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As the number of deteriorated buildings increases, the importance of safety diagnosis and maintenance
of buildings has been rising. Existing visual investigations and building safety diagnosis objectivity and
E-mail : Kimseungho@ynu.ackr reljability are poor due to their reliance on the subjective judgment of the examiner. Therefore, this
study presented the limitations of the previously conducted appearance investigation and proposed
3D Point Cloud data to increase the accuracy of existing detailed inspection data. In addition, this study
Received : October 20, 2021 conducted a calculation of an objective building safety grade using a Deep-Neural Network(DNN)
Revised :November 22,2021 structure. The DNN structure is generated using the existing detailed inspection data and precise safety
Accepted : November 22,2021 diagnosis data, and the safety grade is calculated after applying the state evaluation data obtained
using a 3D Point Cloud model. This proposed process was applied to 10 deteriorated buildings through
the case study, and achieved a time reduction of about 50% compared to a conventional manual safety
diagnosis based on the same building area. Subsequently, in this study, the accuracy of the safety grade
calculation process was verified by comparing the safety grade result value with the existing value, and
a DNN with a high accuracy of about 90% was constructed. This is expected to improve economic
feasibility in the future by increasing the reliability of calculated safety ratings of old buildings, saving
money and time compared to existing technologies.
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2.3 Machine-Learning2 &85t OHMZICH

%7] Q752 Artificial Neural Network(ANN) ¥} 252 H| w2 ZHeheh A WS ol A7} o] Fol Z{th. Silva et al.[14]
= SAIRHA QI TN AR 3] FRA T ANNS Foll A=) W7d-S S5t 4814 RS thso] 9o 5554t
St} oFATE. Sousa et al.[15]+= Support Vector Machine(SVM)ZF ANN-S F-ofl 25 AEE of|Sotal, 23S v uE

A%k0 =4 SVMt ANNO| tisl] B7tste] Z1210] A& A AISHATE. T2t El-Abbasy et al.[16]<> ANN= &)t mto] e}
QN AHIE A Sostat sl ar, 7S A7 2] 73-9- Deep-Neural Network(DNN), Convolutional Neural Network(CNN)
T 22 B3Rt A7l Bls| o] Holtlth= wAIE A7 sk

2| AFE] ot=gllol o] HE-S 55l Deep-Learning 411 2]&20] £ 5 o<1 CNN, DNNS 283 #4 2] A7}
=% 2c}. Cha et al.[17]-2 53 o]1] 7] Hlo]HE 2|3 A AL Input Hlo|E] 2 h5H ue]E
92, 27] H 2 efete] 98% 4 o] S PB-L 4 Ytk AL FIsHt) shARt 7]20] P Fdolahs sht
O] g=oflut =ietel darg]F o] 7] wiwol] AA| A ] A= EEAF =l A-8A717]olE of 2ol whET Kang

i

and Cha[18]%= Z<1} H|E, CNN, Geo-Tagging WS 5ol A2 HAAF A|AES A9Fg1.2™, Global Positioning
System(GPS) 42197} -5 42| 9l 9] ol flof Hafje o= 43T & Urks e skt Eet

Gopalakrishnan et al.[19]-2 UAVY} o]0]z] H|o]H, Deep-Learnings 285+ A5t A 2h= of2-ehel-g AlAsH
T} Perez et al.[20]+= CNN LayerS 28510 49| XA R & nletolal, T L9510 Y B 5 utel 5191 0 v 5154 o
©]E]E &5l Confusion Matrix & ¥H=0] H|o|H& AlZtastgint. o] 4 Y 7]1E9] 1552 ANN, DNN#} -2 of 2] | 2]
Deep-Learning 75 o}5-2 5ol 71, W, MEP 14.84-9] o3 &4, 912] 4 & 2I5to] Confusion Matrix & -5l
Al Zetot= @A o HEFITE o= &2 U414 & ehdAdofl thet +52] 3 7}= o] Fo| 2| 2] ¢l A =lo] Fot Sa=
AFESH ] ol o %o Tt o]l & 9= UAV, Laser Scanners AHE-5H0] & ZARE AAIGH S F 55 Ao
A2 =2 A7t vl Bl & F50kAL itk TR Deep-Learning & &-8510] A7 2 H|-8-2] ZH O] a-8-d0] Y

% A5E K T8 AF AN ZEA|IAE AASkaLA jith

3.1 Reverse Engineering 3D Z &S S5t ME{TI} H|O|E FS

Reverse Engineering A, A, 2 52 A2-HHR] B8 S 712490 Y] 75 E SFAAE sk 22
A 2olth21]. FE2] 3D Point Cloud”} 7141 = FAAHEE T3t A 9 A7 53 A& Reverse

Engineering 7]§ | Z2Aolrt,
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Create Reverse Engineering 3D Model

Image Acquistion

Figure 1. Obtaining Condition Assessment Data with Reverse Engineering 3D Model
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Development of a Building Safety Grade Calculation DNN Model based on Exterior Inspection Status Evaluation Data

Table 1. Status Assessment criteria

Rating Score Criteria
Maximum crack width : cw Area Ratio : 20% or less Area Ratio : 20% or more
a 1 cw <0.1 a a
b 3 0.1 <cw<0.2 b c
Cracks c 5 02 < cw<03 c d
d 7 03 < cw<0.5 d e
e 9 0.5 < cw e [
Rating Score ; Crltc?rla :
Scaling depth : sc Area Ratio : 10% or less Area Ratio : 10% or more
a 1 sc=0 a a
Scaling b 3 0<sc<0.5 b b
c 5 0.5 <sc<1.0 c c
d 7 1.0 < sc<25 d d
e 9 25 < sc e e
Rating Score ; T Crm?rla :
Spaling and delamination depth : sd Area Ratio : 20% or less Area Ratio : 20% or more
Spalling a 1 sd=0 a a
& b 3 0<sd<15 b c
Delamination c 5 15 <sd<20 c d
d 7 20 < sd<25 d e
e 9 25 < sd e e
Rating Score Criteria
Water leak a 1 No water leak and efflorescence
& b 3 If there is a trace of minor leakage in a dry state, or the area rate of whitening occurs is less than 5%
Efflorescence c 5 Significant signs of water leakage in wet conditions or less than 5% to 10% of white coating occurrence area
d 7 he progress of the leak is observable, or the area rate of whitening is less than 10-20%
e 9 The progress of leakage is evident, or the area rate of whitening occurs at least 20%
Rating Score Criteria
a 1 ra=0
Rebar exposure b 3 0<ra<1.0%
c 5 1.0<=ra<3.0
d 7 3.0<=ra<5.0
e 9 5.0<=ra
Rating Score Criteria
a 1 L(span length) / 480 or less
Displacement b 3 L /480 or less
Deformation c 5 L /240 or less
d 7 L /150 or less
e 9 L/ 150 or more
Rating Score Criteria :
Slope Evaluation contents
a 1 1/750 or less Risk subsidence limits on sensitive mechanical foundations.
Slope b 3 1/500 or less Construction Crack Occurrence Limits
c 5 1/250 or less Detect the slope of a structure
d 7 1/150 or less Limits to which structural damage is expected
e 9 1/150 or more To the extent that the structure is dangerous
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Data Analysis Total Datasets

Existing
iti Deterioration
Condition Assessment DB ¢ ior
Building

| Data Setting

7 Variables

I Create DNN Structure |

I Node ” Layer ” Algorithm | Actual acquired

- DB
Condition Assessment ¢

Reverse
Engineering
| 3D Model

Model Training

Rebalancing —
Weight & | Model Validation

bias I
Back propagation
A 4
Model Test

v

Actual and Predicted
OutputsComparison

7 Variables

70% of Total Datasets

v

15% of Total Datasets

v

15% of Total Datasets

o]

ttrf

End

Figure 3. DNN Data analysis process
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Figure 4. Reverse Engineering 3D Model-based Condition Assessment Data acquisition process
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411 24

Reverse Engineering 3D Model oAl YA %= 78 5 shtol] thet 8702 F FHof gl & 3 Afo]2] 1+ o] 27
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o SHZ
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Sajoick. Webd o A2 B BE 39 $3S TR0 Bk A3t 39 tha e 53 BEFOR 23]
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sfelgl Bt el EaR|E] B A7 10l x,y, 250l Rt e £ &S] 2k vl w0 24 vrele] e 2
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4167127
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Table 2. Acquired Condition Assessment Data

Building No. 1 No. 2 No.3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10
Crack 5 3 3 5 9 3 5 7 9 9
Scaling 1 3 3 3 1 1 5 7 5 1
Spalling & Delamination 3 1 3 3 1 1 5 7 9 9
Water leak & Efflorescence 1 1 3 1 3 3 5 5 3 9
Rebar Exposure 3 1 3 3 3 1 5 7 3 9
Displacement Deformation 1 1 1 1 1 1 1 3 1 3
Slope 1 1 1 1 1 1 1 3 3 5

4.2 Deep—Neural Network 7|9t H|O|E| at&

H Ao A AQFSsh= DNN A1 Input Layer?} Output Layer, 12|17 37]2] Hidden Layer® ©]F0{ 4] gl.om Zt
Layer®] Ir & O] 7|l0= §14=0] 7l H o} gho] A4 79 S5 DNN 4173l Over-fitting& -8 e 5= It} whahA 37
©] Hidden Layer % 3 Y% Hidden Layer+= 37, & 4] Hidden Layer+ 67}, Z12] 1 Al| 1% Hidden Layer=571°] L EE
7Yz} 712 11 Qiet. A4 DNN A1 742 Training Data, Validation Data, Test Datat= S1H 0 2 S2&5%|0] & 1000 2] S5
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Table 3. Error in measurement Data and Actual Data

Building No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10
Resulting Value 3.683 1.8241 2.6 2.1 4.6 2.6 4.16 4.47 6.89 6.94
Rating Value B(3) A(l) B@3) B(@3) c(5) B(3) c(5) c(5) D(7) D(7)
Actual Value A(l) A(l) B(3) B(3) B(3) B(@3) c(5) c(5) D(7) D(7)
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