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Non-destructive and Micro-destructive Testing Technology for Status Monitoring of Song
Dynasty Wooden Columns in the Main Hall of Baoguo Temple, Ningbo
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Abstract: Effective monitoring of wooden archi-
tectures is necessary for maintenance and repair
planning. Microwave detection, ultrasonic detec-
tion and impedance testing, which are nondestruc-
tive testing (NDT) and micro-destructive testing
(MDT) technologies, are used for on-site survey-
ing and inspection of the Song Dynasty wooden
columns in the main hall of Baoguo Temple to
compare their feasibilities. On the one hand, the
health of the remaining wooden columns is tested.
On the other hand, the reliability of these NDT
and MDT technologies is studied to provide a
basis for future continuous monitoring. Internal
semi-quantitative evaluation of wooden columns
is performed by analysing the ultrasonic wave
velocity and cross-sections of the internal decay
inside the columns, which compensates for the
failure of traditional qualitative technologies to
reach required precisions. Additionally, the test
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results are used as monitoring records and form
a basis for preventive conservation of the Song
Dynasty wooden columns in the main hall of
Baoguo Temple. Moisture is the main cause of
the decay of the wooden columns. Microwave
technology can be used to locate the moisture
source in the columns by testing the water content
at different depths. This provides data to aid in
taking effective measures to avoid excessive
moisture in the wood. Finally, the characteristics
of the NDT and MDT monitoring technologies
are introduced to provide a reference for future
monitoring of wooden heritage sites.

Keywords: main hall of Baoguo Temple;
non-destructive testing; micro-destructive test-
ing; microwave detection; ultrasonic detection;
resistograph testing
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Synopsis

As a famous wooden architectural heritage
site in China with significant cultural, craft and
scientific value, Baoguo Temple is among the
structures in the World Cultural Heritage pre-
paratory list for the Maritime Silk Road. Baoguo
Temple was listed by the State Council of the
People’s Republic of China in the first batch of
Major Historical and Cultural Sites Protected
at the National Level in March 1961. The main
hall forms an important part of Baoguo Temple
and was built in 1013 (during the Northern Song
Dynasty). Because of the biomass characteristics
of the materials used, decay, fungi and insect in-
festations have developed in the ancient wooden
members of the hall for decades. To eliminate
any hidden dangers and prolong the life of this
architectural heritage site, it is necessary to
monitor the structure continuously, record, sort
and analyse the monitoring data, and then use
these data as a basis for the implementation of
further conservation measures.

At present, monitoring work on historic
wooden structures in China and many other
countries is mainly focused on environmental
and structural monitoring. Researchers rarely use
non-destructive testing methods to monitor the
quality of the materials of these historic wooden
structures. This work introduces the non-destruc-
tive testing (NDT) and micro-destructive testing
technologies that are used for on-site surveying
and inspection of the Song Dynasty wooden
columns in the main hall of Baoguo Temple and
compares the feasibilities of the NDT methods,
which include microwave, ultrasonic and resisto-
graph-based testing methods.

As a microwave passes through an object,
its intensity decreases, its power is attenuated
and its amplitude, phase, frequency and other
related parameters also change. Therefore, the
moisture content of the object material can be
measured indirectly by detecting the data that
measure these changes. In this work, a German
MOIST 210 handheld microwave detector is
used to detect the moisture content of the Song
Dynasty wooden columns at depths of 3 cm,
7 cm and 11 cm. The results show that in any
of the wooden columns when measured at the

same height, the moisture content is highest at
the depth of 3 cm, followed by that at the depth
of 7 cm, while the moisture content at the depth
of 11 cm is the lowest. Therefore, the water in
the Song Dynasty wooden columns in Baoguo
Temple is largely transmitted from the surround-
ing environment to the interior of the wood.

Ultrasonic testing technology is used to
detect damage to the wood based on changes in
the ultrasonic velocity within the wood. In this
work, a Swiss Proceq ultrasonic detector is used
to measure the ultrasonic velocity at heights
of 40 cm, 80 cm, 120 cm, 160 cm, and 200 cm
in columns B4, C1, C4, D1, D2, D3 and D4.
Measurements were taken at each measurement
point twice, and the average result was used as
the ultrasonic velocity in each case. The resulting
velocity distributions indicate that the velocity
values for columns D3 and D4 are the closest
in value at approximately 1 600-1 700 m/s, and
are higher than the velocity values of the other
columns. In general, a higher velocity within the
material means that that material is relatively
dense and strong. In addition, the available data
indicate that D4 is an updated wooden column,
meaning that D3 may also be a comparatively
new column. Because the wave propagation
velocity in the air is 340 m/s, and the velocity
of the wave when propagating in the wood is
greater than 340 m/s, the wave velocity will be
reduced significantly when an ultrasonic wave
passes through wood that contains a crack. In the
wooden columns other than D3 and D4, the wave
velocity values are smaller than those detected
in the newer columns. It is thus preliminarily
concluded that internal spliced cracking is present
in the wooden columns other than D3 and D4
because of their long-term use.

Resistograph testing technology is used to
measure the internal conditions of wood via a
resistance curve that is formed during a drilling
rotation process. A German micro-drill resistance
instrument (IML-RESI PD600) is used to
perform important testing of the internal decay
of the class 11l wooden columns that have the
most serious degrees of disease severity. Drilling
impedance results are then analysed on-site
using PD-Tools Pro software. The impedance
curve is analysed in combination with the wood
density, the number of annual rings and other
related wood science knowledge. The impedance
curve is then synthesised on the cross-section
of a column and Auto CAD software is used
to draw cross-sections of the degrees of decay
indicated at the different heights in the wooden
columns. In these cross-sections, blue colour
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represents holes in the wood, red colour repre-
sents serious decay, and yellow colour repre-
sents light decay. The degrees of decay in the
measured sections of columns Al, C2 and C3,
B1 and B3, and A2 are serious, medium, light
and well, respectively and the degrees of decay
of the measured sections of column B2 vary
with column height from serious to light and
well.

In conclusion, because of the characteris-
tics of the semi-open spaces in which the Song
Dynasty wooden columns of Baoguo Temple are
located, the large diameters of the columns, and
the unique structures of these wooden columns,
comprehensive application of various detection
methods to measure these Song Dynasty wooden
columns is essential. The advantages, difficul-
ties and data reliability of the various methods
are also analysed and summarised. The data
obtained can then be used as daily maintenance
and monitoring records for the Song Dynasty
wooden columns in the main hall of Baoguo
Temple, and these detection methods can be
used for reference in monitoring operations for
other historic wooden structures.
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