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Abstract

The repair and maintenance cost of domestic public rental housing is an issue of considerable interest and growing
financial concern. This paper suggests a quantity-based model as an alternative method for predicting costs, instead
of the conventional model which is based on actual cost data. Furthermore, this paper provides a forecast of the repair
costs incurred each year during the multi family house’s maintenance phase (40 years). The recently changed the
long—term repair plan and quality—improved interior materials were considered into the research. In order to estimate
the cost of maintenance work, 5 sample apartments were selected and analyzed. The repair and maintenance cost from
the case studies was converted to cost per household and per floor area for general use. On the other hand, the net
present value method was applied to reflect the effect of time. We expect that the results will help to establish
expenditure plans that are more effective for public rental housing in the maintenance stage.
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Forecast of Repair and Maintenance Costs for Public Rental Housing
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Table 1. Life cycle cost composition of apartment housing

Item Sub-component
Initial housing site preparation
Service  design fee, fee for consulting

Construction direct construction cost, indirect construction cost

Operatin general administrative, cleaning, security guard, disinfection,

J elevator maintenance expense, repairs expense(expendable)
common use of water, heating, hot water, sewer, electricity
indvidual use o water, heating, hat waeter, sewer, electricity, gas

Maintenance architectural, mechanical, electrical, civil engineering,
(long-term) landscaping, telecommunications equipment works

residual valuelprofit), construction debris recyding & disposal cost

Utility

Disposal
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Table 2. Criteria related to maintenance costs

Rental housing
Category Owner housing

Public Private

Special Act on
Private Rental
Housing

Housing Act,
Special Act on
Public Housing

Special Act on

Law Public Housing

Rental business
operator

Management
entity

Public housing
project operator

Occupants’
representatives

Rental business
operator

Source of
charge

Public housing

: Owner
project operator

Reserves for
Long-term repairs

Reserves for
Special repairs

Reserves for

Reserves ) :
Special repairs
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Forecast of Repair and Maintenance Costs for Public Rental Housing

Identifying Items of Long-term & Secondary Repair Plan

—

Selection of Case Projects

Quantity Takeoff

Collect design drawing — Check installation status —
Quantity takeoff over repair items

Cost Estimates

Survey unit price — Calculate indirect cost — Reflect overhead
cost — Allocate costs using ‘repair cycle’ and 'rate of repair’

Applying NPV Analysis

Reflect inflation rate — Convet from future value to present value

[ —

Calculation of Unit Cost per Household & Total Floor Area

Figure 1. Flow of cost estimates for repair
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Table 3. Overview of 5 case studies

Project Yegr Nlo.'of No. of GFA? Unit types Highest
built buildings households ~ (m*) (m°) floor

ME apt. 2014 4 237 36,448 49,59,84 13F
JC apt. 2016 6 457 62,042 49,59,84 15F
KR apt. 2009 9 722 84,255 49,59,84 15F
SW apt. 2010 16 1036 143,811 39495084,114  15F
Sl apt. 2011 22 1339 181,025 49,59,84,114  15F
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Table 4. Items for maintenance cost estimates in case studies

Category Classified(no. of sub-items)

Building exterior(6), Building interior(4)
Electricity-digestion-elevator and intelligent
home network(23), Water supply-gas-drainage
and ventilation equipment(9), Heating and hot
water(4), Outdoor unit and welfare facilities(8)

Long-term common
repair areas

common Excluded items from the long-term repair

Secondary areas plan(73)

repalr  jndividual Items inside unit, such as papering, flooring,

areas bathroom, doors and windows, etc.(11)
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Figure 2. Pattern of maintenance cost of 5 samples for 40 years by present value
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Table 5. Total cost of maintenance of 5 samples (40years)

Present
value

Future
value

Overhead Total cost
cost (1,000won)

Direct

Project
cost

ME apt. 17,743,413
34,419,540
45,751,275
62,416,039

88,698,282

8,435,122 26,178,535 49,984,724 16,963,386
15,789,356 50,208,896 96,406,006 32,400,194
21,372,016 67,123,291 129,497,103 43,188,392
29,434,072 91,850,111 179,911,601 59,196,157
41,740,050 130,438,332 251,024,765 84,058,817

JC apt.
KR apt.
SW apt.
S| apt.
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Forecast of Repair and Maintenance Costs for Public Rental Housing

Division

Items inside unit

Electricity-digestion-elevator and intelligent home network [ NENGEGEGRGD
Building Interior

Water supply-gas-drainage and ventilation equipment
Building exterior

Outdoor unit facilities and outdoor welfare facilities
Heating and hot water

Items inside unit

ME apt.

Electricity-digestion-elevator and intelligent home network R

Building Interior

Water supply-gas-drainage and ventilation equipment
Building exterior

Outdoor unit facilities and outdoor welfare facilities
Heating and hot water

Items inside unit

JC apt.

Repair plan type
secondary repair(unit)

W secondary repair

B long-term repair

Electricity-digestion-elevator and intelligent home network [ NN

Building interior

Water supply-gas-drainage and ventilation equipment
Building exterior

Outdoor unit facilities and outdoor welfare facilities
Heating and hot water

Items inside unit

KR apt.

Project

Electricity-digestion-elevator and intelligent home network [ NN

Building interior

Water supply-gas-drainage and ventilation equipment
Building exterior

Outdeor unit facilities and outdoor welfare facilities
Heating and hot water

Items inside unit

SW apt.

Electricity-digestion-elevator and intelligent home network I —

Building Interior

Water supply-gas-drainage and ventilation equipment
Building exterior

Outdoor unit facilities and outdoor welfare facilities
Heating and hot water

Stapt.

=]
=

(UNIT-1,000 WON) 2M 4 &l

&M

oM 12 lanm 1sM

Total{40years)

18M 20M 22M Z4M 2sM 28M 30M

Figure 3. Maintenance cost of the different apartments and repair divisions by present value
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8,000 M secondary repair

W long-term repair
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Figure 4. Distribution of maintenance cost over 40 years by present value
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Table 6. Analysis of average cost of maintenance

Secondary repair plan

Repair Long-term Total
method  repair plan common individual (1,000won)
areas areas
Al 19,910,965 4,769,998 16,218,332 40,899,295
repair (42.2%) (10.1%) (34.4%) (86.7%)
Partial 2,509,312 3,251,102 501,384 6,261,798
repair (5.3%) (6.9%) (1.1%) (13.3%)
Total 22,420,277 8,021,100 16,719,716 47,161,093
(47 .5%) (17.0%) (35.5%) (100.0%)
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Table 7. The top 20 listed items and maintenance cost

Maintenan '
aintenance Ratio

NO. Division ltems of work cost %)
(1,000won) °

1 Building interior Wall water painting 5,252,718 1.1

2 Inside the unit Interior wall paper 4,419,094 9.4

3 Building interior Floor coating in parking 3,474,333 74

4 Home network Intelligent home network 3,440,956 7.3

5 Building exterior ~ Wall water painting 2,244 706 48

6 Inside the unit Kitchen apparatus 1,944,369 41

7 Building interior  Ceiling water painting 1,748,855 3.7

8 Electric Lightings 1,686,631 3.6
9 Inside the unit Balcony window 1,654,009 35
10 Inside the unit  Interior ceiling paper 1,446,246 3.1
11 Elevator Elevator machinery 1415,762 3.0
12 Inside the unit Plastic window 1,382,648 2.9
13 Inside the unit Ot Waler pibe for o0y geg 5 g
heating
14 Inside the unit Bathroom finishes 1,318,038 2.8
15 Telecommun{catlo Interphone, videophone 1,311,703 2.8
nbroadcasting
16 Inside the unit Room door 1,266,350 2.7
17 Inside the unit Vinyl sheet on floor 1,056,476 2.2
18 Electric Electric meter 647,777 1.4
19 Outdoor facilities Pavement 621,925 1.3
20 Sanitary Sewage pipe(PVC) 617,490 1.3
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Figure 5. Unit cost of 5 samples in major years by present
value

ol vt 409 F-3AM] BeghoR vjasio], 7t
A T ARANY] HAPE £10%01H] A= UEf
of wiat, 571 Alelle] k2 02 T ARANIE A
sh=t) Blad 2 Fe|7t ¢le AoE Hesiolrt, uheta
B Ao Al AHAS HE s Ao 2 ]
G ARAIBIE Table 8 W Table 93} 20| A2st3ict.
AT L] ARAN] A5 fIste], 57) ©A]<]
Alehs Bt 44154015 2-85to] Table 83} ZHo] |A7t
A& 7IE0 R SH= SARAMIE-S AESISI) 5ol X
28 1, 6WTH/AINe] AR Rgo] dAYstaL, 20t
7P w2 12, 399kl/Aco] WSttt HEHoR=
64, 49T/ A o] Blgo] A El= A oR YTt ol
A2 FhALSHH A4S ToRRY/E, B8R bk
AL 27HA/ N, AERE Al S Bkl o s A
+ Al G401 1619HI0] Ao g vreldet,
AHHE 7|0 R Sk SARAHIE AkEsl] $fato]
571 ©xe] AHAY Bt ARAHE L85t Table
99} Zho| pARAM]| ARERE T3 FaduiEEo]
Al 4097 HAH ) ARAIRE-2 475,23980] Y]
£ A2 yepdth A7t Wy ARAEIE e
5,783/, B-&HE AulA 2 01694/, H8HE o

C o

[e}

-

d

[o

Al
=t

12) 22 714 stoll Z4-249] 570l SEARIZE Batgk
o2 +10(68%) Wl 22

=
o

i



Forecast of Repair and Maintenance Costs for Public Rental Housing

Table 8. Unit cost per household (won/ho)

Table 9. Unit cost per total floor area (won/m?)

Elapsed ::;C:)r;gir_tsgr]] Secondary repair plan __ Toya| cogt
years n reas) cormmon Indfvidual (won)

5st year 747,541 722,617 134,777 1,604,936
(822,750) (795,362) (148,336)  (1,766,449)
6st year 2,877,884 14,805 B 2,892,689
(3,227,043) (16,602) (3,243,646)
7ot year ) 204,858 ) 294,858
(336,873) (336,873)
6t year ) 86,585 ) 86,585
(100,778) (100,778)
10st year 2,548,735 1,547,253 3,112,621 7,208,609
(3,079,225)  (1,869,326)  (3,760,417)  (8,708,968)
125t year 2,573,342 175,969 B 2,749,311
(3,227,043) (220,672) (3,447,715)
st year B 258,787 B 258,787
(336,873) (336,873)
15st year 3,802,089 849,013 2,148,528 6,799,630
(5042,119)  (1,125957)  (2,849,247)  (9,017,324)
6t year ) 74,588 . 74,588
(100,778) (100,778)
178t year ) 15,363 ) 15,363
(21,154) (21,154)
18t year 2,301,028 11,837 _ 2,312,866
(3,227,043) (16,602) (3,243,646)
20st year 2,763,942 1,974,468 7,577,439 12,315,849
(4,023513) (2,874,385 (11,030,402) (17,928,300)
21t year ) 48752 ) 48752
(72,305) (72,305)
2051 year . 79,096 ) 79,06
(119,519) (119,519)
24st year 2,057,530 19,274 _ 2,251,804
(3,227,043) (304,707) (3,531,751)
255t year 1,658,977 527,955 92,832 2,279,763
(2,650,898) (843,670) (148,336)  (3,642,905)
276t yoar ) 233283 ) 233,283
(386,952) (386,952)
28t yoar . 108,163 ) 108,163
(182,776) (182,776)
2051 year B 69,419 B 69,419
(119,519) (119,519)
30st year 6,210,167 1,257,838 3,683,778 11,151,783
(10,892,729)  (2,206,317)  (6,461,328) (19,560,374)
30 yoar ) 85,868 ) 85,868
(156,340) (156,340
34t yoar ) 224,716 ) 224,716
(424,709) (424,709)
355t year 427,322 413,384 77,044 917,751
(822,750) (795,977) (148,336)  (1,767,064)
36st year 1,645,110 113,028 _ 1,758,138
(3,227,043) (221,724) (3,448,767)
378t year ) 49,219 B 49,219
(98,364) (98,364)
30st year B 34,854 3 34,854
(72,305) (72,305)
40st year 1,916,652 1,398,498 5219,195 8,534,346
(4,050,799)  (2,955,833) (11,030,402) (18,037,034)
Total 31,530,320 10,864,492 22,046,214  64,441,026'
(47,520,002 _ (16,776,386) _ (35,576,805)  (99,873,193)

Elapsed rg;?r_tslg Secondary rePZ'T 'Zlar: Total cost
Years  (common areas) “areas | "areas (wor)
st year 5,479 5,315 998 11,792
(6,030) (5,850) (1,098) (12,979)
6t your 21,134 109 ) 21,244
(23,698) (122) (23.820)
7ot year ) 2214 . 2214
(2,529) (2,529)
8st year - 633 - 633
(736) (736)
08t year 18,696 11,425 23,054 53,174
(22587)  (13,802) (27.851) (64.241)
126t year 18,898 1,300 ) 20,198
(23,698) (1,630) (25,308)
14st year - 1,943 - 1,943
(2,529) (2,529)
155t year 27,901 6,264 50,078
(37,000) (8.307) (21,103) (66,410)
16st year 545 545
(736) (736)
113 113
175t year (156) (156)
185t year 16,898 87 ) 16,985
(23698) (122) (23.820)
205t year 20,239 14,806 91,168
(29462  (21,554) (81,697)  (132,714)
21st year - 343 - 343
(508) (508)
585 585
22st year (884) (884)
oast yoar 15,110 1435 ) 16,545
(23,698) (2.250) (25,949)
256t year 12,120 3,879 688 16,687
(19,366 (6,198) (1,098) (26,664)
2761 year ) 1,760 1,760
(2.918) (2,918)
794 794
28st year B (1,342) B (1,342)
514 514
29st year (884) (884)
30 yoar 45 584 9,299 07284 82,167
(79955 (16,310) (47,856)  (144,122)
32st year 620 - 620
(1,128) (1,128)
1,692 1,692
3ast year (3,197) (3,197)
355t year 3.132 3,039 571 6.742
(6,030) (5,852) (1,098) (12,981)
365t year 12,081 831 ) 12,912
(23,698) (1,630) (25.328)
365

37st year - (728) (728)
39st year (508) (508)
10t yoar 14,042 10,484 38,656 63,181
(29676)  (22,158) (81,697)  (133531)
Total 231313 80,640 163286 475239
(348601) _ (124,581)  (263501) _ (736,685)

(): Estimated cost calculated by unit prices in 2016
* Total cost for 40years: 95% Confidence interval (58,726,107, 70,155,945),
limit of error(5,714,919)

628

(): Estimated cost calculated by unit prices in 2016
*Total cost for 40years: 95% Confidence interval(436,371, 514,107),
limit of error(38,868)
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