F IS ABRAPICET L UROD LEERE
(#) £A%L 2006 1A WXES S50

BEOERDEREMES L VEL
(25> EHRZEE

NEOERRL R B2 - B &I - AT

VES B (REEBREIIEAT (T 098-3207 dbiEiE FHE BIEAE BT ST 575 H13)

E-mail:nariaki.kodama@mb.megafit.net

TEHERALFEREBRLFEHER (T060-8628 AtvgEsLegtibXAb135%
H8T H)

TERE MBERFERER LEFERREERI AT AHK

iR HIE P PR SR A S

ZESE  ALimE KRR

TRETEEE, QRS XHEREKE, BEWRARBERS 0SS E &M TRKI0E O BAERAEY 1
INEHZI. EOKR, MEOEMEIE OMRE T RSB L, BIRDE CIHBEIAE LRV
DOFA I NEERD T ECHREOESER SN E, WERBI O O ICIREEREERE 2
ZISERTITY, RMEgymOER - BEREMICHMILES SV HEDE B I CWMEERERS T, 71 A
Vo REERTOEHERFELPAECD I L AR L. BRWEOHBERME THLNECHRERIZZ
DEEICLZbDEEZLND. BREERE TR, TWE - FHRAE - BAEPHICEVBICHBEAD

FREE > TREAKER LA L, BRCE-EBILND.

Key Words :rock, deformation, freeze-thaw, frost heaving, unfrozen water

1. #

|

BRI T, KR ETHEENE AR
BEICER U N EOERIC L 2HERT 22,
KA R ORI OB L A RO s L AL
L 2B&EUHBSL. ok 2RISR 28T,
B A KRB B RATE O Do U R SR A TR
M35, MRS ST A RAHIOBBIZB
T, EROBHEAE D T AKOFREES LS R A
OffIEY R Y, BBRPSLIEDIFREN LD 5.

KT 5 Ml AR B4 A BFE et
@D 14% & Wb D KAR IR COMBRL/ A 7T A
VOEORZ, AR AEER FENEA HR L
LT I90ERMBEREFTCE Y. SR CiitEs
ZIE, BRESTC, HROFO%OERE TR
2 SEEERIIN SORUEEIEE ORI PP HEE S, Thas
RELIRIE X 0 SKETRIRIE THEE 92 2 L0, KB
R & 7o o TSRS O A LRI A. F
7o, BARIEOEA B ERE—RY 1 2 izttt e, N
HoORIPEMUTHEMET 522 L babh, =
AU F ORI PICERPIcFE L, REh iR
EARIC L O RET AAHAKASEE L TnA EEL R
TV Y FEAKROEBNZHOWTIL, RO 2BYNEZ

b, FCEKEDMEVIES, BRT 9%ONEITR
2R - ARIK ORI X 0 EIF A REAKIC L DRI
KEDSH AR SN TICMERN R E SR L, W
ET2 L7203/ EEERH S, WITEAEORWRET
i, Z ORISR HEK XAUERI AR R A L
R, —EOLEFRE TA AL REEINAKEE
BICRIEANESL, Z0& EORKEISECZAEN
IR ERENRATHIEENDH D, FI P T
KA (FACEESRERE) & EBLUEALS VO
Hleon T b, BREOBHEE & IEHRT OSBRI
(ZEEAEZ Y, NEGESEREIND AT S L
TIN5,

ARFTIY, REOELE BV TRREAEAER b b
R8T, BEEMLIBEAOEER RS, Zh
L HEEH - NEKESEROBLEABEESRET, #hE
NOFHE R ZBET 5.

2. AR
(1) SR

RAERS CRRSRTREE, 16 3REEOX
AT, BEEIRR SmmiEE TH 5.



FiERbE (FRakl B R EE QAT T, SS) 13a
FE-ROAEOMRENE (FEIRAR 0.1 mm 25 ([20%
S, AEFEORFEIDCA T4 FIMTEL TS,

XS e (LB EART R XA, SW) 1Ir 5
G CERVIERESEONTER SR EEN5.

BRI RS (hiE LR B ERERE, SOw)
HERE 15 mm U TORE - BREEKEN LR BRA
BEEH, BT T AU 2 &t ki
NBAeB., GARTHELAN. HEREHEHDOKET AR
FHAD 5Sm BEHO, BECEY 6~TCORETFIZH
LEBHOER LD 0T, RN R SEERERE
o P AETREME TR .

BUEEERE IS (ILERERTEE, HM, TER 300
mAMB L VR U2 7 250 3R EREE S
20, TRImACHTENE, R, RN SICER, T
EPE LTHIA SR QWA ZO/MRIITIZ 208 & L
T Y g EEN, BEE L HIT OpalA 7°5 Opal-
CT ~HE LT 5.

A 3L 30 emAOT 2wy 7k, # 2HIIRE L
DER LRV o 7a7 LR L. b0
EEREE - BRICOWTER IRT. 22T, fH
FERE LA OERTE, BREEOR 600 R1 2 hdE—
FEIEIZ LD H0OT, BRICZERO—ENRNEEN TS,

(2) teRmEE - IALESOHRE

BHEHEITICRE S 10RO 2L b Ze i E D BIRIC
FAL, mdHLEERE - MMM EER
(Quantachrome Instruments #1884, NOVA1000) Z{#HA LT,
ERHAREFIC LD LRERUE (BET ) BIUW
FESARAE BH K 21To7. RREIAERT >
A—B— T O HEAN R | n~3+ nm (2FE Y5 2 Z2pE
DREICHET AL SN .

BEFIOWT, B IZE9ERERE, K2 o
e Y. RO E RS & QRS TF
DENKREL, BEFEOREITEEE 2l b4 R
NE OIS . £, ZhEDORDE 2FEOERE
ISHEE L HER U CEZERERIIRE WL Om, R
hSNZ ENDAD. FEEEESCE L TR o2
REFED | m® &3l LTS5 — & Of S & .
72¥, AEEE3 DL HZ, INERICE - 6 gfRRE
DFEEHTIT -,

BIH ECHEHEANZHE | g IZE8 TN AHTLEROR
BE BRRERZ I OV THETEHA (R, MEY
DR, (SR ET ORI BUETH LS, R
BUZ 3 CHASRMRE O BT L BIERE TR 8
nm DL EOMAESEINL, XHERKEKE T 1~6
nm DI VEOZEESEM U= X DICRA 5. BEE

VBT CLIGRERIRAT R JREE R 2RI TERD bz
A}

Q) FHEKSHE

RESONANCE 54 MARAN Ulta Z#H LT, KHOF
o e b rEERHET HEBERILEE (Nudear
Magnetic Resonance) (259, 03CHh5H20CE TORE
TCEHAIL 723 OFRBKE AR (R K
HAREABEEOL) #E-5 IR, ROV ERE
TERE CIK AAREOREER CREO BV —42 1345
Lotz OEA TIHEEDET & & bIc R Euk
PRD Uiz, ZHODBEATE, EERSEIROZERIT
INEL, A CHIBR 2 S ONCRRERF O T — Z K& 72
BEOERD SN oTE. B, BIERE & IREEERE
TETH, CCrHECEREICRERENEL L TA.
AR S IR E A R o7 ORHIREE . » 72

F-1 BEROTGMHEL )
1G? Ss SW
Quartz 337 | Quartz 308 | Glass 442
Pl 321 | Die** 246 | Pore 372
Ont 301 | Pt 184 | Pumice* |9.
Biotite 38 | Opal** 86 [Pl 49
MS* 46 | MS* 22
SOW HM
Pore 252 | Opal** 491
Pl 242 | Diatom* | 439
WT* 153 | Pl 27
Andesite* | 120 | Pyrite** [ 25
Glass 9.1 Pore 1.0

Pl: Plagioclase, Ort:Orthoclase, MS:Mudstone, WT:Welded tff, s |20,
* KT 2R E R

60

o
[=]

(=]

[Z )
(=3

Porosity (%)

n
(=

L
g

=
(=

A
IG Ss

[

SOwW SW HM

B ZEAOFZERE (%)

w
o

o

o

o

= S NN W
[=]

(=]

Specific sureface area (m*2/g)

pd

=l

G SS SOW  SW HM
X2 EHEAREOLIFHERE

-272 -



Nifrogen adsorption aftter deaeration
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DEFORMATION BEHAVIOR OF ROCKS DUE TO FREEZE-THAW TESTS AND
FROST HEAVING TESTS

Nariaki KODAMA, Satoshi AKAGAWA, Yoshiaki FUJII and Yoji ISHIIIMA

Freeze-thaw tests and frost heaving tests were carried out for several saturated rocks. Two welded tuffs
were fractured at the center in the first cycle of the freeze-thaw test and Shirahama sandstone continued to
expand in the freeze-thaw cycles. It can be considered that this is due to the effects of the unfrozen water.
Failure of welded tuffs that have a large permeability can be explained with the increasing of unfrozen
water pressure at the center of the specimen. Furthermore, frost heaving ability of Shirahama sandstone
and Horonobe mudstone, which contain large amount of Cray minerals, as confirmed. A gradual frost

heaving during the freeze-thaw tests was implied.
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