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Research on Adaptive Conservation Techniques for the Nanjing City Wall Under
Dual Requirements of Historical Appearance Preservation and Structural

Reinforcement: a Case Study of the Section from Jiefang Gate to Xuanwu Gate

SUN Fan CHUN Qing YUAN Yu SHI Jiashun
(School of Architecture , Southeast University, Nanjing 210096, China)

Abstract: The Nanjing City Wall represents the pinnacle of ancient Chinese city wall construction and
holds significant cultural heritage value. However, due to the deterioration of its structural integrity and
external environmental factors, it faces substantial safety concerns requiring urgent restoration and rein-
forcement. First, this study examined the structural configuration and damage conditions of the section
from Jiefang Gate to Xuanwu Gate based on field surveys and literature review. Second, finite element
analysis using ANSYS software was conducted on the wall structure. The analysis focused on evaluating
the mechanical properties and safety under various combined conditions, including the effects of air-raid
shelters and moisture absorption/expansion of internal brick-rubble-soil fill, to identify potential haz-
ards. Finally, adaptive restoration and conservation measures were proposed, balancing both the preser-
vation of historical appearance and the reinforcement of structural safety. This study implemented tar-
geted reinforcement measures for different types and grades of deterioration, including structural strength-
ening of wall bodies, rampart top surfaces, and arches. Under the premise of preserving historical

appearance, the wall structure was reinforced to achieve minimal intervention conservation for cultural
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heritage buildings, providing valuable insights and references for the preservation and restoration of

ancient city walls.

Keywords: Nanjing City Wall; deterioration and damage; structural analysis; structural reinforcement;

historical appearance preservation
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Fig. 1 Plan of the Nanjing City Wall section from Jiefang Gate to

Xuanwu Gate
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Fig. 2 Photo of Xuanwu Gate of the Nanjing City Wall
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Fig. 3 Photo of the Inner Surface of the Nanjing City Wall section from

Jiefang Gate to Xuanwu Gate
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Fig. 4 Photo of the outer surface of the Nanjing City Wall section from
Jiefang Gate to Xuanwu Gate

LT B 0 BB AT T R S0, ik
LB A4 555 B R A0 16 38 R 401 5 HE SR R 4
2.1 3 FEH
e A SR AL A R ik B N 2T Bl Y A
GAERTT 55 5 52 800 M R T — 4 15 3 05— 45
P R B Bk SO AR R AE o 10, A5 M R e e R
FIREM R Z A S Kk S5 HIAE R
LB T YR IE FORE R E KK R, K
DECHE W, 3 B L AE SE A T 1~3 om, ZEAR K B
K 2~12 m, #4282 B L 10 em, 2 3 HI
55 T BRI W, MRS S A YR
JUE A BhE BT AF TR G B R AR RS Bl B ek B
G, B 0 R Y D s USRS R B RE ) 5 (R B
89



P WL, 5 USSR AP 5 45 R T T 0UH2E T ) T 0 00 T 2 A (R 4 3 AR BIE 5 —— DAt Bl 1 2 kT B Ay 4

BB AP AEB K G2 W) Rt BB AR A e
W) AR 2 T il 4 TR N A B — 25 R T 3 A ik
B o A, N R AT AR AN 2 A R R B
PR A A 25 48 b LA 2 AR B S5 4 1) W e 8 50 52
it 7 R T SO B A D il 2 e R
(5958
2.2 EBRAEH

38 B 2 By 18 1A R B T R F £, o 2 B AR B
JK B O B B I, LR U 28R IE T I Bl K R S8 KK
55 SR R W A AR R . B g, TR
W &8 T 2000 R BRAE A e 1] 2= 2 0T B T B
JKJZ R B R R b W PE B K+ 6 I R A i B
BEARZAW . B ET, W B K 2 2 AL I BB
P APER R, SRR ENBOKSBE. SHH
W 1 2 = AR P B I B8 % TR I ) 22 32 IAURR AR ok
5 UG FR B OR T AR AR S Bk . B K RS
R AR5 T 3% e W AR A £ 5 AR T, A A R4 TR
KB B K W B AGE T R R N B R =
o I K 5 D O R R S R RS E
PER RO
2.3 BAERM

ZE AL AL HE R H B 10 m DL P 248, B
He e RO A5 A 0 1 2 R

3 ERWESRREITMG

SR I RVNE R LR R iRy
LR Bt A 9 S5 4 22 4 EUR FHT ANSY'S B X
PRI GS AL R BEAT T AR A A FROT BB T,
SOIHT T A B A R KA A MR AE AR T K
HEVEHE S5 52 1A F 22 2k
3.1 mAihEE

AU S AR LAY, B e A W =A t
SR R ARGS A O 5 A HLER ™ . B W 35
Jik EESFHEAT T PRERE M) R I0RE 12 1% A BE T A )
BETA BEGE =& LR (B 25 1 ft 2 55 R [l ) 37007 X
1 P S 25 T ) Ak o 2 2 o p st o L] S L E% B 5
PRl 22 RS, R R 2 %8 SCikic e 2R . i T
PRI =B 1 OB IR K 77 A 8 AR ik 26 0L T 44 e
(19 JEE A5 IO, L2 7 2 A 7™ £ B4 3 3 AL T TS
I2 33, R FH il 8 IV 0 37 BRAE v 59 B g A S A
R IR AR N 15
3.2 MHEHERM

fil WD AR R = CT ) AR 24
90

x1 RERBSERSE

Table 1 Classification of disease types and severity levels
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Table 2 Material properties of the Nanjing City Wall
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Fig.5 Finite element model and meshing
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Table 3 Finite element simulation scenarios for the wall structure of the Nanjing City Wall section from Jiefang Gate to

Xuanwu Gate
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Fig. 6 Finite element simulation results for brick and stone masonry
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Table 4 Comparison of finite element simulation results
for brick and stone masonry with and without air-raid
shelters
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Fig.7 Time-history curves of seismic wave acceleration
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Table 5 Finite element simulation results of dynamic responses of brick and stone masonry to different seismic waves

R U AF 55 — i JJ /M Pa WEAE S = 1 J1/MPa U AH A5 B A5 T /m
ZilE  WHHE  FEE £ 18 W 7% WHiHE FEiE 2R BBy = T M R
El-Centro i 52 i 1.854 1.961 2.233 2.445 2.579 3.209 0.054 0.055 0.081
Northridge } 7% )% 1.854 1.872 2.016 2.445 2.445 2.717 0.044 0.049 0.063
N T E D 1.854 1.943 2.060 2.445 2.605 2.885 0.046 0.056 0.069
T-I51E 1.854 1.925 2.103 2.445 2.543 2.937 0.048 0.053 0.071
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