4 MLRLERROL YRV RT bay 7AW E Lot Rt r 3 ALEDER

AWBLAAEN W A

I. HEEH
KR o 8. 3AAEEER Lty 7w} s hwo ) v AV ESH . KF
KEY T, ERQUy T AL ok BB fa AR ad e T H. L LIKAA.

2. HELHEIA AL BRI AT R —

20 MR i To | Ke| Ka| Ly | Ko | T | L5 ||| Tu |z
wassig ot LD \FraFollmn? B0 Bl 45 [ 44 Werp |5 Vorp (P17,

AL ALABEER E)IXTE H=XAEVE, D= by RWREME, CHNEN, =00

M3 MANRNE . TC MHEREE, P=WhNBL <A, uWho | WEBRE, Fe=nn KK

RANAM oW B 2R o =0 EWTF, Lrs=vv 7 KL} k%, 8="-¥@rkT30y 7R VoK
UV GERR sy AR M0 T4 (040 =0 - 8(ERA Uy 7KLY KR, Lop= "7 > 7

A0 WURUMRE 7L -} aR&IE, Erp=dy 7 R - 0 SR fira=Y v 77V ERMAHK

RERTA2Y v Avo R Farta,

PEK BT 2 MO E

IFEWMYPTE. 220K WITREABHR=E T IGE 2L, XS 1ita im0y 7RVE)= BT

BRAMBINA Y > N - (BRAE) el S R2BaRMBNA Y o R~ F&T3 2 1nt3 (& —1).
DOBMENE. KAMMEATRHELTH T ER AR o)< L - SN T v v T

WEITE S 3 2 x TR ML n IR

ETHEARELATH S, "¢ S7R
22 XGEE. YEHE KL vAlEAY %&m
YRaATn L) e Lo, 21,

e X 7bcat Xem d S FE AL (B])

- av 7Rk
E¥ERINH 20  BELE R L LB 15em
VR TART LYV MES x v X2 L 22 %:g
FE2EFH 2459, WX BT RS L1 s A2
W £@ib 5 kY -1 BiE/7 S cm 0V Surri
Pl o aEER 28em THf v @ A& 1K ) O 7 A NS~
EniSoco 12 a2 THEEL. Bibr. ’ DB EREE omed

R VR Ly 7R A O
Ay 7 AL 2 EFTHNRARLDL )  WEERHB L 9T 4 7N G- 204X 200812 45T T4 7 =
LN FHER F 21273,

S cmp BB el ZH T EAKIGERD Y > F VR WEERE 0 B I~ 2 12 0. $UF
Eadmrare, Jhk. FRELRL AT 1o ¥,

REARE. O F PV EE 0T 550 OWFHIE . Oy L. @RS < X BAHE . ORF MK
WO s, KE O ¥l A LI :-QL@1ZE8 T3 v )= T2,

b R R AR AT LEI 2 1 0 k912 k2 Fb o Spring —line 2 ACKEE

—200—



XroE . A oNI0EE. BEAAN XY EHAT 5

ATHER HRVSMEE. b AL EFAORE LIBT3 J@%&M’h
VREE M, LEHC ) Sh Lo HERERE 21247,
IrrBoBaEg ) RERVRIRL LT YER): 248,
XA 8, & 38 LR ARE S (X, Y e 7wt ir{/{%:(z,]':'_};l‘:'::@
B £, @[ 2% @a 5cmsz:A 44
WELE. b o Ao £ ) 225cmp ECHE  KF o nm1gﬁkﬂ shﬁﬁ
2 F@NFHEE LB, “@0) g pirE
23 AMKMB LY 7 ALK (Y&ad)

%ﬁﬁﬁ'&’)ﬂ‘?ﬁymﬁﬁﬁ\f\ %{'5 %ﬁfé'gﬂfi\«‘vﬁb%}( L o2 L/—E?t"‘//‘f'bﬂ{iimw\ U3
BEREEBES R AT M. ELERBE X AEIE (L, WE3HRR, 1 m3vn b b i 7A 0
R BB BT 3K 2R R RS 1 TRE, gt SEAE HETA Y o sy
WG 2Bk, < A& LrboThs, '

Ao TXLFHBE LT FUME (EEY/2m) B EX LR, FRRT)V ST 7L bk BAPES
BN em p T ) ¥BER T Oy TRV ABMBINS 1 v R DWW, L\E. Kb} H 0L
|41 SO R W RN - ST INE S S )

ik 1 BEERT FEe (3% n &S R -2 Hpusaxwt o i HREHEL
T | BB GRB AR CEND NS n Ty | LR | fopzb | Lrp=l0om Lrslbem]
Ersb NS LT a88n8pa, Lo, B8E¥&cs D # 4 (| 64.5 |131.5 /6 |
R arhdoldbs Liwo T Ersadz vy THAREIBS Y at) 34.2 | 34.9 26.7
FVHECE R U 1 o R BEERC a2 2 HET 2, Ko f <o ORET B
BY XV 0 XEAXN - Z T2 OMEIBEE RS, £- 2089 53, £-3 25850, B8
ﬁa%ﬂ%{b%,lkﬁ%biﬁ%{w\ﬂ=$@&€,ﬁwrﬁm/ﬁwP%=Mmm/ﬂﬁ§ﬁﬁ:Mi
LIBAL 7. = 0830 BE LY DR B YK E v, Lo 1 AERCEUY 78V F n it K
RAOBE R SN (BB - BT 30w 7 RV E BRBH = 200 / &7/ = 0.3Emm) £ ) b X EC L
THELTH2. AnBF BYaL2F 007 BHI 38 AR CHE BAX v BB L0 L T2 % e
TELC KBS ERLAR - RE T B¥a vy 7RV 289 b7 cRIETy 7KL ER. T e
ENHREARENTEE RT3 2 1283, Kb A ERaIEE 175 A, 4o aiifas® o v
AREBDBF Y 710 TR 3720 BERRE BT 20 v 7 Kb F 0 ENERRA 0 KA A B 1= 5
AARE)V VI baThs L e nFBEN3, ‘

24 oy Ak #-3 F#r-2 : N
R -2k Ay TRV b a B & TR Lrscm 3%@0 zu('%f)jiim ﬂ;&,‘,ﬁﬁ
“ VT2 - AR (R - 3) S 3 7 1430 | o7 |ot=20
3. RBH#R H-Z2 /& /6 0467 | 07 JoT-21

(F) BY 0512 0w TV, &— | & ABE M.
3.0 7 -2 0 ¥kiEk ¥ *

ITEMER v 1BR 2, ~ AN THE R 2 RBHAY 2} S F LB E T 8. | 4 VR
0 SPring-line % GTKFALaBMEE (X pih BBESA v— BT 2 ) WAKARY 0 £5 12K IT 2
PERBIRT, ERROE. WRAEL /0L LTHTER LT H 2 BENTHEn 1en BT E 2 E IO L oo
Bt ANEEBTER F 1L H S PRI ARCATEENS 12 CROIRRAE T3,

—-201—



R Y
< [
Eo.s Ros
2 2
Koz ;o.s
X w04

05 batsae —n 8 BN

28 -23 -18 -13 -8 -3 2 7 12 17 22 } 02

[1] [2 [9] (1248)
M -l 'l 1 A L 1 e L L i Al L
MA»SNIERE (cm) 0.223 23 18 -13 -8 -3 2 7 12 17 22

A5 0 FEEE (©m)

a4 o rpEEnt v R FIE Z 0 2P RN
O~z 3FELA B\ R 2 £B8)

W3 b o TR RS AR
Or-Z1, 1B W, A, B C, D\ X L ERt £ 57, W2 AFHE)

On=(0/00)/(P/Po)  -=----(D)
DT Oon = BEWERER N (KA, 0= R HrfSh, 0o = MIAKA, P=HRgadisE,
Po= MYEHAEEY T2,
E4divd by AU RAREA KPE LT3 F o AWFES A a Y RO AT,
APEEBR TG -3 A TL. FMEE 0.7

“ert =20 Ten® 20y o WEAL . B ﬁﬁﬁgzgﬁj‘ﬁ)@%if 7(7‘021'%?%); o1l
L0805 BN 1) Tt AT T LodAC R [ e T
vaT BRECT o BB T, W A A 0023 0.053 0087]0.078|0.07
BRE 0.7 XYoot ~ 1.1 Y2 coWEE . K-
418 CH3, "‘
32 F-220iBEE R
FHEL v 3OS AC BS R § o—na .
VRLARRGARTRA L. ek vz B b SEHAIR

VP REQAARYRNELT,

BHGER: 7 w1 3T ERAC LI 2 I TERE
LU RN A )RR T AN L RGN Ay
KR WZT 3, o MaREIR L R- 51 AT,

33 %¥ -
Y -2 1, 5 ‘&:5 WERM Or-22, ##%%)

’ HEGRR) R o | o8]0
“AZEGIE mm| 342 | 4.51( 5.33
AINEA A | WER 44,10.020| 0.026) 0.030
puHL L

YA N h TRIETAL ALK - W30 £ > 19
UL b A LA B @MY G IR
THRY LT 33, Lo AaBTEGE DT 0GR
WA (820%) p BNy 22 (H1o%) &9 KEnw
(W3, @5), 2L F oA VHES AR RS
BT - 2] AFE FrFAERT S 2 1 k0 1
F0. 0B CETRY L 28 7 - 220 F\K0S5 A

—202—

PR WO T S W TR U ST SHNN S TR WY TS Y SO T T O S

QEZB -23 -8 -3 -8 -3 2 7

WA 5 0 IE BE (cm)

5 FrRLEE n BRI PR AW
(r-22, 3%, A, Bc, DL 182 488)

X

o2}

.0 -1 R — 1 i Aot A ) I | N S SONN T S NN N W )
~28 -23 -18 ~13 ~g -3 2 7 2 7 22

WA S JE S (cm)

@6 Fhl Bl o F i FE p S A Bt
(7-22, ¥, A, B\t 82 £ )




FECRY LR O MBIV TRE T 0l AR L <03 (B4, 6 . FEFE KA P L
T30 HYET R K N OIECE L v REE WAAKTY v oY b L dbo Y (20
WX e Lo BT ry K ERY 28T 3 ) mBRE L v v s, FE. L@
SIKVEANRTY 27 7L - VB OXN LI TRI BRI S KT BY) . o EE R LR BT
T F e CE D, 2Ly 7R PRI BT B W 0 BEE M RE - Jow T b K
TR 2. #- 4
WEL T BRERCE -2 | & - 22 TANEE Bk v, N A TN 1RIBRBEE
L4 RIS 402 1) AL (AR AR 18 [iron| % % |gerd L oRR
Btk bR ok iEE (RE) 2 RT3 L v )RR Y 3 ) T 1230 | 2238
t. B EVENYY IRV ERV A aEEERN TRV LB, %iH 0.5 045
FRU BURRTH» COMBEY (HHE) NRH I . ko | Spl 6 |102
Kiauy 10wt o IR Ea R clB R 3 (B—4, £-5). | 13 tan? | 0.04 | 0.0F
FRELL MMBAL 7 oN- 08K <2 nrv k-60k) | 114 Fo/yn) 0.8 | 06
TR K- B0 Y -2 ) e -2 2w raRBReE | e | By 2507 (1416
SN IRFEANE G20 R L OREER BT ANy > | Tes &p | 0021] 0.015
NSRS N5 FAPRAVEY > I N Ly &4y | o0ot| 0.0007
Tt B A BNE ok BAEs D 3. XAy S 4w [ s | Les/pl 017 | 086
T AR THAEN . T 7Y ~FERaRE . R aliEHo T8 36075 | 16 T
BRI 0 B R 24, LRIV T S AR E £ 4 |l Lee/D 0.06 | 0.06

H cm 402 377
. . 7
Bured e by ¥R e k- 1w LT ECHh 5. Kol o77] 038
4 i

C
r Ven| 1.973( 1.758
p

FHAECHBI 1 rEE L Fol) THE, & w e 2.20 | .00
d
Y

cm | IT.5 175

) WAANEE L ARPEY )X L YRWABREA K 0.7 BAIN cm | 0.37 | 0.27
W, —¥E6hndy 7RV BT AHA Uy 7RV 0k R | em | 3 15
Les bt > FVEED R LT 07 a b 0.86 0% A CHEE R £ 0 ° 122.5 |22.5
A ESE O\ Erw , Lep | em | 113 | 113
@ FRABIT. WA AR B RRT AR KE T TR | Fu | “ow?| 0630 0.46T
REXEWEER 5 W w L, FEFUoRARE K svmida | Eewo ¥we| 2042 |11.06
FOMRFEe T Lrp/D=007 n KEREBG KL v FVER ORI 0157 120 le. Los/D=0.56 0%
BB avE 0 05 12V LB T4 2.,
®. @ndtot. Lre/bz0540 X BT\ by FVERA HARER Sz 2 x MRE Th 3 YL AL
) Lok e o MERELLPIARMEL LI Ay TV p B0 EeEEENE 12X 20l
R5iy.

7% LR
DHEE, oK, b o FUBRE 0 SR T 3 R, BEEBIE SR, 1980,
DHE, WE, B, L oAU a Rl s 3R AAROER, X REA%IE, 1322, 1982,
3) Konda , Inokuma , Kants , Three demensional model ftests on Soft ground funnelS, ISRM
Symp , /1781, Weak RocK, Ba/Kema pp §o7~8/2
OMBR, persona| communication .

—203—



(42) Three Dimensional Model Tests on Tunnelling with
Rock Bolts in Squeezing Ground

By Akira Inokuma #

Summary

The purpose of the tests is to know the stress distribution around a
tunnel supported with rock bolts and to clarify the difference of the effects due to

the difference of rock bolt length.

The method of the experiments is as follows. The first step is to fill the
earth tank with the model earth material. The second step is to give 68kPa
pressure to the model earth. The third step is to excavate a 17.5 cm diameter tunnel
2.5 cm in length at a time and then to push 16 model rock bolts per section into the
-earth uniformly around the tunnel. The third step is repeated until the modél tunnel
becomes 50 ~m long. The fourth step is to rise the pressure from 68kPa to 196kPa

Iwo cases are done. Case 1 is the test of 3 cm long rock bolts. Case 2 is

the one of 15 cm long rock bolts. The friction angle and uniaxial compressive strength
are about 3 and 49 kPa each. .

The results are as follows. .
(1) The distribution of the vertical stresses around the tunnel face is not so diffe-
rent between Case 1 and Case 2. But the distribution of the radial stresses is quite
different between Case 1 and Case 2 in the stage of 68 kPa loading pressure.
(2) The convergence is not so different between Case 1 and Case 2 at 68 kPa pressure
level but quite different at the pressure higher than 98 kPa.
(3) Consolidation is observed in the earth near rock bolts.

# Mnistry of Construction,P.W.R.I.
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