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An Economic Feasibility Analysis on the Movable Modular Lodging Buildings

Lee, Jeehee', Son, JeongWook”, Jeong, WoonSeong', Yi, June-Seong'
"Department of Architectural Engineering, Ewha Womans University

Abstract : Construction industry pays attention to modular construction recently which based on factory production not
on labor intensive site production, Since modular construction has high time shortening effect and easiness of demolition
and recycling, it has been applied to the temporary residential building, Domestic modular construction market are
not activated yet, however, due to the high initial cost to realize modular construction, This study proposes demand—
sensitized movable modular building in order to reduce the financial burden, The study compares between RC method
building and Modular building which moves building when the demand falls off from Life—Cycle Cost’s viewpoint. As a
result of the economical evaluation, RC method achieved profits faster than Modular model, but Modular model’s gross
earnings during the life—cycle are much bigger than RC method, In other words, the result means that the market—
sensitized movement of the modular building would be an economic choice in Life—Cycle Costing aspect.,

Keywords : Movable modular buildings, Life—cycle cost analysis
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Problem Necessity of demand—sensitized movable modular
Statement building
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Review ‘ Economical advantage of Modular buildings ‘
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‘ Assumptions for economic evaluation ‘
T
Life-Cycle ‘ Definition of cos‘t—revenue model ‘
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I
‘ Sensitivity analysis ‘
T
‘ Conclusion ‘ ‘ Conclusion and implications ‘

Fig. 1. Research process
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Fig. 2. Scale of Modular Architecture in Korea
(Kim et al. 2014)
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Table 1. Standard of life cycle costing model(Ha 2011)
Expense Ratio | Recycling Ratio | Recycling Cost
Work Type (%) (%) (%)
Steel Work 23.5 92.5 21.7
Floor, Wall, Ceiling 32.8 92.9 30.5
Roof Work 6.0 14.4 0.9
Windows and Metal 105 83.5 8.8
Work
UBR 10.4 91.0 9.5
Finished Product 7.3 91.7 6.7
Electric Work 2.5 80.0 2.0
Mechanical Work 3.5 65.0 2.3
Total = = 82.3
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Table 2. Assumptions for economic evaluation

o [Model 1] [Model 2] )
Division RC MIoRUIED Basis

Stay after new Move after new
construction construction when
during life—cycle | the demand falls off

Basic assumption Assumption

Refer to middle
and high—class
hotel case

Building type 220—room residental building

Refer to middle

Total floor area 23,200m’ and high—class
hotel case
Refer to standard
Life cycle period 40 years of building’s
durable years
) . Refer to relevant
Construction period 2 years 1 year .
studies
Percentage of _ 80% Refer to relevant
factory production i} studies
Refer to rel t
Time shortening - 50% of RC method elerto r.e evan
studies
Refer to relevant
Demolition cost - 18% of RC mothod ) v
studies

100% during the events
Refer to relevant
(only 3 months last)

Average 60% ‘ 80% studies

Tempora
Demand porary
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Fig. 3. Comparison of life cycle between model 1 and model 2
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Table 3. Standard of cost and revenue

Division Standard
Direct ,
) Refer to relevant study's direct
construction ) .
construction cost per unit area
Total cost

construction| In—direct | 2014 Industrial Environment and

Initial cost construction | Mechanical Construction’s cost
cost cost accounting ratio
Cost V.AT 10% of total construction cost

Apply to 2014 standard for

Design and C.S fee ) ) . .
engineering project fee ratio

Refer to middle and high—class

Maintenance cost ) ) .
residential facility's case

" Modular's demolition cost is 18%
Demolition cost

of RC
Temporary ,
Residential|  residential cost Refer to MCST stagst\c portal's
Revenue —— 2011 average lodging expense of
cost Average residential

tourist hotel (125,769%/day)
cost
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Table 4. Cost and revenue for model 1
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Table 5. Cost and revenue for model 2

Division Amount
New construction Rebuild

Building work 435,948,893 400,650,977
Earth work 69,109,301 41,139,536

Reinforced concrete
447,706,731 170,172,290

work

Electric work 2,436,000,000 1,893,816,000
Etc. work 2,448,960,894| 1,492,446,927
Steel work 901,041,341 242,959,732
Iron manufacturing 4,854,077,080 2,206,754,248
Equipment work 3,620,314,637 2,641,163,173
Metal work 313,439,517 137,378,455

Waterproofing and
, 791,778,413 330,643,030

Direct plaster's work

onstruction| Exterior finish work

cost and masonry mason’s 375,534,123 221,641,654
work

Roofing work 678,785,341 322,239,446
Joiner's work 607,593,743 129,974,436
Glazing work 260,397,318 55,703,330

Interior finishing work
2,978,543,017|  1,957,870,345

(wall)

Interior finishing work

Division Amount
Building work 435,948,893
Earth work 69,109,301
Reinforced concrete work 447,706,731
Electric work 2,436,000,000
Etc. work 2,448,960,894
RC structural work 2,857,436,425
Equipment work 3,620,314,637
Metal work 313,439,517
Direct | \Vaterproofing and 791,778,413
. plaster's work
struction Exterior finishing work and
cost o 2,759,674,994
masonry mason’'s work
Roofing work 678,785,341
Joiner's work 607,593,743
Glazing work 260,397,318
Interior finishing work 2.078.543.017
(wall)
Interior finishing work 1.038.004,291
Total (wallpaper)
struction Furniture work 336,983,240
cost Indirect labor cost 644,210,572
Cost Occupational health and
pat 364,480,026
safety insurance cost
Health insurance cost 152,105,274
Annuity insurance cost 222,789,490
Unemployment insurance 93,038,322
Indirect cost
struction Mutual b(lanef\t fund for 205,789,488
cost retirement
Safety management cost 402,952,780
Other expenses 1,476,906,648
EnV|ronmenta\ 110,403,382
preservation cost
General management 1.161.637.965
expenses
Profit 2,486,853,521
V.AT 2,940,184,422
Design and C.S fee 1,672,198,100
Subtotal 34,017,933,765

Maintenance cost

1,449,442,890

Demolition cost

1,415,408,800

Total cost

36,882,785,456

Temporary residential cost (3 months) 2,490,230,769

Revenue Average residential cost (37.7 years) 224,618,815,385

Total revenue 227,109,046,154
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1,038,004,291 608,504,013
Total (wallpaper)
et Furniture work 336,983,240 60,656,983
enstuction Module transportation | 1,244,245.810] 1,244,245 810
Cost cost Module assembling 365,304,608] 310,861,958
Indirect labor cost 128,842,114 128,842,114
Occupational health
and safety insurance 72,896,005 72,896,005
cost
Health insurance cost 30,421,055 30,421,055
Annuity insurance cost 44,557,898 44,557,898
Unemployment
18,607,664 18,607,664
. insurance cost
Indirect
X Mutual benefit fund
onstruction 41,157,898 41,157,898
for retirement
cost
Safety management
261,942,244 76,056,764
cost
Other expenses 939,778,189 279,271,408
Environmental
74,613,905 27,434,850
preservation cost
General management
1,265,669,450 788,657,099
expenses
Profit 2,709,565,823|  1,688,369,993
VAT 2,979,182,054| 1,766,509,509

Design and C.S fee 1,979,060,782 301,514,094

Subtotal 34,751,858,534| 19,697,521,134

Maintenance cost 1,449,442,800|  1,449,442,890

Demolition cost 254,773,584 254,773,584

Total cost 36.456,075,008| 21,401,737,608

Temporary residential cost

2,490,230,769 -
(3 months)

Residential cost - -
Average residential cost

(37.7 years)

Revenue

299,491,753,846

Salvage value of steel frame - 24,768,000

Total Revenue 2,490,230,769 | 299,516,521,846
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Fig. 4. Cumulative cost and revenue of model 1
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Fig 5. Cumulative cost and revenue of model 2
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Fig. 6. Comparison of total profit between model 1 and 2
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Table 6. Comparison of total profit between model 1 and model 2

(unit: 1,000%)
Total cost (A) Total revenue (B) )
_ - - Total profit
Division | ynchangeable| Discounted |unchangeable | Discounted (A-B)
cost cost (2.9%) cost cost (2.9%)

Model 1 190,512,172 |66,184,020 |227,358,069 |132,929,678 66,745,658
Model 2 {110,037,757 |86,281,718 |303,334,876 |177,472,686 91,190,968
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Fig. 7. Sensitivity analysis by change of facility demands
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Table 7. Comparison of total profit by change of facility demands
(unit: 1,000%)

Total cost (A) Total revenue (B) )
o - - Total profit
Division unchange | Discounted | unchange |Discounted | (a-p)
-able cost |cost (2.9%) | -able cost |cost (2.9%)
Model 1 90,512,172| 66,184,020 227,358,069 | 132,929,678 | 66,745,658

Demand 80%| 110,037,757| 86,281,718 303,334,876| 177,472,686| 91,190,968
Demand 75%| 110,037,757 | 86,281,718 | 284,533,633 | 166,532,404| 80,250,686
Demand70% | 110,037,757 | 86,281,718 265,732,391 | 155,592,122 | 69,310,404
Demand 65%( 110,037,757 | 86,281,718 246,931,149 144,651,840| 58,370,122
Demand 60% | 110,037,757 | 86,281,718 228,129,906| 133,711,558 | 47,429,839
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Table 8. Comparison of total profit by change of recycling ratio

(unit: 1,000%)
Total cost (A) Total revenue (B) )
o - - Total profit
Division Unchange | Discounted | Unchange | Discounted (A-B)
-able cost | cost (2.9%) | -able cost | cost (2.9%)
Model 1 90,512,172 66,184,020|227,358,069(132,929,678|66,745,658

Recycling

80% 110,037,757| 86,281,718|303,334,876|177,472,686| 91,190,968

Recycling

Mogel | 70% 111,884,080| 87,934,518|303,334,876|177,472,686|89,538,168
ode o

2 |Recycling

60% 114,297,568| 90,186,474|303,334,876|177,472,686|87,286,212

Recycling

50% 107,343,050| 86,995,808|303,334,876|177,472,686|84,954,169

AAREEO] 80% 4229 uf] B mE] 99] & Srolof|A] &

H9-S w) oo of 91004 Ojo]x]ﬂ} AYAREE O] 50% 2
2 Hofx|z} F 0] - F 182 oF 8509] U0 743l
t} ol RC o] Hamd 14 ZH(F 6709 Y)HTH=

o 209 omalx|ut mEH ] AAEE U FA3I0]
94 X HT7]0ﬂ AA 7AYol AR ok FFFE 1A

lo

s
F_O. O::
nﬂ

et &, HEY AAEES =ol1l =
7] Yol HEelY] U Al
I'—1’7‘401]/‘1 T35 QA a1k A¢lo] o]
o] AAE ff o5 7hsd BEY

m

flo rr A H
4y s I flo
A

o,

o

HI

nf

N
kd
%
_)‘4_1‘
>L
EE

4
2
2
)
o
o
¢
:E
r

A2 w4o] %‘Xﬂ*é% S 4 21 ol
5. 48

Q7S R ) /AT s S AAS T
AE SIS 18] AR S stel ate} 4
o Bk, ofF Zhet wiel 1%2] BA2] JARE
712 WAt Hlske A7 AATSIE) 1 At 2] B4
HI7} go] HHAISHE A g mEe mdel 49 RO 3
¥o) A2 Hla) A2 F% 5 A ol Shushoy 1
BES AlgEo] AR EIGAR, AORE7] 521 & 1] o]
Zolo] RO el W3 e 21 o 4= 9Igich
® ATl nEY A5 YA FA| AR 21e
cPoest w52 A28 ofS. % AYAA Kt 4 4
e/ F5sto] BauAol cha: Qv ;
ooizirhs TS 21 ik g
Fe} 429 ol F A4 Walo| gfazaﬂ HOHHL 1
)

&7 2o ;o7 BheA] FIElolof Tt B Q1o
A 7144 AR 7Ks A SRS 2R fie zﬂf—;
B3] <170] wigls i) wiel 716 Z91e) s

A3t Jo] whE Z7h ulg-e TS ERrks w7 o)
Agk S ol B Ak W 2 Aol F45) 2
wE3, mEe) AR 497 ol5mue) 714d 7154

)1, rOl'

stmzMpa|sts| =21 Hied K55 2015 98 19



olxIEl - £HS - LN - OIFY

0x

I‘_EL

, ZH*PlOﬂ kg s Ast Al ol tiek ezt 74
o o]Rolzlckd et HB FHHQ FPrt o]
W& SR T|diRith, B3 B AS5Ee] A
of e H 7] Ay e s v AlEdold
L;L_ F7A o2 AAgithd nEe A5 AR
on] g 712 ARE BEY 5 U2 AoRs

2 fr o o JN _1
32 o?i ‘1>
i

r
b

)
=

ZAle| 2

o] < 20139 = AR (vt o A

o2 AT 7|2 A A LS ol 3

A9, (No, NRF—2013R1A1A1010562 and No NRF—
2013R1A2A2AO4014772)

=]
R

Dg o i

References

Cho, B, H. (2014). “[Special Issue] Eight factors affecting
th economics of modular construction”, Architecture,
58(5), Architecture Institute of Korea, pp, 42—46.

Choi, H, K. and Kim, J. Y, (2013). “Analysis of supply
period and regulation in hotel industry”, KIET Issue
Paper 2013—320, pp. 27—28,

Ha, T. H. (2011).
studies of modular construction method”, Journal
of Construction Policy, KINX 2011069152, Korea
Research Institute for Construction Policy, pp. 141—
151,

“Development status and case

Kim, j. Y. and Lee, J. K, (2014). “A basic study on the
application of modular construction — focused on
the analysis of case study”, Journal of the Korean
Housing Association, 25(4), pp. 39—46.

Kim, K. T. and Lee, Y. H. (2011), “Economic feasibility
study on the unit modular fabrication method
according to the life cycle costing methodology”,
Journal of Architectural Institute of Korea, v.27 n.12,
pp. 207214,

KTO (2007). “Heanam Hwawon Resort Complex”, Korea
Tourism Organization, pp. 50—51,

Lee, D, H. and Kim. K. T. (2013). “A fundamental study
for applying of unit modular housing production
system in the domestic”, Korean Journal of
Construction Engineering and Management, KICEM,
14(5), pp. 311,

Lee, J. H., Kim, K, R., Son, J. W, and Yi, J. S. (2014),
“A Comparative Study on the Life Cycle Cost of
Wall Type Apartment and Beam—Column Structural
Apartment”, Korean Journal of Construction
Engineering and Management, KICEM, 15(6), pp.
35—43,

The Steel Construction Institute (2000). “Value and
Benefits Assessment of Modular Construction”. The
Steel Construction Institute (SCI), UK, pp. 18—21.

Jang, J, W, (2010). “Remember the 2010 Vancouver
Olympic’s Deficit, <http://blog.ohmynews.com/
post9/260351), (March, 3. 2010)

Fo

2

o b

o _m o m
= l‘.\..
[UJ..

ﬂ'l

rlr

N

=
— p o
1“4 A5 T 71E WA vig) 7] &
A

303030 -

o & gellde Lae Aol 7KL =

o2 M Rl R R
Oy

A

oL

_1>~

)

=
S
>,
r{o

SHI 2ET FHO ofsd o] A1

P
o o

II/E : mEe A%, YojF7IuE

o] e Alops WYL WAjo] o, B AR 7Nk WA 23 Aol mEe %S
2 2E} 31, 5 B RG] Folsh U4 FANEL
e e 3 AR e 271 Fulge] e eow o el miel A% Ate ok St o)

A2 A
o olet, 71eel 2 btel ok 1ok S 5o A RS e et 8
7} 23, 7149 SRl Rog W2 50l 8E Pyl
219} Aol Mk 2 A 02 et

o) 1 o] S A oI5 st mEel 2%

of =5t
FHOoE Hgx

ol e ko Age] o] et ol el
A7l 4]

20 s=zumeisE =27 Hi6H H53 20154 92



