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Typical effective events of tunnel lining and due to external force from mountain
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Table2 7 A = 7Rl (RAERIE, 1954 2IN%E)
Standard of concrete lining thickness

o P
i REES patiim i
em 2% (cm)
TR %A e ! 2
ZN w 28}
L L7 s 8 4
LS 9 45
. i M2 R T 11 4
i%ﬁéﬁ% EHOLRT 16 6
BE 72 SR 21 S+ LR TES

Table3 HEDOK AW 2 AR (ARG RHLE, 1954 % IN4E)

Rate of foundation expansion

HRE5 7 5 W 1~3%
73 1) BRI 3~5%
RV e WG T e g X ) 6~8%
s E () 8~12%
ARy i 10~15%
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(2) 1992 FENKFEDHRAS > b (BMHKESH, 1992)
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U, 7 IR R R & fh oo Hety S | ZJRBR I T
To5%E, RIMOEZTTZHEALT

3 FURIVEERFE (ZAER) OXE
TARESTIE, BRI TN AOVEHER 7] 27
TLTwD, IbDHW M A VIERIR G EIX, 1964 4F
WHRHISNZZBDTH B, LB, N AVEIT O E L
E B IT19694E, 19774E, 19864F, 19964F, 2006 4F & I
WRUETENTETWD, 2T, REEONEOLH
FIZOWTIRR 5,

a 1964 FhR

1961 4EIZHR L7z b v R IVTHEREEN L E % - T
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WV RE R AR D | THMIR D 113, [F
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A AL ARtk x FEE S H 7z,

@BAHI T34

IR O R AL 2 B A, HRHK T O
LERWH MO BN EDRR % TESE, HEH30mFE
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L7ze 72, BB TETEILSFHENE YA NE XS B
BEJRKREALEEZ & B L 7z
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O T:m

WG TEROFELLETORA > M, #lHEEE Tl
ETEAZEAT AL LCHL S, 5D S it
TETORMNINEST, BEHFHAZ L) T LDz, 72
TBM (Tunnel Boring Machines) .32V T & a7 S 4,
WEZTESETWD, T2, RIAOHMZ2 TE LR
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@ — )V F LR
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HEEYNAER T 20 E, BRAST A& E TR Eoid
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THFEGID D 7% o Z2BALY — L FRER T
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@BAHI T4
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1 2 4
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Fig.13 ESHMME AR N VAV HEI L2 8 &
ZHEE S & VR BER I SEAE T 26 DR &
& EMEARE (PEF, 19732 & MNEEIEIE)
Relationship between stress and lateral pressure appeared in
sidewall and crown when a tunnel is digged in homogeneous
and elastic ground.
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Fig.14 FARTICHAE Lo of 2L (FH611)
(B, 1973b Z MNEEEIE)

Change of stress on steel support (Case 1)
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Change of stress on steel support (Case 2)
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Fig.16 SCIRTICHEA L 726 o2 (35413)
(IPEF, 19740 % JIEEASIE)
Change of stress on steel support (Case 3)
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Harfsection of circular culvert
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Trap-door testing apparatus
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Loading test appratus using multiple airbags
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Soil equipment of model tunnel
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Model experiment apparatus of steel support
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Model experiment apparatus of steel support
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Model experiment apparatus for the monitoring of dry sand
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Solid model experiment appratus
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Evaluation test of subgrade spring constant
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Caluculation method of stiffness index based on the destructive test of

concrete tunnel lining
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stiffness index

55214 % (2013)

WREE L LT, DD 5T 5818 5 (2000)
1, IE b AV OIER IS A I 2 A R A 15
B0, #@FED P FINVOMBWHERG I, (1
16 b 2 AV O HER EAN O, SUES, @A K H L X,
QWO FI, ICXaHEIHHSNLZE, /2, B
MEREAT ORGSR, YIM, WIOR T, KFEEE2EED
WEMEZHE LA TL 7 —F RIS RO UEN
PSS AR H B 2 &, AEMINXETIX, OO
BNoFEE, ERZERLFEMBENICL Y, I
T E 2 AE L 2 A AR O OB AYE U B T RE
Pesdh B 2 & Wi % Bidi L 71T 9285 (Fig.32) 124 b,
JLJE LR HIE TSR L 22 O OEI M ML L 2 O UV
NHBETELZEEHLMNIZL 72,

15 (2007) (%, JeEERFEEEHLEE, HriglREiihiE
L5 AVIEEOENE &) F Lo, HERICHEED
KED»o7z0ix, BIFEHEE 2 5 O A 10km DA T
HotzZ b, AEPRYKXEZT TR, HIREXHE
B ENE LR T W E R ERHLNII L, 72, &
AKS (2005) (ZFEEHBHEIC X HE0E N VOB
EBLOZFOBEBREZME L T D, EEDHDOKFE
FRBEASE) Skm OB I EDE R L T2 &, F704
I EOARBX NI BV THENSE L T2 A
BP0 Tnbd, FRWEE, 7—FHomE, 7—
FU I VHOES, FAW, MEOHMIL, 13—
NIy 7)) = bOUVUENETH - 72818 5 (2007) 1,
BREZEZPONEDLE) O - v AOVIZBWTHEERT
OFHEZRE L THERD b > 3 VOXEE) 0 %23
A, BRIOWIEIZ X > TEHS N0 O E, HEH%Z
ZAF 72 b AL, HERTS AN HCRERT A ISR & 2
OFRPTET D & ZMEEL 720

3% 5 (2007) (X, Fig.33 1275 3 P9~F 600mm X 600mm

L gl
BEBIZSITH GBI SUThELRE)
VRN ]
(FERITHIERE)
J =ume
B LEEDER(K,)
(7-FOH]
- WmEbLEEDEA
(I

£57Th)

Fig.32 MEIC L2 AWA T L7-BERSER (8185, 2000)
Model experiment appratus reproducing the shear stress by earthquake



BHOFol - EKEOF - EEFES B TERIEE b YR VORISR AT 2 BB 51

& & 300mm O FA BT FLER G 2 T, AR HLS
FHETD N2 2V EBE LR E 1T o7, 0k
BN ANDA U= ML, BIRIHENICRE 2R %
T L L, BTICHEZRASES 2L TOUEN
AT EDURMDSH D L, T, BEMOE RIS
X0, PANVOEEEIHTE B REEN D H T LAY
MRS Nz, EHS (2011) &, /AR Y ol b >
AV DSHIFEIRE & AT L CiE T 2R 2 T 5
7o ORI L OIEIT 217> T bde 9, #
BRED N U AVEEBHIE 21T - 7245, DhdeRD
T b 2 R OVDSHERR I C & AWTETE T 5 2 & DShh o 72
Thbbt, AE2RDIHE N 2 AV HER S AW
B3 5 EEZ LN, EE3m, TH2m, FHE 12
B AWTAIZB T, 120 A7 =)D k¥ A OVEEE]
FEEREAT o 720 WO AWM O A% LA S B 724
T —FEABEICT RO CENSFE L, KRR
KEL BB EVDVENOBRMEIREL 2D T LIRS
N7ze Tz, HBEICETAT A 515 5 N7 I EE 4 & s
B LTH7272 by R VORERNT 21T\, BERI92ER
OFFEREFI LR, FIROUEN, £ SOFRENTHT
HT& 7o DEOREENS, b A NVEETOMEEA
IO A 1%IET 5T, Py AVHROEL
T = MIESIZEBWIENE L2 DR S
N7z, Thx 0 EOOMWREREL LT, WEEOMK
WP VEE L DEPEHET D) T T LAERELT
W5 (Fig.34) .

2 BIO 7U—PEMREUVEED b RIVEER
KROBEL ZOBE

ST, VLOLIZED BRI R0 B, BL
a7 ) = MEMRE L TIFbILTW B IR ER |2 M T
ELT, ENHICLoTHLNHRET LN T LD S,
a EBARMAEMICE TS M RILOEEIEER
At IE £ 3,000km % 8 2 5 $k3E b > AV O B REFAT

Fig.33 MhiE|C X %207 & 58 L 7o B SEBR a1
(B35, 2007)
Model experiment appratus reproducing the displacement by
earthquake

MEFFE PRFAAT 1B L i, (W) S aSahiizear &
FULCFZEDSEED H TV b,

EIRAEFFICHET A8 e LCid, BTREOER
EEECTETLADPORFET S [N AT A UhES
2008) X [ MY RIVAX v ] BRI S, FHEEIHE
HAa3nTwd, /2, L=V —IHRIZ &L > THEEHIZ b
U AIWVETORMGR RS 280 (fEH S, 2009) b
s Twd, sz LRkE L7 74 3—TE
ZF ) AR, OIS & B OB
W2 X o THRAIT 24 (KEFS, 2008) 7 &b FERAL
ENTWw5,

NS TTDIZIIZEDS, 1/30 2 - — b (1988
ERE), 15 A7 =) (Q0074EEAE) o F v ANVETLE
TratERSE T (Fig35, 36) |2 X 2B ITOJIFIZEEICH
THWIETH Do FHA S (1994a) 1, AREEE % H V7284
DI FEAEITo T B, MEIERTIE, BLARGKEZ TV
vk L, 28HEILL Eo#EAR, 1112458 L 7 #m ik
DI LA L BRI OB Lo T,
WEREE 4T > TV b, HEOREBOMKE, Hakix, W
JHO OIS A F ClRBMEICHEE) L, O UEhodsd
WL DIWESEICET L, BUASETT 2 &) #E)
R L7z (Figd7)o. 72, #ag HRASERE ISV E,
PR DI I 5K & W E 2 R L 72

BLEROZEROZEICE L T, 980 UEN3EA
FTIHITEALENOGEEIC L 2 ERITA SN2V,
O SIS AERICE T2 S 5 %A 13t
KD O RIERALT AR SN 7ze 812, BITEICKIED
HY, FHETRImH LA S K30°H - 72 EI1C1E
HEPER) 2 Bk 2 R L, WO OB 38 A IcE — 7
WENEEL, TOREIELMNZIZEAEE) L)
MR L o 7ze T2 O FEF & R 0h 54500 &
MRIL < L728Bai2id, O UEINEE £ ComMaRiicix
FENRL LN VA, IO OEI NS EE, 22 iR

‘Oﬁb$»ﬁ§?®ﬁﬁ®ﬁ&ﬁ
VT HAhD.0%I 1B 4

30
E 25
3 FEIA
|§ 20 &
= At/h=1.0% BT
Sis a’
E 10 N
g 10 %_\: ~00149Vs + 33
E 5 —‘ TEEB

At/h=1.0% LI E
0 ?5 (Nfi)
0 100 (2) 200 (16) 300 (53) 400 (125)

FRHBEDVs (m/s)

Fig34 I ¥ A VALE CORBEAE AW O T ARA1.0%I1ET 5
B ORI A S OFEME & FIE HAE O & AW R
(M5, 2011)

Relationship between the distance L from a foundation and the Vs(m/s)

on the surface in case that the shear strain become to 1.0% at the point

of tunnel.
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Camparison with the destructive test with numerical analysis
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Model experiment appratus using laminar shea box
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Relationship between the displacement and the load with loading type
(A) and loading type (B)
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Model experiment using round poles as the base foundation
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Tunnel lining movement using round poles as the base foundation
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Model experiment of tunnel lining concrete using plaster as the base foundation



BHOFol - EKEOF - EEFES B TERIEE b YR VORISR AT 2 BB

FRIZVE I AD H i D A D FEERFE R & MRk, b2l
LB EORE LT, FMME 2L EICOREES
LI EDPIRENT, T2, ZOEXIEIT ) VEEAD
AT RESZER L TWA BN, Thuifibi
BED DO EBR D HELNT8T A—5 L L AL
T3 Z e, HBEOEM LR ROLTEARR, K
TV NS, T ) IVER Y OFET RO T AE
BaEETED I EATRENT,

4 KB ZIOBIOCYU-—NOBRLESFMICH
VT =R DB
IHETIATONTEZ b Y RIS I % 4

T5E, FTIEMANEHICH) EFHCLELE 2D

T EGH ZHEET B 72O DOWIFEA T Th I, v, HiE

TR LR T 25108 E SN B LR T OMEIZH

T AHWIEDHED 5720 NATM LiEDNEA ENTH 5 I,

NATM kO HEGIZ B3 A WE 25 Th i, fFE T, b

YANOHHFEEIZAN T 2 E T O v 2 ) — N OZEIRD S

A ET 2, MERICEETS P ALD

CASE-2 (HUFTEZRET I
AR
3

]
Fod 0k
LA

Wy
{ﬁﬁ—» ’

(A : 3. aMPa )

i =

=

57

ZEIRO TN 720 MLADTTH I TV B & v ) FEiE
Rhholz,

T T, IS0 EFAEDOH RSS2 7% 5
T2OKEE N AIVICEE T AIFSE O & Y %,

a Kb RIVOKETEESR

SHE R RS b > VT, B, oS
Hr b &, IR ToORN, ETars)— o
EREVPROLENTVD, Thbh, b AVOEETC
LTI, REBEBENZZR D OPFEMRTHD, by
VERT AMEEMGET A EIC L o TRE21To TV 5,
Lo L, BENEBREBIGPR L 2B ST 560213,
HE LR, ARard s BELEfTT5E, 1E
AT B DR L, EBROHE AR T OZBRHITIE,
BN N CLED LA T 2T ORI T 5, B
K, AV ORERE e e T 5 — T ORME NI,
VEHTAWMENRE ) o TWEDH, WHIHEIZTLHI LN
TERWVWHTH L, 5%, by ANVIEHT AW EL IE
MR 2 2 e TE L X HI2RIE, BEmT % &
W, ke dey =), EBERBELT, bYAVOREEDT

CASE-4 (BATFEEZEIRET IV

(AR Fy - 3. 4MPa 1)

Figdd TEMEICLA2ETLa 7)) — FOBRSEER (BiliS, 2001)
Result of model experiment of tunnel lining concrete using plaster as the base foundation

CASE-2 (REWFEZEN £ 7))
ATIS 7 0 =2. 6)Pa

YYYYVYYVYVYY

CASE-4 (MiWEZRET W
WAL o =1.5MPa

BRI 54 =3 P

Y YYVYYVYYY

WA =2 JHE

Fig.50 F O AOSMARPB L OBIERG (Bl s, 2001)

Distribution of principal strain and fracture modes
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Relationship between the average load and the displacement
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Review of Reserch Trends Concerning Structural Safty of Tunnels

MORI Mitsuhiro, ASANO Isamu, TOKASHIKI Masaru, and NISHIHARA Masahiko

Summary
The function diagnosis of irrigation tunnel is evaluated by the value of soundness, which is defined in the guidance
created by Ministry of Agriculture, Forestry and Fisheries. However, these evaluation are qualitative, so quantitative
evaluation are needed for the accurate diagnosis. In this paper, first we corrected some examples of accidents in
tunnel structure during service period to detect the point for the diagnosis of irrigation tunnel. Next, we reviewed
the changes in design method of tunnel structure. At last, we collected the research results of tunnel structures using

model experiments, and described the vision to establish the quantitative diagnosis for irrigation tunnel.

Keywords : Irrigation tunnel, Effective events, Soundness, Funcition diagnosis, Model experiments
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