B) TR/ B IETIEBloBBAEIC 20T
#MPA E OZKAI— T ArAsd

1. ELoiz

WEERo Tz 7. BBFSZ 0 BB BRAT AR L BBIAIL S5, E. b >FnlzfnT
&, T2, HBloBBER TEet vl Sk, AcHB A3, LH L. BERSIEARIEOC
F3towd. BERn B0t BRBELE LT (HBl08)  AEBIAEENS (31AIBE) | 24
EoALARTIS (HBAF D) AVEHABEE 12 MBY 35 (FAFERNTMA) LRS- KGH T3 pF
FE3. 3t HBlolFE. BAMERDS EolcIX. G895, EHBINs - > (ZBPME) ka3«
v EE7 53,

ABE 2. =¥ BB 50U 0w lBRn EONERERET 3 - A LREL. R anliiknA
DPHHEREBES < £03 EODBBEINIE 1= > 2HH T3 . S BBEx. WEEM. EMENT . mF
EMZH5.

2. LasteEoeE — S8z s selowllins EoikERABE —

BB, FATALEBMLER T, MLoIHIRE 7B 2 RANERE R0 3F98E. BRFOHE —
PR FEEE ST, B LTEMERN BT — ook SABLFSAS e b3, SEBE. AR
. RrooWn BRI L 2ibo R e0F 7 3 BERED, Bin Ko #RRBEY s L 1aR IS
ES. ABrsosPh=5oct B xBxAzH3Y, 1573 wTEARNS=R 7. 3B EE
MAEAPT -9 L2 TliprRoREER e T 3588 oM (584) 72t BET 3. Kros
BEALTFRAT,

D EF;BEHEREFTLERRT 3, ETLoMEHERS Kry v 0 BEIH3.

@ #Pieb v JBRLALEENTA - F (BB NIeS » —FLof) £E§F 3.

@ MBS MEFGo B mlien N5 - 9 L ofEA A (BRETAEX3RaA) . 0 E
= Btstlreoinsx -9 =BLZBMes ) K7y 2 e SEmOBME - H3 .

@ K7y -imEd 3,

@ HBxAEPfe. ZALHRTIBRITLOBM OB h~EZEHA L. BB 50055
~9%£h3. 45

@ MPrennsx-93Y, Rhowlern ERnFTaLid, ERnoB vy " EREBET 3.

AE . B BEEHIERE T 12> » TEh (BE TEBREEEER T, LEDT. 232 @ o3RS
BEBEF FHI3ZSIBUSA3Z. LB L. DR BBDE. FEARLOEATH FSZ2RACEHERT
DT B BB EEbLSSETI32DTHY . ~0BREF W T, Fr28HIL =R TED

%3, .
e
& 4 = R IBIT A~
IS - 2 TR

‘ -1 BRI LIFEREBNEOE K
3. MBoRAM — BHBESCIIRE > —
BB R YRR BB E S =S, (RAVET 3. BRBEL LR, 55 - BEBItKoBs. K
MEyFEFLizpa9m 2 b, RBAOBBA A5 OB E e WS ERFELVES AL EE
BREBT . By FHEREN B L Sk BIABA LT 3B G D = AR ESE LD

—175—



FIRIHEV 5 o S0, B, Soh& v OTHE, WBELERIZ 5o I BRIROSIBE KD 2723
3o x5, TPRABBA>> L. WHBBRE 21IZWBR HORB BB 7 HIMEEE T 3. ALD
22 XE 54 BERR CEHDR AT ERBEZ sl 23t o e FASh3 AT BHEE
ALS3FACEBAL BRFNT 3. B3R, - nFACIXEFEART 3¢ NZTH 34, BEFZ-I3E
At ¢ BVELAT S5 = 02 %5. BRALOFHE ABLiHZFT,
D #RBE%obaN
-2 1ZRTESBRFLp3v SHRTERBIOAENSE P(2,9.2) BB L kIt e BE T3
ERDA ZEbIA 30
Up) = fsUu(P;bﬁ(s) dSs (i e=xg.2) ———— )
EEL. Wip) 3HENEPrBAND b, P(5) 3EFL=5HT
BRNOTY f 222 P EF AR T H 3. FE. TinlP OB
CREPIEGRN D2 C BAEF 1y k 5 OEFEBALEREDNE P
oEftco b2 B3 (Kelin B) . 5&. ->0Bo 5B ok @ L=
ou 2SR BB T3 . 208 @ e sHERA S 1 Ed3.
-y = @+, TG ) AEIS, @
EEL. o] wafieh, ng)sehRDo% § =& 3t
Db N, Tulg ) I5RBEaD § =53 Kelvin BzRETIfeh
NI ALZH3B,
A WDEV R EBICBBREL 7, 2nZhRnS> >ELY,

u .t = (w9 —_— ~

-l (s = [T] (%) — [
EEL. 9 GkaaBngin , MEHAEAr b LS S sazf ® X =W
B, ™) safBren g b w {6 ={ 6 o o° T G a;fz“aﬁ M-2 M TRHE

3., 3. |U® 3TaAORBEH 0 v, [T) Sicr B3R BRYTR 25 3. L D 86 &) #°
. BREES =5 34K L 53,
Q@ Tt - AR ICTA - 90 BVER
A @ E Pz ow 2R A ) RANTASROA A3,
wepr = (T [T -ty o’} = (FuodfT Lo ——(%
22 TP 0 BRBY 16 REXBRI ( EBXYIHB) L L20302, zRBE< <) KL I0F
=2m3 6. A & SReAs > 1B 3.
wepr ={Flepl Loy @
ERL. 16 = | GYE , 6,/ , 65/ T /E, Ta/E, To/e §, LF'®) s R @ =3
TSRy 59 1/6 fcenmietndsy , ERoMUBVTT Y vItEmS . TESIAg b 17
F2.A )b GEENBMN koLl AN 52 -90fIFRT K3, 5K MEFRoBAER &
EFaSBorhnx o LEMB> T3 - 05 BBt Xn 543,
) B h=FAED
Bt LA b;j: @) FHSB AP« O /:'ﬁ%/\ B S THH L. ?Iﬁ@.@?ﬂﬁﬁ:‘ﬂ NS4~ 9 GRET
3. > ). BABM CHEDM comiEs —EM RN T3Micn 5 ¢« -9 24E03. BEn=FhQ
RAR2 Rips L3,
S = (U —Juy)" (JTU - {up) N

—176—



EEL, {0} GHBsAREA U TR & s Brn3BAETLota I oloss> &b 3.
juy = [F1{cy — (&
EEL. LF] & (Fudf) x o) sn2478 20k 3. 5T8E A/ 10e3 & fUl R juss N7 od)
Ao b, LFIE NXE (=2RDoFEE A3 o&RFTBIE 3 K7V Stk EARE . BBV
A9 BRA x> ZEXHNB o d X3,
6%y = (CFICR)) LFT TS —_— &
ERE3s 2RNSAERBEAN NS~ 45Y) . ERnisrBBc AR IAZ,
@ Rsnave > PERNBE
A DX, TROSAENS A~ 915, RSO e v > VAL LT H3. 227, pPARHOE 4D — >
BB TS B YomBahe v PaRrias A3, BE OF R ELBEATE LS pAB DL
S AEBA3E, v ) RRE VIS BROATENS A3,
c=a5/" | c¥=Ex0F, etc.. —
EREL. OF BLRWIE, X = G Fete... ZH30
@ WA TPAMATLHE
A2 REAEH L TR TR E S, AR TASEAS, - Bl MRS b3 . B B L AR
I3BEI5. HRBa» sWARAERT 3AD) Bz 0, 1,-7) AL, A S HRTAE.
EROFEEES LBATI - Lt 23. 6K, T AR ET0T54 s DBAP—B ( Direct Back
Analysis  Program by Boundary Element Method) £RAT11 3.
4. BRsE R BEIz> 2
ST DI A - 9 EBEBEBL w3 T3 ALE — BEAWAE — LT T3
Ed. —>ofBitl 7 <o it - EER L. B3Rl L-2 5 2 57755,
—M. BACAR E TS BRIz ) 5o S E - Eh, ROSAIMBAHI T4~ 9 €135
ly 222 NN Gr- 9 BEEARDTHME L2, FRED S 035> 20lis 1H1TERARLIAT 3,
SAE. ANT -9 (FRAZ GEMNEAR) # ERSHIAN . B RISBLERT 5445 . HE %KD
Blx)RBrLd3=r2=3 (X @ =80 2. e x- 93 EA BRI EFRH 3= 2~ F
F). 222 1L-2925. HFoSBRRME- 2755, 548, SARBRoENE 0%
E- 37T =RAFBOoTANELR) B>, ;%*"55
D oM nrnsr-98522( Gf= o0.5x103, o‘;’= r0xip”3 7
Zat = 0203 | H¥o BB 57755 VTJ L
@ Sty OIRMEBALENGEE L, SASARERGR-FC .S :
o>t ->PAle 53, K—3 % # € 7 U
Q FBerTs . NS4 ~ 9 O BERE LERET L. EAEBOBE BB T3,
B-4gvsix. HBs - >oblbmitton?. ZAZAEHTIHREE-TA0 A 2 1-7T. B
SRR 1 3RRE R oFmERL « ~SARENVEFM S, B0 BRI EMNNEZH 3, K
B, BAMSARIE 09 - > e RIT3ERAEMOR T FY) . Dm0 REE zona AERA K ZH 30 X
E. Sx, Sa, Sex I5. 2434 ANINT -9 o, 68, wl oTERB . Eoods. SMEA
NEEER So v 1.0 DBEERTIENIHY  HEe So RN T3EBI. EPaB) x So LTAEY
W, B-4gpE-lizp 2. 1-a 5 RIUET=5nBHETMEBEZE(ELNT  /NT L - FEFush
T EBEARE RS AB. ZALT L, T-bIERNT, Suly. Sx,% 1225 vzE3L < L=vBeA
To LEV .2, 2nBE XR DGV ZNFEAELILCTHBT ER Ve ORELLZ, ~ B 2. DB

P

—177—



BBy LIBT3 BE, ¢ AFOIFREB Iz c#FAE5M3. (—CI5. i~bi=& u 2. 28fn
BBRE—> > oBE L REEMaBRLEIT  EHBING - > 253, B, See 743 LB X H
BNIEEBIAY S, 1—d&F FHATAPELRIEBELTH3Y . 204525 /~bekES v UED
$59, c0MBER 2. 0 VEA EMEF B 0nMBT 355X, BATENEERTS 5 ) NEEd
PABRFCISS e FH B3 M-S 80K -2 5. #4045 (L) FBURERISBEAMEIN G — > &
MBRCH3. FE. B-6avk—30 NEEMoAD 0 s—> vBRT F30 S I=> 02, Dok

AL A8 FH®miz,
/L |
1
1-b

K—4 FtEIreg—>

/ \{43/
~
2-b

it 2-a

EB—1 GEUSHNRS A~ 2DEBRE /7
(ROBEBUOEBREEN IS

l-a 1-b 1-c 1-d
ShEIE| 27 (3) 27(3) 27(6) | 27{(3)
Sz |[0.4508[0.3318 |0.5057 [0.3590
c; a, ) Sz [0.4873[0.3606 |0.4477 |0.3514
K—6 WREMOSHEIINZ—> Szx | 0.5324(1.3927 [0.4303 |1.4011
F—2 PHMENT A — R OERERE 2 #—3 PHGANRT X — 2 OTBRE  — REEM—
(EDOECEMNOEBREED T D) (ROBECERMOEBBREEN D)
2-a 2-b 2-c 2~d ajz B b; | _c1 ay J__“ by c2
K| 27(3) 1 27(3) 27(6) | 27(3) | zrmm] 5 7 6 4 6 4
Sz [0.4912 [0.5350] 0.5135/0.5455 S, | 0.4815[0.4580 | 0.4384/0.5663 [0.4616 [1.1368
Sz |0.3221 ] 0.2866| 0.4595/ 0.2914 Sz | 0.7304]0.6047 | 0.6220(1.3482 0.7809 {3.4428 |
Szz [0.7882 [0.8454 | 0.3344|0.9150 Szx | 1.3863[1.0975 | 1.3183[1.3863 [1.0975 [1.4648

5 T30
ARE . BBOFAGHBUSRTMB I3 - T4 6 BRTS £ BRC . FMOEHNE n BB E:- > 2 B
FoXBs, - >omBERL 21TE, Eo 20MR. R x> 548 14E.
D PGl & ARSI B = HE B G 3 BE AMBRDN5X- IOt MRS EEL <@ =5 Bo k3.
2 Do3s>ERHA. NEEMNMBERT I v =5) . t ABRS 0t omto@n3.
3 ZHATost#l=5y. mBrnis 4~ BB RSGo0BEnd L s#EAS .
4 PEPMORRx. 9BME>( 3T SCBRIZOIRY, .
BR. 23 ZBRRUETABT . ZRERZ LA 2R YA, BBOBEE ~EDH ~Azu 35)0
TN
1 NATMOFHAlERLC AT SRBRRREE  BFK X LEHBE, GBRsd 4
2) imge #H.; Thenifiction of Nowlnear Elastic Solids by & Fte Elonent Method Gmp. 1. Appl Heh. g, T 14,1974, pic

rrux

3 Zacsem; EEIRB =53 WEN WAL ARV MARSERNE , B 445 | 38/2, 3H0 S35, PPIAET ~ 14TT |~M2
=iz

Y Ciidivi 4. 42; Some Aspecls of * Characlerization’ Problems in Geomechanics, it . T, Fock: Mech. &Hin. Si: Tol 1S, 1981
8 FARB R T BRI IRAGBEER MBS A aw st (BAD) L 2P 487~ 503

—178—



(37) Optimal Location of Field Measurements in Underground Openings

By N. Shimizu*

& S. Sakuraix**
Summary

This paper presents a discussion on the optimal location of measure-
ment points of displacement measurements for monitoring the stability
of underground openings.

In the first part of the paper, an evaluation method of field meas-
urements is presented. This method can estimate the initial stresses
and the elastic modulus of the ground by means of back analysis of
measured displacements.

The back analysis is formulated by boundary element method (BEM) and
a linear least square method is used under an assumption of Poisson's
ratio. The developed computer program here is named DBAP-B ( Direct
Back Analysis Program by BEM ).

Finally, the optimal location of field measurements is discussed
throgh the results of some numerical simulations for illustrative
examples. The conclusions are as follows :

1) In some cases the shear component of the initial stresses cannot
be evaluated correctly with only line-wised displacement measure-
ment.

2) The measurement of convergences improves the accuracy in estima-
tion of the shear component.

3) The displacement at the crown is important to estimate the vertical
component of the initial stresses.

4) The measurement lines of convergences should form at least one
polygon.

* Research Associate, Dept. of Civil Engineering, Kobe Univ., Japan

** Professor, Dept.of Civil Engineering, Kobe Univ., Japan
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