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ABSTRACT

Tnis report covers Phase 1i of a program to develop a *supplementary. Ltem of proLective footwear to be used inconjunction with a prevLously developed protective coinbatbot. It-was directed toward fabrication of test prototypesfor blast evaluation. The supplementary devices were of twotypes, Concept A and Concept 1, both using an identical solidaluminum shank. Concept B incorporated a system of reinforce-ment for the upper portion of the foot.

A di.scussion of preliminary prooftesting considerationsis presented. This discussion includes the recommendation oftest personnel, the quantity of tests, and the protective
footwear to be used during tests.
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P*Es NOT PTD=E AfR ELAM

DEVELOPMENT, FABRICATION, AND PROOFTESTINC
OF OPTIMM FOOT PROTECTION AGAINST ANTIPERSONNEL

MINES USING A SUPPLEMENTARY DEVICE

Inrodcton

A variety of techniques for providing varying degrees of
protection against antipersonnel (AP) land mines are available.
It is possible to reinforce the combat boot or provide some
form of supplementary protection. This report covers the
fabrication and preliminary aspects of the prooftesting of
supplementary devices which are intended to be used in conjunction
with a previously developed protective combat boot. (2) The re-
sults of prooftesting the supplementary devices will be supplied
later as a supplement to this report.

The standard stitched or direct molded sole (DNS) combat
boot is not affective in preventing an amputation of a foot
exposed to the blast effects of a small AP land mine (such as
the U. S. Army M-14 which contains one ounce of tetryl).
Modifying the boot by means of a protective shank can salvage
about 27 percent of the casualties from amputation, and rein-
forcing the counter area of the boct upper can increase the
salvage fr=i amputation to about 65 percent. (2)

The supplmentary devices are intended to increase the
level of protection provided by the protective combat boot
from the 27 to 65 percent possible salvage to at least 90 per-
cent possible salvage. The factors involved in the design of
the supplementary devices are discussed in detail in the Phase I
Final Report under this contract (1) and are briefly reviewed
below.

PAIrT I. REVIEW OF THE ANALTI(AL AND E)GERIMENTAL DATA USED
IN THE DESIGN OF THE BLAST PROTECTIVE SUPPLE EZNRY
DEVICES

Phase I of this program included the theoretical and
e-perimental development of the concepts which were eventually
fabricated in a quantity sufficient for blast evaluation.
These data are fully covered in IITI Report E6029-5. (1)

To utas rixo briefly, the impulsive load generated by
the land nine must be reduced to a tolerable level by a
supplemmtary device used in conjunction with a protective boot.
A tolerable level is defined by the 90 percent possible salvage
criteria. In this context, possible salvage refers to a level
of injury which an experienced observer would regard as not

likely to require an amputation of the foot. A medical judgment
of this sort is somewhat subjective; however, several
indepenckint evaluations of the same specimen can be used to
arrive at an average evaluation.



The Phase I effort was primarily devoted to the study of
the system shown in Figure 1. A water bath receives the im-
pulsive load which would normally be transmitted to the foot.
Figure 2 indicates the analogous system, including a human foot.
Although a considerable physical difference exists between the
two systems, the matching soft tissue-water impedance and the
extremely short duration of the shock portion of the loading
wave had made the water bath an evaluation tool of ccnsiderable
significance to this program.

Based on experiments with the. water bath system of Figure 1,
it was determined that the unit area impulse would be less
than 0.4 psi-sec for any of the sabot shanks which weie con-
sidered and, likewise, that the peak pressure would be limited
to less than 2,000 psi. It was also noted that the external
wedge shape which is directly exposed to the land mine would
limit the gross impulse input to about 5.7 pound-seconds. A
comparison of these data to the estimated damage threshold data
for a human foot indicated that any of the supplementary device
systems which were evaluated are capable of achieving a relatively
high level of protection.

The sabot shanks provided a level of protection which
appeared to be related to their mass without regard to internal
const.uction or material parameters. The heavier sabot shanks
resulted in lower values for peak pressure and unit area
impulse. The significance of this fact is that there is no
additional foot-saving ad-?aRtage to be gained through a
multiple-layered, impedance-mismatched sabot shank, or through
the use of crushable materials or configurations within the
sabot shank; a sufficient number of impedance mismatch layers
is contained within the boot protective shank for this purpose.

The series of 18 cadaver experiments with a configuration
generally similar to Figure 2 resulted in only one case of
damage sufficient to rupture the skin. This latter case involved
the use of a Lexan polycarbonate plastic sabot shank. The
number of variables involved in these experiments make it
difficult to predict the precise level of protection which any
particular system may provide, but the range of damage indicates
that almost any of the protective systems has a good chance of
meeting the required 90 percent possible salvage level.

A full description of these experiments is included in the
Phase I report (1) and the results are reported here in Table I.
All combinations of sabot variables performed equally well on a
range of cadaver legs for this small test series. Therefore,
although more data are desirable, the selection of any particular
combination should be based upon comfort or economic consideration.
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PART II. FABRICATION OF FOOTWEAR

The f.brication of 10 pairs of each of two supplementary
device concepts was a major portion of the Phase II effort.
Figures 3 and 4 show the two concepts mounted on boots. Figures

5 and 6 show the concepts in pairs. Note that concept A is
shown in Figure 5 without the rubber overshoe attaching system.
The molds which were used to cast the urethane rubber are
shown in Figures 7 and 8. The protective sabot shank is shown
in Figures 9 and 10.

The urethane elastomer used for these models is furnished
by Dik-O-Seai of Chicago, Illinois, and is designated ABRASHUN
5055. The material has a nominal durcmeter of 55 shore A and
is somawhat softer than that used previously for the initial
samples. Some difficulty noted-in molding this softer material
resulted in air voids near the edges and some internal bubbles,
but these should not affect the overall blast protective
qualities of the sabot system.

A. Concept A Fabrication Details

The solid .alminum shank shown, in Figures 9 and 10 was
mulded diectLy into, the urethane casting. This casting was
thieu adhesive bonded to a rubber overshoe by an overlapping
strip of-1/16-inc'h thick neoprene rubber which was contoured
to fit. The adhesive used was Locktite 404 which contains a
bMethyl-Z-Cyanoacrylate resin and is similar to Eastman 910.

The rubber overshoe itself is a comercially available
item designated by the manufacturer* as Sandal, Extra Large,
1100 Black. The overshoe was.shortened slightly and the
bottom was removed -so that the'°sabot as shown in Figure 5 is
mounted directly against the bottom of the combat boot and
the overshoe is used only to retain it in place.

B. Concept B Fabrication- Details

Concept I was also fabricated with the aluminum shank
molded inplace.- The -upper part of' the Concept B elastomer
was designed to fit against the full heel protective combat
boot, but can also be used with the cutaway heel. Figures 4
and 6 show the Concept B System.

I

-fingley Rubber Corp., South Plainfield, New Jersey
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Figure 3 Concept "All Sabot Prototype Shown Mounted
On A DM-' Protective Combat Boot
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The upper reinf'rcenent shown in Figure 4 is comprised of
the two-piece parts shown in Figures 11 ,ar 12. The intent of
this system of upper relr:f -)-cement is to iiiin.mize the lateral
expansion ot the heel of tk. foot. These 'wo pYeces are fabri-
cated from aluminum allo' and black-anodiz,.d.

PART ill. P!t.LIMINARY PROOFTLIJ.L .G CON SiEk.l'INS

Final orooftes,'.inu of the saOot concepts will Lnvolve the
use of cadaver lowter extrumities and protective combat boots
as we.] . -ie sabot whi.c'- is b oino .V;Li u2ted.

A recolmiiendatn " a-e tor the r-.s to be c:unructed
at the Army Chemica....a ;h -.nei Deve'..:)ment Corruiiand (CRDL)
by the pej:sonnel of t J: 'o ' , ios . ;.' , l .dy Armor branch.
Autopsy reports, X--r-, :. ' ,,,toga-' wi 1e supplied by
CRJ)L to a number of '-r..-.c. observ, s for evaluation of
the dc,.kig to he cad'.av ws. end the results will be tabulated
and aralyzed.

The M-14 land mine wi]J be used and the emiplacement and
initiation techniques aro to be similar to those established

, by CRDL and employed for thr. protective combat )boot evaluation. (2)

Since the damage level will be considerably less with the
sabot system than with the protective boot alone, a more
detailed analysis of the damage may be useful. The primary
consideration is the amputation versus possible salvage judgment;
however, a breakdown similar to the one indicated in Table L
may per-mit a more detailed picture of the damage.

The prooftesting of the 20 pair of Concepts A and B (10
pair of each type) should include a minimum of 10 tests with
each type or a total of 20 tests. This amount will provide
half of the lot for any retesting or preliminary walk-and-wear
evaluation which may be desired.

The test program should be conducted with protective
shoes that are similar to those being procured under N~tick's
current contract with the Genesco Company for which IITRI is
under contract to furnish attenuators. This protective shue
procurement will furnish a one-piece honeycomb attenuator or
boot shank and a leather counter incorporated into a combat
boot of DMS construction. If tests with the more effective
metal heel counter are desired, they should be in addition to
the leather counter tests. The protective shoes used on these
tests must be provided as Government furnished property (G.F.P.).
Preliminary information indicates that an adequate supply
exists from the 150 pair procurement furnished by Genesco under
sub-contract with IITRI, contract number DA 19-129-QM-2061.

Best Available Copy
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A discussion of the prorftesting procedures with an analysisof the test results will be included in a supplement to thisreport. This supplement will be available within 30 days afterreceipt of the detailed test results from CRDL. including theevaluation of the damage to the cadaver specimens. Some delayin obtaining these evaluations may be expected since thepersonnel experienced in this area are not always immediately
available

I



Ref e'ences

I Fu3inaka E.S., and MacDonald, J.L., Development of
Optinunt Foot Protection Against Antipersonnel Mines
Using d Supplementary Device, Phase I Report IITRI No.
E6029-5. 1IT Research Institute, Chicago, Illinois
(March 1. 966)

2 Fujinaka, E-S., and MacDonald, J.L., Research and
Development of Blast Protective Footwear, Fabrication
and Prooftesting, Technical Report 67-5--CM, U.S. Army
Natick Laboratories, Natick, Massachusetts (July 1966).

.e

I1



UNCLASSIFIED
Security Clascification

DOCUMET CONTROL DATA R&D
(Se~rlly C oaeodtiM n of title. body o( ga fteme d JuMe.irn WeaIm, ,~e.r b en .- d whIan rhe, oI. .. li o .rfh.d,

1. ORIGINA TIN G ACTIVITY CC*o, o W de 26.ho.) 2. ICO0T SECUqWT't C LabS'-A T4N

IIT Research Institute UNCLASSIFIED

Technology Center 2b GROuP

Chicago, Illinois 60616

3 REPORT TITLE
Development, Fabrication and Prooftesting of Optimum Foot Protection
Against Antipersonnel Mines Using A Supplementary Device

4. DSCRIPTIVE NOTES (Type of Mepr %nd lnc.el.. detv")

Phase I1 Report
S. AU T'O s.I) (Left .. ine. ,,I ,,ae. Iitil

MacDonald, J. L.
Fujinaka, E. S.

4. R9PO T OATE 7.. TOTAL MO. OF P&GFt 7 b .Op REPS

December 1966 19 2
4 . CONTAICT ON GAAmy Mo. DA 19-129-QMC-379( ) -, OIA TOR AS REPOAT m.Umr .E.S)

,.,,aG.IEC NO. 1K6-43303-D547

ca Ab. OTHIER %ORr NO(S) (Any alo., .,enhor Ahataor be e@a4&v.d

d 67-45-CM TS-149
10. A'VA LL. ABILITY/LIMITATION NOTIC6-

Each transmittal of this document outside the agencies of the U. S. Government
must have prior approval of the Director, Clothing and Organic Materials
Division, U. S. Army Natick Laboratories, Natick, Mass.

11. SUPPL KNSNTARY NOTES 12. SPONSORING AILITARY ACTIVITY
U. S. Army Natick Laburatories
Natick, Massachusetts 01760

13. ASTRACT

This report covers- Phase II of a program to develop a supplementary item
of protective footwear Lo be used in conjunction with a previously developed
protective combat boot. It was directed toward fabrication of test prototypes
for blast evaluation. The supplementary devices were of two types, Concept A
and Concept B, both using an identical solid aluminum shank. Concept B
incorporated a system of reinforcement for the upper portion of the foot.

A discussion of preliminary prooftesting considerations is presented. Ibis
discussion includes the recommendation oi test personnel, the quantity of
tests, and the protective footwear to be used during tests.

DD J 1473 UNCIJSSIF1ED
Sectrity CLa-sificaeon



UNCWASIFIEfl

LIN LI~K a LINK C
KEY *OROS

Development 8
Testing 8 ,1'7Boots 8,10I 7
Combat F'ootwear 9 ,07
Protective 0
Armed Forces Equipment 8
Protection48
Military, Pqrsonnel 4' 9
Aluminum 8 10 7

*Shantks 1 8,10 7
Blast 6

1. RIGNATNGACTIVITY: Enter the RLM tO dres 1. AVAfL.ABWL2TY/LUWITATION NOTCES. Enter any u

2,_ REPORT SECU13TY CL.ASSIFICATION.- Enter the Ot~v (1) "Q~uaiafied requetsteri may obtain copies of this
sit secrity classification of the report. Indicate whether,
*Restriedtt Oata" is includ"d Marking is to ber in accord- rep<W t (m DOC-0
afere With appropriate security rgulations. (2) -Foreign announcement and-dlseitnatiori of this

2b. GROUP: Autowa ic downgrading is specified In DoD Dl report by tioC is not authorizecl,"
rectivii S200. 10 and Armed Forces Industrial M1aswel. Enter (3) 'U. S. Government agencies may obtain copies of
the group number. Also. Winn Applicable, show that opira this report directly from DDC. Other qualified DDC
maritutgs have beta tased for Grubnp 3 and Group 4 as author. usets shall request through
sied.

3. RORTTITE: ase th coplee rpof tils ~1 il (4) I'll. S. ndlitary agencies may obtain copies of this
capita letters. Titles In alt cases should be nocaseiedt. repor irectly fica DC. Other qualified uvs
If a meaningful title cannot be selected without classtflica- shall request ftrcmgh
tLon, %howa tile classification in all1 capital~s ia parenthesis
laNDediatelY following the tls ______________________

4. DESCRIPTIVE 14O0TES, If appropriate, enter the type of (5) :1All distrib ton 01 this report is controlled.& Qual-
report. eg.. Iterim. prog0155. sumemary. antnual, or final. ifed DDC us=r shall request through
Give the inclusive "aes when a spreike raoring period isa1
S.evd A hOS:Ersthnaesofudos) ir thes report has been fura tshed to the Office of Technical

S. ATHO(S Eas thenem~s)of utho~s)as how an Services. Depsrtniettt of Cosroerce. (or eals to the public. mdi-
or in the report Ente last name, first hame, middle UC.UiiL ceti atadmn hpis fkon
It military, show ranki "n branch of service. The name of Cat lisfc -.no tepie tkoi
the pirincipsi author is an absolute vainum relukirnt IL. SUPPLIJIENTANY NWL-ER Use for additioal sapiens-

6. REPORT DATE. Enter the date of the report as day, tonty naties.
month. year. or month. year. If ore than one date appears 12. SP014DRING MILZTARY ACTIVITY: Liter the nae of
on thi. report. use date of publication, the departmental project ofljc or laboratory sponsoring (pai-

7.. TOTAL NIUMBER OF PAES Th toa pag cut IM for) the research tied danllopmet Include address.
should tol low normal pagination procedures. i.e.. eater the 13. A13STRACT: kEntr sn abstract givtng a inef and factual

numbe of pges ontai~ng nformtionsummary of the documnent indtutavar of the report, even though
n u m b er~~~~~~ ~~ of p a eg lenI n o m ti n t a s a p p e a r u lse w h e re in t e bod y of th e te ch n ica l re

76. NUA43ER OF REFERENCES 'Enter the total mumber of port. If sidditional space is required. a continuation sheet
references cited it the report. shell be attached.
Ga. CONTRACT OR GRANT NUMBER: if Appmripto sinter It 14 highly desirable that the obstrar-t of classtiid re-
the applicable number of the contract or great under which pot be unclassified. Lach paragraph of the- sbatrwet shalt
the repo"t was writtes. end with an jrndicat,...n of the military security classification

Sb. 5c, 4 Bld. PROJECT NUMBEft Enter the aprorit of the inforniatior, in the t-arsh. rerweserited as (7n), (S).
military deatmn Idetiicaio,uch srect net . (C). or (UL).
subproject nmesystem nubrts ubr t.There is no lirnitat ion on the tenith of the abstract. 110w-

9a. ORIOIfIATOR'S REPJORT NUJMBER(S): Enter the offi- ever. thie sugtteste-1 lentith is fro. ISO to 225 words.
cils report namber by which the docament will be identified 14. KEY WDRDSi Key worts are technically meaningful terms
and controllerd by the originating activity. This number must oar shart phr~ses that Churuterize a report and mal be used as
bv unique to this report. index entries; for cataloging the repext. Key witres m~ust be

Pb. THE REORT UMBR(S Ifthe epot hs ~ selecte,, so that no K,eursty classfiaet ion is required. Iden-

asi ned y other report numbers fetiher by uiw- erorteo, ie such setioo nmld~,n. o.taenm,-.i
tary project Code anme. Kreinshit- ]4n't Ion. May hO Used at -9

oi by the oponsor), also enter this number(u). key woreds but witlI be InlI..,wed I,, a n indication of technical

cont nt. The asLiient'tt ItIlts. luieS. and wrights is

UNfCLASSIFIED _- .



NL%'TICE (11 A1IES IN CiASSIIC,TON
flaTRIBJI'ON AVD AVAILA.BLITY

69-18 15 Mm'4BO 1969

1 F.,b-40 jul 66 o~n

Dcasc 66

1) e C

Cotar4


