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Assessment of Defect Risks in Apartment Projects based on
the Defect Classification Framework

Ho-Myun Jang
Division of Occupational Health & Safety Engineering, Semyung University
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Abstract The aim of this study was to set a defect classification framework and evaluate the defect risks
in apartment buildings For this, approximately 15,056 defect items for 133 apartment buildings were
examined. As a result of the analysis, the major defect of the RC work was cracks, which were found
mainly in public locations. Moreover, the RC work was found to exhibit a high defect risk of water
problem and surface appearance, which are highly connected with cracks. Second, the finish work has
a high defect risk because it is composed of various work types, and there are many kinds of materials
and construction parts involved. Third, the major defects of the waterproof work were incorrect
installation and missing tasks, which have high defect risks in the garage. This is because defects that
require rework occur mainly in the underground garage. Based on these results, this study proposed
countermeasures for defect risk management to be considered in the construction, handover,
post-handover, and occupancy phases. These have been set in detail based on the three zones: low

frequency high severity (LFHS), low frequency low severity (LFLS), and high frequency low severity (HFLS).
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STEP 1 : Setting a defect classification framework

« Creating a defect classification framework based on
9 work types, 4 defects liability period, 8 defect
locations and 9 defect types

I

STEP 2 : Investigating defect frequency and severity
for each defect category

+ Collecting data and allocating them to the matrix
1) Frequency : the number of defects that occurs in a
single project
2) Severity : the defect cost per square meter based on
the gross floor area when a defect occurs

l

STEP 3 : Estimating defect risk for each defect category

« Estimating defect risk for each defect category
+ Determining the ranking of defect risk

Fig. 1. Research flow
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Table 1. The status of conciliation for defect

disputesl4]
(unit : cases)
. Year
Results of process Sum
2010{2011{2012|2013|2014|2015
Judgement | - 46 | 686 | 640 [1,056|1,046|3,474
Resolution —
Conciliation| 13 | 80 | 34 | 58 | 72 | 478 | 735
Conciliation| Rupture - 25| 19 | 280|676 | 10 {1,010
failure Disobey | 18 | 48 | 16 | 1 | 8 | 1 | 92
Dismiss - |17 1 7 1219 |55
Drop 8 | 15| 5 | 116|164 | 136 | 444
Pending 30 | 126 | 201 |1,052| 731 |1,267|1,267
Sum 69 | 327 | 836 |1,953|1,676[2,216]7,077

Table 2. Trends of defect disputes by work types[4]

unit : casesl
Year Ratio

Work t S
O P 1o010|2011] 2012 [2013| 2014 | 2015 | 7™ | )
Window | 126 | 160 |1,912[2.778| 1,339 1,840 | 8.164| 17.7

Heating/
Ventilation/Air| 18 | 49 | 479 | 266 | 424 | 53 |1,289| 2.8

conditioning

Watering/
Drainage
Site formation| 32 | 116 | 143 | 143 | 47 19 | 500 |1.09

Communication/
Signal/Disaster| 13 | 19 | 29 |118| 30 4 213 10.46
prevention

Electric/Power| 22 | 62 |1,100| 236 | 666 | 111 |2,197|4.77
Gas/Fire
extinguishing
General 20 | 87 | 718 | 83 | 416 | 58 |1,382]3.00
RC 102 | 754 {1,509 | 143 | 157 | 88 |2,753|5.98

Roof/
Waterproof

Finishing | 235 | 810 | 2,844 [2,639|3,768 | 8,431 |18,720 40.7
Landscaping | 24 | 209 | 77 |627 | 441 | 77 |1,455|3.16
Masonry 16 | 81 30 15 11 1 154 |0.33
Watering/
Drainage 8 9 8 9 2 4 40 10.09
(outside)
Carpentry 2 10 12 3 4 3 34 10.07
Steel 0 3 4 1 5 1 14 |0.03

Home
network 5 1 4

Foundation 0 1 0 0 2 0 3 |0.01
Structure 14 | 264 | 115 | 162 |1,705| 231 |2,491|5.41
The others 7 19 | 13 8 27 15 89 10.19
Sum 771 |3,125[11,033|9,005[10,961|11,149/46,044] 100

62 | 61 |1,3471,498| 720 | 107 |3,795|8.24

13 | 28 | 39 |142| 119 | 32 | 373 |0.81

52 | 373 | 650 | 134|1,077| 71 |2357]|5.12

0 3 3 16 |0.03
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Table 3. Overview of cases

Gross floor Project Year of Project
area number completion number
(1,000 m* | Num | % (year) Num | %
~50 44 | 33.08 ~1995 1 0.75
50~100 58 | 43.61 | 1996~2000 19 14.29
100~150 17 12.78 | 2001~2005 56 | 42.11
150~200 6 4.51 2006~2010 52 39.10
200~ 8 6.02 2011~ 5 3.76
Total 133 100 Total 133 100
Defect Project Defect cost Project
frequency number (1,000,000 number
(Num) Num % KRW) Num %
~50 19 14.29 ~100 3 2.26
51~100 47 35.34 100~500 61 45.86
101~150 31 23.31 500~1,000 38 28.57
151~200 24 18.05 | 1,000~1,500 17 12.78
201~250 9 6.77 1,500~2,000 6 4.51
250~ 3 2.26 2,000~ 8 6.02
Total 133 100 Total 133 100
Table 4. Classification of defects
Classification Items
W1 RC W6 MEP
Work w2 Masonry W7 | Door and windows
type W3 Finish w8 Furniture
(W) W4 Insulation W9 Miscellaneous
W5| Waterproof
Defect liability| P2 2 year P3 3 year
period (P) | P5 5 year P10 10 year
L1 | External wall | L5 Hall/Corridor
Location L2 | Roof/Rooftop | L6 Balcony
(9] L3 | Common area | L7 Room/Entrance
14 Garage L8 | Bathroom/Kitchen
D1 Afft.ected. D6 | Incorrect installation
functionality
Defect D2 Broken D7 Missing task
tzfg)e D3 Corrosion D8 | Surface appearance
D4 Crack D9 Water problem
D5| Detachment

AR ST RCEFAHWL), REFAHW2), vHd5
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EFoI9t. siAEeRZ 7R 2WxKP2), 3RKHP3),

SAZKP5), 10W2HP10) & 47HA12 E5319ct. sty
Ae AHLD, FY/FH12), 3881HL3), FAKE

(L9, BE/ARALS), TIUWLE), B/ABL), &4/
R 5 /PR BRI vhEoR 4
2 7% ABHDD), TH/£4DD), FAD3), FEDA),
YD3), AFDO), TIABD7), BHEFOS). 5/

514

2=2(D9) 5 97HZ 2733t ©
H=Z tha Table 52+ Zo] SHAHER
Table 5914 &Holst & Ql%o] Fot FAEEAA
Table 49] =252 &-85to] DA 740]1::] =3t 2}
2E B2 442 sk o] ERjet=
2 HASIY & 2908 HAH RES F
st A5 APyt

£ AFolAs WA SRS SPRIES 2ARSIA
ot SPAIES] - Table 59] sFAHERAIA 449 29
o& HAE SRR diste] shAIES] Batgto=
oSt A EE sAIES} nRTAR 592
2 BAE SRSl diste] sig kA 17 & shA|
202 A&sl9r}. Eot SIAAIES] A9 AN RS
1] Hete] dwH oz BHASct o|g A AEH
S A5 s BT 4% &g sk A4
‘d& Heidls 71A19] 922 93 "t

HFHoRE 7oA EET SPIESt S EE
The Eq. (DOl #8511 27} skl diste] shkeld
& ARESIYTHO-111.

=
=

R=FxS§ 6]

Where, R denotes defect risk, F denotes defect

frequency, S denotes defect severity
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o] 23087, MEPZAHWG)-3AXKHP3)-E-4/5H(L8)-
715 ASHD1)7F 2.2334, MEPFAKWG)-3EZKP3)-1/
AHL7)-71sAsHD)7F 1.9774, mEFEAHW3)-21
ZHP2)-/BIHL7)-E=HD5)°l 19324, RCTA
(W1D-109xHP10)-B /A L5)-FL(D4)ol 1.774
A, RCZTAKWID)-10EXHP10)-FAPHLA)-TL(D4)e]
1.7147 £02 sENIErt &2 A= IRk

Table 5. Defect classification framework

E3E T2 Table 7014 AT 5= Ql=0] SPARERA]
A9} 2t SRR FEFAHWS)-5RHPS)- T2
(L4)-2AFD6)°] 1,0339/m’ 22 SHEst 71
¥ Z0% gQlHgh 1 9ol= RCEAHW)-394
(P3)-H(LD)-Y+4/ 2297t 1,0209/m?, uiHEA}
(W3)-292HP2)-2H(L1)-LAFHDE)O]  959.89/m’,
RCFAHW1)-10E2KP10)- 2 (L1)-+r4+/ A 2(D9)7H

Defect Defect
Work | Period | Location D1 D2 D3 D4 D5 D6 | D7 | D8 | DO Work | Period | Location D1 D2 D3 D4 | D5 | D6 | D7 | D8 [ Do

L1 L5

12 L6

13 W4 | P3 L7

L4 L8

P3 L5 L1

L6 L2

L7 L3

18 ~ L4

I W5 P5 5

12 L6

L3 L7

L4 L8

w1 F5 L5 L1
L6 L2

L7 L3

18 L4

T W6 P3 s

12 L6

L3 L7

L4 L8

P10 L5 L1

L6 L2

L7 L3

18 L4

Tl w7 P3 s

12 L6

L3 L7

L4 L8

w2 F5 L5 L1
L6 L2

L7 L3

18 L4

Ll A R T

12 L6

L3 L7

L4 L8

w3 P2 L5 L1
L6 L2

L7 L3

18 L4

Tl W9 P3 s

12 L6

W4 P3 13 L7
L4 L8
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Table 6. Frequency of defects by items

Ranking Work type Defect liability period Location Defect type Frequency
1 RC 5 year Common area Crack 3.812
2 RC 5 year Garage Crack 3.188
3 RC 10 year Common area Crack 3.083
4 Finish 2 year Common area Missing task 2.759
5 RC 10 year External wall Crack 2.308
6 MEP 3 year Bathroom/Kitchen Affected functionality 2.233
7 MEP 3 year Room/Entrance Affected functionality 1.977
8 Finish 2 year Room/Entrance Detachment 1.932
9 RC 10 year Hall/Corridor Crack 1.774
10 RC 10 year Garage Crack 1.714
11 Finish 2 year Bathroom/Kitchen Detachment 1.677
12 Door and windows 3 year Room/Entrance Affected functionality 1.526
13 RC 3 year External wall Crack 1.451
14 Finish 2 year Hall/Corridor Missing task 1.301
15 Finish 2 year Bathroom/Kitchen Missing task 1.173
16 RC 10 year Roof/Rooftop Crack 1.158
17 Finish 2 year Room/Entrance Broken 1.120
18 RC 5 year Balcony Crack 1.098
19 RC 3 year Roof/Rooftop Crack 1.068
20 MEP 3 year Common area Missing task 1.015

818Y/m?, WEBAHWS)-5E2HP5)-LAH1L2)- 5/ 2
(D97} 7729/m?*, MEPZAKWG)-33KP3)- L7 ]
(LO)-UIAIBD7)0l 747.79/m’, WEFAHWS)-5E2}
(P5)-FAPHLA)-TIAI (D70l 747.09/m’, WS84
(W5)-582HP5)-LFU(L6)-HIAZD7)°l 659.09/m’,
RCEFAHW1)-502H(P5)-F2H(L4)- A1 8(D6)°]
588.49/m’, RCZAHW1)-1092HP10)-H(L1)-+L
(D4)o] 482.49/m* 08 ST} 2 oz o
o5 i},
ol EFolA HAIES AmolA B HES

Table 7. Severity of defects by items

=

Uetdi= shHESo] EART. 94 3549 SH
A g ATt A oR sl EE WA o}ZHj

7b B8 499l Aoz RIS E3] X
Astepol] ot YFe Ao W] hEo HJ#%A}
7t QAE F2 HAE HAE AF ALt SRR
Uehhs 2102 gRlgnh 1 Qo U3y, &4 d ¢
B3t go] o B4 A or dsfols A
FEA] A7 B A, SHRHIETE e =2 A
o2 FRIF. E3F S TN o, =AM,

833t SolA EAske A tHol 3 shAt

Ranking Work type Defect liability period Location Defect type Frequency
1 Waterproof 5 year Garage Incorrect installation 1,033.0
2 RC 3 year External wall Water problem 1,020.0
3 Finish 2 year External wall Incorrect installation 959.8
4 RC 10 year External wall Water problem 818.1
5 Waterproof 5 year Roof/Rooftop Water problem 772.2
6 MEP 3 year Balcony Missing task 747.7
7 Waterproof 5 year Garage Missing task 747.0
8 Waterproof 5 year Balcony Missing task 659.0
9 RC 5 year Garage Incorrect installation 588.4
10 RC 10 year External wall Crack 482.4
11 MEP 3 year Room/Entrance Missing task 453.4
12 Insulation 3 year Bathroom/Kitchen Incorrect installation 449.2
13 RC 10 year External wall Surface appearance 448.4
14 Door and windows 3 year Balcony Incorrect installation 388.2
15 Waterproof 5 year Roof/Rooftop Missing task 382.8
16 Finish 2 year Bathroom/Kitchen Incorrect installation 374.9
17 RC 3 year External wall Crack 374.9
18 Waterproof 5 year Common area Incorrect installation 351.8
19 Insulation 3 year Hall/Corridor Water problem 320.4
20 Waterproof 5 year Roof/Rooftop Incorrect installation 311.9

516
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Table 8. Risk of defects by items

Ranking Work type Defect liability period Location Defect type Frequency
1 RC 10 year External wall Crack 1,113.0
2 RC 5 year Garage Crack 775.7
3 RC 3 year External wall Crack 544.0
4 Finish 2 year Bathroom/Kitchen Missing task 308.7
5 RC 10 year External wall Surface appearance 276.5
6 Finish 2 year Bathroom/Kitchen Incorrect installation 248.1
7 Finish 2 year Hall/Corridor Missing task 210.3
8 Finish 2 year Room/Entrance Detachment 189.7
9 Waterproof 5 year Garage Missing task 185.3
10 Waterproof 5 year Garage Incorrect installation 178.5
11 RC 3 year External wall Surface appearance 143.5
12 RC 10 year External wall Water problem 129.2
13 Finish 2 year Room/Entrance Incorrect installation 127.1
14 Finish 2 year Bathroom/Kitchen Detachment 117.0
15 RC 3 year External wall Water problem 115.0
16 Finish 2 year External wall Incorrect installation 108.2
17 Finish 2 year Garage Incorrect installation 107.9
18 RC 10 year Hall/Corridor Crack 107.7
19 Finish 2 year Balcony Water problem 107.3
20 MEP 3 year Balcony Missing task 95.57
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