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b. the variation of blast load with space
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0r(0d - or)
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K.0,(6,-0,) K,0.(0,-0,)
®3 o, <t AR
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Fig.3 Geometric dimensions of the flat slab

TFHLYE ) GB50010-2010"rf B 5 A il -0 Bt P2 AN BT 1R
SR RE AR E(E HUE , A SO Sek[4 6 JHUH . SR P
i 77 FRLOC (CPSAR) #EAT B HL, M A% ST 50 mm 9
A SR FH 3 AR 5 98 P A RS G | A R AS # S 0N 3% 5 7
7N, R HIMT SR BT (T2D2) 3047 B H, B o0 i AR
1 4.909, WA RS 50 mm. A0 AT S IR EE L 6 3L
Y I H Embedded region #5481 . ] 5 79 3 28 5 4%
F G ST ARG ZE P b R SR, — i

Chinese Journal of Energetic Materials, Vol.XX, No. XX, XXXX (1-14)

BRI XY Sl ) B LA D — v BRI Y il s ) 2
o AR b5 i Ry B A A%, S PR AT IR T O X
AN TR R A i 30 iy 288 0% 35 FH M 4 D) i o 24
H Y Bl 2700 mm (R/[=0.3) . 4500 mm (R/I=0.5) .
6300 mm (R/1=0.7) Lk K 8100 mm (R/I1=0.9) , i1 % fqf
RN E R 0(E=0) o 5 far 29 KN Aor 2 T+
I [] K S A T A () AR A 3 3 T 008 a2 o

4.2 EHRFITEFENRKIE

RS RUE TRk g NP AT N g S
Jr i ER e . R ABAQUS B3 M A, 13 Bl A

B H PR (— B ) 181.54 7' SR, ARG 26
22 ERMARBOTE T ISR o = ) KIK M TR
75 310 Jry 04 HE ir 204 F R A8 800 &R 0 3 BRI 430 R
468.36 s' (R/I=0.3.£=0) .370.75 s”' (R/[=0.5 .£=0) .
311.13 s (R/I=0.7 .é=0) }¢ 275.46 s (R/[=0.9 .£=0),

Sttt

www.energetic-materials.org.cn



Jey B 45 HE A A T TR By T S P R U Y 3 ) o T O ik

constrain
displacement
in the X and

Y directions
Y
1—» X

4 ARRoTEER
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Table 4 Constitutive parameters of C40 concrete

local blast load

constrain
displacement in
the Y direction

uniaxial compressive uniaxial tensile

strength / MPa

dilation angle
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

F5 HRB400 FM A S 4L
Table 5 Constitutive parameters of HRB400 steel

density elasticity modulus . . yield strength
_ poisson ratio

/kg-m™ / MPa / MPa

7850 200000 0.3 400
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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
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Table 8 The influence of mode shape function selections on the calculation of dynamic coefficients
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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, indicating that the more fully developed plastic de-
formation results in stronger structure’s ability to resist blast loads. The product of the total load duration and the structure’s natu-
ral frequency significantly influences the structural response: when this value is less than or equal to 1, the response 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 effective-
ly characterizes the dynamic response characteristics of supporting structure layers in shallow-buried fortifications under local-
ized 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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Shallow-buried layered fortifications often experience highly localized blast loads due to limited distribution layers, especially

under complex geological conditions. Existing design methods based on uniform load assumptions fail to characterize such

localized effects. This study developed a modified single-degree-of-freedom (SDOF) dynamic analysis method that incorporates

the spatial and temporal characteristics of localized blast loads. A dynamic coefficient framework was established for both elastic

and plastic stages, enabling accurate response prediction under localized loading. The proposed approach provides a theoretical

tool for improving the blast-resistant design of protective structural components in shallow-buried fortifications.
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