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Practical Implementation of Passive Environmental Control in
Routinized Operation for Mitigating Moisture-Related Risks in a
Wooden Structure Built inside a Rock Cave

MIZUTANTI Etsuko, OGURA Daisuke ™,
FUJII Yoshihisa™ and FUJTIWARA Yuko™

This study investigates moisture-related deterioration risks in the wooden main hall of
Natadera Temple, a nationally designated Important Cultural Property built inside a natural
rock cave in Japan. Based on on-site surveys and long-term environmental monitoring, the
characteristics of the hygrothermal environment inside the cave and their relationship with
condensation and moisture-related damage risks were examined. The results indicate that
the cave interior remains persistently humid throughout the year due to continuous moisture
supply from water dripping from the rock surface, rainfall infiltration, and water accumulation
in drainage channels. Condensation risk analysis revealed seasonal differences: condensation
conditions occurred frequently on the cave rock surfaces during summer, while the risk on the
wooden surfaces of the main hall increased from autumn to early spring.

To mitigate these risks within the scope of daily management, passive environmental
control strategies were implemented, consisting of enhanced ventilation during summer and
ventilation restriction with thermal retention during winter. Field measurements demon-
strated that summer ventilation reduced relative humidity, particularly near the northern side
of the hall, while winter curtain installation significantly decreased air exchange rates and
suppressed nighttime temperature drops, leading to a reduction in condensation risk. This
case study provides practical insights into risk-based, low-impact environmental management
for cultural properties located in caves or similarly humid geological settings.

*Kyoto University



