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Assessment approach to deterioration of exterior wall tiles
based on multiple linear regression model
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Abstract: As the risk of falling caused by deterioration of exterior wall tiles has become increasingly prominent,
a multiple linear regression model is proposed to rapidly assess the deterioration degree based on field surveys.
This method aims to reduce the ambiguity of existing assessment approaches while improving diagnostic
efficiency. Firstly, the types of deterioration and their impacts on exterior wall tiles were classified and analyzed
according to the available research, and qualitative assessment standards for deterioration were summarized.
Then, the image library covering the deterioration of exterior wall tiles was established through surveys, and

grouped evaluation of the deterioration based on the proposed standards was conducted. Subsequently, an
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assessment model for the deterioration was built using a multiple linear regression approach, with a

determination coefficient R* of 82.45% , and the impact of independent variables on dependent variables was

statistically significant. To further standardize the assessment results, a value function was introduced to process

the model output, obtaining normalized deterioration degree assessment values. Finally, combining the

regression model, value function, and rating standards of deterioration degree, a complete set of assessment

approaches was formed. Compared with traditional assessment methods, this approach has the advantages of

being comprehensive, simple, efficient, and highly applicable.
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Fig. 1 Typical structure of exterior tiled wall
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Fig. 2 Surface deterioration of exterior tiled walls
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Fig. 3 Structural deterioration of exterior tiled walls
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Table 1 Qualitative assessment standards for deterioration
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Table 2 Samples of assessment results
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1 2 2 2 3 3 2 2.33 2.40
2 3 2 3 2 2 2 2.33 2.20
3 4 2 4 2 4 2 3.00 2.80
4 2 2 3 2 2 2 2.17 2.20
5 4 3 4 4 3 4 3.67 3.60
6 3 2 2 2 4 2 2.50 2.40
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8 1 1 2 2 3 2 2.00 1.83
9 4 3 4 4 3 4 3.60 3.67
10 2 2 2 2 4 3 2.60 2.50
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Table 3 Assessment results by groups

e WA bR Min Q Pt Q  Max
P, 221 1.32 0 1 2 3 4
P 2,12 1.30 0 1 2 3 4
P, 2,19 141 0 1 2 3.75 4
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P, 2,16 1.36 0 1 2 3 4
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Fig. 4 Box plots of reference values for each rating
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Table 5 Comparison results via Tukey’s Method
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Table 6 Analysis results of differences in reference values
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Table 9 Statistics of deterioration characteristic

identification results

Fe X, X, Xy X, X5 Xg Xo Xg Xo Xy Xy Xy, Y
1 00 0 0O 0 1 0 1 0 0 0 0 32
2 0 0 0 1 0 0O 0 0O 0O 0 0 0 238
30 0 0 0 0 0 1 0 0 0 0 0 24
4 0 0 0O 1 0 0 1 0 0 0 0 0 3.0
5 0 0 0 0 0O 0 1 0 0 0 0 0 22
6 0 0 0 0O O 1 0O 1 0 0 0 0 38
7 0 0 0 1 0 0 1 0 0 0 0 0 26
8 0 0 0 0 0O 1 0 1 0 0 0 0 3.6
9 0 0 0 1 0 0 1 0 0 0 0 0 22
v 0 0 0 0 0O 1 0 1 0 0 0 0 3.8
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Table 10 Comparison of statistical regression models

considering the number of variables

r R C, S A

1 34.8 815.1 0.994 X,

1 26.1 976.9 1.058 X,

2 55.6 431.2 0.822 Xy Xq

2 47.8 575.9 0.891 X5 Xq

3 63.8 279.4 0.742 X, X X,

3 62.2 310.4 0.759 X5 X5 X

4 72.8 115.2 0.645 X, X X5 X,

4 67.3 216.2 0.706 X3 X X X

5 75.0 75.8 0.619 X X, X X5 X

5 74.4 86.3 0.626 X0 X5 X X5 X

6 76.3 53.6 0.603 X, X, X5 X5 X X,

6 75.9 61.3 0.609 X3 X, X6 X Xy X,

7 77.3 36.9 0.591 X, XX X X X X

7 77.2 37.6 0.592 Xp X, X X X X X

8 78.3 19.5 0.578 X3 X, X5 X X0 X X Xy

8 77.6 32.7 0.588 X3 X, X5 X X, X X X

9 78.7 14.3 0.574 X3 X X5 X X X X XX,
9 78.6 16.7 0.576 Xy XX X X X Xy X X,
10 791 9.6 0.570 X3 X, X5 XX, X Xo X 0. X . X,
10 78.7 16.2 0.574 X, Xy X, X5 . X X; X X . X, X,
11 79.1 11.3 0.570 X, X5 X, X5 X5 . X7 Xy Xo X 0. X1 X
11 79.1 11.3 0.570 X;. X3 X, X5 X6 X7 Xe X X0, X X,

XX X X X X X X X
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0. 05 2 MoK ), I [ A8 S5 X6 R A% 5 (1 5% ) G ¢ X7 0704 0.101 700 0,000 130
R X VR B T R AR I SR X Ak ZLES 0,000 280
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HRGE BRI M R 0. 504,82, 4400, P 38 LK Table 12 Parameters of regression model M2
WA SIS R*SEWE 4510 0.514.82.50% , p— s S T - -
VML SHHEM AR, B H B El4 IR 0.820  0.052 15.83  0.000
H BB B X PAE 433 24 0. 101.,0. 952, #J K X, 0.181  0.085 214 0.033  1.27
TO.O5,U‘EEHE/}Z\EX“XSKE%%H%E%‘@O X, 1.213 0.082 14.74 0. 000 1.39
RIS X, S ETS X, 2 B0 R A % 1B x S
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o PSR4 IR FE MR IR A XX, T bEm e s
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(e R o - ALY S A ol H B M2, A B XX, —1.109  0.189 —5.88  0.000  2.40
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Table 13 Verification of assessment results for common deterioration types

e X, X, X; X X, X X, X Xy X XXy XX, YfE yiH

HEAKIR 328 1 0 0 0 0 0 0 0 0 0 0 0 1.001  0.081

B 0 1 0 0 0 0 0 0 0 0 0 0 2.033  0.506

T 17 54 5% 0 0 1 0 0 0 0 0 0 0 0 0 1.912  0.444

A7 5 10 R4k 0 0 0 1 0 0 0 0 0 0 0 0 2.378  0.677

Ik AN R 0 0 0 0 1 0 0 0 0 0 0 0 1.513  0.252
S 0 0 0 0 0 1 0 0 0 0 0 0 3.252  0.948

N 0 0 0 0 0 0 1 0 0 0 0 0 3.128  0.926

Kia 0 0 0 0 0 0 0 1 0 0 0 0 1.369  0.193

A 8 T B3 1 0 0 0 0 0 0 0 0 1 0 0 0 1.685  0.330
TR AR AR B IR 254 0 0 0 0 0 0 0 0 0 1 0 0 2.249  0.615
famas S5 s8E 4 0 0 0 1 0 1 0 0 0 0 1 0 3.701  0.990
R E S 0 0 0 0 0 1 1 0 0 0 0 1 3.817  0.995
WAL S 2 2 4 0 0 0 1 0 0 0 1 0 0 0 0 2.927  0.881
L RIASERL ¥R 0 0 0 0 0 1 0 1 0 0 0 0 3.801  0.994
WAL 5 AT R A 0 0 0 0 1 0 0 1 0 0 0 0 2.062  0.521
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Table 14 Rating standards for deterioration
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Fig.7 Flowchart of ADTLR method
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Table 15 Evaluation of verification cases with the
ADTLR method

Fr FRAE Y{H RN FY
1 X, 1.001 0.081 0%
2 X, 1.001 0.081 0%
3" X, 3.128 0.926 42
4 XX, 4.000 1.000 44
5" X, X5 X, 4.000 1.000 44
6 X; 1.912 0.444 2%
7 X 2.378 0.667 3%
8 X,y 2. 249 0.615 3%
9 X, 2.249 0.615 34
107 X, 1.685 0.330 1%
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Fig. 8 Verification cases
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Table 16 Evaluation of verification cases with the SEF

method
s FRAER S T /m” #5  /h FY
1 X, 1.08 10. 70 14
2" X, 0. 90 4.50 14
3" X, 0.17 7.70
4" XX, 0.58 1.00
5" X, X5. X, 0.08 1.00
6" X 0.13 0. 30 0%
7 X 0.20 0. 50 1%
g X 0.06 4.70 F
9" X 0. 36 2.20 F
10° X, 15. 00 1.50 F

F17 WIERFIITFHERITIL
Table 17 Comparison of evaluation results of verification

cases

iz QDAT SEF ADTLR
1 0~2%% 1% 04
2' 0~2%% 1% 0%
3 4% F 49
4 44 F 49
5 3~44% F 49
6 2% 0% 2%
7 3% 1% 38
8 39 F 3%
9" 3% F 3%
10° 19 F 1%
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