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A Study of Crack Shape Analysis based on Properties of Member
in Apartment Exterior Wall

Kim, Man—Jang’"
"KSPEA Education Center

Abstract : The Crack, occurred in the concrete structure, is a major cause of function deterioration such as strength,
durability and waterproof, Therefore the need for crack reduction will continue as long as there is concrete structure,
But, it is not easy to reduce or prevent crack cause of impact factor of it, There are so many factors of crack such as
material, construction and maintenance environment, and structure, and these are acting in combination, So, this
study derives a correlation between the cracks and members through reviewing member crack occurred. And member’s
attribute, related crack, is analyzed by it. It consider that the basic attribute of member is similar when its requirements
are similar, Through this study, therefore, foundation of countermeasure of crack will be provided by prediction of crack
shape through member’s attribute,
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Table 1. Type of crack causes

Classification Contents

— Cement : False setting, Heat of hydration
Material factors | — Aggregate : Low quality or Reactivity aggregate, Flour
— Concrete : Chloride, Shrinkage, Bleeding

Environmental | — Temperature, Humidity : Freezing and thawing
factors — Chemistry : Carbonation, Corrosion,
Structural — Load : Dead load, live load, wind load
factors — Member size and kind
. — Concrete : mixing time, Poor compaction
Construction

— Reinforced : Coating thickness, Reinforcement bad

factors .
— Form : Swelling, Early removal

o3 FEL Tt AoLoE Qls) WAystkar glom, A
B7le] e B AES o 54 #0203
Sk gk, B 42 5ol wet o 5 w9
Q1 549 A7k R Aol AL F4ol 7Rs3t
P ol FRA0R AEslel FFHOR AXSH: Aol
o @A Sl

2.3 PRI HRHoLO| T

ZIE FAjol| 8 WA k= el o 7kx|7t
=t o1F 2k Aok AAEe] 8.910] of Rl o] 9l
A AESPH TS Table 29} 2t}

Table 2. Relationship between force and crack of member(Editorial
department, 2000)

design load shrinkage

uneven
settlement

temperature

Category | long-term | short-term | single | Structures

B|S|TriB|S|Tr|B|Tr|Te|B|S|Te|B| S |Te|B|S |Te
beam |O|A|A|O|O|Aa|A O 0|0 0100
column |O|A|A|O|O|A A O Al A
slab | O A A @] O
wall O (@) (@)

O : In alot of relevant
O *In related
A tIn small—related

# B 1 Bending moment
S : Shear rorce
Tr : Torsional moment
Te : Tension force
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Table 3. Crack-related properties of member

Classification Contents
Type wall, slab, column, beam, stair, slope, roof
shape height, width, depth, Informal
position layer, center, end, etc.
Relation nearby member number, Shape and span differences
etc. opening, joint
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Table 4. ID of crack-related member properties

Classification Contents ID
Type Influence by the member type A
Influence by the member size B
Shape
Influence by the member form C
Influence by the vertical position of member D
Position
Influence by the horizontal position of member E
Influenced by the relationship with the other member | F
Relation —
Influence by the number of the joining members G
Influence by opening H
ETC.
Influence by construction joint |
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Table 5. Weight of crack-related member properties

A B C D E F G H I
A 1 16 | 1/5 | 1/3 2 1/8 2 2 2
B - 1 2 4 4 2 4 3 9
C - - 1 4 3 2 5 9 9
D - - - 1 12| 1/5 | 1/6 | 1/6 3
E - - - - 1 174 | 1/6 2 3
F - - - - - 1 3 3 9
G - - - - - - 1 2 8
H - - - - - - - 1 9
I - - - - - - - - 1
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Table 6. Weight of crack-related member properties

A B C D E F G H -1

Weight|0.108/0.158|0.152/0.118|0.086|0.081|0.074|0.102|0.121|1.000
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Table 7. Crack Analysis ltems

Item Contents
direction Vertical, horizontal, diagonal, radial, etc.
Width measured through the crack gauge, crack scale
Length Remuneration scale analysis, crack pattern analysis
Penetration boring test, ultrasound analysis
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Table 8. Crack CODE
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category variable CODE Contents
~500mm 1 The length is less than 500mm.
500~1,000mm 2 The length is around 500~1,000mm.
Length |1,000~1,500mm| 3 |The length is around 1,000~1,500mm.
1,5600~2,000mm| 4 |The length is around 1,500~2,000mm.
2,000mm~ 5 The length is 2,000mm or more.
Vertical 1 The direction of crack is vertical.
o Diagonal 2 The direction of crack is diagonal.
Direction
Horizontal 3 The direction of crack is horizontal.
others 4 other Fig. 2. example of case study
Dry 1 The type of crack is dry.
Type Wet 2 The type of crack is wet. 0]—3— Erﬂi O}QE 17H 1%]_‘?(]’ 147H J-g-—oﬂ/\—] % 9,7846
Other 3 other N N .
O] #ES 2AEI O olof gk A= th Fig, 3
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Table 9. Member CODE art.
i £ [« &« WO W . AL BR[| WO (-] uy .| AP ER[
category variable  |code Contents T | : - : e : 2
horizontal 1 horizontal member gas@Es| L i ) ] ! 3 ) 2
member FEECLY I 1 1 1 1 1 3 [ 2
vertical 2 vertical member FEREL) 1 1 1 1 1 1 3 1 2
type FEEEE)) | | 1 1 | 1 3 1 2
other 3 other DAE@®) | 1 1 1 1 1 1 3 [ 2
o wE(ma)
~1,000mm 1 The height is less than 1,000mm. T : : . : 1 2 : z
1,000~2,000mm | 2 |The height is around 1,000~2,000mm. [0 L) ! ) ) ! ! 3 ! 2
member as@Es)| 1 ! 2 1 1 1 4 1 2
) 2,000~3,000mm| 3 |The height is around 2,000~3,000mm. Toc@a) | 1 [ 2 \ 1 1 1 1 2
height FEECE I i 2 V ] l 3 [ 2
3,000~4,000mm | 4 |The height is around 3,000~4,000mm. sac@Em| 1 : s i 3 i n 1 r)
4,000mm-~ 5 The height is 4,000m or more. - ' . ' ' ' ’ ’ '
~1,500mm 1 The width is less than 1,500mm. Fig. 3. example of crack DB
5 1,500~3,000mm | 2 | The width is around 1,500~3,000mm.
member o
width 3,000~4,500mm | 3 | The width is around 3,000~4,500mm. o][qi O]‘“’]‘E— 147].] % %_o“/\i 137H %94 _I—ELOE:I_% tH/:)]—o = 311_1-
4,500~6,000mm | 4 | The width is around 4,500~6,000mm.
’ ’ ! ’ HAO 1ol 7] O ofiL Aylo] AlFA] AEE 2]3
6,000mm-~ 5 The width is 6,000m or more. A 245 Bl U B2 At Arke] Al HES 219l
o) = =
horizontal plane | 1 |Crack in the horizontal plane of opening DBE‘J'E‘ ‘_ILZ‘TO]'%:}\E]'
Opei vertical plane 2 Crack in the vertical plane of opening
peing
corners 3 Crack in the corners of opening :_01 T = 2 A
2M7F AAH B
other 4 other 5- — EJ-I' TIH b | c;l — |_7'“ =
i adjacenc 1 Crack adjacent the construction joint
Con.st.ructlon j . y j , ue J 5.1 ;g;d_ﬁl 4\_ %45
joint non—adjacency | 2 Not adjacent to the joints
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Table 10. Cracks and member correlation coefficient

category type | height | width |opening| joint
Crack |Pearson Correlation| .083* | .253x | .194% .002 | —.343~
length P—Value .000 .000 | .000 .873 .000
Crack |Pearson Correlation| .371* | .512% | —.506«| .273* |—.146%
direction P—Value .000 .000 | .000 .000 .000

# A 7H0.01 =M Folg

£4] 2} 7} 3A10] Sjo] o] ool el AR
B ARG} Qs A0R ekt B8] 54j0) SRet
o, 7ol Tl o] e A Qs A0 1ol
o], o] 230] A9 AThH O e oJRkS i Ao B

et

si2AMpa|sls] =27 HieH &35 2015 58 147



5.2 MBI 24 Hat

B Aol 7 ol 7 WS FLU4E s
SRR, FAR), AU, AT, o35S Syuss
Shgick. olu) ZJzke] widol] chs) gl EAS 283 4
glovt 7} Weg BYHoR BASH: Ae T WAl &
KA 21TSA) Gl TetSto] RSl AR A S B eI,

5.2.1 3G Lol £l Zko| ZA| £

Fagolot B HAe] T B4 9P BFEAS
shg.0m oo] w2 Ak the: Table 113 e,

Table 11. Correlation of crack length and member

Parameter B Std. Error t stat p-value limit
(Constant) | 4.872 122 39.951 0.000
Type -.377 .040 —9.547 .000 438
Height .331 .012 27.355 .000 407
Width 276 .009 32.390 .000 .818
Opening -.028 .012 —2.309 .021 814
Joint -1.720 .050 —34.222 .000 918

R=0.502 R®=0.252, adjusted R*=0.252, F=659.562, p=0.000
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Table 12. Correlation of crack direction and member(1)

Parameter B Std. Error t stat p-value limit
(Constant) | 2.017 .078 25.980 .000
Type —.205 .025 —8.152 .000 438
Height .288 .008 37.398 .000 407
Width —.244 .005 —44.944 0.000 .818
Opening .006 .008 736 462 .814
Joint .079 .032 2.469 .014 918

R=0.629 R°=0.396, adjusted R*=0.396, F=1283.235, p=0.000
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Table 13. Correlation of crack direction and member(2)

Parameter B Std. Error t stat p-value limit
(Constant) | 2.036 .073 27.712 .000
Type —.205 .025 -8.137 .000 438
Height .290 .008 38.161 .000 421
Width —.245 .005 —46.578 0.000 .872
Joint .079 .032 2.468 .014 918

R=0.629 R°=0.396, adjusted R°=0.396, F=1603.984, p=0.000
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Table 14. sample of Reliability Analysis
Parameter crack length |crack direction

a b c d e act. pre. act. pre.
1 1 1 4 2 1 1.549 1 2.034
2 2 1 4 2 2 1.503 1 2.119
2 4 1 4 2 2 2.166 3 2.698
2 2 2 4 2 1 1.779 3 1.874
2 3 3 4 2 2 2.387 3 1.919
2 3 5 2 2 2 2.995 2 1.429

*a . Type ¢ Width e . Joint

b : Height d : Opening
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x, . actual value
X, . predicted value
n : number of groups
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Table 15. Root Mean Square Deviation

category n i RMSD
crack length 752 919.554 1.106
crack direction 752 365.779 0.697
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Table 16. parameter ’s average by crack direction
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direction type height width opening joint
| avg. | 158 | 230 | 3.65 3.1 1.98
(n=3682)| sq | 403 | 1.264 | 1221 | 1.138 | .137
5 avg. | 179 | 298 | 293 3.41 1.96
(n=2029) | s | 409 | 1.317 | 1.308 | 1.025 | .204
3 avg. | 1.94 | 394 | 202 3.73 1.91
(n=4068)| sq | 246 | 1420 | 1190 | 712 291
4 avg. | 1.20 | 200 | 4.40 320 | 2.00
(=8 | sqg | 447 | 0.000 | 1.342 | 1.304 | 0.000
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Fig. 4. Crack appearance by design load(Editorial department, 2000)
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Table 17. Factors of vertical and horizontal cracks

Vertical crack

Factor easy e — difficult
span great Shrinkage strain (great<>small) small
wall(left&right) exist  |Shrinkage restraint (great—>small)| none
Column depth great great 1, small | small
floor height small buckling (difficult—easy) great

horizontal crack

Factor easy e — difficult
span small bending (difficult—easy) great
wall(top&bottom) exist - none
Column depth great - small
floor height great Shrinkage strain (great—small) small
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Fig. 5. Crack example in exterior wall
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