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A Retrofit Cost Estimation Model of Masonry Structures
Based on the Multiple Linear Regression Method
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Abstract; In this paper, retrofit costs and relative building parameters of masonry structures in Shaanxi,
Shanxi, and Sichuan Provinces were collected, to enable a retrofit cost estimation model for masonry
structure buildings to be developed. A regression and validation database, including the retrofit
cost estimation models of 35 buildings, was built, and the building parameters which influence
retrofit costs analyzed. Then, based on the multiple linear regression method, four models were
established using the existing retrofit data with SPSS analysis software. After evaluating the four
models according to their corresponding evaluation criteria, an optimal rapid estimation model for
the retrofit cost of masonry structures was proposed and verified. The results show that the re-

gression model meets the precision requirements and could be valuable in practical engineering.
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Table 2 Analysis database of regression models

A i 19 Jon T Fsf i) R o ST AR JR B W By }Jﬂlﬂ%ﬁi

/a /a /m /m? B FUE Ypaa /370
1 12 2008 3.1 5 1036 VI B (0.10¢) VI B 0.10g) 61.20
2 10 2008 3.0 5 2 600 B C0.15¢) M B (0.15¢) 96.10
3 25 2010 3.36 3 870 VI 0.20¢) VI 0.20¢) 27.83
4 19 2004 3.0 2 895.4 VI (0.15¢) VI (0.20g) 22.90
5 17 2008 3.0 6 1120 VI (0.05¢) VI 0.15¢) 72.32
6 28 2010 3.3 2 2 372 VIl C0.20¢) VI (0.20¢) 91.00
7 12 2009 3.68 4 1838 VIl (0.20g) VI (0.20g) 66.20
8 43 2014 3.3 6 8 000 VI B (0.05¢) VI B (0.15¢) 357.7
9 22 2010 3.8 4 1907.2 VI B (0.20¢) VI 0.20g) 95.34
10 25 45 2009 3.5 3 3 293.58 VI (0.05¢) VI (0.10¢) 164.1
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11 28 2003 3.3 2 1065 VI B (0.05¢) VI £ 0.20¢) 61.80
12 15 2008 3.0 6 1422.9 VI (0.05¢) VI 0.15¢) 87.60
13 7 2008 3.0 5 1583.48 W (0.15¢) VI (0.15¢) 63.80
14 10 2013 3.6 4 2 096 VI (0.20g) VI (0.20g) 63.25
15 15 2008 3.0 6 2 845.84 VI (0.05¢) VI B 0.15¢) 138.4
16 24 26 2011 3.3 3 1032.12 VI B (0.05¢) VI B (0.05¢) 36.70
17 17 2010 3.6 3 2076 VIl & (0.20g) W2 C0.208) 132.7
18 23 2010 3.3 4 1638 VI 0.20¢) VI (0.20¢) 32.56
19 20 2010 3.6 3 1020 VIl B (0.20¢) VIl B 0.20g) 34.20
20 28 2004 3.3 2 5 33.4 VI B (0.05¢) Wil C0.20¢) 32.50
21 17 2008 3.0 6 2 802.38 VI (0.05¢) VI £ (0.159) 188.0
22 18 2009 3.0 2 300 VI (0.05g) VI EE C0.10g) 10.74
23 19 2012 3.6 2 473 VI B (0.05¢) VI 0.10g) 17.60
24 37 2008 3.0 6 3 673.86 VI (0.05¢) VI (0.10¢) 121.5
25 23 2014 3.9 3 1522 VI (0.20g) VI £ (0.209) 69.70
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Table 3 Validation database of regression models
FEA ik ] Jorv T B i) (Y= ar o E&ﬁﬂ SR B B hnﬁfl?%iFH
/a /a /m /m? BUE B /J7 G

1 12 2001 3.3 3 889.5 VIl £ C0.20¢) VIl £ 0.20¢) 32.1
2 15 2010 3.3 3 1 349.34 B (0.15¢) Wil C0.20¢) 65.34
3 17 2008 3.0 6 2 560 VI (0.05¢) VI 0.15¢) 135.68
4 10 2008 3.0 5 2 391.17 VI (0.15¢) VI (0.15¢) 78.2
5 27 2009 3.6 4 2 534 VIl £ (0.20g) VIl (0.20¢) 130.2
6 15 2008 3.0 6 4 268.77 VI (0.05¢) VI 0.15¢) 201.1
7 25 35 2009 3.0 6 1358.4 VI B (0.05¢) VI £ (0.209) 66
8 10 2003 3.6 3 848.52 VI (0.052) VI EE (0.10g) 24.7
9 15 2006 3.3 3 1944 VI B (0.20¢) VI 0.20g) 89.78
10 26 2010 3.6 1 224 VIl C0.20¢) VB C0.20¢) 6.12
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Table 4 Fitting results between variables and retrofit cost

% R? 0.043 0.566 0.375 0.882
o 73.52 41.56 53.39 24.63

) S ST 1 8% 300 - o R R R AR D R

Relationship between different independent viariables and retrofit cost

— B OR B AE R RL rR B AR X B P R S
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B TR L Ve R OC R BB T — 2L

i id SPSS GEit A 4 PF I 0 L 45 T A L
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Table 5 Multiple linear regression models
T Ao AR FBRAY F AR hE [LEVAS
1 Xi1,X2,X35:X4 - Y=—30.519+6.086X, +4.767X,+0.066X3+0.038X 4
2 X2, X3,Xy X1 Y=—7.8291+4.031X,+0.042X5+0.039X,
3 X2, Xy X3 Y=—6.748+3.880X,+0.039X 4
4 X X Y=4.46340.041X,

Fo6 BEBESPSSHTER
Table 6 Analysis results of each model using the SPSS analysis

Y R R? P R? o
1 0.944 0.892 0.864 24.069
2 0.942 0.888 0.872 23.489
3 0.942 0.887 0.876 23.045
4 0.942 0.887 0.882 22.966
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Table 7 Residual values between actual cost and

estimated cost

FEA B 1 Bl 2 Bl 3 B 4
1 8.86 16.32 10.14 16.26
2 19.93 18.05 21.95 17.96

12.11 11.41 15.99 15.30
4 12.40 12.99 16.97 23.49
5 5.84 5.03 7.63 19.52
6 4.08 2.92 7.52 13.72
7 16.38 14.28 16.25 16.62
8 4.28 7.99 8.18 13.54
9 9.74 11.74 14.19 15.68
10 24.72 22.25 25.58 20.10
11 13.70 11.92 14.39 8.90
12 8.52 7.32 9.82 21.04
13 12.41 10.58 12.61 8.59
14 27.52 27.21 29.27 30.15
15 0.57 3.34 4.84 22.22
16 8.10 8.91 10.44 13.08
17 48.00 46.76 51.84 46.12
18 39.78 40.58 42.09 42.06
19 11.47 10.68 12.47 15.08
20 7.86 8.70 9.16 11.92
21 48.21 49.06 50.64 57.60
22 0.35 2.63 4.66 9.92
23 3.64 2.93 4.91 10.54
24 41.41 48.36 48.91 52.94
25 3.83 5.11 7.45 5.84

xS BEEMRESWER

Table 8 Residual value results of each model

B hRE RoRBR2E REME BRENTIN
1 0.35 48.21 15.75 11 204.19
2 2.63 49.06 16.28 11 774.69
3 1.66 51.84 18.32 13 638.35
4 5.84 57.60 21.13 15 849.70
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Table 9 Evaluation indexes of each model

. BRI
iy - - .
RMSE, AIC, AICS, BIC,
1 560.210 160.629 165.296 165.505
2 560.700 159.871 163.029 163.527
3 619.925 161.544 163.544 163.982
4 689.117 163.301 164.444 164.520
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Table 10 Cost residuals of each model

PEAT L4, LA I SR At 58 A 26 B RS 0
F12 EAERKELR

Tablel2 Summary of residual values of regression models

[E N FEAL 1 FEAL 2 PR 3 B 4
BIH 11.29 11.06 11.03 10.78
FrifE 22 19.32 19.64 19.70 19.87
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Table 13  Absolute percentage error of regression models

_— HXFREF I/ %
mKRE w/ME H{E e 22
1 64.57 1.14 18.99 18.56
2 61.17 1.05 18.55 18.43
3 62.06 0.8 18.77 18.62
! 122.99 1.15 29.33 38.41

FEA BER 1 BERY 2 B 3 BEAY 4
1 6.34 7.36 7.48 8.83
2 6.21 4.73 4.73 2.34
3 8.64 6.19 6.79 14.48
4 24.86 27.8 27.71 24.3
5 21.7 21.95 22.6 21.84
6 2.28 2.11 1.61 2.31
7 15.56 16.23 14.73 3.87
8 15.95 15.11 15.33 16.66
9 11.07 9.07 9.07 5.61
10 0.26 0.09 0.25 7.53
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Table 11  Absolute percentage error of each model

FEA B 1 BT 2 BT 3 BT 4
1 19.74 22.92 23.31 27.52
2 9.51 7.23 7.24 3.58
3 6.37 4.56 5 10.67
4 31.79 35.55 35.43 31.08
5 16.66 16.85 17.36 16.78
6 114 1.05 0.8 1.15
7 23.58 24.59 22.32 5.86
8 64.57 61.17 62.06 67.47
9 12.33 10.1 10.1 6.25
10 4.23 1.47 4.12 122.99
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