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.ARJ.1£~1EI'.lT RESE./\.RCH DEP.ARTi iENT 

Explosives Report No.638/l+~· September, 1941+. 

Target Damap.:e by :~u:nroe Jets 

Protection of steel targets by non-metallic substances, 
with special reference to oxidisi11r agents. 

INTERIM: REPORT 
by 

C.E.Roberts and A.R.Ub-oolohde 

References: H.3211+/42(3) 
O.B. App. 737 

sm.rn1IARY 

Object nnd Scope of the Report 

In view of tho recent Australian stater1cnts, experiments have boon 
ma.de with Munroe Jets from 45° stool cones on tho 1.3/8" diameter scale, 
passing through various layers of 'o;x:idising substnnces, before attD.cki~ 
the ma.in tD.r8et of massive steel. The protection afforded is compared 
with that from cquivD.lent thickness and cq_uivn.lcnt YiCight of mild steel, 
and from various other non-metallic m11.tcrials. 

E:x;perimental methods 

Stttndard hollow chCU'gos vvcrc used at one cho.rgo diameter O.WflY from 
layers of the follmving materinls: 

Bfil'ium Nitrate (CD.st ['..nd pressed) 
Bariwn Chlorntc (pressed o.nd cemented) 
Bn.rium perchlorate (pressed) 
Potassillm pcrchlor'1te (pressed) 
Lend peroxide (pross0d) · 
Sodium chloride (pressed, -'"'or coupnrc..tivo purposes) 
Sodium c'1.rbon::ctc doc'1.hydrntc (pressed) 
111 mild atccl (for comp"-rntivc purposes) 

These matcrinls i:roro co11t'1inod in boxes of thin tinplo.to in contact Hi th 
tho massive stool plo.to, '1nd ':mro f.'.1.ccd Yrith thin tinpl·ltc. Roniduo.l 
damo.gc in the mnssivo stool tn.r~,.ot vms doter7.inod by raonsuring ore.tor 
v"lumc xrid crater depth; "-nd the protection ".ffordcd ~7C'..s cor:rp8.rcd on o. 
thickness basis, and "- y,-eight basis, -rrith thr.t from one inch of nild steel. 

Exporimonto.l Results 

1. Non-metallic substn.nces protect the no.in tnr?ct by reducing both tho 
depth cf ponotro.tion and the vollllne of the or'1.t0r (soc Table I). T"blc II 
cc;mtains the follovriil.'!,: 

2. Tho thickness of r:interin.l Yrhieh reduces the ponctr~tion by tho srime 
extent of 1" of rrl.ld stool (ColUI0n 4). 

3. The weight of Elfltorio.l \7hich reduces tho pcnotrD.tion by tho same extent 
as 1" of mild stool (Colur:m 5). 

4. The comparative protection itc 1'c expoctoCJ. fron 'pln.stic 1 rmterials 
owing to the c3.iffcrcnco of donsi~· coiapn.rod YJith nild stool (Colur.u1 6). 

/Conclusions 



Conclusior..s 

The follcwi.:np; conclusions nre: subject to the lil:1itcd nw. ber of 
cxper::.mcnts :r:-t cr.rried out : 

1 , E)to:~csscri on rt Vicir-1t b0.sis, sodiur., cnrbonntc docnhy'1r,'.,_tc nppcG.rs to 
0 the T", s-1; fn: our-:.blc protect in~; !r,rttcrinl yot in rcstir;ntc,~ , ".nd is 

definitely :r:Jore effective th'l.n bf'...riu.:-.: pcrchlor~to , C.ry sr"nd , ':rn.tcr , or 
polymcthyl !:lethn.crylo.tc . This conclusion mCJ.y depend on the size of the 
ccysto.ls used. 

2 . Br..riu."'1 perchlor£\.tc , dry [~nncl, bci.riwn chloro.tc , 0.nd possibly bo.riwn 
nitr tc '1na potassiun· pcrchloro.te hnvo ri. r:i.ore efficient 1;-iechnnisn of 
n.rresting }~unroc jets , thnn ::111.tcrinls co.p".ble of 'plnstic ' fl mi, such o.s 
metals . 

3 . On a vi-eight bnzis, Jchc ".Uc1i tionri.1 protection fror.: o. lnyer of the 
oxidis.:.ne:; S'llts b".riun P'-'rchlorci.te or bo.riu.r;i nitr.'.l.tc docs ·not J.ppcC'.r to be 
sufficient , compB.rcd 1·ii. th thri.t due to :'-'l.tcri.'.\ls such as sodiw': co..rbonate , 
dry sanc1 , ,, .. atcr , or methyl r .. ctho.crylrttc , to justify further invcstir:;ation 
of oxidising o.qents until norc cxpcrir:cntnl dctnils ti.re G.vnilnblc in suppor t 
of the Aus trnlirITT cl n:U:i . 

4 . The use of protective n11.teriC\ls , such 8.S r1ry S'l.nd , ':rnsl.in_c,; sodn, or 
other S.'.\l t hydr 'l.tcs , for 8.rrcstin:; Eunroe jets !;my mtrrl1.nt prnoticnl trial s 
on defensive nr~our . 

Rcconmcndntion 

As dry se.nd hns een shc·:m to be of hi[h efficiency rnc1 !'.s it is 
insolu' le in vrntcr , if desircr'l , n prl\.cticnl trinl i.1i~ht be cnrricd out 
Ti th the ..,o.na. retr'lincd agninst the surf nee of the n'l.i n p l nte, for CXl'J;Il.._)l c . 

RE FORT 

The protection of stc0l t(1.I'r.;cts by non- 1cict£'.llic subst.'.lnccs 

1 . T'1c thi::i ·ncss oi' m'1tcr inl Yiith the s'.'1.mc nr rcsting pm·icr "s one inch 
of mild steel h 'l.S previously· been Cletcrnincd in t -ro ':mys : -

(a.) The snr'.!C type of ,jot is firocl into 11 serai- infinitclt tnr:.'cts of Iilild 
steel , and of the :::nl1.terio.l unrlcr test, . Fror.1 the rntio of the thicknesses 
pcnetr'ltca., the thickness of 'U..'l.tcri">l c~tiv'l.lcnt to one- inch of uilc1 steel 
is calculnted . 

Rosul ts C'llcul'.'.t0c1. in thi::. ·;m.y .r>ro1:i. c1r..t:-i. .'.)n co:-·pcr jets (Kolsl0J , 
Shcar~n & Sncw, A.c. 4638/s .c . .50) 8.re r::iven in ':'n1Jlc II. 

(b) :'he rc(1uctio~ i!"'. '\;:n:_:e to ... steel tc..r :ct by int'-'rposi "-· one :.i..nch 
of ilr:1 steel in the pri.th oi' the jct , is cor.tp.'.'rcrl ;:1ith the reduction '.luc to 
V"..rious thicknesses o.::' the r:: .. 'l.terial u..YJ.dcr test , so ns to cc..lcul ".to vrhnt 
t1ickncss of r"ltteri~l ~s c~uivnlent to one inch of r.ril d steel (Evnns ru1rl 
lJl1 clohc'lo , L. C. 1911 , Phys/Ex ; 2L~5) . To o.voirl extensive cxtr.'.'..pol ntion in 
this ~thoc1 , ns fnr s po::isiblc the thicknesses tested· cxpcriLcntnlly nrc 
chosen so as to rr.i vc r. reduction in c1..'.'...T1JN'C, niniln.r to thnt obtn.incd froi;1 
one inch of nilr steel. Dn.tr.. obtninol in this w-:>.::; arc included in Tnbl c II. 

/2 ~ 
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-2. Thcoreticnl calculations on tho depth of pcnotrntion "t" of l.iunroc 
jets into subs-Gitncos cP.pnb:te of plastio flow under pressure, such as motEl.ls, 
s~wt~ · 

~ :::: L ,\ ... /-pJ-;-p;--· v1"herc ~' ;,, anc1 P j ore 

constants of the jot [ct construit stand-off, n.nc1 Pr is tho C.ensi ty of tho 
target mE1.toriN. (Hill, }iott nnd PMk,f' .. C.6024, S.C . 76). 

sci far as this .formul[1. o.pplios to non-mct['..llic mG.torials, the thickness 
equivalent to one inch of mild stool, clctern."lnud by rn.othod 1 ( f'), vrill be 

equivalent thickness ,l(p steel/ P tor:;;ot) 
•,' 

( 1 ) 
1 

or equiv1;1.lont thickness x (P t[\rcct / P steol)°2- = 1 ( 1) A 

A furth0r consequence of this theory is tho.t for tr1rcets cCL1xi.ble of 
plo.stic flovr, the vrei:;;ht equivo.lcnt to steel will be 

cquivn.lont vroight = oquiv8.lont thickness x P to.rr;ct/ P stool 

or equiv8.lont vroir;ht ::::/(P-to.rgot/ P ~-t~;iY------------- (2) 

This monns tho.t to lHwG tho tCLrgct D.s li:::;ht n.s possible, for o. ,c;;ivon 
protection, THE DENSITY OF TARG:2:T lvL.'.T3Rili.L SHOULD BE CEOSEF TO BE AS IDW 
AS POSSIBLE. 

CRlculo.tions of how f[1.r for.r:iuln. ( 1A) applies to tho non-r~otnllic 
substci.ncos f'or which d8.t[1. nrc av'"1.ilr1ble ri.rc shown in the lCLst colw-:m of 
Tnble (2). When tho fi0·l1rcs. in this colur:m [l.ro rrcnter thn.n unity, the 
target mr..tcrir11 is 19ss effocti vc th11-n fl. pl8.stic mntcrii:.i of equal density. 
When they arc 8.pprox:ir:w.toly equ8.l to unity ( n.s for wo.tor , bocS';mx, anr1 
methyl Ji1.ethncryle.tc) , the subste.ncc is of tho S8JYl.O • offectivonuss in protection, 
e.s a 11lnstic rnn.torial of tho sru:i.e c1ensi ty. Finnlly, ';1hen the so fi::urcs are 
less thari unity, o.s for <3.ry sn.nr1 , nncJ b[1.riUJ:i. chloro.tc, tho r.10.torinl ·is r.1oro 
effective than any 'pln.stic 1 oquiv8.lont, rma. P:. SF1.'1llor vroi:;;ht is requircr1 
to arrest tho jct . 

B. Protective }Jorrer of oxic1isinr; np:cnts 

The me.in ob."ect of the· Jrcscnt ex :ior:ir:1cnts -,,-".s to test o.n .\ustrf'.li1:1.n 
claim sec references above tlwt oxidising mn.tc:ri.'"1.ls, in ~1'"'..rticulnr b£1.riu.r:i 
nitrn.to , vvere spccir1lly effective in ri.rrostinr; Ifonroc Jots. In the course 
of the vrork, com:ixi.risons ho.vc boon :m.'1rlc with other non-m.et::cllic t.'"1.rgct 
m.'.ltcrials . 

E:xper.incmt.'.ll methoc1s: -
Tarr:ets. No u:xperimcntf'l c1otnils ':rcrc n.v[i,ilablo in suprort of tho 

!.ustralian cl."1.im. Tests nere therefore mo.c.1c lJy p:·ossin~~ or c"Cstinc 
various oxidisinr nntorio.ls into boxes of thin tinpll'.to, but this tcclmiq_ue 
:r:tl:\y cr111 for revision vrhcn r.:orc inforn"tion is n.v.'.\il"Cl•lc. In ,-~ost c"sos 
layers.. em inch thick were prorf'.ror:l ' but in sor.10 en.sos' thicker lnyors vrcro 
used. TLe top of the layer vms protcctor1 fror·, any scn.ttcrinr: effect vrhich 
EU[Sht /:\.rise. from the nco.rby rlntonntion of explosive, by n 'thin 1'"1.ycr of 
stool (26 cau~c) . 

I S[1.ndvrichcs' of the Lm.tcrin.ls chosen vrorc plncoc1 i:1 in 1cc1iate cont net 
with to.rgots of no.ssive nilrl steel , nnr:1 n Hunroe jct .r·rr)J1 o 45° steel cone 
vms fired at fl. stnnd off of 1D. In c;encrP.l, it 71.S not possible to fire 
more thl1.n c1uplicnto chn.rgcs in these prclin.inory oxpcrir:onts . 

Oxidising Su:Jstr.nccs :- In adrUtion to l)l\riUJ :1itr11.to, ·.hich 'Hns used 
in tho onst nnc1 presscr1 forw. , tho other rcl\rJily rwailf'., le oxidisinc ncents 
listed in Tn.1Jlo I were sclcctcr1

. ;Jo ns t.J ::-icro a hi;:h heo.t of ron.ction for 
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equation 

Fe + oxidising agent .. . ~. FeO + reduction product 

since it was thought that a high heat of reaction would favour oxidation of 
tho jet . 

In most cases, it Nas convenient to use these Slbstances in the hand 
nresscd state . A li tharge/ glycerol cer.J.ent was tested in one case as a 
binder. But f'urther tests on binders have been defer-~ed until the special 
value of oxidising agents for arresting Munroe jets has been proved . Some 
difficu;Lty may be found in selecting. such binders, since many organic binders 
would form sensitive explosive mixtures with the oxidising matcr ial.s lis~ed . 

Other tarr·et materials : - To test the special value of ,cho o:xygen content , 
comparative tests were included with NaCl. Data on dry sancl (Table 2) had 
been previously obtained . Data on sodimn carbonate decahydrate were in
cluded in view of the favourable stopping power of vrater . 

E:x:ocrimental Resuits . Direct measurements are given in Table I , and calcu
lated values of-equivalent thickness in Table 2 . 

The following points mny be noted :-

1. From the data in Table I , it Y1ill be seen that the reagents tested 
reduce both tho depth of penetration and the crater volume . It is not yet 
clear whether this reduction in crater volume is merely due to the loss of 
part of tho jet , leaving the remainder to pass through unaffected; as in the 
'plastic 1 mechan:lsm (see above) of tarp;et penetration, or whether the 
oxidising materials also act ~y wearing away tho periphery of the jets . 

2 . From the data in Table 2 , which are.arranged in order of ascending 
equivalent weight of target (5th colunm)' it will be seen that the equivalent 
thickness of the best o+idisi:ng material found (Ba(Ol04) 2 ) is not much less 
than that of dry sand . 

The range of values obtained with bariwn nitrate (cf . also Table I) 
su~..gest that the physical form of the materi~l may be of considerable 
.importance, and m,,.~y require f'urthe1' ~nvestigation. 

3. Attention is dravm to the 101·.' equivalent wcicht of _3l7 ~' which is 
more effective as a stopping ae;ont than pletstic "ln:terials , possibly because 
of tho nllI'.lorous discontinuities it introduces in the pat!1.of the jct . 
Water is also effective at a fairly lov1 eq_uivalent weir;ht, but here this is 
entirely due to the low density, since the mo.terial behoves <:ts 1pl8.stic 1 • 

Polymethyl mcthac:rylatc has mechanical properties ·which mi.~r,ht aiso make it 
o±' value as a protective agent cf lov1er weight. than homo- armour, though in 
o.11 these' cases it is necessary to consider the pro-i;ection afforded ar;ainst 
A.P . shot , as Viell as tho.t ar;aicist Eunroc jets . 

4 . In vie7r of the favourable equivalent weir;ht of Viator as a stopping 
medium for 1:u11roe ,jets , experiments were planned with sa.1 t hydrates of high 
w·atcr content, which would be 1~1ore convenient to use in practice . Tests 
\vith sodium carbonate decahydrate suggest that this may be a promising line 
of investigation in designing nrmour for defence against Munroe jets . Fr om 
The data in Table 2 (column 5) , the saving in weight fro.:n a layer of a salt 
hydrate :may be very considerable . The effect of varying tho crystl'l-1 size 
still requires inv;.;::::~~ -qtion. Further work is in hand to investigate points 
3(effcct of discontinuit i es) and 4(effect of salt hydrates) . 

Cormnents 

1 . From the dat.'.l recorded, although· oxidising agents can be found of low ' 
equivalent weight , there does not seem to be sufficient practical advantage , 
compared with materials such as dry sand , to warrant further trials at the 
present time . 
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This conclusion J.:U\Y need revision vrhcn more ~n.tn DJ'.'e av[l.iln.blo D.bout 
the AuGtralinn sot up of tnrr,et or nbout any spcciD.l jots usoc1. 

2. The ci.ttontion of dcsir,ners of c1cfci1ce n::_:G.inst rtttnck 1JY holloYr chm-gos 
is dravm to the COntp8r[l.tivc c1~t[l. in T~blc 2. 

3. The su,g[~eotcc1 use of so.lt hydro.tos for f.lrrostir..[· l '-lnroo ,jct::; ·rmrrn.nts 
oonsic1erG.ti 0 n from the prl\.ctioal Ftspoct. Spooi[l.l ncnsuros ';rould have to 
be tD.k:cn to combat their solubility in vmtcr. 

TABIB I 

Jct from 1 .3/8" cliD.r.'lctcr 45° r., S. cone '1.t 1D frun the protcctinr; layer in 
oont£\.ot vrl th massive mil-1 steel 

Residual tar~ct druna.r;;c in :'1.ilc1 stool (c::oo.n of tvro o:G,..,ri:::onts) 

Proteoti:nr, L[l.ycr 

No obstruction 
1 11 M. s. plate 

1 11 prcsscc1 J'hCl 
(density 1.37 grryloc,) 

1" prosscc1 Pb02 
(density 3. 3 r:nv' co.) 

1" pressed KC104 
(ocnsity 1.35 cnv'cc.) 

. 
1" 0'1stB[l(N03)2 
(density 4.0 0rrtoc.) 

Ditto 2.6 ·ryoc, 
Ditto, prossoc1 2 .1 gr.y co. 

". 

I Ditto ccMonto(1 v~ th PbO/ "'.lyoorin 

I Ditto 2 11 pressed, c1cnsity 1.8 T.1/oo. 

111 pressed B[I.( 01o1) 2 
(density 1. 28 wl cc.) 

- 5 -

I Orn.tor 
! Depth 
! (inches) 

i 

1

3. 5 
2.0 

I 
3.2 

,: 2.8 

2.8 

3.0 

2.5 
. 2.9 

3.0 

3 .1 

l I 1 .6 _ 

I 2.4 
I 
I 

Cr[l.tor 
Vol1Jnc 

(co) 

9.0 
2.4 

5.4 

3.2 

4.8 

4.9 

3.9 
3.5 

5.6 

2.0 

5.1 
( sin:·lo o:x:por:iJ11cnt) 
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1!£1.tcrial 

c1i tto 

(2) 

I 

':'hickness -:mcl vrci ht of nnterinl equivl:\lent to 1" 
of r:iilc1 steel 

Density ·Pri.ysic[Q For~ 

0. 5 Hllnd sto.:r:n:i.ed 
(throup,h 30 ~Dsh) 

( , 1.3 Cryst . ,throu~h 
50 ncsh) , hn.nd 
stcmr:.ec1 . 

1 • 5 Throur:h 60 uc sh , 
hrinc1 stotm-cd • 

• 

1. 3 Ha.no. stomncc1 
( throur·:h 50 mesh) 

2 1
: thick) 

1 • 7 ( 1 II thick) 

1 .o •·.'"I.tor or ice 

.cryst . (throush 
50 :nosh) , hn.nrl 
stcCT:J.cr . 

Equiv. · : • cmiv . · 
Thickness, Wei-;ht 
!~ild - : 1.i:ilcl 
Steel Steel 
~ 1 -inch I= 1 inch 

1.37 

1 . 6 

1 . 59 

2. 9 

3 .0 

2.1 

0.1 6. ' 

0. 23 

0.31 

0 .36 

0. 63 

0.38 

0.37 

i Equivlllent 

I 
1Plnstic 1 

effect 

I 
I 
I 

0.7 

0.8 

1.35 

1 .o 

0.89 

i Beesvmx (2) 
I 1 . 0 cc.st 3 . 3 1 . 1 
I 

Polymothyl 
. nthMr.f lo. tc ( 1 ) 

1. 2 . ·-lock 2.P 0. 43 

( 1) 

( 1) 

(o.6) 

(0 . 9) l loc'k-

.0-2 . 1 cnst or pro6c~~ 

3 . 3 (o.pprox . 100 Lesh) 
h '.'..nc.1 :,re s sc d 

1.4 ( throur·h 30 mesh) 
hn.nc1 :rrcsscc1 

5.0 

0.46 

0. 57 

3 .3 0.88 

5.0 0.89 

2.6 

1.7 

0. 9-2.0 

2 . 11 

( 1) Extrncto'1 from Kolsky , Shc"rr n.n c~ Snon, :-.r::: . 4638, S.c . 50 

( 2) Extrrctcc1 from Evnns & ffi)l)olohr1c , : .. "" . 1911 , Phys .:::;x. 2!1-5 
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