Advances in Geosciences HLEREI RV, 2017, 7(2), 224-231 Hans )i
Published Online April 2017 in Hans. http://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2017.72024

Nondestructive Detection for Explaining
Leaning of Manghong Octagonal Tower Base
on Rayliegh Wave Technique

Yaqiong Liu, Rongyi Qian®, Xinglin Lu, Lichao Liu, Zhouwen Hu

China University of Geosciences (Beijing), Beijing
Email: yagiongliu@cugb.edu.cn, ‘rongyigian@cugb.edu.cn

Received: Apr. 5", 2017; accepted: Apr. 26", 2017; published: Apr. 30", 2017

Abstract

Rayleigh wave detection technique has been used widely to detect the structural information of
tower foundation for engineering constructions. There are many advantages, including nonde-
structive, near surface high resolution, cheapness and quickness, etc. The Manghong Octagonal
tower was built in Kangxi period of Qing dynasty, located in Lancang county, Yunnan province and
became one of the most important historical sites in China. At present, Manghong Octagonal Tower
is inclining to north and the tower appears some cracks at the bricks on tower body. In order to
protect cultural relics, nondestructive detection method has to be utilized to ascertain the struc-
tural information of tower foundation, and analyze the reason why the tower was inclined. In this
paper, we used Rayleigh wave exploration technique with high resolution to obtain shear wave
velocity structure of tower foundation. Combining with the engineering geological information, we
can deduce the reason why the tower was inclined, and provide some basic advices for the protec-
tion of cultural relics. We processed the Rayleigh wave data from the two survey lines at the tower
foundation, and obtained the information of the shear wave velocity structure. From there, we can
deduce the backfill soil thickness is about 1 m near surface of tower foundation and the bedrock is
sandy conglomerate. The tower foundation is located on the relative prominent bedrock surface,
and a shear wave low-velocity area can be found on the north of foundation with weaker bearing
stratum. We can conclude from the result of detection as follow: 1) the local fracture zone exist on
the north of the tower; 2) the uneven supported power between the bearing stratum and tower
foundation would lead the tower to inline north.
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Figure 1. Manghong Octagonal Tower survey: (a) the overall structure; (b) the distribution of
field sites; (c) the work layout of tower foundation
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Figure 2. The single shot record of Rayleigh wave exploration
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Figure 3. The flow of data process of Rayleigh surface wave
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Figure 4. The flow of data process of Rayleigh wave. (a) The single shot record of Rayleigh wave exploration after applying
the pre-processing; (b) Rayleigh wave frequency wavenumber spectrum; (c) dispersion curve and signal to noise ration of
curve; (d) layer structure from dispersion curve inversion
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Figure 5. Shear wave exploration speed profile of Line 1 (b) and Line 2 (a)
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Figure 6. Exploratory trench
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Figure 7. Geological cross-section of octagonal tower foundation structure of Line 1 (b) and Line 2 (a)
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