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*’ Introduction

 EDS is used to contain and destroy
recovered chemical munitions for
PMNSCM

* Subscale vessels used to study vessel
response over a wide range of load levels

* Subscale vessel is checked against ASME
Code Case for Impulsively Loaded
Vessels.
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f Overview

* Determine subscale vessel rating based
on the Code Case

» Check fatigue and fracture limits
« Comments on overtest situations
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Mesh of EDS subscale vessel
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0.625”

Density 0.278 Ib/in3
Elastic modulus 30,000 Kksi
Poisson’s ratio 0.3

yield strength 40.4 ksi
tangent modulus 145.0 ksi
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316 SS material properties used for
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Impulsive ?

typical pressure-time history

20
=) 16
=, initial pressure pulse
o 12 k I
2
y. g 8 s
e SE -
a) b); : 0 ¥ ‘\“/\“\—'v-\.‘f,v‘\“\—'\‘w/‘\'“‘
0.0 0.02 0 0.1 02 03 04 05 06 0.7 0.8
time (msec)
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« AT =~0.09 msec

* fy3=~690 hz (t =1.45 msec)

« AT/t1=0.062 < 0.35 (Code Case)
* loading is impulsive

T AL =32 i Sandia
EA LN > v National
Laboratories



Plastic strain at wall and aft end
for single-shot event

explosive equivalent plastic strain (%)
size exterior | center interior | exterior | center interior

(pounds) aft aft aft wall wall wall
0.0305 — — — — — —
0.0458 — — — — #= —

0.061 — - — — — -
0.0916 — — — — — —
0.1068 — — — —_ — —
0.1526 — - 0.025 - — 0.0215
0.1831 0.051 — 0.114 0.0377 0.0286 | 0.0746
0.2441 0.165 — 0.496 0.0849 0.0611 0.174
0.3052 0.353 — 0.732 0.250 0.156 0.248
0.5286 1.156 0.298 1.032 1.789 1.650 1,722
0.6608 2.100 0.396 1.806 6.804 7.105 7.542

All loads level at pounds of TNT
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Single-shot vessel response

wall

load size: 0.6608 Ib.

@ Sandia
National
Laboratories



\

Strain Limits

Membrane strain limit: €.,,=0.5(& +&,)<0.2%

explosive equivalent plastic strain (%)
size exterior | center interior | exterior | center interior

(pounds) aft aft aft wall wall wall choose: 0.2441 |b.
00305 | — — = — = — elastic core at aft end
0.0458 — — — — #= —

0.061 — - — — — -

0.0916 — — — — — —

0.1068 — — — — — —

0.1526 — — 0.025 - — 0.0215

0.1831 0.051 — 0.114 0.0377 0.0286 | 0.0746

0.2441 —

0.3052 0.353 0.732

0.5286 1.156 0.298 1.032 1.789 1.650 1,722

0.6608 2.100 0.396 1.806 6.804 7.105 7.542

All loads level at pounds of TNT

Rating for membrane strain limit: 0.2441 Ib.
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Strain Limits

Bending strain limit: €,=0.5(&;-€,)<2.0%

explosive equivalent plastic strain (%)
size exterior center interior | exterior | center interior
(pounds) | sft aft aft | wall | wall | wall bending not significant at wall
00505 | = = = = = = due to pure tension
0.0458 — — — — = — . . ..
= — — — — — — aft is close to bending limit for
XTI — — — — — — load level of 0.6608 Ib.
0.1068 — — — — — —
0.1526 — — 0.025 — — 0.0215
0.1831 0.051 — 0.114 0.0377 0.0286 | 0.0746
0.2441 0.165 — 0.496 0.0849 0.0611 0.174
0.3052 0.353 — 0.732 0.250 0.156 0.248
0.5286 1.156 0.298 1.032 1.789 1.650 1722
0.6608 2.100 0.396 1.806 6.804 7.105 7.542 —

All loads level at pounds of TNT

Rating for bending strain limit: 0.6608 Ib.

T AL =3 Sandia
LAY S S National
Laboratories



\

Strain Limits

wall hoop strains

Peak strain limit: €.,5, <5.0%

waquawwLwawwx
fr{ _Ain
0.06 I B out
explosive equivalent plastic strain (%) 05 r“ e e e
size exterior | center interior | exterior | center interior 0.04 I f n
(pounds) aft aft aft wall wall wall B | f{"!
0.0305 — — — — - — o ,Jf;
0.0458 — — — — - — l
0.061 = — = — = — 001
0.0916 — — — — —_ - ) ‘ ‘ ‘ ) )
0. [ 068 _ _ _ _ _ _ 0 0.005 0.01 - 0.013 0.02 0.025
0.1526 — - 0.025 - - 0.0215
0.1831 0.051 — 14 0.0377 0.0286 | 0.0746 :
0.2441 0.165 34;6 0.0849 0 06?] 0.174 Wa” exceedS peak strain at
0.3052 0.353 — 0.732 0.250 0.156 0.248 |Oad level Of 06608 Ib
0.5286 1.156 0.298 1.032 1.789 1.650 1.722
0.6608 2.100 0.396 1.806 6.804 7.105 7.542 —

All loads level at pounds of TNT
Rating for peak strain limit: 0.6608 Ib.
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Strain-based plastic collapse

explosive equivalent plastic strain (%)
size exterior | center interior | exterior | center interior

(pounds) aft aft aft wall wall wall
0.0305 — — — — — —
0.0458 — — — — #= —
0.061 — - — — — -
0.0916 — — — — — —
0.1068 — — — — — —
0.1526 — - 0.025 - — 0.0215
0.1831 0.051 — 0.114 0.0377 0.0286 | 0.0746
0.2441 0.165 — 0.496 0.0849 0.0611 0.174
0.3052 0.353 — 0.732 0.250 0.156 0.248
0.5286 | 1.156 0298 | 1.032 | 1.789 1.650 | 1.722
0.6608 | 2.100 0.396 1.806 6.804 7.105 7.542

All loads level at pounds of TNT

7 VAL =)
VA A

curity Administra

* Based on Code Case, we want
to design vessel with an
impulse that is 175% of the
design-base impulse, that will
not cause a plastic instability
state.

» Assume plastic instability state
to occur with formation of at
least two plastic hinges.

Conservative to choose 0.3052 Ib load level
Rating for plastic collapse: Load = (1/1.75) * 0.3052 |b = 0.1744 |b.
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Vessel rating summary:

Membrane strain limit: 0.2441 Ib.
Bending strain limit: 0.6608 Ib.

Peak strain limit: 0.6608 Ib.

Plastic collapse: 0.1744 |[b. «<—— governs

Look at vessel response for successive
detonations at 0.1831 Ib., 0.2441 |b., and
0.6608 Ib. TNT
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eff. plastic strain
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ext. wall
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0.1831 Ib. (83 gm)

detonation no.

—4— int. wall
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strain (E-03)

Multiple-shot vessel response

surface strains
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8 successive detonations at
0.1831 Ib. load level

very little increase in plastic
straining with successive
detonations.
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Multiple-shot vessel response

surface strains

0.2441 Ib. (110 gm) h i 1 I {
-~ \ [ \ L ! _Awallin
0.02 7| —~— ext. aft ‘? L\ _ P 1 1 I /| -B wall out
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1 2 3 4 5 6 7 8
detonation no. 1F
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0,005 —o—ext. aft Tiria
: —=—cent. aft . .
£ 0007 eint at 8 successive detonations at
4 ext. wall
Tomo|— e 0.2441 Ib. load level
é 0'004 | —a—int. wall
< O
o . . . . .
£ 0003 plastic strain increases at interior
$ 0.002
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go_om% aft end faster than at wall
0 — —
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detonation no.
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0.6608 Ib. (300 gm)

0.2 —|—°—ext. aft
0.18 + —=— cent. aft L
0.16 || = int. aft 1
£ 014 ext. wall //./'/'
c —
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strain

Multiple-shot vessel response

surface strains
0.2

_A wall in
h B wall out
0.15 —+ _Caftin
S D aft out
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8 successive detonations at
0.6608 Ib. load level

 plastic strains increase at vessel wall
faster than at aft end.
» decrease in incremental plastic strain

due to strain hardening
* no failure in material model
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eff. plastic strain

0.02

0.66 - 0.66 - 0.66 - 0.66 - 0.66 - 0.24 - 0.24 - 0.24

—o— ext. aft
—&— cent. aft
—— int. aft
ext. wall
—=— cent.wall
—— int. wall

4 5

detonation no.

5x 0.6608 Ib. detonations followed by
3x 0.2441 |b. detonations.
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Variable-shot vessel response
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Fatigue and fracture analysis

SUBSCALE VESSEL
Contours of Y-stress e Levi
min: 3

e+01

Hoop stress at vessel wall
0.1831 Ib. Subscale vessel

S 2.
C— 2110
| 1.492+01 _

Rk 1 8.738e+00

; g 2.556e+00

iV b -3.626e+00

A 3 -9.80864+00

_A wall center bl = 1 5990401

30 } 0N o 2217001
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2 il LT [Py TR T |
L (e
e (it w V} | Jl Each detonation event =
‘ | 1 cycle at 38 ksi +
e s 1 s 7 cycles at 33 ksi +
Time (sec) (F-03) 22 cycles at 25 ksi +

60 cycles at 10 ksi.
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K, equation for long part-through internal flaw

2pR;
K = Rf ° [%a F

o ~ 4\

F=11+4 [4.951 (%)2+ 1.092 (%ﬂ

} 0.25
4=(012551-025)"  for: <R <10
R: 0.25 . R;
4= (0.2 - 1.0) for: 10 <=1 <20
a
<075

conservative
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crack growth rate curve Stress intensity vs. crack depth

10-3 = [ 1
3 Type 316 at 24 0C ~ 180 i event 710
o : E = l (K;=K;.)
o ] 5 | | \
> 104 S !
o = S 120 :
5 5 |
Z s ] ! |
h\g 10-3 = 2 60 Nz
AN = ” :\
. = 1 ' \ event632
106 1 o 1 N " (K, design limit)
20 30 40 60 80 0 0.1 0.2 0.3 0.4 0.5 0.6
AK. ksi JE crack depth, a (in.)

Each detonation event = 0.1831 Ib.

Red dashed line: user defined K, limit
of 60 ksi-in1/2

Blue lines: 250 detonation events

T AL =37 Sandia
LA TS 5 @ National
Laboratories

conservative to use
K, limit = 60 ksi-in12



} Conclusions

Membrane strains are prominent at vessel wall.
Bending strains are prominent at vessel ends.

At larger loads, vessel wall undergoes through-wall yielding while
aft end maintains an elastic core.

Based on limits for plastic collapse, subscale vessel is
rated to 0.1744 Ib. TNT.

Based on strain design limits, subscale vessel is rated
to 0.2441 Ib. TNT (membrane strain limit).

At high load levels, failure mode is governed by plastic straining.

At lower load levels, failure may be cause by fatigue and fracture.
Vessel can withstand over 630 detonation events at 0.1831 Ib. TNT.
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