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Design Parameters for Development of Flexible Linear Shaped Charge

Keun-Soon Park and Han-Uk Lim

Abstract. The structures to be demolished have become diverse in types from reinforced concrete to steel. The
demand for demolition of steel structures is recently increasing in Korea. Most of flexible linear-shaped charges
for steel demolition are now imported from foreign countries. To determine the optimum parameters of design
for domestic development of flexible linear-shaped charges, some basic experiments have been carried out and their
results are summarized as follows; Copper is shown to be superior to aluminium and lead as a liner material. It
is also proved that the optimum apex angle of liner is 90° in comparision with 45°, 60° and 120°. Adequate thickness
of liners, standoff distance in terms of quantity of explosives are also examined. Explosives and liners are required
to be plasticized in order to improve the bond between explosives and various shapes of steel structures.

KeyWords: Flexible linear-shaped charges, Steel demolition, Optimum parameters of design, Liner material, Standoff
distance
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Table 1. Properties of Emulsion explosive, PETN and RDX".

Propertios Explosives b lsion| PETN | RDX
Detonation velocity (m/sec)| 5,900 8,400 8,500
Bulk density (g/cc) 1.20 1.77 1.816
Detonation energy (kcal/kg)] 1,100 1,450 1,300
Gas volume (Vkg) 830 780 798
Molecular weight - 316.2 22213
Ignition ‘point (C) - 202~205] 230
Drop sensitivity (cm) 100 17 20
Table 2. Properties of Cu, Al and Pb.

Liner source
material Cu Al Pb
Properties
Density (g/cm’) 8.93 2.69 11.34
Melting point (C) 1,083 660.2 327.4
Boiling point () 2,630 | 2,060 | 1,750
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Table 3. Dimensions of L.S.C(Linear Shaped Charges).

Type T R
Dimension Type 1Type 2|Type 3|Type 4| Remarks
Length | 500 | 200 | 200 | 200
(mm)
Shaped | Height ) 2 34 56
charge | (mm)
Width | 59 | 35 | 40 | 36
(mm)
Widh || g3 | g | g7
(W, mm}
Explo | Height 9 14 20 27
sive | (H,mm) |
Height
(C,mm) 45 7.5 105 | 13.5
Thick | 04 | 05 | 08 | 1.0
ness —‘ —
Liner | (tmm) 1.2 1.5 2.2 4.2 iPlasticized
Width |97 | 184 | 269 | 382 | E=ertes
(E,mm)
4
Apex angle (°)| 90 | 90 | 90 | 90 iz‘?

; j
Explosives 1, o b 5 | 90 | 133
Quantity (g)
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Fig. 5. Schematic diagram of L.S.C and steel plate.

Detonator 400

Shaped charge

Targe

Fig. 6. Equipment setting for penetration test.
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Table 4. Test conditions of L.S.C with Cu & Al liner.

AL« 7k A HEZF AxE AT dAHol Bt A+

Table 5. Test conditions of L.S.C with flexible Cu liner.

Explosive Liner
Sample - -
N Q'ty |Length| Q'ty Thickness | Angle
O PP | ety | ) | (gren)| P | mm) | ()

1-1 [PETN| 72.5 | 200 | 145 | Cu 0.3 60
1-2 [PETN} 72.5 { 200 | 145 | Cu 0.3 90
1-3 |IPETN| 725 | 200 { 145 Cu 0.4 60
*1-4|PETN| 72.5 | 200 | 145 | Cu 0.4 90
1-5 {PETN| 72.5 | 200 | 14.5 | Al 0.3 60
1-6 |PETN| 72.5 | 200 | 145 | Al 0.3 90
1-7 [PETN| 72.5 | 200 | 14.5 | Al 04 60
*1-8 |PETN| 72.5 | 200 | 145 | Al 04 90
2-1 |PETN] 160 | 200 | 32 | Cu 0.4 60
2-2 |[PETN| 160 | 200 | 32 | Cu 0.4 90
2-3 |PETN] 160 | 200 | 32 | Cu 0.5 60
*2-4|PETN| 160 | 200 | 32 | Cu 0.5 90

Explosive Liner

Sample , , . Paste
No Type Q'ty |Length| Q'ty Type Thickness| Angle

(gr/m)| (mm) | (gr/ea) mm) | (")

ratio

o)

1-1 {PETN]| 665 | 200 | 133 | Cu 4.2 90 5

1-2 {PETN]| 665 | 200 | 133 | Cu 42 9 | 10
1 | 1-3 |PETN| 665 | 200 | 133 | Cu 4.2 9 | 15
1-4 |PETN| 665 | 200 | 133 | Cu 4.2 90 | 20
1-5 |PETN| 665 | 200 | 133 | Cu 4.2 90 | 25

2-1 |PETN| 665 | 200 | 133 | Cu 4.2 45 | 15
2-2 [PETN; 665 | 200 | 133 | Cu 4.2 60 | 15
2-3 |PETN| 665 | 200 | 133 | Cu 4.2 90 | 15
2-4 |PETN; 665 | 200 | 133 | Cu 42 120 | 15

9 3-1 [PETN| 665 | 200 | 133 | Cu 1 90 | 15
2-5 {PETN| 160 | 200 | 32 Al 0.4 60
S PETN| 160 T200 T 35 T ar T 04 90 32 [PETN| 665 | 200 | 133 | Cu 2 9% | 15
57 [PETN| 160 1 200 | 32 | AL | 05 | 60 3-3 [PETN| 665 | 200 | 133 | Cu 3 9 | 15
*2.8 [PETN) 160 | 200 | 32 | Al | 05 | 90 3 |3-4 |PETN] 665 | 200 | 133 | Cu 4 90 | 15
3-1 [PETN| 350 | 200 | 70 Cu 0.5 60 3-5 |PETN| 665 | 200 | 133 | Cu 5 90 | 15
3-2 |PETN| 350 {200 | 70 | Cu | 0.5 | 90 3.6 [PETN| 665 [ 200 | 133 {Cu| 6 % | 15
3-3 |PETN) 350 | 200 | 70 | Cu | 08 | 60 3-7 |PETN| 665 | 200 | 133 | Cu 7 % | 15
3 [*34|PETN| 350 | 200 | 70 | Cu 0.8 | 90 5
3-5 IPETN] 350 | 200 | 70 Al 0.5 60
3-6 |PETN| 350 | 200 | 70 | Al 0.5 90 Table 6. Test conditions for plastic effects.
3-7 [PETN| 350 [ 200 | 70 | Al | 0.8 | 60
*3-.8 |PETN| 350 ; 200 | 70 Al 0.8 90 Explosive Liner
4-1 [PETN| 665 | 200 [ 133 [ Cu | 0.8 | 60 Sample . , Thick
Q'ty |Length;y Q'ty Angle
42 [PETN| 665 | 200 | 133 | Cu | 0.8 | 90 N0 YR )| (mim) | Garreay | VP 2058 | ( -y |Remaks
4-3 [PETN| 665 | 200 | 133 | Cu 1.0 60 (mm)
a4 PETN| 665 1200 1133 | ca 1 10 | 9 1-1 [PETN| 725 | 200 | 145 | Cu | 0.4 | 90 |Non-pl
4 4-5 |PETN| 665 | 200 133 Al 0.8 60 . 1-2 |PETN{ 160 | 200 32 Cuij 05 90 | Non-pl
4-6 |PETN| 665 | 200 | 133 | Al | 08 | 90 1-3 [PETN| 350 [ 200 | 70 | Cu| 0.8 { 90 |Non-pl
4-7 [PETN] 665 | 200 | 133 | Al 1.0 60 1-4 |PETN} 665 | 200 | 133 | Cu | 1.0 | 90 |Non-pl

*4-8 IPETN| 665 | 200 | 133 | Al 1.0 90
32

3 A7E EdgiE Ay JFFEHLS.OAY, 7k A
% A& ZoF (Flexible Linear Shaped Charges, FLSC)
A O3 7S BT ERIs] $1% 7R3 B4
H) I Ay FoE djiste] HAIEQEY 7 AEzd
L2 Table 4, Table 5 @ Table 63} 7t}

W3] Table 4= HHIE7 3, 6, 10, 15 mmE 7|&2
2 Zokg HENO|E(PETN),Zd= 145 grfea (=725
gr/m)%s 4FE, I ZolE 200 mm, zho]g] -
¢t dFulgolH |7 AEE 60°2 90° R, FA=
0.3-1.0 mmo|c}l. Z128]3l Table 404 AAdso] 94
3lA) vehd A= 87l tiste] A ojAAe] HES
2712 AAslgedl 1 ke 2 3AE AJRo|th

2-1 |PETN| 725 200 | 145 | Cu | 1.2 | 90 Pl
2-2 {PETN| 160 { 200 { 32 | Cu| L5 | 90 Pl

2 2-3 |PETN| 350 | 200 70 | Cu| 22 | %0 P1
2-4 |PETN| 665 | 200 | 133 { Cu | 42 | 90 Pl
3-1 |RDX|725) 200 | 145 | Cu{ 04 | 90 |Non-pl

3 3-2 (RDX| 160 | 200 { 32 [ Cu | 0.5 90 | Non-pt
3-3 |RDX 350 | 200 70 [ Cu| 0.8 | 90 |Non-pl
3-4 [RDX| 665 | 200 | 133 | Cu | 1.0 | 90 |Non-pl
4-1 |RDX | 725|200 | 145 | Cu | 1.2 | 90 Pl

4 4-2 [RDX | 160 | 200 32 Cuj 1.5 ] 90 Pl

4-3 |RDX | 350 | 200 70 Cu | 22 90 Pl
4-4 |RDX| 665 { 200 | 133 [ Cu | 42 | 90 Pl

16 * 3 Performances test per one sample

* Pl : Plasticized explosives

Table Si= Zokah 2] elo|ul S 7h4stA] the 7}



Bt A3HE 231

Table 7. Change of penetration depth at different quantities

Table 8. Change of penetration depth at different liner

of explosive. thickness.
Q'ty of | Thickness Penetration depth(mm) Test Q'ty of | Thickness Penetration depth(mm)
Explosive | of liner | Cu liner Al liner condition Explosive | of liner Cu liner Al liner
(en) (mm) 600 | 90° | 60° | 90° (en) (mm) | 600 | 90" | 60° | 90°
14.5 0.4 2.84 | 431 | 2.61 | 3.27 |Type 1&2 14.5 03 2.20 2.36 0.99 1.63
32 0.4 3.18 | 448 | 2.9 | 3.86 jin Table3 14.5 0.4 2.84 431 2.61 3.27
32 0.5 5.61 [ 8.01(292| 34 [Type 2&3 32.0 0.4 3.18 4.48 290 | 3.86
70 0.5 *3.31|9.92 |*2.83| 6.4 |in Table3 32.0 0.5 561 | 801 292 | *3.40
70 0.8 5.47 {11.85] 3.14 | 6.76 [Type 3&4 70.0 0.5 3.31 9.92 2.83 | 6.40
133 0.8 *3.72|12.15| 3.35 | 7.47 |in Table3 70.0 0.8 5.47 11.85 | 3.14 | 6.76
* . decrease 133.0 0.8 3.72 12.15 | 3.35 7.47
133.0 1.0 135 16.50 | 7.10 | 12.10
£8HA19) W71, 7kaske goliie] 2w 9 EAE  *: decrease
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Fig. 8. Penetration depth by quanities of explosives and
thickness of copper liners.
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Table 9. Max. penetration depth at different conditions.

Q’ty of |Thickness Cu liner Al liner

Explosive| of liner | MaxP.D| S.D |MaxPD| S.D
(gr) (mm) | (mm) | (mm) | (mm) | (mm)
14.5 0.4 3.41 2.40 3.54 24
320 0.5 5.13 480 | 4.56 24
70.0 0.8 11.50 | 8.50 9.15 6.4
133.0 1.0 16.00 | 16.00 | 14.17 13.3

* Max.P.D : Max . Penetration Depth
S.D : Standoff distance
Apex angle : 90°
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Table 10. Effects of plasticity on penetration depth.
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Table 11. Effects of standoff distance on penetration depth.

Q'ty of - Thickness |\ PD | sssD
Explosive of liner (mm) (mm)
(g0 (mm)
14.5 1.2 3.27 2.4
32 1.5 4.55 4.8
70 22 8.4 8.5
133 42 13.61 13.3

* Max.P.D : Max Penetration Depth

** S.D : Standoff distance

58 E

Q'ty of No-plasticity *Plasticity
Explosive | Thickness | P. depth | Thickness | P. depth
(gr) (mm) (mm) (mm) (mm)
PETN
14.5 0.4 4.1 1.2 3.82
32.0 0.5 7.5 1.5 6.45
70.0 0.8 12.2 22 11.13
133.0 1.0 17.17 42 15.2
RDX
14.5 04 2.98 1.2 2.50
32.0 0.5 5.16 1.5 3.73
70.0 0.8 8.63 22 6.10
133.0 1.0 13.67 42 10.31

* plasticity means plasticized explosive and liner
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