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Abstract: Protective engineering has always been an important component of national defense and de-
terrence, as it can effectively withstand attacks and preserve vital resources during wartime. Com-
pared to above-ground structures, underground protective engineering built in geotechnical media of-
fers superior protection. However, with the development of science and technology, the hit accuracy,
penetration depth, and destructive power of high-tech and precision-guided weapons have continuous-
ly increased. These enhanced weapons pose a serious threat to underground protective engineering.

Arch structures are widely employed in underground protective engineering due to their excellent me-
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chanical performance. Consequently, it is of great significance to study the blast resistance of under-
ground arch structures for the construction and development of underground protective engineering.
The issues of anti-explosion in underground arch structures involve complex research contents such as
the explosive impact effect in geological medium, the interaction between geological medium and arch
structures, as well as the dynamic response and failure mechanisms of arch structures. Through experi-
ments, numerical simulations, and theoretical analysis, scholars worldwide have conducted systemat-
ic investigations into the dynamic response of underground arch structures under explosions. A wealth
of research achievements have been obtained in this field. This paper discusses the research progress of
underground arch structures subjected to explosions from the aspects of explosion experiments, nu-
merical simulation studies, and dynamic theory. Considering the current research status, it is pointed
out that the explosion tests of prototypes and large-scale model structures, refined numerical simula-
tion analysis, and calculation methods with accuracy and practicality should be strengthened. These

further studies need to be combined with the development trend of underground protective engineering

towards deep burial and large span.

Keywords: blast loads; underground arch structures; dynamic response; blast-resistant analysis
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Fig.1 Failure of underground arch structures
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Fig.2 Collapse mode on the five plastic hinge lines in buried

arch™

H. L. Chen %" Fl W. Xie & 23 5l 5% F Bk £F
2 A A g 2T 4 A 0 sz 5 OR A2 B G HE A
PEAT TR 15T 1 [ S A S TR T B 3l 0 R
JOL, 46 7% 10 I 43 0 B R R Ak, 25 R 3R W R e 41
Y i /A oF $E 2 AT OI0 1E BE AT AR T A5 R R B
PERE

1.2 ERTRAt T HERTRIKE

[ PN 25 2 T 1965 4F 2 1980 4F Xt A A1 Yo i gk 47
TR B KR B T BRI AL
AR5 E R RN A B T R [ S b
B KA W45 R . R T2 Bl iR
U5 A LAl L, A AT TR K AT 48T R S BT A
IR, #2232 7% fOK LR 43 g a5 e R 32
JESN ) I VAL =R v T TR 6 T R 187 N N
B O 78 85 3k F B A 0 KR 3 56 v A A = Y IR
BN, PP T A A TR E R R R 2 TR IE
b IR 2 N U IR 43 X 3R R K A 2 e b
IR IR A TR AE AR R B b A i 2
W RT3 1) 35 57 A1 23 5% 1R 25 1) B O AR 2 0 Jm) 38
WIEA . Tl 77 50 o 3037 3K 56 0 58 T % FLA
T 420 S T R %88 B AT S i) 2 7 9 o7 A T
TR HETAL S , 23 B 1 [R5 40 28 A0 MR R
FR PR . W, Ming %58 i i e 07 58 T
NPR 4§ 2 32 5717 2 A 50 1k fE

A T S5 R ok 37 R 0 32 B DL P RR
. —RETHAREFERG LK. A
S5 SE Ao AE H FE E  A0 Sk R T B A AR
WFFE T 45 K9 19 B R R AIE AR 32 25 AR BR A L R SR 4 3
B ROHE o TR IS LR A STHE S AL AT R 3 1A
e A B2 K A 2 T R SR T — A R RE R R



PO A g B 37 g B Y T A R B O
fib o g5 A DUAEICHR 25 28 R Bl il e AR A T
N YUIE B IR AL B Sy O R A R B TR BT DT BR
ISRHIEIRYIR NN R VA L NRAR v ke 7NN L
W7 2L 1 I R R B IR A L AR S W AR AF T A
A Bt A AR T 5T = A LR R Y RS
WFIE 1 10 25¢ 2 1% AF T 45 4 1) 225 LA O A8 =X A 52
JIRRAE , G 15T 00 5% AR K R S v S A IR A
B IRFFAE R

P T 6 G R K U8 D K iR B 1 2
FERMEADU S o FH o 25 MR A0 AR X AR LA L SR T 1L
W45 ROJ7 %, F 58 1 R TO0 L $36 JA R B 355 000 07 25 A []
S K I TS T A R 45 A Y B A, 4 R R
00 58 XoF 5 A 3 G IR e T . AR PR AR R T
TR 36 F 5T 1 K 22 R 0 R B R T SR R Y
B0 IR 200, 6 5 245 i 98, 35 g g o Je) s ¢ 43 T
AR v . XGRS P T R IE AT
BB ZCE TR MR A5 A SRR A6 (18] 3) , BT
FE T G A J2 B IR AR SR SRR AL, 3 A T A R
BERAE RBER R, ERRETHR TP
T 32 A T Bl A ) S 5 R SR B & Y Bl
T B, 25 5 A ) SR A B A T A Y BT

PERE

(d) SRR BRI BT
EEED)

@) VARFRE (o) IIREE
&3 R G R 7 T

Fig.3 Schematic diagram of model experiment™”
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Fig. 4 Effective stress contour at different times™
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