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Modal Analysis of Circular Fujian Tulou

YANG Zhilin, LUO Yi, WANG Haifeng

(College of Civil Engineering, Huaqgiao University, Xiamen 361012, China)

Abstract; Tulou was simplified into two models including external rammed earth structure and rammed earth-
timber mixed structure, the finite element simulation method was used to analyze the dynamic modal character-
istics of Fujian Tulou models. The influence on natural frequency of external rammed earth structure was stud-
ied by 5 factors including the elastic modulus, density of rammed earth, the height, the average radius of
structure of Tulou, and the average thickness of the rammed earth wall. The results show that the natural fre-
quency of the structure increases with the increase of the elastic modulus of rammed earth and the thickness of
the rammed earth wall., decreases with the increase of the density of rammed earth, height of Tulou, and aver-
age radius of structure of Tulou. The natural frequency of rammed earth is approximately proportional to the
square root of the elastic modulus of rammed earth, and is inversely proportional to the square root of the den-
sity of rammed earth and the height of Tulou. The natural frequency curves of different orders coincide, indi-
cating that there may be dense frequency phenomena in the rammed earth structure of circular Tulou, and the
influence of the change of material properties on natural frequencies of different orders was similar. The pa-
rameters of the average radius and elastic modulus of rammed earth are the most sensitive, the parameter of
rammed earth density is little sensitive,
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Tab.1 TOP 10 natural vibration {requencies of rammed earth strusture model

and rammed earth-wood mixed structure model
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7 e
(7 L2 fy 0.937 0.937  0.939 0.939 1.020 1.020 1.022 1.022 1.174 1.174
i) /Hz
w(FF +-AH
AR Hy 1.031  1.031 1.071 1.071 1.082 1.082 1.210 1.210 1.211 1.211
% 9.10 9.10  12.30  12.30  5.73 5.73  15.50  15.50  3.10 3.10

Bl 3~5 735 0 95 R EEA AT 5 55 - ARHIR A S5 ARG S0 1~ 3 B iR AL AU L. & S Al 5F
T AR TR G S A R rh R 32 75 L A I 2T R R X S R 5 K BE A S5 e A A ANORE ) (AR D B 3L R
BB P AL T 10 B 78 9% 2R AR o 22 7 de K AR 15, 500 (EL PRI AR FRY B 4R 41 46 ) 248 %) 2 S

(a) #5 -Gt Al (b) 25 1- AR A S5 F A A
B3 75 R4 E 555 L -RME G AR 1 R IR B XS L
Fig. 3 Comparison of 1st modal shape between rammed earth structure model

and rammed earth-wood mixed structure model
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Fig. 4 Comparison of 2nd mode shapes between rammed earth structure model

and rammed earth-wood mixed structure model
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Fig. 5 Comparison of 3rd mode shapes between rammed earth structure model

and rammed earth-wood mixed structure model
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Tab. 2 Statistical tab of partial circular Fujian Tulou structure size

R4 r/m h/m H/m [ A r/m h/m H/m
R 63.6 1.5 12.4 PR B B 33.0 1.20 11.5
Tt 2 B 35.0 1.2 11.2 B 33.0 1. 20 12.3
M E g 48.0 1.2 11.1 HRIHHE 29.5 1.00 13.0
Rk 48.0 1.0 11.5 Ihs 5 4% 48.0 1. 00 11.0
PR B 42.0 1.2 13.4 NS 46.0 1.00 11.0
My DLk 34.0 0.9 11.0 I B 74,1 1.60 15.0
A6 47.0 2.0 11.9 B 59. 4 0.85 13.6
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Fig. 6 Relationship between natural vibration frequency of rammed earth structure

and elastic modulus of rammed earth
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