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Abstract

The present study mainly attempts to clarify the squeezing phenomenon of rocks about tunnels in Japan
and its mechanism and associated factors by studying carefully observed failures on site. On the basis of our
survey, it is distinguished that the following factors are particularly involved with large deformations of the
surrounding medinm:

1-) Competency factor, which is defined as the ratio of the uniaxial strength o, to the overburden pressure
yH ( Muirwood 1972, Nakano 1979), should be less than 2,

2-) The tangential strain of the tunnel wall, which is defined as €y = u/R, should be more than 1 %.

3-) Although the water content is not directly involved, the water content of squeezing rocks was more than
25 %. It is believed that the porosity of rocks is a much more important parameter then their water
content regarding the squeezing potential of rocks. As the porosity increases, rocks become weaker in
their mechanical resistances.

4-) The geology of tunnels were generally consisted of layered sedimentary rocks and they generally con-
tained clay minerals with swelling characteristics.

5-) The observed forms of failure during squeezing phenomenon were those as described in section 2.

6-) The elapsed time for the recognition of the squeezing phenomenon varies with the competency factor
of the rock. The smaller the ratio is the quicker the squeezing failure.

1. X%

AP 4—X4 v TP yRAMEREBNEDATVWAHET, HATORRE b 2020 S BECHEYT
B, 27 4 — X (Squeeze) iICZHHF D EVIEHEDBS D, UL P X ARTBRHLEBLTEF 24 EWS
ZUHEGDTF B E VS HILOTIBTCHBE2ELI T VWS, FAIKLEERE v 21k, BO% b v 2 V2R
CEE MIUBSERLTRBEVWIA A -V THOAHEELEAL S LT, HuliZ D b DR % (RS
Rz VPR, R24—~X 4 vV LPRBICRIIENTVE301d L., BEEF AV ESXIE. A=K ot
BHTRAY= Y Y IEEDRRARZTOSOEHHSIT T3,

1988 £E iz Madrid Iz 5\ CBEfE & 17 ISRM @ Meeting iz 34\ T Commision on Tunnelling in Squeezing
Rock WRAREMNENTWB, TITEBEBNR 7+ —X4 v 7 u v 7 OFERIZ. b 2 NEHIIK L > TRAES
3 2 RIGTPIRESE DL OB IRBE LA, LS EEFESEECL T Y2 LEFEZHLETHLTS 2
E&ENTe FHR. RV 4 — X4 YV OBEBOTHEZFAEICT BB, TEEHIBLDryr—ZAk 2 b Y) —%
NETEEBVBETHIEE N

BREZBWTR, 224 —Xs vy it LEN: b y2L0ERREEL., 20 EDEHHAIF— 2
HHYBEREIN TV AN, BEALRZOBRIOMIBIFELNALI T, FhoDF— 7 BRFHN B
TV, LMo T, REZEBLIUBBEOBRBLPIROYGRER ER+FRELHCEINTVWIEZVWOT, &
—MIERET - LD BTERVWT VWS, A4 —X4 V70 7B 3 b2 A CSBRET 512
Bk, TFZORBPOE/BLIUVEELZERMICTFAUTCEZILEILPEEREL Y &R D, BELTOM
TERE, L. BRECOHEEIX. HLEBR T 256008, HEEBEBLU P 2 V0BVEREL OB X
FHETEBETIRRB->TVWAEY, TOBREFCOTRIREETH . ETFOREHAVD B oh 3 B4 %IR
BRLIBFNERSITWERBRBEE LN - TV,

ABX TR, TOXIBRREBE A, GACBOTHEE LI 2MLUTO F Yy 2V THRED» SBA
DOHE ST - 7 ZNERBEL, X0 4 —X 2 v 70y 7 OIFERESRTECLicL-T. ED X > H
WORRTRI 4 —X 4 YT PRBT20ZHBICTEEERAT VS,

~191—



2., RV 4—R4 V009 ) DER

AHN=ZXLBREIDORBEAEPELPUT VS D, RV 4 —X 4 VI DEHRER Y= Y vy LB LREN
5175 LEIELRT Vo TerzaghiDic kiF T 27 4 — X4 v 7 & id, b v R VEDERBZORREAERNS €
BIERL MY RNVHAZAMUHTBRRETH S, 292 ) v 7k, BROEESEZ NG Eick-T
ML b v 2 VAN LEIERRETH2E L, BILEL S BEEOEETH 30, 2oVt icEdE$ 2
WLV OBBIOAERT S| LLTWVWE, ELOTHERERTOPDBVCRTH 328, Z0i%, b
FNVELEBOBBRBITRR SES T 2t o0, KOHBER A D =X AOFEBERINS LI o7, K
X TR R4 =X g v 7ER, Py A AEHIICE ZRIENDEADEROMEABEL TERERBES .
S SICBHIBE O IC DN THRIBHEEN b v 2 VEE D SHULMSMAN T L, BBELAEB =20 Y2 vl
ZEAMLHTERTH B0.] LFERT 50 ¥R, COFRBORRIZ. MEOBREOHHECL > TRBY, BA
W ES M v A o v vy —DBHEUTHILOFREENOECILHELBERTH 3 EHBELRITARES
BWe COEIBERICE->TRI 4 — X4 v VBB OB IRCHSEEEE 12 5,

BB, R 4 =X 4 v TRBRICRO RS BE, 2 OWERESHILOME# S ->TRERE & icHE
LEFIEE 510 Aydan®) i3 7 O REE BRI E OB TRF1 IKRT LD BE>0D/99 — Y i3 L 1o

a) TRTAMEE: LREE cEENBER 20E& SN, b R VEDERS—BRIC 8 ANTREL
WS IR IFEFCL2F P SMNT 2L LT, & LCERVBIRLTVWE X5 BEH LR, B
B DM YR VOB B D 4 TS T 20 SO b v 2 A OHILIZ—BIFESREA 0.7 ~ 1.2M Pa
DOPEH S, LWL IRB XL 100m THILIGREELEA 0.4 ~ 0.5 & EbHT/NE (. BK 1600mm DK
EEMPBRIS 1l

b) BB : FREPEEFEREOERE. H5VIREE. vV ME BDEREOLBNEEEAE T
RS R oN %, BEAEAMOMENSSEM L TV RIBAKEI VRV, BE-2 KR LAESEN v
FNVOPOBI DY 4 TS T B0 O VA NDOHILRBREET. —BIESHREDS 4 ~ 4.2M Pa ,
T+ 4012110 ~ 130m , HuLBREF I 1.3 ~ 1.6 T, NZEZEALIE 1000mm LI ETH - 720

c) BAMIETNDOWAHE : BEVWEBE T HEE TR, BEEIRIR > TF~5 LEBCEBROBHT
BAMBIEER T, COF 4 TORREARTRREZMEMNIR SRV, 72 Y H TO Navajo Ek b
YEAADDPIBH B, F1z, Kaisert B3GR F v 2 VOBBERTIDIA TDOR Y 4 — X 4 v 7 28
LTW3,

COMPLETE BUCKLING FAILURE TENSILE SPLITTING
SHEAR FAILURE SHEARING AND SLIDING
(a) (b) (c)

BE-1: il b 2




3. Ao 4—X4 vruliE b v R NVEHOEE

HAOELHRD 1/3 RE={LBOHKEEETELITED., #0477 F=v 7 B%2% i} Cigh
PHELSREL. AEKLBETEDLOLTHRBLRKREICRL - TVE, FOIIBFERICHELENE 2D
£ i, RoTRREERL, WL EFERBLAEASEECHESINTVS, 2h 505 IF -4 EREBL TS
2, PUANVEBEORERROKER, HUDOR 7 4 — X4 Y 7 ikZ 6D EYETE S, AETR. FD LR
HPAMEETELIRIECNE-FAEL, 20BR - FHRF— 9 2R LTCHABIZR 74 —X s v o ay
JERI 4 =X 4 VT v ANBHOREERHSHITT 5,

FRFABFEHRIR 7 4+ — X4 vy 7B Liubo %8s, 2 AR, 280, WIBIGT. 8.
YANVDBEEED LUXEER. P2 L0EKEES LUEEE. XESVOBBRAERET, choh
Femp v— pIERDOSNB,

(1) 224 —X 4 Vv y s OhEEHE

HuS e ABBIEL T v 2 VAZRBANICH LBIEREZILRAEIFL TV S, 1IdhEEE O
FIREERCRE IO L, R2 4 =Xy Y REMEOERNLTMESREALETH S, KERLEIRE
BESDIEL. 20— MEREFR, EROWENHELEVHEEBS2EELONBDT, RV 4 X1 ¥
OHFEIREER NS A—5 K DB 2, 2T FARONWAERI 4 =X v P uy 7 OFL DHFREL 8
FRELOEEELTEEL, 20#ELR2~RITicF & o1,

(a) —PAEREE (0.) L BAKRER (v,) OBR (K-2())

— @l E 45 OFEFED 0.15 ~ 21M Pa icxd L. B (AR EBOLEIEIL 16 ~ 23K N/m? & LLEHIDIT L,
OMKEL B L BRELBBEMMBRON D, BENBOBESRFEORELEL SNZ DT, ¥EE
0e=0 Ty =10KN/m*GKOfE) LL. chdT ey b ShiErgELNT 2 ERABE >N 3,

7 = 10(1 + 0.80%1%) (1)

(b)) —BIESEMEEE (o.) & ET7 Y v (v) OBIR (K-2(b))

0. 5501 ~225M Pa OFFHT. vOZEALIZ0.5~0.25 £ - TWBo 0. BRICIHESL Evid 0.5 IESWT
WBH, CHEITEOREEELOND, —H. o BRELBBiIcotw it 025 KA L TW3, o Eilig
4 5E. RAER B,

v =0.25(1 + e70%7)) 2)

(c) —MEREE (0.) LHHEFHE(E) oBFR (-2(c))

o DEIFHHM 0.3 ~ 16 M Pa iz3d L, EDZALIL 20 ~ 2500M Pa &K EWEILERL T VWD, 7. EEIIE
SO EPREVOR, REZOHERHOBETH S I, CHEZFIE OS> LHEBLECHIIE L WA, LREE
OEWMEBRERRLTVE a7 ) — bt 3R &BMECh O BAT 2 EREABB SN B,

E = 800" (3)

B, COERICH > Tido. S 10MPa Pl LI > W BRABEE L B 3BIc@ABSR LTV S
DTRALTH 3,

(d) —BERSEE (0.) & BEREE (Vp) oBGE (B-2(d))

0. 50.3 ~ 15MPa OEEFHT Vpi2 1.05 ~3.0Km/s LELL TV B, HRo BREL LB Lz W, Vp
BRELD>TWD, BB VpOXEFHIBIIKE WS, PIHEE L To, =0 TROBKBEHE Ve = 1.4km/[s 2K
FEL. LMY 3 LRANE SN B,

Vp = 1.4+0.2007 (4)

(e) —WEMWBE (o) & BRAK (w) OBE (B-2(e))

02503 ~ 11M Pa OFGEHT, wit 8 ~ 55% DHiFHICH 3, HicHHE ICHEZHEREN S 2 2R XL VDS,
o REVE wEEDHICRB LBV EBbh 3,

(1) —HEFRE (c.) L NMEEA () oMK (R2(1))

NEREEEA B 2 7 — & 13D - 7o 85, 0. 2805 ~ 16.5M Pa OFIFHT. ¢138° ~ 44° DliHIcH 3, 0,
DT B LT, ¢i3ML, 40° ~ 45° D IC IR T 2 AR LTV 3, P %0, =0 TH=0°
ELTRERYBELT 3 L RABEB LN B,

¢ = 2009% (5)

CO&IBEOIIEBEBOHEMEMIC>VWTR, SET—HWTHAREN 20MPa LY REREH T2 b
OBEL . RECETIMBERBLEAERS AL 12,

(2) RI24—X4 v 7IREDBBE  FNVOERE

29 =) YT RXBERBLEENRBICETL, ThBERERERERBIBVDOIREL, X7 4—X ¢
YTERERTAERI P A VERSEECHECH LB THXROoWELZ b7 o3 L b IVIEABHEILE L
BABZV, BECHROVTHOELEEI LM, BROFIBERZ LS5 20FRBRIT SNE 2,

COXIBHEDLS, AEINL VA VOBHE2BEL, X744 —X4 v /2B LA P AAVBLIUX
4 =X 4 7TERBOSHABCE R VESEL, 2NSOBFHOAF VT4 (5) « HulittkE o—dhFEfEE

—193—



“
s
5 Eq. (1) -
< .. ¢ o s e . S
R e g,
8 4
e w
§* g
% “
° [ 10 15 20 ol
UNIAXIAL STRENGTH o, (Mi*n) !
(a)
o
0 10 15 20
& UNIAXIAL SURENGTI o, (MPa)
2 (b)
* - (SN
= 3 S .
Eq. (3) g ] ..
o - S PRI
& > i o
; Es
3 8
—_ é 2 ﬁ ] e
¢ gl
[} g B g
®a o B
" =z v
1 ° —
E E 5 10 g0 ] 10
a 5, UNIAXIAL STRENG'TH o, (MDn) 7 UNIAXIAL STRENGTH o, (MPa)
] d (e)
§3 (@)
o = Eq. (5) .
g £s PR
3 : )
7] 5 s
w .
s . 4
it
o g ]
.“ ey i E s
<
0 [4 15
UNIAXIAL STRENGTH o, (MPa) ° .
5 10 15 20
(C) UNIAXIAL STIENGTI g, (MI'n)

B2 27 4—X1vey s ONFERE

o) FANOEE(H) BXUHILEEL (o) EM>D 5 A — s 2B LT3 DL IicE &b,
B, BEOTH (ef) EHLMEL (o) RIKATERI NS,

€ = = x 100(%) w: BEER, a: b YR VEE ()
O¢ .
o= i ¥ : Hubho il ARER (7

Ricb\wT, E—FBR—HTREELBHOTA, H_RBRI—WMTEHEBEE P 2 VEE, =, 81
BEZENEN L YA VEFEREOSA T 2MMIMBEROSGHERLTVWS, ChoDERICIAER
P4 —R4 T b rxNVOBHELTUTOEELHETE 5,

(a) BRO AR, 1% ~ R2%0EHIcH D, IBUFTTORI + =X 4 ¥ TRV,

(b) RENRBAEME S/ 5Ty — A TR, o —HEMFRERETISVH, NSRBEBEMTR Y 4 —
X4 v 73 BEER. Fio, —HEEEECRESNY, KELo . T, A7+ —X4 v 7EBILTVWS,

(c) Muirwood®), FEF'O) 2siii L 7SR EFIL < o HULBMBEL (o) 1 1.6 ~ 2.0 BERET, 20 LETOR
24 —X4yTRRBLNR W,

(d) &ktiziih 25% L ETH 3,
(e) MIBRIB LA EHHFE T, BB IEYEEE, £ L. 202 REEHERAMICIHNLREEFRR

W,
() 274 —Xq y7OFES EHUIBERIEKFEL., MLBELESNESVEZOMLHTEERRE L,

—194—



PIEFIBELIZR 7 4 — X4 YT b 2 VOERE, P2 LORHBREE Cict+aRBE k> TEETH
. A2 4 =X v 72BIT P2 ADEILOHENTIREE L 3,

» squeezing

N
e * ee N N
® ﬂ E.
DEPTH H (m) «® e Oe® **0
400 e B8 E 10 12
E . N .0 ] . s3(%)
N WoN N (o]

B-3: R74—X4 v ry2LOETHHEHE

B3R

1) Kitagawa,T., Kumeta,T., Ichizyo,T., Soga,S., Sato,M., and Yasukawa,M. : Application of Convergence
Confinement Analysis to the Study of Preceding Displacement of a Squeezing Rock Tunnel, Rock Me-
chanics and Rock Engineering, Vol.24, pp.31~51, 1991.

2) MEER - AAE - KIZIEE: b Y 2 ABLERCE 3 BEEILORE,
3) Terzaghi,K.:Theoretical Soil Mechanics, Wiley, New York, 1943.

4) Aydan, O.: The stabilisation of rock engineering structures by rockbolts. Doctorate Thesis, Nagoya
University, 1989.

5) JLAE - HHEIHE : RETEREMUICBIFENATM (HILESEEAFEITIRF v 2 1) | b Y
EHIF, Vol.13, No.8, pp.7~16, 1982.

6) WO - £ & RigK - ZEIEE : BREBRE B 2L (hREFEHRN VX)), Ui EH
F, Vol.13, No.6, pp.7~16, 1982.

7) Sperry,P.E. and R.E.Heuer:Excavation and support of Navajo tunnel No.3, Proc. of Rapid Excavation
Techniques Conference, Vol.1, pp.539~571, 1979,

8) Kaiser,P.:Tunnel design-conclusions from long-term model tests, Proc. the 4th Int. Congr. on Rock
Mechanics, ISRM, Montreux, Vol.3, pp.236~238, 1985.

9) Muirwood,A.M.:Tunnels for roads and motorways, The quaterly J. Eng. Geol., Vol.5, pp.119~120

10) Nakano, R.: Geotechnical properties of mudstone of neogene tertiary in Japan. Proc. Int. Symp. Soil
Mechs., Oaxaca, Vol. 1, pp. 75~92, 1979.

—195—



