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Photo 1 Shelter of “Yakushido” sculptures Photo 2 Rock-cliff sculptures of “Yakushido”
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Table 1 Physical properties of stone (tuff)
of ‘Yakushido’
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Balk density
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Real density
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Table 2 Locations of the temperature and RH measurement
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No. (Sensor) Measurement Location
@ (1n) B 1 (Temp.) ik CEMignskFREAT) (Rock 1 inside)
® #2zn) ” »# (M BB (Rock2 inside)
@ (#3n) ” » (A EBEET) (Rock3 inside)
@ (H4nd v »  (FshiskEEETY (Rock 4 inside)
® (5n) ” = A (KR (Air inside)
® (#61) ” B 4 (&) (Air outside)
@ E10) R (RED B # (RH outside)
#20) ” #% 4 (RH inside)
@ #30) ey §g (Temp.) B 4 (&) (Air outside)
(#4 0) ks (B4 (Rock surface, open air)
@ (#50) kN (B4 (Rock in the open air)
@ #60) # AN (&) (Air inside)
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Fig. 1 Temperature change of air outside,
from December 1985 to April 1986
(vertical line indicates the amplitude of
temperature change of each day)

Fig. 2 Temperature change of air in a shelter
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Phote 3 View of a cliff near “Yakushido”
(beginning of January)
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Photo 6 Measuring device broken by a falling
rock due to frost shattering
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Photo 5 Damage to cliff due
to frost shattering
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Photo 7 Ice formed at the neck of a sculpture
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Photo 8 Flaking part due to ice formed below surface layer

6. & & &

SEEMEAAILD B 5 /T R L O R R
BEIY, ZJHEBE OB E  HHEH
Hok o3 WRIETH Y, HhkE
T A FE b 2R R &  BEHE
BZFoTwv, SEoFfESEE T,
BRI X 5 HEIE L Abh,
i A A S o FEFE RS
5 &FIWE i,

RECHEBEEE B ST X - THHEH
ERH R & LT, Bl BAR &
THENNSOKOEESZEE, MG
OWEE R L TESATHLENOSNR
N O°CRATRTFRLRNE TS
THEFTIe 5 2 LD LRI, KE
TEHTBABIEORICSE L, 614N
BB T TOE, HADERILE
TRTFRLY, BRI HOMRES T
HhhTwb o ERFEIEEI T, TR

FE—-9 GBI hE T LR

i
Photo 9 Broken and fallen relief due SR E TE ORI VT,
to frost shattering L T IR AR e LA OBk

LTETHDo



1988 SR - SRR AL 351 % BRAS BB O Rtk 1

E &

AME AT o Mie b, NEITEEERSOMBEEATEZIL L &3 % PN En) RO i ki
HAEIFO T <, ARITFREHRD 4 R EALMHE T 4R ROERZENA LS < DY)
2 DBWERA NS T, F e, ANENT O K R IEMEEG D S R A B RC B A T L e, S
HOBATRD Jj 2 RS B L L ¥ T, Coft, EMEALRFEENALRNGEIULTS

ﬁ R 3 AL W SR T LA S A IRAFBL AT 2, (R 1 S W IS M Bl e RO M o N Lo

DB AN HE, ALl K HR A HF IR T O i 1 IE W) B ax e Lod SR A v o fe
Mtoh<%%$thiTo

Aol H F & DR MIHEA A E R D B DURRISLG BT & % L

120

2 # X
D _.“mbi.f& RAEE T« MURNIORE RS Th & T D MY, T M O (R Ar & 1518 ), 9--46 (1985)
2)  WESEHEEE NG < T SRR AL « MBI R AE B Lk, 5 (1968)



12 =il EHR - W R fRAFFISE No. 27

Frost Shattering of Rock-cliff Sculptures at Odaka
Sadatoshi MIURA and Tadateru NISHIURA

“Yakushido Sekibutsu’ (rock-cliff sculptures) are located at Odaka, northeast
of Tokyo. Since this district faces the Pacific Ocean, the climate of Odaka is
thought to be rather moderate. At present, all sculptures have already lost their
noses, ears and other thrust parts, and salts have effloresced on their surfaces.
Researches have been carried out since the fall of 1985 on the climate of the envi-
ronment for the improvement of a shelter.

Temperature and RH data were stored every hour in a data-logger (Field
Memory, HAYASAKA). Then the data were transferred to a personal computer

(PC 9801, NEC) by a hand-held computer (HC 20, EPSON).

When the mean temperatures of several successive days were lower than —2°C,
the temperature in a sculpture rock (about 2cm deep) also became below the
freezing point. As water exudes from the cliff where the sculptures are carved,
on those days the water froze at the surface or in the gap between the surface
and subordinate layver. This caused a severe irost shattering to the sculptures
and reliefs. Some damages actually observed are shown in the photographs No.
6—9.

Since it was considered from our researches that the main reason of the
degradation is frost shattering, the shelter was improved to maintain the ambient
temperature of the sculptures higher than 0°C even in the coldest days. No frost
shattering was observed the following winter (1986—1987) owing to this improve-

ment.



