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Research on Development Characteristics and Formation
Mechanisms of Collapsible Earth Fissure

QIAO Jianwei'*, ZHENG Jianguo'?, LU Quanzhong’, LIU Zhenghong' ",

WANG Junmao'* and JIANG Menglin'
(1. China JK Institute of Engineering and Design, Xi'an 710043, China;
2. Shaanxi Key Laboratory for the Property and Treatment of Special Soil and Rock, Xi'an 710043, China;
3. Department of Geological Engineering, Chang’an University, Xi’an 710054, China)

Abstract: A serious geological investigations are used to reveal the development characteristics of collapsible
earth fissure. Combined with in-situ water immersion test, the formation mechanism and process of earth fissure are
analyzed. The results show that: The collapsible earth fissure posses both horizontal tension and vertical disloca-
tion, and it is parallel to water pit. The development and evolution of collapsible earth fissure can be divided into
four stages. The width and vertical dislocation of the collapsible earth fissure decrease with the increasing depth.
The depth of the earth fissure is about equal to the thickness of the loess collapsible soil layer. The angle between
the seepage line and the vertical plane increases gradually with time, which leads to the development position of
collapsible earth fissure expanding outwards. The differential settlement and tensile strain caused by loess collapse
are the direct factors of collapsible earth fissure formation. When ground inclination reaches to 0. 6% and the ten-
sile strain reaches to 0. 002% , the collapsible earth fissure is generated on earth surface. Based on the theory of
cantilever beam, the calculation formula of tensile stress produced by differential settlement of collapsible soil is put
forward. According to the calculation formula, the development position of collapsible earth fissure can be predicted.

Key words: collapsible earth fissure; seepage line; development characteristics; formation mechanism; loess
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Seismic Response of Underground Utility Tunnel Based on
Equivalent Linear Viscoelastic Model of Soil

LI Jinkui'*, WANG Yang', YANG Chengyuan' and ZHUANG Wen'
(1. The Architecture and Engineering of Dalian University, Dalian 116000, China;
2. Dalian Tunnel and Underground Engineering Center, Dalian 116000, China)

Abstract.; Taking the underground utility tunnel project in Lvshun New Area of Dalian as the research back-
ground, a three-dimensional finite element model is established by using ABAUQS finite element software. The
three-dimensional solid full integral element is used for the soil and the tutility tunnel structure, and the equivalent
linear viscoelastic model is used to simulate the dynamic nonlinear characteristics of soil, the linear elastic model is
used to simulate the utility tunnel structure. In the numerical simulation, the soil-structure interaction is consid-
ered, the viscoelastic boundarys are set the around and the bottom of the model. The ground motion is input in the
form of equivalent nodal force. The structural response of the tutility tunnel under four different ground motion in-
tensities horizontal direction (X direction) of the Kobe seismic wave is studied. The results show that: (O The
stress, displacement, and relative displacement of the utility tunnel in the duiring and the post earthquake all in-
crease with the increase of the ground motion intensity. During the earthquake, the maximum stress and displace-
ment of the utility tunnel are 1. 545 MPa and 0. 034 95 m at 0. 05 g, 3. 061 MPa and 0. 068 57 m at 0. 10 g, 4. 599
MPa and 0. 103 23 m at 0. 15 g, and increase to 5. 572 MPa and 0. 135 45 m at 0. 20 g. (2) The stress ratio and
displacement ratio of the utility tunnel in the during and the post earthquake indicate that the soil has a greater irre-
coverable deformation during a major earthquake, and it also shows that the seismic damage of underground struc-
tures such as utility tunnel is mainly caused by soil deformation. (3) The upper end and lower end of the middle
partition wall of the utility tunnel are the weak seismic positions of the utility tunnel. In the seismic design of the u-
tility tunnel, effective measures should be taken to improve the seismic performance of these parts.

Key words: equivalent linear viscoelastic model; underground utility tunnel; soil-structure interaction; vis-
coelastic boundary ; seismic response



