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Abstract

Thailand has many valuable historical remains in which their appearance and
structural conditions have been deteriorating due to aging, environmental impacts and
man-made activities. Proper maintenance of these heritage structures is therefore very
important for the preservation of the historical sites. In order to have rational plan and
decision, documentations and assessment of the existing conditions of these structures
are necessary prior to any intervention on them. In this research, the main objective is to
apply engineering measures to preserve the historical structures in Thailand. The contents
of the study consist of development of a new technique to obtain 3D models of structures
based on images, dynamic properties measurement of historic structures, tests and
evaluation of impact from environmental dynamic loads and structural assessment by
finite element analysis.

In the first part, this research focuses on the data collection technique for the
image-based technique to obtain 3D models that are as complete as possible. The sample
sites used in this work are Wat Yai Chai Mongkol and Wat Chai Wattanaram. It is suggested
that the three collection strategies, sparse point cloud model, dense point cloud model
and surface model, will be required for data collection if complete and detailed 3D
models are required. Nevertheless, it depends on the application that 3D models will be
used. The 3D models from both temples can be used for inspection, and for archiving as
future reference. In the second part, dynamic characteristics of Wat Yai Chai Mongkol
stupa were identified by ambient vibration measurements. Natural frequencies of the
translational modes were obtained from Fourier spectrum of the measured vibrations of
the stupa. Vibration mode shapes were computed from the ratio of the Fourier
amplitudes. The results of the dynamics properties can be used to calibrate the Finite
Element model for further structural assessments and serve as reference values for long-
term monitoring. In order to investigate impacts from dynamic loads from environment
to the historic structures, traffic induced vibration in Phra Nakhon Sri Ayutthaya and wind
tunnel tests of Wat Yai Chai Mongkol stupa were conducted. From field test of traffic
induced vibration, the attenuation rate in Phra Nakhon Sri Ayutthaya was relatively high
due to stiffer soils underneath. The highest vibration velocity found in Phra Nakhon Sri
Ayutthaya, under more extreme condition than the condition at historic sites, was lower
than the recommendation provided in an international standard of vibration effect on
structure and past researches. From wind tunnel tests, the maximum wind pressure was
about 1.5 kPa and the maximum wind suction was about 2.0 kPa. This resulted in
estimated stress about 350 kPa in tension and 1,300 kPa in compression. The finite
element model of Wat Yai Chai Mongkol stupa was set up to analyze for stresses under

its own weight. The structure from motion technique was used to obtain the current
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geometric description of the structure and it was found that at present the structure is
tilting by about 3 degrees to the north-west corner with the top of the structure is deviated
by about 3.75 m from its expected position. The finite element model is composed of
20,543 linear tetrahedron elements with base of the model is fixed to the ground. It was
found that, at present, the existing principal tensile and compressive stresses due to self-
weight are less than 25 and 410 kPa respectively. Effect of additional tilting of the structure

by 5 degrees was also investigated, and possible zones of tensile cracks were observed.
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