Vi HEIRLZ ofeb e BT Hy 7R } VR o B
EMRE LEOVHW—, Bk LB KiT &

[ RlI"'blr

BB REL k BEAD B ES  k EBRTN 7 6 e BB BITE 1ER b s B
FCHATHhNTRE, Lhilmky, $Ro 4B Te, MAahd, Ly 3 0 E Bk 751
VE5 exn, gadgei |1 TEMBoRASRLT LA 2 vedFanabh{f<, BBt
Bk BMT IR R e B ol BT CRED 29 &3 L RiHTRTE
Mepals cm\, AMCTL bt AYINBTHY, AFE- 97RO B wlo 4%
WELTRA.

AR F, BB BTAR (2, BN A R T ES AR TR N HkeT
2BER | TEBA L2 2 AT (LA a T S BATHE HEHIR5 -1 T M
F, FB B VA e KGR HR E 1T, 2 M ehy 7P wA b L ABHE R A
(T, A4 = > YR TR BAE e BB, = kR F T 7R b 22 YT,
F5 bt f Mo At E A Ll 2 TE 5,

Z Dy 72 b VA #KB T

windly Vv ki FRLTARE B Dy A bV RIFHGI BB G A bR F s
ha, —BoRGHE moORT> 5 - HAREBRI: e A ‘

O £, OB, L7, &% %
 WHATER XY (k=1,2) Tk, LT Cp, AFws E BT Kax (8, B U TA TR
£hndha kY,

ed/ = Help) = E/(ﬁar/,e + l//,e/a( ) . (z.1)
w3 = Ualn ""Tl(“J«—Mclx) (2.2)
Xzx = w3lo (z.3)
SR, Ualp @ Ue s 2P @B EBAY, Unlp) BE W UWp1 3 ST A Uafp 03 B LR
HAUPR 5T, .
) B HR
BERGRA EDR g b,
€xg =5’?Tf2a,(f) - Pf,(ld 27 ] (z.4)
K3os =4'37'[z A3 (z,.£)

226, Tug 2L (o fas (5,7 @wdéj¢7vcajvrwzkvz 3L, G v Lirt
KT RN RIHH, Poisson o WL BB LK BERS L2 5 e RREHDR AT L)
Y, MR up @EAHRT V- tHATLa LT,



RN RV XN

PAA 5 £ CRED S 7 AT IHT A BT S RGRA 5 w5,

Ay =0
/{ﬁlo("'fso{f?o(,e -0

e 0 FK5vr- T,

b HREBA

YhA BR G R £ 5By b,
gserlossi‘r 6,”/0(," =0
g3 k'a/,a =0 .

: mﬁMm Tt T Ah T, Kog duen,
e 2y s -7 =0
£ Hsufp =0

fos = € 2unls + v €3ap TII°

T Vigl_i_d(,,?—ﬁd/’;x_ﬁ) ) ﬁ=p/g,//;,,// ThA.

r
% 5, 7
e Tt AH

Th @ Zaa FTyvexwebtrdegue
U AP T a4

Hia = e |

2,2)

czf)

(2,1)
(2./1)
(2,/2)

cHhsadase, zo pUHL

(2./3)

(2. 14)

ehbs dA T HE Ay kv e e BAFURRT 20w 13,

(1-£77%) PP =0
(- 227 ) Yl == 20 i 37 7P

2,/5)
c2.76)

(2./7)

MRAG I 570 s e R h. Lm0 EFHIE 3o AGERIHUE EEBBE)

FAR  ~H74,

Flae s PIEehD Dy 700R b L RBSOGE A BRE, B2 FHA (210N (217)E £ g AR

HFL B TTH < v B ads,

3. i #h Ju R0 A4 Bz 0 T AT

B-1asb5n0 AR b, Hi2a o AEREBHBREGA L 1RY,
FRE e B ki d IR vT o s d o CBA K F
ih, Ay Pwrbviemka, Aske b BeflEra A
Hb 2 URER AR do 9T, ABBE ) %w « FEHH
Butb b E5HG0 < Bh L, 19 @ 2RB 2P 2HITES A,
TR ARGS9 RET S, AR, 9 Zeil
bk ns 2 Th, AU @, Ackcees



ToroK, $R5ArQTARE cA>79 72 (e wzy>Hhs e Th,
a) p A ‘
ARAGHETId A (2, S thadbrdis s,
P =Aol+ Bk + (A1 +B 12+ C 14+ D)) conzd (3.7)
37, LT 5%

T L R

6.2
L& 0HUYG o FB T I, BBtz 9s b hs s,
2 = -‘%;—r‘(/—wxw)-r/Iz/?./‘-r(:?z(-z_'_cz)wxzﬂ 2
o= [bsrv e, K (V2)] aiss 20 e
222, K lle) F2ROFLBEFBN Y€ L IFBLTHA,
b i B4K, 2GR
TR R 22 e BAINE who 85 s MA.
() =24o+ BV v 24,48 ¥-4D. 1) con28
(3)s =240~ Bot™+ (24, +48,F 44128, 1) con26 (060

(Tp)s = (Tor)i=20A-3B,r¢)+34,r*- D, rein2s

E (Ur)t =2 Ao (1-V,)1 = Bo LtV +{2 4, (P r+ 2B, (VD2 A v re 40 r"}aw;p} 4
Ey(4)s ={ZA(RIII+ 2B,(HP) [P +2G+V)E 0+ 2D, (Vi=1)r | win 28
(), = 05 (1rcow28)/2 A2 EB Vs danr™> L 4o b ™) cow 26

+ 282 L (3417 K (VR ( #dEAK ()] con 28
(0;)" = 0 (s ”V}‘P)/2 ;Azf-2+ (o/i;_/”-«—/éz r4) cow2p

+ 2887 (34 £, (Y )+ (e K (Ve )] conzo
Rre)s= (05 +4 Bot 420V f bar™* ) i1 28

2.2 . 37)
+ & G (Lt a)+ Crez 8 (V)] 0 28
(Z.BV)Is "(U;A- "'{.B_;)’_("I‘:?C\;’—z—{éz ,—«) tir 22

+ &y (rd LI o (V0)+ 3Ly 12 TP) K (04 )] wen2&

Hrda= {2807 -G B2 8 o (VD (rrt £277) 0 (10 )]G w0t 26 }
Po)r =(2b: 1128 77 (Ko (V) +2.4 17 K (Ve )]} cou 2o

28 (Ur)s = GV Cr-20)s =~ AV +273/ 05 5% + Ban Bav 2852 (-a)-eu Pl ()b

x cox ZH

€29
26, (M) = 1P -Gtts 1280 2 fa 2 (V) ~G P Toa K (Vi) T2k (00 )]}
26, (W2 =P Va] btk (o)) a2 X007 26
o H54 %
H54 Be VT,

F=& T, (7= Clr),, (Zredy =(Cr)a, (H)2=0 , Ul =WWy),, (Us)s =(Us):
F=t T, (G)i=0 ,(Cre)1 =0

INCOBREB e K (207) , T2 S, ba=PO-P)LC b s, 11TBIRAFH LA TA



1TAEVARRTEA. W BT, T BRaBBREHs M, BB =0 £ P
FREUEN B %z e G52 TR, 22, 74257 :{hy LA F LR TAA
TA5Ar 1, AL oMy RER,
Bl 1+ 5r? ) in 20+ | A L (W2, ) * €5 b (1, )} wrern 28
bi=P-R)L7C, 4, =3¢ (1) 4%,
vEMmTF

{ G 2 (2hick tine)

4 W‘f ¢ %2 ( G Yglthin tine) Foa
ARE L 0 A R0 Jup o b BTN
%o, A% AetEo BARM, Poiceon 1o -z &

SWr By PR b v EET ATARERE ]
HHRER s v ¢ (A5G 8115, T2 45 Ya oo ]
(:%%7[ 'K‘h. - ? % %V_ 70‘7 70/'/.7/. pz (Cola &QV“L—\ P:_T:—N —
"X A8 L THMHTE  HHES Tk s, ~l__
P &M -BA R 2 wET. o AT 80 i e
t, Poisentt Mehh=02 t | K, Jg_v’s W ]
fﬁﬁﬁﬁff Pk e RSP e - £, \;1 ““““ At L A
DEERIME (ie b=0) :3TI8, BEfe, ¥ 20 ] ———
T H, T YabRa o ip ey 2K s e — "
< 5\ éc %V/'/_./ _”L/"/‘L/ T
DAy 7R by AR T et Tr 4

Yo, Yo Betr b w857 RAKKEALM  -io
B, V=t Vi=0Z e ohndl) T
Ya>07 vir BlE, W ttbh ST Y 9 e o
Bpue ed v I & a1 otk (6 (i o
BRI BE THA. baxoy T ———%:}‘; T
e b erd v bbb cTiphkranr
EAE-ETHn, e, %(0'7 T, 40
B, <of 2%y Liohfexvipk "
PARe 2. A oWbesr sy 8
W By 7R v RS KRBT hE FEBEE oo
CER{OMLE »> T L)% 9Hws "

8RR EA 5.

10

% LB " 1
0 RO Madlly. . Exp. Mok, 3, 1~7 C1943) -z



Effects of Couple Stresses on Stress Distributions

around a Lined Circular Tunnel

Shoichi Kobayashi
Dept. of Civil Eng., Kyoto Univ.
Stinao Moritake

Japanese National Raylways

Although plenty of analytical works have been made in the stress distributions around
underground structures, the results sometimes may lead to invalid interpretation in evaluating
the real stress distributions. The main reason of such invalid interpretation of the stress
distributions is due to the analytical assumption of homogeneity which does not account for

the comparable size of constituents of real rock masses with that of underground structures.

It is very difficult to take the size effect of constituents, i. e. local inhomogeneity,
into considerations. One reasonable approach, although not sufficient enough at present, may
be to formulate the rock masses by the theory of multiphase materials. The effects of local
inhomogeneity may be interpreted to some extent by the couple stress theory, the simplest one

for multiphase materials.

In the present paper, the effects of local inhomogeneity, i. e. the effects of the couple
stresses, of surrounding rock masses on underground structures are evaluated by use of the
coup:le stress theory. Stresses around a lined circular tunnel are affected by the internal
length of constituents of rock masses as well as the ratios of Young's modulus and Poisson’s
ratio of* lining t0 the surrounding rock masses and the thickness of lining. The investigations
are extended into the variations of stress concentration factors at the outer and inner edges
of lining with the ratio of the internal length to the radius of the tunnel for various ratios

of Young’s modulus of surrounding rock masses to the lining,





