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High explosive
(Pentolite)
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. Height of high explosive
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. Thickness of steel plate

. Width of high explosive
. Thickness of metal liner
. Angle of metal liner

. Shape factor

xagdE~uX

Fig.1 Layout of shaped charge

Table 1 Mechanical properties of materials

t YR | EL
(%)

N g o"
Material | ()| (MPa) | (MPa)| (%) ‘

SS400 | 19 | 257 | 421 ;609 | 32 | 69

SM490A | 38 | 334 | 517 | 64.6 | 32 | 99

¢: Thickness of steel plates, o,:Yield point,
o,:Ultimate strength, YR:Yield ratio, EL:
Elongation, HRB:Rockwell hardness(Scale B)
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Table 2 Chemical composition of materials
(Value of inspection certificate)

C|Si|Mn|P|S|Cu|Ni|Cr
x100(%) |x1000(%)] x100(%)

SS400 (16 | 18| 63|22 | — | — | —
SM490A| 16 | 32 |138|15)| 2 | 26 ( 14| 6

Material
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Table 3 Experimental parameters and measured dimensions of shaped charge and cutting effect

8661 ‘G ON '6G IOA ‘MSixieD miedey

Name of specimen g?g?‘m‘;}?;l;;l;e Metal liner | Steel plate 44 (msm) (mV;,n) (nll-{m) X (ml;n) (g) (g/gm’) (m') (a";;:)
SP19-Z08V30A3-K095-S05-D4 SS400 60° 5 |20.20(19.20 | 0.95 | 330.0 | 103.0 | 1.478 | 9.30 |18.55
SP19-Z08V30A2-K075-S05-D4 =19.0mm 5 |20.00/15.00| 0.75 | 330.0 | 103.0 | 1.561 | 14.00 |18.70°
MP38-Z08V30A2-K071-S10-D2 Galvanized 10 |21.02|14.74 | 0.70 | 370.0 | 108.6 | 1.472 | 14.55 |16.95
MP38-208V30A2~K075-S10-D2 steel sheet | gyrag0a | 90° | 10 [20.20 ) 15.45 | 0.76 |369.9 | 124.0 | 1.596 [15.00 {19.55
MP38-Z08V30A2-K084-S10-D2 T=0.8mm | t=38.0mm 10 |19.50 | 16.16 | 0.83 | 369.9 | 115.1 | 1.414 | 13.45 [19.70
MP38-Z08V30A2-K089-S10-D2 | oy i) 10 |18.19|16.28 | 0.89 | 370.0 | 107.9 | 1.366 {17.15 |19.70
SP19-Z08V30A3/2-K065-S05-D4|  chloride 120 | 5 |[19.0813.10| 0.66 |330.0 | 106.0 { 1.583 | 5.00 | 6.60
SP19-C08V30A3-K095-S05-D4 Thickness: $S400 60° | 5 |20.79|19.08 | 0.92 |330.0 [ 112.0}1.620 | 3.75 |13.45
SP19-C08V30A2-K075-S05-D4 3.0mm t=19.0mm 5 |20.38)15.08] 0.74 |330.0 | 105.0 | 1.564 | 11.30 |16.00
SP19-C08V30A2-K075-S10-D2 10 |20.70 [ 14.77 | 0.71 | 370.0 | 118.0 | 1.606 | 18.40*} 18.50*
MP38-C08V30A2-K071-510-D2 C;':‘;‘:r gge | 10 |21:04]15.04] 0.71 |370.0) 118.7 | 1.559 | 10.90 |20.30
MP38-C08V30A2-K075-S10-D2 T—0.8mm | SM490A 10 |20.3015.45 | 0.76 | 370.0 | 120.0 { 1.540 {14.70 |19.85
MP38-C08V30A2-K084-S10-D2 t = 38.0mm 10 |19.0916.17 | 0.85 [370.0 | 121.9 | 1.514 [ 17.40 |19.35
MP38-C08V30A2-K089-S10-D2 10 |17.84|16.04 | 0.90 |{370.0 | 109.2 | 1.429 |16.20 |19.40
SP19-C08V30A3/2-K065-S05-D4 g0 120 | 5 |20.18|13.07 | 0.65 |330.0 | 108.0 | 1.507 | 4.90 | 6.00

a :Arigle of metal liner, S:Stand - off, W: Width of high explosive, H: Height of high explosive, x:Shape factor,
L:Length of shaped charge, G: Weight of high explosive, p:Density of filled high explosive, Dmn: Minimum depth of cutting,

Dmax: Maximum depth of cutting, *:Minimum and maximum thicknesses of steel plates
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Fig.2 Cutting coefficient versus angle of metal liner

Photo.1 Brittle failure of steel plates
(Specimen:SP19-Z08V30A3/2-K065-S05-D4)
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(b) Case of copper sheet
Fig.3 Cutting coefficient versus shape factor
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Cutting width is narrow, :

" and cutting surface is sharp. I3
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(b) Case of copper sheet
Photo.2 Specimen after an experiment
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(b) Case of copper sheet
Photo.3 Liner cutter after an experiment
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Table 4 Mechanical properties of materials

Table 5 Chemical composition of materials

oreriat] ¢ o, | o, | YR| EL B (Value of inspection certificate)-
(mm){(MPa)|(MPa)| (%) | (%) C|Si|Mn|P|S|Cu|Ni|Cr
Material -
S5400 | 19 | 262 | 429 [ 61.0 | 33 | 94 x100(%) |x1000(%)] >x100(%)
t:Thickness of steel plates, o,:Yield point, Ss400 | 1519|6810/ 3]| - -] -
o,:Ultimate strength, YR:Yield ratio, EL:
Elongation, HRB:Rockwell hardness(Scale B)
Shaped charge Steel plate |} Shaped charge
Direction of detonati
Steel plate
: liner cutter - ;
(a) Horizontal type (b) Vertical type
Fig.5 Photograph direction and set-up of specimens
Range to measure detonation velocity
I 350 >ll)‘l‘()
=
Tk
=
Precise detonator
Resistance wire  Pentolite
' o
I’ ——
i =
[Side surface of shaped charge ] Scale (every 2mm)
370
1)
—agm= Direction of detonation [unit : mm]

Fig.6 Set-up of resistance wire to measure detonation velocity
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Table 6 Experimental parameters and measured dimensions of shaped charge

. Container of S w H L G | »o A way of
Name of specimen high explosive Metal liner | Steel plate | @ (mm)| (mm) | (mm)| * |(mm)| @ |(@ecn®)|photography
SP19-Z08R30A2-K075-S10-D2 No.1 20.26 | 15.06 | 0.74 | 369.9 | 116.5 | 1.555
SP19-Z08R30A2-K075-S10-D2 No.2 Galvanized 20.21 | 15.25 | 0.75 | 370.1 | 116.2 | 1.523 | Horizontal
SP19-Z08R30A2-K075-S10-D2 No.3 steel sheet 20.32 | 15.45 | 0.76 | 370.1 | 118.9 | 1.525
T=0.
SP19-Z08R30A2-K075-S10-D2 No.4 | Acrylic resin 8mm 19.84 | 15.47 | 0.78 | 370.4 | 119.7 | 1.550
colorless Vertical
SP19-Z08R30A2-K075-S10-D2 No.5 and 20.07 | 15.41 | 0.77 | 370.2 | 114.5 | 1.483
a $S400 o0 | 10
nsparen
SP19-CO8R30A2-K075-S10-D2 No.1 parency t=19.0mm 20.26 | 15.24 | 0.75 | 370.0 | 116.3 | 1.525
Thickness:
SP19-CO08R30A2-K075-S10-D2 No.2 3. 0mm Copper 20.35 | 15.44 | 0.76 | 370.1 | 116.4 | 1.493 | Horizontal
SP19-CO8R30A2-K075-S10-D2 No.3 sheet 20.17 | 15.49 | 0.77 | 370.1 | 122.6 | 1.572
SP19-CO8R30A2~K075-S10-D2 No.4 T=0.8mm 20.22 | 15.38 | 0.76 | 369.9 | 122.7 | 1.589
Vertical
SP19-CO8R30A2-K075-S10-D2 No.5 20.08 | 15.40 [ 0.77 | 370.2 | 120.6 | 1.563

@ :Angle of metal liner, S:Stand - off, W:Width of high explosive, H:Height of high explosive, «:Shape factor,
L:Length of shaped charge, G:Weight of high explosive, p:Density of filled high explosive
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Width of shaped charge
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Photo.4 Photographs of explosion phenomenon

4ﬁc 54sec

Photo.5 Photographs of explosion phenomenon

is taken from horizontal direction by
high speed camera (Specimen:SP19-
Z08R30A2-K075-S10-D2 No.2)
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is taken from vertical direction by
high speed camera (Specimen:SP19-
Z08R30A2-K075-510-D2 No.4)
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A study on the impact failure of steel plates and effective
shape of shaped charges used for blasting demolition of
steel multi-story buildings

by Masatoshi KATO"®, Yuji NAKAMURA**, Akira MATSUO**
Yuji OGATA***, Kunihisa KATSUYAMA***
and Kiyoshi HASHIZUME****

On the demolition works of steel multi-story buildings which reach their du-
rable period, the blasting demolition method might be very effective. In order to
control the demolition of steel buildings ‘safely and surely, it is necessary that the
minimum amount of high explosives shall be determined experimentally and the
impact fracture mechanisms of steel plates with shaped charges shall be under-
stood. Therefore, as the basic study which probes the impact fracture mecha-
nisms of steel plates with shaped charges, we prepared the shaped charges, whose
design parameters are materials of liners, shape factors, liner’s angle and stand-
off, and obtained the effective set-ups for cutting-off of steel plates with the mini-
mum amount of explosives through many experiments. Although all impact frac-
ture mechanism of steel plates with the shaped charge have been explained with
Munroe effect so far, we present new interpretation on cutting-off of steel plates,
which cannot be explained with Munroe effect. They are based upon the photo-
graph with a high speed camera, measured detonation velocities and plastic de-
formations of steel plates.

(*Engineering Research Division, Penta - Ocean Construction Co:, Ltd.,
2—2-—8 Kouraku, Bunkyoku, Tokyo 112-8576, Japan
**Structural Engineering, Faculty of Engineering, Hiroshima University,
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Japan
***Safety Engineering Department, National Institute for Resources and
Environment, AIST, MITI, 16—3 Onogawa, Tsukuba Science City,
Ibaraki, 305-8569, Japan
****Explosives and Catalysts Division, Nippon Kayaku Co., Ltd., Tokyo
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