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Comprehensive Evaluation on Performance of
Existing Residential Buildings Based on Fuzzy
and Analytic Hierarchy Process

HU Wenfa , YAO Wei , ZHOU Ming
(College of Economics and Management, Tongji University. Shanghai
200092, China)

Abstract: On the purpose of improving performance of
buildings through complex refurbishment, the performance of
existing residential buildings in this paper is measured by six
indicators such as security, intactness, fittingness, energy-
saving, dwelling environment, and coordination. In order to
overcome the shortcomings of random and subjectivity in the
traditional evaluation method and to eliminate the uncertainty
during the evaluation process, a comprehensive model for
evaluating performance of residential buildings is proposed,
where the weight of each indicator is determinate based on an
improved analytic hierarchy process (AHP) method combined
with fuzzy analysis of the relevant relationship of each
indicator. The case of 30 different residential buildings is
evaluated and then reveals many advantages in this model that
evaluation is comprehensive, objective, and operational. By

discussion of case study in the end, several reconstruction
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approaches are proposed in improving performance of existing
residential buildings.

Key words: existing building; performance evaluation; fuzzy
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Fig.1 Process of setting up the system for performance

evaluation of existing residential buildings
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Fig.2 Evaluation indicator in the system for performance evaluation of existing residential buildings
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Tab.1 Weight of the first rank indicators
AIa] o {E I AR

e =3 w=4 P ANE 1
P4 0.30 0.28 0.25 0.25
SElE 0.13 0.14 0.15 0.15
& 0.13 0.14 0.15 0.15
RETE 0.05 0.07 0.10 0.10
AP 0.13 0.14 0.15 0.15
Yt 0.26 0.23 0.20 0.20

M3 2 A4S, — AR PR B PP 25 2R A -

E, = G xM, = (0.306,0.353,0.214,0.127)
E, = G; xM, = (0.218.0.350,0.270,0.162)
E; = GI x M; = (0.185,0.243,0.300,0.272)
E, = Gi xM, = (0.116,0.140,0.238,0.506)
Es = Gf xM; = (0.094,0.172,0.334,0.412)
Es = G§ x My = (0.116.0.258,0.398.0.228)
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Tab.2 Weight of the second rank indicators and the matrix of fuzzy evaluation
st B 1 ~ kst B 2 ‘ PRFIER M
h R oA %
IS T A 0.4 0.45 0.35 0.10 0.10
Gek By 0.25 AR K 0.3 0.12 0.32 0.38 0.18
WG A 0.3 0.30 0.40 0.20 0.10
)] 0.4 0.24 0.38 0.24 0.14
SEUFE B 0.15 MRy 0.3 0.16 0.26 0.34 0.24
& 0.3 0.26 0.40 0.24 0.1
1T 5 2 [ A7 0.3 0.10 0.20 0.30 0.40
A Y e 0.1 0.10 0.14 0.40 0.38
E B, 0.15 1%‘1%15%%3& 0.1 0.10 0.25 0.25 0.40
[ 0.1 0.04 0.16 0.34 0.46
Kl R 0.2 0.36 0.34 0.26 0.04
RIS, 0.2 0.30 0.30 0.30 0.10
MR RE 0.3 0.10 0.10 0.20 0.60
HARTTRE 0.3 0.10 0.14 0.26 0.50
TRETE Ed 0.10
SRR 0.2 0.14 0.16 0.30 0.40
57k 0.2 0.14 0.18 0.20 0.48
JEAE X R A ) 0.3 0.06 0.14 0.2 0.60
SRS By 015 L S5 S 0.3 0.02 0.10 0.28 0.64
THMREFEFIA R 0.2 0.14 0.30 0.44 0.12
A FEIRSS 0.2 0.20 0.20 0.52 0.08
T 0.20 55 B A5 0.4 0.14 0.30 0.36 0.20
55 H 0.6 0.10 0.22 0.44 0.24
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Tab.3 Total grades and the first rank indicators’ grades in each project

— A5 R LAV SERFEC(Vy) WEHIECVs) WREME (V) M (Vs) PRRTE (V) LAE P (B)
NE 0.250 0.150 0.150 0.100 0.150 0.200
WiH 1 7.676 7.248 6.682 5.732 5.968 6.524 6.782
i 2 5.359 6.292 6.606 4.629 4.373 7.310 5.855
LiH 3 5.770 4.105 6.665 8.583 4.277 7.510 6.060
IiH 4 9.654 9.754 8.853 9.103 8.071 9.751 9.276
UiH 5 6.976 7.728 5.469 4.132 7.618 5.350 6.349
UiH 6 6.707 7.823 5.662 9.994 5.289 7.925 7.077
OiH 7 9.211 8.383 7.224 8.347 9.797 6.281 8.204
TiH 8 8.861 6.122 7.510 7.401 4.501 6.018 6.879
TiH 9 6.472 6.877 6.377 4.574 8.223 8.553 7.008
TiH 10 7.100 5.955 4. 856 6.882 5.852 5.136 5.990
OiH 11 7.621 9.111 4.590 4.370 8.871 6.085 6.945
TiH 12 7.275 6.827 5.384 8.894 7.558 7.562 7.186
TiH 13 7.291 7.598 6.070 6.291 7.452 9.748 7.569
TiH 14 9.755 9.764 8.319 8.873 7.683 9.740 9.139
LiH 15 5.021 6.857 9.455 9.686 5.555 7.904 7.085
WiH 16 7.398 7.909 8.140 9.612 5.557 9.438 7.939
WiH 17 5.192 6.310 6.326 8.968 4.007 7.699 6.231
WiH 18 9.680 8.471 9.670 8.230 9.533 8.135 9.021
WiH 19 7.073 6.701 5.201 5.489 8.730 9.573 7.327
WiH 20 5.210 7.247 7.358 5.610 5.022 9.977 6.803
oiH 21 6.397 7.891 4.043 5.495 4.558 5.410 5.705
niH 22 6.462 5.661 7.085 4.194 7.073 9.428 6.893
biH 23 7.475 5.255 7.458 8.047 4.148 7.523 6.707
iH 24 6.799 5.715 7.745 7.650 6.782 6.527 6.806
IiH 25 4.197 5.189 5.767 4.555 8.940 8.278 6.145
i H 26 8.326 7.336 5.996 4.643 8.198 5.072 6.790
Wil 27 6.601 7.095 7.930 4.908 6.231 7.228 6.775
Wi H 28 6.048 4.528 4.997 4.356 9.354 5.555 5.890
Wi H 29 9.319 8.447 9.419 8.088 7.686 6.766 8.325
TiH 30 7.836 7.510 5.905 7.261 9.729 6.258 7.408
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Tab.4 Summary suggestions from all decisions

YLkl UIEE A )
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