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Research on the evaluation method of functional recovery time of urban
building clusters considering the influence of multiple factors
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Abstract; In the current context of increasingly constructed urban built environments, the disaster impacts of
functional disruptions in urban buildings hit by earthquakes can quickly propagate and intensify through the social
chain. To quantify the functional disruption of earthquake-damaged building complexes, this paper focuses on
assessing the functional recovery time of urban building complexes after an earthquake and develops a
comprehensive assessment framework. The framework employs a fuzzy hierarchical analysis to quantify the impact of
key factors, such as building renovation class, regional economy, climate, and topography, on the recovery

process. Additionally, the study divides the rehabilitation process of the urban complex into a preparation phase and
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a repair and reconstruction phase, and develops a systematic assessment model for each phase. In the preparation
stage, the assessment model especially considered the impact of the earthquake emergency period and systematically
sorted out the time required for five key recovery preparations under different intensities of effects according to the
expected intensity of earthquake effects; the assessment model for the repair and reconstruction stage was
constructed based on the damaged area of the earthquake-damaged houses as well as the time required for repairing
or reconstructing per square meter. The model preliminarily estimates the reconstruction time per unit area of houses
of different building structure types in China through in-depth analysis of the quota data, and takes into account the
uncertainties in the construction process by using the Monte Carlo simulation method. And the repair time per unit
area of a house is derived by reasonably discounting the reconstruction time based on its damage degree. The
research results not only provide new perspectives for the theory of urban disaster management, but also provide
good data support for the resilience building of the government and enterprises and the rapid development of
recovery decisions after disasters.

Key words: urban resilience; earthquake disaster risk assessment; urban building function disruption; functional

recovery time assessment;Monte Carlo simulation
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Fig. 1 Schematic diagram of the composition of functional recovery time of urban building clusters
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Table 1 Classification of houses of different decoration levels and values of their influence coefficients
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Table 2  Statistics on construction time per unit area of different grades of decorative items
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Table 3  Adjustment coefficients considering the influence of regional economic development status

A# GDP 7K /76 (0,100000 ] (100000150000 ] (150000, +o0)
LU R BT — Bkik Kik
EMA(a,) 1.0 0.9 0.8

2.2.2  HUIXAS SRR I 3 Ay

B SRR by SR A T B AR it T 2 B RE R A R BRI B v gE 1 > DAk
] A 8], AN [ DX A A S T VR 2 S TR B 1) 25 57« AR G M X A FE 08 Sl o T 22 37~ 49 em [Y)E
18 AP 5 vl b DXl AN, SN R B — R AE 24~37 em 2Z 18] 5 1 e 7 AR A DT o) T FH 18 ~
24 em BEREZS SRS BT SREERIEAS O E T T A TR R R T TR T3,

J TR R ARBESEARYE GB 50178—1993 ( B 5k X Rl br v ) )RR SEBF 5% AR, X ‘BT
HEATE NI T S S AR AT TR Y H AP RRE T 5 CC i it T3 s Al LUBUR] 4T 5 H PSR T
5 °C I it 3% shU ek e 7 5 24 H S IR T 25 C I, i TR AT HES T I 10% . 5T X SR, AT
FEIE— 0 T R 4R 3 AR IX, DA A A R R X A5 et ] A ELAAR R I

1) T 2K AR SRR, AR IR , — A 331 daE AT,

2) MM IX . & ZRIE8 T B RIRIEZ W, —F A it 282 d & AT,

3) M2EHLIX . 4B TEVS , — PG it 242 d G AT,

SR IX R AR E SR AT B TR R R 40 S TR R T s ) B A, AS B R T
U X SOt T2 e A RIE O, JF LA E A 2 B 383 R b X A 0T H 5 s IX 535
A b X R R R B

R4 EZERMRSESERRSMEEERYSZIE

Table 4 Reference values of adjustment factors considering the influence of regional climatic conditions
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Table 6 Judgment matrix and weight allocation of influencing factors for the functional recovery of building clusters
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Table 7  Consistency test for regional characteristic influence factors
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Table 8 Statistical table of maintenance preparation items and their required time
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Fig.2 Monte Carlo simulation results of reconstruction rates of houses of different structural types
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Table 9  Simulation results of reconstruction rate of masonry structure houses d/m’
HHZhAE R Ci§cEs ¥fH SERIME
fEEhRE 1~3 0.0225 0.0194 0.1255
4~7 0.0137
FEHEERE VI 1~3 0.0269 0.2315

[EN14

HHE 4~6 0.0194

e

F10 HRFAE/IER-FHNELEMEBREZREMULER

Table 10  Simulation results of reconstruction rate of houses with

cast-in-place shear wall/frame-shear wall structure d/m?
g JE% GigEES ¥i{E Eapalicl
(XY 1~8 0.0113 0.0090 0.0095
9~20 0.0067
FEEHE R GEE 1~8 0.0142 0.0100
JHE R
IV 9~20 0.0087
il
A 21~40 0.0070
B2 B
F11 BRIEREHMFEEEEREUER
Table 11  Simulation results of reconstruction rate of houses with cast-in-place frame structure d/m’
fE g JZHL R ¥iE B apalcl
(XY 1~8 0.0138 0.0108 0.0117
9~20 0.007 8
FEEREE R 1~8 0.0181 0.0126

RN
YN 9~20 0.0103
Tl
HE 21~30 0.0093

BEBE
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Table 12 Simulation results of reconstruction rate of assembled concrete structure houses d/m*
i HTnE 2 R ¥l g bl
5 = 1~8 0.0108 0.0087 0.0092
9~20 0.006 6
FEfEEHR JRAR IS 1~8 0.0130 0.0097

JHERE AL

IV 9~20 0.0080

Rl

#HE 21~30 0.0080

BEBE

K13 MEMBEEEEZREMUER

Table 13 Simulation results of reconstruction rate of steel-framed houses d/m?
fli Iz fE Cigeieed 5 (ARSLiE]
LR R S=R7] 0.0028 0.0033
AR AR 0.0015
Y 0.0057
B
[1AE7 LRl
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14 UEERNBESWISAREESERENMARY(B) MEBR

Table 14  Adjustment coefficient table of repair rate to reconstruction rate

for repairable building clusters at different damage states %
IR EEL Pr R4 B
HASEYSf 0
LN 9.35
rh AR 17.85
rhAERR 26.35
SR W L 34.85
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