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Abstract. The 14th Five-Year Plan for the Protection of Cultural Relics and Scientific
and Technological Innovation proposes to complete the practical transformation from the
rescue protection of ancient buildings to the preventive protection. Therefore, risk
assessment is an important prerequisite for the protection of ancient buildings. In order to
grasp the research status, hotspots and trends of safety risk of ancient building in China, this
paper uses CiteSpace for visual analysis 323 relevant articles of safety risk of ancient
building in China National Knowledge Network (CNKI) database before 2020.The results
show that research hotspots in this field are safety risk assessment method, fire risk
assessment, seismic risk assessment, fire safety, protection and restoration of ancient
building. The frontier of research focuses on damage monitoring technique, model building
means, artificial intelligence algorithm of safety risk of ancient building. The research
results are of great significance for strengthening the heritage of historical and cultural
value of ancient architecture and reducing the economic cost of ancient architecture
protection.
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OB30P UCCJIEJOBAHUI PUCKOB
JIJIS1 BESOITACHOCTHM JIPEBHUX 3JIAHUM
B KUTAE HA OCHOBE ITPOI'PAMMBI CITESPACE

I3sinp Ma, Baiinyn Slub, Cunr Ban, Cuxku Huy
>ubsHcknit yauBepeutetr Lzsupuxy, [oubsan, JIsonun, Kurait

AnHotanus. CornacHo 14-My NATUIETHEMY IUTAHY 110 OXpaHe KyJIbTYPHBIX PEITUK-
BUI M HAYYHO-TEXHUYECKUM MHHOBAIIMAM, TIPEJIaracTcs 3aBepIINTh MPAKTUIECKHH T1e-
PeXom OT PKCTPEHHOI 3aIUTHI IPEBHUX 3aHUN K MPEBEHTUBHOMN 3amuTe. Takum oOpa-
30M, OIICHKA PUCKOB SIBIISICTCS BAYKHBIM IPEIBAPUTEIHLHBIM YCIOBUEM JJISl OCYIIECTBIIC-
HHS COOTBETCTBYIOMHX paboT. UTOOBI MOJYYHUTh MPEACTABICHUE O COCTOSIHUH
HCCIICIOBAHU, «TOPSIUUX TOYKAX» U TCHIICHIUSX, CBSI3aHHBIX C PUCKAMU JJIs1 O€30TacHO-
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Section of scientific methodology

CTHU CTapUHHBIX 37aHul B KuTtae, mpu HanmmcaHuy 3TOM CTaThU HCIOJIb30BaAJIach MPOrpaMm-
Ma CiteSpace /Ui BU3yanpHOro aHamu3a 323 COOTBETCTBYIOIIUX CTATEH, IMOCBAICHHBIX
pHcKaM JuIst 0€30IIaCHOCTH COCTOSIHUS CTAPUHHBIX 3/IaHUH, HAXOAIIMXCSI B 0a3e JaHHBIX
HanmonansHo#t undpactpykrypsl 3uanuit Kuras (CNKI) go 2020 r. Pe3ynbTars! noxa-
3BIBAIOT, YTO «TOPSIYUMH TOYKAMM» HCCIIEJOBAaHUNA B 3TOM 00JacTH SBISIIOTCS METO]
OILIEHKH PUCKOB 0€30IaCHOCTH, OLICHKA IT0KaPHOTO U CEHCMUYECKOT0 PUCKA, TTOKapHAs
0€30MacHOCTb, 3aIlINTa ¥ PECTaBpalNs CTAPUHHBIX 3JaHNUH. | TaBHas 001acTh HCCIE10BA-
HUI cOCpeoTOYeHA HAa METOIMKE MOHUTOPUHIA MOBPEXKCHNHN, CPEICTBAX MTOCTPOCHHS
MOJIeJIEH, AJITOPUTME NCKYCCTBEHHOT'O HHTEIIJICKTA OIICHKH PUCKa OE3011aCHOCTH JIPEBHE-
ro 37aHusl. Pe3ybpraTel Mcciae10BaHusl HIMEIOT OO0JIBIIOE 3HAYCHHE JIJIS TTOAJICPIKKH LICH-
HOCTH MCTOPUKO-KYJIBTYPHOTO HACIEIUs CTAPUHHOMN apXUTEKTYPBl U CHUKEHHS YKOHO-

MHUYECKHX 3aTPaT Ha €€ OXpaHy.

KiroueBble cjioBa: pUCK s O€30MAaCHOCTH, OLCGHWBATh, CTAPUHHOE 3JaHUE,

CiteSpace, Oronb

Jns uutupoBanus: [[3sas Ma, Botinyn Aus, Cunr Ban, Cuxu Huy. O630p uccnemo-
BaHMI PHCKOB JuIsl OE30MaCHOCTH APEBHMX 37aHui B KuTae Ha OCHOBE NpOrpamMMBI
CiteSpace // U3Bectus By3oB. CtpoutenabctBo. 2023. Ne 3. C. 119-137. DOI:
10.32683/0536-1052-2023-771-3-119-137.

Introduction. As an impor-
tant part of historical relics, ancient
buildings contain rich information
and cultural connotation of civi-
lization, which is of great value
in historical and cultural inheri-
tance. However, ancient buildings
have the characteristics of comp-
lex structure, non-regenerative and
non-recovable. In recent years, due
to earthquake, fire and other disas-
ters, many ancient buildings have
been destroyed, which has caused
irreversible major economic losses
to China. However, most of the
current study on risk assessment of
ancient building in our country was
the damage of ancient building ca-
used by fire and earthquake, which
can't meet the realistic need of an-
cient building preventative protec-
tion. Therefore, in the context of
Al and big data, it is of great theo-
retical and economic value for the
scientific evaluation and preventi-
on of the safety risks of ancient bu-
ildings and promote intelligent
operation, maintenance and health
management of ancient buildings
to fully grasp the research status
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BBenenne. SIBissich BaKHOH YacCTBIO
HACTOPUYECKUX PEIMKBUH, TPEBHUE 3IaHUS
HecyT B cebe OoraTyro nHGOPMALIUIO O KYJIb-
TYpPHOM 3HA4YE€HUM IIMBUJIM3ALUH, YTO MIPE-
CTaBJISICT OOJIBIIYIO IEHHOCTD B aCHEKTE HC-
TOPHYECKOTO U KyJIbTYpHOTO Hacieaus. [Ipu
9TOM CTapUHHBIE 3AaHUs 00J1aIaI0T XapaKTe-
PHCTHKAaMH CJIOXKHOW CTPYKTYpBI, HE BO300-
HOBJISIEMOI U HE MOJJIAIOIIEHCS] BOCCTAHOB-
JeHntio. B mociieame roel n3-3a 3eMIIeTpsi-
CEHUM, MOXKApPOB M JAPYTUX CTUXUHHBIX
OeacTBUI OBLIO pa3pylIEeHO MHOXECTBO
JPEBHUX 3/1aHUM, B pe3ynbTare yero Kuraii
IIOHEC CEPhE3HbIE YKOHOMHYECKHE TMOTEPH.
OpHako 3HAYUTEIbHAS YaCTh UCCIIEIOBAHMS,
MIOCBSIIIEHHOTO OIIEHKE PUCKOB JUIS COCTOS-
HUS CTAPUHHBIX 3J]aHUH, paccMaTpUBAaET
yiep0, IPUIUHAEMBII MToYKapaMu 1 3eMJle-
TPSICEHHSIMH, 9TO HE OTBEYAET TPEOOBAHMUSM,
MPEABABISIEMBIM K MEpaM I10 IPEBEHTHBHON
3amuTe. Takum 00pa3om, B KOHTEKCTE MpHU-
MEHEHHsI WCKYCCTBEHHOTO WHTEJUIEKTA H
JTAHHBIX, TOHMMaHWE TOTO, Ha KaKOM JTare
HaXoJATCAd B HACTOSIINNA MOMEHT HCCIIEI0-
BaHUs, TIOCBSIIEHHBIC PUCKaM JUIs COCTOS-
HUSI CTapUHHBIX 31aHuil B Kutae, npeacras-
JSET TEOPETUYECKYI0 M SKOHOMUYECKYIO
3HaYMMOCTh Ul HAy4HOW OLIEHKH U YCTpa-
HEHHsI PUCKOB OE€30IacCHOCTU CTAPUHHBIX
3JaHMH, a TaKkKe 711 COACHCTBUS B HMHTEII-
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of the safety risks of ancient buil-
dings in China.

Methods and data. The analysis
objects of this paper are 323 items of
literature published in the database of
China National Knowledge Network
(CNKI). In order to enhance the time-
liness and comprehensiveness of the
research, the author took before 2020
as the time limit to carry out subject
retrieval. In the CNKI database, ac-
cording to “theme” = “ancient buil-
ding” or “historical building” and
“safety risk” and “assessment” and
“theme” = “ancient building” or “his-
torical building” and “fire”, “fire pre-
vention”, “earthquake”, “seismic”,
“lightning protection” and “searching
and assembly”, 329 items of literatu-
re were retrieved. After the weighting
of books, newspapers, conferences,
yearbooks, and notices, 323 articles
were quoted from domestic journals.

This research, using CiteSpace sof-
tware for visual analysis of 323 items of
literature, includes three steps. Firstly,
the publication time and quantity of the
literature are summarized, and the deve-
lopment trend of the safety risk field
of ancient buildings is analyzed. Secon-
dly, the co-word analysis and cluster
analysis are carried out on the literature,
and based on the results, the representa-
tive literature is targeted to study, to
obtain the hot research topics, research
frontiers and deficiencies in the field
of safety risk of ancient buildings. Fi-
nally, the future research direction in
the field of safety risk of ancient buil-
dings is proposed.

Visual analysis of literature on
the study of “security risk of anci-
ent buildings”. Analysis of annual
publications. The publication year
and quantity distribution of relevant
research papers in China were analy-
zed, as shown in Fig. 1. Domestic
research on the safety risk of ancient

JICKTYaJlbHOM HJKCILTyaTalliy, TeXHHUYE-
CKOM OOCIY>XMBAaHUH U YIPaBICHHU CO-
CTOSTHHEM CTapUHHBIX TOCTPOEK.

Metoanl 1 janHbIe. OOBEKTaMH aHa-
JI3a JAaHHOM CTaThU ABIAIOTCA 323 HauMe-
HOBAHUSA JINTEPATYPHI, OMyOJIMKOBAHHEIC
B 0a3e naHHbIX HarnuonanbHOW wH(]pa-
crpyktypsl 3Hanui Kuras (CNKI). UtoOst
MTOBBICHTH CBOEBPEMEHHOCTh M BCECTOPOH-
HOCTh HCCJICIOBAHUSA, JUISI TPOBEIACHUS
IIPEIMETHOTO TTOMCKA aBTOP BBIOPAJI CPOK
10 2020 r. B KauecTBe TpeieIbHOT0. B 6aze
maaabrx CNKI, cormacHo «Temay = «IpeB-
HEe 3/IaHUE» U «UCTOPUUYECKOE 3TAHUEH
U «pUCK OE30MACHOCTH» U «OICHKA» U
«TeMay = «APEBHEE 3TaHUC» UIU «HACTO-
pUYECKOe 3AAHUE» U «IIOXKApP», «IPEHOT-
BpalleHne MoXKapay», «3eMIETPICCHHEY,
«CEUCMUYIHOCTBY, «3aIlUTa OT MO aHus
MOJIHUM» U IIOMCK u COOpKay», ObLIO W3-
BJICUEHO 329 eIMHUIL] JTUTEPaTypBhI.

DTO HCcCIeAOBaHUE, MPOBEIACHHOE C
KCIOJIb30BAaHUEM IIPOTPaMMHOTO obecIie-
yenwnst CiteSpace 11 BU3yaabHOTO aHAIH-
3a 323 eaWHUIl TUTEPATYPHI, BKIIOYAET B
ce0s TpH 3Tana. Bo-nepBbIx, CyMMUPYIOT-
csl BpeMsl ITyOJIMKaIK ¥ KOJIMYECTBO JIH-
TEepaTyphl, a TAKXKE AHAIM3UPYETCS TCH-
JICHITUS Pa3BUTUS O0JACTH PHCKOB IS
0e30macHOCTH ApEeBHUX 3/1aHWi. Bo-BTO-
PBIX, IPOBOJIUTCS TTOCIOBHBIN U KJIacTep-
HBII aHANINU3 C UCIIOJIb30BAHUEM UCTOYHH-
KOB, Ha OCHOBE Pe3yJIbTaTOB OIpPE/IeIIsIeT-
Cs pelpe3eHTaTUBHAs JUTeparypa sl
U3YUYECHUS, C LEIbI0 YCTAHOBICHUS aKTY-
ANBHBIX TeM, TPaHHII UCCIIE0OBAaHUH 1 Ha-
JIUYXS HEJOCTAaTKOB B 00pb0E C pruCKaMH,
YIPOKAIIUMU OE30MaCHOCTH JIPEBHUX
31aHUM.

BusyajbHblii aHAIU3 JUTEPATYPbI
0 UCCIICIOBAHUIO «YTPO3bI 6€30MACHO-
CTH JPEeBHUX 3AAHUN». AHAIU3 edce200-
HbIX nyoauxayuil. BeIIo IpoaHaTM3upPOBa-
HO pacupeleieHHe KOJIUYECTBA COOTBET-
CTBYIOIIIMX HCCIIEIOBATENLCKAX padoOT B
Kurae o rogam (puc. 1). OtedecTBeHHBIE
HCCIICAOBAHUS PUCKOB, HECYILIUX YIpoO3y
0e30macHOCTH APEeBHUX 3JaHUM, Hada-
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Fig. 1. The number and overall trend of published literature on the

safety risk of ancient buildings in China

Puc. 1. KonryecTBo U pacnpesielieHne o ToJiaM OITyOJIMKOBaHHOM
JUTEpPaTyphl 110 NCCIIETOBAHUAM PHCKOB, HECYIIUX yrpo3y Oe3omac-
HOCTH JpeBHUX 31aHuil B Kutae

buildings originated in 1972 and can
be divided into three stages:

— the first stage (1972-2003) — in
the embryonic stage, only 6 papers
were published in 32 years;

— the second stage (2004-2012) —
at the initial stage, the number of pub-
lications increased gradually, with
95 pieces in 9 years;

— the third stage (2013-2020) —
in the development stage, except for
sharp decrease and sharp increase in
2015 and 2018, the overall number
of papers showed a steady growth
trend, with 222 published items of
literature in 10 years.

Research Focus Analysis. Key-
words can reflect the core content
of a literature research, and the most
focused and relevant research prob-
lems in a certain discipline can be
mastered by analyzing the co-words
of keywords. By using The CiteSpa-
ce software , the time slice is set as
1 year, and the time parameter is set
as before 2020. Keywords are selec-
ted as node types to conduct co-word
analysis of keywords in 323 docu-
ments in the field of security risks

122

auck B 1972 r. 3ech MOXKHO BBIIEIUTH
TpH dTarma:

— nepssii (1972-2003 rr.) — Ha 3a4a-
TOYHOM cTajuu 3a 32 roja ObLIo OMmy0JIn-
KOBAHO BCETO IISCTh CTATCH;

— Bropo# (2004-2012 rr.) — Ha Ha-
YaJIbHOM 3Tare KOJUYECTBO IMyOIMKaI[Hid
MTOCTENIEHHO YBEININBAIIOCH, COCTaBHB 95
cTarei 3a JIeBSTh JIET;

— tpetuit (20132020 rr.) — Ha cTagNN
pa3paboTKH, 3a ICKITFOUEHHEM PE3KOTO CHH-
sxeHus u ysenndenust B 2015 n 2018 rr. co-
OTBETCTBEHHO O0Illee KOJMYECTBO CTATei
JEMOHCTPUPOBAIIO YCTOMYMBYIO TEHJIEH-
LIUIO K pocTy, U 3a 10 5et Obu10 01y OIIKO-
BaHO 222 HAMMEHOBAHUSI JIUTEPATYPHIL.

Ananuz yenegoeo ucciedo8aHusl.
KittoueBsbie c10Ba MOTYT OTpaskaTh OCHOB-
HOE COJICPIKAaHUE JINTEPATYPHOIO HUCCIIe-
JIOBaHUS, a Hamboee cPoKyCHpOBaHHBIC
U aKTyallbHbI€ HCCJEIOBATEIbCKUE MPO-
0JIEeMbI B OIPE/ICIICHHOMN TUCIIUILTUHE MO-
T'YT peIIaThCs MMyTeM aHajln3a COYeTaHHH
KJIFOYEeBBIX clOB. [lpu mcmonb3oBaHUH
nporpammuoro obecrnieuenusi CiteSpace
OBLT yCTaHOBIJIEH BPEMEHHOW MHTEPBAT B
OJIMH T'OJ M OTPE30K BPEMEHH B3ST BILIOTh
10 2020 r. KitroueBble ciioBa ObUIH BHIOpA-
HBI B KA4E€CTBE THUIIOB Y3JIOB IS IPOBEIe-
HUS aHAJIM3a UX COBMAJeHUN B 323 noKy-
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Fig. 2. Keywords co-occurrence knowledge map of ancient building
safety risk research

Puc. 2. Kapra coBmageHuii KIIFOYEBHIX CJIOB B MCCICIOBAHUAK, TTIOCBSI-
IICHHBIX U3yYEHHUIO PUCKOB, HECYIINX YTPO3y O€30MacCHOCTH JAPEBHUX
3TaHuH

of ancient buildings and generate
co-occurrence knowledge graph, as
shown in Fig. 2.

At the same time, the keywords
with frequency greater than or equal
to 30 were statistically analyzed, as
shown in Fig. 1.

As can be seen from Fig. 2 and
Table 1, “research hotspots” in the
field of safety risk of ancient
buildings focus on fire risk, fire
safety, seismic, fire prevention,
protection, and other aspects of
ancient buildings, especially the fire
risk evaluation of ancient wooden
structures is the focus of domestic
scholars. The main reason is that both
fire and earthquake can cause
devastating damage to ancient
buildings, which is indeed an
important risk factor threatening the
safety of ancient buildings. Thus, the

MEHTaX, TOCBSILIEHHBIX HCCIEJOBAHMUSIM B
00J1aCTH PUCKOB, HECYNIUX yrpo3y 0e30-
MacHOCTH ApeBHUX 31aHui. Ha ocHoBe
MOJTYYEHHBIX Pe3yJIbTaTOB U CO3AaH Ipa-
¢uk copmnaneHuit (puc. 2).

B 10 ke Bpems ObUTH CTAaTUCTUYECKH
MIPOaHAIM3UPOBAHBI KIFOYEBBIE CIIOBA C
4acTOTOM, MpeBbIIIaroliei nin paBuou 30
(cm. puc. 1).

Kak BumHO U3 puc. 2 u Tabm. 1, «ropsi-
Yre TOYKI UCCIIEIOBAHNH B 00JIACTH pUCKa
0€e301acHOCTH IPEeBHUX 3[IaHUHA COCPEIOTO-
YeHBl Ha PUCKE T0YKapoB, MOXKapHOH 6e30-
[IACHOCTH, CEHCMOYCTOWYUBOCTH, IIPOTHBO-
MO’KapHOH MPO(HIAKTHKE, 3aIUTE U APYTHX
acrieKTax OXpaHbl APEBHUX 3[JaHUM, MPU
9TOM B LEHTPE BHUMAaHHSI OTCYECTBEHHBIX
yUEHBIX HaXOAUTCS OLICHKA PHCKa I10KapOB,
OCOOEHHO OIIEHKA TIO’KapHOTO PUCKA JIPEB-
HUX JEPEBSHHBIX KOHCTPYKIMA. Baxuo no-
HUMATh, 9TO U TIOJKap, ¥ 3eMIICTPSICEHIE MO-
T'yT HaHECTH CYIIECTBEHHBIN yIIepO IpeB-
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Table 1. Ancient building safety risk research Keywords statistics

Year Keywords Frequency Centrality
2004 Fire 51 0.17
2004 Timberwork 48 0.29
2004 Fire safety 45 0.06
2008 Protect 31 0.08
1991 Fire prevention 30 0.20
2004 Anti-seismic 30 0.13

Ta6auma 1. CTaTHCTHKA COBNAIEHU KJIIOYEBBIX CJIOB B HCCJIEI0BAHUAX,
MOCBSAIIEHHBIX H3YYE€HHUIO PHUCKOB, HECYIIIUX YIPo3y 0€30MacHOCTH
JPeBHHUX 3aHUI

Ton KiroueBsle ciioBa Yacrora LlenTpanbHOCTH
2004 OroHb 51 0,17
2004 BpeBenuaras kinanka 48 0,29
2004 [MosxapHast 6e30macHOCTh 45 0,06
2008 3amumarh 31 0,08
1991 [IpenorBpanieHne noxapon 30 0,20
2004 CelicMOyCTONUUBBIH 30 0,13

research hotspot analysis results
obtained by Citespace are quite
consistent with the actual situation of
safety risks of ancient buildings. In
order to further explore the “research
hotspots” in the field of safety risks of
ancient buildings, this paper conducts
qualitative analysis on some of the
author's main hotspots, as shown in
Table 2.

After careful study and analysis
of the typical literature in Table 2, the
following deficiencies were summa-
rized:

— the ancient building safety risk
assessment method has disadvanta-
ges, such as expert scoring method is
too subjective, analytic hierarchy
process in the hierarchy is large cal-
culation is complicated, the extension
of matter-element assessment method
and indistinct comprehensive evalua-
tion method to calculate trival, acci-
dent tree analysis results are greatly
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HUM 3J]aHUSIM, @ 3TO JICHCTBHTEIHHO —
BaKHBIN (haKTOp pHCKa, YIPOXKAIOIIHI O€30-
[IaCHOCTH JIPEBHUX 37aHUH. Takum o0pazom,
pe3yIBTaThl UCCIIEIOBAHS U aHAJIH3A, TIOJTY-
YEHHBIE TIPH UCTIONF30BaHUH MIPOTPAMMHOTO
obecnieueHmst CiteSpace, BIIOJIHE COOTBETCT-
BYIOT pEalbHOM CHTYaIliH C UCCIIeIOBAHIS-
MU B 00JIaCTH PHCKOB, HECYIIUX YTPO3y
0e3011aCHOCTH JIPEBHUX 31aHui. YTOOBI 10-
TIOJTHUTENIBHO M3YUHTh «TOPSYHE TOUYKW» B
JIAHHOM CTaThe MPOBOAUTCS WX KayecTBEH-
HbII aHau3 (Tadi. 2).

[Tocne TmaTensHOro U3y4eHUsl U aHa-
T332 TEMaTUYECKON JIMTepaTyphbl, MpUBE-
JIEHHOH B Ta0JI. 2, ObUIM 00OOILEHBI Clle-
IYIOIUE HEAOCTAaTKU CHUCTEMBl OLCHKH
pHucKa 0e30IacHOCTH JPEBHUX 3TaHUI:

— METOJ] IKCTIEPTHOW OIIEHKH CITUIII-
KOM CYOBEKTHBEH, IMPOIeCcC aHATUTHYC-
CKOW MepapXuu IMpeJCTaBIsieT co0oit J0-
BOJIBHO CJIO)KHOE M MacIITaOHOE BBIYHC-
JICHUE, METOJbl OIECHKU pPaCIIUPCHUS
3JIEMEHTOB MAaTE€pUM U HEUYETKOH KOM-
IJIEKCHON OIICHKH BeChMa 3aypsIHBI, Ha
pe3yJIbTaThl aHAJIN3A JIPeBa aBapuii 0OJIb-
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Table 2. Qualitative analysis of “research hotspots” in the field of safety risk

of ancient buildings

“}Iliesear?’h Representative author Research methods Research contents
otspot
1 2 3 4
Security Xia Qing, Analytic hierarchy The suitability of several
risk Wang Xuefei process, Fuzzy methods in risk assessment
assessment comprehensive evaluation of historical blocks
method, Safety Checklist is analyzed
Analysis, Accident Tree
Analysis
Li Huishan Analytic hierarchy It is verified that the safety
process combining evaluation model of brick
extension set and wood structure ancient
correlation function buildings is scientific
and reasonable
Xu Shuai, Grey system theory, Safety evaluation of ancient
Guo Xiaodong, Fuzzy mathematics, wooden buildings
Ling Chengjian et al| Set pair analysis theory
Zhang Dejun Finite element model The safety of Shen
combined with field Yisheng's residence in
inspection Shanghai is evaluated
Yang Na UAYV and computer The crack monitoring
vision system of wood structure
of Chinese ancient
buildings
is established
Fire Guan Yuxi, Analytic hierarchy The fire risk of ancient
risk Xu Zhisheng process buildings is evaluated
assessment Kang Xuefeng Simple weighted Judging the fire risk degree
calculation method of ancient buildings,
it is considered that the
smaller the evaluation
value is, the greater the
minimum risk value is
Ma Li, AHP, EWM and The set pair theory is
Liu Han Five-element connection | introduced into the fire risk
number assessment of ancient
buildings, and a five-element
connection number fire risk
assessment model based
on set pair analysis is
constructed, which realizes
the effective combination
of static and dynamic
risk assessment
Yin Jie Entropy weight Fujian Tulou fire is calculated,
extension model and |and the fire safety risk level of
Fuzzy comprehensive | Tulou is classified as grade I1I
evaluation method
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End of the table 2

1 2 3 4
Seismic Zhou Qian, Induction and The seismic structure
risk Chen Ping analysis Fragility of ancient wooden buildings
assessment curves is evaluated
Liu Chaofeng Two parameter The structural damage
seismic failure model, probability of ancient
Seismic failure wooden buildings under
probability matrix different earthquake
intensity is calculated
Pan Yi, Fuzzy mathematics, The seismic damage state
Bai Fuyu, Fuzzy mathematics, and vulnerability of ancient
Gao Dafeng, Finite element model, wooden buildings are
Li Ning Energy dissipation, comprehensively evaluated
Seismic intensity
parameters, Probability
method
Wang Xiaodong Numerical simulation | Taking Cangzhou Iron Lion
cultural relics as the object,
the seismic performance
of iron lion under the action
of 8-degree rare earthquake
(PGA = 0.4g) is studied
Xue Jianyang Structural potential The earthquake damage
and energy dissipation of ancient buildings
criterion is evaluated
Zhang Xicheng | The shaking table model | This paper studies the collapse
of wood structure is resistance of large wooden
established structure with Dougong under
horizontal earthquake
Huan Junhong Gaussian Copula Based on Copula function,
a seismic vulnerability
analysis method of ancient
wooden buildings considering
the correlation between
different failure modes
of structures is proposed

Tab6numa 2. KayecTBeHHBII aHATN3 «TOPAYHX TOYEK» B 00J1aCTH MCCIeI0BAHMIA
PHCKOB, HECYNIMX YIPo3y 0€30MaCHOCTH JAPEeBHHUX 3JaHHIi

«l"op;man TOYKa» Pere3€HTaTI/IB-
o o MeTo1bl ucciaea0BaHUsA COI[ep)KaHI/Ie HCCIICI0BaHUA
HCCIICA0BAaHNN HbIM aBTOP
1 2 3 4
Ouenka Csa Hun, IIpouecc ananutuueckoii | IlpoananuszupoBaHa IpuUro-
puckoB must | Ban Croadait | mepapxum, METOJ] HeUeT- | HOCTh HECKOJIBKHUX METOIOB
6e3omacHOCTH

KOM KOMIIICKCHOMU OIICH-
KH, aHAJIN3 KOHTPOJILHOTO
cIucKa 06e30MacHOCTH,

aHaJIu3 JpeBa upe3BblUaii-

HBIX CUTYali

JUTST OLIEHKHU PHCKOB HCTOPHYE-
CKHX OJIOKOB
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[Ipononxenue Tabm 2

1

2

3

4

Onenka
PHCKOB ISt
0e30MacHOCTH

JIn Xysimans

IIpouecc anamuTryueckoi
HepapXuH, 00bEINHSIO-
muii Habop pacuiupeHnit
U KOPPEJISALHOHHYIO
(yHKIUIO

Hayuano o6ocHOBaHa U TTOA-
TBEPIKJICHA MOJIEITh OLICHKH
0e30ITacCHOCTH APEBHUX 3/IaHUIT
C KUPIMYHO-JCPEBIHHBIMU
KOHCTPYKLHUSMU

Croii lllyaii,
T'o CsoayH,
JIun YsHIBSHB
u Jip.

Teopust CephIX CUCTEM,
HEUYeTKasi MAaTeMaTHKa,
TEOpHs aHaJIM3a [ap MHO-
JKECTB

Ornenka 0€30IMacHOCTH
CTaPUHHBIX IEPEBIHHBIX
3JJaHUN

Wxan
JIp1310HB

Koneuno-sneMenTHas MO-
JIeNIb B COUCTAHUU C ITOJIC-
BBIM KOHTPOJIEM

IMpoBomutcs oneHka 6e3omac-
Hoctu pesuaenuuu [1s>up
Nusaa B [lanxae

SIn Ha

BecnunoTHBIN eTaTeNnsb-
HBII anmnapat 1 KOMITbIO-
TEpHOE 3pCHUE

YcraHoBeHa CHCTEMa MOHHTO-
pHYHTa TPELUH B IEPEBSIHHBIX
KOHCTPYKIUSIX JIPEBHUX
KUTANCKHUX 3JaHUN

O1eHka
MOYKapHOTO
pucka

I'yans HOiicw,
Croii Wxunmu

IIponecc ananurnueckon
Hepapxuu

OrneHuBaeTCs Imoxapoorac-
HOCTb CTapUHHBIX 30aHUNA

Sur Croadan

IIpocToii MeTox B3BeIlIECH-
HOT'O pacueTa

[Ipu ouienke creneHu moxap-
HOI OIIaCHOCTH JPEBHUX
3JJAHUH CUMTAETCS, YTO YEM
MCHBIIIE OICHOYHOE 3HAUCHUE,
TeM 0O0JIbIIIE MUHUMAJILHOE
3HAUEHUE PUCKA

Ma Jlu,
JIro XaHp

[Iponecc ananurnyeckon
uepapxuu, paHHee Mpery-
MIPEXIeHHE U MOHUTO-
PHHT, HOMEpP COESAMHEHHUS
W3 MATU 3JIEMEHTOB

[Ipu oneHKe MoXKapHOTro pucKa
CTapUHHBIX 3/1aHUH ObLIa HC-
T0JIb30BaHA TEOPHSI MHOXKECTBA
ap, a TaKke MOCTPOEHA MO-
JIeJIb OLIEHKH MOYKApHOT'O pUCKa
C ISITURIIEMEHTHBIM HOMEPOM
COCJMHCHUS, OCHOBAaHHAS Ha
aHaJIM3e MHOKECTBA Map, KOTO-
pas peanusyet 3G heKTUBHOE
COYEeTaHUE CTATUYECKON U TUHA-

MHYECKOM OLIEHKHU pUCKa

Wb 13e

Monensb paciiupeHus
SHTPOIMIHOTO Beca
U METOJ HEYEeTKOU
KOMIIJIEKCHOW OLIGHKH

ITpoBeneHa oleHKa moxapa
B Oyn3saub-Tynoy, ypoBHIO
pHCKa IOKapHOH 6€3011aCHOCTH
B Tynoy npucsoen III knacc

Onenka
CEHCMHYECKOTO
pucka

Wxoy Lsub,
Usus [Inn

Wunyknus v aHaus3, Kpu-
BBIE XPYITKOCTH

[IpoBenena onenka celicMu-
YECKON CTPYKTYPHI IPEBHUX
JICPCBSHHBIX 3/IaHUI

JIto UxkaoBrHB

Mojenb cecMUYeCKOro
paspyuieHusl, COCTOSIIAs
13 ABYX MapaMeTpoB;
MaTpHulia BEPOSTHOCTU
CEHUCMHUUECKOTO

IIpousBeseH pacueT BEPOATHO-
CTH TIOBPEKAECHHUS KOHCTPYK-
LU APEBHUX JEPEBAHHBIX
31aHMI IIpU pa3InYHON UHTEH-
CUBHOCTHU 3€MIJIETPSICEHUI

paspyuieHus
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OkoHuaunue TabIL 2

1 2 3 4

Onenka Ilan U, Heuerkas matemaTuka, [IpoBenena BcecTOpOHHSA
cericmuueckoro| bait Dyro, KOHEUYHO-3JIEMEHTHAsl |OLIEHKA CECMUYECKHX TTOBPEXK-
pucka T"ao TadaH, MOJI€JIb, PACCEMBAHUE | ICHUM U YSI3BUMOCTH JIPEBHUX

JIu Hunr SHEPIUH, MapaMeTpbl JIEPEBSHHBIX 3TaHUI
CelCMUYECKOM MHTEHCHUB-
HOCTH, BEPOSITHOCTHBII
METOJT
Ban Csaonyn Uucnennoe B xadecTBe 00BbEeKTa B3sTA
MOJIEIUPOBaHUE KYyJIbTypHasl pETUKBUS

Hanwxoy XKenesHslit 1es,
Ha MpUMepe KOTOpOor ObLTH
H3y4eHbl CEHCMUYECKHE
XapaKTePUCTUKU 1011 BO3EHCT-
BUEM 3€MJIETPSICEHUS
B 8 6amwtoB (PGA = 0,4g)

Croii L3sHbsIH

CTpyKTypHBIN TOTEHINAI
U KPUTEPUH paccerBaHUs
SHEpruu

[IpoBenena onenka ymepoa,
HAHECEHHOTO JJPEBHUM
3JaHUSAM I10]] BO3AEHCTBHEM
3eMIICTPSICEHHS

WUrkan CuusH

YcraHoBiIEHa MOJIENb
BHOPOCTOTA C JIEPEBSH-
HOU CTPYKTypoOH

B nanHo# pabore uzydaercs
YCTOMYMBOCTH OONBIION
JEPEBSIHHON KOHCTPYKLUU

C IyTYHOM K Pa3pyLIECHUIO,
BbI3BAHHOMY FOPH30HTAIbHBIM
3EMJIETPSCEHUEM

Xyan
WxyHXYyH

I'ayccoBa cBsizka

Ha ocHOBe (hyHKITHH CBS3KH
OBLI IPEATIOKEH METO] aHATH3a
CEHCMHUYECKOH YSI3BIMOCTH
JIPEBHUX JCPEBSHHBIX 3JJaHUMH,
YUHUTBIBAIOIIMH KOPPEIISIIHIO
MEX/y Pa3IMYHbIMU PEXUMAa-
MH Pa3pyIICHUs] KOHCTPYKIHI

influenced by calculating process,
finite element analysis precision floa-
ting is bigger, etc;

— the existing ancient building
safety risk assessment lack of rele-
vant standards and norms as a sup-
port;

— most of the existing studies on
the safety risk of ancient buildings are
based on a single disaster under the
background of earthquake or fire, and
lack of studies on the coupling of
multiple disasters, which cannot meet
the research needs of complex disas-
ter chain;
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1IO€ BJIMSIHME OKAa3bIBAET CaM MPOLECC
BBIYHCJICHHI, TOYHOCTH aHAJIN3a METOA0M
KOHEYHOI0 dJIEMEHTA KOJIeOJIETCs B OUEHb
LIMPOKOM JUaIa3oHe U T.J.;

— OTCYTCTBYIOT COOTBETCTBYIOILIHUE
CTaHJIapThl U HOPMATUBbI, KOTOPbIE MOTJIN
OBbI CIIY)KUTh B KaUECTBE OTOPHI;

— OOJIBIIIMHCTBO CYIIECTBYIOIIUX HC-
CJICJIOBaHUM, TIOCBSAIICHHBIX PUCKY 0€30-
MACHOCTH JIPEBHUX 37aHuid, OepyT 3a oc-
HOBY €IUHHYHYIO KaTacTpody — 3emire-
TPSACEHUE WIIN MTOXKapP — U MPU OTCYTCTBUU
JIAHHBIX O B3aMMOCBSI31U HECKOJIBKUX KaTa-
CTpOd HE MOTYT MPOBECTH JJOJHKHOTO aHa-
JIN3a CIIOKHOM IEMOYKU OeICTBUML;
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— the existing safety risks of
ancient buildings are all evaluated at
a certain point, lacking dynamic
monitoring and whole-life cycle
safety risk assessment.

Development trend and rese-
arch frontier. Fig. 3 is the clustering
time diagram of literature keywords
in the field of safety risk of ancient
buildings. The clustering result is
composed of 11 modules (no. 0-10),
each cluster is composed of several
closely related phrases, and the clus-
ter with the smallest number contains
the most keywords. According to the
cluster name and the time of their rise,
the research development trend in the
field of safety risk of ancient buil-
dings can be roughly divided into four
stages:

1) 1991-2020 (no. O fire safety,
no. 3 historical buildings) — mainly
studied the fire safety of historical
buildings;

2)2004-2020 (no. 1 fire, no. 2, 8,
10 earthquake resistance, no. 4 Chi-
nese ancient timber structure buil-
dings, no. 5 ancient timber structure
buildings, no. 7 ancient timber struc-

— BCE M3BECTHBIE PHCKH 0e30MacHo-
CTHU OJPEBHUX 3)IaHI/II\/’I OLICHNBAKOTCA TOJIb-
KO Ha ONpEJeNeHHOM JTame, 0e3 ydera
AAHAMHUYCCKOI'0O MOHUTOPHUHIA U OLUCHKU
PHCKOB 0€30ITacHOCTH Ha MPOTSHKECHUHU
BCEr0 JKU3HEHHOTO ITHKJIA.

TenneHuuu pa3BuTUs U PyOe:KH Hc-
caenosanmii. Ha puc. 3 mpencrasnena
BpPEMEHHAs JuarpaMmMa KIacTepU3aluu
KJIFOUEBBIX CJIOB B JIMTEPATYPE, IIOCBSLICH-
HOW 00JIacTsM pHCKa JUIsi 0€30MaCHOCTH
JpeBHUX 31aHui. Pesynbrar kiacrepusa-
nun BKrodaer 11 momymneit (Ne 0-10),
Ka)KIIbH‘/'I KJIIACTEp COCTOUT M3 HCCKOJIBKHX
TECHO CBSI3aHHBIX ()pa3, a KIacTep ¢ Hau-
MEHBIINM YHCIIOM COACPKHUT HanOoJIbLIee
KOJIMYECTBO KIIIOYEBBIX CIIOB. B cooTBert-
CTBMU C HAa3BaHMEM KJlacTepa M BpEeMEHEM
€ro BO3HUKHOBCHHA B HAIIpaBJICHUU pas-
BUTHUSI HCCIICIOBAaHUI B OOJIACTH pHUCKA
0€301acHOCTH JPEBHUX 3/aHUH MOKHO
YCJIOBHO BBIICIIUTD YETHIPE IIEPUOMA:

1) 1991-2020 rr. (moxkapHas 0e3o-
nacHocts Ne 0, mcropuyeckue 37aHUS
Ne 3) — BHUMaHUe ynemnseTcs TOXapHOU
0€3011acCHOCTH MCTOPUYECKUX 3TaHUN;

2)2004-2020 rr. (Ne 1 mo>kapocToii-
KocTh, Ne 2, 8, 10 ceticmocToikocTh, Ne 4
KUTaliCKUe JPeBHHE JCPEBSHHBIC 31aHMS,

#0 Fire safety

#3 Historic building

#4 Chinese ancient wooden architecture

1972 1995 1998 2001 2004 2007 2010 2013 2016 2019 2020
Fire prevention countermeasures
Fireproof Fire hazard Fire prevention of ancient buildings
ancient buildings Fire safety Fire risk assessment
Fire safety Fire control Salety countermeasures
Seismic }‘\‘i'lk‘I'I]LIHCU
Taiwan'9.12 earthquake
Fireproof Performance based fire protection Safety assessment

material

Chinese ancient wooden architecture Mechanical behavior#5 Wooden structure ancient architecture

Mechanical ability
Risk assessment

Fault tree

#6 BIM

Fire risk

Digital protection #7 Wooden structure of ancient buildings

Earthquake damage assessment

BIM
#8 Anti-seismic

Reinforce Dynamic characteristics

#9 Earthquake intensity

Anti-seismic Vibration control Hall of Supreme

Hamony #1( Earthquake resistance

Wooden ancient architecture

Fig. 3. Cluster time diagram of ancient building safety risk research literature

Puc. 3. KitacrepHast BpeMeHHas JuarpaMMa JIMTEpaTypsbl 110 UCCIIETOBAHHUAM
PHUCKOB 0€30MaCHOCTH JPEBHUX 31aHHUN
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ture buildings) — mainly study the fire
risk and seismic performance of anci-
ent timber structure components and
ontology;

3) 2011-2018 (no. 9 seismic in-
tensity) — mainly studies the seismic
intensity, response dynamic characte-
ristics and stability of ancient buil-
dings;

4) from 2017 to 2020 (no. 6
BIM) — mainly studies the safety eva-
luation of fire and earthquake risks of
ancient buildings by using BIM and
3D laser scanner.

At the same time, some studies
on risk evaluation algorithms and mo-
del building methods have appeared,
which belong to the relatively cut-
ting-edge research direction. The fi-
gure can also prove the trend of the
number of published research in the
field of safety risk of ancient buil-
dings described above, that is, the
number of published papers in this fi-
eld increased significantly after 2004
and showed a steady upward trend
overall.

Future Research Direction.
The 323 papers in CNKI database are
classified and summarized, the repre-
sentative items in Table 2 are studied
and analyzed, and the research defici-
encies are summarized. According
to the analysis results, it is suggested
to tap the research potential in the
field of safety risk of ancient buil-
dings from the aspects of standard
formulation, technical method inno-
vation, risk coupling and damage
monitoring, as follows:

1. National standards, industry
standards and local standards need to
be further supplemented and impro-
ved. At present, China has issued
some industrial standards for cultural
relics protection, such as "Guidelines
for Structural Safety Assessment of
Modern and Modern Historical Buil-
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No 5, 7 npeBHHE NEpeBSHHBIC 3aHUS) —
M3YYArOTCS TI0KAPOOTIACHOCTh, CeHcMUIe-
CKHE XapaKTePUCTUKU KOMIIOHEHTOB U OH-
TOJIOTHH JPEBHUX JICPEBSHHBIX 3/IaHUIA;

3) 2011-2018 rr. (ceficmuueckas UH-
TeHCUBHOCTh Ne 9) — mpopabaTsiBaroTCs
ceficMUYecKass HHTEHCUBHOCTh, TUHAMU-
YECKHE XAPAKTCPUCTUKH OTKJIMKA W yC-
TONYMBOCTh APEBHUX 3JIAHUM;

4) ¢ 2017 mo 2020 r. (Ne 6 BIM) —
paccMaTpUBAIHCH OIICHKH PHUCKOB IOXa-
POB | 3eMIIETPACEHUH /s APEBHUX 3]1a-
Huli ¢ ucnonp3oBanrem BIM u 3D mazep-
HOTO CKaHepa.

B T0 € Bpemsi TOSBUITMCH HEKOTOPEIE
WCCIIEAOBAHMS T10 alTOPUTMaM OIEHKH
PHUCKOB M METOJaM ITOCTPOCHUST MOJICIIEH,
KOTOpPBIEC OTHOCSITCSI K OTHOCUTEIIBHO Tepe-
JIOBOMY Hay4YHOMY HanpasieHuro. [{udpsr
TaKKe€ MOTYT TOATBEPANTH TEHICHINIO K
POCTY KOJIMUECTBA OIyOJIMKOBAHHBIX Ma-
TepHUaJIoB B 00JaCTH pHCKa JUIsi 0e30MacHO-
CTH JIPEBHUX 3/IaHUI, OMHMCAHHYIO BHIIIE,
T.€. KOJIMIECTBO OITyOJIMKOBAHHEBIX paboT B
ATOU OOJIACTH 3HAYUTEIHHO YBEIUYIIOCH
nocie 2004 r. ¥ B 1Ie7I0OM NMPOJAEMOHCTPU-
POBaJo0 YCTOHYMBYFO TEH/ICHIIHIO K POCTY.

Hanpagienue 0yaymux uccjieioBa-
Huii. 323 crateu B 0a3e maHHbIX Harmo-
HaJIbHOM MH(pacTpyKTyphl 3HaHUH Kuras
KiaccuuupoBanbl 1 000OILEHBI, H3yYe-
HBI ¥ TIPOAHATTN3UPOBAHBI PEIPE3CHTATHB-
HBIC DJIEMEHTHI B TA0J. 2, a TAKXKE BBISBIIC-
HBI HETOCTaTKH nccienoBanns. CoraacHo
pe3yabTaTaM aHain3a, MpeyiaraeTcs Hc-
IOJIb30BATh UCCIIEIOBATEbCKUI TOTSHIIU-
a1 B 00JIacTH pHCKa 0E30MacCHOCTH JPEB-
HUX 3JIaHUI C TOYKH 3PCHUSI Pa3pabOTKH
CTaHJAPTOB, MHHOBAIUN TEXHUYCCKUX
METOIOB, YBSI3KH PHCKOB M MOHHTOPHHTA
ymiepOa CIeayoImM 00pa3oM.

1. HarponanbHble, 0TpacieBble U MECT-
HBIE CTaH/IAPTHI HYXKIAIOTCS B JAIbHEHIIIEM
JIOTIOJTHEHUH M coBepliueHcTBoBaHuu. B Ku-
Tae CO3JaHbl HEKOTOPBIC MPOMBIILICHHBIC
CTaHIAPTHI TI0 OXPAHE KYJIBTYPHBIX PEJUK-
BUHM, Takue Kak «PyKOBOJICTBO IO OIICHKE
CTPOUTEIHHONU 0€30MaCHOCTH COBPEMEH-
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dings" (WW/ T0048-2014), "Norms
for Construction Supervision of An-
cient Building Protection Projects"
(WW/ T0034-2012), but the stan-
dards for safety risk assessment of
ancient buildings are still lacking,
which is worth further exploration
and research.

2. Innovation of technology and
methods. At present, the methods
of ancient building safety risk as-
sessment have some limitations.
Artificial intelligence, machine lear-
ning and other methods can be used
as trial to introduce into the related
research of safety risk assessment
of ancient buildings. At the same
time, the finite element analysis
(FEA) theory is used to evaluate the
risk source quality and fire protection
capability of ancient buildings, using
FDS + EVAC system to simulate fire
environment and evaluate fire evacu-
ation safety. Digital model techno-
logy and virtual reality simulation
technology (CA, UML, CFD) is used
for comprehensive risk assessment
and safety system establishment and
evaluation.

3. Explore risk coupling studies.
Currently, the research on the safety
risk of ancient buildings mainly fo-
cuses on the effect of a single cala-
mity, and most of them are based on
fire, earthquake, and other catac-
lysms. As the disaster-causing factors
and disaster-inducing environment
of the ancient building body structu-
re and safety risk are complex, it is
advisable to try to conduct explora-
tory research on the safety risk of the
ancient building group or under the
coupling effect of multiple disasters
and disasters.

4. Damage monitoring. Explore
the use of information positioning
(GIS), remote sensing system (RS),
point cloud modeling and other tech-

HBIX M COBPEMEHHBIX HCTOPHUYECKUX 3]1a-
Huit» (WW/T0048-2014), «Hopwmsr 1o
HaJ30py 3a CTPOUTEILCTBOM B paMKax
IIpoekToB Mo 3amIuTe APEBHUX 3JaHUI»
(WW/T0034-2012), HO cTaHapThl MO
OLICHKE PUCKOB Uil O€30MacHOCTH JIPEB-
HUX 3]1aHUI Bce ellle OTCYTCTBYIOT, UTO
TpeOyeT JalbHEUIIero U3yUeHHs.

2. lnHOBanmu B 00J1aCTH TEXHOJIOTUH
1 METO0B. MEeTObl OLIEHKH PUCKOB JUIS
0e301acHOCTH IPEBHUX 3AaHUI IMEIOT He-
KOTOpbIE OrpaHuyeHus. VICKycCTBEHHBIH
WHTEIUIEKT, MAIIUHHOE O0YUCHHUE U IPYTHE
METOJIbl MOTYT OBITh MCIIOJIB30BaHBI B Ka-
YecTBe MPOOHBIX JJISi BHEAPEHUS B COOT-
BETCTBYIOIINE HCCIEAOBAHUS IO OICHKE
PHUCKOB 1Sl 0€30MaCHOCTH JIPEBHHX 3/a-
Huil. B To %e Bpemsi IPaKkTUKYETCs TEOPUSL
aHaJIN3a KOHEYHBIX AJIEMEHTOB JIJIsl OLEHKU
Ka4yecTBa UCTOYHUKA PHUCKA U MTPOTHBOIIO-
JKapPHOM 3allUThI APEBHUX 3/1aHUH IIPHU OJ-
HOBPEMEHHOM IIpUMEHEeHNH cucteMbl FDS
+ EVAC mia MoJieaupoBaHus MOKapHOM
00CTaHOBKH M OLIEHKH 0€30IMacHOCTH IBa-
Kyauu rnpu noxxkape. K rexnonorusim nud-
POBBIX MOZEJIEH U MOJICTUPOBAHUS BUPTY-
aJbHOW pPeajbHOCTH O0pamarnTcs s
KOMIIJIEKCHOM OIIEHKH PUCKOB, CO3JIaHHS
1 OIICHKH CHCTEMbI OE30MaCHOCTH.

3. N3yueHue uccienoBaHuil O B3au-
MOCBSI3U PUCKOB. B HacTosiee Bpemst uc-
CJIeJIOBaHUsl pUCKa Il 0€301aCHOCTH
JPEBHUX 3JAHUNA B OCHOBHOM COCPEJLOTO-
YeHbl Ha MOCICACTBUSX CAMHUYHOTO Oea-
CTBHSA, B OOJIBIIMHCTBE CIIy4aeB — MoXKape,
3emiieTpsceHnd u ap. [lockonbky pakTopsl
U Cpejia, BBI3bIBAIOLINE CTUXUHHBIE Oe/CT-
BUsI, KOTOpPbIC BIUSIOT HAa KOHCTPYKLHUIO
JPEBHUX 3[JaHHM, SBJISIOTCS KOMIUICKCHBI-
MH, 11€7IeCO00PA3HO MOTBITATHCS IPOBECTH
[IpeBapUTEILHOE HCCIIEI0BAaHNUE pHUCKa
JUTsi OE30TIaCHOCTHU TPYIIIBI IPEBHUX 3/1a-
HUNA TIPU COBOKYITHOM BO3JICHCTBUH Ppsilia
KaTacTpo(d ¥ KaTakJIM3MOB.

4. MonurtopuHr nospexaeHuit. Creny-
eT M3y4YHTh MCIOJIb30BaHIE HH(POPMAIHOH-
Horo nosuirorupoBanust (I'MIC), cuctembl
JMCTAaHIIMOHHOTO 30HIMPOBAHUs, MOJEIH-
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nologies for dynamic data collection,
risk monitoring and model building
of ancient buildings, the vulnerability
and vulnerability of ancient buildings
in the whole life cycle monitoring,
establish a security early warning
mechanism.

Conclusions and Prospects.
This paper uses Citespace software
to make visual analysis of 323
papers on the safety risks of ancient
buildings in CNKI database. It is
found that: First, there are perio-
dical ups and downs in the number
of literatures on the safety risks of
ancient buildings, but the overall
trend is rising, indicating a good
research prospect in this field; Se-
cond, the research hotspots in the
field of ancient building safety risk
mainly focus on fire, earthquake, fire
safety, protection and other aspects,
and the breadth of the research
content needs to be further impro-
ved. Third, the development trend
of the safety risk field of ancient
buildings can be roughly divided
into four stages. The main research
objects are fire safety, fire hazard
and seismic performance of com-
ponents, seismic intensity and res-
ponse dynamic characteristics, and
advanced technology safety risk as-
sessment. In conclusion, the author
proposes that in the future research,
we can try to explore and innovate
in standard formulation, technical
method innovation, risk coupling,
damage monitoring and other as-
pects.
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poBaHus 00JIaKka TOUEK M APYTHX TEXHOJIO-
T JUTST AMHAMAYECKOTO cOOpa JaHHBIX, MO-
HUTOPUHTA PUCKOB U TOCTPOCHHST MOJIeTIeH
JIPEBHUX 3/IaHUH, OLICHKHU YS3BUMOCTH JIPEB-
HUX 3JIaHUI TIPH MOHMTOPUHIE BCEIrO YKH3-
HEHHOTO IMKJIA, a TAKKe CO3aTh MEXaHU3M
PaHHETO MPEayNpPEeKICHHSI 00 OMACHOCTH.

BoiBoabl 1 nepcnekTuBbI. Vcnoib-
3yercs nporpammuoe obecneuenue Cite-
Space ms mpoBeieHNUs BU3YalbHOTO aHa-
nm3a 323 craTteit 0 puckax 0e30MmacHOCTH
JIPeBHUX 37aHul B Oa3e jaHHbIXx Harwo-
HaJbHOU HHPPACTPYKTYphI 3HaHHH KuTas
(CNKI). HecmoTpst Ha mepuogndecKue
POCT ¥ CHM)KEHUE KOJMYECTBA JIUTEPaTy-
PBI, TTOCBSIIIEHHOW pHCKaM sl Oe3orrac-
HOCTH JIPEBHUX 3/IaHUH, HAOII01aeTCst 00-
asi TeHJCHIIUS K POCTY, YTO YKa3bIBacT
Ha XOPOIIHE ePCIeKTUBBI HCCIETOBAHHH
B 9TOi obGiactu. MccrnemoBarenbckue
LEHTPBI, 3aHUMAIOLIHECS U3yUYECHHEM pHC-
KOB JuIs 0€301acHOCTH JPEBHUX 3/IaHUH,
YICNSAIOT BHUMAaHHE TaKHUM Ype3BblUaii-
HBIM CUTYaIUsIM, KaK TIOXKaphl, 3eMJICTPSI-
CEeHWsI, U KOHIIEHTPUPYIOTCS Ha pa3paboT-
Ke Mep T10 TPOTHUBOIIOKApHOW 0e30macHo-
CTH, 3al[UTE U JAPYTUX MOJOOHBIX
acnektax. [loaTromy mpexpcraBuseTcs He-
00XOJIUMBIM PACIIUPUTH COJIEPIKAHIE
JIAaHHBIX KcclieqoBanuil. TenaeHuuro pas-
BHUTHUS Pa3padOTOK MO M3YYEHUIO PUCKOB
JUTsE O€30TIaCHOCTH IPEBHUX 37aHUIA MOXK-
HO YCJIOBHO pa3Je/IUTh Ha YEThIpEe JTara.
OCHOBHBIMH OOBEKTaMH HCCIIEIOBAHHM
SBIISIOTCS TIOYKapHas 0e30MacHOCTh, PUCK
BO3HHKHOBEHHS [IOKapOB, CEHiCMUYeCKHe
XapaKTePUCTUKH KOMIIOHEHTOB, CEWCMU-
YeCcKass WHTEHCHUBHOCTh, JMHAMUYCCKHE
XapaKTEPUCTUKUA PEarupOBaHMUsI, & TAKXKE
pa3BUTHE TMEPEIOBBIX TEXHOJOTHH IO
OIIEHKE PHCKOB Ui Oe3omacHocTH. B 3a-
KIIIOYEHUE aBTOp IpeJyIaraeT B OYyIyIIuX
WCCIEOBAHUSX TPEINPUHATH TOMBITKY
HW3y4YCHUsI BO3MOXXHOCTH BHEIPCHHUS B
CTaHJAPTHYIO NpOLEIypy WHHOBAI[MOH-
HBIX TEXHUYECKHX METOHOB, MOHSITHUA
0 B3aMMOCBSI3M PHCKOB, MOHHUTOPHHTA
yiep0a u T.JI.
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OCHOBHBIE ITPABWIA O®OPMJIEHHS, IPEJCTABJIEHUS
U PEJAKIIMOHHOM OBPABOTKH PYKOIIMCEN CTATEN

1. CtaThst IPEACTABIACTCS B PEIAKIIAIO HA PYCCKOM A3bIKE 8 DJIeKMPOHHOM suoe. 3apyOerKHbIe
aBTOPBI MOTYT NMPUCBUIATh CTATBH HA AHEAULCKOM si3blKe. BO3MOXKHA MyOJMKAIHs CTAThU OJHO-
BPEMEHHO B IBYyX BapHaHTaX — HAa PyCCKOM U aHIJIMICKOM si3bIKax. B aTOM citydae oopmitsitoTes aBa
TEKCTa CTaThbH — HA PYCCKOM $3bIKC M TOYHBIA MEPEBOJ Ha aHIIIUICKUi. BMecTe ¢ pyKOMHUCHIO
[IPE/ICTABIISIIOTCS:

— conpogooumenbHoe NUCbMo PYKOBOJICTBA OPTaHU3ALUH, OTKY/1a UCXOIUT PYKOIUCH;

— 9KCnepmuoe 3aKaodeHue 0 BO3MOKHOCTH OIyOJIMKOBaHHS, O(OPMIICHHOE B OpraHU3aIlNy,
OTKy/1a MCXOJUT PYKOITUCh.

Ecnu craths Oblta mitk Oy/IeT HanpaBiieHa B Ipyroe U3JaHue, Witk ke Obuia paHee oIy 0InKoBa-
Ha, HEOOXOAMMO 00s3aTEIBHO COOOMUTH 00 3TOM PENAKIHH.

2. Pykomuce JOIDKHA TOTOBHTBCS HAa KOMITbIOTepe B pepakTope Microsoft Word st Windows
(Bepcun ot XP 1o Word 97/10). Texct mHabuparot mpudrom Times New Roman Cyr pazmepom 14 it
C MEXCTpOuUHbIM HHTepBajioM 1,5. O0s3aTenbHa HyMepallusl CTpaHUI] BHU3Y mocpeanHe. O0beM
pykoricu — 10 12 cTpaHuI, BKIFOYast HILTIOCTPALINH, TAOIHIIBI, CITUCOK HCTOYHHKOB 1 HH()OPMAIHIO
00 aBTOpax.

3. CocraB pyKonHcHU CTaThU, IpaBuia U obpasen odhopmiieHus cM. Ha Internet-caiite >xypHaiza
http://izvuzstr.sibstrin.ru/sample_of article/
@) pYCCKOAZBINHAA YaCmb:

— unpekc YJIK — B 1eBOM BepXHEM YIily, POIMHUCHBIMU OyKBamu;

— M1, OTYECTBO U (paMHIIMH aBTOPOB, HANMEHOBAHIE YIPEXKICHHUSI, B KOTOPOM OHH PaboTaroT;

— Ha3BaHUE CTaTbH;

— aHHoTanus oovemom 70 0,3 ctp. TekcTa (He MeHee 80 CiloB);

— KJIFOYEBEIE CJI0Ba (HEe MeHee 5);

— TEKCT CTaThU,

— CIHCOK MCTOYHHMKOB (He MeHee 10 cChUIOK);

— uHpopManus 00 aBTOpax: MOCICAOBATEIBHO JUIsl KAXKIOTO — MHULMAIBL, (haMUIns, ydeHas
CTEIEHb, 3BaHUs (3BaHUSI B HETOCYAPCTBEHHBIX aKaJeMHAX HAYK M IOYETHBIC 3BaHHS HE yKa3bl-
BaTh), e-mail aBTopa, cTpana (ecim He Poccuiickas ®eneparys);

0) anenoA3vbIYHAA YACb:
— CIIUCOK MCTOYHHKOB 0(opMisATh 1o cucteme BGN:

® I 3apy6e)KHl>IX HUCTOYHHUKOB Ha JIATUHHULE — C COXPAHCHUEM OPUTHMHAJIBHOI'O OIIMCAHUA;

® ISl CCBUIOK Ha PYCCKOSI3bIYHBIE MCTOYHUKH — TPAHCIUTEPUPOBAHHBIE C PYCCKUX OYyKB Ha
JaTHHCKHE CUMBOJEI (110 cucteMe BGN) daMumiy 1 MHHUIMANEI BCEX aBTOPOB, Ha3BAaHHUE CTATHH
B TIEPEBOJIC HAa AHTIMHCKHH SA3BIK; OCTAaIbHbIE 3JIEMEHTHI OMOMHOrpaduueckoro ONmMcaHus Ha
AHTJIMHACKOM SI3BIKE, C MCKIIFOUCHHEM pasnenuteneii /, — , // u 3amenoi Ne, ¢. u C. COOTBETCTBEHHO
Ha No., p. u P., B korne (In Russ.).

— nHdopmanys 00 aBTOpax — MOCIEI0BATENBHO [UIS KaXKI0T0:

o (haMuIIust, UM IOJTHOCTHIO, TPAHCIUTEPUPOBAHHBIC B IATHHCKUE CUMBOJIBI 110 cucteme BGN;

e yyeHas creneHb (DSc — nokrop Hayk, PhD — kanannat nayk, MSc — Maructp, 6e3 ykazaHus
Hay4YHOTO HalpaBJIeHHs), yaeHsle 3Banus (Professor, Ass. Professor, Academician of..., Corr. Mem.
of... — mpocdeccop, IOLUEHT, aKaJeMHK ..., YWICH-KOPPECHOHICHT ...), Ipyroe — Senior Lecturer
(ct. nmpentonaBatens), Engineer (nmkenep), Post-graduate Student (acnmpant), Student (ctyneHt);

e o(hunMaIbHOE AHIIION3BIYHOE HA3BAHKME OPraHM3au (YUpeKaeHHs), roposa (eciy He yIo-
MHHAETCSI B Ha3BaHUM OPraHW3aIMH), CTPAHBI;

4. Ctatps H0JDKHA OBITH THIATEIFHO OTPEIAKTHPOBAHA M ITOAMICaHa BCEMHU aBTOPaMH (C yKa3a-
HHEM JaTbl OTIIPABKH CTaTbH).

5. PeneH3eHTOB a1l cTaTeil pelakiusl Ha3HAyaeT MO CBOEMY YCMOTPEHHIO, 10pabOTaHHYIO
TIOCJIe PEIEH3UH CTAaThIO CJIEIYT IPHUCHUIATH B AJIEKTPOHHOM BHIE.

6. KoppekTypa cTaTby MOXET MPEIOCTaBISATHECS IO 3alpocy aBTOPA.
7. T'onopap 3a ormyOIMKOBaHUE CTAaTbU HE BBIIIAYHBACTCSL.

8. XKypnan ny6nuxkyer mHGOPMALHI0O O HAyYHO-TEXHHYECKHX pa3paboTkax B 00JacTH
CTPOUTENBCTBA 00BEMOM 1 C., BKITtoUas 1—2 mimrocTpanuy. Y Ka3pIBalOTCs pa3padOTUUKU M KOHTAKT-
Hast HHpOpManus. DIEKTPOHHAs Bepcusi 00s13aTelbHa.

9. PyKkoImmcH, He IPUHATBIC K ONMYyOJIMKOBAHHIO, aBTOPAM HE BBICBUIAIOTCS.
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