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Safety and Efficiency
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Abstract This study derived a plan to improve the bulletproof test laboratory operated by the Defense
Agency for Technology and Quality. The identified problems were divided into environment, process,
and safety. Two improvements were derived to solve the problem. The laboratory was designed by
applying the derived improvement plan, and the simulation analysis results were as follows. First, the
effect of reducing the test time due to a change in the movement line was shown. The efficiency
increased by 45% and 7.8% for each test. The number of items that could be tested increased by 2.9
times and 2.1 times for each test due to the increase in the shooting room. Economic analysis was
performed using NPV, B/C analysis, and IRR to review the feasibility of improving the test laboratory.
As for the cost, the total project cost estimation result was used. The benefits were set as three things:
benefits from increased sales, benefits of avoiding overseas tests, and benefits of safety improvement.
Economic feasibility analysis revealed an NPV of 1.898 billion won. In addition, B/C analysis was 1.12,
and IRR was 10.14%.
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" B,—C,
NPV = 3
i=o(1+r)!

B: : present value of benefits at time t

1

C: : present value of cost at time t

r : social discount rate
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Table 1. Factors hindering work efficiency

Division Detail
- Hluminance
Work - High floor height
environment - Exhaust, ventilation
- Noise

- Install speed measurement screen
- Device Alignment Task

- Caly Processing Task

- Change lab settings

Work process

- Clay work of heavy objects

- Communication between workers

- Checking the number of people in the
shooting range

Safety issues
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Fig. 1. Model of the current bulletproof test lab
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Fig. 2. Bulletproof test lab improvement plan model
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Table 2. Composition of total project cost

Category Subtotal

Construction cost(A) 1,222,918,346
Demolition work cost(B) 24,918,638
Waste disposal costs(C) 11,898,410
Other service costs(D) 99,961,346
Equipment installation cost(E) 500,000,000
Reserve cost (A+B+C+D)x0.1(F) 135,969,674
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Table 3. Estimated number of examinees and

increments

Category 3 4 5 6 7 8 9 |10~

Personnel 4 5 5 6 6 7 8 8 9

Increment | 0 1 1 2 2 3 4 4 5
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Table 4. Composition of benefit items

Item Content Calculation

Increased testable

1. Benefits N
items and test

Expected increase in

from i
. quantity due to number of tests X
increased . .
sales shooting range Domestic test cost
expansion
Benefits of avoiding
. overseas tests(overseas test
2. Benefits
) volume X overseas test
of Benefits from ¥
1 1 costs) + Benefits of
avoiding avoiding overseas 5 |
avoiding overseas business
overseas tests

trips(increase in overseas
test contracts X overseas
travel expenses)

tests

Direct benefit(humber of
days lost from work X

. Benefits of average insurance benefit
3. Benefits of| . . .
improving the amount) + Indirect
safety . . .
X safety of benefit(humber of industrial
improvement

test personnel |accidents X average sales per
person X average days of

recuperation)
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Table 5. Classification criteria and contents of
musculoskeletal disorders

Sub-category Classification code

Main category (by cause) omo | More
Neurological disorder T1 T11 T12

Arm, leg, Inflammation T2 T21 T22
shoulder, wrist Muscle rupture T3 T31 T32
Bone damage T4 T41 T42

Intervertebral disk
herniation

Spinal and rib sprains | W2 | W21 | W22
Spinal and rib fractures| W3 | W31 | W32

W1 Wil | Wi2

Waist
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ato] 5,504,583902 ZotArKTable 6). ¢ 820 260 7| Lo
B N e N o 7 897 260 8 450,846
HhuEele] A WA Ahe 2Ed 4o ARe  — e
(10%)9] Fo&2 AostH, E&2A = diF A3l 9 1,039 260 9 450,589
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2t} A7t e STHE AT = SUHAE
Division 2 3 4 5 6 7 8 9 |10~
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At QP74 B2 Table 99t Zth £ AfolA:

TEAA AR NHGARE 554 Ao Y A
e} 15

Direct benefit| 6 6 6 6

(o)
()
(o)
()
()}

Total 30 | 34 | 37 | 40 | 43 | 47 | 50 | 53 | 56
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Table 6. Analysis of industrial accident insurance Ebstomi(Table 10), V] dHE52 of 374449 €]
benefits related to musculoskeletal ZHeo] WA= Ao=Z YENGTHTable 11). WEHA|
disorders ¥4 Moz gt vlg 9§ wole] WA sEe

Classification | Number of days lost Insurance benefits Table 129‘]' z‘—_}o] 3015 %?l- QF 18980—|q %94 _(L::.g]!O]

code from work (W/day) sl A o= Uehdth

T11 102 36,846

T12 29 44,188

T21 72 39,977 Table 10. Annual cost (unit: KRW million)

22 73 65,850 -

T31 133 60,923 Year CAPEX Opz;ﬁmg Zi??ﬂ?;l Total

T32 223 27.333 - o = = %

T41 14} 37,773 2 B 8 38 126

W11 145 53,191 3 - 175 77 252

W12 183 55,949 4 - 263 115 378

LS 7 49.057 5 - 351 153 504

W31 125 47,767 6 - 438 191 630

w3z i 36.223 7 - 526 230 756

Ave. 119 46,257 3 - c14 268 882
9 - 701 306 1,008

Table 7. Estimation of the number of industrial 10 - 789 345 1,134
accidents by year -

31 - 789 345 1,134

Division| 2 3 4 5 6 7 8 9 10 Total 1,988 20,513 8,961 31,462

Testers| 5 5 6 6 7 8 8 9 9
Cases |0.46] 0.52 | 0.58 | 0.64 | 0.70 | 0.77 | 0.83 | 0.89 | 0.95

128



A 2 384 FHE A HEAEF AT A+
Table 11. Annual benefit (unit: KRW million) 25 377 478 101
- - - 26 61 45
Year Bl B2 B3 Total 3 - £l %
. = = = = 27 345 438 92
28 331 419 88
2 21 132 30 184 2 316 w01 34
5 43 264 34 340 30 303 383 81
4 64 396 37 497
31 290 367 77
5 85 528 40 653
Total 15,811 17,709 1,898
6 107 660 43 810
7 128 792 47 966
8 149 924 50 1,123
9 170 1,056 53 1,279 5 7245
10 192 1,188 56 1,436
31 192 1188 56 1436 2 dves @A 715delA &9 391 AR
Total 4,986 30,886 1,572 37,444 & AHE 1@ BAEL AEste] e v &
* B1 : Benefits from increased sales St} Y= 9Tt AldHE BEAAL T4 & 34, 7
B2 : Benefits of avoiding overseas tests _ - .
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Table 12. Net benefit calculation result
(unit: KRW million)

Year Cost Benefit Net benefit
1 1,902 - -1,902
2 115 168 53
3 221 298 77
4 317 417 100
5 404 524 120
6 484 622 138
7 555 710 155
8 620 790 170
9 678 861 183
10 730 925 195
11 699 885 186
12 668 847 178
13 640 810 171
14 612 775 163
15 586 742 156
16 561 710 150
17 536 679 143
18 513 650 137
19 491 622 131
20 470 595 125
21 450 570 120
22 430 545 115
23 412 522 110
24 394 499 105

129

& AIE A2k Clay BIARE AI- Al AIE B&o] 22} 2.9
v, 2.18) F7tehe 208 EAESITh

NAE A B AEE sl <87k, H-E/
HY A, igaEo tigt A8 &4 3513
oh HE2 T AIRJHIE 4519 0H, "ol wiE
7h siAIREHE 3], PN 371A] A FHel o'
ARt A E4Z23, 384 7= 18.98¢
Y, HE/H2 1.12, WRFYES 10.14%= &5
o] Atdoll o] FHEE AL & 4 AU

£ A9 A 2 9= U W

RS 29
She FoIA AW HA U TR SRS 9%
AR ANSHATHE A3k A4 BAS B A

o] B/dE A= e 5 & Ak EIF B ok
oM AR AE & AAske A% & AT 2HE
28 5 U Zolrt. AR ofRt Aol &
Stal e Aol Hesior & AHS 7HAAL Sl
1 ‘HL AE ASEShe Aol ofd 71E9 AldR
ZWAdSH7] mzell 71Ee] E3kel 7HAAL Sl 724
AEE EHA = Holot. FF AFolA
olFfet M ilEsto] A=Ho|2olM AFE YT
o F H 9] Sl A3t vehA 2 Aol

fr o ml



ks e

S]=8A] A24d A7Z, 2023

(1]

(2]

(3]

(4]

(5]

(el

(71

(8l

[9]

[10]

(11]

(12]

(13]

References

H. Seeber, A. Ramezani, “Development of Flexible and
Lightweight Ballistic Body Armor”, International
Journal on Advances in Systems and Measurements,
Vol. 12, No. 1&2, pp. 62-71, 2019.

L. F. Amanda, M. F. Aaron, W. C. Joannie, "Long-term
Stability of UHMWPE Fibers', Journal of Polymer
Degradation and Stability, Vol. 114, pp. 45-51, 2015.
DOI: http://dx.doi.org/10.1016/j. polymdegradstab.2015.01.028

T. Goode, G. Shoemaker, S. Schultz, K. Peters, M.
Pankow, "Soft body armor time-dependent back face
deformation(BFD) with  ballistics gel backing’,
Composite Structures, Vol. 220, pp. 687-698. 2019.
DOI: https://doi.org/10.1016/i.compstruct.2019.04.025

S. H. Gu, S. B. Ryu, S. H. Song, "The Effect of
Environmental Treatment of Body Armor on
Bulletproof Performance’, Journal of the Korea
Academia-Industrial cooperation Society, Vol. 23, No.
11, pp. 136-141, 2022.

DOL: https://doi.org/10.5762/KAIS.2022.23.11.136

S. H. Gu, "A Study on the Bulletproof Reliability
Program’, Journal of the Korea Academia-Industrial
cooperation Society, Vol. 21, No. 1, pp. 300-307,
2020.

DOI: https://doi.org/10.5762/KAIS.2020.21.1.300

Ministry of Employment and Labor, Rules
Occupational Safety and Health Standards, 2022.

on

KDI Public Investment Management Center, General
Guidelines for Conducting Preliminary Feasibility
Study for Public Enterprises and Quasi-Governmental
Entities(2nd Edition) 2018.

Seoul Metropolitan Government, Public Building
Construction Cost Estimation Guidelines, 2022.

Korea Engineering Association, Unit Price of

Engineering Engineers, 2022.

Hanseo University, development of aviation security
equipment performance certification technology to
ensure aviation safety, 2018.

Close Focus Research, “Ballistic Testing Price List”, 2022.
http://www.closefocusresearch.com/ballistic-testing-
price-list

Korea Occupational Safety and Health Agency,
Research on the Effect Analysis of Musculoskeletal
Disease Prevention System, 2010.

Korea Labor Institute, Study on Economic Loss Costs
of Industrial Accidents - Focusing on Manufacturing,
2018.

130

ol

2HSeung-Hwan Gu) [Hslg]

+ 20144 8¢ : AEIsr|et
ITHY AR AAYBAIAH
AE (FsHEAD

+ 20149 12€ ~ @4« S |eE
A I ATAE Add
T+

(TP
upet A=Ay, S obd, 2853t
Z 4 #Seong-Hwan Cho) (X359

+ 20184 24 : AUt HRE
AdAES s (B

* 201749 129 ~ BA - SPNEE
A FYSAAIEAE A7l

2HSeung-Hwan, Song) [Hslgd]

+ 20149 12¥€ ~ &4 - EE

A FYFIAPAE Ad7led

e
= 4

G
erils g7t



