(66) b > ANVIEBIREOMICRBIFMEROE R @ILICHT 255
HASERERLH E AW K

1. Lol T#D OIRWHERILO b A LEENC S LR B % T S IEE L LT, i
%56hﬁﬁ¢®%Tﬂﬁ%ﬁhtﬁﬂ(mﬁﬁkﬁvﬁ?)\MH%—XyF%&\ﬁAMﬁ&\ﬁkm
FEATEZANWSZ LHEDTH L2 LIMICBELAY . ShoDiEEE, liowhER. 18D .
FUALVEERZEOEAD Y ANEL LTSI B2 LT N EROREE LTE MV ANOBTEREL
FELHTEALERBNS, AFIETIR. ChoDEBEORTERIELDZEDICEAT 5\ DNDR
EOWIM L COREICHESHELAL. 220 ANORBHNERAHICEREL . HIETEEE LTOR

EEERET S,
2 MR ERER A FEESMPIRE L T E A BUCRBIFMEREEIL. —EMBIcEEShE by
FNPLBEOMBERUBMMPORTENS . KX THEYT S,
3 Original d f
(1) WB (WEABOYA) (o) el grodeiize
<] :E-%-——L (1) Generally
n,n+l L a4
(2) WFE- A2 MR (M) = n=n N
<] -8 ind n+l n
,n+l -1, + o=
Mrll =£_T_LL_n_n (2} s L
L
(3) AWK (Q) N] [N
, _M;’1+l - M'n (3) where
Qn,n+1 i L Tunnel face N;Shearing
(4) BAMBEEATE (a) force
(RYRNHOBREDORTE) E1 fRE 1 ORZTHE
ZZ2C. LIZHGEAMM. dn 3AnTOMEDS 2WidiirhOX TH.,
3. BHREOAOORTE L Bl WHHICE A MO} L TIRO LD RIELEAT ST

ok D HUICRREFM IS I HY T 2 RHHEREOAOORERM (AN CIHEHRMEIESR) 18505,
(1) & (RHEAlOdH)
UREL) PRV EHMINE. H. BB —EOREXO7 Oy IneRKEATED . 207
uy Zid. ThEho7ay VERORTROERICE D EAKEL AL UHIRICE S,
r G s oW A K ERK
O ax = . (4) Omax ; FRRUAMOT A
T s Mo A WRE
(2) WTFE-XV M, HANS
(REZ2) bRV ERMLE. §. #BEOICEREFRMNIL 2D & E 2 e RE$ 57 ic
LAY OWENIMLOWIBEER 5,

(i) BFE- A2k 219, h ;OB
Mhax = T (5) T ;@DOBEH2KE - A+
(ii) BAMAH TA A RDOETER
Qo = —— (6) ot ; MLDOBI-EY
(3) RAMKRELTE El E ; MLDZHERK

(RE3 I b 2VHE A OMET AT L. ERSTIROERERL . ZOFHEOMILIORK

—274—



BIZHRGE L. RE2HIEHR. TOREMBIIRE 1 CRERIHHROEM A, K
E2TRRAEAMDOEAT BHEBLY 5.

i iT i B R RLE
al ax ® ax (7)-1 XYY % ¢
m o.e1 " 0.61G
i3 i%ra
a - Q = (7)-2
2max ) 3g ™X 1 .38EI

MY AREIEMER (6. M” L Q" L a) »'. ThFAREL. 2. 3TRENIHN, MIFE-2A2 b,
HAND . BRMEEATRICELWE T AL oMz 2EHREN, X (4) . (5) . (6)
(7)) THEzBR, MILRBFMERE OMSICLID BETHEEETS LM TE S,

4 RELZHREIMESIZOWTOER REICEIWTHREI N ZEHFE L MR B
HEOENZE L 2HBOELERIE. ROBHTH S, Slip plane A 1|.l5 Crack
(1) O AN =X L L EDET MALORE T a8,
(2) BIBFAONE SEISD XD & MERMEDOMNE o
(3) itk L O T ROME ay=81"
(4) Lo . ZIEEROMINTR T 58 iE %3 a2=61°
(1) WBOANZ AL ZDETFNALORE ——= Imaginary slip plane
WZWT, BT OEREGIH 6 R N5 8 AW T fild Slip plane B 4.3
B-2RY LB T, 60-80 EOWREHL TW 3. AXTH L P
VR»6RETZIRVFETADWA, BEHELSFET BTN 'gAﬁ
DEETANTB LT 5. CORBHORKLERT 5L, KO & ,
3k B, A
WEICHENWED Zw ViZhERICEBETHD . B+ oFRlL 2 BT R RS RS < F D T

DFIHZFBELTBY., 79y 7% UmicBREIR SIS, X
5z, YIFELERT I BRI M AL O BT 75 v 7 hiuE
RERELTWZ, £, b RALBBABOI Ty 7OREL TWAEHSIEIM nax Poms2#ETCH 3,
PEoze»s, TOV7y 23BN BB I D H AN T DA REET BLENS (FDHEHAKH
) BAIWEERIZ (TXDTAEBICHE) BELEBOEEZEZNE, LM T, 2OTXNYAIIIYIIS
ZVWRETDGEOEAMBEPREL . TORETHEMCRELTWED, BIWLEFIZREL 251>
BN T I oRBAZLIZIDHEBWE LTREL-ADDEREXRS,

oL RMLOBIBIIH U, KE 1. BRIERSOITANTE L& E2WHBOBEN T D mORE
WEELRIFEZWILERELAELOTHD . fE2R). TOUEVRIZLEREL WS, ZOZ L
. RE2XHABBEED TR L. 5I2RDVBIROREICHLMIGT B AT L. Mnax ¥ ZDORAEL
REZERBEMTZEEXBNE, —H. EBROVTANBEE. CE1 e HE20DHNLZRBTRET S
HOELMBEIII6N. Quax D omax Z ORI RIEHEIORS, T e

EFMMLIzHE A>T, RELTRTay JOER, KE2TR. /. o __ _—
D UCERS AR E EDRTNER LW, BIITO I

DHESE

THRE (- 3) ek, MBERELEY Sy 2 ORED S P CRACKS

FTROMAR P XIVEEMELHE L . YIEEICET. DB ! Tunnel outline

ERNZNE C YOI A OPEF AL NS AP NI DN S

WTHOBH S BEEXELEDOTI Ve HRER S, ¥, [ & pair of zones where
MY R A EEOETRELOTHTEOMBRRS S . TROTAIR M'max is distributed

[3 HEHIIy 7REM’ max O THREE

—275—



HEB709 2 BOOBXE. LHDEY. TRDFEBIHT
201, (LHEDHX4D/4) BEIBRLHEINDS (H-4) , »

—F. FROEBOREMBICHETAREI OS> 5. WK A
WMEEA TS ERITHBTRDE S - LIBICHBRT W
BILTHED . BEXWDTRLELS I, MEFHATFORAL
V. EORMAOREY —EIES< 2k, X 6iz. KM
ERIERENG. ZORMAMDEICT AN FEBIRET 2 L b
5. RE3REROMUOBBCHIS LERELERS, coT M4 70y 7B L) OimEHERK
RE21CH> ZBEDTADEHBOREME . b N
N60.742 125, ¥/, FoANEIEE»SEHN 1 OMIZ. (2i/D) = 0.09 (/D ) + 0.87 &
B5, ZZCDIPYRNIEENE. HIZEEY TH S,

(2) BIBEHMOMESMIBO XN & N oS KTEEHEEANT b IOV RS ED
ML T 2 I HE T 3B AICIE . WA AMIBEAS 0.50-1. 00T H 5 2. MSE MM & s BB EREL
MRS OMRIT DX e L L, MRTEATEA MW CISEA BT 3188101, M5E A
5.00 EEEAN. COMBIRAE RS, B-51013. MEANEORAIZES SEORS OFE 52
AT EEUTOKEERHTONEEREIBROEDOATY . BHREAERELT 257> Tid. W
EAMBICB LR OE SR MERLEE T 508N B 5,

F- 1 MUl RIS O MIE MBI & B ML TEIRNE

L=1.0m L=2.0m L=2.5m L=3.0m L=4.0m L=5.0m Ground
Max, | EA{ 1.00 0.92 0.81 0.66 0.49
Min. | F-5% | 073 0.71 0.58 0.55 0.26
P Av. N=36 0.84 0.81 0.70 0.58 0.38

6 e
Max, | BLK{ 1.00 1.05 1.17 0.84 0.84
= Min. |F-%% | 0.92 0.83 0.76 0.79 0.33
| Av. N=31 0.97 0.93 0.94 0.81 0.64
. Max. 3 0.90 0.65 0.52 0.43 0.41
M ® Hin. ?{f i 0.60 0.54 0.39 0.31 0.10
| Av. N=31 0.72 0.57 0.46 0.36 0.26
e Hax. 1 0.66 0.44 0.26 0.18 0.14
Q = Hin. §§ ¥\ 0.17 0.16 0.08 0.05 0.005
i Av. N=31 0.41 0.26 0.16 0.10 0.08

—h. KRR OMEREIIRBIC L > TR A, MEHEICL> TEL ZIREOLHBEYISHIFE
AL THEDZHE I L > THIEEL TV, BRAELHEELRIOLTZLHBBETES, £, —Mic
MFXTAEICHWSR S KEMBOMEME L. £1. 0o BEIBETHN . MEAEE L=5.00T. $£
BRICRET2HEIZEThFN., 460ax=0.0004, AM’max=1.6%10 E-8. AQ’'max=64%10E-12 . I2ETH
b3, COEZOBERMBIZEDBHE1Z. LHDOXEWES, A TANIERIFE A& SHESEBR3
CeHBLEDTHEELET S,

(3) F L tichDL FTROER imnebyiwmmm@mtmurM$% NS -1
OB O TRICEENE LS, SOEE. H/D=1.0 & T -5 0o 2EI84 S, KEL1 -3
FhiE, HRLUFORATRIIZFLW LORIRICE > TED | MGl BRI E 4 B 2 0EEIL. i
BEXMAEOTINEATRTH A LAEE LW, LENS T, MIRFA TR HISEAB T 5B410
B REICEISERBEL D S/h I W RETH KR OEIZEHEREIZELTWAZ LoD . KthE
DRTEREZFAVBBEIZIE., 20BOZENELTWE LA B R L AEREOLENLBELL S,

(4) oE. EREROMILIZH § 28 IF 2% i

—276—



HMUOBTAWIRE (7). E-A=r-orORBEMAVWDIL. 1= (tctan $ THEIXBNB, IZ
T. CltliORE . S ITHNRBERATH S, FBROREL -3 RBWTIE, IRDAEE L THERAR
ELTED., ciboKERHEL S, SRAHBEF EMBRICERIE. 1/0=1.0 OXRGFTOUIHELESLD
b ANVEESEE DL, KEEFARE. FURANMERMCE-oTHHEVELLEW, RO M3
WEEE E AL bR ABEBEBRBIZOWTHE X, o & LT, I HRBOKEHEED % B
TEWeARBYE, £, B E-ToWRBAZ LI TEYZ 0L EIF. REL1. 212HT
CEMHEOELNMBEOVAMMEAIFAT A LICE DT TE S, k. MlIDF IR D MBEIXEEN
HLWroHBahEELWEEZ S,

HILOEERYE (E) 1220 T, hFEISDHR -V U 7ILEHW, TEBEIHMEWE Yy FTHIELR
ILHREHHRE (LLTRI LY S A—) EE16 . FEFESTOHERLMBOMZRAWION LW,
:nm\M%%%éﬂé—%%i%&ﬁﬁﬁmsﬁﬁnévVV%ﬁm\i@ﬁ&fﬁﬁ%ﬁ%ﬁk%<\
PREDKMIE > THOKRKEL BN TB72DTHD 7V VW (v) BZBERABRERL I KRDZBD
L. BEFREVEXIZLI DR LISIE#IBET I LizESHmM ke - AV FOBLIZERT 5.

5. FREFICE 3EHFRHOMR L RL¥® F-2TH. ThETRRTEAEIFTHREL
EHFEEERELERFOMUMREEEL B L TnWS, 22T, MEAMBI L 3EE0REEIL.
F-10OFPHELHWE, Shizk sk, £HDP5. mfEEOHBD CTHEWRE T I EMHE & EHIIFF—
BLTWwWa3HD0D, H=10.0n TIFBREFXNLEHMIL O nax, a Inax 2R X BERTH 5, 2hix. RE2H
H=10.0m OFHTIRBESILEBEWIEERLTWA, LL, EMOBEIRE2 ICHEIERELD B A
WHRIBTHRBMIPRIELZWZ 2. 260z, RIZ, h=5.0m& U CELE L 2 E & TRFOEHEIHFN
Zeme | OBENR2ZIGETL. BHRICE3BIBRBICHIST 31D O/ L LT h=5.0006 Bt
UMEZ 65,

6. bz HuLomigd., METMATHE» SHH IR a iz k> TERNLGHETCTHT X
BN BREXIREEOACEEbh AT . BICHUATEECOHEL . SHHEOMESHO ik
tITtH B,

#-2 HHRMSLUEEE (KEF=1. 0) OWEE L ERIGOM KBTI E

ANER =1 H iy = b1 i fili ® W &l £ W @
Y =1.8t/m3 | E=300%(H/2)+18.0 O max =0.0216 0.51% O max =0.0011 0.0118
W C=4.0t/m2 | T=C+ v/(Q+v )iy
$=35 & /2%tan ¢ Mmax =256E-8 (1/mm) | 0.26% Mmax = 67F-8 | —-——nv
Z | v=0.35 G=E/2/(1+ v)
H=4.5m I=DkHiHnH/ 12 Qmax = 4748E-12 0.08% Qmax=380E-12 576-800
Pl D=10.7m A=D*H (1/mm2) (MR T E-12
k i=(0.09H/D+0.87)%D/2
T=C+ v/(1+v)kyn( a lmax = 145 mm a lmax = 145 nm
M H/2+D/4)*tan ¢
. E=30%(H+D/4)/2+1.8 101 mm
I G=E/2/(1+ v)
fmax=7 /G, H =H+D/4 a2max = 130 mm a2max = 130 mm
n I=8'/12,
Qmax= TH’/EI
v =1.75t/m | E=93%H/2+761 . 6 max = 0.0128 @ max=0.0128 0.0124
C=3.0t/m2 T,0,1,A DBEHMEFE 0.64* 6 max=0.0082 0.0073
| gl B 132N T OO ax, B | Mmax =49E-8 (1/um) | 0.36* Mnmax= 18E-8
¥=0.35 max, Qmax B H OIF H 0.26% Mmax= 13E-8 50E-8
| B=10.0m LET, Qmax = 568E-12 Qumax= 568E-12 | 3170E-12
; D=10.22m (1/mm2) 0,08% Qmax= 45E-18 449E-12
W BHANEZANTO almax = 117 mm almax = 117 om #1599.8mm
a lmax, o 2max®Hin%
EEU, aZnax = 35 mm a?Zwax = 35 mm eh94, 0mm

—217—



(56) Study on the application of indexes for stability assessment of the
ground around a shallow tunnel

Koh Kimura
Japan Railway Construction Public Corporation

The authors has already shown the validity of the indexes such as Simple Shear
Strain, Moment Index, Shear Index and Maximum Surface Settlement for the
stability assessment around a shallow tunncl. If the indexes occupy the specific
values according to the geological and geometrical conditions of the ground when
the failure of the ground happens, they can be directly utilized to the safety
control of the tunnel construction.

This paper deals with the way to delermine the specific values of the indexes
and confirmation of their adaptability.

Simple assumptions are taken based on Lhe ground behaviour around the tunnel
when the shallow tunnels were driven, which are as follows,

(1) The ground over a tunnel longitudinally consists of rectangular blocks
divided by each instrument line. Morecover, a tight vertical connection and
no horizontal transmission of force on lhe common boundary exists. When
the failure of the ground happens, the blocks are directly sheared.

(2)The ground over a tunnel is regarded as a conlinuous beam in the
longitudinal and transversal direction respectively. The failure of the
ground coincides to the failure of the beanm.

(3)The transversal surface settlement curve is generally represented by an
error function curve. The failure of the ground occurs according to the
previous assumptions.

These assumptions and field measurementls give birth to several problems of
disagreement of the indexes determined based on them with the actual indexes.
They are as follows,

(1)Disagreement of the actual failure mechnism with the model

(2)Reduction of the actual value according to the distance between two
measuring stations and the accuracy of the measurement results

(3)Difference of the amount of the setllement between ground surface and the
area near the tunnel crown

(4)Adequate estimation of shear resistance and the deformability of the
ground

These problems were considered in accordance wilh the field measurement
results in two tunnels where the failure of the ground were observed.

Consequently, the way to solve them and to determine the specific values for
the failure of the ground were found. Moreover, the adaptability of the indexes
was proved.
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