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he 1997 Otcrawa Convention!

defines a mine 25 “a muniton

designed to be placed under or

near the ground or other surface
area and to be exploded by the presence, proxim-
ity or contact of person or a vehicle.” An AP mine
is defined as “a mine designed to be exploded by
the presence, proximity or conract of a person and
thar will incapacitate, injure or kill one or more
persons,”

AP mines are either fragmentation or blast
types and are cquipped with high explosives
{chemicals that can deronatc?). Fragmentarion
mines (such as POMYZ [75 g TN'T]) are normally
triggered by a tripwire and project metal shards at
very hi$h speeds toward the victim. Ballistic
threats to personnel are caused by [ragmentarion
as opposed o blast offects.? Blast mines (c.g.,
PMN [40 g TNT]) cause injurics through direct
or indirect blast effects. Direct blast effects are
those involving changes in environmental pres-
sure due to rthe occurrence of an air blast. Blast
waves may therefore cause injuries to a deminer
through overpressure. On the other hand, blast
effects can be subdivided into secondary effects,
tertiary effects (whole body displacermnent} and
miscellaneous effects (e.g., duso).

Secondary effects include secondary fragmen-
tation from minc blast casing, inner mine compa-
nents, scree, surrounding dirt, gravel, fragmented
demining tools (such as rhose depicted in
Ficure 1), ete., all of which are blasted at the vie-
tim at differenc specds depending on the mass of
the projectiles. The extent of injury depends on
the mass, velocity, shape, density and angle of
impact of the fragments.

The level of protection provided by an armaour
corposite material depends on its encrgy absorp-
tion capabilicy, which is in mrn influenced by the
tvpe of reinforcing fibres and fabrics, number of
fabric layers, areal density® and compressive
strength.”

The current protecrive clothing (flak jackets)
and rigid armour for deminers are manufactured
from high-performance fibres such as aramid
(Kevlar®, Twaren®) fibres and their composires

respectively. The envisaged benefits of composite
materials may not be attained with just one type
of fibre. Insread, a hybrid system consisting of dif-
ferent fibre types and/or non-fibre materials such
as metals and ceramics may be used wo achieve the
desired properties. Previous writers have pointed
out the benefits of hybridisation 8-12

Narural fibres are abundantly available in
developing countries. These fibres are cheap and
come from renewable rescurces.'d This paper

FICURE 1 (ABOVE): Typical secondary fragmentation.

investigates the possibility of developing a cheap
AP mine-protective composite plate that can be
manufactured using locally accessible materials
and technology in developing countries. The
research focuses more on rhe threat of secondary
fragmentation (primaty fragmentation results
from fragmentarion mines) caused by blast mines
because in the countries where demining work is
concentrated, most injuries are caused by AP blast
mines.

FIGURE 2 (BELOW): Block Manometric Cannon Interchangeable (BMCI)
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Materials and Sample Preparation
Plain woven flax fabric (areal densicy 280
g/m2, 10 ends and picks/cm) was purchased from
Libeco, Lagae, Meulebeke and Belgium, while
polypropylene in sheet form was supplied by
Japan GMT Co. Ltd. Details of other natural
fibre composites tested in the ballistic srudy can
be found in a paper tided “The Response of
Narural Fibre Composites to Ballistic Impact by

Sample V; = 46% Sample Code  Total

{mmi)

Fragment-Simulating Projectiles,” submitted for
publication in Compasite Structures.

The fabric and pelypropylene sheet were cut
into 30-cm square pieces that were stacked and
wrapped in aluminium foil. The composite sam-
ples were processed by compressing the stacking
in a compression moulding press ar a pressure of
6.4 bar (0.64 MPa} on the material at 190 C for
15 minutes. The resulting fibre volume fraction

FIGURE 3

() Fragmeni-simlating
projeciiles (FSPs)

() cases

(c) propetlant powder

FIGURE 4
Dimensional details of
the FSP,

A = 5.385 mm

B =254 mm

C = 6.35 mm"

" Flax composite k2o i2.9
Flax steel faced hybeid - F26S 14.4

" Flax sreel faced SE268 14.5
and backed hybrid _

- Plain steel B LS

TABLE 1 (ABOVE): Results of ballistic tests.

Thickness  Areal Density Vg (m/s)
(kg/m?)
14.5 312
26.3 466
s e &
T -.-":..264 W

TABLE 3 (BELOW): Flax composite and composite/stee! hybrids optimised for field tests.

Code Material Flax v

Fabric Layers
26

26 + sreel plates 52
(2 x 0.8 mm}

FZ0FT  ; Fiax composie 52
SE206SET | Composite/

i Steel hybrid

(%) Thickness Areal Density Vg,
{mm]) (kg/m?) (mnal's)
4.9 11.3 280
1.6 24.2 489
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varied from 46 to 58 percent by reducing the
number of polyprepylenc sheets. The effect of
steel was investigated by bonding thin (0.8 and
1.5 mm) mild steel plates onto the composites
with epoxy glue.

Ballistic Testing in the Laboratory

The current standard for measuring the effec-
tiveness of a material against ballistic fragmenta-
ton is the North Atlantic Treaty Organization
Stndardization Agreement (NATO STANAG)
2928.14 The aim of the STANAG 2920 is the
determination of the so-called Vi, performance.
Vi Is the velocity for which the probability of
perforation of the chosen projecile is 0.5, For
demining equipment, a Vs of 450 m/s related to
a fragmenc-simulating projectile {FSP) of 1.1 g is
standard.

The weapon used was a Block Manometric
Cannon Interchangeable gun (BMCI) (see Ficuse
2, previous page) and the FSP (FIGURES 34 aND 4)
was chisel-nosed, had a diameter of 5.385 mm
and was made of alloy stecl with a Rockwell hard-
ness of 30V 2. The mass of the FSP was 1.1 g, The
propellant used was ball powder 0.50-inch blark
and the twist was seven inches per revolution.
The room remperarure during the tests was main-
tained ac 22 C.

The natural fibre composite panels and com-
posite steel hybrid structures were clamped on a
mild steel stand placed 10 m from the weapon.
The mean velocity of the projectiles was calculac
ed with the help of a chronometer that measured
the projecrile flight rime berween two measuring
bases 2 m apart. The projectile impact and resid-
ual velocides were requited te calculate the
amount of kinetic energy absorbed by the target.
A Doppler radar antenna linked ro a compurer
was used to determine the velocity of the projec-
tile after perforation.

Results of Laboratory
Tests and Discussion

Initial ballistic tests. The results of the bal-
listic rests are shown in Tasie . Whereas the plain
flax composites tested did not meet the criteria set
by NATO STANAG 2920 (Vy, = 450 m/s), the
composite mild steel hybrids attained a Vs, of at
least 466 m/s. Despire the low Vg, the flax com-
posite panels were earmarked for field tests since
the envisaged threat and the secondary fragmen-
tation from blast AP mines is considered less than
thar posed by primary fragmenrarion from frag-
mentation mines, Most of the secondary frag-

TaBLE 2: Effect of fibre volume fracrion on the flexural
modulus of flax compaosites.

Flexural Modulus

Fibre Volume

Fraction (%) {gpa)

4G 5¥24 0I5
52 5.83 £ 0.31
55 6.A7 £ 0,18
58 57120016



mentation is usually of much lower density and
larger diameter than metallic primary fragments.
The irregular shape and larger surface area pre-
sented to the armour material further decreases
the possibility of its complete penetration of the
material.

Optimised solution. The ballistic perform-
ance of composites can be improved by process-
ing to high fibre volume fractions. Depending on
the application, the most suitable marerial for bal-
listic procection provides a good balance among
weight, comfort, cost and the level of protection.,
While it is possible to use very low resin contents
in synthetic fibre {e.g., Kevlar®, glass) compos-

ites, natural fibre composites presented wetting Ficurs 5

The ficld st setup.

preblems ac high fibre volume fraceions. A flexur-
al {three-point bending) test was conducted o
monitor the bonding at the interface so as o
ensure the mechanical incegrity of the composite
panel. The flexural modulus of the flax compos-
ites increased with increasing fibre volume frac-
tdon up to V; = 55 percent, then showed a
decrease at Vy = 58 percent as demonstrated in
TaBLE 2. A fibre volume fraction of 52 percent was
utilised in the processing of samples for the field
tests. The increase in the fibre volume fracrion
resulted in a decrease in the composite chickness
and areal density (which in turn cause a reduction
in the Viu). With the said fibre volume fraction
(52 percent), the composites presented a good Front damage on the
. . compusites after detona-
balance among weight, thickness and Vi, Tasie 3 sion of 35 g of C4 ar
presents the parameters of the composite and 50 e away.

FIGURE 6

composite/steel hybrid solution for this research
work, These two materials were used for the field
tests.

Ballistic Field Testing

Simulated AP mines containing C4 explosives
were utilised in the field tests carried out at the
NATO test zone at the Houthalen-Helchteren
shooting field in Belgium.

Experimental setup. The pancl was placed
in front of a wooden support fixed to the ground

WNENYM INYD 30 ASTLHN0D SOIHDYHD ONY S010Hd

. . Froure 7
as ‘1]lustral:ed in Ficure 5. The test was con(‘iuctcd Fla conPes J,;;,:rﬁ e
using 353 g, 70 g and 150 g of C4 explosives to damage afier detonation
simulate the small, medium and large AP mines. of 70 g of C4 explosives.
The explosives were placed in the ground at a
distance of 30 and 50 cm (50 cm only for plain TabLE 4

Summary of fleld rests.

composites) from the target and covered with dif-
ferent kinds of projectiles, such as stones, w

increase the amount of secondary fragmentation Field Test Composite Test Se istance from

and ro simulate demining accidents. The resules Number pe (flax) Mine (cm)

of the ficld tests are as summarised in TARIE 4. la ~hybnid fixed/no back 30 Y shight debonding
{omposite/steel hybrids. Twe samples : support .

were tested at a time at 30 cm and 50 cm respec- |, “hybrid fixed/back 50 70 “minor fronr

tively from the simulated mine. The distances : SUppart - surface scratches

were measured from the face of the panels ro the ¢ hybrid fixed/no back 30 150 _ thrown 5 m,

centre of the simulated mine. These distances support debonded

were shorrer than the representative ficld operat- ) ~ {hybrid fixed/back S0 150 thrown 2 m.

ing distances from a mine to the sternum derived ' support - no debonding

from field measurements by deminers, i.e., 65-70 2 : cn-ﬁ-q-)-g-nxl.r.e Cfixediback 50 35 surtace denes
cm.18 The differences in the distances may pro- ; support fibre fracturee
duce significant blast effects (pressure has been 2D composite fixed/back 50 70 fibre traceure.
found to fall as the inverse cube of the disrance support surbace dents.

_ . crack at rcar
from the blast!7-19), but it was assumed that the “
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differences in the distances selected did not pro-
duce a significanc change in the velocities of the
secondary fragmentation.

The simulazed AP mines used for composite
steel hybrids contained 70 g and 150 g of C4
explosives to mimic commen medium and large
AP mines used in many countries. The explosives
were placed in two casings of a PMN mine (see
FiGURE 5, previous page), which is the largest AP
mine, and covered. After detonating high explo-
sive material, almost 100 percent of the encrgy
liberated is wansformed into blast energy,?
which propels secondary fragmentation ac high
velocities.

Tests using 70 g of T4, Tests on sample
SF26SFT, the composite/steel hybrid placed 30
cm from the simulated mine, revealed a small
debonding berween the front 0.8 mm mild sceel
plate and the compositc at one corner. There was
no noticeable damage on the front or rear surface
of the marerial.

Apart from small surface scratches on the
fron side steel plate, there was no visible damage
on sample SF26SFT tested ar 50 cm from the
simulared mine,

Tests using 150 g of C4. Sample
SF26SFT, placed 30 cm from the simulared
mine, showed complete debonding of the stecl
plate on the front side of the composite/steel
hybrid system. The debonded steel plate had
small dents on the surface. A small debonding
berween the backside steel plate and the compos-
ire was seen at one corner of the composite/steel
hybrid system. There was, however, no penctra-
tion on the material by a projecrile.

Aparr from surface scratches, Sample

SF265FT at 50 cm from the simulated mine did
not show any penetration or debonding, possibly
due to che reduced blast.
{ Flax fabric reinforced polypropylene
composites— Tesrs Using 35 g of C4. FIGURE 6
{on previous page) demonstrates damage thar
occurred on the frone side of the composite panel
after detonation of 35 g of C4 explosives.
Numerous surface dents and fibre fractures as a
result of projectile hits were clearly visible. One
projectile caused barely visible damage ac the back
side of the composite. No complete projectile
penctration was observed.

Flax fabric reinforced polypropylene
composites—Tesrs Using 70 ¢ of C4. Visual
lobscrvation after deronation of the 70 g of C4
explosives indicated fibre failure and numerous
dencs (sizes ranging from small o large} on rthe
front side of the flax composites as shown in
Fiaurk 7 (on previous page). Several arcas of visi-
ble damage were observed at che back of the plate.
There was also a nearly transverse crack ar the
back of the composite; however, none of the pro-
jectiles was very close to the actual penetration.

These tests show that in order o protect a
deminer against secondary fragmentacion from
small to medium AP blast mines, a natural fibre
composite protective material with a Vy;, less than
the standard 450 m/s may be sufficient. For large

AP mines, a composite steel hybrid system may
provide the required prorecrion, buc care should
be taken to prevent possible injury from steel
plates in case they debond.

Conelusions

In this paper, it has been shown that compos-
ites based on natural fibres can be alernative
marerials for anci-ballistic protection against sec-
ondary fragmentation in situations of detection
and clearance of AP landmines {blast types). The
performance per areal weight, both in terms of
Vs and critical absorbed cnergy at penetration,
reaches the highest value when the natural fibre
composites are covered at the front and back with
thin (0.8-mm) steel plates.

It is most probable that even better solutions
exist using high-tech aramid fibres or special bal-
listic stecls, but these materials are very expensive
for people in developing countties threacened by
landmines. Compaosite materials based on readily
available narural fibres and commodity poly-
propylene, faced with cheap mild steel plares,
could be a possible alternative. Field rests have
been carried out and the preliminary results sup-
port this conclusion, <

See “References and Endnates” on page 109
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Clear Path International
CD to Benefit
Landmine Survivors .

In May 2005, in coordination with
the 30th anniversary of the end of -
the Vietnam War, a CD entitled Too
Many Years: A Benefit for Clear Path
fnternational was released featuring
such artists as Natalie Merchant,
Philip Glass, Juliana Hatfield and
The String Cheese Incident. These
artists have all responded to the
landmine situation in Vietnam by
contributing songs for this CD.
Approximately 100,000 Viethamese
have been injured and 40,000 killed
by landmings since the end of the
Vietnam War. Profits from the CD
will assist landmine victims. Clear
Path International aids landmine -
survivors in Vietnam and Cambodia
and on the Thai-Burma border by
providing medical, social and tech-
nical support to the families and .-
hospitals. The CD is available for
purchase at www.cpl.org,

‘New Explosive

Detector Developed

A team from the Massachusetts
Institute of Technolegy in
Cambridge has develaped a new

_explosive detector that is up to 30 _'

times more sensitive to' landmines
and explosives than mine detecting
dogs (MDDs). As of now, MDDs are
the most capable mine detectors.
This new detector, which works at a
distance of welt over 30 feet, incor-
porates a laser o increase sensitivi-
ty and is able to detect a femtogram
of explosive fumes if the mine is
buried. The polymers used in the
laser become less fluorescent when
they come inte contact with mole-
cules discharged by explosive
devices. Without the laser, sensors
can still detect landmines above
ground.






