HOKKAIDO UNIVERSITY

Title MMETEMENEREM DR © BAEER
Author (s) &M, IEC; FUKUDA, Masami
Citation EERIE, YHEE, 42, 163-169
Issue Date 1984-03-05
Doc URL https://hdl. handle.net/2115/18492
Type departmental bulletin paper
File Information 42 p163-169. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Masami FUKUDA 1983 An Experiment of Freeze-thaw Cycles of Rock Specimens from
the Walls of Otaru Museum Building. Low Temperature Science, Ser. A, 42. (With
English Summary p. 168)

ANETHIL IR B SV BE A b O RS — Rk AR SRR

w M E
(& B B % o % %)
(R0 58 4210 A RE)

L. B b ®I

INETRSZ A (1 B ABM I ) 2RO REN L FERE Th5b, S
T RCET 5\ hd Bk (AHIBKE) REHELTHWbRTHS, & BCHE
T, FERGIETICD - Tetedie, —HTHANRE L >Tb, +2 THBERTRYHE
THEBI T, CONERHOHER L i » 2 BEBEF ORI & £ OB R 72T B4
Tpihs, FOEBBED BL LG B TORERN L B —MRRRE T -0 TE
ZicEET A,

FTEEHIR TOHNRE M ORECH e »Tit, DUTOSACHE LTI RS,
TELTHEC X AWPBEAAE D Th DI b, REC,HIDD T E i BH % kT
B, LOWEL ORUEL S, BEOWMMEHBORE, TBE  HH - KSHEO 3 O0%
B kT 5, BEECOWT, BEY 1974) 3ALEE CERARA LT, BEOETFMEL
WEBMEShR TV L RIEH L, ¥RCBORMMOBEY, BHERE L BE REEEE
(Vp) OB > SBT3 2 E2RA TV B, -

BF A D R DR R K T B bl T, (ML E AR & (7
B L BEBER Db UMb LEMND 5, BEEILOLTIE, LEMROEE—RMIEO H
BB AR L fo%, %2 CIMETIIMBEORNITH, SEERH OWREE—MBEOR 58 LI
EORE DRy, HhETHERRBOME —MERRY TS5,

II. E#—RMBOLRAK

AEEOGHIIHEE=ZRBEKE EZRUENS DI, T, BIBHEILDE Lo RIKE
Thb, £2T, BEKENEE MEOKRIELIFAZ EOREZT T2 BB Tk
B BMENRD D, EFEONBEREOCEE ENAIBOEB LB LT, HEERC,rHHEK
SRR IMT A, B TORERRLE L BIKEDOTHHIZOWTIT -1z,

FTORHME Lo L 5, BAPEBERYZT 2, 0°C 2 T LCERBAEET S
Ek, rOMBHEECHEIKETS, £ CHE IR, 1982712 A 198343 A CTo
Moz RTHBFY - RS REREOCEHERT, Sbichhrb, HRIEBEOEHN0C %
EFLAHBAELXOBRLE LTRLADOBHEZRTH S, oMo HBEHAEIX2ETH

* JripE R FEERNFWENER $ 26025
EREE DER #4228 HERs84g



164 # H E C

-5 1

TEMPERATURE

-fel

-1s 1 ] } }
OEC ! JAN ! FEB MAR

FI1H MMECHSTHIHFH - KE - REEEOKS (1982412 A ~198343 A)

Mkl byl
Kb firt

B2l MM RTB0CEETLURS L HBHAK & 1@
(19824 12 B ~1983 4 3 A)

ofeh, 12 AL 3 ARBEDSC Ehbnd, ChIKROCEEHTH b, EBEOEADOKNA
BELXRIDHDT, HBEEEDOEIH LD THAOHBWERTH b o T, BHD
AR E TEBAB LS, CEETTHEVH AT TRL, THOBH D BREL
ECFhiEieb vy, I THRRBSEN +2°Ch o x, BRESEMN -2°CUT L1k
EHHOKBHAE LBEREIRTTT, 2hd, BACTCOEROBEERCRIETESLRE
b, ZRARRIELHBE LW, ZoMMIEAREERECHD, 3 A0 ~THrS
CHEALTWS, (ZoRMBMEH T sy, AEAHIKPH#BLZZITOT . 2TV RE
BB E KGO 25851 0H LT, BLL cE AR EREERIhSTVRTCh - T
W,



SHEET M O A —RARERABR 165

8 FREQUENCY= {8

I
IR i

ph

-S4

TEMPERATURE

-1l

-5 = i | 1
DEC JAN ' FEB | MAR

BIM 3B +2CRk, —2CUTFHETLTERLE
B &8 (1982 4 12 A ~1983 4 3 )

A

-4 t t —
2] 24 48 72
hours

FAR AELH(RWE) ONTRECREH (198343 4 18 H~20 B4 | B & s J%E)

TEMPERATURE
©

4 i MAR.18-2@&
3 |
2 |
)
13
) 1
r_
< o N\
% N~ \ = e o
o -y
¥
-2 i
-3l )
~4 T T 1
e 24 48 72

hours

B5E SAEEH(BKE) ORFRECEEM (198343 7 18 H~20 B4 | B = L JE)



166 Lofmom o E B

RICEBONBELH OPIRIRE (Rl o5 em LE) OXLBO > H, HIRTFWShIcS
A18 H~20 HOBMMHEEEZHAREFES KiLiRdT, H4HILREEORLEDOEE T, %
BRI 20% CTh B, 55 KL L WK EEORIKE TEBMEIZ 0% ¥ Z 2T\ 5, RES
i, H1BMIE RS L, RUERBEDID 7T A<= VL, AEERER X Th

HLlokdic, BEBHENIRELS LT 5B, FLERRLNIWOT, AKELIRLE
DIcHERR ORI LAPLNBBRHZEHFS R TV (B4 ), BREDEH
DT, CCLITOZEBEIVNZ W L THB, THAERNKSTDOWE &SR 5k
Hic X5, D% D, BRI E—REER DE LTS, 20T, COBRKERE
Mo LT, KREN ToBE 8RB A T -7,

L. 5RPKE D R¥E—ml iR 2B

NEEAME LTHCBR TV ABRIKEE, BEMD 2EBC dbhs, WEM LIRE
DBRK AL EMELSRIFBIKE LTS, ZhX b IFAETHED £ UsBRIKE 2 RKfILEg
KE&ET D, SHBERMEZ TN LT, FOED EETes T TRRL:, Shboiitaizig
5x5x5cem DN HFHICER L, ZEHEERL@GEWREHREE (V) ZilE L,

X0 +10°C~—15°C DREETL B 1 V1 7 L OIREE—RBEDOR DE L, Ko s
LAt ote, 2R L5 44 2 MECEFRFREREK L V,, THICHBIC & 5 ERR%
FHEE L, ShbORERSENDESTEE~OEI M HE L,

%
100‘[‘ °/o
1007—
o]
© =
T 90+ fod
T £ 904
z =y
R=y ¢
[ =
3 =
— 3
_'g“ 80+ o
2 80+
@ &
a
704 / '
Jv R -45"“: -t — t 4
T — 0 5
0 5
F-T cycles F-T cycles
F6R BT XrsERRS BIE DM sERRE
(%m%ﬁ%) - o o (RIPILEIK &)
OHMED S SR - AFISHBED SR B FR
X HISLBED A A IR X EIAHEE D R B ERERL

® HVHIEM 72 SR AFNFIIE B 2 DRI



SEBER B o B S — R B B 167

IR AE L, BOE LWEREY v ) 2 vRBIENIET S &, BT O BT 23
MF 5 ERTTRAMBRTCNBY, F2C, SEERTHEBKEC S REDHRAZS
NAEPEHETARBRA T ol Ay 2 VEBIZ A FAL= b2 Y5 v ThBH, Th
DEAEERDOK3BY b=y 25 —VEERBEERC, EARABYREIETCAB L,
BB X C, BRZEOM 24% 2MEIE TR TA S hic, BELER X - TV, OfEIR%E
L ote, LU, BHEBREAOKGEE S WBEL Iy, KEBEHIC X 52=RE1320% L
TEitote,

km/sec
> 2.5,
}_
H
8]
a2z |4
7 e
u>J $s5-101 * tredted
1.5
0
; no treated
Q4
0{) L
P
Foe.sl
]
35
2 . - {
e 2 .5

FREEZE—-THAW CYCLES

ESE B X s BEHESFEE (V) ”)’FTE (3‘3(}1\9&)757_7/
SS-101: - > v = Rl

we®

FOR DR X 5 RUGRIKE D FI0E WE—RIC X 5 RRRKE O
RETARI (IR AL 2 ) BB (v = v BlRAR)



168 B B E &

WRE—MRC X 5 EFEOWR - LHK I L AEEREOBRE Y, 16 X (RREKE) &
BT (RFLGKE) wiRt, WELitiTse, BRREKEOH CHMROELVHELRS
B, BACEKBLT, HECHNALEIRLERBIZEBRBINRLTVWZ EATRIRTWS,
BHIMES&EC XL I NT, HHET LD TH B,

BB O EY IS 51, BRBKED V, FfbicEE LThs, HEXERT X
5, MR (SS-101) A3 U7ciURHIEM —m e 0B L LCh VB LathvoTe, Th
et LCERAEORENT V, 0fEavh & (e, BR—RBO A 7 12 X a5 {bnikbhie,
EARBORBERC L HABREMEFEIKEH 0T, 501 7 i kB DL
DEME P OOHBEPE LT B, & ZAVRBBAE LIS Ea i, B EoB it -7l
Aoh, H8RTV, B UletnnfcZ &, 205 bUish o &2 BN T3,

OB OERE G, BEEHES IOKSHHEEGE LCRBEOREMEI DL
D EDLLIRS TS, LIch T, BATE 5 Lic e @ikl £ 35 i Tidde
Ve BREE—RRRIC X B BEEAOEIMANI VW ERRE LTR D, B TOMNKSFELT
BHITIY, SHLRIFESENEHLERTHILEND B,

IVv. 8 H b I

BRERASE B aERENN, BATCRERE THR SR D 0RM ey,
SR FIC BT C, WREREO AT L EUR BN LB L, BEEM & LTRE LS
AubHR TV BBIKER, Ko E ZICRE TR —RIM AR DR LSt v
ERERTRIhI, EEACORMOBRERLLOLELD, LFHICH L HBHE T 5
LB —R MR DR ST b & & bbb o fe, BIKE QW —R B X 5 8% B ik
5—O0NHEELT, Y2 VEIRABERER TH D 2 LHXFERBERTRINI

KRR DI T, MHEFRZAS L UMBEWREEMBEOB 2B, T
ERHEAET- A TR -ERCELOPEERHEVE, ZIRELTREHOBELZEDLLET,

X ik
1) WEED 1974 EE-BMACI2E8T0/RML. EEHY WEE, 32, 243-249.

2) Fukuda, M. 1979 Some observations about rock weathering by frost upon the wall carvings.
Fondation Francaisé Détudes Nordique, Actes et Documents, 6, 73-79.

3) WEMIES 1982 Jufl 51 5 ME—MB OB ) B LHBEHE 2. Lidslic s s HHon
Ak gt DN Bho T, hEd, BHEB Rus TR E BT 5 B, 77-86.

4) FEHIED « Z@HER - FEHDE - BREm 1983 OHEEMOEBEEHBIRC L 5 -0l kS RoE
B, RER®RE, 22, 1-14

Summary

Tertiary tuff and andesite are used as the rock blocks of Otaru Museum Building. Those
of the outer walls have undergone a weathering effect of the freeze-thaw cycles during the
winter. For the protection of the outer walls from breaking due to the freeze-thaw cycles
a preliminary study was conducted by the present author. The number of frequencies of
freeze-thaw cycles was estimated by the measurements of temperature fluctuations in the rock
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blocks of the outer walls. Rock specimens were then cut off from them and exposed to the
freeze-thaw cycles in the laboratory. The degree of frost shattering due to the freeze-thaw
cycles was determined by the measurements of the rock properties such as porosity and
ultrasonic propagation velocity through the specimens. As a result of this experimental study
it is recommended for the protection of the rock blocks from breaking that they be treated

with synthetic resin.



