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Abstract

Given both structural safety and economic benefits of aging facilities, remodelling of the existing facilities is
preferable to reconstruction. This recognition provides an opportunity to reduce the commitment of resources and
national budget. However, when a subordinate troop asks for remodeling or reconstruction of a deteriorated facility, it
is difficult to ensure the consistency and objectivity in the process of decision making for the alternatives due to the
absence of systematic and quantitative rating methodology. Their economic evaluation methodology only exists in a
manual format. Thus, further research is required for converting the methodology into an automated system in view of
practicality such as rapid and accurate data processing. The contributions of this study are as follows: 1) Literature
review found out a representative economic evaluation model focused on military facilities, and comparative analysis
with a similar study identified the strength and weakness. 2) this study presented how to convert the theoretical
framework which enables to solve a specific subject matter into an automated system. 3) it developed a user friendly
interfaces which consist of four functional modules by considering the usability and accessibility of the system user.
4) the developed system was verified by a case study in terms of four kinds of performance indicators.
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Economic Evaluation System for Deteriorated Military Facilities

‘AL Inputting basic information of the facility ‘

Module A :

1 i . A2. Inputting investigated information
Entering basic information ‘

‘Aa, Inputting information on economic evaluation related variables ‘

‘81. Generating composite performance index of the facility ‘

Module B :
Generating the values of

‘B?. Generating various periods of the facility ‘

theog gil AR “E3=m)

Table 10 ArAJE [F5H] Hols

“ll:U EX] /\’71_
o Ag31o] APEct

Table 1. Common variables

common variables

‘BS. Generating interest rate ‘

CC1. Computing removal cost
for reconstruction

CR1. Computing remodeling
cost

CC2. Computing reconstruction
cost

CR2. Computing removal cost

Module C : for remodeling

Computing LCCs corresponding
to the alternatives

CC3. Computing maintenance
cost for reconstruction

CR3. Computing maintenance
cost for remodeling

CC4. Computing present worth
for reconstruction

CR4. Computing present worth
for remodeling

Module D :
Conducting c«
analysis

‘D1. Converting annual equivalent worth ‘

‘D2. Making a report of economical evaluation for both alternatives ‘

Figure 1. System modules for economical evaluation
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Sec Min. Max. Rating Degree of Additional
tion  value value Deterioration rate
1 20 25 D 70 30
2 25 35 D 60 15
3 35 45 D 50 7
4 45 55 D 40 3
5 55 65 C 30 0
6 65 75 C 20 0
7 75 80 C 10 0
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Table 2. Type of facility
Type of .
faility Use of facility
Housing1 Official residence BOQ
Housing2 Appartement - -
Housing3 Barrack Group Barrack -
Sanitation Restroom  Bathroom  Shower  Wash up
Table 3. Type of structure
Type of Construction method
structure
RC RC SRC -
Masonry Brick Stone Block
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Table 4. Durable year (unit: year)
Tyggpgf OsftrLictlLljlg Housing!  Housing2 Housing3  Office
RC 50 50 50 55
Masonry 45 45 45 50
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Table 5. Effective rate (100 based on 2000 year)
Interest Inflation Deviation of Effective
Year . )
on loan rate inflation rate rate
2000 8.55 100 2.25 6.16
2001 77 104.1 4.10 3.46
2002 6.7 106.9 2.69 3.91
2003 6.24 110.7 355 2.59
3.2.3 diohd Aoju| & A= B
EES-MILA|AE]2] dH4]o] CEEQ— o Ajofjn] L&
) o) S ] Sk VIS EE, 7S

LCC £4; 7)< LOC 84)& 7},
1) A5 AYoHl8{LCC) w4
A, S Aolr]E- E4d2- 471A] AJoll-8(S, CCL.
AWAE AAY]; OC2, 4% A CC3, A% F 1A

H]; OC4. & A3 LO0)S AEsle apyor Rawr)
“CCL. ARS AAR'= ARAPE iRt did A=Y

“AHA(M2)" 2 Table 60 AN [HA 9 d7|A28] &



Economic Evaluation System for Deteriorated Military Facilities

7H elolERsE “HA 9 H7|ul8"S 2xste] Eq.(5)0]
Ofsf AT,
A% AAN = AW A AR AT ) ——— (5)

o] w, AANEHE i ] TR} 7]
& 13 YR Holsl] W], Table 69] A
(27 8 si71els] SH el Agsiel “2254'3)

TIEAE"E ARSHOR el F, A L oA
A doleSel Hae g3t

Table 6. Removal cost (won/m’)
Com  Structura Removall Decommissi Total  Base
pany | type cost oning cost Cost year
A Masonry 72,600 9,281 81,880 2012
B Masonry 54,450 9,377 63,827 2012
C Masonry 66,550 9,571 76,121 2012
D Masonry 60,500 9,438 69,938 2012
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SAPIEZHRY/M2)'o] B o (6] 213} Ak,
ANAF FA] = AW A

Table 7. Result unit cost (won/m’)

Max gross

Use of facility area Unit Result Unit Cost
Barrack 1,650 M2 927,000
Barrack 660 M2 1,133,000

BOQ 330 M2 1,098,000
BOQ 660 M2 828,000
BOQ 1,320 M2 720,000
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Table 8. Cumulative maintenance cost (won/m?)
Facility type ) ) )
Elapsed vea® Housing1 Housing?2 Housing3
5 7,627 9,341 5,799
6 12,574 11,866 12,567
7 12,590 11,866 12,567
49 742,761 679,028 558,977
50 841,988 730,189 597,770
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Table 9. Section of remodeling rate

Min. remodeling Max. remodeling

Section ratio(%) ratio(%)
R1 150 160
R2 140 150
R3 130 140
R4 120 130
R5 110 120
R6 100 110
R7 90 100
R13 30 40
“CR1, N4> BAM]E 20 GAlaby(F-2A4 57t

A fde AM] AR AR, 19AQ] “FEAR
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Table 10. Cost ratio of remodeling against reconstruction

Deterio. deg.

70 60 50 40 30 20 10
Remod.sec.

R1 - - - - - - 16
R2 - - - - - 30 15
R3 - - - - 42 28 14
R4 - - - 52 39 26 13

R5 - - 60 48 36 24 12

R6 - 66 55 44 33 22 11

R7 70 60 50 40 30 20 10

R13 28 24 20 16 12 8 4
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Table 11. Cost ratio of removal against remodeling cost

Deterio. deg.
70 60 50 40 30 20 10
Remod.sec.
R1 - - - - - - 15
R2 - - - - - 15 18
R3 - - - - 15 18 21
R4 - - - 15 18 21 24
R5 - - 15 18 21 24 27
R6 - 15 18 21 24 27 30
R7 15 18 21 24 27 30 33
R13 33 36 39 42 45 48 51

“CR3, e SR 7 S, FA) mAA
(@) Ak A SR A1 A F e 1)
& HA BG4 S R A 2R
o A% s F 5 SRR AR A
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(@)"= Table 120 AR [F-2=A] BGAS] glolEoA]
i AdEe] ‘RGP o] AFgeke ARE Hfal,
Table 12. Factor of structural reinforcement
Construction method Factor
RC 1
SRC 1
Brick 0.9
Stone 0.9
Reinforced block 0.9
Block 0.8
Steel 0.8
Light steel 0.7
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ARt 7IRboleks ol
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Table 13. Additional ratio for maintenance

Section of remodeling ratio Additional ratio(%)

R1 0
R7 3
R8 6
R9 9

SEPAR] “A Ak AR SRR} 5]
H] 7MY S WS S B (15)] O3] Ak of
o, AR QI A AR A% 490 5
W3k [HAH] AN oK Table 82 Apgck
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AGANEA G = FA U Wb (147 ) ——— (15)

BRG] “F 9B AVRO] “AeA 3} 5EAe]
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THA ARG FAMEEY = A0 et ol A
oA (i), ARES(Mm), T3 F{AHIE HELER SR=
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“CRA. 7llE4> Aofulg A7F = 7z sl TAs=
“HAR] “BAW]” T8]3 “SSAHENE 37RR] M
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A= px i(1414)" (17)

theo R Frh| kRS At SIsh HYETA
591 A BAwRS $A S8510] BARIE Leo et
al.[412) A3 Bkl BT )& A ol
Hlg GFSk “AEs Alelg 7ol B B, (19 9
3} AEEch B ) Table 149] AAE AR o
wHHel Wrbrlzo] Agw

Ayns oo
amABRp00 (19)
A7Hi-?LCC

Table 14. Criteria of Lee et al.’s model

Rating Evaluation Decision of alternatives
index (a) Remodeling Reconstruction
A a >1 Favorable Unfavorable
B a <1 Unfavorable Favorable




Son et al.[5]Q] AAA Hrpzdox H7R|EH(s )=
Lee et al.[4]Q] H71HFo| G4 3t Eq. (19 A=H
t}, o] H7IAHE(e )&= Table 15004 HEo] 554 F7p]
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o AXHi%LCC (19>

Table 15. Criteria of Son et al.” model

Evaluation index () Decision of alternatives

Rating Minvalue  Max.value Remgdelin Reoon;truotio
A 0 0.69 Best Worst
B 0.7 0.79 Better Bad
C 0.8 0.89 Good Good
D 0.9 0.99 Bad Better
E 1 3 Worst Best
4. EES-MIL Al2¥le] A5 HAZ
o] =2 7idE EES-MILE ARSI o EA[AEo]
gt BA w7 ee Asiith Ae A= Chung et
al.[12]o] AAIZH LCC A2l 29 s 87 7es=s &
Hslol 472 ek 1) AMgRle] guele 9 o
7§e 243K Minimum user intervention)A|7|H 1}
YA A 9l A A ste s 2) B8R thgt
A BSske At Aol diet 284 (Traceability);
3) A=) 23] ALV (Basy to use); 4) P42
270 wE EYAe] HelE HEsk: As(Ability to
analyze)S°|c}
41 M AMME 2
EES-MIL®| 5= A50l7| sl A7t ALt
AE[4]1E #8310 Figure 2= EES—MIL AJXdojA]
/\]«QJ\V} Ae vhis Auold EE(AEL AR A=
Z\EgR(ADSE AL Z3HA), TelT 7} B
o THSH A=zt Aol
4.2 AlE|| 2ME SEt Alﬁfél ds 85
EES-MILE Al @R deins(A), 35Hs &

AE(B), AAE/ RS *“OHHl AERE(C), A H
WA HE(D)EC] SHE AE(sheets) 2 7HEE0] 91T,
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Q22 Wt A2E Shte] ALEloE TYE, o2
A2E) B70] ARgolo] shisinh BES-MILS 3 ¥

A AGREA)ol AldES] et 71%17} A=, 1
SE}EAloﬂ HE AEQ ito] ARE et ol A
3} 7le2 AREAL THYe] HastE E! St} A AN
A28 g BoF C(AjAS LCC b+ A=kt

[Module A : Entering basic information]

Al. Inputting basic information of the facility

Item Value | Unit
Name of facility 000 military blng
Use of facility BOQ
Construction method Block
Gross area 1200 M2
Year built 1980 year

A2. Inputting investigated information

Item Value
Degree of Structural safety 50
Degree of environment and 30 “
equipment
A3. Inputting information on economic variables
Variable Value Unit
Year evaluated 2012 year
Level of remodeling 100 %

Figure 2. Module A for entering basic information

[Module C : Computing LCC for remodeling ]

|
CR1. Computing remodeling cost

|
'i:-‘
i

® |#|# £

remodeting
Al N
[ | sescoo000 | T o3 T T oo [ ermon]
Reconstruction Cost ratio of =
| nomoseing con [Pmuien [y [ Gt T Jnmorement con|
| =]  sesc00000 | x [ [ [ + [ 18144000 450,144,000
CR2. Computing removal cost for remodeling
Detariration Degree =
Remodeling cost | 250122000 =
Remodeling Isvel 100 B
Removal rztio =
_ Removal cast | Remodeling cost| x | Removal ratic
=] 450144000 | x [ 2 94,530,240

CR3. Computing maintenance cost for remodeling |
350134000

Remodeling cost

fion cost

cost

‘Actual Reinforcement
cost

[ Fesremtended | =
[ Actust durable year |

Module C for computing LCC of remodeling

Figure 3.
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Qo] AAJstar, 2714 A BrpRES 7He R &
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[Module D : Conducting comparative analysis]
Comman variables
Gross of the facility
Gross score Gross rating Eislals
on
44 D 50
Item Value Unit
Durable year 50 5!
Elapsed year 32 [E]
Year left 18 5]
Effective interest 5.48 %
Details of LCC depending on alternatives
1) Remaval cost 78,527,437 8%| 94530240 14%| -16,002,803 0.8
2) Construction cost 864,000,000 85%| 450,144,000 69% 413,856,000 19
3) Mail e cost 70,236,637 7%| 109,539,627 17% ~39,302,990 0.6
4) PW of gross cost 1,012,764,074 100%| 654,213,867 100% 358,550,207 15
5) Vear extended 50| 31 19| 16
6) Annual equivalent 59,614,922 44,317,646 15,297,276 135
Decision making for alternative by evaluation models
Lee et al." model (2002)
Sl Bkt LC,____ Rating Evaluation i Densi.on of alternative i
FW= 135 index Remodeling | Reconstruction
e A [ > 1 Favorable Unfavorable
Rating= A B o =1 Linfavorable Favorable
254 9] 201(2005)
Rating . ion index(g) De(isi.an of _
Min Max Remodeling | Reconstruction
i oo A o 063 Best Worst
—-%: 0.74 B 07 078 Beller Bad
i Equi
IR c 08 089 Good Good
Rating= B D 0.9 cog Bad Befter
E 1 3 Waorst Best

Figure 4. Module D for conducting comparative analysis
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Aol AA7H44,317,6469/W)Et  15,297,276(Y/
W)(1.44H) BHE 2 Ao EAEQI olgA AEH At
HJEE Sgslo] HFHoz Aol = didkE 24T
5= Qi) 2 AIREE = 7HA] B7EAA|4,51E sAll &
slo] AFgom BARITE Lee et al [4]9] B w=H,
H7FHa )ol 1.35% a7t AR oR “fel'sh 2o
TAEL, Son et al.[5]9] HEof| W2, H7FX|3(e o]
0.74%2 7WE47} “Fo"sHA =it

3718 YR EAIPFlN K AAE, HrRke JF
tiora% mE(D)o] ARsshs AdofHlge] ARFEE of
gk A% tlofEE IR sileh=t] XA ¢a1, oA A
A (S, AHE LOC AERE(Figure 3), 724 LCC
AgE)ol| Hoste] 1 ARREES] AR e ¢ 1
ASTAE FATOEN Kot AJAIRE ol 1 A7)
7H oulE Al 4= Qlrt, webA EES-MILAJARRE AL
SALA Hoh Al 4 9 aie] A = Q=
S Ak, EgE gt 9AE AETAE AA
roax AEdate] A2 (reliability)S Alazgict, A
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EA)A 2E deEEE AL, AHESEE(P) TS
80%, 100%, 120%= 24l 1 A} Table 169] A
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et al.[b] ZE2] 7R3 (e )2 0.67, 0.74, 0,800 #
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553 HEog gt

Table 16. What-if analysis depending on remodeling levels

Evaluation Remodeling ratio (%)

model Result
80 100 120
lee of  Index(a) 150 135 1.26
al's ) )
modell3] Decision  Remodeling Remgdelm Remgdelm
Index(e) 0.67 0.74 0.80
Son et
al’s Remodelin Remodelin
modell4] Decision (Best) 9 g Both
(Better)
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