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CONF/DENTíAL 

humo. 400.1 (DMS 476) 

ARMY SERVICE FORCES 

THE ENGINEER BOARD 

FORT BELVOIR, VIRGINIA 

SUBJECT* Trammittal of Report 951 n \ 
Device. ? É^1,mtion of Minefield Cleerin« 

TO« 
Chief of Engineers, U. S. Arnry 

ATTESTICK t Research and Derelopaent DiTi.ion 

Clear ini; Derice.,- litedTl ^e^tembl^L?61’ Sv'alu*ti00 °** Minefield 

Technical Staff -d h.^ ct ^e "kT Fr^red ^ ^ Board. “ c (^siaered by the members of the Engineer 

clearing derioeÎ^ineW^nla!^^1011.^ •xplo>ÍTe aiJiefisld 
report »ere conducted at the Rn#< 8u* t®*ts oorered by this 
Military Reserrat^ ^ Fl#ld ^ion, A. P. Hill 

•nd the length of time ^ ^ 
D^olitioo, M3, i. the beat .n *n buri#d^ that the Snmxe. 

’lc. thât th. 0«-p.t r¡ÍÍ0torpir'ttuVóln*ri,l') Cl,*rlJ1* d*- 
i«.lop.d. offer, pra.l.,,\Ld.r *lth^fh not j,t oanplotol, 

of tH.Æ * rr^rirr-r-of from the standpoir.t of weir) ♦ of t clearing devices tested, 

minefield clearing device, are not L °Iff "M1*0*1 J tK*t th® 
land mines, horn-« ne a yardstick u\ iTe »gainst Japanese Type-3 

German T.Mi.*43 mines, because of the#îrelter^l!"^ mi?** ** 
Japanese mines; that of th. at#r resistance of the 

difficult to function by blast and i.'1*'1* ^ Type_3 niin® i* th* ao.t 
“tj», that, of th. 4. „;í4rl! ,lr••n*itiT• 10 ■y-poth.tlc d.to- 

■1«. and Dutch au.hroo.-top o« ii^Tl't^d’ T'J th“ 
universal indicator aine* f c*^ brat«d »ith the existing 
mines, horn-mines and varda-lck *•/ C* ration with Japanese Type-3 
indicator .1,, c.n ^ ?f th” 
lip Of the crater, produced bv e k there is an area at the 
in which the bl«at is relatively ineffacti™011 ^ ground, 
burst explosiva mine clearing devi-aa n ftr»inst mines, but air- 
no ".kip effect" i. pre!^ ^ C# n° °ratar and therefor. 

widoh are as follows« hOUr<i 9oacuro ’» tna recaamendations of the report 

CONFIDENTIAL 



„ *• • limited ••riaa of A Mtlonal tajta ba oonductad 
rurth.r to •T.luat* th. •ffotir.naa. of «Ine clearing derice. ag.in.t 

¿17V t*nt l,lln•• n0t *** ^iibrated, using for this purpose the 
•odified uniTsrsal Indicator aines at present being deTeloped. 

b. That tests be conducted to determine the effeotlTeness 
of «ploslre aine clearing derioes against aircraft bombs and artillery 
shells employed as land mines* 7 

FOR THE BCULRLi 

1 Inc 1. (in dup) 
Report as above 

JCHN W. V. SCHULZ, 
Brigadier General, U. 8, Arigy, 
President. 
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CO- F I D S M T I A L 

EVALUAT ldi OF kn&IELL CLEAÜDJ ¿SVICSS 

I. SUBJECT 

1. Scopa» Thia report oovera the evejljetion oj explosive 
airefield clearing devices against Japanese sines. As a part of 
the basic program, an attempt was made to -ralibrate the iffiiveraal 
indicator aine against the various types of Japanese antitank nines. 

The tests pertinent to the investigation were conductec at 
the Engineer Board Field Station, A. P. Hill military Reservation, 
Virginia, by Mr. Norward A. Meador, Engineer, Civil, «ider the ai¬ 
rs ot ion of Major James L. Bisch, Corps of Engineers. Analysis of 
the test data was executed by the Statistical Research Group, Prince¬ 
ton Ubivereity, for the Applied Mathematics Panel, National Defense 
Research Committee. 

II. AUTHORITY 

2. Authority. The authority for this investigation is con¬ 
tained in a letter from the £hief of Engineers to the President, 
The Engineer Board, dated 21 November ls*44, subject< Test of Mine- 
clearing Davloes Against Japanese Mines (Wnnc Order UDJ 3350). A 
copy of this correspondence is contained in Appendix A. 

III. PREVIOUS INVESTIGATION 

3. Previous Reporta. Work done prior to the tests reported 
herein is described in the nine Sigineer Board interim reports 
covering the development of equipment for the passage of enemy mine¬ 
fields end in the following En gin e er Board Raportsi 

Title ^ate 

776 Carpet Roil Torpedoes for Destruction of 
Sheny Mines 

77B Demolition Snakes 
- Development of Snaxe, Demolition, ií2Bl 
- Development of Snake, Mine Clearing, Anti¬ 

personnel, T-l 
032 Development of Intrcher, Rocket, Multiple, 

10.75-inch, T-59, and Rocket, H.E., 
10.75-inch, T-91 

li October 1343 

30 October 1943 
13 September 1¿44 
27 October 1344 

27 November 1944 

-1- 
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: o. rui* .*t* 

*04 .»tw atlrg Coro »Ablt Kit 1* J*nu*r> l*4b 
*2* tfiii* Cl**rli>^ 0r*(Oi¿( ti i Lm-¿ Ijío 

A desoription md preilaiimry calibration of tíi* irive'sal Lidicator 
»in« i« contained ir. U.e "Imtruotion kanua^ for tn* 'JuiTeraal Indi¬ 
cator kin*'’ pubi-ar.ed oti 14 ^«tobar by th* Of fie* of Soiantiflo *«- 
search ano Developaaent, National D*f*ua* Reaearon Comaitt«*, Divi¬ 
sion 17. 

rv . PRESO-T IN V SST I GAT I ON 
b 

4. General. Th* primary purpose of this report is to provide 
estimates of the aaov/it of clearance of enemy mines by th* available 
and development models of explosive mino clearing device-?. Tne t&sio 
estimates of the amount of minefield clearance by the devices sure 
contained in a report, "Expected Clearance of German and Japemes* 
Antitank and Antipersonnel Hines by Explosive Wine Clearing Devicea,” 
(AMP Report 178.1R, SRGeP No, 136) published by the National Defenaa 
Research Committee. The estimates of the amount of mine clearance 
are expressed in percentages so that they may be applied to formulae 
published by the Applied Mathematics Peno'., National Defense Researcn 
Conrittee, "Expected Percent of Tanks Passing Through Minefields 
Without Striking Mines," (ALIP Memo No. Î7&.2M, SRG-P No. 122). 

a. Mine Clearing Devices. The devices with which tests 
were conducted, together with thaifprincipal characteristics, are 
tabulated for oompariaon purposes in Fig. 1. 

b. Efreay Minea. Universal indicator mines ware used in 
all tests to provide basic data. However, the accurate range of 
this indicator mina vraa not sufficient to measure the blast impulses 
required to detonate the mors blnat-resistant Japanese mines, only 
the Type Í3 (tape measure mine) und the Dutch mushroom-top minas 
could be calibrated against the universal indicator mina. Therefore, 
in evaluating tno effectiveness of mins clearing devices against 
other types of Japanese mines. Américain made replicas were used. 

In addition to the known Japanese minea, simulated 
German miner were placed in the teat minefields for the purpose of 
oompariron, and in anticipation of the possibility that the Japanese 
■night develop mines having similar oharnnteri»-ice. Listed below 
are the types of Japanese and German minas that were considered in 
tnis Investigation« 

Japanese 

Type 3 Land kine (Flowerpot) 
AB, T13 Peach Mine (Double horn mine) 

-2 
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- «Olt. 

A£. TU B «MA •.1c« (SiA(l* hors ii< • j 
Yftrdctlolí AotltAok ULn« 
Typ« 93 ¿r.tlt*nk Min« 
Dutch láusnroos-top Min« 

(tornan 

TalUnnln« '43 
"S" ãiine 
A-200, Mustard Pot Mine 
Sch um in« 

5. D««oriptior of Tc«t«. 

a. Antitank Min« Cloarir.g D«Tice«« Special minefield 
teat patterns wer« designed by the Statistical Research Group, 
Princeton Ubiversity, to provide nine placements offering the 
greatest variety of positions. With the exception of the Rocket, 
H.E.* 10.7ò-inch, T-91, all antiteak wine clearing devices tested 
were linear charges. Consequently, for linear charges the mines 
were buried at intervals in rows perpendicular to the charge, 
while for the Rocket, H.E., 10,75-inch, T-91, the nines were 
buried at intervals in concentric circles about the charge. Typi¬ 
cal tests with each *ype of charge are illustrated in Pigs. 2 and 3. 

As previously stated, universal indicator mines were 
used in all tests. The determination of the location of indicator 
mines was based upon these considerations, quoted from AtuP Report 
178.IR, SRG-P No. 136i 

"l* Mines were placed within the region where 
the mine-clearing device was reasonably 
effective in order that a large number of 
observations would be obtained in the cri¬ 
tical region which is of primary interest. 
The most distant mines wers located at a 
place where from 25 to 50 percent of tb« 
German T.Hi'43 mines were expected to be 
detonated. Some data on the effectiveness 
of the various explosive devices against 
T.Mi'AS mice* were available in the Interim 

’ Reports of the Army Bigineer Board on Equip¬ 
ment for the Passage of âiemy Minefields* 
These data were ueed to detersdne the maxi¬ 
mum distance at which it was considered ef¬ 
ficient to plant the Universal indicator 
mines. 

4 



*2• -■>*• mli.«« »•r« tr.# «âf« of t/.« 
er«t«r to «TmlMto V»o •alp •ffoot*.* 

"!• To ot’Jdy tr.# #ff»ot of d#pu: of burial, alt.## 
w#r# burlad at thr## depth# -- 2, 4 arc 0 
Inohe# • 

"4. Approxlaataly 10 aln## «#r# buried Id «aor. 
row on eaoh aid# of the oharg# in Older to 
àetemixi# tho Tariatlon in olearano# with 
dietaco# from oharg#. 

"5. Ten air## were planted at eaoh distano# for 
eaoh depth in order to obtain reliable axerage 
read in ra e 

M6, Since the blaat la atronger at the aiddle of a 
linear ohar¿* than at the enda, the three 
deptha of burial were mad* in adjacent row#. 
On the firat two teata, the firat and laat rows 
were laid at the enda of tha charged part of 
the dexioe, and it waa found that indicator 
readinga within 10 feet of the enda were muoh 
lower then thoae nearer the middle» Theae 
data wert not uaed in calculating the average 
readinga. In all later testa, tha firat rowa 
were planted 30 feet from the enda of the 
charge•w 

b. Antipersonnel Line Clearing Devioea, lha same gen oral 
methods uaed in setting up the field plana for testing antitank mine 
clearing devioea were used to design the field plans for the anti¬ 
personnel minea. Since the clearing devices for antipersonnel minee 
were shorter than those for antitank mines, »’•nd more types of mines 
were being tested, it was possible to use only four groups of mines* 
Some of eaoh type of mine under teat were planted in eaoh group, in¬ 
stead of having all of one type in one group, in order that the re¬ 
sults would not be biased by possible variations in blaat intensity 
along the length of the oh#u-ge. Typical teats with eaoh type of 
antipersonnel mine clearing device are illuatrated in Figs. 4, 5, 
6, and 

o. Ground Conditions* The effectiveness of explosive 
mine olearlng devices depends tu some extent on the ground condition:,. 
As all of the tests were oonduoted at A. P. Hill Military Reservatio. , 
only one type of soil, clay loam, was available* However, as the 
tests were oonduoted during a period severing winter, spring and simmer, 

* The "skip effect’1 is the lack of effectiveness of an explosiva charge 
against those mines on the lip of the crater produced by the charge. 



% tari«'./ oi ollaotlc ootdili^« »»• «'•l«*'- ooc*i 
• ffoetoâ tfto oordltioci of th# soil. It indlo#t#<l Lr.#t 
wot «oil, or frot«o »oll, ooc«id#r#bl/ r#vl^«d offootlTic### oí 
a min# oloaric* doTio#. Llk#wl«#, *lh## that o#d b##n ti: t/o^grouad 
»■or a oonaiderabl# I#nfth of tlm# woro obaorTod to b# aoaowhat aor# 
blast r#«lataht. In >n# toat with ar M2 daacl.tion tnak« agaiaist 
aine# that had b#« in th# ground for four w##ks, f#w#r min## wers 
cl#ar#d and th# #kip #ff#ct at th# #dg# of tha cr#t#r wa# n»ore pro 
nomeed. 

6. Method# of Analyal# of Data. For minéê calibrated with 
tli# universal indicator mina» tha problaa of unalyii# can be stated 
as follow#* Oiven an average of several indicator reading#, what 
percentage of the individual reading# would, on the average, be 
equal to or greater than 30, 75 or 90? In ordar to solve thio 
problem, the average indicator readings obtained from all the tests 
wer# divided into the following groups on the baair cf the average 
reading! 20-29.9, 30-39.9, « • •, 140-149.9, 150-166.9, 156 and 
larger. For eaoh group, the individual raadinga were then arranged 
in order of magiitude, and a record made of the readinge which 
were exceeded by eeoh of the following percentages of the total 
mines in the group! 99, 96, 90, 76. 60. 26, 10. 6, and 1 percent. 
Thue, if there were 20 averages of 10 readinge in a given group, 
there would be 200 individual raadinga in this group. If these 
200 readinge were ranked from high to low, the 10 percent value, 
for example, would be the 20* reading from tha top. In thie way, 
nine percentage readings wore obtained for eeoh group. They aro 
plotted in Fig. 8 for eaoh group, and smooth curves drawn through 
them. Three horisontal lines have been drawn to indicate the read¬ 
ings necessary to detonate a Dutch muahroom-top, a German T^i.’43, 
and a Japanese J93 mine. These readinge are 30, 76, and 90, res¬ 
pectively. The average indicator reading givan by the intersection 
of the T.Mi.'43 line with the 96 percent curve, for example, is 
such that, on tha average, 96 percent of the T.Mi.'43 mines 
be detonated. It is seen that this average is 136. Hence, if the 
average indicator*reading la 136, 96 percent of T.Mi.'43 mine# 
buried mder eLsilar conditions would be expected to be detonated. 

Ih order to estimate the expected percentage of Dutch 
m 'shroom-tep, T.Mi.'43, and J93 mines which would have been deto¬ 
nated rnder conditions producing a given average indicator reading, 
the intersection of points of the Dutch, T.Mi.'43, and J93 lines, 
with the nine percentage curvea in Fig. 8 ware plotted on proba¬ 
bility paper and three smooth curves drawn throu^ the points in 
Fig. 9. From these curves, it is possible to ••timet# th* «P^te 
percentage of Dutoh, T.Mi.»43, and J93 antitank mines, which would 
have been detonated mder conditions producing any given average 

indicator reading. 

Percentages have been derived only for the T.Mi. 43 and 
J93 mines (Appendix 2). However, the same method can be employed 
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for *i.y aln« wnisr la calibrated with t\e i^lvaraal li.oicat^r 0.1- 0. 
All tr.at la r.eodad la tha datcr.atlor. valu# oorraapondli.g to tna ''ü 
ar.d 9G raadicga for tli# T.Ml.MS and airea, reapeotlvaly. Uali¿ 
tr.la value, a straight line would b# dram parallel to the 76 and 
linea. The nine intersection points of this line with the cine per¬ 
centage curvea would determine a probability curve liice thoee in Fig. 
9. From this curve, one could reac the expected percentage of mine.- 
detonated at a given diatar.ee from the charge, knowing the average 
indicator reading at that distance. 

Graph* shearing t.’e ef: ectiveness of the various explosive 
dsTioea against Dutch mustj-com-top mines have not been dravm. How¬ 
ever, the horizontal line for this mine ia given in Fig. 8. and the 
intersection points with the percentage curves are used to determine 
the probability curve in Fig. 9. 

No antipersonnel minas and few Japanese antitank sdnes have 
bean calibrated with the universal indicator mines. The results of 
explosive taste against minea not calibrated with the universal indi¬ 
cator mires have been auanarised simply by tabulating the nmber of 
mines tasted and detonated at a given distance from the device. How¬ 
ever, tl i expeoted percentage of antipersonnel mines cleared has be«, 
computed and is also shown in the graphs contained in Appendix B. 

Some isiiversal indicator mines were used on the tests of 
antipersonnel mine clearing devices. The average indioato.* raadlms 
oar. be uted to estimate the effectiveness of thasa davloas against 
antitank minas. For example, the carpet roll 18 inches above the 
gromd had an average indicator reading of Ibb for minea buried 4 
inches, and 168 for adnas buried 2 inches, -hen these mine# are 
under the carpet. All J93 and T.^i.'43 mines would ba expected to 
be cleared at either depth. For t; ose minea burled or. the sage of 
the carpet, the average« were 74 for mines burled 4 inones and 127 
for mines bur.'od 2 inchea. The ixilvareal indicator reading of 74 
corresponda to a 21 percent chance ot detonating J'^3 xir.ee and a 44 
perçai, t chance of dutonating T.ki.*43 ml;.as. Iha 127 reading corres¬ 
ponds to an 80 percent probability of detonating JjS minea, and Jl 
percent for T.di.'-iS mines. 

7. Kesult* of Antitank kina blearing Devica« for Japanese 
Mir.es Not Çe .xbrated with, the Universal Indicator mine, tr.a data 
ara limited on Japanese minas (AB-flS, A^-tl^, yerdbtior, and Type 3) 
which cannot ba calibrated with the universal indicator mina, because 
adequate rep*icaa wer« not procurable imitil 1st« in the testing pro¬ 
gram. Consequently, curves showing the expected percent of the xtrez 
cleared have rot been constructed. In lieu of the curvea, the results 
are presented in Fir,«. ID and 11. 

A consolidated analysis including tha data given in the 
above-mentioned tables is giver, in Figa. 12, 13, 14, 16, 16, and 17. 

't 

«V 
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AH TI TáN K MD1 g CLSARD>3 DÍVICRS V3HSUS J AF AU ESE EOkN KIÎIS3 
(AB-T13 aod AJ-T14 MIKES) 

r/*vle« Soi! 

Condition 
Diataco« froa 0»»ic* "1 

8 r»9t 15 f««t 2u f««t 25 f««t 
i hora» I Horn* I íiomg I .;orn« 
ITeated iFifd ( Taitad! Flr>d|T»«tad{Fifd| Testad jfirad 

Í2 SnaJc» 

¿2 (Ban¿a- 
jlore ¡kiiúce) 

i2Al Snaice ! 

13 SnáJte 

Ball in 
hand 

14 

Fairly Dry 4 

Wat 

I Fairly Dr> 
S" Hose 

r.Hcaa (1) 

10.76* 
Rocket 

10.76" 
Rocket 

Fairly Dry 
Wet 

Dry 

Ball in 
hand 

7 

6 

10 

10 

6 

10 

Horne Fully Sxpoeed (4") 

16 th 

3 

6 

10 

10 

6 

7 

6 

10 

10 

7 

0 

5 

7 

0 

7 

10 T 

2 

7 

10 

10 

8 

0 

7 

0 

0 

2 

5 

10 

10 

16 

1 

1 

0 

0 

Rome 2" Exposed 

M2 Snake 

^’3 Sriaxe 

3" Foee 

3" Hose (1) 

10.75" 
nooket 

10.76" 
ttooket (2) Inand 

Ball in 
hand 

Fairly Dry 

Fairly Dry 

Wet 

Dry 

Ball in 

10 

5 

10 

10 

6 

8 

0 

7 

8 

6 

10 

6 

10 

10 

7 

8 

2 

4 

0 
7 

10 

5 

10 

10 

4 

0 

0 

6 

10 

10 

(1) 10 home eaon of 4 and 2 inch exposure ware aleo buried 4 feet 
fro« the nose on this teat« all were fired. 

(2) tí horns were buried completely at eaoh of 6 and 10 feet froa the 
charge i 4 and 3 were fired, respectively. 

1 

0 

0 

FIG. 10. ANTITANK HIKE CLEANING DEVICES VERSUS JAPANESE HORN 
MINES AB-T13 AND AB-T14. 
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¿NTITaNK MIK¿ XES V^vSUS JkPAhSSá YARDSTICK UIH¿S 

Devio« 

L2 Snake (1) 

i¿2 Snake (2] 

M2A1 ¿hake 

Lí3 Snake 

3r Hoae 
S" Hoee (3) 
10.TS" 
fiookat (4) 

10.76" 
fioekat (6) 

Soil 
Condition 
Ball in 
hand 

Ball in 
hand 

Wet 

Fairly drj 

airly drj 
Wet 

Dry 

Ball in 
hand 

8 feet 
r'cues 

Teeted 
18 

12 

16 

4 

Fired 

16 

4 

Slstanoe from Device 
12 feet 
Tum 

Teeted 
ee 

TTTêêT 
Putee 

2ö ?e«i 

fired Teeted 

6 

16 

4 

4 

12 

(1) Minee in ground one week. 
(¿) Minee in ground four weeke. 
(3) 3 out of 9 futee were fired at 3 

6 feet* 
(4) 2 out of 4 futee were fired at 30 
(5) 0 out of 12 futee uere fired at 30 feet. 

-L 

Fired 

1 

4 

2 

6 

r vies 
Testeo 

12 

4 

12 

fired 

12 

1 

12 

to 4 feet, and 3 out of 3 futee at 

feet. 

Clear ing 
Dario« 

ANTITANK AIMS CLEANING DEVICES V&SÜS JaPANBSí 
CHSAt 1C TTPa 3 ¿INES (FLOWED POTS) 

Soil _" 

M2 äiak« 

M2A1 Snake 
M3 Shake 

3* Hoe« 

3" Hoae 
10.76" 
hocket 
10.76" 
hooket 

Condi _ 
,/1 or ~T7, aT 
T-ti'.'J 

i fieri C 

Y xabor ot Putu* Tee ted end r<Tãd» 
Metanee ii x Device 

Wet 

Fairly 
dry 

Fairly 
cry 

Wet 

Dry 
^ <• 

feet 

^ 1 -.-.0) 

1(0,0,0) 

^0,3,0) 

6(0,4,0) 

10(0.0.0)(10(1,1,5) 

4(3.1.0) 

TTi «T 
ll(O.i.O) 

1(0,0.0) 

11(2.2,0) 

3(0.2.0) 

10(1.0.3) 

4(4.0.0) 

‘TTTr7r 

—; -4(4.0,0)} 8(4,0.4) j 8(2r0.6) 

11(0,1.0) 

1(0.0.0) 

10(0.0.0) 

4(3.1.0) 

9(0.0,¾) 

T feet] ¿1 ftet 
^Tj(c,0,0) 1(0,0,0) 

1(0,0.0) 

8(3,0,4) 8(4,0.2) 
Firet nuntMr i' number teeted. Of the nunbere in parenthee««, the flret 

of. fut** fined or dlaplaoedi the eeoond la the niaeber of 
" îhut0rS off B0 00u16 not be fired by preeaure 

tóí^ÍtUíS third iAK TZlr 
minea* 

r* ’ ^ r j vi.a tuxra i ■ tne numDer 
the futee lying on their eldee on top of tne 

ll“E CLE*aDI0 SEVICES VaSUS YArtLSIICI *1,D 
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TTas« 11 lu*tr»tloi.» thow V.• alnLafaroaotaga jf aLr.aa ola-.ra<r 
within a ipwcifle a raw. hovwwwr, fo: • particular point wit* ir tra 
araa, tra paroantaga of air.a• olaarad say ba greatar tran that ar.oie.. 
Baeausa of tha aklp affaot produced by a llnaar charge aaplodad on 
tha groind, thara ia an araa adjacent to tha orator, in soma circum- 
• tanoas, where tha paroantaga of sinas olaarad is lass than tha 
acoaptad ainisusn. Accordingly, thasa critical araashewe baan 
omitted, as thay are not coTiOidarad safe for tha passage of traokaa 
vehicles* 

Using fron the above-mention ad charts tha peroectaga of 
mines cleared, it is relatively simple to estimate the probability 
of effecting a passage through the partially cleared minefield 
(Fige. 18 and 19). If the percentage of mines remaining in the 
partially cleared area is multiplied by the original density of the 
mines in the field and applied to the curve for tra total width of 
path affected by the tank, tha resulting figure will be the expected 
percentage of probability for all vehicles passing through the spe¬ 
cified area without striking mints* 

the width of path affected by a tank is considered to be 
twice the single trrok width plus four times the radius of detona¬ 
tion of the mines. For exmsple, if the mines have a 6-inch pressure 
plate, and are laid every 25 feet in three rows, and the mined area 
ia to be traversed by a tank having 18-lnoh wide track, the width 
of the path affected by tne two tank tracks is 4â inches (2 x 18 + 
4 x S). The particular curve in Fig. 18 or Fig. 19 which applies 
in this example is the one labelled 48 inches. From the assumption 
that tha minea ara Isild every 26 feet in three rows, it follows that 
thara will ba 

2 5 ■"** 2.8 yards of front per mine, or 

3 
TT7J ■ 0.S6 mines per yard of front. 

• 0 • 

If it is assumed that 80 percent of the mines along tha 
path to bs traversed by tha tanks nave been detonated by some mine 
clearing device, then the value of the density becomes 20 percent 
of 0.36, or 0.072 (mines per yard). Rafaranoe to the 48-inoh width 
curve shows that 91 pereant of the tanks may be expected to traverse 
the field without striking mines. 

The foregoing example considers mines with pressure plates, 
but Japanese mines can ba computed on the same basis. Tha Type 3 
(flowerpot) must be struck within a radius of 1 inch. The yardstick 
mins will present a radius of 18 inches if perpendicular to the path 
of a tank, and practically tero radius if parallel. However, if it 
ia asewed that any angle to the tank path is equally l.Vkely, the 
average radius is approximately 11.6 inches. Tne horn-mine, with 
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expected clearance or 
JAPANESE ANTI TANK M NES BY M2 SNAKE 

(•Oil OÂMP) 

« 

‘zzzv///. :. ” : :m 
[•— *'—4'4« w-4^ «'-f*— 

c_— ~ ■ j cr-T " i r-h 
I-^—H 

TYPE 93 ANTI-TAWK MINE 
A«IA Cl£A««0 ñO\ OA GAf»n* 

t* BURlAi. 

4* burial 

«' BURIAL 

AM’ 

r 

YARDSTICK ANTI-TANK MINE 
ARCA Ct-EANCO SOX OR SRCATER 

K—*—■‘f #*—H 
HORRÍ 4* EIROMO 

fI ’ ! * ’ ^ ~ ^ horrs r* t»*o*fo 

AB TI3 BEACH MINE (DOUBLE HORN M'Nf- ) 
ARCA CLCARCO *0\ OB «REATES 

AB T14 BEACH MINE (SINGLE HORr MINE) 
AREA CLEAREC 5C\ OR «RIATE! 

TYPE 3 LAND MINE (FLOWERPOT) 
AREA CLEARED SOX OR 54 AT ER 

R'OGEC A 5 ASTi T A NA UNES * th ». 
RR i w * A»’ uc u' ab- . 

FIG 12 
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EXPCCTID CLEARANCE OF 

JAPANESE ANTI-TANK MiNES BY M2 SNAKE (MMCALOMf IOAO> 
(•VC«*M «OH.» 

® - 

TYPE 93 ANTI-TANK MINE 

YARDSTICK ANTI-TANK MINE 
»»*** Clt ARCD BOX 0« OBtATfR 

I---1 j,-^ 

C===+====3 

r/s/sl'A'TTi 

AB, T13 BEACH MINE (DOUBLE HORN MINE) 
*■1 A Cl f ARCO BOX OR ORI A11R 

r* burial 

«■ Sutil A L 

O' BURiAt 

1' BURiAt 

WORMS 4' C * POSED 

WORMS 2 £ * ROSI0 

TYPE 3 cANO MINE ( ELOYfER POT) 
ARC A CLiARID BOX OR 'iRIATlR 

R.&G£n AS AMT: TANA WNES. NO 
SUP'’^ EMf NTARY pressure boards 

morn 4* i »POSCO 

HORN 2* riPOSCO 

PLUSW TO in* iaposio 

—' FIG.13 
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EXPECTE 0 CLEARANCE OE 

JAPANESE ANTI-TANK MINES BT MJ SNAKE 
.•«k DâM*. 

TYPE 93 ANTI-TANK MINE 
A***A CtíARÍO BOX on SWATin 

trZZ77777/y/Z¿. 
*• 

l 8JB A. 

YARDSTICK ANTI-TANK MINE 
Ant a cuAnfD sox on anrATcn 

asía ucMfo sox on sncsTcn 

*>'- 

r~—y 
*. . . 

h“-a *'- 

non« «• tssosto 

Honss g* t*so«0 

AB TI4 BEACH MINE (SINGLE MORN MINE) 
aw a atAAfo sox on sncATtn 

I 

fluxh on \/t' c xnosc o 

if ^ 
TYPE 3 LAND MINE (FLOWERPOT) 

Ant a CLfA*fo sox on antATtn 
nJSBtO AS ANT'-TANA MINES, NO 
Supple me n * a ay pnEssont boapos 

i FIG. 15 
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expected clearance of 
JAPANESE ANTI TANK MINES Ml DRAGON 

l*v(»â«C MIL) « 

t 

tz.;.V. . y .: ■. ■. : \ r; *•**•*- 
V  -*—r ¥ T * ~ ^ 
« l_ , J L 1 ) I 1 4-*UI»i4L 

f—* n—« ~T' * T—#~"1 
HH IHHH 

T -i ^ C4AIÍ4 
1 i 

TYPE 9 3 ANTI-TANK MINE 
A»r* CLfAAto ao% o*» o^FATru 

F —>t'-* F~f ^ Fu *1 ® 
\Z2/////JA rZTTl VZS/S//7À fi^AL 

I 
p— 

YARDSTICK ANTI-TANK M.NE 
a«a Clean o ao \ o* oAtArr* 

r—- i 
I , 1 Momi* «•fiAotio 

r—*—*f ■- * 
T / / / / ^/^ S / / 7 A •'OHNE t* ( * AO El 0 

AB, TI3 BEACH MINE (DOUBLE MORN M NE ) 
AM A CLEAMfO (0 \ oa AafATia 

p —A*- ... .. -4» aa--^ 

■ I 1 • Mcaaa'EAAOMO 

* r-*'■— -+— 
T777SJJJS)/JJSSSSJA noaa riaPMCO 

AB,T »4 BEACH MINE (SINGLE >.OPN MINE) 
4«(A ClCAACO 90\ Off ffff f A TI • 

p— # -^4 

QZ3 ALUAM 0« t/l’ClAoaCO 

K- ^ ^ 

zz 

TYPE 3 LAND MINE (FLOWER POT) 
AMIA CLE AMID AOIOA «afATEM 

aiOGEO A5 ANTi-TAK« minis, no 

SUANLEMENTAAY NAESSUAE aDANOl ’lü'V'M euj |£ 
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jLhjr 

fcXPEOTED CLEARANCE OF 

JAPANESE ANTI-TANK MINE BY ROCKET, 10.75* H E ,T-9l 
(OLAV LOAM •Olwl 

r 
czzzz 

0 

d 

/ ^ ^ ^ 
A .....4 A-----A zr::d'.v.—j.'//. 

äO--J 

mH-- 

TYPE «3 ANTI-TANK MINE 
Aftt« CL CAREO »01 OR GREATER 

- •V- 

YARDSTlCK ANTI-TANK MINE 
area cleared «0% or greater 

4' BURIAL 

• ‘burial 

dT".■.’•n e-.urial 

Cd 

Jfi 
-4— 

J 

AB T13 BEACH MINE (DOUBLE HORN MINE) 
area cleared io\ or brcatcr 

AB T14 BEACH MINE (SINGLE HORN MINE) 
area cleared do* or breater 

30 

dd 

»ORR» 4* EIROBED 

. .. .-. .-. .-. .-. .-. . ...-. .-. .-. dd3 
AREA Cleared Dot OR GREATER 

BASED OR ASSOMRTiOR THAT ALL M'MCS 

BMATTERCO ARC ROT KAJAROOL'l 
I 
/0- 

Cdd*dZ3 „ 
AREA CLEARED SO\ OR GREATER BASED 6*LT 0« 

EUIES RMiCW AcTuAll» rjMCTiORCO 

TYPE 3 LAND MINE (FLOWERPOT) 
RIGGED AS ANTI-TARK «■ Ml 3 ; VlTM 

RO SuRRlERERTARY RRESSURE BOARDS 

norm 4- I»rosed 

»LUSA OR Ut'ElROSCD 

AluBm OR l/t* E AROSED 

FIG 17 
rrN in* vtai 
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horra about 16 ir.or.• a apart, »ill praier.t a rall ia of 7.o 1: o/.aa i! 
uia 1 lx« of tha hcrxa ie perpacdicular to the path, and praotloaii^ 
tere if parallel. The average radiua for all angles la 4.6 iror.ea. 

8. Reaulta of Teats with Antipersonnel Mine Clearing Lavioss. 
The results of the teata with anti per s atm el mii.« clearing devices are 
ahown in the following tablea. Of the devieea tested, tre carpet roll 
torpedo was an ex per la or. tal model; the Shako, Mine Clearing, Anti¬ 
personnel, Ml, was a standard ite.r jf issue; tho Cable, Detonatin , 
Mine Clearing, Antipersonnel, Ml, was a development model, but whion 
is now in proouotion; and the bangalore waa a standard fclAl bangalore 
torpedo. 

a. Carpet Roll Torpedoes. 

CARPET ROLL TORPEDO VERSUS S LINES BURIED hITH PRONGS EXPOSED 

Height 
of 

Carpet 
( Inches) 

Position* 
of 

Trip Wire 

With 21-Foot U.S. Lrmy Trip Wires 
Edge of C«rpet 6" or nore from Edge* 

Tested 
HU iber 
Fi’ed Wires Cut Tested 

Number 
Fired hires Cut 

0 

4 

6 

10 

16 

Parallel 
Across 
Not across 
Parallel 
Across 
Not across 
Across 
Not across 
Across 
Not across 
Across 
Not aoross 

32 
16 

24 
6 

16 

16 

64 

22 
?6 

9 
4 
9 

5 

11 

8 
0 

0 
0 
0 

0 

1 

16 
112 

48 
8 

90 
48 
64 
48 
64 
48 

266 
192 

*-<
 

<c
 C

 

_
1

 

C 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 

_2_! 
• Trip wires were on the groxaac. «nen th« trip wires were parallel 

to the carpet, all mines were placed € inches away from the edge 
of the carpet. In all other tests the mines were perpendicular to 
the carpet, and meet mines were 6 inor.es to 24 inor.es from the car¬ 
pet, although a few were placed 3 to 6 feet away. 
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CAÍiPET hCLL TdtPZDC Y Bf US A- 200 XUSTAKD PCT MISES 

1 -eight Deptn • 
of 

Mine 

Uhder Ca.-pet Bdgu of Carpet 6* Cut sloe 
of Carpat 
( Inches) 

N u 
Tested 

enter 
Fired Tested 

aber 
Fired 

Vu 
Tested 

ober 
Fired 

o 

4 

6 

Flush 
l/2K above 
l/Z" below 
Flush 
l/Z" above 
1/2" below 
Flush 

60 
40 
40 
40 
20 
20 
20 

60 
40 
40 
40 
20 
20 
20 1 

24 
16 
16 
16 

8 
7 
« 1 

- - 8—1 

24 
16 
14 
16 

8 

6 
_J*_l 

24 
16 
16 
16 

8 
8 
6 

1 
1 
0 
4 
2 
1 
3 

* Minos wer« buried with the top of the fuse fiuah, with l/2 
in-h above grownd level, and with 1/2 inoh below ¿round level. 

CAKPET ROLL TORPEDO VERSUS SCHÎkIKES 

■Teil¡Hr " 
of 

Carpet 
( Inches) 

Depth 
of 

Mine 

Under Carpet ixi.,e of Carpet 
6" to 78" 
from Edge 

Uunoer 
Tested 

NUEbof 
Fired 

Number 
Tested 

Ifvsnber 
Fired 

Number 
Tested 

Number 
Fired 

0 

4 
6 

10 
18 

Flush 
I/A inoh 
I/2 inoh 
Flush 
Flush 
Flush 
h lush 

40 
24 
24 
28 
16 
16 
63 

40 
24 
24 
28 
16 
16 
61 

16 

16 
16 
16 
64 

16 

16 ’ 
16 
16 
47 

*82 
66 
66 
92 
96 
96 

376 

133e 
34* 
l»e 
70 
MO 
83 

329 

• On one test the gromd was frosen. This had no effect or. 
clearance of nines under the oarpet but considerably reduced 
the clearance away from the oarpet. The oarpet was on the 
ground in this test, and the following results were obtained; 

1 
Pines Buried 

Number 
Tested 

Number 
Fired 

Flush 
I/4 inch 
I/2 inoh 

1 

66 
66 
66 

28 
1 
1 

•i> 

si 
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AVStAOS »r. -i SA. D-DiCATOr b ij£ 1¡ JS 
bi*/YF.PS7 TOl-.PSv* 

rnrj.i of 
Carpet 

( Inches) 

Number 
of 

Tests 

.nines Eur.fed 
Jhder Carpet 

IT t.es buried on 
¿o of Carpet 

2* gw— 2" —— 

0 
i 4 

6 

! 8 
10 
12 
10 

I 
! Average ¡ 

3 
4 
2 
1 
1 
1 
4 

164(5) 

163(3) 

163(3) 
168(16) 

166(27) 

161(28) 
157(22) 
160(7) 
166(3) 
155(4) 
159(3) 
155(10) 

158(83) 

162(6) 
165(3) 
121(3) 

156(3) 

149(lo) 

135(4) 
153(2) 
158(2) 

112(2) 
127(32) 

129(42) 

89(8) 
102(12) 
109(10) 
56(2) 
8 9(8) 
84(2) 
74(32) 

86(74) 1 

45(2) 

50(2) 

48(4) 

• Numbers lu parenthèses refer to nuirbers of minee pertaining to a 
giver average. 

CAJ\P5T ROLL TOHPEDO V^SUS JAPAlfBSS TYP 3 3 AN TITA :: r F 3S 
(FLOWffi POT VINES)* 

Futes 
Exposed 

Explosive 
lb/ft 

Under Carpet Edge of Cwrp.’t 
Number 
Tested 

Number 
Fired** 

N ivttbsr 
Tested 

s»Ot r 
Hred 

0 
0 

1/4-1/2" 

0.216 
0.432 
0.216 

——J 

16 
30 
19 

0.15 
26.6 
11.8 

6 
12 

6 

1.0 
3.9 
2.3 

• Carpet 4 to Ç inches above the froir.e. 
•• First naaber indicates i.vasber of fuses fired or displaced, 

and second number the nisnber of mir.es shattered but fuses 
net fired. * 

YARLSTIC3 . IKES* 

1 
Soil 

i Conditio 
Depth of 
Burial 

Under Carpet jutsiae Carpel I 
Number 
Tested** 

Number 
Fired 

fTÄ.r 
Tested 

1, umber 
Fired 

' Pall 1m hand 
1 ’-let 
j h’et 
1 Net 

4 inches 
2 inches 
4 Inches 
6 Inches 

L.. 

10 
7 

7 

*_i 

10 
7 
3 

i__£_! 

2 
b 
5 

0 
0 
0 

* Carpet 4 to 5 inches atuve the ro\aid. 

• • Nuaber refers to fuses not oiir.es. 
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HJR* kOfSô» 

r~' ■ i 
I Forno 

¿xpoeed 
Beploelve 

Ib/ft 

Uf'der Carpet J Edge of Carpet [Outeice Carpet< 
):orne 
Teeted 

Horne 
Fired 

1 Horne 
Toeted 

! horn* 
Fired 

[ Sorte 
Teeted 

) orne 
Fired 

2 ir.obee 
2 inohee 
4 inor.ue 
4 inohee 

0.216 
0.432 
0.216 
0.432 j 

17 
30 
17 
30 

7 
29 

11 
30 j 

8 

2 
i 

-L 

0 

1 

4 

4 

1 
0 ! 
ü i 

* Carpet 4 to 12 Inohei above toe grour.d* 

b* Snake, Mine Clearing, Antipersonnel, m. 

SNAKE. MU’S CLEARPO, ANTIPSRSCliNEL, Ml, VERCUS "S" MINKS 

[~ blstanoe 
of Mine 

from Snake 
0-6 inohee 

9 Inohee 
12 Inohee 

16 -20 inohee 
12 Inohee 
12 inohee 
24 inohee 
24 inohee 
M inohee 
36 inohee 

46-120 inohee 
46- 72 iner.ee 

Poeition of 
Trip diroo 

No trip -Yiroe 
No trir #iree 
No trip wiroe 
ho trip wiree 
>oroee Snake 
Not aoroee 
aoroee 
Kot aoroee 
Aoroee 
Fot aoroee 
Aoroee 
Not aoroee 

Nunber 
Totted 
40 
16(8) 
16(P) 

(16) 
8(6) 

16(6) 
8(6) 

16(8) 
8(8) 

16(8) 
56(8) 
48(6) 

Number 
Firei 

Number 
Wiroe Cut 

40 
16(4) 
16(0) 

(3) 
6(1) 

16(0) 
2(0) 
9(1) 
0(1) 
6(0) 
9(0) 
9(0) 

8(S) 
G(l) 
6(8) 
0(0) 
8(b) 
0(0) 

68(8 ) 
0(0) 

Pi(uree in parenthoeee refer 
firet tort. 

to the eeoonc teeti oth&re lor 

SNAÄE, MINE CL2AKHG, ANTIPSiiSQ- VEL, ..1, VaSUS SChliillilS 

yietanoe 
from 
Snake* 

Minee Sur led Flush nlnee Burled 1/4 Inch 
Nifaber 
Teeted 

Number Fired 
or Deetroyed 

Number 
Teeted 

Humber Fired 
Qf Destroyed 

16 - 90 inohee 
108 -180 inohea 
198 -270 Inohee 
288 -324 Inohee 

360 inohee 

56 
64 
40 
16 

8 
.. 

61 
60 
31 
10 

1 
.... 

64 
72 
48 

63 
49 
16 

• Minee were buried 18 inohee apart on firet teeti 3 foot for 
flueh and 2 feet for l/4 inch burial on eeooad teet. 
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^kXZ, * Z LiAP. iso, as:ife.-s<i h. Ml. 
vasas a-zoo : vstarz pot d>es 

i Distance 
fro» 
iiaic# 

Minea hurled Plueh Minea with l/4" Proi.c ExpoaeJ 
Nuaber 
Te»te4 

Number 
Pired 

K*ber 
Toated 

Kumt'er 
Fired 

4 Inohea 
8 Inohea 

12 Inohea 
16 inohea 

j 20 inohea 
1 24 inohea ^ 

8 

8 

8 

8 

« 

2 

8 

8 

8 

8 

7 

s ! 

SHAKE, kilNE CLEARING. ANTIPERSCKN£L, Ml. V&- 
SUS JAPANESE TYPE 3 aklNES (FLCMER POX *INSS) 

Number Tested 
Fuaea Fired 
Minea Shattered 
Top blown off 

Diatanoc from £ bake 
12" 18^ :»4" -JO"- 

8 
3 
2 
2 

6 
0 
0 
3 

8 
0 
0 
0 

8 
0 
0 
0 

8 
0 
0 

8 
0 
0 
0 

o. Bangalore Torpedo. MlAl* 

MUI BAN GALOP! TORPEDOES VLSI'S "S" . F ES 

ulatanoe 
froa Charge 

Poaitlon of 
Trip Wiree 

timber 
Te ated 

'umber 
Fired 

Number 
lirai Cut ) 

6*9 inohea 
12 inohea 

15 -21 inohea 
24 inoheo 

1 foot 
2 feet 
3 feet 
4 feet 

6-6 feet 
7 -10 feet 

1 foot 
2 feet 
3 feet 
4 feet 

b - 6 feet 

No trip wiree 
No trip wire« 
Vo trip wiree 
No trip wiree 
Aoroaa 
loroae 
Aoroaa 
Aeroaa 
Aoroaa 
Aoroaa 
Not aoroea 
Not aoroaa 
Not aoroaa 
Not aoroaa 
Not aoroaa 

40 
23 
61 
16 
16 
16 
16 
16 
16 
32 
24 
24 
24 
24 
16 

1 

39 
14 
23 

1 
14 

7 
6 
1 
0 
1 

19 
13 
13 
10 

7 

16 
16 
ie 
16 
16 
32 
10 

6 
9 
4 
4 
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H lAl SX* OALTPE TOR PEDO rTS V&SHS SCH’JL E»KS* 

II III III 

Distance from 
Bangalore (Feet) 

Mines B'ried Flushjuines Buried 1/4" 
N issber 
Tested 

Number 
Fired 

timber 
Tested _ 

tusker 
Fired _ 

2-10 
12 - 16 
16 - 20 
21 - 26 
26 - 30 

23 
16 
16 
16 
16 ¡ 

23 
16 
15 
16 

_ii_l 

40 
16 
23 

! 

40 
16 
20 

* Tha«« results are for the second test ocly. Cto the 
first test mines were pieced on the ground es «eil es 
buried flush end l/4N deep; most of the mines were 
blown so far from the originel position thet it was 
not possible to determine exactly where the non-fired 
mines had originally been buried. Out of a total of 
144 mines planted 6 feet or less from the device only 
2 «ere not fired| and out of a total 256 mines within 
24 feet. 16 were not fired. 

UlAl BAf GALORE TORPEDOES VERSUS A-2C0 KUSTARD POT - IKES* 

Nuaber Teste’. 
Nvmber - .- 

12 in es Buried Flush 
/ines with Fusss l/4"| 

Exposed 
L utenoe from Bangalore (In inches) 

4" 
8 
e 

12n 
8 
7 

20" 

' 

S" 
6 

9 

16« 
8 

8 

Zim 
8 
ß 

• Usevi w «b md tea», only. 

ilAl BANGALORE TOLP~ ES VSrSUS JAPANESE ANTITANK a OI B* 

1 f < 
■ * 

1 ■** 

•i from Charge (in inchas) 
24-1 32)' ¿3" 1 48- 

r '..nee (Horr.t ' expired/ 

Home 1 c 
Homs i i i 

24 
2> 

24 
20 

24 I 8 

zl_. ! 4 
; i<rt ^1/4- to l/?*inoh expose' ) 

Number 7 j < ¡16 
Fusee v'. : r| 

Disp*« j 16 
Top 3 *wr. ' ' j 0 

lb 

10 
2 

16 

4 
? 

16 

2 
6 

16 

3 
3 

8 

1 
0 

* Used on only the last two tests (May lb and 17). 
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â. C*bl9, Min» Cl^riEE, ànUs»r$ota*l, ai . 

CABLE, DSTCNATUG, k»E CLEAÜlkO, AMTltBiSiMli£L, Ul, 
ViUSüS A'200 mUSIARP POT tiZMAS« 

Distance 
fron Cable 

( Inches) 

Mines Burleo Flush Mines Buried 1/4" 
UmbT 
Tested 

K usé) er 
Fired 

Kumber 
Tested 

Nunbtr 
Fired 

0 
3 
6 
9 

12 

0 
16 
16 
16 
16 

8 
13 

6 
2 
6 

8 
16 
16 
16 
16 

8 
9 
2 
1 
0 

• First test] non* used on second test. 

CABLE, DBTCNATINO, lilNÏ CLEAR IF 0, AhTIPERSÛKh SL, Ul, 
VERSUS UNIVBSAL ÜDICATOR WINES 

Distance 
from Cable 

(Inohes) 

Arerage Reading* Range of Readings* 

Test 1 Test 2 Test 1 Test 2 

6 
9 

12 
1« 
24 
27 
36 
«6 
64 
64 
72 
81 

66 

91 

b9 
46 
34 
29 
24 
20 
16 

91 

76 
106 
86 

36-86 

40- 129 

41- 100 
36-60 
26-46 
22-36 
6-41 

12-27 
12-26 

24-182 

48-118 
69-140 
71-106 

• Basel on 6 readings* 

CABLE, DKTCNATDiC, MW E CLEARING, AFT!?■*(* NLL. Ml, 
VESCUÍ "S" MIKES (With Prongs Exposed)* 

Dietnc ' e 
from C'J’ile 

Position of 
rip Wires 

Number 
Tested 

Number Minee 
Fired 

Number 
Mires Cut 

3 inohes 
6-12 inches 

0 
1-6 feat 
1-10 feet 

No trip wires 
No trip wires 
Bd^e of cable 
Not aeróse 
Across cable 

8 
24 

6 
40 
80 

k 2 
0 
8 
2 
4 1_££_¡ 

* Mines with no trip «1res on second test» others on 
first test* 
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CABLE. LJTvJIATaO, *¡>S CLU*DiG, AlfTIPfiH^KEL, Ml, Y*SUS SCKLà D ¿¿* 

Distonoe 
from ("able 

( Inches) 

I Mines or Ground mines Burled Flush aines Buried LA" 
Number 
Tested 

Number 
Fired 

Nuober 
Tested 

Number Number 

Jisití_ 
Number 
Fired 

0-9 
18 - 27 
36 - 4b 
54-63 
72 - 81 

8 
10 
18 
16 
14 

8 
10 

.16 
13 

4 

10(8) 
15(16) 
16(16) 
16(16) 

15 .J 

10(8) 
16(16) 
16(16) 
11(13) 
4 

11(8) 
13(16) 
16(16) 
14(16) 
16 

11(8) 
12(16) 
7(15) 
5(16) 
5 

• Figures In parentheses refer to second test and others to first 
test. 

V. DISCUSSION 

9. General. The tests and evaluation described In this report 
indicate tüe feasibility of predicting the probability of effective¬ 
ness of explosive minefield clearing devices. However, although the 
data contained herein are useful, the problem is so rxtensive that 
further testing is advisable In order thoroughly to evaluate the 
effectiveness of aine clearing devioes affinst the four Japanese 
mines not calibrated with the universa) indicator mine. Likewise, 
consideration should be given to the eifeotivsness of the devioes 
against artillery shells and aircraft bombs that are fused and used 
as land mines. 

Moreover, considerable research is required to develop fur¬ 
ther the universal indicator mine. Such an investigation is proceed¬ 
ing at the present tlae, and the solution appears to be at hand. It 
has been found that b, decreasing the area of the mine’s pressure 
plate, the hitler blast pressures required to actuate Japanese mines 
can be recorded. Of course, the dial gauge readings for seeasuring 
the displacement of the indicator mine fuse measuring pin are not as 
great when a small area pressure plate is used. Consequently, al¬ 
though the rang* of the indicator mine is increased, an entire re¬ 
os lib rat ion is required if the small mrea pressure plate is adopted. 

10. Japanese Mines. All previoue experience has been with 
German ■in«'« - in particular, wi¿h the Tellermine ’43, eohumine and 
"S" mine. Tellermine« and »ohuminaa ara relatively cacy to actuate 
with explosive minefield clearing devices, due to the site of the ^ 
area susceptible to pressure. However, most Japanese mines, like 
the "S’1 mins, present a small area upon which explosive force can 
operate. As a result, the only blast resistant mines that oan be 
functioned with a high degree of reliability by an explceive mine 
olearing device are those mines within the immediate vioinity of 
the device - in other words, thoes mines within the erster produced 
by the explosion. 
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ft. Typ« i Lf.d kln» (FlowrpotJ. Th« Typ« 3 o«r«aio 
Bin«, Ln p«rtioular, 1« ««"y dlfríouli te ole«r. S«««rtL tAlr.^« ««y 
n«pp«B te Typ« 3 sin«« «hcc th«y «r« -jubJ«ot*d to an «xplo«!«« blast< 
ti]« fus« my b« «otu«t«d i th« top of fus« my b« breksn off «o that 
It cod not b« aotuat«d by pr«««ur«f but my r«mln danf«roua if at. 
UQOut trip wir« 1« «ttaohod» th« fu«« my b« blown out of and away 
from th« min«; th« aln« my b« ahatt«r«d with th« fu*« l«ft iaihai*n«d 
and lyln^ on it« sid« oror th« brokan Bin«* In this lo«t situation, 
which coours fr«qu«ntly, it I» not po««ibl« to «ay how hatardou« ti'« 
min« is (Fig. 20). Uatil thi« ®att«r i« ««ttlod, th« ol«araño« of 
th««« min«« remin« in doubt. 

Tost« in which a f«w Ut« Typ« 3 «in«« w«r« used indi¬ 
cated that th«y ar« not aff«ot«d by ••yapathotic'' a«tonation. That 
i«( th« «xplosion of a «in« will not n«o«««arily oau«« ¿«tonation oi 
a nearby Bin«. 

b. Horn Hi in««. Both singl« and doubl« hom-min«« ar« 
▼•ry difficult to funoiloo by blast. Th««« min««, although usually 
plao«d in shallow wat«r a« antiboat min«s, ar« frequently u««d as 
land min««. Th«r« appears to b« no standard mthod of placement, a« 
they ar« often found buried or lying on th« grouad surfao«. In t«ota# 
th« mor« difficult politic::.« w«r« u««d| th« Bin«« w«r« buried (b) with 
th« top of th« horn« l«r«l with th« gro\jad «urfao«, (b) irlth th« hom« 
projecting 2 inch««, and (o) with th« horns fully «xpo««d. Th« horn«, 
which ar« «aslly crushed by « tracked ▼•hlal«, withstand considerable 
blast pr«««ur« and ahrapnal hits (Fig. 21). 

o. Yardstick äln«a. Yardstick minea, ahioh normally hav« 
four shear pin typafux««, präsent a peculiar problaa, «ino« th«ir 
position in relation to th« «xplosiw« min« clearing charge wari«« 
th« potential r««ult«. Ih« probability of functioning a yardstick 
min# that 1« parallel to a linear «xplesiv» min« clearing charge is 
greater thm if th« min« 1« at rltfit angles to th« ehargs. Voreover, 
r«e«nt intelligsne« reports indi eat« that th« Japan««« frequently «x*- 
ploy th« yardstick min« with thr«« inatead of the oustomry four fut«s. 
Ihi« method of «mploymnt r«due«s th« probability of fimotlOLlng th««« 
mines. 

d. Type 93 and Dutch 1‘ushroom Top hlnss. Ths Type 93 ana 
th« Dutch mushrõomtop min«s are r«latlT«ly «aslcr to function by 
blast. On th« bnsl« of eomparatlw« tmlwersal indicator min« walu««, 
th« J93 mir.« require« twenty percent mor« «n«rgy to b« f\sietion«d 
than th« Tellcrmin« '43, and the Dutch mushrOvA-top min« 60 percent 
1««« than th« T«llurmin« '43. How«w«r, th« mushroom-top on th« Dutch 
min« fits loosely on th« bas«, permitting th« eco emulation of earth 
and sand in th« spa«« between tn« top and tn« bas«. As a result, tl.« 
min« b«ooms nor« difficult to détonât«. Th« calibration walu« oí 30 
that was used in th« tests described in this report is considered re¬ 
presentative of a Duton nine that is partially jammed by «arth ootween 
the top and th« base. 
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11. Mir.« Cl«arlct Pvrhap« th« m« .-t rut «tiding 
ph«]OMDOD r«T»«i«d by th« lAT««tif«tlon vm« th* "»kip* or "or«t«r 
«ifrot.'' From *oa* of th* *«rU*«t Mp«rla«nt*# H «*« r**lic«d 
that, for son* ls«xpiloabl* r**»0K, ata«« ob th* 11p of th* orat*r 
produo*d by *n «xploal«* dorio* «*r* oft*n aot fi*i«tl<**<i. ühll* 
it 1* not «ithin th* «oop* of th* pr***at proj*«t t* d*t*raln* ^h* 
oau«« of th* "akip •ff*ot,w th* «ff**t oan aooirrat*ly bo d*t*rai.*d, 
and a an b* oirouar«nt«d by th* saUetlon of th* rout* tor tanka to 
tratai ttirou# a partially olear*d aln*fi*ld. It fpllowa that tha 
crater froduo*d by an axploair* aln*fl*ld oUaring 4*rio* la th* 
aaf**t route thrrugh a ainefleld. Rovar*r, more oft*n than not the 
orator la not wide anougr to aooonurddat* a traok*d rahlola. In 
auoh a aituatlon, tha alternat# reooanended route would be out aide 
the orator adjacent to the aklp area. Ubder no oirpuastanoaa Is it 
oox.aidarad adrisable to straddle the skip area with a tracked rehi- 
ol*. If a tank were to straddl* the area by plaoii^t one track 
in th# oratar and ono traoa outside of the skip arof, the tank's 
belly would bo vulnerable to nines that aay hart boon rendered hyper- 
ssnsitiT« by the explosion of the aine olear in g dorio«. 

The "skip effoot*’ is negligible with antipersonnel aine 
clearing linear charges, and it do*s not exist with airburst charges. 
The 10.76-inoh rocket, H.£.. T-91# has an 18-inoh fuse *xt«i:«ion 
•toioh eliainates any oraUring, this indicates that the "skip of feet" 
aay ba closely related to the physical formation of a oratfr. Like¬ 
wise, the oarpet roll torpedo produoes no srater and thus has no 
"skip sffeot." 

•• Antitank Mine Clearing Pericas. The ohoioe of a da- 
vioa for braaehing an antitank ainrflald depends largely on tha 
availability of the rarious derioas, the type of aines to be breached 
and th* taotioal situation. Froa tha tests oonduot*d, it appears 
that the dsaolitlon snakes produce the best all arttnd results. 
Ersluated on tha saao gaaeral basis, th* lO.Tb-inoh Rock*t, T-kl, is 
•quivalcnt and possibly aor* dasirabl*, boosus* it do*s not produo* 
a orat*r. A singl* length of 3-inoh hot* filled with liquid *xplo- 
sir* is «ffeetir* against Japanss* ain*s on the basis of tha ooapara- 
tir*ly small aaomt of axplosir*s utilis*d. How*r*r, tha lianas pro- 
^uo*d through Typ* 3 mln*s are not suitable for the passage of re- 
hieles. The projected line charge, which contain* about th* mum 
aaouht of oxplosir« p*r linear foot a* the 3-in*h ho*«, produoes 
oomparable results. 

til 
Of th* four deaolition snakes tested, th« M3 snake is 

prsfsrabl«, du* to its greater min* clearing ability and oomparatira 
lightness, lha sxploslr* loading, 14 pounds per linear foot, is 
equivalent to th* a2Al snaks and th* M2 Bangalore torp*do-loaa*d 
snak*. However, both of th*s« en axes weigh 1» *xo*r* oz 3 awr* 
than tha M3 snak*. 
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rO> <*.cv

>20>2-i2«
Condition ot Typo 3 Und Nino futet after teat. Left; fvao 
net fired. Right: fuze fired and top partially blovn uray.

Co/tript/ruti^

• i ’ I '.fri-'''
aa-z

120-2-1M
Various conditions o^ fuzes, loft to right: fglly cocked
fuze: partially functioned fuze (note prongs slipped on one
aide): pron^ partially 'pulled* (fuzeuill not function un­
der weight of ean but any be actuated by trig wire); top 
broken but can still be actuated by direct pressure or trip 
wire; top broken and fuze cannot be fu-Ktioned by direct 
pressure but aay be actuated by trip wire.

Fifi. 20. Jk^MIESE TYPE 3 UHD MIRES. 

-37-



Condition of horno *ftor toot oltli ti^loolwa aiM elaorlnf 
oovico. Contor teorn la naa, otkor Itorna «ara no* fanctlaw 

Mvaral akra^Ml hita.

Fit. 21. JAPMCSC MM wm.
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Th* H.*'., 10. T5-L*icr., T-91, Is lr.t*nc*<l to b* 
launori*d from a apaclal ▼ahiol* tow*d by a tank, le tactloal use 
th# roojeat» would ba flr*d at Intarrala of 16 faat along tha pro- 
posad path. Eaoh rookat walgha 330 povnda, of which 2 60 oomda is 
axploeiTa. Approxisataly 3^ tona of rookata ara required to obtain 
a path equal in length to that produced by a denolltion snake. The 
combined weight of the rockets and the launching vehicle is considera¬ 
bly greater than any demolition snake. 

The 3-inoh explosive-filled hose and the projected 
line charge are light in weight, eae;' to maneuver and vary affective 
per pound of explosive. A separate investigation is presently ircmr 
way to determine tha usefulness of these davioas when two or three 
of them are exploded simultaneously in a minefièld. 

b» Antlpérsopnsl Mina Clearing Devices. Of the anti¬ 
personnel mine clearing devices tested, the earpet roll torpedo pro¬ 
duces the most sffeOtive results, iihile this dsvioe is not fully de¬ 
veloped. and there resmlns the problem of taotioally placing tha ex¬ 
plosive oarpet in a minefield, it ia evident that ths explosive car¬ 
pet when properly positioned, can olear a foot path at least two feat 
wide through ail types of minea. Tha two heavier charges (Ml min* 
clearing anexa And bangalore torpedoes) olear sohumines over a wi^er 
range thmn does the oarpet roll, but they oleer only a vary narrow 
path (leos than 2 feat) through mSm mines and si mi lar minas» Tha Ul 
detonating cable is useful for olearing a footpath through echumines 
and exposing the mure blast resistant antipersonnel mines. 

The detonating cable has tha least wei£>t and bulk 
and requires no prior preparation for i*se. These desirable charac¬ 
teristics are presently being exploited In the dqveiopssr.t ol a new 
cable of greater exploelve weight that will probébly be more effec¬ 
tive against blast resistant minea. 

m § 

k kit has been developed which will enable a 100-foot 
string of bangalore torpedoes to be prejeoted into a mlnqd area and 
detonated. The kit will thus permit greater usage tf th* MlJU banga¬ 
lore torpedoes which are generally available in the theaters. 

The i:l antipersonnel mine clearing snake is currently 
in production and is available. It is satisfactory for clearing 
narro« footpaths ti.rougn fields of antipersonnel mines, for cutting 
trip wires, and for olearing vegetation that may conceal «detonated 
minea» 

The carpet roll torpedo, if suitably developed, could, 
from the briterioc of the weight of explosives used, be the most 
efficient Mine clerring charge. It xs useful against both *ntlpersonnel 
and ehtltank mines. This feature ia worthy of consideration, inawtuch 
as tha Japanese Type S mine is employed as both an antitank and anti¬ 
personnel device. The oarpet roll torpedo does not cut trip wires, but 
it does detonate all sdnee immediately under tha Ikploslva mat. 
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VI. COfCLJSIOFS 

12. Condiu» jKij. Prca th* inirtitig*tion *u<J te»t« d*sorlb*d 
/«rein, it la ooiir ïud«ct thatf 

a* Th* affeotIrene«« of explosive alr¿efield clearing 
devioss varie« in aocordeace with the condition the soil and 
the length of tine the nine« have been buried j aine clearance is 
reduced in wet «oil and in field« in which the atino« have been 
buried for several wooks. 

b. The Snake. Demolition, 113, is the best all-around 
antitank minefield clearing device tested. The carpet roll torpedo, 
although not yet completely developed, offers promise, under suit¬ 
able terrain conditions, of being the most effioient of the anti¬ 
personnel aine clearing devices tested, from the stendpoint of 
weight of explosives used. 

c. ¿apañes* lype 3 land aines, horn-mines, yardstick 
mines and Type 93 mines art mors blast rssistant than German T.Mi«43 
mines, and explosive minefield clearing devices sffeotivs against 
T.j*i«43 mines are not equally effsotive against Japanese mires* 

d* Of the mines testsd, the Type 3 mine is the most 
difficult to function by blast, end is insensitive to sympathetic 
detonation. 

e. Of the more well-known Japanese atines, only the Type 
93 and Dutch mushroom-top mines can be calibrated with th* existing 
ixiiversal indicator mins. 

f* The universal indicator mine can be modified, pro¬ 
bably by reducing the area of the pressure plate, ao ♦hat indicator 
mine values for the Japanese Type 3 mire, horn-mines and yardstick 
mines can be calibrated. 

g. There is an area at tha lip of the crater produced 
by a linear oharg* exploded on the prouad, in which blast is rela¬ 
tively ineffective against mines. 

h. iarburst explosive devices, such as the Rocket, H.E*, 
10.7b-inoh, T-9l, produce no craters and have no "skip effact" on 
mines. 

1* Further limited tssts should be conducted in order 
to calibrate blast-resistant mines, as wtll as aircraft bombs and 
artillary shells usea as minss, against a modified universal indi¬ 
cator mine. 

-40- 



VII. RECOMftJTDATIOHS 

lá# Recanunendationa. It is recommended theti 

*. A limited series of additional tests be conducted 
further to evaluate the effectiveness of mine clearing devices 
against blast-resistant mines not yet calibrated, using for this 
purpose the modified universal indicator mines at present being 
developed. 

b. Tests be conducted to determine the effectiveness 
of explosive mine clearing devices against aircraft bombs and 
artillery shells employed as land mines. 

Submitted byj 

::i~s L. F7A*:s, w 
It. Colonel, Cora^ of ^gireers 
I* rec tor, "echnii»'1 Division I 
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A??aí rix a 

AUTHORITY 

It«» 

Letter frca the Chief of ¿hgiueor* to the âigineer 
Board,, Dated 21 Novesbcr 1944, File CE (21Mot44) 
SPEKF, Subjeott Teat of Mineolearixii; Derioea Again«! 
Japaneae Mihea (Work Order CIU 3350) 



*ÁJ< SEPA*i. îf: 

Cffloe ot tn« CM«f of üLgln»er* 
H*»hin gton 

CS (21 Not 44).SPENT 21 Novomb«r 1944 

Subject j Te»t of Mii:ecle«rlrg De/lcos Ag»li.st J»pw:e69 Min«s. 
(^'ork Order DU.. 5350) 

Toi The Preiident, 
The Engineer Board, 
FORT BILVOIR, VIRGINIA. 

X. Most of the equipment for clearing enemy mines under 
deTelopment at present probably vill not be procured and issued 
in time to he of muoh value against Germany and all developments 
are being oriented toward the war against Japan. In this connec¬ 
tion it is neoessary that all mineolearing equipment be evaluated 
as to effectiveness for clearing Japanese mines. 

2. Therefore, it is requested thati 

a. As many Japanese sines, as possible, including Type 
93, Yardstick, said Dutch Mushroom Mines, be calibrated against the 
T. Mi. 43 and Universal Indicator Mines. 

b. trom tie results of these calibratione, minefield 
clearing devices, brth standard and development types, be evaluated 
as to their effectiveness in clearing Japanese type mines. 

c. For those Japanese Mines wbion it may not be possible 
to calibrate with the indicator mines, such as the Yardstick Mines, 
limited tests against captured samples or simulated nodels of suer 
mines be conducted with the mireolearirg devices to provio.i suffi¬ 
cient data for adequately evaluating the devices. 

d. This work be carried under Group 2 Clessll icstion. 

By order of the Chief of Engineers i 

/s/ SiS^.OuD B. &.ITK. 
i,t. Colonel, Corps of fr.gineers. 

Chief, Fortifications Branch, 
Engineering and Development Division. 
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KXPKTED PERCBí TAGES OF U Di ES 
CLEARED AT GIVEN DISTANCE FRCfc CHARGE 

Figure 

22 through 41 

42 through 44 
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Antipersonnel Mines 
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Armed Services leciinical Information Agency 
ARLINGTON HALL STATION 

ARLINGTON 12 VIRGINIA 

FOR 

MICRO-CARD 

CONTROL ONLY 2PH2 
WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
fOR ANY PURPOSE OTHER THAN IN CONN¿CTION WTTH ADE FW^ELYrH.T i n 

GOVERNMENT PROCUREMENT OPERATION THE U. S GOVERNMENT LD 

rnJir^jSPONÍJIBILrrY’ NOR ANY OBLIGATION WHATSOEVER AND THE FACT THAT THE 
^E^MENT MAY HAVE formulated, furnished O MN ANY WAY sulpi li.n Ïhp 
SADI DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE Rrr” 
IMPLJCATION OR OTHERWISE AS DÍ ANY MANNER LICENSINC "HE HOLDER OR ANY OTHI H 

OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURÉ 
_USEOR SELL ANY PATENTED INVENTION THAT MAY M AiÎyWaÇTeM , r " ' 

- "I ““--- ■ —--- 
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