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Abstract: Located in the city of Xianyang in Shaanxi Province, the Hanyang Mausoleum is the first fully closed
underground museum in China and in the world. The fissure disease of its outer pit is developing, which seriously
endangers the safety of the pit wall and the pit bottom cultural relics, and it is urgent to protect and strengthen the
pit. In the past, more was learned about the disease and prevention of the ruins in the open air and semi-closed
environment, while the completely closed environment was seldom examined. This paper takes the outer pit K21
of the Hanyang Mausoleum as the research object. The number and distribution characteristics of cracks are

determined through field investigation. On this basis, the causes of cracks are studied and classified. The stability
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of pit wall and its influencing factors are analyzed by numerical simulation methods. The research results show

that there are 53 cracks in the K21 outer pit, mainly occurring on the south and north sides of the surface and the

pit wall. The surface longitudinal cracks are unloading cracks, the surface transverse cracks are dry shrinkage

cracks, and the pit wall cracks are mainly structural cracks. The longitudinal unloading crack is the main reason for

the reduction of pit wall stability. The earthquake, artificial load or the further development of cracks will lead to

the pit wall to be unstable. It is recommended to use anchor bolts to reinforce the pit wall, and reset and pre-tighten

the unloading cracks by applying prestress. This study is of important guiding significance for the investigation

and protection of the fissure disease in the museum sites.

Keywords: Hanyang Mausoleum; outer storage pit ; unload the load; dry shrinkage cracking; stability
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Fig. 7 Schematic diagrams of the unloading crack

(a) BIERES

SNSRI, AR P 1) 52 FAL, P - AR A
HHE, BRI R 2 D A 1 K Y

6.7 1% , Y1) TUBE JT 52 249 H LA BR, 1 1 B TE 4,

JIT LAt for 2EBR B0 A T AN RS | AL . iR
[ia) S0 RE Y 32 29 RAESR, N 1 RO 3848, TR | VN
FBA I fr BB A
32 THAH

TR SR A AE T A S st ik SRR, AR
AR A5 R BT PN BB K 3 K S U R BRI 5| A T
Wi BR G, v S5 230 5 B0 A A B e 7K 3R R 3 TG 24 R 1Y)
KRERIEAHCCR, A ER | 54 880 i) 3K

AT
=otangtc
ﬁ ,,

B8 MARRE

Fig. 8 Mohr circle of stress
BT s 5 KR AR A A A A A 3 5 B B A

AR/ S VAAAY B S S N U1 A0 D e
TR AR T TT 2L, A 9 B o

B9 FTHFAREMMKETIE FELH [24])
Fig. 9 Formation and development of dry shrinkage cracking
(adapted from Ref. [24])

TUBH B2 A1 9800 AR 3 J 7 T2 4 b b T 5,
P A A Ak T B ) 28 RS, S K SRR )N,
X HT N AR, B ET AT AR S OKEE 2.35%,
538 KT B B K F AL TR K o K St
MR K BUREZR A, 6N ) B v A 77 AR IV AL, SR
R Ak 23 7 A N T AR, FER BTG 3 T, ZERR
FEZKF- 7 ) RS T 5 ) L, N IR A

BT AT ] — 0 s 25 L) for 24 R 4R AL TR
(75 AT, TARPLN ST AT T s gk m, i DA T 46 24
B B 5 2 i, SN R R R
FHAE o
33 SR

e L AG 3 24 B 2 - R PN B A b N T AR R
AR, A )RR AT, WEN
FRAE 22— AMELT S TE L R ) 2 PR K 2 R T A
LB, R 45 2L BUAE L, S ERR AR R 2R E B
H RSB —3 AT A2 NV4, NV7,
NVI12, SV6, SV8 &g F IR .

2l o IS | N A R RIS TR i
B R T 4n S4B, HUREZLRR E RS 2. WA 10
TR, A1) I ey R B B B K, R B B O, e
IR E N ERZI R D% TR Nt . N AT Y e N



- 142 - 7K SC L T

5% 6 4

BRAR S, 2 — A AROIR L AR DDA IR A il T
BE F AR TR R TN AR, HELOBEZ W A%, 21w
1 528 BUH 1) 1 25 — AR ) T R (LU T PR
). Uy R AT 2= E RN, AR

o CRIAYRTRAIER AT R LB BT, NI,

5 SN T BT BE RS E P 4 R O 2 1) )4 LA

{TE/Na s ( NEE L NN

VA FA

— W }*fﬁﬂfm’j%lﬁﬁ 1
HOEE - 2 J ey Y

(a) ZUB R MR L5
10 biEETEHERER

Fig. 10 Schematic diagram of pit wall soil cracking

(b)

4 BREMSH

4.1 FoEMER M E
SR U T e 3 7 BiE 5 UL B B A1 R BT B B 24 i
X 0 RE £SO M 0 52 e R =) T R AR IR S R O R
AT EARFEAN AR, AW T IR0 B A R A B 5 B S
% (c. tang), e 28 i1 3% Ab T4 BR A IR S AT Y
P Z D Ay A L A AR E 1 R ALY, BAR A HOR
1

¢ =—c (D
Fs

1
¢ = arctan(F tan go) (2)

K F—RE R
c—— T IRRI R R T /kPa;
——RYT IS (%R 1 /kPa;
o—— IR /(°);
o——HARYTIE N EER AR /() .

FR 4l GRS 3 TR BRI )™ B S e e
PEARZE S A . BT E . KA e AT E DU Fpetk
o REMREN R D, i FoBERE
LA RN, 5 AN BT B Ak A K SO e, H 2R

®1 DEREERBRREERS
Table 1 Slope stability coefficient and stability state

RERE  F<1.00 1.00SF<1.05 105<F<F, F,<F,

RUEMERE  ARE KESE HATRE T

AR H 1.35, R S A Ry far 2804 T B 1,155 558
PEREUNT F RT3 R 47 fin [ A 2
4.2 A
KB BT UDEC #E 7 U AR R, + (b Rt
16 A B A 5 98 P 4, %8 B Mohr-Coulomb 7S ) 55 71
2370 BE A5 B AR A A K (57 B% AN I P R AR I, FE R
A RS AR B SRS, W E R B RE R AR
HY T 5% e b B R M i 3 S Ry N ) ) i 24
BT, JIT LA AT K B B A M AT 4k S 4B Y- T g AR (1]
R 3 B A G 1) 1 ey 2 B A 4 1D T AR T T A
FERL AN 11 Fis . % REAMNEITYUR AT 2 m 35 BN
B A, BTRE R 2.7 m, AT B O 4.7 m; BTIE R
F& 2 m, MR F1H ¥E 3 m, ARLALRFE N Sm. K11 1 4B
BN 24, FESTIE %% 0.5 m, ¥R 2.0 m, BC B iy Af
et I T R 2
T A JEOIR R R AT B FRE B G, A5 H RS
BOoh . B (p)17 kN/m?®, 2 R T (¢)28 kPa, PN JEE #2
1 (@) 24°, #VERE (E)38 MPa, YA 1 (0)0.28, 41
KL RS 3 A0, A2 A AU X Ty [l i A7 20 R
R XY BIASJ a iEAT 20R
43 TR TH
43.1 HIRRE
HAROIRATS, Rk B 3O RE R e 1 R 5L
F A
432 HIEMEH
TUBH [z 1 Ak B9 7 45 J85 BH T 9 PH B, it i 1 B 2
8 B, BT A HL R M 0.2 g0 R HIUHR J1 43
BTk o) b A T 1 50 BE B4 T RS 1k 4 B 00 Y, IR
77 R B R I (3) .
Fy = a,éWai/g (3)
A a3 MR I B/ (mes™)
AL, BUE R 0.25;
W—J5 55 i FEE J1/(KN);
o BT R B AR R A BUE K 1.75;
g H A, BUE S 9.81 m/s,
433 A hfizk
HP IR AR SR 4 35 T B s O T, (BT A A
GURAR  R A 5 H R AR TAESE A ST, AR
ULEAR ff BRI YO, RO BT 2 KN/’
4.4 Y1 1) S4B R R T S i 0 M
I 1) 1 g7 24P R B 11 v AB B, A JC Yk 2B ST
BERCGEMEIT B EE R 2 fron . WERPATLIE W, 4




2023 4

ZRAL R, A5 DU BRK2 15 A1 0 2 B 9 A % A g PRI 5T - 143

0.7 m' 2.0m
4.7m

2.0m

J. )
0.5m 25m
50m

B 11 SMERiTEER

Fig. 11 Calculation model of outer storage pit
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NS AL E: 0.92 0.58 0.12 0.01 —

T BRI S IR 1 LB R 90.86 m.
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