B ORI I HE R

WFX% o8 AR mi ABE=
$iE T Ak opE JE X B
1. ik
K7R—=ILEE) BB TAND, REBEDN O B e HET 3 53 0T 108l E s Hn
3.7 20F2FEBCRG, PR LERIORENS, &y 7 B IRNOFIEN 2 RS B
SenGREHS, LRI OEBEGRADIYES, L0 BHINRE 5L U LFLoRMI< L >
THERFILDCH), LEN-T, Who IR E 54 0 T OBIER k00 35413 4% L 0
FTBEEN LMo wiIm T e #RT2 2 eAT23, 21T 1&, 2oMEBHFHIK w THEN S,
2. Ews#EXoHdE
2.1k ALAR D37 0) 4T T

121—1::5’\3‘47/:, P, ¢ S 3MEA AL T 3R AB)L 3 51 2
FueB¥lL, t.BRRIRLEETEN LT3, oA F4E1A 4 :
T EALTHbzE LT3 LN B, IRIIHFATIEN I, & -
WBE L £ IENT 3 2w, w3, Bollpmamm 0 ERAEORINK ) I NI

At TING, K TCOMEL R ETE00 B UE (k> F LARLS = - 1
feEr $3)18, LI EFEERER LT 280k ) kb K

3. 0455, 12T, FHLFATIEAN IR ERcH3 v EEL, L IRIIE 0 & Ak
VAREE % By BN

a’/i’
ui = (Cup+Cag)Pee) —bL,, Wt T) (irpet 2 e ) ()
1T, Ci = a(ﬁ+/)(/+2€0525,) i(&—)(/ 2c05%) , B=3-4Y

b;J = —/ﬁ{4(l v)cosj’ [o(?(cot_t) + (1~ 2)))77'51713’ j , (i%d)

3-aY / sin2md . et v
(zm T Y, lzmo( }‘ (i=}) (dijz‘ﬁﬂﬁxf'r)

WYy, wi) o g9- EBL, TiTa ov oL EETD.
* -, %
Yl = —€) sk 55 0-€7) o eagrmnan
G, G T b NRER, wH 17 v bV 3 HE BRI —E L
2.2 ARLoZM
ﬂ%m;“ﬁﬁi%ﬂ)zm? Wi, ZRToBEL (< w2 LE) o Firid,
u; -—-dzi ff’(t T)deT

o=l
bij =77

Cig=t 2, N) ®

N a'L,, ? { sing, + ’(—Z——y’)cosj’ 7’,} %{sinﬁ*r(—zm—?;)cosff;}
C@fEsRE-avh, A drEME, 4o &
?fﬁ) i/i%ﬂﬁ?{'07 Y- T, il orads KOURT B,



Yty =% + g=(1- e*) E %L AR
2.3 FARI 3l o B0 e FAE
K2R ER BT L e o T o#bEA BT o0 LS kb N3,

M.’,E = uf ‘ (3)
(NI, (N, (DXNEAXNL, BBIT 2% 12K T> 5795 A %B
— ® st
£(s) =jf(t)€s dt @
AR 2 I IUNESVE XL
Cup + Co & = Ay P;(S)/‘;Z*(S) 5)
T, Ap=dy S + by¥e)s ,  Fe = VES + VER'S(S+ 2')

Prsy = Vogs + Veq T S(s+ V), W)= Y2677 S(S+ /2)

Wi, L L MBED P, FoBkenipA, B RETIEE - XFREN A ), < J’Liﬁl}\.\—cﬁ—
KEERE 7 FRBRBRTNT TRIFRATIEN o BFIEALERHS 2 LT 2 3, iFI<,
Boriosodke#et 3 ent 23453 SR RA=REKERAVT P, FE2ET
TeweE 3,
3. ZRLIVERT 3 ENInEE
FAFIFMEFFTIENEHEII—FHEL LT, &, FH{LokEEg
DIRBNRZTCEI LD LERTNT, 0¥ &) AFENELD NDB.
R-2 ki3 & s ABEEL BT, £ &0 @lf/f——-} vk Mz B L
FHH Ne 1XK I d 2T E L5 N3B.

Mi =5 a5 ~ 5SmSR
Ne = i(”zl’Sin-cfi)R

(=t

3]

Bh, RERENNFAL(L s oE) c 3EREEH), sHE
PrARTNG ERAZoOFEIL I on WL, REEIFE M
Wyl t=ts, T, te, " NWITE—x > L8N BlRET AL 10
W-3FTESLLNTHS H. L REROEH] 1By sREBHE
XA TR, 2B ERLIFATIEIR KD B 2 2 A
2D, dE, TOHE, —MEIF-IOEER o) F <R P— %
B0 CHRMA=FEIE ST RN T 2N E D, 9 - 3
4. %ﬂﬁﬁfwﬂmz}#ﬁ |
FRLERTIENR o &SR erR 2N, 2HE 575 2FB42 2 2128 ) RO
CERNBIIYATEE LAENS L, GEOSEHLTGRNoBR S BRI LE ), T NEBE< 22
<& ARYEST P, FN S BEMEIS - R LTHH S W TCH D, wH, o%b i,
FEEL ) FFER OB S, Bl =FKI<E > THEEIE3 e N T X 3,




LI, A wTE2E D, 37, TR L CBITH B IFAI0T,

Ya)=o0 7)
IHR TN T3, 1, ABFIIEBYEIETIR 2K LIt kb AT EnLT B,
R =RC-e) | B, 7 opi (8)
Lraws T Btsy = BY2"s(s+ Vo) D)
(DN E SR IANT T XX EHF 3.
Cap+ Caf ={G2(s+ FTC /f 2“'/(~S+/T")} by B 0)
GO) 0 Einiz Sriz&Epcehind,
2= G2/ (6+E) e
HBEIRILT 3. LE2-T WRIE 220 ItEbIID, |
Cup + Co} = {(6G+6/G} by B ¢2)

S ER, FARIMN T Y - PRI S K, 2 b IR R{RIARA I LT R NS E A L
I5. 3563,

sY=YE .,  wwy= VoG 3
20%A, A1z sziz BBGI o n g St Rbrns,
Ay = ij/E + b;,-/ZG— (14)
Rty 28 x=x v R L HIITANITHI L0 T NS, (5) AL,

Cip+ Caf = {2672 (s + o)/ (s+ 2D AG B (%)
LTy s T 2= 2 ‘ e
&8585, &5 AT

Cup+ Cz3 = 26"A4; R an

e, Fuhb, Lodd s EAE T aTBRor Rk R RAsrsr TE
EHMEL (D H3 3 0nRed P, $akprrrcesd,
5. ¥4

HEAL LT R-4RFFTEOUAB L gL EE L RE )

L R LOBIT1g 100m 2T 3. 2
Foxu ¥k R=/50", 3if1%% R'= /g0 :
FFLoMB=Le-2 v} 1 = /500 com* -
’ oy FE A= 25 om? . EHo{FRE
E*=c0 , 26/ =00/ , G/G =1, T=/0dxys x WER
wiho Ry v V=02 , t,=0 H-4

§9 ., MO RIEN 47 P =100 ¥Yom* | §=25"YYem? oA T FRLIERT 2Dt
A P ESUAEEYD, L RERITT L3 2B 19-5, 6 KHFATHEREFS., w3, ¢
DEREECHEE RN, T30, LT RALSE, TAEBREL 3L THL oGSO



2 %2 N .- ,
ﬁ&i?ﬂhbxll?‘%, NN -0 — g1
T Bl LT S=3 0354 E —xs 4 3

— -——- » S
T3 a%h o RBE MO, T

_ N v
N OETR-1 0d ) )cu3, " gl
IOMET - I 2 L TER N <
SHEh—EAKIE ) ROERSH l’g‘z"'
3eR-2IFTRREG S, i

~2F ! - JO|
11T, RAEMEv AP T ERE fj
R, . :
Xz LT~ BRcdns K3 E 3 Tz3545678 & 0 [ 2345678°%
NP 0575 2%BLEET -5 wie-s2h -6 #0
h3. . . o~
-1 wiwre—Jol e Bmpio 5—9, 5S=3  (x10°K)
Case| ~HEEl 2 3 4 5 & 7 g 9 /0
A Ms)/R'| 0.183 | 0.112 |-0.089 |-0.206 |-0.330|~0.335|-0.206 |~0.087|0./10 |0./83
Nts) |-5753|-5988 |-6./52 1-6.253|-6.338 |-6,354 |-6.255 | -4.724 |- 5.880 |-5.836
B MSYR | 0.177 | 0./09 {-0.090 |—0.2/] |~0.3/7 |~0.330 |-0.205 |-0,088 | 0./07 | 0./83
N(S) |-5.747|-5.827 |~6.1/0 |-6.376 |-6.180 |- 6.366 |-6.157 |~6.17/ |- 5.898 |-5.887
c IW(S)/R/ 0./65 | 0.099 -0.087 \-0.2/9 \-0.338 |~0.366 |-0.2/7 |-0.090 | O.107 | 0./19/
NS |-5.9/9 |~-5917 |-5.6/8 |-6.46/ |-6.274 |~5.8/7 |-6./104 |- 5866 |-5.526 |-5.608

Case A 2/ 7

B

t3% , Ci17n

£-2 IR I AERFIESDREML , 5=3  (x/0°K)

e RE / 2 3 4’ 5’
& FE L 4.308 3.94/ 3.347 3.347 3.94/
A 4.483 3.846 3.36/ 3.338 3.925
B 4.519 3.9/5 3./70 3.665 3.598
c 3.749 4./187 2.863 3.425 4. 143

2K, B215T BOOBEEE (5N )AL, &
N=FGRE B CHHBH P, $eHETIITR-308> KR-3 WHMEN 0 BEML  (Yew®)

4B, Casz R P &
. B PEAL /00.0 25,0
LB OH B e Ta T, T ReRoSid LT BB B 99.5 25 4
C 95.7 25.9

wFE3, Lal, P, F13BK @3y —FHEERT.

6. TIV

S TRRLEWHEN 0 WRAES, Bl 2EEEA DR, BEH OB N T T R uBR
E435 I BRTHI. Ik, JoFEEAC T, WIETREE O L T D 1IN 0 7P 8y AC
BRI ILHATED. T U0t RETIFREH .

BAHK

1) T. Adachi , S. Seralo., S. Saxurai | " Deteamination of Unc/yl.\?/wund Stress Freld Based on-

Inelastic Bo/:mfics of Rocks ”, Proc. of 11¢h ng/apsiam_ on Rock Mecharics held ot the
Univ. of Lalifoania., Beﬂ.xe/e/, Calif. | Jure . 1969



Estimation of Initial Stress in Viscoelastic Underground

*

By Shunsuke Sakurai
Shozo Morita**
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The conventional methods of measuring the initial stress in the underground
are all based on the assumption of elasticity of rocks. All rocks, however,
exibit more or less viscoelastic deformation whenever mean stress and shear
stress are changed substantially from their initial states.

A new method was previously proposed on the basis of viscoelastic properties
of rocks. The method requires to measure time-dependent deformation around a
borehole, so that only a local stress field can be determined. In order to
estimate the initial stress in macroscopical sense, the method can be extended
by knowing time-dependent behavior of a large cavity instead of a borehole.

In this paper, a new viscoelastic method based on time-dependent deformational
behavior of tunnel lining is proposed.

The time-dependent behaviors of the lining depend on a rigidity of lining
structure, mechanical properties of rocks and the initial stress field in the
underground. If, therefore, the rigidity and the mechanical properties are
known, the initial stress can be determined by deformational behavior of the
lining.

Fundamental equations are derived on the basis of the assumption of the
theory of linear viscoelasticity, and a numerical example is shown %o explain
how to apply this method. Since the method of least squares is adopted in
this proposed technique, the number of measuring data must be large enough in
order to obtain good results.
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