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Correlation between Building Facade Elements and Defects
through “Pixelization Method”

Kim, Wooram', Jeon, Yongdeok', Shin, Jeongran', Jeong, Kichang?®, Lee, Jaeseob’

"Department of Architectural Engineering, Dongguk University
“Construction Cost Management Research Institute

Abstract : The construction industry has been made diversified on the design process depending on qualitative growth of
customers demands, But this approach has lead to problems such as falling of building values due to lack of awareness
of defects caused by long term utilization, So, the relationship on the characteristics of buildings and defects should
be clearly analyzed to prevent falling of building values, This study, therefore, proposed a technique to quantify the
relationship between building facade elements and defects, The technique was developed by applying pixel concept to
the outside of the buildings, It has a feature to determine the clear relationship by presenting quantitative data that
have been recognized qualitatively, The proposed technique is referred to “Pixelization Method”, It separates building
fagade into unit compartment and makes database by assigning a code depending on the characteristics, Through the
method, this study is expected to create a foundation for the quantitative analysis of relationship between building fagade
elements and defects as a basis on active responding to the defects,
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Table 1. Legal classification of defeat (Lee, 2009)

Division Example
Civil Differential settlement, Foundation cracks
Physical - . o
Archi Leak, Crack, Condensation, Poor finish
defect
MEP Error of plumbing, heating, light and E/V
Environmental defect| Noise, Foul smell, Right of light, High tension line
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Table 2. Defects due to long-term use of material (GSA)

Material Category

Concrete |Cracking, Spalling, Deflection, Stains, Erosion, Corrosion

Cracking, Efflorescence, Staining, Rising Damp, Spalling,
Crazing, Erosion, Flecking, Peeling, Sub—florescence,

Stone |Weathering, Loss of polish or detailing, Chipping, Detachment,
Flaking, Sugaring, Crumbling, Blistering, Moisture—related
problems, Exfoliation, Facing delamination, Carbonation

Chemical Corrosion, Galvanic Corrosion, Oxidation,
Sulphurization, Bronze disease, Core migration, Pitting, Bird

Metal dropping, Erosion, Rusting, Graphitization, Coating Failure,
Mechanical failure
Paint Dirt, Soot, Pollution, Mildew, Excessive chalking, Staining,

Crazing, Intercoat peeling, Solvent blistering, Wrinkling, Peeling

Loss of adhesion, Uncured sealant, Bubbling and blistering
etc. of the surface, Inappropriate Choice of Sealant and Improper
Joint Design
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Table 3. Fagade elements of advanced researches

Advance
Contents
research
The one—dimensional elements—Qutline, Main Color, Roof shape
Park Two—dimensional elements—External material, Door shape,
(2011) Local color
Three—dimensional elements—Shape of balcony, Wall and Window
Four—dimensional elements—Balcony railing, Color, etc.
Mass—Simple, Segment, Laminate, Opposition, Hybrid
Roof—Flat, Shed, Gable, Gambrel
Jeoung |, . ) )
(2012) Window—Spandrel, Mullion, Grid, Hybrid
Material—Stone, Brick, Sand, Concrete, Glass, Steel, Wood
Plan type— Center, Individual, Simple, Complex
Window type—Rectangle(Length and Width), Square, Hybrid
Son ) ) ) o ;
(2013) Window array—Rule, Partial rule, Middle, Partial irregular, irregular
Relation between wall and window—Punch, Hybrid, Curtain—wall
Building Shape—Outline, Roof, Wall shape, Penthouse
Yoon . ; )
(2006) Color and Material—Main Color, External material
Detail—Balcony shape, Window size, Door shape
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(a) Phenomenon of distortion (b) Grid representation

Fig. 1. Grid representation reflecting phenomenon of distortion
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(b) Window data

(a) Building fagade
Fig. 2. Forming data via “Pixelization Method”
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Table 4. Sample of database

Division XiYqe | XiYs | XiYs | XY

Entrance

Window
Stair
Peak
Dent
Tilting

Facade
elements

Open

Fixture
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Crack 0 0 0 0 Table 6. Fagade elements (Final Classification)
Chipping 1 | 0 0 Division Contents Code
Physical | Missing part 0 0 1 0 X The central portion and the end(ratio) 0.00~1.00
damage Scaling 0 0 0 0 Y Height (ratio) ) )
Abrasion 0 0 0 0 Entrance Entrance(Person / vehicle)
Glossy 0 0 0 0 Window Window
Soiling 1 1 1 1 Stair Access stairs, etc. Whether in the
Defect ; ; ; presence or absence
Efflorescence 0 0 0 0 Peak Protruding part aga|‘nst nelvghbor and the adjacent
Joint 0 0 0 ] T[-)sm Depreﬁecj ;art aga\:‘?t ne;ghbor (Absence : 1,
iltin ile / Reverse tilt par , .
_ Chemical 0 0 0 0 g . nb Adjacent : 2,
Pollution Open Opening area(not window/door) Presence : 3)
Rust ! 0 0 0 Fixture signboard, pipe
Moisture 1 1 1 0 etc. Other phenomenal properties
Biological 0 0 0 0
etc. 0 0 0 0 _ =
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Table 5. Facade elements (Primary classification)
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Table 7. Defects of stone

Division Contents Division Contents
Shape Horizontal rectangle, Vertical rectangular, Square, Crack Resulting from separation of on part from another
Mass P Atypical Chipping  |Local loss of the stone surface
Floor High—rise, Low rise Missing part |Local miss of the stone from wall
- - ) ) Detachment of stone as a scale or a stack of scales,
Finishing | Material | Stone, Brick, Sand, Concrete, Glass, Steel, etc. Physical | Scaling tollow
! . : damage not following ant stone structure
material | Texture |Gloss, Roughness, Stiffness, Density, Transparency Abrasion | Loss of stone material clearly due to a mechanical
Window Punch, Spandrel, Mullion, Grid, Hybrid action
Facade ;
G Entrance Flat form, Retreat type, Canopies, Alpha room Glossy Aspeot of a surface that reflects totally or partially the
pattern - light
Balcony Peak, Dent, Cantilever Soiling Deposit of a very thin layer of exogenous particles(eg.
ol Color R, G,B soot) giving a dirty appearance to the stone surface
olor — - -
. Generally whitish, powdery or whisker—like crystals on
Emotion I. R. I Image Scale
Efflorescence the surface
Joint Contamination on the joint and surrounding due to
5 joint material
Table 52} Zo] A2 E74 oW A4S Edi=2 229 Pollution ’ :
Chemical Change of the stone color cause of chemical
ol JLAlo]| Hoddle Q@ AE TS Table 63 o] =&31 substance
o Oh:q 3]o] AR o= 7“E6 - 3] X2l vol @ Rust Change of the stone color cause of rust
D:] :’L —4 EH H ] ]— ] T] H 9‘} —4 Moisture  |Change of the stone color cause of moisture
—J—‘é‘ ‘7‘7]'61’93\]:". 01}2}4 —QL—J—‘%‘ EﬂolEiﬂﬂoli —TLéQ Biological Colonization of the stone by plants and micro—
51O = organisms
2 ko5l
=0 ]—MD]— etc. etc. Depreciation of stone due to other factors
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Table 8. Database overview

Division Sum Avg. Max Min
Shape 5,834 216.07 510 50
Entrance 174 6.44 16 0
Window 574 21.26 46 0
Stair 10 0.37 7 0
Fagade Peak 166 6.15 113 0
elements Dent 249 9.22 156 0
Tilting 37 1.37 14 0
Open 53 1.96 16 0
Fixture 642 23.78 56 3
etc. 0 0 0 0
Crack 6 0.22 1 0
Chipping 38 1.41 5 0
Missing part 2 0.07 1 0
Scaling 6 0.22 3 0
Abrasion 0 0.00 0 0
Glossy 0 0.00 0 0
Soiling 860 31.85 100 2
Defect I effiorescence | 442 16.37 89 0
factor -
Joint 1,819 67.37 263 0
Chemical 8 0.30 3 0
Rust 114 4.22 21 0
Moisture 351 13.00 111 0
Biological 61 2.26 29 0
etc. 0 0.00 0 0
Sum of Defect 3,707 - - -

217H 2A5zollA at 21607712 ©9] F-go] 2ARE LS.
o, 4 a4 F RRET 45T 1 2 ve A
Aohs Aoz Uehgt), sl et shaeh W) &,
t—'ﬂi} SR 2O R AN RITE 33 A0 R LT
w4 Arke EYR dSe o] A fiA]of wkE st
A} Qo1 YhA QX E =A%} s T Fig, 31} 2t} 19
oA Y= 5=l Al wols ofuisi, X S el
eh o] A 9J2)E ojujgic),
(5 A e Ko 1= =1 O e PAR= R PNk Do 7 PR A Ke)

.
A A%

Ll sEzsmesE =28 R H4E 2016 72

O] iEkol A AT 7hsgo] e AR LE, o
TR -2 =24 o) ARl Al FE0IY S 43
< 74 f5e] B8siL, ol o] w2 AT}
A 5L Ao A 2 HAYs)] whzolet T,

HA] silel Wil SiAL, Eieht SRR 2 Aol AA
S A A o= spckRof Ao B RIe7F 2 Ao =
UERATE. o= 2 siAke] go] ppot 2 iate] v
Ao =01 AZEo] A=Ha 72 020 ME HET) =

< Gl whE Aoleh wkE

0] 2R PAte] ¢ AT T 2 RIETF Y
Sh iAo R A5E B, & 94&«»11&4 WY =T}
o Aol Slae & = ek ol A o 22 w54
oA Qlsf WA o] ASE ool FAEA WA
3t 7397} viitol”] wizel2t Helrt,

7] SRR AR o & LR} XIUMWEI S717F AA
off HFshs A o= sl AT Rle7}H AT
R

AE SRR AR ISR Hmrt 2 Ales
UER oL A Ql A Hi=r) ot diAdS wdehe
Zole A7 .
olE Tkl At HiAIH e R A5 sfRE ARt
TG R Aol o T I} 3 A0 2 LB,

HIGH
HIGH

B

CENTER - END

(b) Soiling

2 a1 28] 0 42 38 37 3w [a

HIGH

Low

CENTER - END

(d) Joint

Low
N
Low

CENTER - END

(e) Rust

(f) Moisture



LSS Set 715E 2l siXiet gH 7 Q4 79|

e

A

1z

HI

21 % gt} e, 47 hiRe] 4 Ao

Qo] ghs ACR Uehdeh, A ST S oA

A WP, A 24 F3 762 9l felo] bl i
R

" o
#q W= -a #3o] etk waba] s shAjol] digh B4 Auj wy wle
7} A 0 2 2o Bdo] vhelE Floje} 3t 4 gk,

HIGH
HIGH

B
Hr

- = - 4.2.2 EX|AE 3¢ 2N
(6) Biological (n) Sum RAXE B|PRAE FL4T} o] BHS 1), S
Fig. 3. Distribution of defect occurrence in fagade o} ==i0] olula A S A5l BEAA mgolrt 2 o

Tolr dE 048 SYRSE, G780 FEUSR

4.2 i 222} 5fX} 20l #AHEM ho] Ba —;_;_ A5, o, 2 Qﬂ;%g/\]ﬁ}
A a0} 52 8010] PHA| AL T A 14 7] sl 27 5= ool Atz Zﬂ/‘lﬂﬁOFo% it ol &

I ZALE FFIEH O R oo, of= Y 840k St Zax] ol e Fo] Ankt F5H4 3o 79, 7
A 8919 T AP F B 50 A oRE sk, XE}, ere}, vy, op, e A SBRe BajollA] Aeleks
Zh el aah sl aQlel Y of o mAl= PFE Y o olo] digt 24 Ak TR Table 103} 2k,

Ao AAehz Aot o= thgat e

421 AR B2 Table 10. Regression of fagade elements and defects
L. — — [L |
- Division Soiling | Efflorescence | Joint Rust | Moisture |Biological
AR W45 7] TS WHs AOEA, 5 A of
B 0.265 - - 2.474 | 0.436 -
= PN
o] Big=of| QlojA] gk WM} Wslglol| whet thE W4T} of X P | 0.038 - — o000 0.021 | -
A isleieie} 2o wste] Zol Was A 2 T NN A N ] R
- - B 1.102 - 1.055 - - 1.000
A= ol 4o} B} Qol7kel AlEAS HAlslelo
™ o] thS- Table 99} A, Exp(B) | 2.768 - 0872 | - - |onr
B - -0.97 —0.494 - - -
. Entrance P - 0.000 0.000 - - -
Table 9. Correlation between fagade elements and defects
Exp(B) - 0.379 0.610 - - -
Div. | Crack | Chipping M:: i:g Scaling | Soiling |Efflorescence| Joint (Chemical Rust | Moisture |Biological B _ —0.335 —0.277 _ —0.353] —-0.990
Window P - 0.000 0.000 - 0.000 | 0.000
X |-0008] 001 |0008| 002 | 0024 | -0.017 | 0.019 [0.033« |0.086=* 0.027« | -0.014
Y [<0.012]-0.115%+ ~.029+-.043++| 0.102¢% | 0.041%+ [ 0.158++ | -0.012|-0.022] ~0.027+ | 0.023 Exp(B) - 0.719 0.758 - 0.702 | 0.372
Entrance| 0.003 | 0100+ |~0.006{0.055+ |-0.059+x| ~0.057++ |~0.116+x| 0.023 | 0.000 | 0.027+ | ~0.006 B 0.409 —1.156 | -0.180 ] 0.750 | 0.496 -
Window| —0.001 | —0.058++| =0.015 ~0.025 | 0.005 | —0.052x% |-0.064+x —0.008 | 0.007 |—0.046%+|-0.048+* Peak P 0.000 0.000 0.020 | 0.000 | 0.000 -
Stair | —0.002| 0.145%* |—0.001| —0.002| 0.012 —0.019 | 0.027+ | —0.002 |—0.009| 0.063++ | 0.095%* Exp(B) | 1.505 0.315 0.835 | 2.118 | 1.641 -
Peak [0.035++ —0.014 |~0.005| ~0.008 | 0.069+x | —~0.061xx |—0.040xx| 0.028+ 0.044+x| 0.052xx | ~0.025 B _ — 0418 0.269 — 1-0.806 _
Dent |-0.009] 0.028x |-0.005-0.009| —0.02 | —.032« |[0.089%x | ~0.01 |~0.003|~0.048++| ~0.027x Dent P _ 0,003 0,000 _ 0.001 _
Tiling | 0.026 | ~0.009 |0.002| ~0.004 | 0.058+x | —0.008 | 0.02 |[-0.004|-0.016] ~0.029 | ~0.012
Open [~0.004| ~0.011 |~0.002| ~0.004 | ~0.031= | 0,025  |~0.059+x| ~0.005 | 0.004 {~0.034+=| —0.014 Exp(B) 0.658 1.308 0.447
Fixture [-0.011] -0.005 [-0.011] 0.004 | 0.025 | 0.037+ | -0.001 | 0.019 [0.084xx| 0.000 [0.042¢+ B 0.359 - —0.504] - - -
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