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EXPERIMENTAL AND ANALYTICAL STUDY
ON TUNNEL SUPPORT SYSTEM

By Zoshikisa ADACHI, Takeshi TAMURA, Atsushi YASHIMA and
Makoto KIMURA

Synopsis

The mechanical efficiency of tunnel support systems is investigated from experimental and
analytical points of view. First of all, model tests of tunnel excavation in which lining and rock
bolt were simulated by thin papers were carried out in dry sand. As the results, it is found out that
even if so flexible, thin paper has remarkable effect on tunnel stability. Secondary, the model test
results are analyzed by applying elasto-plastic finite element method, and the tunnel stability ensured
by thin flexible lining is discussed.
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Fig.1 Schematical representation of the principle of tunneling.
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(a) Stress-strain relationship

of ground material, (b) Effect of strain rate on stress-strain relation, {(¢) Lining and
ground system against acting stress condition, (d) Changes in lining and ground
bearing stresses with tunnel wall displacement and (e} Change of lining pressure with
tunnel wall displacement (Characteristic line in NATM).

2 —



RV« EH A R G b YA VO EARICET 5 BT 87
REELLTRET I Y2 )= BT e v 7 #a b 2FNT, HICR~RE0EAESZ BB L L
VI TEHEHERLD S ENA B,

ZCT, "ML THEER IR LV BIESEHBICERLTSHE, —RIGIC, MR
EH-0THERAZOBRISHL D SIESHEEDS L TIZ Fig. 1 () DX 3 BOTAE/L-HLEER
L, O3 HEILERTHRBEOEER, TRXbbEIEET S, T/, I57-07TH8M/%IE Fig. 1 (b) DX i
OTHEEOHEEZT S, FIZIT, VA VBHERRIERGATH 205, UTHEEROMBICIES
b, ZOBBEIOITRIDEL X > TEREIED GND &P ENS RENESADEDT 2 TSR LI
ETBC LIS,

3T, TOXIBENI-OTABEFEEHE>HLEE LA Fig. 1 (¢) IWRTEAKLE LT, b X uilic
RO NBHAMIST (c0—0p) ICHIAT 2P TH B, COEAERLSBBEETEELREODIIT Fig
1(d) ® A-A" BTEDLINBEAWIST (0—0)aer ICMALFNIBESBNERET B, Huliktkiz
OBC DS /1-EMBFRERT 25, BLMZIHE DSBS TEOLINE L), 2OREIFEAIC
K- TEMAT R LTSS, OB, TROBBIRIEREICE > TREPZIETEI LD OM
Fig. 1 (e) TH 5, CDXT %, NATM icB1F 54 HH% (Characteristic line, Fenner-Pacher curve) &
LTabhz dDT, BvNETR, TXbbiORESERCAEEINIBEEEE L CELERTY
ZOBEBTHDHLEERLTND, ZHEMUDIENLNWA, BEZ TORYERIFTITNED,
FhP EICE TEEICREDIED, WHW3E “HLZEDTICREEEIEE” LS EEOEREHEL
1ebDTHB, RICREBEIZHTHRT L LK >THIHEOEEEMICHES  LHLMISITHERMLT,
ILBASEN T & 35713 OBC 25 OB'C KEMNT E7®, TOEXFET~OIERHESEAT SR
FHRLTNE, Chisiie & bICBATALED 1 SOBEHTH 3,

FBUIcE T, RO HDBERARIABEL L TORMFa v 7 Y — by 2R b, T57
2ANKRIERARNTHE LTHEWD LA NATM OFETHEE0>Th, FERA I RETLICK
STRAZREAEHS, HLHBTERECESE T TEREZHFTOR MLEEHTICRBERIEE” T
ETHB, Tlozhicky, 1REINICEBEOHT € — 2 v b BREETHL~OR Is—BaHicii 3
EVSFESH B,

ZOFEN b AM I RELTRENDS—RICHT L, BLAICHTE— 2 ¥ FAE LSO &% Peck®
12 Fig. 2 ZAHOTROK D ICHP LTS, Fig. 2 (a) DX 5 ICHE EKFIEHIAER B HLNIC b ¥ &
NEREIT B BEEEL D,

(2) FobhAafEzss, JFHOY ¥ 2ISHCRMA 3 MKY v/ 2BBbEEdC £ MUAts,
(b) ) v IRMIZBEDSE->TOE 0D, Y v/ ~OERLESTIIR Fig. 2 (b) DEAPESITIRT &
DIC—FE TR,

(b)

(a)
H P, = YR
Py = KoYH
-—
Distorted

shape of lining

Original Stress Stress Distribution
Distribution at after Excavation
Location of and Deflection of
Lining Lining

Fig. 2 Peck’s imaginary experiment, (a) Anisotropic stress condition in ground
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Table 1 Papers for lining and rock bolt.

Paper type ‘?g;ﬁl;; Th(léll:)e 58
“IMQ(—:{ vril;:tipiaprer 154.3 0.180
No. 2 tracing paper 60.0 0.058
No. 3 tracing paper 40.0 0.045
No. 4 hanshi paper 12.9 0.052
Table 2 Testing condition.
Test No. Supporting condition Parameters
A lining only lining thickness, overburden
B lining only+looseness (8) looseness, overburden
C lining +rock bolt rock bolt length, overburden
D lining + paste margin overburden




SRV e BT < U KRS b Y RV OSRZIRIC BT B R HEBITE 89

(2) ‘EERATII Fig. 3 (a) DL H7E, FAEEBRC TR Fig. 3 (b) D& H KA SIBMBHOANIT & X,
HHEEFIHON 5 X &EOEMME DT M SWBENIDEIET 22D ) — R E—-BOE XIS,
Photo. 1 (b) (3 Z DEREDIREEE LT S,

(3) e AL, DD £ T 10em HT L —RIZO&HEDE, b v 2o fuiah SOEs &
LToO+#9 3 10em, 15em, 20em. 25em, 30em, 40em, 50cm & 4L XH7-, ZOIRIE%S Photo. 1 (¢) A3

Photo. 1 Test procedure, (a) Inscrting the brass pipe, (b) Rolling the lining
around pipe and (¢) Preparation completed.
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Fig. 3 Size and arrangement of lining and rock bolt. (a) for Test A, (b) for
Test C and (o) for Te t B,

/J'\'L’CL’JS,

B K EEDIZEOT, SGEMESIEES, P AU L TS SO SRS MRS 5, WU
SBTIE Fig. 3 (0) WK HITH v FATTHRR L7’+~ PIRARE G il did,  @BIMEsIsE i,
PIREA BRI S IS0 2 I OBl EBoRTS . Sd, gl S fea A, DItk b v 3ov O fild

QR {4

JEEBER T EIZT S

3.2 FTIVIHICKBETHRER

Kl BRSO IR BT 2 e B A PSR A IR D SBE FASC TS (b v %o HED WD
BACT B A B8, KR 10 200 EF & LT 2 g 7 <

DE, B PRI R - TOMIE
M iR DTS L e RITC B O TR IR KBS T~ 7.
L& 50mm &7 o3 Vi’T”IJ"’“’?‘L‘i«z»‘ FF P BRA S LTl k3 2 0% B4 dpii£L 62478 3mm
D7 I 3 2 T LTHE Lz AU MHERD O RS IR B2 PITICRE 2 A TH 5.
FEDRIHAZ O 22 B NI JLERYE — Photo. 2 12,37, i FIERR M/~ v Fouze L 295 S5 NI
{3 0.5mm fif M35 BETFEROR RIS £ 4 Y- A0, —]»,gl( Dt 30cm AR L, T/
LTI WO 15 S0em T B AR MIKELN RO LT i, b v s il &

THLTWM TR0 Lo BN,

Photo. 2 Apparatus used in lowering panel experiment.
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Table 3 Analysing condition.

rigidity of lining overburden rock bolt length

(g';‘ Cf;) (cm) (cm)
No. 1 10 50 0
No. 2 100 50 0
No. 3 1000 50 0
No. 4 100 100 0
No.5 100 50 1.0
No. 6 100 50 2.2
No.7 100 50 3.8

.8

100 50 8.0

Table 4 Material parameters used in analysis.

Young’s modulus of sand: £,=1000 gf/cm?
Poisson’s ratio of sand: v;=1/3

unit weight of sand: y;=1.37 gf/cm3
internal friction angle of sand: ¢=30°
rigidity of rock bolt paper: £;=1000 gf/cm

coefficient earth pressure at rest: Ko=0.5
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Table 3 ICRT R % DT OEIZ, 4T No. 1+ No. 2+ No. 3 B THIMORNC L ZRBDER,
HRHT No. 4 |27 No. 2 & DXz & 0 13D D#IC K 2 HEBIDER, % 72847 No. 5+ No. 6 « No. 7 «
No. 8 i3 v 7 FNF BEBLI R L EDBHDEREZTNTNENZLOODTH S, 58, oy
Fou + DITRLER, ATV 054 w5 EFICO, 45°, 90°D 3 EHiliTH 5,

5.2 BTHRLEER

#EHT No. 1+ No. 2+ No. 3+ No. 4 D#EREEZNEN Fig. 10 (a) « (b) + (¢) « (d) ICRT, NTEL BN
HENBERRBBUALTOE L EEDT,

Fig. 10 (a)- (b) - (c) 2R T 2 &, BIOMMAMENZEE VRIS EBETEISHNMNIE b v i
BBLPTNCEE2EDL, EBERE LTS, SR M VRADRFY V54 b 45° L TD
BHAABE LN T, ERICEOVTEES I L OEBMEE B LV SEEL—FKT 2, Lol, 84
TEBOERT 2 R BT IZ & A EBBALA S RISV D R AT FERD 1 DOMES TS5, T18b B,
4-2 TR TV IBORETIRERBRICE D TBAIRICE LTER U, RBITICE b3k 2 B H/%E
AEREOBICHITT 3 908 ST & ERBORBIC OV TSR HEREEET 3,

FHOORNVCK BEBOEELZ LD DN No. 2« No. 4 DfER% Fig. 10 (b) - (d) THET S
&, BHRIRRREE-THY, THDICX>TENEOEMELBNC &b b, Thit 4-1 OEERE
BEXL—HLTWVS,

— 10 —



(a) E1=10gf/cm OVERBURDEN 50cm

JEIT » AT« VB - AR b R VO RS RICE T B AT

(b)

El=100gf/cm OVERBURDEN 50cm

Lt

(c) E1=1000gf/cm OVERBURDEN 50cm (d) E1=100gf/cm OVERBURDEN 100cm

RING FORCE IN LINING (gf)

4

A

Fig. 10 Effect of lining on development of plastic zone.
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Fig. 11 Distribution of the ring force in lining. Fig. 12 Direction around tunnel section.
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Fig. 13  Effect of lining rigidity on distribution of ring force in lining.
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