
cal
the
ble

A major purpose of the Techni-
Information Center is to provide
broadest dissemination possi-
of information contained in

DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and !ocal governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



LA-(JR -99-? 734

%4. ..’ ,L ,? ..,.,: ;, Ihe Unavmrgl-y of Talllornm for the Un,led SIaIes Oaparlmenl 01 Energy under conlracl &.: A05. ENG.36

TITLE

AU THOR(SI

SUBMITTED T()

,., ,a .,b,,l., v,,, I 8* ., ,,. , , mw

,, ● [. ,1, ,1.m(l i..,,., , j,, .

PRELIMINARY REPORT ON CONFINED TENSION
TESTING OF 900-24

Richard A. Harlow
Richard V. Browning

Analysis and Testing, WX-11

LA-UR--89-2734

DE89 016595

We:;ternRegional Strain Gauge Comittee Meeting
Idt~hoFalls, ID
22 August 1989

L@~A[amos
L-

,,U ., . ,@ ,,,

,,, !,,..

.,
I ,,1, ; % ‘ ‘ “.1’’:, ,”!“J,

f+’

Los Alamos National Laboratory
Los Alamos,New Mexico 87545.,

jj?,’~J ; ~!J

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



Preliminary Report on Confined Tension
Testing of 900-24

Ril”lli]r(l .+. I{ii~lo\\-
Rirllilr(l V. 13r(wllill,q

.~l]ill~sis illl(l Trstin,q \\-X 11

s(’l)t.(’llll)vr 19, 19ss



.

CON’TENT’J

1. Is’rRol)[”(””’I’loN . . . . . . . .. m.” . . . . . . . . . . . . . . . I
Il. I)12SIGX O1; (.’OSVIXIX(: l’l:l:SS[-!ll.: \-lISSl:l. . . . . . . . . . .’
111. (1’ALIlllt,\T1OX i\ X1) \- Elill~l( ‘,\TIOX TESTS ;

EX1’LOll,\’1.Ol{Y TES-l’S OX !)00-24 . . . . . . : : : : : : : : : 7
v.. COhlMENTS OX llES[~l.TS . . . . . . . . . . . . . . . . i . . . ‘)
\’I. II EFEll Ks(:l:s . . . . . . . . . . . . . . ...’
Appen(lix A. DKT,\lLS OF D:V1’A I{I;II[.(’’I.IOX Xl
Appuntlix 11. Ol{I(;IX,\L TIIS”I’ II ESI.1.TS . . .

LIST OF FIGURES

I’rmsurc \;IWr*l . . . .
lnwnal l-owl cdl . . .
TPSL !)()(1( “[.5 . . , . .
n.td 000(:-r I . . . . .
‘rfw !)00( “’h! . , . , .
T(?sl !100( :T:l . , . . .
T(%t !)00( ‘-l’ I . . . . .
‘l”f’St !)00(””1.3. . . . ,
.I’c’st!mo(‘“l”fi, , . ,.
‘l-(’St !.NNN.’T7 , . . . .
:Iysl !)00( “’1.s . . . . .
1ml !)00( ‘T!) . . . . ,
Twt !)[)0( “T If) . . . , .
“j’,,stf)~(”’1’] I . . . , .
‘1.1’s1!)00( ‘v” 1‘! . . . . .
‘l-l’St !)()()( -r 1:1 . , , . .

LIST OF TA13LE

. . . . .

.,, . .

. . . . .

... ,.

. . . . .
,, .,.
. . . .
,., .
. . . . .
. . . . .
. . . . .
,. .,.
., .,,
. . . . .
. . . . .
.,, ,.

. . . . . . . . . . .-

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

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

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

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

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

... !. . ...! . .

. . . . . . . . ,.. ,

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

. . . . . . . . . . ,.

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

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

,. .,, . . . . . . .

. . . . . . . . . . ,,

,.. , .,. . ,., .

. . . . . . . . . . ,

. . . . . ... !. . .

. . . . . ,..

. . . . . . . .

. . . . . . . .

. . . . . ,.,

. . . . . . . .

. . . . . . . .

. . . . . .,.

. . . . . ,,.
,. ... . . .
., ..,. .,
,,, . . . . .
. . . . ,,.
,. ... . . .
.,, ,. . . .
., ..,. . .
. . . . . . . .
. . . . . . . .

.)

i
1;
.
]1;
!1;
,-11.-,1
lx
]4
i !)
1!)
N)
20
-1.)

21
.,. ,. .

I F;iillirP [filJlf’, . . . . . .. l... . ...,,......,.,.,,!)
-l. l~:lilurt’ l~IhlCIII!IIIIIW1 Iw slrl’xs . . . , . . . . . . . . . . . . . . . 1[1



Preliminary Report on Confined Tension Testing of
900-24

l)y

AIISTRACT

:\ spcciallv dosignd Colllillillg prossuro vwwl is (Iwwrilml I hat n].
ltws Lcnsilc swnplos 1(I 1)0 WSIII(I uii[!w n Slll)(’riill[)os(’(1 r(mlining lly -
(lrostCa LicI)rcssure. ‘]’(’sk on Sitlll[)l(!s ()[ w(III r]lwaclrrim j maleri;tls
buch M .durrlinuln wcr(! USC(I II> wrify 111(”()]}oration ()( [Ilc syslcm,
calil]ration 0[ Lllc ill LCrllill load roll, and (I;lta mluction mc[hods. ‘1’llc
results 0[ a series of exploratory lwts d~mc 011Lllc inert lrliLtCri;d 900-’21

arc rlcsci.ilm~

1. lN’rRODIJCTION

I



-. ...

-.. . -— ,., .. Il.-c I ::.-

-.= . . . . ....”’1 ‘, ~>
—. . ... . .—. ..- . . . .... —. $ -:.–-

—--——— .. _., ~:%’

, ~?,-o so.——-.— —7

:\l Smil 11-5suggmlilm W’(’Iilliill)’ (I(v”i(l(ul 10 I)(*gill lvi[ll IIri(lglllan slylc ll~’(lro-

S[iL[iCdl~ l-ol]lil’l(d L_(lmpr(%Si OIl l!)St S. iIl(_ll](lill~ [11(} L_~])alJi]ilV of (](lill~ t(tll SiC)ll t(*St S

ilS WI*I1 lhrough LIIQllSC(Jf it Ilw”li’d (IOWI) spw”inlt’n. on{” aulllf~r (I{:\lI) (Icsignw]

the confining prwsurc Vrss(’1,tl(’t’1’l{)l)t’tltho;wsocialoft rontrrd nn(l II;llailc(lllisilil)ll

techniques and pcr(ormcd Llw actukl tvsts. ‘I’ll{!otlwr author (1{1:11) rhcckwl tlw

data rulurtion nlctll(J(ls ;uld drvis(d SOIIICOI ltI(I illl{’rl)r(lt;iti(Jlls rJf 111~~ llI(! r(v+ults.

II. DESIGN OF CONFINING PRESSURE VESSEL

III 1110 t~wf’1 ~11’5iun11141!IIAXltIIIIIII ..lrf,hh!,+ III illr III 11111I;IIIKIIIIII,II III II IH II}

Illr(wlifm, ,\l 1111’ 10,()()() I)\l Illilklllllllll \\tllhlllu. 1111.~~1111, 1111, I ,11, 111(111,(1 11!,1,1) ,illl,+~



was about 2S.000 psi. :\t a ~.;.of)() Psi illt(”rn;l] prod 1(’s[ pr(?ssllr~ th(! ~Lr(%S hO~CJln(’s

about (;9..500 psi. The matcrird CIIOSCHfor t IN cmlfining pmssurc V(BSSC1was .131()

steel wil h a yieh] StrCIlgth of nhoul 7!I.()(JO psi ill ;In allll~dd ~TJlldil!O1l. if.il ]1

this malcriii.1 at the 10.000 psi prmsur[’ IIIC ]Irmp stress is about 40%, of LIIC yiol{l

sLrcngth. .~t the %,000 psi proof prcssllrc lhc !Ioop St mss iS ncar]y @(lllil] 11) I ho

yield strength. So hcaL treatment W’M spcciikd for t INI WISW].

kforc using the pressure VeSSel fOr aLtcndcd Lcsling a prOOf U?SLwas pcrfornd.

The VCSSC1was instrunwntcd with strain gages on Lhc outside surface in two lo-

cations. One biaxial gago was plilccd on the renter of the hwgth of the vessel

body measuring strain in both hoop iLnLI a~iid dircdims. The o[hcr gage, again

il biaxial gage mcasurinq I)[)lh lmop illld iiXi;ll s[r:lin, W;IS ])lilCC(l 011 I llC fmtsi[lo

surface nvcr t ]IC rnd s(~il] area whorr I ]Ie W*SSV] Wii]] Lhidnrw is at ,a Illiuimum.

The vessel was Ihen placd in a rdlin, for cmllaillmPnL in I IIC vvcn L of iL fdi]uro.

:knd in Lcrnal prwsurr iippliwl. ‘1.110hydrtiulir 111(’(iiit hJr I II(’ prm)i IOSL was l)(Jw

(.’orning D(.”2(10 fluid, iL ?0 wnl isl(h silimnr oil. Tlw inlcrl:a.1 prmsur~ vms raisd

to 25.(100 psi while moni LLJriIlg the >[rilill gage rwipfmw. The p:ossurc was hdd

,at about ‘l.FJ,OOOpsi for a porid of al IImL .; Illinu lm. “~]LC ~a~(% SIICJWT(I iL SllliL]l

iLmcJunL of plas LiriLy 011 L]Llm(’XtLVlliLl SILrr;Lr~ ill(liGLfillg won greaLcr ~iddi!lg WI 1]1(’

internal su rfacc where LhcI strossm ar~ thV’WCLiriLl]y higlwr. “rhc piasLic strdill WLS

srIIiLI1. howcvrr. and (IICWMCIdid IMJLfitil or link, indicating thmt 10,000 psi (41J’%

of thr proof prcssurr) wias a s;ifc mmimum working prossuro.

111. CA LI13RATION AND VERIFICATION TESTS
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Figure 2: The basic prrssllrr vow I cf)nsisls 1)1 IIIC rylindf’r. [\v{) vIIIl
plugs and lhcir retaining rings. ()- I!ings ilr(? uS(’(i in [11(’plUgS to prm’idc
the prmsurc “cd. Eklrical fedlllrml~lls for Ihc cxlwwnelrr wiring ;~rr

in me plug, Ivhilc the other h;w a 1 hrough MI= 10 rrwivc lIw ])lullgvr.

pressure was made for possihlo use as 1 rnrrccl ion factor in Sukmqucnt tcsls. III [IILI

ncxl twit III{’ (Jxtcnsomclcr l~wi altnrhwl It) an aluminum sample wilh a .+m(a.llvr

diameter gage sect ion th:Ln t II(’ !100- 2[ SilIIll)l(’S. :\ Sfllidl(’r diamctor Ivas used

LO Cornpcnsatc for t]lc diffcrcncc in strength illld sCilTncss hctwcen the aluminum

and [hc !)00-24, The instrumcmtd aluminum sample was placed in the WSSC1 and

hydrostatic pmsurc applied. :\ reacting form wtm ap])licd to the end of the sample

(luring pressurization in order to HlililltctiIi a hydrostatic stress slate, TIIC force

W’Wapplied through a plunger in Llic vnd t)f lIIC vrswl by nn Instrw Corp. clcctro-

mcchanical had frame and mmsurcd {Ixtorn;dly using [ho Instron load cdl. The

rmcting forw was applirx] as ii funrt ion of I II(I r(Jnlihing prrssurc by a mlllpll[vr

r.oll[rf)]lt~[] rlIJso{l 11)()[)Sy!it(lI1l. l’1)1111r(~;l(-llillg 10. ()()[) l15i 11111 r(t;l(.lill~ ;Ixi;ll f(,rrl~

\v,as rwlurwl 10 (Ivbw)l(q) ;lli ;~sial Irnsilo s! r;lil) sl;in(l;lr(l (Ilrw, [Iilllonsil)llil] iil)u;lr

Pla.*lIr stress-slr;lill otlll;kliolls worv lIsIItj I(I (.1)111 ]111111 Illm)rwlic;d slraill (rl)m 1110

I



the correction was very good and it ~vas felt tll;lt at prcssums Ilp 10 10.000 psi t llc

extensomcter would Ix accurate enough to usc for suhscqumrt trwt.s.

.+flw confirming that strain mcasurcmcnls using the extensomctcr cou]d be

made in the high pressure environment of the vessel. preliminary tests tvith 900-’24

began. Fig. 1 shows the nominal dinwnsions of the specimens. It was origi-

nally thought that the friction of the. plunger, applying the reacting force, moving

through the plunger seal would be insignificant. After conducting several confined

tensile tests with the 900-24 material. and obtaining unexpected results. it was

evident that the seal friction was much greater than cxpectcd. Tests were con-

ducted to determine seal friction as a function of intcrna.1 pressure. The rcsu]ts of

these tests indicated that at 10,000 psi the frictionill forrc r~’quircd to move [Iic

plunger through 111Pseal fvas about tfvicc [hat rmlllircd 10 hrr;ili the sanlples of

900-24 in tension with no confining pressure. :\s lhc force nlwwur?mont used to

calculate the axial slrcss in the sample was cxtcrn,a.1 to 1II(’ vessel. Ihc measure-

ment included the seal friction component. m, repeatability of the S~id friction

was not consistent enough to allow for mathematical correction. ~\n alternative to

mathematical correction of the seal friction induced error was to make the matting

force measurement on the other side of the sca.1, that is inside the pressure VCSSCI.

In this way the reacting force applied to the sample couirl measured ~vithout the

seal friction component.

A new plunger w= designed that incorporates a relatively small cross sectional

area with an enlarged diameter vent paxage, see Fig. 3. The intent was to

maximize, within safe limits, axial stress in the plunger for greater strain sensitivity

and still be able to reasonably install strain gages on tlw inside surface of tile w=nt

passage. Placing the strain gages on the inside surface of lhc vent passage iSOliltCS

the gages from the high presriurc cnvironlnt*nt as wwll itS simplifying Assclnljly iInd

disassembly of the vessel for instal]il)g rl(~w tmt sam])lvs.

After instrumcrrling lhr! rodwiignml l)lllrlg(’r a I)rogrilrll of r;dil)ration il[l(l v(’r-

ification w~ iniliatwl. Ti!o first stop in Illis prngrnln IV;IS to pcrf(lrrn ii sill]plc

output voltage vor$us axi,al form’ calil)r;lt ion to [1~’lcrrllinv I III’ s(’nsil ivity of I I](*in-

strumented plungqr 10 forc(l ;111(1(Iftlorrl)inv lirlt.illily illl(l rvpo;tlal]ilify. :\xial force

was appllw.1 Lo the ]~lllrlgor Ilsirlg lIICI lrlsl,r{)ll IIlilll I“rarrlv ;Irl(l rr)(’;wurv(l with I IIP

Instron load c~lll ‘1’hr l)lungor (Illll)llt r(!sporlw” ;IS wv II ilS I 111- Instron load Cvll wf*rv

rccordd for dcterminatiorr of tlw l)lllng~’r srnsilivity, Iirl(’;wity anfl rolwalal)ilily.

Aftvr confirming tll~ ]incarily all(l Wl)l’iklill)ilily of 11]0 ])lllngor :Irl(l (“id(.”’lalillg 111(’

scnsi LiVily Lu ;Lxi,al [[m-o w,rllic;ltioll ill lli~h l)r(wur~ l)v~an. ‘]”],(* 111(* 1]1, )(1 Ilsv(l 10

~mri[v IIIP 11s{’[11)11{%s of III(I ]jlllrl~rr (Ilr Iligll I)rltssllrc lrslill~ \Vil S [Illlc]l lIIV S;l[llo

.-1



1-.. ,/’

y-l -1
7 ~ ‘—

.C- LJ___J_— — Y_-_–-ll O.Q
.. ——— — ——————— ——— -——r —~ 111

‘L I

rd
L ‘T-

Figure 3: Design of the instrumented axial load plunger. Strair. gages
internally mounlcd in the rmluccd seclicm of the plunger avoid the seal
friction forces and measure actual spccimcn axial loads.

as used to qualify the extensomcter. An aluminum sample was used, this time of

the same geometry as the 900-24 samples. The sample was instrumented with the

extensometer, placed in the vessel and the vessel a.sscmbled with the instrumented

plunger. The pressure w= increased to 10,000 psi wh;!e applying the reacting

load with the Jnstron as a function of pressure to maintain a hydrostatic stress

state. The internal pressure, the extensometer response, the plunger output and

the external force were all rccordccl in this test. Results showed that the plunger

output response was much low~r than expected based on the other measurements

and the same three dimensional Iincar cl=tic stress-strain equations. i\fter further

analysis of the system it was detcrmi ncd tllilt corn?ction for hydrostatic pressure

acting cm the instrumented plung(v must. hr made. m prmsurc acling on the

plunger caused hoop stress in the illstrummltcd scctirm of Lh(? piunger and t!mough

the Poisson efrect caused a tt’usilc slrain ill the swlion. This tensile strain was

sllbtracting from the comprmsive str;tin ill(lucw] Ijy lhv ;~xi;d romprc.wivr force,

Another component ;Ilh’rting the p]ungcr \vn.s tlm intorna] prmsure acting on the

area differential of the I)lungrr. ‘]’his dso rnusr!d txwsih! strain in the plunger

subtracting from the dcsirwl ccullprowivc slrail] used to mwtsurc tllc rracting axial

Ibrcr inside the vessel. After rllatll(’[llatir;}lly rorrccting for both of llICSC rondilions

IIIC rorrmpohdvnce (d thr plungpr rosp(mso If) Ihmm’lical v;ducs of thu aluminum

rvsponsc was very good, ‘1’ho difr(’rf’llrt’ Iwtwoon II IWISU rml i nl(’rnal illl(l (Ixl.(’rn;d

f[mws also a~rwxl vrry w{’11wit 11s(Inl frirl ilm v;lI1l(Is :Ilvasllrwl (’;lrlivr. III 1II(’ ori~i-

fi



nal ~.edification of the extensometcr using the aluminum sample !hc forces rcquir{’d

to induce an equivalent strain vmrc much higher than rcquircrl for the 900-2.1 ma-

~crial. 13ccause of this the seal friclion component Jvas a much smaller pcrccnlagu

of the total force and could be neglected. The

both the extensometer and the instrumented

to continue testing with the 900-2-I material.

final YcrifiCatiOn test indicated th~L

plunger would bc accurate cmeugh

IV. EXPLORATORY TESTS ON 900-24

.ls of this writing a total of thirteen tests have been conducted on 900-24 inert

material. TWO of these tests were i ll~iL]i(]atCd I-wcausc of hardware problems, such

as leaks, or operator error. .411 tests have been conducted using I)C200 fluid, the

same media as used in the proof test of lhe vessel. The first four tests conducted

(one 0[ these was invalid) were done using the 900-24 material in an untreated

condition as they were received. These tests indicated that the material WM failing

when the axial stress and the axial strain were still very much compressive. LTpon

examination of the broken samples the failure surfaces appcarecl the same as if the

samples had failed in tension.

This behavior was not expected and so the next tests were conducted on !300-

24 samples that had been coate[! wilh various materials. The reason for coating

the samples was that we believed the silicone oil was intruding into the material,

The inert material is basically a mixture of relatively high modulus crystals bonded

together with a relatively low modulus plastic binder, The hypothesis was that the

silicone oil under pressure was displacing the softer binder and changing, locally,

the surface of the material by opening a small crack. ~~nce the crack, or opening

between crystals, was initiated it would expose progressively more surface area to

the pressurized silicone oil, causing a very localized stress concentration which,

once started, would become a sel( supporting fracture. This type of failure would

appear to be, and actually would be. ;~ lcnsile failurn.

Upon testing the samp]cs thilt I]iid hwn cr)alcd wi lh various matcriids it was

observed ti, at a significant change in str;lill at fa.illlrc occurrml. ‘Mdc 1 presents

a summary of these initial test results. For example, compare the results for tests

900ctl and !100ct3, both for uncoated material, with results from 900ct10, a liry -

Iun coated specimen tested at the same nominal pressure. The greater diflcrcnce

between pressure and [;lilure slrms iIIdic;l!,os IIIUCh ilnprow!d pcrforln~ ncc. ‘1’]lc

COITlp]Pte $trcSs-St. rain (Iurv~?s arC diSp I;l~(?(] ill J\l)p(!ll(liX I], l\ [~])i~id rl!S.llt Cllr V(’,

w’itl: the (’xtrancous (]iitii I)oint!i f(dh)willg [r;wlurc r(’n)ovcd. is s]1ow11ill ]“ig. [.

7
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Figure 4: Test of Krylon coated sample with extraneous data pnints fo!-
lowing fracture removed. The initial hydrostatic loading curve is rough
because of the con fiuing pressure is rampml u]) IIsi ng ii hand pump. lJos-
itive stress is compressive in this grapht



Table 1: Test summary. ‘rhc tolalStrilill at flilllrc is given Ily [f and the
corresponding stress is crf. h’olc 1htit llw rcl;tt iv{’ stronglh of Illc sn.nlplc

is given by the difkrcncc [actually (IIC sum using the sign cnnvcntion
of the table) between the pressure and the failure stress in this loading
situation. Positive pressure is compressive. l)osilivc failure stress, rrj, is
tensile.

Test Coating Pressure (psi) CJ (%) rrj (psi)

!lOoct 1 none ;0000 -().170 -6800

900C:2 bad test

9ooct3 none 10000 -0.225 -7700

9ooct4 none 5200 -0.045 -2900

!looct5 Krylon 650(-) +9.290 -?250

9ooctG hl-ccat 1) (;500 +0 120 -~~()()

!300cti ~1-~oat A (XXMI +0.030 -:1500”

!300cM T~[ls-Liic undw. 7000 -0.010 -:1000

90(-)ct9 Vinyl !~pe sol-)(-l -().170 -.;i)()()

9ooct 10 Krylon 10000 -().13() -5200”

9ooct11 fxd test

9ooct 12 Tcus-Lac U+Ov. 7250 -().040 -’#Jf)(-)

W-loct13 none 725 +0.075 +150

The sensitivity to confining pressure lwd smms to support the origin:d lIy -

pothesis of oil intrusion onto the material.

More test samples of 900-24 material arc currrntly being produced al,d a pro-

gram of testing both uncoated arid coated samples ;U dill’crcnl lcvc]s of confi!ling

pressure will hc initiated to better charil-tvrizc Illw m:llcrial I)ldlilvior ill n hydro-

statically slrcsscd onvironmcnt.

v. COMMENTS ON ll,ESUI:~S

‘]’[%1results lrJ(lat.r illdic;~lv l.hul hiuIIl)]wi ({)i~t(’(1 Wil h a rigi(l tn;ll(’rid, ]itw I ]11’

;~rrylic Kr.vlrm, ;Ir(’ app:lrf’nll.v III IICII Inorr rusistant II) Ir;icfllr(’ II I; III II II(YXIt O(l s]wr-

il]lons, I{OIIMII wtiltltlm (-;III 1)11 III; I(i(I I)v f“;llclll;llillg I,fllliv;ll(,lll. IIlli:lxi;l] klrcwls

aud straintj fmn 1110twilil:ila,‘1’; IldI~ 2 SIIIWS LIIWI cah. IIl;Il(vl 1111 nll)ors (mlf’rrvl

I)y (’quivalollt stress I[)golll(lr wit II ;L v(lr)’ rollg]i witill):]ll~ i)f I]I(D S]litilr lIlrI(l II] ’Is

of 111(! rmt,illg, \\r(I lIiLvO II() (Iirml. III(ItlI(IIl II( j;lo;l,sllrill~ lIII)(lullIs of ;L Illitl ‘illll.

\\’1* nrv Imirnll.v tryill~ 10 (lislill~llisll IMII,WWII s(I(I. rlll)ll(’ry Ill;lll’ri;lls ]ilu’ I{”!’\’

silirl)llm ;\llIl still Ill;ll(lri;ds Ii)i(, lIIIly(”; II”l)IIII;tl I* ;IIIII l)\l \l;\, ,\l MI 111111* 11111 (’f)llsi(l

II I; LI)IO s;II;llIl~I II J. S; II II II III v; IrI:Il 11111 :111~1 {i)lllillill~ l)rIIkslIII~ 1,11’1,1Is II II:d, I\”:II III, III 11111

!)



Table 2: Test results orrhrcd I)y c(llii~iil(~l~t SI rms ;It f:lilur(~ CO ICUI;ILI*(I as

UP q = p + of, TIIC rclntivc stilrll(’ss is ollr (’slilll;lt(’ of tlw Sll(ztr mI)(lIIIIIs

of the CO,LLiilg. Iligll= 105- 10’; Iwi. I,IIV= () 10” [)si. ‘]-11(’ tvllliv;ll(’111 lllli-

axial strain, ~1 is calculatml as III(* (lilli~rollcc lI(Itw(wn tlI(J (’x[(~nsonl(’11’r

reading at failure and the rending 1)(.fore starling IIIC uni;mi;d unl(mllillg.

Test

!lOoct 10

9olJct12

900ct 6

!looct5

9ooct!3

!)Ooct 1

!Xmct i

!Wlc[!)

!)Ooct3

!lOoct-1

!)()()Ct 1d

GM ing

Krylon

Tens-Lac U+OV.

\l-coat 1)

lirylon

Tmls-LJc under.

none

hl-(;oill ,\

Vinyl t;ll)c

11011(’

IIOIIL!

Ilrllle

INN)

4350

4300
,l?~o

4000

:120(!

3000”

?:100”

Si ,-)

.—
A(Y)

().104

().34-!

(),576

().(;71

(1.36.1

()~11

().2,;2

().:1 I I

[).1(;1

[).1.-)1

0,[:1:1

IllIi. Stifrll(,ss

high

high

Iligh

Iligh

.)

ll)\v

i &m’

low

low

Illw

Ilnv I

rcsull!i for !Illroalcd Spccillwns iill(l l]IP [W(I ]iryhm r(ml(d SI)P(”!IIIVIIS

In an 1[11 systcm, po~tml in a Iypirid silicow ruhtwr, illl(l lhen Sill).j(’Clo(l to

iligll acceleration lcvds the stress sliltv around tlw IIE surf:kcc of the rllarg(’s will

I)c CIOSC to that [’ncounterc(l in our hydrostatic t(’sts in lII(! sons{’ thitt I II(I shmr

slresscs arc low mrnparcd with tht~ prrwsurvs involvod. ‘]’V[)iCd hi]i~(lll~ rll])i)t’r

poltinfi matvrials l];tvc a vcrv low sho;kr mIMIIllusi r(mlparod to I II(* II 1; ;Lntl rould

intrude into llle IIF f4urfiicc in pr(wiscly tlm sam(! fashiun M tlw silir[lnv oil in t)llr

cxpmimcnta.

Ad(lition Al ltwt R Im t)lh IIr (“(mlitlK5 ;Iro II I; II IIIWI [{lr llIIS Ilo;lr 1111 Ilrt’. \\ ’l’ lb)

I)vli(ww that iilll)rovf’111(’ills in 1111’ ;Il)l)ilrlllll St ri~ill I.11 I’;kilurv, or (111(.lilily. (II’ 111’: Iikv

ln:~tmiiLlfi (“rml(l I)(’ rwlli,x’il. IJr;lln;lllr illll)r(lv(’lt’~jllls ill 1111*hlr(’~s ;Il 1,1111111’ 1~ 11111

lilwl.v Iwcallw lhi~ ix l):lSil’il-ll V (’(llllr{dlml l~,v !11(’ slltwr klrl’llulll III 11111 II 1’ ,11111 11111

!llll)!il, alltiilll~ (“ll;lll~~t{l 1)~ 111(’ t“llillill~~,

I ()
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P J, = (.”l!., – .11, )/’/.’1 1,.

where

(T =(.42, – .11,,)/’/.-1,, – /“/..1,,.

wllvtv

}’ = Appliml l:(m’l’.

/“ I , 1’/’ ‘2/(: , 1’ 1{1, H:
~,,,.,,, -’-: ‘~- ;; . . .

.71, Il.’ /1, I 1{,{ h’; I l<{” Ii;

I’IIPII •.dvill~ lllt 1“ .IIIII 111111111111: /\ 7111:” /l’/l \vl, ll,l\l

111



1,”I‘
1“ = lie,.,, ,, -1 (

?l’11’~ II’:, II’;

11’: )Ii/ “-1// - Ii: ‘

/i = 51r;ulI Stlllsilllil} III .\xidl I llrlt’ III” 111.*lrlllllIIIIIII(l I’lul]gltr

~,,,en,. = Jltlnhurtvl .\ kIiIl S1 r;iill

I = }“Imng”s llIdII III* (II I’lllngt’r

1’ = l’t)iss(~n”s Ilil[io IJI l’11111~(’r

L’ , . olllt~r ll;l(lill~ III llIhltlIlll(IIIltul 51Wlilm III’ l)lull~l’r

l{, - ‘Illlor 11.l(lill~ III II IS II II II I(IIIIII(I Sr’! lillll f l’lllll~~lr

I{L,,, = \ldi(,r 11, Itl III III l’lllllg(’r
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Figure 5: First Twit of an uI:mnkd qmcirmn, Smnill:d prtmllrr fi}r
II IliUiil.1 Ulllo:lllillg, I 0000” psi.
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Figure 13: \“illyl Lapc. ydlmv, S000 psi.
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s00-24 Test ]3 13 Rpr 88

07Y2. M25-0. H 0,0375 -0,04W- 0.0125 O.- 11.0125 u.u250 0.0175 0.- O,OG~j 0.0750

:5: [;a LorwJomn Lor

Figure 17: Uncoated specimen 4, 725 psi, TII!s
conditions in a standard tension test with only
pressure.
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