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Linhai Ancient Great Wall
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Fig.3 GPR data processing before(a) and after(b) comparison diagram
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Fig.4 Detection results of outer wall structural layer

2.2 KHEE N EBRERN S 55

TR A 5 T AN 2 A B i e B UL
BRI 35 P T8  COE R R B, AR
Lo JIr7n BN Z AT B AR S5 BEAT T 3 AN 7 1) Y
SEAKEIN, PR g 1 N2k 2 LR 3 BRI £ 2
WP 5~7 Fros, MRAE 3 4548 [R) J7 1) P 24 i 4 ) 45
A, 7 LR IR AR A O AT 0T

88 90 92 94 9% 98

5 Ry 270 MHz KERFZ BEINILE 1 7ESMIIES (4K
Sy ) ARG 25 SR Fl PRI AT, 7 KD ] 94 ~ 98
m 1 Pl PN 5 A 7 B I 45 4 23 8 W Rl 2 7 38 R
1% BARRI N SUFHE 5 I R 0d 55 , RIAR A i L,
AH ECAE AT AN 27 i 286 19 50 2 52, A BT i A A7 7
LRGP B, A A AR S 4 2 B 2 B T4
iR S AELE BRI

B B/m

102 104 106 108 110 112

v AN
T s g
—~—
e

g ——

B 5 M1 RpFXENER
Fig.5 Map of GPR detection results for survey line 1

& 6 100 MHz REFIRMIZ 2 VR & L7 A
TP R I 285 2 | B IR S5 AR R 68 o 7 =X
IR S 5 R ik s A e W S SR A R BRI,
&6 A% 0.5 ~2 m TR BETE Bl P A7 7E B 8 1 s 5 A
5, HARYE SCGHE SRR A 5R 55 , vl R A TR IS A

SRR Y 2 A DK, 23 50 R X 1 X 2, X
SR ARME AR, AT /N o0 2 s W S S, LA
LIRS 18 m AbA W A 2 3, FL7R X RIS
EERBU IR IR , R A ALk, HRAT 2 0
RFAIE 5 X382 B DR TR AR o I S A, FE PPl 4K - B

B 6 MLk 2 RiFXENLER
Fig.6 Map of GPR detection results for survey line 2



B E - 84

6 Wit S5 - L B TR A i T T R P B RS I e 4y 1O P

- 1745 -

32~42 m AOAFAE LT [ B AN RRAE B 1k R -
TR PRIE K, S AHE S50, BRIl 24, BRI
S X3 2 A0 7 biic b AE e S 2 i 2 5
PR AT AL A R ) K AR R0, HLHA 2 IR0
SHRFE , 456 PR S BRAG I 0, 1AL Rk T3
7 R 270 MHz K43 BEINZE 3 W AMIER (4 H
I _E A Y T A BRI R AR R I I IR
JS5F 30 1) e 2y /s TR ARl 8 O 1) 2 RS 55, I i

PRUEEL/ N AR IR B R ARAE AT RN I SR (R 454
RPN R L 5 41 MR s oL ) it 335 T LA B 3k
FIG h RREAFAE R o TREZ 1.5 m Ab 55 8 45
SO0F LW A R i e iR B0, S A R I
R AR, BA W R 25 M BAA 4L, 20 A i R P
FRAS A AL 322y TS AR R N A ST L
RIE 0.8 m K77 AE— 2% Je 25 B SRR, 1Ak 135 DX
TP Pl e DX (AR B 2, e e ik

B B/m

32

34

7 M3 HRpFXENER
Fig.7 Map of GPR detection results for survey line 3

3 phe e

P b T8 A R R RORG B 5 R 00K A G,
PRI Ry LA m R B R | (R 4 e
13 2 REBATR AR, BT BB TR | (0 53 et
RO B Rk B JE AR A I R P 2 R
400 MHz F1 100 MHz Fk X 335 F3 5 901 7 25 A K
DU 5% BRI B 1 A0 AR AT T 43 (AR — 2
AT TE T I8 BUR h I ARRAE . A SCR A IR0
K4k (100 MHz F1 270 MHz) Z54, AR BT I i v iy
KIHRARA R B R A BT AH S8, IR 3 4%
AN 5 6 (18 000 5 e 1 98 7 oy - Bt 4 PRy S 45 40 9
BB IEA T T A Th ARSI G 55 R ST I Vi T R
BRI 3 2, ARE TR A EMS H I R TR S AR
fiE, 5 2B RN Tt R0 P LR T2 A
OGS PE— 3BT AN UE T 885 p R 2T
TR E G M R RS R 3 B0 3 WSS s 2
TAFSERR . A SO RN IR R R AR L T2
%A EE TR BEAR NN S5,

£ % Uk ( References) :

(1] W, 25, 2 RO AR TR IR R AR AE LG il B AR e
PRI B S [ ] TR Bk 32 4, 2010, 7 (1) 1 93~
96.
Wang Y Q,Wu Y,Zha E L.The application of GPR to the detec-

tion of defects of the Shanhaiguan wall[ J].Chinese Journal of En-
gineering Geophysics,2010,7(1) :93-96.

[2] 8%, BOUR, XMERE, % S0 TR TR e R 28 st AE 3R Hh iy
SRR L) ] HERAE B A2A,2016,18(2) :272-281.
Zong X,Wang X Y,Liu C S, et al. Experiments and applications of
ground penetrating radar in the investigation of subsurface archaeo-
logical interest [ J ]. Journal of Geo-Information Science, 2016, 18
(2) :272-281.

[3] IR, T, SRR PR A BOARAE R I (A5 I o i 17
FILI]. TRRE%E,2006,34(6) :63-66.
Liu G H,Dong M G,Zhang J N.Application of ground penetrating
rader to wall-body inspecting of the great wall [ J]. Journal of
Geotechnical Investigation & Surveying,2006,34(6) :63-66.

[4] XA R RAEK TR ST A I s iz [ ] R
JKFIRH ,2018,46(11) : 130-131.
Liu Y.Ground penetrating radar application in defect detection of
hydraulic structure foundation[ J].Heilongjiang Hydraulic Science
and Technology,2018,46(11) :130-131.

[5] ZERA: AE2R IR, A5 BT R R 0k 13 AT o 90 B 5 A )
WHIEET] B 5T ,2022,62(8) :19-22.
Li C S,Du C, Liu J, et al. Detection and identification method of
subgrade-bridge transition section diseases based on ground pene-
trating radar[ J].Railway Engineering,2022,62(8) :19-22.

[6] R AL 4l o R TE AR B R A I e s R [ ] R AR
Ak ,2022(17) :170-172.
Chen Y Q.Application of ground penetrating radar method in high-
way hidden disease detection [ J]. Popular Standardization, 2022
(17) :170-172.

(7] BAERE,ARACIR , X AR TR K 7E 15 0T 2 B 55 AT e P 2
RO R T].25 1 ,2022,67(8) :86-91.



- 1746 - W w5 £ B 48 %

Yang M Q,Zou Y Q,Liu J.Application of ground penetrating radar [11] E%@ﬂﬁ(@ﬁﬁyﬁ{lﬁﬂ/\fﬁm[ﬂ UV 3R ,2007(8) :

in detection of hidden diseases on expressway pavement[ J].High- 58-59.
way,2022,67(8) :86-91. Lu J M.Linhai ancient great wall Jiangnan Badaling[ J ].Zhejiang
(8] RMiF,ZEFKAE, MK B 4 b 75 38 7 iy 22 8¢ bk 8 00 b (%) 17 Land & Resources,2007(8) :58-59.
FH——LA ey i JH DXt ZE R L 1 [T ] B3R 5 AL R, [12] SHE% XV PO3RT, G HE, 45 FRH B R S B S o A [ M e i
2017,41(3) :577-582. F Tl H A, 2010.
Zhu N N,Li J C,Ye P S.The application of the ground penetrating Zeng 7Z. F,Liu S X, Feng X, et al. Principle and application of
radar( GPR) to the detection of Ruins of ancient tombs|[ J].Geo- ground penetrating radar[ M ]. Beijing: Publishing House of Elec-
physical and Geochemical Exploration,2017,41(3) :577-582. tronics Industry,2010.
[9] Ezs, L&A, ZEIESCHRM R AL G Vs k2% bl o i i [13] ASCHT. R B 36 Ja 1 B R B FEAE 2% oty 30 A o A9 7 B 5T
L[ J] PR S IR, 2008,32(4) :401-403. [D].BLIM #2013
Wang L, Wang X B,Li Z W.The application of ground penetrating Zhao W K.The study of ground penetrating radar attribute technolo-
radar to the archeological exploration of Jinsha Ruins[ J ].Geophys- gy for archaeological prospection[ D ].Hangzhou : Zhejiang Univer-
ical and Geochemical Exploration,2008,32(4) :401-403. sity,2013.
[10] Wi, DKM  ARIEIHE , 45 ZR B SR 7 AR T st il K R % [14] SRAEIR. Vb2 T R 38 15 S AL BEEORBE AT [ D ] #S - vh
AP BRI [T ] S AR, 2018,42(3) :624-630. TFRHER,2005.
Qin T,Zhao Y H,Lin G C,et al.The application of GPR to under- Zhang C C. Research on signal processing technology of shallow
water archaeological investigation of Shanglinhu Yue kiln relics subsurface ground penetrating radar| D ].Chengdu ; University of E-
[ J].Geophysical and Geochemical Exploration,2018,42(3) ;624 lectronic Science and Technology of China,2005.
-630.

Application of ground-penetrating radar in
detecting the internal structures of the ancient Great Wall in Linhai City

YANG Hao',ZOU Jie’,CHENG Dan-Dan',YU Jing-Lan'
(1.China Research Institute of Radiowave Propagation ,Qingdao 266000, China ;2. Xinjiang Highway and Bridge Test and Testing Center Co. ,Lid. , Uru-
mqi 830000, China)

Abstract: Non-destructive testing of the internal structural characteristics of ancient buildings is the key to preserving cultural relics.To
determine the structures and internal defects of the ancient Great Wall in Linhai City, this study performed non-destructive testing of the
wall structures in different orientations using a ground-penetrating radar ( GPR) combining 100 MHz and 270 MHz antennas.The testing
results show significant structural stratification in the ancient Great Wall.The GPR signal-reflected images reveal clear internal wall de-
fects like pores, cracks,voids,and other hidden dangers.This study demonstrates the reliability of the GPR in detecting structures and
defects of ancient walls,there by providing technical support for the structural protection of the ancient Great Wall.

Key words: ancient Great Wall in Linhai City ; ground-penetrating radar ;structural testing;defect detection;atlas analysis
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