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Calculation and Analysis of Dynamical Characteristics of
Xiaoyan Tower in Xi’an
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(1. School of Civil Engineering, Chang’an University, Xi’an 710061, Shaanxi, China; 2. School of
Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, Shaanxi, China)

Abstract: To study the influence of co-interaction of soil and structures on dynamical characters of
masonry pagodas, the numerical analysis model of Xiaoyan Tower in Xi’an was established based
on either considering co-interaction of soil and structure or without considering co-interaction.
The first two vibration modes and periods were calculated. The theoretical calculation results
were also contrasted with measured test results. Results show that the first period of the masonry
pagoda by calculation result is close to that of measured test result when dynamical characteristics
of masonry pagodas are calculated by theoretical calculation method and numerical analysis
method. The second period is widely from the test. Moreover, the result that includes co-
interaction of soil and structure is widely greatly. Therefore, the impacts of co-interaction of soil
and structure to high vibration modes of masonry pagodas on calculation results are heavily.

Key words: co-interaction of soil and structure; masonry pagoda; dynamical characteristic; Xiao-

yan Tower; vibration mode
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Fig. 1 Calculation Model of Co-interaction of

Soil and Structure of Masonry Pagoda
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Fig.2 Cohesion-elastic Boundary
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Fig.3 Xiaoyan Tower in Xi’an
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Tab.1 Structural Sizes of Xiaoyan Tower m

Baiy | ik | Be | WE | EER | FEE | FHE
1 11. 38 6. 84 3.59 4. 20 3. 000 1. 10
2 10. 86 3.75 3.38 4.10 1. 500 0.98
3 10. 50 3.43 3.28 3.95 1. 440 0. 94
4 10. 30 3.34 3.20 3.90 1.380 0.92
5 10. 10 3.09 3. 10 3.87 1. 200 0.76
6 9. 87 2.91 3.00 3.85 1. 180 0.72
7 9. 44 2.62 2.85 3.75 0. 880 0. 66
8 9.13 2.47 2.78 3.57 0. 810 0. 64
9 8.56 2.28 2.50 3.56 0. 750 0.62
10 8. 00 1. 98 2.26 3. 49 0.630 0. 60
11 7.69 1. 60 2.20 3.30 0.500 0.52
12 7.13 1. 54 1. 94 3.26 0. 380 0.49
13 6.50 4.35 1.75 3.00 0.375 0.45
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Fig.4 Construction of Foundation and

Subsoil of Xiaoyan Tower
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Tab.2 Mechanical Behavior Indexes of Material of

Structure and Subsoil

Mok E/kPa P 7/(10° kg * m 3) | o./GPa | 6,/MPa
IR | 0.12X107 | 0.10 1. 80 0.125 19.0
AWM 0.50X108 | 0.10 3.30 0.150 4.5
#+ | 6.90X10" | 0.35 1. 96
KR

0.95X10" | 0.42 1.76
b 3 4
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Fig. 6 Vibration Modes Without Considering

Co-interaction of Soil and Structure (Unit:mm)
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Fig. 7 Calculation Models of Xiaoyan Tower Considering

Co-interaction of Soil and Structure
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Tab.3 The First Two Natural Vibration

Periods of Xiaoyan Tower S
RN GE] 55 2 B A 4
ARCWIREN AEE | ZHEM | AFE | BIEM
MEAER | BEAEM | MEEM | BZEH
LIRS Y MRV 0.63 0.75 0.16 0.29
B | AR 0.63 0. 67 0.16 0.50
Srpri | rgdb i 0.63 0.67 0.16 0.61
;| KPm 0. 69 0.21
Mk | mdem 0. 74 0.18
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Fig.8 Vibration Modes Considering Co-interaction of

Soil and Structure (Unit:10™*m)
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