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RAPID RUNWAY CUTTING WITH SHAPED CHARGES
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Y ABSTRACT
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Research has shown that removal of large,
partially damaged, concrete runway slabs is a major
element in the time required to perform a runway
repair operation. A rapid method for cleanly cut-
ting away damaged sections would significantly re-
duce overall repair time. Shaped charges are
potentially just such a rapid runway cutting tech-
nique. This paper presents the results of field
tests designed to evaluate the runway cutting abil-
ities of standard and linear shaped charges. A
series of 25 runway cutting tests was conducted on
the 1~ft-thick {4 in of asphalt + 8 in of con-
crete) undamaged taxiway segments constructed for a
recent Air Force test program at the White Sands
Missile Range. Although TOW wavrhead charges suc-—
cessfully penetrated well into the subgrade, no
cracks were ohserved between holes, even at the
closest charge spacing. Arrays of linear shaped
charges were successfully fired to produce a rela-
tively smooth, uniform cut through the concrete.

It was found that inexpensive, "homemade" linear
charges gave results comparable to commercially
manufactured charges
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'BACKGROUND

The U. S. Armmy Corps of Enginears is charged
with responsibility for runway repairs at U. §. Air
Force (USAF) airfields damaged by conventional at-
tack when such repairs exceed USAF ovu-site capa-
bilities. The importance of this wartime mission
is obvious in light of ocur commitments in both
Europe and the Middle East, where rapid aerial re~
inforcement and resupply will be essential. Re-
gearch on Repair and Restoration of Paved Surfaces
(REREPS) has been performed at the Waterways Ex-
periment Station (WES) to develop an improved Ammy
capability for rapid runway repair under combat
conditions.

REREPS research has shown that removal of
large, partially damaged, concrete runway slabs
1s a major element in the time required to perform
a runway repair operation. A rapid method for
cleanly cutting away the damaged portions of these
slabs 13 needed to-significantly reduce overall
repair tinme. ~Someé cutting techniques currently
under investigation- incl.ude concrete saws, water
jets and shaped charges., This paper presents the
results of shapéd charge runway cutting tests

U. S. Army Engineer Waterways Experiment Station

conducted by the WES Structures Laboratory (with
the assistance of personnel from Company D, 52nd
Engineer Battalion (Ft. Bliss, TX)) at the White
Sands Missile Range, M.

OBJECTIVE

The study objective was to evaluate shaped
charges as a means for rapidly cutting damaged
runways. Specific test objectives were to evalu-~
ate the runway cutting abilities of conical shaped
charges, and commercially manufactured and "home-
made" linear shaped charges.

APYROACH

Shaped charge runway cutting tests were con-
ducted on undamaged taxiway segments constructed
for recent Air Force quantity-distance experimeuts
at the Queen 15 site on the White Sands Missile
Range, NM. The taxiways were built to design
standards currently in use at USAF Europe bases
in Germany. Pavements consisted of 8 in thick
unreinforced concrete slabs overlain by 4 in of
asphalt, and underlain by a 6 in stabilized aggre~
gate base course over a compacted subgrade
(Figure 1),

WES obtained a number of surplus TOW (Tube-
launched, optically-tracked, wire-guided, antitank
weapon) warheads. The TOW warhead consists of a
conical shaped charge approximately 5 <n diameter
contairing 5.4 1b Composition B explosive (Fig--
ure 2). The warheads were fired individually to
determine optimum standoff and in linear arrays to
determine {f the slab would fracture between pene-
trations, The charges were statically fired with
the windbreak left inplace giving a minimum shaped
charge standoff of 4.2 in. Standoffs for indivi-
dual firings ranged from this winimum to a maximum
of 2.85 f£t. The linear arrays were fired with
spacings of 9, 12, and 18 in, all using the mini-
mum standoff.

Commercial linear shaped charges were pur-
chased "off the shelf" from Jet Research, Inc (JR},
Arlington, Texas, in 2.5 and 4.5 1b/ft designs.
The charges contained Composition B as the primary
explosive. The manufacturer's quoted price was
§125 and $145 per ft length, respectively. The
2.5 1b/ft charge came with an underwater housing
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(Figure 3), giving a minimum standoff of 1.75 in.
The 4.5 1b/ft charge (Figure 4) could be placed
directly on the target surface (2 in =inimum
standoff, i.e., with no standoff).

In an earlfier study at WES, the effactive-
ness of nitromethane (NM) as an exploslve source
in “homemade," conical shaped sharges was inves-
tigated., Although it was found that twice as much
NM was needed to obtain the same shaped charge
penetration depth as standard shaped charges
using solid explosive, it was felt that NM has
several overriding advantages. The advantages
of using for example; 1) it is classified as s
flammable 1iquid and is shipped and stored as
such, and 2) as a liquid it has uniform properties
and assumes the shape of the container used. Con-
ventional shaped charges, on the other hand, use
high explosives and are subject to the ghipping
and storage restrictions of those materials, with
controls much more stringent than those for flam—
mable materials. Because of these reduced re-
strictions, the use of NM for runway cutting
charges could be a distinct advantagz at USAF
Europe bases, with their congestion and limited
munition storage capacities.

The NM linear shaped charge container used
in these tests was designed and fabricated at WES.
This container is shown in -Figure 5 (plan and
cross-gsectional view). A 3/16 in thick brass
liner with 60° included angle and 4 in throat
width was selected for this charge. Thus, the
liner thickuess 1s 4.7 percent of the throat
width, which is larger than.the nomal range of
0.5 to 3 percent for conical shaped charges.
Limited comparative testing with 1/8 and 3/16 in
thick liners at WES indicates that the thicker
liner performed better for soil penetration. A
4 ft charge length was selected to insure that the
detonation would propagate in a linear fashion.

RESULTS

Shot geometry and penetration data are pre-
sented in Table 1. The holes produced by all TOW
varhead firings are gketched in Figure 6. The TOW
penetrated the pavement without difficulty, reach-
ing a maximum hole depth of 7.2 £t at the minimum
gtandoff of 0.35 f£t. Typically, the warhead
cratered the 4 in thick bituminous surface layer
of the pavement, and punched a hole on the order
of 2 in in diameter through the underlying con~-
crete.and vell into the subgrade. However, no
interhole concrete cracking was noted in any cf
the linear arrays (even with a charge spacing as
cloze as 9 in), although the asphalt layer was
usually excavated between shot hocles by the blast.

The N linear shaped charge craters are
sketched in “igure 7. These -charges showed a
capacity to satisfactorily penetrate the taxiway.
The maximum penetration of 1.0 ft was obtained
from charges at 4 in standoff, or one throat

width above th2 surface. Typically, the crater
width in the asphalt was 2 ft, or 3 to 4 times
the crater width in the underlying concrete.

When individually-boosted NM linear shaped charges
ware placed end-to-end and detonated through a
primacord ring main, they successfully sustained
a relatively unifomm cutting action cver the
length of the array.

Craters produced by the JR commercial linear
shaped charges are sketched in Figures 8 and 9
(2.5 and 4.5 1b/ft charges, respectively). The
charges performed best at the manufacturer's
built-in standoffs of 1.75 snd 2.25 in for the 2.5
and 4.5 1b/ft charges, respectively. The smaller
charge did not completely penetrate the concrete.
The larger JR ¢harge, like the NM charge, was just
adequate for this purpose. It also demonstrated
the capability to excavate a relatively smooth cut
over whatever distance might be desired, including
a cut around a 90° corner (Shot 25).

DISCUSSION AND COMCLUSIONS

An early Picatinny Arsenal report (Refer-
ence 1) indicates that the conical shaped charge
penetration roughly scales in proportion to the
cube root of the explosive charge weight in perma-
frost. Using the analogy of spherical cratering.
charges to linear cratering (ditching) charges,
square root scaling of linear shaped charge pene-
tration is suggested as a logical extension. The
maximum penetration of the 2.5 and 4.5 ft/1b JR
charges and the WES 12 1b/ft N4 charge are plotted
in Figure 10 in an attempt to provide information
for prediction of the linear shaped charge neces-
sary to cut various runway thicknesses.

Square root scaling curves are presented in
Figure 10 for the 4.5 1b/ft JR charge and the WES
12 1b/ft W charge. The 2.5 1b/ft JR charge pene-
tration data point falls 38% below the prediction
curve. This is probably due to the fact that the
smaller JR charge was not an exact physical model
of the larger charge, and partly due to normal
data scatter. A larger sample of penetration ver-
sus optimum standoff data is necessary before a
statistical scaling relation can be determined.

The TOW warheads are not by themselves use-
full in cutting runway slabs. Linear shaped
charges are a feasible method for rapidly cutting
runways so as to permit removal of damaged slabs.
Final proof of this awaits a full scale demonstra-
tion to include removal of a slab.
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7~ 4-INCH BITUNINOUS HOT WIX BURFACE

1==G-INCH CONCRETE PAVEMENT

STABKAZED AGOREGATE SAGE COURSE
{100 PERCENT CE-BS MAXINUM DENSITY)

\— 12-INCH COMPACTED SUSURADE
{80 PERCENT CC-55 VAXNUM DENSITY)
Figure }. TypiSal DISTANT RUNNLE taxlvay erossesecsfon.
*CE-S5” refers to 4 standardized wompactive cffost
developed by the Asericsn Assosfatson of Highway
officials.

Figure 2. TOW warhead being placed nose down
pavement for firing.

Figure 3. Two 2.5-1b/ft JR charges with under-
water housing.
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Figure 4. Two 4.5-1b/ft JR charges mounted
end-to-end on manufacturer-furnished
standoff.
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Figore 6. Results of TOW warhesd shots. “CORC™ asd “ASP™ fdestify conctete
aod asphalt.

Figute 5. Deaign of 12.0-1b/{t »= 1ivesr shaped charge.
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Figure 7. Results of NM charges.
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Figure 8. Results of JR 2.5-1b/ft charges.
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Flgure 9. Resuits of JR 4,3-1b/ft clarges.
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FIGURE 10, LMEAR SHAPED CHARGE TAXIWAY PENETRATION
VERSUS CHANGE WEIGHT.
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Results

Shot Sharze Shot Seomptry

Bitiee a5 B Tdativnt $1aNB( Spacing 5 Descriptisn
it [

Avgust 1982 - -
160938 H =12 0,350 - G312 ft dlameter

w

o

pLE 2 =iz &3 Fell over durisg detematicn, shailew
crater
.17 ft dfaseter
0.12 {1 dabeter
hole plugped
Qi Iy dfascler

o

1843208 H pavemint Malfunctioned?
=2 ravesrn? .23 12 dfameter:
te 3=3
pavesrcnt Q.37 f1 dfaceter:
pavenest 4 dlismter:

pavemesi Glaseler]

=133

pavemest 0.35 {t élaseter
pavement Q.21 1t dlameter
pavescnt alfunitioas’
pavezent lavnitlonsd®
Favemaar Maliwrtionad?

b
oA g BA

pavesent b 0.33-12 dfaseter
gavement 5,21=4t cizzeter
2vekent 0,331t {lameter
Q.22-11 diaaeter
2.13-12 dlascter
G.25=1t dlameter

.
A DR O

120934 Shallow crater through asrhsit sslv
PavezInt 3 6.2%-(¢ Jiapeter; zonnected 12 -3
Y each through asphalt
FITSENT 2 0.33=t dlameter: fonnected i Lo
esd et
.28t dlaveter, comnegied 23 o=
e gteach threugh aspasit
Shalioe (rater hIcupn asghell ssliv
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Fome falidses
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Tabie 1.

Shot ates Ceometrs
Dav/Time XNo.
‘Aupust 1982

15,1026 12

1301127 i3
1813250 14
181337 i3

charges
1971327 H E : ¢hatges
397140 Single charge

1971451 E 2 tal pemetrazien shots i$ an

sutfacel.

Charges
farmation.
5 charges in each leg.

* Expansion-jeint "coordinatesT: 2ast Center,-Gest {E;" ¢, ¥)-=fnint mo.
*%  includes ballt<in zzandaf? is nogx 10,35 It).

+ Apparently detonated. bac produce? no penefratisn or crater.




