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Abstract

Limitations on human and material resources make it is difficult to conduct Ammunition Stockpile Relia-
bility Program (ASRP) tasks for the entire ammunition. Stockpile ammunition life prediction studies can
contribute to efficient ASRP tasks. This study assess the shelf-life of ammunition, using survival analysis
based on ASRP results for 60mm and 81lmm mortar ammunition from 2003 to 2016. Traditional assessments
often use solely storage duration as the only main independent variable; however, this assessment used other
factors such as ammunition magazine shape and weather factors with the stockpile shelf-life as independent
variables to conduct a Cox’s proportional hazard model analysis. This was then followed by an assessment
of ammunition magazine type, maximum temperature and rainfall factors influence on the shelf-life of 60mm
and 81mm mortar ammunition. As a result, the type of ammunition magazine, maximum temperature and
the rainfall influence the shelf-life of 60mm and 81mm mortar ammunition.
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Table 2.1. A summary of previous research

613

Article Data Inde;.)endent Dep'endent Method
variables variables
(Kim et al., 2009) 80 lots based on the storage duration fuze function, regression analysis,
ASRP evaluation data muzzle velocity, finding suitable life
storage stability, distribution of
accuracy reliability
(Lee et al., 2011) 111 lots of KD541 storage duration storage stability time series analysis

based on report from
ASRP of the 155mm

(Lee and Hong, 2012)

33 lots of KD541 and
17 lots of KD676 based
on ASRP data, 111 lots
of KD541 based on
report from ASRP of
the 155mm, report
from ASRP between
2005 and 2009 year

storage duration

storage stability,
dud probability
of ammunition

regression analysis,
time series analysis,
cross table

(Yoon and Lee, 2012)

50 lots based on the
ASRP evaluation data
from proximity fuse

storage duration

failure probability
of test

Fisher’s exact test

(Yoon and Park, 2014)

22 lots of KM4A2
based on the ASRP
between 2005 and
2013 year

storage duration

broken charge bag
rate, storage sta-
bility

ML estimation,
regression analysis

(Choi et al., 2014) result for KM1 ASRP storage duration storage stability, decision tree,
from 2003 to 2012 year of manufacture, clustering,
year (obs:668) year of analysis linkage analysis,
regression analysis,
reliability analysis
(Lee et al., 2015) 11 to 12 single-base storage duration, storage stability kinetic model of

propellants per
temperature

storage tempera-
ture

n-th order

(Jung and Lee, 2017)

guided missile stored
for more than 10
years (obs:788)

storage duration

failure rate

ML estimation,
survival function,
hazard function,
reliability analysis
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Table 3.1. Status of data collection

Title Contents Source

Results of ASRP evaluation (’99-16) Defense Agency for
lot, year of manufacture, year of Technology and Quality
analysis, function test grade

Non-functional test results (’03-'16) Defense Agency for
storage army unit, shape of Technology and Quality
ammunition magazine

Weather data (’73-'15) Korea Meteorological
temperature, humidity, rainfall Administration

Evaluation report storage (’03) 06/14-12/05 Ammunition Support

environment of ammunition temperature and humidity from a Command

magazine ground type ammunition of 7 ammunition

Measurement result of (’07) 01/01-06/21, 07/17-12/31 Defense Agency for

temperature and humidity temperature and humidity from a Technology and Quality

from MLRS ammunition igloo type ammunition of 512ASP

<t
F HAZ, Cox9] HHATRY S AEAIHE T 31, oldd] &S T+ kNS 39 21, 20,..., 2k
7} 95w, $§8 84 (hazard function)= o}zl 2} 2t}

h(t) = ho(t) exp(fr21 + - - - + Brr),

A7IA h(t) e FHFHFE I 4?112 FﬂH A@TolaL, ho(t) & 7]*%%%‘@’“(baseline hazard func-
tion) 2 o] EHW FWHFS ZEol BF 0¥ wo] f@T ot “HHARREF )T T2 oj=
32t EEH thE A} %@E«l v 7} Azl sl A stk 2AS nehed], A8 9] (HA
xpe} j R At ‘?’]%H?:T/] Hl&= thadt

of

h-( =exp [Bi(zi1 —zj1) + - + Br(xik — xj1)] -

9] A} o] NAABRSE A2 A=l o] glol AT @A) ul Azl thalA 447} ek,

Nt

487 L ASRP A% 23} tolel g F9/14F890 deptg ey
B ABRR, BG J17e] e Sekuel] that 2.5 Holg ua 7|7kl Fol olg hAlstRA /]
AN 714 o B E S0 SHAEE Table 312 wlo]8] 7 WFwolch

3.2. Txe| 2"

A, ASRP #7143} dolEolA 2E, AzdE, AQUE, 55 RS 84a9th. 2EWEE o
g310] AAAA ARE AT, AZLES} AFUES A1gole] A71He ST 57



A study on the factors affecting shelf-life for 60, 8lmm mortar ammunition 615

A & /“‘/ ’\/‘\'/ . S ﬁ“\ o
SANAPAL AVER TV T

S EENN
AN

-10
2003-06-14 2003-07-14 2003-08-14 2003-09-14 2003-10-14 2003-11-14

temperature(ground) temperature(weather)

100

- A NV "\ | \
o N \ " '\‘ A j\ A /,N AVW J \ :, ,’\ n‘/\ ) \
J N I i
\ : WA W AW TRy ‘
; \ ‘/ \/ 4 \/ “Iw‘ / ‘L\f/ / ‘/
(Y |

40
2003-06-14 2003-07-14 2003-08-14 2003-09-14 2003-10-14 2003-11-14

humidity [ground) humidity (weather)

Figure 3.1. Weather and storage environment of ground magazine.
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Figure 3.2. Weather and storage environment of igloo magazine.
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Figure 3.3. Corrected weather and storage humidity of igloo ammunition data.
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Table 3.2. List of considered weather factors

weather factors

Average annual number of days with a minimum temperature of —9.6°C or less
Average annual number of days with a maximum temperature of 31°C or more
Average annual number of days with a daily variation of 16.2°C or more
Average annual number of days with precipitation of 20.5mm or more

Average annual number of days with humidity of 60% or more

Average annual number of days with a humidity of 88.6% or more

Table 3.3. Result of Cox’s proportional hazard model analysis

Number of total data Number of failure Number of censored
260 131 129
Variable Estimate p-value Hazard ratio
Warhead type : high explosive(smoke and flare) —0.6663 0.0099 0.514
Shape of ammunition magazine : igloo(ground) 1.8140 0.0003 6.135
Average annual number of days with a maximum 0.0789 0.0009 1.082

Temperature of 31°C or more
Average annual average number of days with 0.2274 0.0077 1.255
Precipitation of 20.5mm or more

Product—Limit Survival Estimates

07
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Survival Probability
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T T T T - T
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warhead function=high explosive shape of ammunition storage=ground
— — — warhead function=high explozsive shape of ammunition storage=igloo
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—— — warhead function=smcke and flare shape of ammunition storage=igloo

Figure 3.4. survival curve for 60, 8lmm mortar ammunition using categorical variables.
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Table 3.4. Summary table of shelf-life for 60, 8lmm mortar ammunition using categorical variables

Sh f
‘Warhead ape.c? Number of Number of Number of 95% survival  90% survival
i ammunition . . .
function . total data failure censored  period(years) period(years)
magazine
High explosive igloo 86 44 42 10 10
High explosive ground 125 60 65 11 25
Smoke and flare igloo 30 18 12 15 15
Smoke and flare ground 19 9 10 15 15
Total 260 131 129
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