S5 B A5 M B A T IR B T S A R W 3 T ik 725

XEHS:1006-9941(2025)07-0725-13

BHBEETRERTRIENPIP IEXZEEMENN NTWAZE

F/é:\ j],ju/@‘%
(A¥AY BEZLAFFREDIATRFN, LH HHE 211189)

OB R R ST R rp 3 C R R A7 BT 5 B AR K A e R A ) AL AR R T — R 7 A R AR A B A
B R RS T AR s T SR A 2 TOURR A MR BE A o 3R TR T IR 2R R R e SRR ST T A A e g o R
By sl 1 R B0 B 7k JF i AT R TT R B0 R AT A o S5 R WL S8 A T TS B i AT T A DA e A A A T A R 2 R
B, VR 2ETE T HE 32 P N o H JR) IS 44 A ek S O] 7 £k Ay 2 A A AT BT, S AR B R B T RE M AR A DR 25 R AT O
9.7 % o A 45 R SR R N B B, 2 AL BT 0 Bl 0 R A MM AR AR B R OG o T B T I TR] 5 45 R R A R 1 o BR Xk 45 A4 1 )
JOE SR S < I AN T AR T I S R R SO 37 ik s X T 1O I 3 R A T TR R ) A R 45 R R 52 R R A 25 2
AR T AT 50 I, FE A T I 5] 714 39 2 258 TR AN 2% 7 2k RE A 2880 20 1 5 L T o S 4 2 4 S 7 )y 0 Rk e 7 28T 189 8l 1 o i

AR, R A S b7 47 45 K ) Uk B P I BRI A Al

KRR : PUBRETY R 5 SRS R 5 R T 4 30 O R G pUR BT

hE 4SS T)55;TU928

XHERFRERG: A

DOI1:10.11943/CJEM2025084

0 315§

B2 T R — b i R LR R R T
O] TR AE T (RN S A L AN W A DO S R
A 2 2H A o T U R T R R e
LT AR IRBE L7 AF AL, AR B AR R i e
o R A, I 30 AR R A o 23 EJE D)l A BHL b
BEOBHRG S, A0 R ORD 21 L PR TR B T IR B
75 e WURL B RE T AR BTy BRI R A Al R K
iy 2, HL IS T L 4 S R S A 4 M R BT A2 e ARG 1
SR

Wt 5 ST S A K B T B T, BT B 20 ) TR A
AN BT HE I O T R R e R AR TE
Mo T KA B AR E TR SRR IR M S ARE T L Z AU R

Wi A HI: 2025-04-29; & E HH#: 2025-06-03

™ 2& H ki B #3: 2025-07-09

ELTA: BHKXAKR %34 (52378487,52378488)

fEHEB N : R J(1982-), B iR, FEMNFH T8 SUBEw
J7 B F % . e-mail : li.chen@seu.edu.cn

BEBERA: XUEF(1998-), B ML 4, FENEHIBLSH
71 5T . e-mail 1 17801121102@163.com

AFEA R T 5, 8o IR 5 R H 2 B A
i BAE SCHE SRR o A 5 B 3 R AR AL .
LR VT A Ok B A B0 B R RE T L BT B A 4
R0 i Y 4 T R IR B — D R
oy 43 [A) O g€ o T A BT R S i R A
BRCA A i 28 P i A Y s e S S Ak A 2 AR T L A
10 IR P2 R i R T RE 8 75 1 vy T Ja) B Ak J e i 2
13l 1o M Tk .

BLAT AL SR H Biggs T 1964 4F 4 i 1) 45 25 1
H 1 & (Single degree of freedom, SDOF) 43 ¥t 77
R DR G ORT A EL R DR S T 25 b AL A 1 B g e R
BTz N T HUBR B 3 ik AR R 4 R
T8 X5 A1 8 O vy BAVE T &k AR it AR e 36 ] T b R
B MENE T FOMERR M © R 5 SRR RS . (BAE
AT R BB S AE TR A 00 A AN 1 50 T BOH 1 e 0 A5
AR A, Jry E A5 CAn TR BE 1 00 ) % FRE B ) LA K 55 1)
e o7 C L B9 SR 3T 0K ) 3%, SR SDOF I i 277 /=
BRRED kS BT B, Wang 5874 38 T
Ty 25 3R AR T8 T far 2R JR) PR AL RRAE | H R R RE S e
Ph Y L SC AR A . Nagata 55 3586 520 B0 $2 3 48
KO o3 A R KL, Wt SDOF BERY LLPF A RC B2 7E 1T ¢ fif

Sl R AR BRIy, 00 . Je R R far 4R VR H R W L TS S A A )2 0 Bl T 4 b O i D] & Be MR, 2025,33(7):725-737.

CHEN Li, LIU Si-jia. Dynamic Analysis Method for Supporting Structural Layers in Shallow-Buried Fortifications under Localized Blast Loads[)]. Chinese Journal of

Energetic Materials(Hanneng Cailiao),2025,33(7):725-737.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2025 % $ 334K H 78 (725-737)



726

Wk 1, X8

O AE T B AL ) Ny, A AR A3 56 235 SRAT A e Al
He %50 U 5% 1 LA HE ) 48 15 R B 728 i 10 20 50 2 Ul b
TR A AR50 AT 4R AT A S D R 1Y A AR AT AR R
. Wei 507 HE—25 51 AMRHE Ak /4L 0 AR SO0
T 7 20 R ) B R T WINORS B . K 4h, Grisaro
K Pannel 257 g WA LS f o0 A 28 B LA
ZCA 3R T A7 250 A, DAHE S S5 R A e 2, D 2
H R HEAT T 5 IE .

g LT IR  A WE Y R AR T S T R ey Y
5P 5AEIE & H T 25 B i 8 0 B AR
FHESH PG TE o AE) T 1T 4548 v 248 fh 43 Tid )2 1% 34 1Y
2 TR A BRURRAE , FAE PR M 5 HE— DR, AN TR
T R A T )2 R B A7 PR B0 O A 2 R R AL
{7 410 1] TR BB - 0 9% R 5 U1 e I AT EL AR AR AR
e #5511 BB DR IE S A5 R 2 LAl o . A

fi)A
=== v

*m
|
|

I, %5 BEAE 252 SDOF J7 ik HEAQL T 45 B 51 Ja Ak H
e 052 W 8 0 35 B e SR A5 )R 1 3 )
R RE o AR5 LA S A= 3 T 2 1 S S5 4 T AR
WFIERT G, B T 4 20 SDOF J5 vk e 3 T 454 76 7
HR A 20 TR S8 DA R 9 1 e N B B Y Bl ) &R
B, I BEAT RS 2 B0 A, AR O TR T B 3 B
oS E 5

1 BEFHNEBLEE

LA A R A O S A T AR A JE R O A L v A
KE 72 Az ) SN B0 T 205 2 o 2% 8 48 3 S 98 U= R O T
JEAG 1 2 SO A TRAR I, B A8 O B — 5 T i
IE] ey 40 5 A P Ta R o O AR A BT, A SR
SRS A J TOUAR 1 Ak DA A S T S ) R 1) Al G B
BER 1O cmm) xS BETT 1 4

midspan load
Py

edge load
T 1 T7e

I

>

t B s

a. the variation of blast load with time
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Fig.1 Typical localized blast load
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b. the variation of blast load with space
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Fig.3 Geometric dimensions of the flat slab
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Fig.4 Finite element model
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Table 4 Constitutive parameters of C40 concrete

local blast load

constrain
displacement in
the Y direction

uniaxial compressive uniaxial tensile dilation angle

strength / MPa strength / MPa /°

eccentricity

ratio of biaxial to uniaxial . )
. viscosity parameter
compressive strength

26.8 2.39 30 0.1

1.16 0.6667 0.0005

=5 HRB400 Bt 444 24k

Table 5 Constitutive parameters of HRB400 steel

density elasticity modulus . . yield strength
_ poisson ratio

/kg-m™ / MPa / MPa

7850 200000 0.3 400

X 6 {E 55 AL {E 3R 22 53 0N 157.99% . 104.22% .
71.38% M} 51.73%.

T SRR F 0 R R S AT RE R R R
FA 1T R A1 R, T B T R 7 0 R R
T 3, B B ARV S 7 IS A e il 2R TR IR AR R R
YRR Aok 2 S ER KRR 22 . PR L, A MR
149 53 A5 JE 205 4801 1 10 43 A 300 26— B0, Bk L pRi
A e A0 0 [ 2 RAE A e s 3R AR S i 1 R
FREE IR R AR M IR pR R SRR s 2k A R B FR B
il 2T MR S AR 5 0 O o A B O — 30, AT 3K
TR RIRER K,

) A B, 25K 59 A far 2% (R/I=1 . €=1) F B S 300U
MR RBRAL T o = /KK M, 550 102555
K Z RN 185.37 57, 20 5 BU0(E 25 52 3 Ay
BLRER2.11%, UL BT i A ER T

R 6 RN L B B A 2 0 LA R A AR A 2R

Table 6 Load conditions and simulated results in elastic stage
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midspan static displacement K

displacement / mm under equal static load / mm simulated result theoretical value error / %
1 0.3 0.3521 0.2375 1.483 1.504 1.432
2 0.5 0.5685 0.3810 1.492 1.504 0.775
3 0.7 0.7574 0.5056 1.498 1.504 0.370
4 0.9 0.9135 0.6079 1.503 1.504 0.059
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Table 7 Load conditions and simulated results in plastic response stage

o maximum midspan simulated result of K,
load condition R/l .
displacement / mm B/ mm simulated result theoretical value error / %
5 0.3 1.801 1.758 1.040 0.975 =6.250
6 0.5 4.250 3.983 0.669 0.662 -1.067
7 0.7 6.657 6.088 0.520 0.557 7.039
8 0.9 8.784 7.854 0.444 0.500 12.646

4 simulated results
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Fig.5 Comparison of simulated and theoretical relationships
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Dynamic Analysis Method for Supporting Structural Layers in Shallow-Buried Fortifications under Localized
Blast Loads

CHEN Li, LIU Si-jia
(Engineering Research Centre of Safety and Protection of Explosion & Impact of Ministry of Education , Southeast University , Nanjing 211189, China)

Abstract: To address the issue of highly localized blast loads caused by limited distribution layers in shallow-buried layered forti-
fications, an equivalent single-degree-of-freedom (SDOF) dynamic analysis method considering the characteristics of localized
loads was proposed. This method was used for evaluating the response of the roof slab of supporting structural layers. Based on
the selected mode shape functions and the energy equivalence principle, dynamic coefficient calculation methods for both elas-
tic and plastic response stages of the structure were established. The validity of the method was verified through finite element
simulations. Results indicate that the static deflection curve under uniformly distributed loads can still serve as the mode shape
function under localized loads, with acceptable deviations. If localized loads are simplified to uniformly distributed loads for de-
sign purposes based on equal impulse principle, the maximum displacement of the structure may be significantly underestimat-
ed, with errors potentially reaching up to 9.7 times. In the plastic response stage of the structure, the dynamic coefficient of struc-
tural resistance is negatively correlated with the degree of plastic deformation. The product of the total load duration and the
structure’ s natural frequency significantly influences the structural response: when this value is less than or equal to 1, the re-
sponse is impulse-dominated; when it approaches 10, moderately extending the pressurization time favours structural resistance
to blast loads; when the product exceeds 50, the beneficial effect of extending the pressurization tends to saturate. This method
effectively characterizes the dynamic response characteristics of supporting structure layers in shallow-buried fortifications under
localized blast loads, providing a theoretical support for the blast-resistant design of related protective structures.

Key words: blast-resistant structure; layered configuration; supporting structural layer; localized load; dynamic coefficient;
blast-resistant design
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