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ABSTRACT 

The damage analysis of two targets due to submunition-type'rnissile warheads has been studied. 
The paper discusses (a) damage to a battlefield (comprising army personnel, tanks, armoured personnel 
carriers and soft-skinned vehicles) due to bomblet-type warhead and (b) the denial of an airfield 
comprising runway tracks inclined to each other due to blastcum-earth shock (BCES) type of 
warheads. Simulation technique has been used in both the cases. In addition, a mathematical model 
has bekn discussed in the second case to compare the results of the simulation model. For comparison, 

partikular methodology for checking the denial criterion called conventional methodology has been 
tsed Later, a new methodology has +n incorporated for checking the denial criterion in the 
simulation mode?. A mathehatical formulation of the new methodology his also been given. 

1. INTRODUCT,ION I In the first part of this paper, damage to a 

Missiles are capable of carryink different types battlefield comprising army personnel, tank, 

of warheads, viz., submunitidn, biological,  armoured personnel carriers (APCs) and soft- 

concussiod, incendiary, etc. The submunition type skinned vehicles' (SSVs) due to bomblet-type 
warhead1 has  been d i scussed .  Second  par t  

of warheai is mainly used against area targets, like 
I discusses the denial ,of an airfield comprising 

troop concentrations, airfields, etc. The extent of 
I runway tracks inclined to each other using BCES 

damage to the targets depends on the type of the type of warheads2.3 I I 

warhead and its lethal capabilities. I 

Duringla war, one of the prime objectives of 2. Damage Assessment of a Typical Battlefield 
using Bomblet-Type Missile k a r h e a d  

the friendly- forces is t,o deny the enemy airfields 
and also to destroy hislaircraft on ground. ,Heavy 

The trajectories of individual launch tubes and 
A bomblets have beeq computed after theirrespective 

casualties to enemy troop1 and armoured vehicles 
ejection timings from the warhead. The impact 

is also an impdrtant factor in winning a war. 
a points of the bomblets on ground have been 

This papertis aimed tb estimate t i e  damage to considered for the determination of distribution 
rpecilied groulld 1,urgcl.s due lo submunilion-lypb paltenl of ~ I I C  bomblets on ground. This has been 
missilc warhend, using n sinil~lntio i tccliniqnc. i rcI)ci~dc~1 ft)r V I I I . ~ ~ I I N  lltis~ilc WIII~IICUCI V C I O C ~ ~ ~ C I I .  I t  
O~lly two types of warheads, viz., born let-type and is observed that the lethal radius of the warhead and 
blast-cum-eaAh shock (B,CE!$) type are discussed the di~tribution pattern df the bor(lb1ets vary with 
in this paper. , I the velocities of warhead and the heights of release. 
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2.1 Computation of Trajectories 

'l'he fbllowi~~g assu~~~yliorrs Ilnvc I)ccl~ r~rade 
for the computation of the trajectories of launch 
tubes and bomblets: 

(a) The warhead is falling freely. 

(b) The aerodynamic force acting on the modules and 
bomblets is th,e drag force (which includes various 
forces due to parachutes) acting opposite to the 
direction of the velocity vector. 

I 

(c) Parachute is a, mass-less extension of the main 
body. I 

(d) Indian standard atmosphere, sea level condition, 
exist. 4 

I 

T h e  o r i g i i  of re ference  f r ame  fo r  the  
computation of the trajectories is considered to be 
positioned at the point of ejection of the first 
module. Its Y-axis is vertically downwards and the 
X and Z axes together form a right-handed 
coordinate system. 

A three-dimensional point-mass trajFctory 
model has been used for the computation of flight 
paths of the modules and bomblets, and 'the 
equations used for this purpose are , 

where 
8 = Angle of elevation 

cp = Angle of azimuth 

CD= Drag coefficient 
1 p =Density of air 

g =Acceleration due to gravity 

m = Mass of the body 

For the c&mputation of the trajectories of 
l~otlll~lcls, 

I 
also been 

ski11 hictiotr eocfficiclit pf tllc ribhntl 11;is 
taken care of. - I I 

1 

2.2 Denial Criteria 

I 
! 

For the estipation of the damage to the target, 
1 

the following denial criteria have been considered. 
In this model, a person falling within the lethal 
radius of the warhead as well as the b mblet, has 
been considered as killed. In the cas ? of tanks, 
APCs and SSVs, a bombletrhit on it is taken as the 
condition for the denial. Mpthematically, the same 
can be described as I ' 

b 

If (Xw,Yw), (Xb,Yb) and  (Xp,Yp)l a r e  the 
coordinates of the warhead, a typical bomblet and 
personnel respedtiveiy, the person is considered to 
be killed if the f$llowing conditions are satisfied: 

where 
lrwh =Lethal radials of the warhea b 
lrb = Lethal radius of the bomblet 

Similarly, if (XT, yT)' are the coordinates of a 
typical tanMAPC/SSV, then it is considered to be 
killed, if 

( \  0 ,  ) , I  + I I (2.2.2) 
(!r/212 0 1 ~ 2 ) ~ ~ ~  

where IT and lbT are respectively, the length 
I 

ind breadth of the tank andlit is assumed that the 
I 

tank is an qllipdoid. 

2.3 Model I I 
I 

A rectangular target qf L x B n12 on which N p .  
number of personnel. hT, tanks, NAP=, armoured 
personnel carrieh and' Ns, soft-skinned vehicles 
uniformly distributed, has beFn taken as the 
scenario. The Np pairs of uniforni random numbers 
within the target area have heen' generated to locate 
the personnel positions. Same Lethod has been 
followed to generate the tank's, ,APC's and SSV's 
positions. These points tare stortd as a structured 
array in the computer. f 
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The aim points to  drop the missile warheads 
are pre-decided. Warhaad makes an impact at a 
point which is hormally distributed around the aim 
point. Taking th+e points as the warhead mean 
impact points, the (xb,yb) coordinates of bomblet 

1 
positions have been generated. 

To computk the damage to the target, the (x,y) 
coordinates of personnel, tanks, APCs and SSVs 
have been checked to asbertain whether the target 
is falling within the lethal radius of the warhead. If 
a person is falling within fhe lethal radius of the 
warhead as well as the bomblet,. he ig assumed to 
be killed and the counteris incremknted by one and 
the (x,y) coordinates' of that person are removed 

I 
from the array. In the case of tanks, APCs and 
SSVs, the condition is checked for the possibility 
of a bomblet falling o i  it. If it is so, the counters 
are incremented by one and their (x,y) positiops are 
removed from the array. 'This process is repeated 
for all persons, tanks, APCs and SSVs lying within 
the lethal radius of the warhead. 

1 

The trial is repeated n times, and the ratios 
(number of targkts killedltotal number of targets) 
are comput d foipersonnel, tanks, APCs and SSVs. T These ratios give the probability of deniql of 
personnel, \tanks, etc. 1 I 

3. DENIAL OF PUNWAY T R ~ C K S  USING 
BCES-TYPE WARHEADS f 

BCES-type warhead, generaily used against 
runway trhcks, is cApable of inflicting craters to the 
tracks, &king them unserviceable. An airfield 
consistin; of thrqe trpcks iinclined at arbitrary 
angles (a main runway denoted 'RW', a carway 
denoted 'FW' and anotHer runway denoted 'ARW') 
is consider d for attack. Here, a simple layout of P the airfield tracks where 'CW' makes an angle of 
'0'' and 'ARW' make! an angle of '90'' with the 
RW has been considereh. The denial critehqn of the 
airfield is that a strip pf dime&ion Ld x Wd 
sufficient for dn aircraft to take off in an emergency 
is not ava i ld  ble on the track. 4 p u r t i c u l ~ r  f methodology for checking the denial critbriqn 
culled cui~vci~t iohu~ lnctllodology llus beos usc'd 
here for  the comparison of s iqu la t ion  and 

I 

mathematical model results. Later, the simulation 
results are modified by incorporating a new 
methodology for ch,ecking the denial criterion. 

3.1 Conventional Methodology for Checking 
Denial Criterion 

Consider the case of a runway of length L and 
width W. Certain number of areas (called DMAl's) 
are cut on the runway and are divided into parallel 
strips so that, if one bomblet falls in a strip, it is 
assumed to be denied4. Thus, if all the strips of all 
DMAI's of the runway are denied, the whole 
runway is considered to be denied. This method- 
ology is termed as conventional methodology for 
checking the denial criterion. In the following 
sections, this methodology is first used to estimate 
the pumber of missiles required to deny the runway. 
Later, it is modified. 

DMAI's and Istrips are chosen in such a way 
that, if each strip has one bomblet, nowhere a strip 
of dimension id x W d  will be available. Number of 
strips N, of effective width W, in-a DMAI is given 
bv2 

I .  
1;if Wd= W 

{ Wd 2w + 2rb j+I,otherwise 

where 

W, Wd are the width and denial width of RW 
respectively, and rb. the lethal radius of the 
bomblet. I b 

3.2 Simulation Model for  Missile Attack 
1 ' 

In th is  section, Monte Carlo technique of 
simulation is used to find the number of missiles 
required to be dropped on the runway tracks to 
ascertain a specified level of damage. - - 

Aim points are taken as the centre of DMAI's. 
Let (xd,yd) be the coordinates of one of the aim 
points. To find the impact point, two normal 
ri111(lo111 :u~~nI>crs .v UII(I  y nrc gc~>cr;~lc(l :IS 5,6 

x = 4 - 2 log(ul) sin (27c uz)  

ilu(l 
I 
y = d - 2 log(ul) cos (2n u2) 



where ul and u~ are independent uniform 
rrrnOom nurnhcru in tlic iritcrvnl (0. f ). Tllc~i t l ~ c  
coordinates of the impact point ure give11 by 

where o, and a$ are the standard deviations of 

impact point in x ;nd y direcpons respectively. 

Thus, due to its circular error probability 
(CEP), the warhead aimed at point (xd,yd) has fallen 
on point (xI,yl). Assume that the karhead contains 
nb number of bomblets, each .of lethal radius rb 

which, after detonation, are distributed uniformly 
within a circle centred at (xI,yI), 'and of radius Rwh, 
which is called the lethal radius of the warhead. To 
generate the (xi,yi) coordinates of the ith bomblet, 
take a pair of independent uniform rapdom 
numbers (vl, v2) from different streams of random 

numbers between 0 and 1 and put 

The condition for the bomblet to lie withir) the 
lethal circle'is given as 

d(xi -XI)' + bi - YI)' 5 (Rwh - rb) 
(3.2.2) 

If this condition i s  not satisfied, go on 
generating different pairs of (xi, yi) t i l l  the 
condition is satisfied. 

Knowing the position of a11 the bomblets, it is 
ascertained that each strip of width W, has at least 
one bomblet. If a l l  DMAI's are  denied, the 
experiment is a. success, otherwise it is a failure. 
Trial is repeated say 1000 times and the probability 
of denial is calculated as the ratio of the number of 
successes to the number of trials. To ascertain the 
correct probability of denial, probability has been 
calculated n times (say 15 times) and the actual 
probability of denial has been obtained as the 
average of these n probabilitits. 

In the next section, a mqthematical model is 
presented for the comparison of simulation model. 

3.3 Mathematical Model I 
I 

111 this scclipri, n mnthemnticnl model tins hceri 
1 

preser~ted for comparison ,wit11 tlie sitiiulutiorr 
model proposed in Section 3.p. In the mathematical 
model, the old methodology for denial criterion has 

1 been used. It is assumed that, if the results of 
mathematical and simulatiop models agrke for the 
old methodology, it will hold good for the new 
methodology (Sectioq 3.6) too. I 

t 

At first, consider the case of a single DMAI. 

Let this DMAI (say ith) be divided into N', number 
I of strips. Then 
4 

Li = Length,of ith DMPI , 
wi'= Width 'of the ich DMPl 

I 
t 

I I 
L: = Length qf the kth strip of ith DMPI 

~ f :  = Width of the kth strip of ith ~ M P I  

According to the old met,hodology described in 
Section 3.1, a DMAI is considered as denied if each 
of its strips simultaneously ha? at least one bomb- 

let. If gC is defined as the event that kth strip of 

the ith DMAI is denied, then the probability of 
denial of whole DMAI is the probability that all the 
strips of the DMAI are denied, i.e. 

Using the 'additive l ay  of probabilities, one 
.gets 

I 
Equation (3.3.2) is substituted in Eqn. (3.3.1) 

for all the strip combinations ',and a generalised 
equation involving probabilities of events and their 
unions is obtained. To firld these probab'ilities, the 
expected number of bomjblets. falling p n  the 

. . 
colpbination of strips taken one, two, .......... at 

a ticme is to be evaluated. i(nowing the expected 
number of bomblets, on a typical  ayea; the 
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t I 
probability of ht least onelbomblet falling on it can 
be evalpated by ~oisson 'd  distribution law. 

3.4 Expected Number of Bomblets over spbcific 
I 

Area , 

First of all; the cqverage of individual strips of 
any DMAI when one wafhead is aimed at any other 

DMAI, has to 'be  evaluated. Define C$ as the 

coverage of kh of ih DMAI, when a missile 
warhead is droppqd at the centre of jth DMAI. The 

expression for cj is given by7 

where the integral is talqen ovei A! which is the 
I 

area of kth strip of ith DMAI and P(RWh rj) is the 
circular coverage function given by 

RWh = lethal radjus of the warhead. , 

t t = d ( x -  cjL+ kqj ' , ,  i s  the distance of an 
arbitrary point (x,y) of the target from the aim point 
Pj(c,q) where Pj ik the centre of the jth DMAI. 

I Average area covered by oqe bomblet of the 
missile is 1 

I I 

where 

itb = I ~ u m b e r '  of bomblets in one  warhead, 
distributed! uniformly within its lethal radius. 

Thus h e  expected nurnbei of bomblets falling 
on kth strip of ith D M ~ I  when one warhead is 
dropped od jth DMPl is given by 

As B corollary of the aboveirelatian, the 
number of bomblets fallington kt' strip of ith DMAI 

due to all DMAI's, when n j  warheads are dropped 
at jth DMAI is 

I 

Nd 
1 

where Nd is the total number of DMPI's. 

Similarly, i t  i,s shown in the succeeding 
sub-sections that the expected number of bomblets 
falling on the union of strips is the sum of the 
expected bomblets falling on the individual strips. 

3.5 Probability of Denial of Complete Airfield 

Let the airfield tracks have Nd (Nd = 8 in this 
case) number df DMAI's, each DMAI divided into 

N', number of  s t r ips .  T h u s  there  a r e  i n  a l l  

Nd 

N,= strips, irrespective of the DMAI to 
i 

which they belong. Following the concept of 
addi t ion  of expec ted  number  of  bomblets ,  

nf/ ,'n:/" and ny" ..... are defined as the average 

number, of, bomblets falling on the union of (k & 
I)", (k & 1 & m)"'.... strips of ith DMPI when one 
warhead is dropped at jh DMPI. Then 

Using Eqn (3.4.2), the average number of 
bomblets falling on the union of (k & (k & I & 
m)Ih ...... stri s of th DMPI when nj warheads are 
dropped at jtRDMPI can be calculated. 

.Similarly, rhe number of bombs falling on the 
combination of any number of strips is nothing but 
the sum of the bomblets falling on the individual 
strips. I 

L~~ ES;khl.... 
pq"..ii be the event that At least one of the 

th th ' strips out of k strip of p , 1 strip of and so 
on IIMPI, drc to :I wnrhend clroppccl a jtR DMPl i n  
occupied. The probability of occhrrence of this 
event is defined by 
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Thus the robability that at least one of the 
strips out of kklstrip of pth DMPI. l th strip of qth 

DMPI and so on is occupied due to a bomb dropped 
at j' DMPl is given by 

where 

klrn - k rn npqr..j - np;i + nr3 + .. 
Similarly, the probability that union of (k, I ,  

rn, ....) strips of pth DMPI has at least one bomblet, 
when warhead i s  dropped at jth DMPI is . 

I 
klm.. 

pklm. P;i =1 - e-"p;i 

Thus, if P: is the probability that all the strips 

of i" DMPI are occupied due to nl, n2 .... ng 
warheads dropped respectively at P I ,  P2 .... P8 
DMPI's, then 

k.1,rn.n 

where k,l,m,n stand for strip numbers of i 
th 

DMPI: 

Probability, P of total runway denial is the 
probability that all DMAIs are denied. Thus, if P is 

the probability of occurrence of event 4, i.e., 
denial of lth DMPI due to y j  warheads dropped at 
jth DMPI, then the total'probability that all the 
DMPI's are simultaneously denied is 

p = Pk.1 

When inlersection is c'onvcrlcd lo union, one 

Probability, P is the level of assurance with 
I 

which runway can be ,denied be nj warheads 
dropped at jth DMP!, where j * I to 8. If tllis lcvcl 

of assuraiice is less than the stipulatkd level of 
assurance, nj can be increased, on a: DMPI, on 
which probability of denial is 'low. 

I 

Equation (3.5.7) can be written in a simplified 
way for comptation. The cdndition of denial of 
whole runway, is that ,all thd DMPIis should be 
dehied, which in turn, means that all the strips 
should have at least one bomblqt duel to nl, nZ ..ng 

warheads simultaneously dropped at PI ,  P2..... P8 
DMPI's. Thus Eqn (3.5.7) can be written in the 
form 

Ns N~ ' 

P = C P.(pik; - C P(P* y pi1) + 
k =  1 k , l=  1 

k # E  

*, t 

+ C P(E '~  y E';ICI I?") 
k,l,rn = 1 I I 

k t 1,k k rn 

Here the identification of strip by DMPI 
number has been drop etl. P 
3.6 .Modified hlethodology for Checking Denial 

Criterion 
I 

I 

It is observed that the ,old methodology of 
checking the denial conditiod ip sufficient but not 
always necessary..It can be deen that, in some of 
the cases, even if a strip does not have a bomblet, 
the distance between tulo bomblets in neighbouring 
strips is less than W d . { ~ e e ~ i n ~  this in mind 
c,onventional methodolo'gy is modified. In the 
fpllowing sections, determination of the aim points 
has been explained and then a mathematical 

I fo rmula t ion  of tde.m.ethodology has  been 
3 presented . I 

! 

3.7 Determination ,of Aim Points (DMPI's) 
I Considfring the case of runway, let the runway 

be divided into Np number of sections given by 
1 
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Int (L/Ld) + 1, if remaindflr # 0 3.8 Mathematical Formulation of the 
N~ = {bLd , otherwise I (3.7.1) Methodology 

where L ,and Ld are @e length of runway and Consider the case of a runbay. After a desired 
I 

the denial length, respect vely. Thus the length L,, 
of eacq section is given bb 

and 
Ndmpi = N,, - 1 I 

I 
4 

where Ndmbi is the number of aim points which 
are in the middle, of corresponding two sections. 
These points a ie l  the aim points for the missile 

1 
warheads. Due; to errors in landing, let these 
warheads fall a1 two extreme ends at a distance 
3a from the aim point. Thus if Lfis the free-length 
available in a particulq st!rip, then 

L f = L p  - 2Rwh + 60 1 
I (3.7.3) 

I 
Since the criterion for the runwty denial of 

each runway is that nowhere an arda of dimensions 
Ld x Wd should be adailable for the runway to be 

1 
denied, I 

60 < Lf < Ld 1 (3.7.4) 

If this condition is not true, then the number 
of sections is increased by one. . 

Equation (3.1. I), gives the number of strips in 
which full runway is divided. Similarly, the aim 
points and strips on, other tracks also can be 
determined. Runway, carway and auxiliary runway 
are attacke by 'dropping a desired number of 'i' missile warheads on each of these DMPl's. 

I 
After !attackijg the' airfield with missile 

warhpads the positipn of each bomblet is.simdlated. 
Then each bomblet is checked whether it falls on 
runway, caway or auxillivy runwak. After finding 
the simulated poiitibn of each bomblet, it is found 
that on which strip of the tracks bomblets fall. The 
slrips urc iknlbcred frolu top tJ botton~ u11d 011 cucll 
strip the bomblets are Arranged in the increasing 

I 
order of thpir x-coordinates. Tho methodology for 
checking thq denial criterion is described here. 

number of warheads are dropped on the runway, the 
position of each bomblet on the runway is found 
and that the RW is denied or not is) ascertained. Let 
(wax,  way)  and (pvcx, rwcy) be the respective 
left-top end and right-bottom end of the runway. 

Let the runway be divided into n number of 
strips. Strips are numbered from top to bottom. X-Y 
coordinate system is chosen; such that positive 
Y-axis is down towards the bottom of RW and RW 
is taken in the first quadrant. For all the strips j, let 
m j  be the total number of bomblets falling on jth 

strip (Fig.1). Let (4.4) be the position of ith 

bomblet in jth strip for i = 1, 2, .... mj. 

. - . . .- 9 . . . '...' . - . C . .  . . .... .. - 
1 * - .  . . + '  9 ,  

, . , . .:'-.' -. . - 
' -  

8 '  '.,.a - . .,.. ;. L* -; .;- . . . 
..'f :.., . . , . . . .... . 2 . .: . - 

. . . + I  . + . . a  . . . , - I  I . .  I .  

* .-. -.: . : . -* - + - -  
* I ,  . .  - . I .  * -. - - a : .  . . . .  + - - _ .  

!. .. t . . .'L . . * .'. 
. . .  I - * . -  ' 

..i:' .'. , . s t -.-...' . + . . + .  - .  . * .  a . * . .  . 
+ L L L *  . . . I .  . 

Figure 1. Bomblet-type warhead dropped on an area target 

t 

Put 1', = rwax land d$+l = r w c ~ ,  for all j. 

For ill1 j clcfitlc the set Il, = ( 1 .  2, 3.. . .  
nij, nrj+ 1 ) I 

1 

Now for all i E B,, j = 1, 2, .,.. n,  define the 

pair (4, 4) as follows 1 
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If mj  + 0, define 

if mj = 0, define 

4 = rwax and 4 = rwcx 

Let j E J, where J = (1.2, ....., n} 

for i = 1, check the inequality 

4 - & L d  I (3.8.1) 

If Eqn (3.8.1) does not hold; we say,the trial is 
a success for ith bomblet on jth strip, and replace 

4 and 2 in (3.8.1) for the next i and continue the 

process. Otherwise, 

if n = 1, trial is a failure on the runway 

if j = 1, put yt = w a x  and xyt = rwax 

if j = n, put yb = rwcy and xyb = rwax 

if j # 1, define the set 

u =  ,f1,4<.';'<4+ L~ 

if j # n, define the set 

~ = { $ ' , 4 < $ ' < 4 +  L~ 

If U  or L is empty, trial is a failure on the 
runway (or runway is not denied). Otherwise, 

Let y$jl = maximum of the set U  and 

&' = minimum df the set L 

Put yt = + rb and i y t  = 46' + rb 

yb = AT' - rb and i y b  = 4;' + rb 

Now check for yb - yt 2 Wd (3.8.2) 

If Eqn (3.8.2) holds, the trial is a failure or) the 
runway. 

Otherwise, replace 4 in (3.8.1) by 

max(xyt, xyb), if j=l or j=n 
min(xyt, xyb), otherwise 

and continue the proc{ss. , 
I If the trial is a success for all i = 1 i.2. .... mj ,  

m j  + 1, on j, we say trial is a success on the strip j. 
1 

If the trial-is success on all the strips, it is a "r 
success on the funway, i.e. the runway is denied. 
Similarly, the ,denia l  of other tracks can be 
determined. (~i8.2) .  

4. DATA U S E 0  

4.1 Bomblet-Type Warhead 

Length of the target I 

Breadth of the target ' 
Number of bomblets per warhead 

Number of per,sons per km 2 : 720 

N.umber of tanks per km 2 : 52 m 

Number of armoured personnel carriers per km 2 

1 : 42 

Number of soft-skinned behicles per km2 : 62 

CEP of warhead 
I 

: 100 m 

Runway dimenbions : Lenqth = 3100 m, 
Bteadth = 50 m 

I 

Carway dimensiobs : Length = !I00 m, 
Breadth = 25 m 

t 

Auxiliary runway dimensions: 4ength = 2100 m, 
bkeadth = 50 m 

Denial parameters : Denial lehgth = 1000 m, 
Depial widih = 25 m 

CEP of the warhead I . .  : 150 m 

Letpal radius d the warhead 

Number of bomblets nb 

Lethal radius of the boqblet 

5. RESULTS C O ~ C L U S I O N I  
Table 1 gives the kili probabilities of a typical 

battlefield cov r i s ing  bersoonel, tanki, APCs and 
SSVs, due to bomblet-type warheads. The mathe- 
mqtical model of Section 3.3 is puite generalised 
and tdkes inty account any number qf DMPI's. In 

I I 
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Figure 2. Simulation of n typical trial 

the case of old methodology for checking the denial 
criteria, the results of simulation when different 
number of missile warheads are  dropped on 
different DMPI's 'have been compared with those 
obta ined  by ma thema t i ca l  model .  A good 
agreemedt by both h e  methods has been observed. 

Wi the data given in Section 4 and using the 
old meth ?I dology for denial criteria, the simplation 
model hbs showh that 48 warhelads are required to 
be dropped on 'the airfield toi achieve. a denial 

4 
probability of 9b per cent (Table 2). The mathe- 
t~~rlticul modcl, wllctl sitl~ilur nut$bcr of ~ ~ ~ i s s i l c s  n1.c 

I 
dropped, also gives 93 per cent probability of 
denial. /By taking into consideration the modified 
methodology for checking I the denial criteria, the 

I ' 

nbmber of missiles required is much iess, viz., 18. 
If mid-bombing method i s  used (dropping 
warheahs on DMPI's located in between RW and 
CW and at .the crossings of the tracks), the number 
of warheads required for  90 per cent denial 
probability is still less, viz., 17 (Table 3). Figures 

s able 1. Kill probabilitle<dw to bomblet-type warhead 

One warhead One warhead 
dropped at the centre dropped at the 
of four sectors of the centre of the target 
target 
-- 

Ikno~mnel 0.560 0.160 
Tank 0.070 0.018 
Aw 0.040 0.0 12 
SSV 0.060 0.013 
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Table 2. Comparison of probabilities of denial of airfielq (old I 

methodology) by simulation and mathematical models REFERENCES t 

No. of No. of No. of Probabilities of denial 
warheads warheads warheads Simulation Mathematical 
on three on three on two mode\ model 
DMPI's 
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DMPI's 
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DMPI's 
on ARW 

Table 3. Probabilities of denial of airfield using simulation (new 
inethodology) 
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