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Seismi ¢ design optimization and dynamic response analysis of intake tower backfill
CAO Wel, LIU Yur he, DANG Kang ning, ZH ENG Xiao dong, T AO Lei
(Xian University of Technology, Xian 710048, China)

Abstract: In order to analyze the effects of different backfill materials and different backfill thickness on the dynamic response of
intake towers, we set up anumerical test model that combined 6 types of backfill materials and 4 types of backfill thickness, and
conducted dynamic analysis of the intake tow er. When the rock ballast w as filled, the maximum stress of the area was greatly re
duced, and the stress distribution of the contact surface was changed; the thickness of backfill had little influence on the dis
placement of the top of the tower. Based on the calculation results and analysis of the numerical test, a new type of backfill was
designed with rational use of rock ballast backfill. For this type, the junction between the tower and the backfill was not in the
position of the concentrated stress. The maximum stress of the contact surface was greatly reduced, and the stress value of the
same area was reduced. The large stress area shifted dow nw ards, and the area became larger and wider, indicating that the new
type improved the stress state of the intake tower structure, and was beneficial to the safety of the intake tower. The proposed
method was applied to the structure of a water intake tower in a flood discharging tunnel. Com parison was made between the
new and original backfill types in terms of the stress time history curve of the junction between the intake tow er back and back
fill, as well as the stress nephogram and damage nephogram of the contact surface between the int ake tower back and backfill.
The results showed that the dynamic response of the contact surface bet ween the intake tow er and backf{ill was greatly improved
by the new type of backfill. This backfill method is of great significance to earthquake resistance and safety of intake tower
structures, and can be used as reference for similar projects.
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Tab. 1 Back filling material for test intake tower

Il A HMEAR R/ GPa WAL AE/ (KN m?)
C15 R+ 22.0 0. 167 24
C20 W&+ 25.5 0.167 24
C25 WHEL 28.0 0.167 24
C30 MR+ 30.0 0.167 24
HhJE 5 8.0 0.2 25
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Fig. 1 Diagram of experiment model
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Tab.2 List of the maximum displacements at top of intake tower

mm

FREERE AW LEE C15 €20 C25 C30

2m 87.2 78.6 76.6 76.2 76.0 75.8

4 m 93.3 78.6 76. 1 756 75.5 75.4

6 m 98.2 78.6 75.8 75.2 75. 1 75.0

8 m 98.9 78.6 75.6 75.0 74.9 74.9
3 X

Tab.3 List of the X direction maximum

stress at junction of the tower back and the backfill M Pa

FIRJEEE AW BRI C15 €20 C25 €30
2m 5,06 8.76 11.83 12.17 12.37 12.51
4 m 4.42 8.76 12. 24 12.53 12.70 12.82
6 m 4.33  8.76 12.34 12.61 12.76 12.87
8 m 4.29 876 12.34 12.62 12.78 12.87
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Fig.2 Diagram of A new way of backfill
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Fig.3 The stress nephogram of contact surface stress of tower
back under two kinds of backfill
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Fig.4 Finite element model of the whole tower and the

tower body
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Fig. 6 The stress time history curves of the junction of tower back and backfill under two kinds of backfill
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Fig.7 Stress nephogram of contact surface of tower back and backfill at 5.13 s and 12. 6 s under two kinds of backfill
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Fig. 8 Damage nephogram of contact surface of tower back and backfill at 5.13 s and 12. 6 s under two kinds of backfill
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