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Fig.1 Experimental equipment for measuring spalling behavior under one-dimensional stress wave
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Dynamic study on anti-collapse design for underground
structures subjected to explosion

Yang Liming, Zhou Fenghua, Dong Xinlong, Wang Lili
(Faculty of Mechnical Engineering and Mechanics, Ningbo University, Ningbo, Zhejiang 315211, China)

[ Abstract] Under explosive loading, a tensile stress wave is a main cause to induce spalling collapse of
concrete protective structures. The tensile strength of material is a most important parameter to be considered in
structural design against the collapse under explosion. How to reduce the strength of tensile stress wave is a key
problem for underground protective structure designers to solve. Formulations, that are often used currently to de—
scribe the minimum deepness of underground protective structure against spalling collapse, were deduced based on
many assumptions for simplification. The structural characteristics, the propagation of shock waves and material dy-
namic properties are not considered in these formulations. Thus, they are not valuable to analysis precisely the pro—
tective structures against explosion, so that they must be improved. In this paper, dynamic properties of concretes
and their steel fiber reinforced concretes and the collapse behavior of underground structures subjected to explosive
loading are studied. The experimental results show that the anti-collapse capability of an underground structure with
high strength concrete C100 is poorer than that of normal concrete C40. And the strength of reinforced concrete by
2 % steel fiber fraction in volume obvious increases and its anti-collapse (spalling) capability is also largely en-
hanced. However, the difference of the anti—collapse (spalling) capability between reinforced C100 concrete and
reinforced C40 concrete with same steel fiber fraction is very small. Furthermore, the dynamic mechanism of anti—
collapse design of underground structures subjected to explosive loading has been investigated also in this paper by
using one-dimensional stress wave theory. The analysis represents that “sandwich composite structure” can obvious
increase the anti-collapse strength of underground protective structures subjected to explosive loading.

[Key words] underground protective structure; concrete tensile properties; anti—collapse; stress waves
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