif- P
fener (SG-1, 2, 3, 8, 9, and 12) were consistent at approxi- %i
mately 3.44 to 3.49 microseconds. Additionally, the time ?L
period prior to the onset of surface caVitatioﬁ was also ‘f
uniform in the plate center (SG-1, 2, 3, and 8) at 540 to 5;
590 microseconds. :'._{
A comparison of observed symmetry and trends was made in RS
Figures 4.39, 4.40, 4.41, and 4.42 . 1Initially after making ks
a general overview of all the strain histories, it became <
evident that the upper left end of the plate (Figure 4.25) M
was exposed to the shock wave earliest and experienced the ﬁi
highest strain values. The shock wave arrival time for the |
left side gages SG-4 and SG-7 was 2.5 msec., while the ol
arrival time for the stiffener gages SG-9, 10, and 12 was e
2.56 msec and for the gages on the opposite side of the E:
plate it was even later. This information suggests that the )
57
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could possibly tilt the chamber once it was lowered into the

R{% %

%
; test panel and air-back chamber were not parallel relative ﬁg
iy to the shock front but slightly canted to oneside. The e
) angle of incline to one side was approximated by assuming ;2
} that the shock wave was planar and, from the data, the wave
}: front reached the stiffener gage SG-10 and the plate gages
B SG-4 and SG-7 at about the same time (i.e., 2.5 msec).
# Then, using the geometry of Figure 4.43, the angle of incli- :%
’ nation was calculated as 22 degrees. This indicates that ;;;
{ the left side of the plate was about 4.5 inches higher than &j
£ the right, which is why all other plate strain gage arrival X
times were approximately 2.8 msec. (i.e., 0.3 milliseconds 3=
X later). This confirmed the belief that the cabling and 'Ei
f; junction box mounted to the side of the air-back chamber 3?
. ~

- water and only supported by the pneumatic fenders. For
[~ later undex tests, this situation can be avoided by mounting :
,i the junction box directly beneath the test chamber. . £
& The plate rectangular geometry additionally dictated S

v that all longitudinally measured strains would be less than %
[ those measured transversely across the width of the plate in 2
» the same positions. This proved to be the case in the undex %g
\: test (as well as the static test) where the peak values of 5:
. strains for SG-6, 7, and 8 (mgasured 90 degrees from the g
5 longitudinal gages SG-2, 4, and 5) were higher. As ‘3:
» expected, except for the region of the plate affected by the '§f
A chamber tilt, all arrival times measured on the plate were e

later than those for the stiffener. Additionally, it can be ‘f‘

seen that the general shapes of the recorded strain histo- ok

ries in regions which are symmetrically equal are very ag.

similar (specifically Figure 4.40 (SG-1] and §SG-3), Figure fgi
‘ 4. 41 (SG-6 and SG-8), and Figure 4.42 (SG-9 and SG-12)). As -
;5 far as determining the correlation between strain histories gb
*‘ and the physical deformation of the stiffener, it can only &;
{ be speculative. For illustrative purposes Figure 4.42 ‘ &

containing SG-9, SG-10, and SG-12 strain histories will be

s
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used. Again in comparison to static test trends, it would
be expected that the strain values experienced at SG-10
would never get quite as large as elsewhere on the stif-
fener, but build up, unload, and build up again as the stif-
fener experiencés its 'progressive deformations.
Undoubtedly, the three areas of stiffener deformation shown
in Figure 4.25 occurred progressively starting with the
region initially of highest compressive stress (the center
of the plate) and then progressed to the next highest, prob-
ably the SG-9 portion of the stiffener, and lastly SG-12.
This sequence seems to follow especially well the strain
history wundulations depicted in the curves for SG-9 and
SG-12, and somewhat for all the other strain histories.

As can be seen, the underwater explosion shock test
strain histories clearly depict the interaction between the
shockwave front and the test panel in arrival times, reload
times, and peak strain values.

C. GEOMETRY AND MATERIAL CONSIDERATIONS

The results of the underwater shock test are unique for
the specific test panel geometry and material used. To put
this "uniqueness" in the correct perspective, a discussion
of the impulsive 1load effects on geometry and materials
follows. '

The deformation of the test panel is more than Jjust a
property of the material, it also depends on the geometry of
the test panel and the process used to deform it. It has
been found [Ref. 13: p. 91] that dynamic yielding occurs
only at pressures 3 to 10 times the static yield wvalue.
This is due to the fact that materials which undergo a tran-
sition from ductile to brittle behavior at lowered tempera-
tures will generally undergo a similar transition when the
loading has changed from static to dynamic.
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Figure 4.19 Eight-pound Charge Explosion Dome and
Initial Venting.
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TABLE IV F:
n,

SUMMARY OF PEAK_STRAIN VALUES AND SHOCK 3
WAVE ARRIVAL TIME DATA -~

ARRIVAL TIME RECORDED PE ~
SENSOR (milliseconds) (microstrain) . ¥

sG-1 2.85 20.2 k 'S
sG-2 2.82 30.0
SG-3 2.88 44.0
SG-4 2.50 17.0
SG-5 2.76 23.0
SG-6 2.82 25.2
SG-7 2.50 40.0
SG-8 2.88 35.0
SG-9 © 2.56 36.0
$G-10 2.56 16.0

AR AR AER
ﬁv('

5G-12 2.56 36.0 k =
mmmmmmmme---CZIIZTTITTIIIOIITITOTITITIIIILI ;E
P-XDCR-1 2.42 3780 psi ::::
P-XDCR-2 2.40 3500 psi 2
o
N
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Raising Test Chamber Immediately After

Eight-pound Charge Detonation.

Figure 4.21
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Figure 4.22 View Showing Test Chamber Cabling
Still Attached After Undex.
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Figure 4.23

Top View of Test Panel After Undex.
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Figure 4.24 Blown-out Plate Section Found Inside
of Test Chamber.
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Figure 4.25
Anti-symetrical Tripping.

View of Plate Section Showing
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Figure 4,26 Free-Field Pressure and Arrival Time.
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" this strain history record represents 320 microssconds
and contains the peak strain value of sg-l

de———peak value 320.2 k microstrasin

<

this strain history record contains the arrival time,
peak value, and extended strain history of sg-l

peak value = 20.2 k microstrain

b arrival time:r 2.835 milliseconds )
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s9~1 peakstrain
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Figure 4.27 Strain Gage NO.1l Strain History.
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Additionally, materials which are ductile at low temper-
atures tend to remain ductile under dynamic 1loading
[Ref. 12: p. 153]. The flow charateristics of most metals
will be influenced by the high strain-rates involved, espe-

cially in iron which has a very noticeable loss of ductility

at high strain-rates. This strain-rate sensitivity deter-
mines the magnitude of the permanent deflections. It was
because of materials' typical strain-rate sensitivity that a
relatively strain rate independent metal was selected for
the test panel material, since the less strain-rate sensi-
tive a material is, the less explosive charge required to
cause the necessary deformations. Aluminum 6061-T6 was
believed to be almost strain-rate insensitive compared to
steel plate at the same strain-rates, yet it is known that
the flow stress required for plastic straining of 6061-T6
aluminum increases significantly with increasing strain-rate
at strain rates above 10,000 1/s [Refs. 18,19,20].
Nonetheless, 6061-T6 aluminum was still the best readily
available material.

The anatomy of a shock front interaction with a plate is

shown in Figure &.44 . The reflected incident wave is
compressive and is the reactive force which causes the plate
to deform. Additionally, the amplitude and shape of the
incident wave changes rapidly as it passes through the
plate. The steady decrease in the amount of permanent
deformation is due primarily to the decay of the wave. The
transmitted incident wave, which is microseconds later,
reaches the backside free surface of the plate and is
reflected as a tensile rarefaction wave. This free surface
reflected wave in many cases can lead to the development of
tension fractures. Finally, the reflected tension wave is
partly transmitted back into the water. [Refs. 13,21: p.
101,18]

TR

AP 1 J SR

DN

AR

a7
) 3 Y e

BORR N S



e e e

T

i A B PR Sy

The shock front:  interaction with the plate can be
complicated extensively by the shape of the test panel since
the geometry of a body and its constraints determine both
the location and the amount of plastic flow that will take
place. In most cases, interpreting the deformation and
fractures that occur can be facilitated by considering the
effects that the geometrical shape has on the stress waves.
Behavior of Metals Undexr Impulsive Loads [Ref. 12: p. 147]
best describes the three ways plastic deformation is influ-
enced by geometry:

interaction of stress waves _can influence_the deforma-
tion. Very highly localized regions of plastic defor-

mation may _be observed at the place where fracturing
might have been expected.

1. Stress ighomogeneities which result from reflection and
h

2. Plastic flow usually involves no appreciable volume
changes and _hence changes in configuragion must usually
start at a free surface.

3. Fracturin under impulsive loading_ often leads _ to
plastic geformations which result from the relative
motions that are imparted to the different parts of the
body as a result of the fracturing. .

For example, fracturing may occur at a corner due to the
reinforcement between two (or more) tension waves that eat
in simultaneously from. the edge of the corner.
Additionally, entrapment of the incident shock wave by the
corner causes multiple reflections £from the walls of the
corner (pressure increasing stepwise with each further
reflection), 1leading to a significant increase in the pres-
sure at the corner. This combination of reinforced tension
waves and pressure amplification is undoubtedly the source
of the initiation of the fracturing observed in the test
panel and eventual 360 degree tearing of the plate from the
test panel, Figures 4.23 and 4.24 .

As a closing remark to this section, it should be
mentioned that the test panel incurred two surface gouges
(less than three-thirtyseconds of an inch deep) near the
plate edge while being machined. One was weld repaired and

one was left as is, and after exposure to the underwater
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Figure 4.44
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explosion neither defect showed any involvement in the plate
fracturing or deformation and apparently were not stress
concentrators in this situation. This was also observed in
Ref. 12, page 147, ". . . the presence of notches may have
little effect in impulsive load situations.” However,
spalling (or scabbing) was observed in the weld repaired
defect. Spalling (Figure 4.45), an unsusual type of frac-
turing, occurs near a free-surface relatively far removed
from the area of application of a pressure impulse [Ref. 12:
p. 124]. The spalling observed was a consequence of the
applied 1load generating both longitudinal and transverse
waves which progressively struck the weld fusion boundary
creating additional waves (Figure 4.45) giving rise to
highly 1localized stresses which were sufficient to cause
localized fracturing in the center of the weld repair.
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V. CONCLUSIONS AND RECOMMENDATIONS

A The static pressure deflection test of the panel .

'f machined for this purpose proved to be a source of very good

¥ strain and deflection data quantitatively representing the . ﬁ?
plate and stiffener behavior up to and into the elastic %f

y tripping region. Additionally, the progressive behavior of ;h

v or -
v
’
[3

v
e, 0y

m 2
s 5y
v £y .

this plate-stiffener combination when loaded hydrostatically

was found to be well defined, qualitativeiy predictable, and
sensitive to tripping. As a consequence of this test, it

N was also determined that more than four plate thicknesses I
; deflection would be required to initiate static inelastic &g
i tripping. :;
The dynamic response test, though. complicated by the B3

: rapidly changing nature of the variables and the complex ﬁr
; relationship between stress, strain, and strain-rate, f
E provided strain histories and shock front arrival times - a&
clearly depicting the initial interaction between the shock B

: front and the test panel. Accordingly, the shock front . ;%f
§ arrival times measured at twelve different plate locations €i~
. were precise enough to indicate (through calculation) that S}‘
the test chamber was not parallel to the shock front emen- f:

. ating from the eight pound TNT charge, but was inclined 22 Eﬂ?
: degrees on the cable junction box side. It was alsc deter- 5;
> mined from post undex measurements of plate deflection that '?
even at an extreme deformation of seven plate thicknesses 5@

there was not a total collapse of the narrow-flanged ?E

T-stiffener. Additionally it has become obvious that the Ef

geometry of the test panel machined '"cavity" and its E}

- constraints determined both the location and the amount of .;k
‘; plate fracturing which took place. -
2 In summary, narrow-flanged T-stiffener tripping has been £§
4 observed demonstrating both the static elastic and dynamic g$'
: 92 -
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? inelastic behaviors. Also the underlying cause of the frac- ;2
é turing observed in the undex test plate has been attributed 52
‘ to the design geometry of the test panel. =
Y It is recommended that if there 1is to be a further 57
; pursuit of dynamic data, the test panel warrants redesign so '5,
g ) as to eliminate the cavity walls surrounding the stiffened gﬁ
plate, thus removing boundaries which may cause shock wave 3
f pressure amplification. It is not apparent how much effect Lﬂ
g the amplified corner pressures had on the plate deformation fﬁ;
Y and strain histories, but to ensure strain histories repre- ?(
sentative of only the shock front and plate interaction, the ;
3 follow-on undex test panels should be of the design shown in gt
: Figure 5.1 . Additionally, to avoid test chamber tilt from s
E the cabling , the cabling connection box should be mounted ii'
- directly beneath the test air-back chamber as shown in “:
2 Figure 5.2, and the cabling allowed to lie on the bay bottom o
- directly beneath the connection box. ;&
y As a by-product of this investigation (shock wave - ;3
’ effects on welds), spalling of a weld repair should be of ;é
i ) interest for any future studies evaluating the physical and Ej
, metalurgical effects of an underwater explosipn shock wave e
N front on a metal panel containing multiple welds or weld Ei'
repairs (e.g., spalling noted in the dynamic test plate).
A The importance of this is self-evident since the hull integ- ﬂﬁ
? rity of every Naval vessel is dependent upon the reliability -
2 of the welds bonding the plating together. ;{
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