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Evaluation of the Thermal and Noise Environment in
an Ancient Tomb installed a Duct-type HVAC System
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ABSTRACT: Opening an ancient tomb interior can deal fair damage for preservation in long
period because of high moisture. In this study, a duct-type HVAC system was installed to
preserve an ancient tomb and temperature and humidity was measured to analyze heat envi-
ronment. Armhole was measured to search whether an ancient tomb receives effects of vibra-
tion caused by a duct-type HVAC system.

According to the measured data, temperature in an ancient tomb is kept adaptively in con-
servation regardless of a duct-type HVAC system installation when it rains in summer. The
other side, humidity is kept adaptively in conservation when installed duct-type HVAC sys-
tem. But when it is in natural state, a lot of humidity by dew condensation phenomena. So it
needs a duct-type system for an ancient tomb conservation. In the case of vibration, mea-
surement value of 3 satisfy control but Germanic DIN 4150 does not satisfy. Therefore, equip
must be such that it can prevent vibration for safety.

Key words: HVAC system(#FZA]2 %), Humidity control(&F%X#)°]), Ancient tomb(3Z#), Con-
servation(l.&), Vibration levels(3 % &)d)
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Table 1 Temp. and RH conditions for the conservation of cultural properties

Materials Temp. (T) RH (%)
Book, paper, stamp 16~24 45~65
Parchment 155~235 95~60
Metal goods 16~24 40~63
Clay, fur, furniture, leather, etching, sculpture 16~24 45~63
Porous stone, picture, wood objects 16~24 55~63
Dessin depository 18~20 65
Museum 18~22 50
Table 2 Vibration criteria of structure”
Type of structure Regulation Values
Surgery of hospital, SO Continual vibration (dB) | Shock vibration (dB)
region of need silence 51 (35 mm/s) 54 (5.0 mm/s")
Blast vibration | L ransportation/Machinery
vibration
Frequency Particle Frequency Particle
Cultural assets and other structures | Suisse of range velocity of range velocity
(Hz) (mm/s) (Hz) (mm/s)
10~60 8 10~30 3
60~90 8~12 30~60 3~5
Cultural assets Japan 60 (dB)
Structures of weakness for vibration | Germany |Structure damage standard for stationary vibration
(Cultural and other important structures)] DIN 4150 -
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Fig. 1 Schematic of tomb.

Fig. 2 View of tomb.
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(a) HVAC system (outside of the
tomb)

(b) Installed ducts
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(c) Outlet

Fig. 3 An installed view of duct-type HVAC system.
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Fig. 4 Schematic of the duct-type HVAC sys-
tem.
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Fig. 5 Flow diagram of the duct-type HVAC
system.
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Fig. 6 Measuring locations of the temperature
and humidity.
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Fig. 7 Temperature without HVAC system (04.

8.16~21).
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Fig. 8 Relative humidity of Fig. 7.
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Fig. 9 Temperature with HVAC system (06. 7.
7~12).
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Fig. 10 Relative humidity of Fig.9.
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Table 3 Vibration acceleration level

L Duct-type(dB)
Direction

X Y 4

Leq 482 49.2 46

Lmax 51.4 52.1 49
Lmin 45.9 47 43.8
Ls 496 50.5 47.3
Lo 493 50.1 46.9
Lso 481 49.1 458
Lao 47.2 48.2 449
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Fig. 11 Vibration level.
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