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A Study on the Artillery shell's EFD based on Charge

Hyunsik Kim - Jungmok Ma'

Modeling and simulation(M&S) method are used to quantify the weapon effectiveness. The weapon effectiveness
of artillery shells was also partially studied, but there was a lack of research on the effects of the choice of
charge. Therefore, this paper presents an artillery shell's EFD(Expected Fractional Damage) calculation model
based on the charge and identifies differences in the weapon effectiveness of 3D building targets according to
the selection of the charge. First, the input data of the calculation model was collected and a required number
of shoots was calculated to achieve the desired effects using the proposed model. Finally, a paired sample t-test

was conducted to verify the proposed model.
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Fig. 1. Ballistic curve according to charges
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Table 1. Target-damage criteria about building targets

Defeat Criteria

@ Structural damage of a specified
level(percent of roof or floor area)

(@ Damage to principal load-carrying members
(trusses, beams, columns, load-bearing

Buildings walls) requiring replacement or special
support during repair
@ Fifty-percent structural damage implies that
half of the total floor space has been
rendered unusable.
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4 EFD calculation
Range direction : E(F.) = f;; F(x)g(x)dx
Deflection direction : E(F;) = fj: F(y)g(dy
EFD = E(F.) X E(Fq) X Pcp Calculation
Procedure
Fig. 2. Calculation procedure of EFD based on charge
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CHARGE TABLE G FT 155-AM-2
4G
SUPPLEMENTARY DATA PROJ, HE, M107
FUZE, PD, M577
1 2 3 ‘ 4 ‘ 5 \ 6 ‘ 7 8 ‘ 9 10 11 12 13
R E PROBABLE ERRORS IANGLE| COT |TML MO COMF Iﬂ'E
A L —] OF ANGLE |VEL
N E FUZE M564 FALL | OF ANGLE OF IITE
G v FALL
E R D |HB ‘ ™ RB sn: !ITE
‘
M MIL M| M |M|SEC|M MIL WS M MIL MIL
0 0.0 4 0 o 316 0| 0.000 | 0.000
500 254 410 26| 39.4 308 0.001 | 0.000
1000 51.7 51 1| 0.06 | 1 53] 19.1 (301 13| 0.002 | -0.002
1500 78.9 711 2| 0.07 |19 83| 12.3|296 30| 0.005 .0,
2000| 107.0 8|1 2(007 | 21 113 9.0|280 0.010 | -0.010
2500| 136.2 9| 2 3| 008 |22 146 6.9 | 285 87| 0.017 | -0.018
3000 166.6 11| 2 4| 008 |23 180 5.6 |280 0.026 | -0.024
3500 198.4 121 2 5| 0.09 [ 25 217 4.6 (276 181 .038 | -0.
4000 | 231.7 14| 3 7| 0.0 2 3.9 (272 0.054 | -0.049
4500 | 267.0 16| 3 8| 0.10 | 27 297 3.3 319 | 0.075| -0.068
5000 | 3045 | 18| 4 10| 0.11 | 29 341 2.9 (265 410| 0.103 | 0.093
5500 | 3449 20| 4 12| 0.11 | 30 389 25262 517| 0.142| -0.125
6000 389.0 23| 5 141012 | 32 441 2.2 (259 7 .1199 | -0.171
00| 438.3 25| 5 17/0.13 | 33 500 1.9 |25° 0.287 | .0.238
T000| 495.5 28| 8 20 0.14 | 35 566 1.6 (255 1002 | 0.445 | 0.347
7600 566.7 M7 24| 0.15 | 37 847 1.4 254 1269 | 0.831| .0.553
8000 6774 348 32| 047 | 39 768 1.1 255 1714 1.191
8000| B886.8 7|9 46/ 0.19 | 38 a77 0.7 |260| 2587 2.216
7500 996.2 3510 53 0.21 |35 1078 0.6 |263| 3042 | .7.849 1.576
7000 1066.3 | 32|10 | 57| 0.21 | 32 | 1142 0.5 |2685| 3309 | -1.4671 1.367
8500 | 11221 30 9 60| 0.22 | 30 1193 0.4 | 267| 3508 | -1.307 1.255 |
6000| 1169.8 | 27| 9 | 63| 0.22 | 27 | 1238 0.4 |268| 3665|.7.208 | 1.183
S500(1211.6 | 24| 9 | 65| 0.22 | 24 | 1279 0.3 |269| 3793 | -1.146 | 1131
5000| 12485 | 21| 8 | 67| 0.23 | 21 1317 0.3 /269| 3897 | -1.101 1.092
4500 | 1280.7 8 69| 0.23 | 18 1355 0.2 ]268 3980 | -1.066 1.061

Figure 7-16. Table G.

Fig. 9. Firing table
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MAE= AAJetaL Qlek 2] ko] 7HA|L Qli= wofl of
3 MAEZ *J%%HOF ShLt o= AR offrh

upeba] 4R FHE ARE o] s} 3z JEZE}o]
MAEE F=3jjof sl=t], v] ek 2k=29] JIMEM S/S
(Surface to Surface)S HQHA}9) ]TI—E R 7} AghE
ek wehd G-UsHA FAE A=2] IMEM A/S(Air to
Surface)E -8-3}31tt.

Table 2+= JMEM A/S “Jof 1<} 9= MAEE YE}
ek 2] A= 2oMde] o] R 2 WStk A&

Table 2. MAEs for structural damage to buildings

(notional data)

Cartridge
weight) | Mk 81 | Mk 82 | M117 | Mk83 | Mk84 | MII8

Building (2501b) | (500Ib) | (7501b) | (10001b) | (20001b) | (3000Ib)
type

typel 280 | 460 | 775 865 1,720 | 3340

type2 595 | 1,000 | 1,900 | 2,170 | 4420 | 8650

type3 2,080 | 4,060 | 8200 | 9,100 | 18100 | 31,600

typel6 2,620 | 4,690 | 8470 | 10,000 | 19,000 | 37,000

typel7 2350 | 4330 | 7,300 | 8290 | 19,000 | 36,100
2 A= A, WiE =g SRl wet F 1770
RYOE Ui, A8 438 BB 639 MAE e
I 4= Sk SIS S0 type 19] dE EA0l| Hisl

81 AHA Alellt= 280m® AHw=o) WAo|| tiste] waj

ot

4. @

234

o15F 215

pul

9|
el

FAZ deg

ZUY) 0 A1F 57

Table 3. Regression models of MAEs by cartridge's weights

But;lsing By | pvalue | R? | Regression Aﬁ}igz,m%]a
typel | 0.097 | 1.75E-05 | 0.981 | Y=0.097*X 8.970
type2 | 0257 | 1.5E-05 | 0.982 | Y=0257*X 23.755
type3 | 0.995 | 9.58E-07 | 0.994 | Y=0.995*X 91.866
typed | 1.119 | 1.O3E-06 | 0.994 | Y=1.119*X 103.244
typeS | 0.558 | 6.3E-05 | 0.968 | Y=0.558*X 51.482
type6 | 1.006 | 3.21E-06 | 0.990 | Y=1.006¥*X 92.829
type7 | 0.559 | 2.81E-06 | 0.991 | Y=0.559*X 51.587
type8 | 1.626 | 6.29E-06 | 0.987 | Y=1.626¥X 150.112
type9 | 0.559 | 2.81E-06 | 0.991 | Y=0.059*X 51.587
typel0 | 0.789 | 2.89E-07 | 0.996 | Y=0.799*X 72.864
typell | 1.006 | 3.21E-06 | 0.990 | Y=1.006¥X 92.829
typel2 | 0.618 | 1.92E-06 | 0.992 | Y=0.618*X 57.018
typel3 | 0.573 | 3.29E-09 | 0.999 | Y=0.573*X 52.886
typel4 | 0.888 | 2.57E-05 | 0.978 | Y=0.888*X 81.925
typel5 | 3.205 | 8.37E-06 | 0.986 | Y=3.205*X 295.799
typel6 | 1.109 | 447E-06 | 0.989 | Y=1.109*X 102.323
typel7 | 1.090 | 1.16E-05 | 0.984 | Y=1.090*X 100.564
Mg 15 201944 32 QEED
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Table 4. Weapons for verification

2189 ol 159] oIS 5m Hwe 11l 65 H=]
ol AH = Myste] AFL HAS

AJoRe MESE A2 A AT 4 G O 9T
HOF 5%, BE Ak W) A 3F)S Ao
MAE:= 323004 AH53F type 179] 231121 100
2 3k

QAF 21718 7H1 EAo] sl AARIE 5,000me]
A 15,000m71A] 245k, ZFeFd = Qg 50%E &
AT % Gl ARREE AR 2 Table 59} 2,

Table SO H WARRHRCAOF nlate] Ao} 2
SARRRRCROF T2 S APAEER BIE 5 ik
ol Sol, AE] 13.000me] 79 Heat 5 gl oF
o % 4F(W, 8, 3U, V|9, B bRl
10650} L, Z419] okel 7W AH) Alojz 963t A
shd QWAvE ST 4 ok

HA
Hh

q—E‘Jz:

|o

Table 5. Number of shoots calculation result
(building size : 75mx80mx30m)

Charge Number of shoots aver-| .
min

Range( 3W [ 4W| SW | 6W|7W | 8 | 2U | 3U | 4U | age
5000 | 109]103] 111]127] 162|222 118 166| 246 | 152 | 103

Cartridge HE(High Explosive)
Range(m) 5,000~ 15,000(m)
Length(m) 50/75/100
Building ;
Width(m) 40/60/80/100
Target
Height(m) 10/20/30
Charges 3W, 4W, 5W, 6W, 7W, 8, 2U, 3U, 4U
& * W : white charge / U :unit charge
MAE(m?) 100

AEG o)A o5 B TZENHE) o2 AA e
th. LZeto] XA g 0m~ 18,000mo] A5t 5,000m ©]
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6,000 | 118] 94| 99 | 108|128 173|103 | 132|191 | 127 | %4

7000 (125 93| 93| 98 | 110| 142] 94 | 112|157 | 114 | 93

13,000 o 9% | 1S - | 97 | 116] 106 | 96
14,000 o) | - [ 100119 - | 100|120 110 | 100
15,000 Sl ] | 124 - | 105127 119 | 105
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Table 6. Results of simulations

Building Number of shoots
Cases Case 1 Case 2 Case 36
Range(m) average | best | average | best average | best
5,000 38 31 54 39 | - 206 145
6,000 37 31 48 38| 175 134
7,000 38 32 45 37 | - 157 131
8,000 40 33 45 36 | - 147 127
9,000 40 35 4 38 | 139 125
10,000 42 37 45 40 | - 136 124
11,000 43 38 45 40 | - 135 126
12,000 48 41 49 43 | - 139 128
13,000 52 46 53 47 | - 143 132
14,000 56 50 58 51 147 135
15,000 64 56 65 56 | - 156 141
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Table 7. Paired samples statistics
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Table 8. Results of paired samples t-test

Paired Differences
L Std. Std. t df | p-value
(number of . Error
Deviation
shoots) means
random-best | 6.101 8.559 | 0430 | 14.185 | 395 | .000
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Table 9. Results of paired samples test according to range

Mean N Std. Std. Error
(number of shoots) Deviation Mean
random 90.49 396 | 30.16 1.51
best 78.39 396 | 25.69 1.29
worst 110.81 396 4223 2.12

Horandom ] J:]:H- 6£ BHH %):‘L]' Hpes t EH%\ t
Avt= Table 83} Zt}
A% A1} p-value=

o?tl

F9 $EO0)T} onz,
HARAHHYS /125 ) At 2
5 o] Bo] o7t 6% o4 WS Sl 4

A3k

. Paired Differences
Mean Std. Std. t df | p-value

Range(m (pumber Deviation Error

of shoots) means
5,000 21.16 16.04 267 | 7916 | 35 | .000
6,000 12.55 10.46 174 | 7.199 | 35 | .000
7,000 7.80 5.61 0.93 | 8340 | 35 | .000
8,000 6.89 4.02 0.67 | 10287 | 35 | .000
9,000 297 2.77 046 | 6419 | 35 | .000
10,000 1.31 2.33 039 | 3398 | 35 | .002
11,000 0.80 1.46 024 | 3302 | 35 | .002
12,000 2.68 2.00 0.33 | 8.030 | 35 | .000
13,000 248 2.03 0.34 | 7.340 | 35 | .000
14,000 2.81 2.00 033 | 8423 | 35 | .000
15,000 5.66 247 041 | 13736 | 35 | .000
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