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•
This repOrt.Aeals with (1) the transient heating of bare platil such aiviinpainted'panels

1:4 	 caused 	 a thermal pulse shaped as that from,au atomic explosion,,,(2) the:
stresses . 	 ed'' tne' : nonuniform portion : of this : transient heating; ;and; (3) the conditions:..
whie lead -to thermal inputs causing significant stresses due to nonuniform heating.

transient heating of plates subjected to a typiCal atomic explosion
thermal pullie:le.atUdied• Sebtion I. The resUlts:obtiined are relatively" accurate'. empirical

'•`704retsione:.for,lirofiles of -.temPerature at.various: times in plates:: tiC: 40iii
subjedted,:tiv:Veribus:.magnitUdeand ..dUritic6 theriSiD

4 	 nom`ididied4
- 	 •

OW'

ecus 	 for which ;tiger

`thickne ss'' arid'
Iran these.., data,
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Results obtained. indicate tot little damage to aircraft and missile skins will arise frcm
the stresses associated. with the nonuniform aspect of the transient heating* of the skin which
can be produced. by the thermal radiation from'atomic explosions. Skins of very brittle materi-
als are excepted from this • statement

More detailed results from the three sections of the report are presented below.

I. The -.:one- dimensional- heat,. transfer through , bare -plates is studied- for an- input .. pulse
heaped as that :frcee,:an static exPlosion. Cooling at :either surfaCe:Of the plates •is not consid-, 	 • 	 -

ered. The results ObtainsabeCcáe'less applicable As the: 	 -plate temperature approaches
miltinorteMpetaturit:11#; ;011oriing inequality,.. valid for ,..amoUnts or heat ahsokbed which are.

AbatMeen 	 of heat required ta bring's, plati:unirOrml to its melting.:   
'444 . 1.14.r:if: the 'plate 	 1.11;:iiaf:t6:113Ce

or 	 anemia.: ot. :::g*eiter. 4111; satisfy blvexpression:: ,for-thiC•

•• 	 •. 	 ....• 	 ••••. 	 ' 	 ..••••.: 	 , 	 •The results :oktaiked....in. this section . are - direCtly anilicable. to studies ••.inliolving .surface:
.••••. thermil damage,: such as , c erring . or•bubbling,.,.of irrediated:..taterialt"llehode: conductivity , ii low.

,
IL An aPir.Oxiiete..relation . is.developed: between - the : 	 profiles 	 ei.1.147edge.•

04e.-.8.nd . the 'etriteeaesiOciated with. 	 tiOnikiifOrm ,:aspect of ltheeetettierature profiles.: These
• "vf-ifettittht4/- • 	 •

Part Of the
	

the 	 " 	 the: ..
validttylOe,the "itrees.::relettens depends on the',follewintessike#4.iike::-:..'•

* Work on the : uniform heating aspects of the lethality
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• The stresses near the center of a plate 'having fixed edges,
, such as a :panel Of aircraft skin; are reasonably well Presented'

by the theory for the stresses in a nonuniformly heated free plate.
• jeglected inertia effects will not greatly invalidate the resulte,.

obtained using steady-state stress-teroperature relations. . 	 . 	 . 	 . 	 ..-
3. The curvature of the plate near its fixed edges is at least as
' large as the curvature of the plate near its center, but of

,opposite genie.

The.ealculations tidieste that combimations of thertnal pulse duration,. heat absorbed, and
 - 	 stressesases on the rear side Of the plates considered

t::: :'-''' .;:;1::::  :- ''  -iii, eilldf°12:i7it 'the
tension

 ' strain-stress- ,... 	 ,....-:iii.:4' .3:.bi; f:c4::,:;'a."'s-i)ti::large::7
r•-.4.' ''. ' 	 : 	 ,-.,. ...:,,,N 	 .,t,.1,,, ., • • 4, 	

.'' 	 ',...J8-; 	 ;.magne sinsi,. , :ind" ; 18-8 stainless : átelt'sa tor . 75
11,;*3/11, exid1e, respective3r. 	 x1'teitieiii nileirr"px4ailteT by: iiiitaingti':are., lesss.:.;' , ,,.••.:;-!.:y.v4..,.,.. , io,: .„--,..,,:::, .:..r.V.;":3 , 	''...;-• '' s '!...'1.,, :,":,..;:",. ..-N,..e.z. ..,. -. 	 . 	 - . 	 .

than the 	 '+10042101iie. . 	 ' 	 ... 	 . 	 .
,......,e7;:''....ci    calculations'. inn catii!.:ibat Stee rifent set	 ,. ,.• , • ..4;; ,, ,:.,,,: !39. the: inputs

,
c 	 will 461;:iiii;'the -	 -:1 '''.■‘ (. , 'W ' '''' ,' ' "-• '`-`..: '''', •'; .....■•••:: tr•:'".§ . C': •""‘:....% ''''• ' 	 • '• 	 '	 6,:t i, sinda't

to, 	' of 75 Z and.
-',-,ipoo&tig to
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establish the 'validity of the approXimations made in this analysis.

•

RECOMENDATIONS

Although the obtained results do not indicate that the phenomenon studied plays , an important
role in aircraft lethality estimates, it is believed -that some experimentation is warranted to -

It is reccamended that the twenty-eight measurements suggested beloir be ,made . during some
,apprOPriatellill-scaleteet tdit:abeckthe assumptionemade in relating the stress to the .nonuni-.
form temPeratureprOfilfie.''

1. At the range .detersdzied., from Figure 29 for the chosen test
Mount -two 1:4:t."X, 	 plates by 'mai. Oprings. :top-• „ 	 .
POrting:framee, 	 to be:SbOie the dust layer :(essential-

fqfpit:‘palFtliatklittoti.*:;.
SR. -ehOUld:::bei 	 .ft-, 

• • 	 . 	 .

	axes .: Also 	
,

  siirfsce temperature at`
thete pants, such that the rear sUrfice :Streas can be evelUated.„ ,

Time ree 	 : should. provide , time .resolution suffiCient
 .•

?4. ni). into :nine

4r,



Definition of SimbOls

t temperature (°Rankine)
time (sectinds)
distanCe,(fiet); x 0 on the front stirface%of the 'plate

...:tiSSPer:Slitiirs:, (taken... se,404,!Ft :; ;the,.problem„solved)
ahMrSSteriStic:iii:4:; . , *ten, Si the time frain zero for
decrease ;>'to 	 of	 in a 	 • 2.$: 1.:6 

ythe total ; thermal :risliatiOCIOOritSined in , a pulse has



B. Problem Statement

Prom Reference 1 we write the one-d.imensional heat transfer equation as

2act _ 	 pa (t* - 1) 
?)1.1c41.2

. 	 .

• • ." •
ant:. free: the second :,af^t 	 .tiOuildary..:.eciriditione :heat ...1.8:Xdded.'WithYtime at .':ther

Iiieilyyth4;pase
it is alto' evidentea that altering the temperature increase scale, 	 the• •  

scale of t* : • 1, by the factor: 1/X makes thestatel problem indepeUdent of x. Therefore, the
tie 	

• „ 	 ,
result 	 tire distribution for a particular set of values : of.:,, ice .e..,:r141,. : , : , 13, : :and X

lleinevaines
ka;
	 - •
PP1311.2*? theilt*tel

	: 172. 8 	 • 110.5 	 491

	

.230 	 .248 	 .11
830 x 10-6 	933 x 10-6 	.207 x 10 -6

	.5 	 .7

Tableti: belOW liits the values of .13 and K whiCh vire used 	 4iXAC solutiona.
res 1n which, these solutions are graphed , are also„referenced,•



374 	 249 	 27.7 	 23.3 	 15.6
.0142 	 .0213 	 .0426 	 .064 	 .0568 	 .0852

2 	 3 	 4 	 56 	 7 	 8 	 9 	 10
.934 	 .622 	 .415 	 2.77 	 1.56 	 .356
.284 	 .426 	 :64 	 6.4 	 852 8.52

Reference
FiRut* •

end:Lite 'integral . which were used' 	 solution.,.of the• 	 .

tation,lit: Ftesulte...„
. 	 ,

The gelitbione:.forta* , 	one.values:	 : arapletted 	 Figuree:2:•through',19 as the' • 	 ,-'• ii.:.-4araUsi:ttitainioiciitiesagaa:. 	 .
t'e *PP 	 • 1 scale to make the results -

***, 	 durations.
eel steer

;IkiAt:PietdmiOliaPlaia•ais cenaideriCtC(COnsist:Often' 	 '
,ACCOrdin .i;4;„the - plot of each solution consists

di^mreni	 ete•tima:trapha, one corresponding to. the temperature variation : a 	 po
. 	 •, 	 , 	 •

ion: of Figures 2 : thrOugh 3.9 'shoe that in''lone; of, the problems; . Soliter the: ,

var.iations .in all ....****:are.,P*1!.a*;.;i.**-:•!**t*.•,i*41c*g***;#‘30421kt.:14'qett%thase'.

throUgh'19a).' . :Iie izid*SatiOn;On'eachOitlrigUraii*' ,-i*Oilah; . 3:0iii:. -:iiiiii 
Ei 	 io..alutaiiiimL iplites of different thicknesses heitted;b3i therrial.pulties•• of 4arious.dura•: .

na•bt!riaUltiplking the 	 bi.the factors listed iii'the'cOrrespOnding l'Igure of

.77 r.1.1



UNCLA
Figures 7 through 19. These temperature profiles, plots of t* versus x/L, could all be
represenieVeithin a few per cent by curves of the type :.

In this equation subscripts F and R d.enote the front and rear surfaces of the heated

te. Note that the'origin of x in this relation is now taken at the -aibter of the plate

and positive x is toward the front of the plate.

The weanss of n used to fit' the temperature profiles are indicated on each graph of
1141424111 7a through 19a, and. are';dotted versus %, with t34 as a parameter in Figure 20. Nate

se of the Plate :Occeri at the fronsUiiice.. In Figure 21.

2.5 .cam • 1.20 L

tee the heetiag- of  plates !9r square pulse inputailiek**.ii noted
;- 	 - -

3/16 la:: 1411 iernit the .entire: thermal 	 it, 104 'i'edeiYaii:
_ 	 ?'

reer:00Frane,oq9urs,..tbs,iceria.n.ir,sr,9curtug.,."4".i.ye:zukin

Talciug ; ;account ` of _the: difference in palace :shape in a .orude .:fashion he .pwwwmit, rewm11Mu
indicate, that-, this 	 produce umakiisk :temperature' 	le , fimin

• 	 . 	 :. 	 • 	 • 	 . 	 • • 	 , 	 • 	 : 	 :. 	 • 	 • 	 . 	 " 	 . 	 . 	 • • 	 %_ 	 .•.; 	 • 	 . 	 ,

`L times tiw:. ,Itinal:teitqWwasttlie increase. Therefore, the, present '. work it :in .agaSmmaintilitibt;lie.

n is indepeldsot of

:E4



•

thT1ON II

STRESSES IN PLATES CAUSED BY NotanarcEE TRANSID1T HEATIN3

„General! Discussion

. The sketches below qualitatively depict dying the period of nonuniform heating the defor-,
• matte:a of fixed plates, such as panels of aircraft skin," subjected 'to therniarmitliitintfbn one

sUrfece.

' 	 I

The incident thermal radiation, q, varies with time in such a manner  that the .most pro-. 	 .
nouncednoniiiiiforsi heating occurs in the ft half of the heating phase. The madmiim stresses • •

'also„occurS.nthis -same ,
mf= ,,i'frg	 • -4', 

4,",. — 6'''ghpatfgkigt*';

-

thetion 	 rElt 	 se*:;tbOugh• 	 ••• -Plt,,\••4,, •
• • ....i-jetihiiiitetiireugheirt the

, 	 .

• • 	 • 	 • 	 .• 	 ,•,

the 	 •onuiaff
the case :. -..,...,theldataf inertia: does... notgreatly restrict bending, and. ifp1s t

• •

	

	 .:to-thickness4•441iiik ii large. Aircraft skinpanels":•Renera14 ..:' hart: ltirg. 	 „. .
rstioa. n fact, these ratios are ganeral3r so large that only a few deè 1fOrskeers-
ture rise roduces sufficient stress to cause bu14ng In the ana3'sis to follOY we will 	 • • • -

,tos4kiigav'tthomingaristitaii
't• 	 With the transient ' :cnoniniffnXit.lbeiiing at station (1)•On the restrained plate depicted in Scetch,  B.•

This 	 • • 	 s-"' 	 ":"•buckle ' readily.
‘1- 	stresses near the ,nentex.:.1. of the

plate, an seauution that should be satisfactory for plates that 	 also
Of : .11e: ;PIA ie will not greatly :nettle- 'AS:':j11tetificaS•.:."nf •

. 	 .
•

: , ..,..4., ''.:", ...dr, :'-,' '•, .. • . ' .' i ' ' :.: '+.;,.;'", : •.:...?"' . '" " ."-C."'" ' ':',',f45 .,‘•:,,,,:',.' -: , .. ' ' '' .. -,-. 	 • .; ;. '. ' 	 - ' , '.ir:';,'.- f,..f.."3 '.., ...;-, .: '': ...5, .' . : " '' .: :',,,c2:,.e-P ..̀ •'''';;A..,-;-'41 ‘,..140:iiiiitril!'•!;?7, 4V:r.q''''''' ' ' ; 	 '

* :' It-isi-emphasised,‘that ..the . street:see here considered . dO not :include' thOian's.ihieh•wOnlit-iolilie:

	

- - :line Unikciim heating ',Or It-restreined •.plate. 	 ' 	 ' ..' 	 . .	 .... , 	 .. 	 .
.. 	 .. • 	 - 	 . 	 -	 -....:

•

Aletit	 '43 	 . Co

(11i13A 	 • 	 vs'bresaes

• .;,:,•`•

are notl:.linpertint4Ozeither:vf 	 - 	 4. 	 .
sitaintossopo

,Platemitit*to"Picknesist



rrti,

• •

il:1401.401100i1 is .nt4:.underteken'in this rePort: : hoWeieer, ,Some.::iieasUreisentis could 	 Mide
. 	 . 	 • •

test to chink this asiumption.t, Those meSe '..ureme 'rite are described. under. 	 • 	 • 	 • :•••". 	 :,'AY•;'.:t'"F'•■1:': 	 •".,

. 	 ,
assiiming. oPposite ,plate curvatures near•Atations (1) and (2) of the,plite shown, in

Sketch B,,vs viii infer the stresses at station (2) from those estimated. et -station (1).

Me 4111,iee.: that 	 ,tension stresses, possibly producing cracks. , in brittle materials,
ertain conditions:at the rear. Sidi of the plate near stiatiou(2).

W2
,b T(x)
2 

:04iiiases which' had to be addhd:to COrreCt*he 'first termi:since the:edges of
SOtOtete. 	 .•

WW1:•.thits'thei.tempereitire...ratiii-prOfiles at 	 timei:COuld bi.•. 	 . -.••ar,thil.:10.1low • TOrnit.'• „.•,, •



1.`

•

In this. ..equatiOn- .11 'Sad. 4.. ... are the values of the temperitare,ritio,..tilo .on the front - :• .. 	 -•

. • and rear faces .Orthe.plate where x is L/2. sind• ....-1/2 0 respeCtivelY.'

•• .. • 	 lAiltiplying this equation by the reference temperature, t we obtain . the following
.. •,:. ......equatiOnfoi . the -distributiOn, of temperatureincreasest through the plate. - • - • ' ''''." •• ••• , 	 .

•••• • . 'T(x)•••:.•• --- (t*-. -7,1) , t •• . se .. it * * -Iti; , . 	 :till', 25,.. + z/2] hl 	 't .. •

•Substituting this-relation-into the integrel equation for the thermal stresses ,and. carrying
, 	 . 	 . out the integration irtetial the soixotn.ng:

• •	 •	 ti)

The CheticteXistiCs. these,Mtiess ,difit.ribeitiomm, are discusSed.,:telowado•MstresettIAterioi
Obtained. P;cM"tcfdx. 6. This value " of x is:

A.

A• 	 t"
119- 

n 1) (n

vs see the-'4 	 ii

1.

tertor sthba is given by
- .1 7

4 	 • •
: 	 • 	 .

. 	 . 	 •

4.01~At
"-.21r.4*g2;,:0%

Irk:4}'Air+.•*)

•

 tb 	 oneAt - nh. plate ar plotted.

reaaef•

'"

'/ 	 sfenston ••••

•

...fro • ..surfaCe,
10VCOnntantit.brOughout ..t

• '• • Sere.. tuationAxistiv 'temperature.profilei,lsince the
. 	 . 	

,

. 	 -
unstreSSed As a 	 „infinite the temperature profile- beeriest .dieeittf°' 	 .

Stretin .• diattibUtion...al • thermal ,..straiii...occiitt- ..-•thus

. 	 - larfeecterdatoiterd.•
-;-

; 	 - 	 • 	 - 	 . 	 4
•61/12)

	..--vhlia.:ihe4iiiii-; 	 .- 	 ietiOrsiiiiiti:ia..:WilMe..-Aniii:thertitendi-.toiaid . .tero. 	 "-:...`-.:
	ress	

.... 	 ,.. 	 ,•...., 	 • .. 	 .•., 	 •,;...:!,.-•.: 	 -,.,..,•,......, 	 - --..,,t,...,:..(4.,...;: :-. :,••••,..,-f 	 ,,...,,„: ::;::•...,......-.:::-,.,:!, 	 ....,.::".• . 	 ... - •, : 	 ?:•• 	 '':‘ 	 • 	 - 	 •• 	 .. 	 • 	 -

	

.'. 	 iwill,'OCcum"for.-•the .sime.:value:of . ••::w.:••between , 1 . and co. The. 	 . 

	

. 	 , s . 	 . 	 v.• .;' 	 L 	 •: 	 • n + 1 	 (n..+ .1).(n . +2) •".a • (X). • 111 '41 	 !'•.°@ 	 •

'-'4:..- ••• ::-':,•:•.:•• . '" .;‘eqiiii•l f:inf .. '-'' '4i,-C•iiidi: 'Cite ..:tii .ei :. .: n ••••• 3 . ::.iieiiii ;tiii.:ii:;iiiii*tbi:, iiiiie';'.iiiiiiit':iiiiiiiii-:' •

	

-:,.., 	 ....:..litiiiirs,.iiiiii i ii4iiiii, it: i deiiih •Eif7ahoitt . ' 0.'38:: ok • the ',Plate tiiiiiivaiiiii tits -the :front surfaCe.' . .

•
, 	 •



sbculA be notes that the stresses discussed above are all directly proportional to the
s aint of hurt :absorbed, since the taus (tit - 	 varies directly vith the essmult of heat

The Preceding equations and-their grephs- in Tigure 22 completely define the stress near,
station 1 of the, plates of Sketch B. Since demist, failure is most' easily' caused by tension
rather than compression stress (i.e., cracks lead to more severe damage than spelling or loCal
.ccelpreesion-failmre), vs focus our attentionon the most severe tension :stresses. in the
plate. At Station: (1)" :thee tension stresses arsi -Ineh less than the mead 	 compreission stresses:

see belov that at Station (2) the caepressien stresses are still greatest,indliagnitude
the tension stresses are relatively micOh•highiii. ile iiPpraiiiiii0e 	 at etMtions (2)

from .tbose ab;.:Stition (i)by • changing the sign .then ,Of ::the 	 rerprei'Mning`these stresses arising
:4positte, 	 .•• 	 • 	 ,

stetiOn.la but _ .equal :in MaOitide Tbut ,Station (2)'; near the
etreek.diStritiOtoti 	 : 

4.1■41, ..+kqe7.%6

(n

.esite•'
,c4145.47,...$3e,,*44,40,i,r51. •

Iu aSseetingsitbedaportance of these thermal stresses due -to:transient nonunifOrm heating :
--ve - villiepecirrtbnee . Conditions for vhich.the tension stress on the rear surfaCe of the plate.
near statienT(2)*Ould.signifiCantly.exceed'the static ultissibe stresti:if ther.titiesti=strain.
relation Veal *Ser., Actually 'a 'etreiele 	 te.,the stitie 	 -Strad.. 	 PrOduCe, 	 „ 	 . 	 ,
Plastic.:iitrain.   . 	 . 	 •, 	 •. 	 , 	 . 	 . 	 ... 	 • 	 .. 	 • 	 . 	 .. 	 „ mete - stress !ill produce in askant of -plaatie , titrain 'Which increases as the calculated !lett-
.ttais':stress increases.

C■•



For ;.ConWenience we define:re stress ratio, 5, as the ratio of the tension stress at the
leer'Ot.the near station (2) 'to the static ultimate streissof the Plate material. As
Indideteiebove ythe calculited stress is a fictitious stress for values , of S near or exceeding

1 (n 4•2) '

The. : : transient. heating' solutions -of 'Section.I were used vith this .expressiOn to obtain the
time: erliationS of S inr various thermal:..pulse durations and. plate thicknesses. These varie-

 .... 	 .. 	 - 	 ..

;tions sboweeiae.tIXaan.stress ratios occurring at di►ensiOnless titles' final .50 to .85.. These
::ratios 	 ted versus duration • of • the thermal :pulse , with - plate thiCkness.. 	-.;,:!. ... 

.:*44: 	
. 	 . 	 .. 	 .. 	 , 	 „ 	 ., . 4. 	.	 .. 	 .., 	 .
of •,Ftiture....'"23 are for alneinteepletes abearbing snug

,if -, .kr- -•.r..-,--.: 	 dieet004Weigkiiieqb4m44itge"Vgir
.

- , 	 :-,•,;- - P4.--..:!r.vifi . 	 :7 • 	 .•, 	 . 	 .,
ei ...i iiiiii*iti7Aiiiiii:iAjOi.*44,fiii 1 and 1 ..the. tcityiiii4 iiiiiiii6ii..reirteentsthe data
23 to;: about ' , 5%. • (See . the: dashed line:In Figure 2i.)

.6
•

. 	 . 	 , 	 .• 	 . 	 . 	 . 	 •
aan".1Urthir. generalize' •this. 'streseratiO .:relation tin . apply :.to: any 	

.
,..,.., 	 • 	 . 	 •• 	 ••,• 	 ' 	 •".• 	 ..•

rege: • io 	 . 	 • • 	 •

, 	 . 	 • 	 .
e.;.:III,:belorliete the 'quantities needecIto evalnatethie term for the materials Con-



(1 - vwelt 
'' .4iieteriel 	LE , 

6
6

Al- Alloy 75 ST 	 75,000 psi 	 •33 	 13.3 x 10
-
-6/°F 	 10.3 x 10

6
 pei 	 367

loMeg. Alloy JS•1H 	 42,000 psi 	 .28 	 14 x 10 / F 	 6.5 x 10 psi 	 332
Stainless

Steel 18.8 	 125,000 psi 	 .305 	 6.5 x 10-6/°F 	 27.6 x 10 psi. . 485

Using the :tabulated values fcir 75 . ST luminum, the final stress ratio equation becomes the•

follawirg:
sm . Tr.( E. 21. 	. 625 . atr f b E

2.5 %Ito •• • 	 1-556 lcult U" - ''') any materiSl.
 n,,

loring this.relation we must restrict ourselves to ipplicatiOns.vheze teeperatures 
.4. ..,,..ii,,.,,,,,,,,,,,:tcy,4:11i.. L:,lit.:ct)i.a°ur---.•':'s:'"''::::;:''zr''-'4i1''i'tcu17''''I'llt:'jt.'',4:teC'erSi:tie':A,L*..:,1')...,'Igiure:L't''t;'.o'4:7f:'4kc?''''it1131Pt.;1t::71*ii(tet°n'';!;'-.C'''":s'k,a-:4c,', -..7.;t7:117884sile'1iirealla:17:15

•

•N,
,questS'''' "4- ' 	 turf 	 t'friett":' 	' 8- ---7 Titz7--, 	 ' 	 '. 	 eiettuOtta:f 	 ;.„.::.,..„,

... 	 dr4O, 	 t se:resultv 	 i::1:rtePee-..trenre:.:intiercee,vith a,-- .,

etypplthg 	 s:' 	 will'.. 	 ,,ll.."negle.'eny'?:.:, ,, 	 tiOn-6t ma
ire 	 'titre

. 	 %. - 	 , 	 ..4 -4-1 ..mv... ,ac*zaaikts...s, ,s.epxt.-a.xoV.,.e.i?,,&... .rgeva-:,.f..,*, ..ed .,,,,

effects?'0Militiiiii4„firOpertieVere ,: ... '..::.invi2...{0).•:'.chenting:Of.;.,4*.iiii*:.:
oi,)41ifi4::#1-;piii::;04.ci.ii.:'Pr•0■3.4 ee:.4:eiiie:.:!ret4et: at ..the  re4. .01 ace will: not be excessive.

ThC ....i;SSeW.V14eb'sCen•.bS :Pir*Ucki ..: in 1$• oi..ii4it.ti##' ..41,.O.ir)..,45-1!111 .?"5! . 0....34477,:7:::'...*7k . 3t
Iiii;ii- Steel' , tire ..:Vhden, ' In :iigu res '24, • 25'., ',::1!nii "26; • - :reepeS A.Y	 •::011tC..,,„.....,h.:::•91......,.i-tAbit":';',." . .... tr, ;„...,.,stai .„.:iiistii.i. 	' • '	 • 	 • - -,-, , 	 ,,- .., 	 — , ...::', .. ... 	 ...., ... 	 ......:.,-: iiiiiiiii , 	 ,itaiiiii .Dit- 	 " 	 ,...,:?..	edirftt	 ..;*8.' i ' petkameter, '... of thermal` .pulse 	 on. 	 a..,,

vAtst AiiiideiiliY thickness ss s	 -.:,YeiBus:600izot,,.OfihegkebeOrhed.....:,Ths:he
•04af.' 	 atr:::iiiiso 	 s'444,:tic1;:tC..iinifOrS14i'ileat::the4;let:;treite'*ting.:teitiperatnre.:..

...:0;,1,:0;Ch.. 	 '8,'. 	 '' 	 liasWVaine:'0i'..the . Citiincite for irhich our stress calculations . .' '
' 	 • ;•alk:discUSeed.:abOVe. • To:prepare these figures a.120071 0.. Meltint'temperatUre was Useci.for

• : : and,itiegneffiuls, vhile::2800: -F was Used..i for..the melting. temperature of ,...bteinlies"eteel.
iaiiiitiii',:.:iiii6ii:,-:ibii::aiitii)siiiiiiiiii'!,,at..:Siiit'eiiiiiiA a;: . :iiiiii,:ihiCiiiii.iiii..•.:;:entiAtiifiltiale:.i:• .; •

•-1051:trti .:for.:Whieli ,'the'efincteum. stress retie) .46.. between 2 ,anctI 7.1‘or::75: Pr alZulativia ..snd.,.: ,
47.8..**40,04 .,. 	 „.18.;:greater,..thin 4.., for ,1878StelMlestillteel:'.:....'It . ltebtliviiiiiir ..theitifie tidastic„

.1

•

strains:' elated to ;. se.:.celCulated stress ratios ..are leis than the rupture' strains .of the
.4uctile istypified by 1848 and 75 ST. : . Hoiever in tiie more brittle.laterials, such as



seep* that the : rear.;:airfaCe :.tension :' Arise. :exceeds 3/4:: Of ite:SigicimuiS; lieliii, for about 14:. Of

•:. thethesi pulse duration. - It is also noted that the megtiitiale of the matimusv:frout: surface •

	

CatpresSIOU Stristee'isiihOut .:' 	 of the magnitude of the isakialsa'rear surface tension stresses.
..• 	 • 	 •	 . 	 . 	 • 	 : 	 . 	 • 	 . 	 ' 	 . 	 .

■';±, • ;  ;.,. :':•-•'•''.:,•••..:!;. : . :,.4: , 3.; :.,:■,%:;!: C.:4!,,..: ..,;:  :r.,:! .  4 
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•

•
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••••••.;...;•.••

--.4410Atlitot44

• `'
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SPECIFICATION OF YIS1DS AND RANGES AL WHICH LARGE STRESSM
WILL BE CAUSED BY NONUNTS0E14 HEATING

In this section we will see if those combinations of heat absorbed, plate thickness, and
thermal Pulse duration which produce high stresses represent practical cases. To do this we
will consider the response of different plates to thermal inputs associated with both the first .
and second thermal pulses of• various yield weapons between sea level and 100,000 •feet. Refer-
ence 4 shove that the shape of the first thermal pulse is not much different from the shape of
the second thermal pulse. Thus we may assume' that no large errors are introduced by neglecting
thi change in input pulse shape.

References:4, and: :.

: discuss the dUration of and.ths energy. contained, in the therria• sea
is :

the. 7tialtt . the decend:Pula.e. ,,•,.,At.•100,0904feet;,.theSO:figuires,beCcite:. -, •
r. 	 rrr...77Alltitg

and :1 	 energy contained in eithei-pnlie: is• -; Witham& pro! --
Until • to thi( .total .," 	 relation' !$1.:Oir,:repriiiiit these data within 	 10%

astinaidd'-thins negating . ; thede •
CeVeregs,•!:canisit:hi;.negleeted

these relatiOne 	 tettil yield . in kiintons,.radiar.Aidtance - frock the buist
biliet..dltattide. in -tnOliniands of feet.:: 	 accordance with . the Wei* of••• 	 • 	 •

Alwelsectirmtm4 	 cti*rinf;.the(y.thermals.:yield 	 ,is ., not ;: deemediiieeStierf!:14-:the •
•a .y eld of 10,000-1Mthe method used predicts only 	 ' ,.'more:thermal

than that:'giviiftt%44'''w•
. 	 • 	 ' 	 ' •
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Subetttutlfl

•••••••••••••

•

• 	 "."Section t, the duration,
.• D cOincides with radiation of .abOut:95$ of the total,:enerey in each

We now rewrite the general stress equation preser.teit in Seetion II Esubstituting

aQ
' tr " TEL* ana 2.5 1103 1: D.

.625

• 37-$36-56t c-i;i (1 v 	 4ini

cig 	E

• Below thi equation i
: 	 • 	 ,.. 	 •

isieCiaLised'for•75.ST.:,alinlinua‘ JS7;lit,ssignesiissi and:184 stainless.

"••vslid. 
heats-,abitorce,,

unifot1D37 heat the plate to itsme1tifl teeratUre ,.
•

g

•• : 	 77 	 ••• • •duration, plate thickness, aM aif
•	that enge of s (i.e. pulse

• N 	 ••••• 	 thivilexting.:••• • 	 •
- 12kar6:01-?.'!

taken irecj.y
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m the 1f11*flfl stress rati:0;;etkpFessioz,i?r ur 	 , .
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first

•
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ter J3-1H 	 atha 18■8 stainless 	 thele. ,
 maim= stresir ratio equations'

•
tile4roier eentitent oleo apily.. These ultiplideg,.: co nstithis.srei. 	

•

7Pi 	 • 	
4...1.■ 30 	 . •Br. 	 • •

'..:..i...1 2-.
''•',..•••••••, • .....
1134 2. ! . • 	 • 100;000 :..

• , 	 ..-....:. 
00000.‘••• • ......;,.....,.. 	 .:

sitial....: .....,. 	 ;'..:2.••3 	 :.•:.20;06.q:
. 	 . 	 .   

:..:ft::3/1t. 	 "...':ipo';'000': - ..,

,...Z.:314 ..... • 	 ...:.160;000:: •
..„.. 	 ....,. 	 • 	 ......,.-.., 	 • 	 • 	 •

..:::l• 1/2:' , :. 	 .••• •:
.

20,000 ... •.
1 1/2 	 1.co,opo •

• 1 112 	 • 106,060 • •
.•:,::::•,..:,•.• 	 ..• 	 ,............i......
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Plate
Alt:: 	 'Thiel_ _i__iteat '-' 	 , Yield , ; . , ,•'• . Haat

20,000 : 29950

	

100,000. 	 950

100,000• 3600

1 1/2 	
. i,s50.

11/2.: ,	100,000:.	
1550 

1 1/2„100 000 	 *-,54,,.......?,,

ta,lenicli,:anienigli strata (ancl•pecieeplir Canlis rin:O...1a) win.
ciisik.29:ipt near . 

sea 1eyei:aneat aaini11a*:;;:vange fr61,1 lep:at L

telt !rile 29 KT at 100,000:.:ieet thermal inputa prOcinn int :tie.
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