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22« si=X[EE58tE] HE - 2HIAS S| 98 HIAIEIS] =2 ZHS| 98/05/22
HE : 2EAE I XAl s HE S8 H8td HE & XA

1. ME

£3e0E 2 £AUE e Y AEHE MY TAYE cholye AL Aas AR
A, £3DES FFANE REHOE BUshE 9% $2E AWH Utk Loy A2 A4
104 ool r¥3tY HYY TAUE Seldeld VA AW J¥H FAL oA B3
ol REA2Y] W FAH A7 R FAEP) A 4% 4d 9 VLY ¥4

EEAME ol BF zlold ABAARY H43Y AFE AL LY E4E A
EAgd F71E 4% 4 Y A¥E YA, £F

¥ 2 Eaetolda Awe FAlM A4 £ Q& FANY GXEAFS ALk FI A
HHolAEs £3ESG TIZE elojd Ato]d ATAFTE FANHHLE BAY 4+ Y& he)
Y QEsolA 84 F MLsld HET - E43gct #AHA S TE2EY @ FEM 29$ T4
ALg3te] A4 skt

Bd 3 E glo]lded w3 2EAE L YA HE ol dS /Y AVNE F43A @
ol el AF 3tF L FEAY Ay MEE BaAlsle PP LR 5FE spste WAz A7
o2 H f£ui[1456]. B AFAAE TIAYE v oY E FAHB FEA e £3ATE
g EZ32E glojdog FAHAY EF A8 FEAY A4%H . 728 AF ¥ FEEHE st
e 2F APAE Axsd AP S Aok =3} AEAREZRY zhojd A, AMEFT 2 42
815 (cracking load)e] =& X Rub-S-F A (support reaction curve)S FHoZA 4R ER9
HYsE S dEslerd 288 § 4 AERE FAch

BHY EFE glojdel T3 #AHMAH A7 4N HY @2 AF ARE o] &IAU
AFA7E AAE AP AYE T wheh zroldo] oW P E AFEANE BAI
FogE HAE A% NALS vlAS= YO oFARI] T3y o3 T dFE2 B
gholyd AR AjA"e] Bg AFo] 1A £3E W TILE To|YL2E o] RoixE &F ol
d A 2" #E AFE Piede[10]19) 7ol Ed3ict. 2y AH YQAoE AF| TIHE
glolYu] #EL EEZ4AA (load dividing practice)dl ©& FIBE 2tolde dd A
A7e wayg @ Ixt AEAY $AE JEE AU A e Y AT Weg7x £ 4L
71 Ae ’%7‘3;’1‘4. =5 xwte] £7]1xH(in-situ stress) E FF ETALE AF AP TS
Wsle] o8 ool W I WA o R AFsEA WY ATFE =M. wEhA & =3
AE T glo)y Rul ollEl BE glo)ld xRA AR AFE EAE] gt WA ZH Y
S 4 (frame element)E AH23stE 2ol Fzsi4d T2 9 Autst FAld 2H3ste FEM
Y /Aesget. 5 old H4E e F told told 45 AFE RASH] A%
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224 @ SIZXHESES| HE - HIgst 2| 98 HAIEY =& LE 3| 98/05/22
HE : ZELS 3 =XIHA0 Qs HE =32 AstA HE I =XIohA

MEL AQEFolL 845 /MY ARl A4t =T 4A Bld R4 LT 37
E ¥ 2 W AFE FANAN vaPgozA dneF HBL S FFALey, TIAYE
tholyd At 2T A% FEY FFH @A A W HAUE R 2R A BLE A
A8t et

B =8oAdEs FY¢HA(dynamic) M3t AEE neskx @i AstEe B YA (static)
QA MR A7 Btold A e WS FASNGR LA TEAH ANFY FYLE AE zroldAH ¥
H € LEdA g T A3 A¥HY BFFEA 8 AAHoE REHERE IF
sk sFeAAY A9 R o) e ATl E(creep)BA TS LA PRI, Thold e FAg
g ZES7 B4 = IYHIA FASE FIECh

2. Hd Z32|E 2lold Zge SHEAS

AA f2 vzt Bd ol HEE B 43 FRY Ade] BT Ave e &
4 Q) ol F AFL WA o7 EHYoA MAYOT £xAF HY A AP AFAE U
Bl ok ol @ FE S TIEUE B F FAY AHNE £3EE AT FE 2 FAHE
A AEFFELE AT FE, AF Eldoly YA RN e % FE T MEH
fdojge) A7 7Hx] & WAl J3 e Y AR BusHI Yok 53] EIEE &
old Btdo) AH o HES HFHY AL wEt 3 Y o] FoX]7] Wi EHEACE £
AE BAFLAA B 7tEX 2 Hgog Whse #¥8E RIHDT Yok TG AFA
9 Z3AYE B4 £Y 2 AFLF olYelE A" PP FE £ 21HD Uk o
24 £FTES THE THo|P 2R o]FoX T EFElold ARA XWigdo] £INEE F
d TANER A28 71s480 U ALE fdL

2 =RdAE AIF €5 59 Ul 49 NATM Bl dd Bd E3E zlolyd H
Hell L3 FEE =AY ® JHA] EFe wet ‘?d—’r‘-i}%}%“\;;}. 3A Hde F¢gor L
Bite #ES FWY F¥(longitudinal crack)olet 33, B1de YA E 7IEX2: PYFO R
P #EE 7IEXE2E F9(cross sectional crack)elet skt 53] oIt st2A =
t 795 TE #A RS wet okx™el A BB} FA(arch cross sectional crack)® B
Holo A A3 4E(side wall cross sectional crack)E& FE3AT = o4 A F3 vt}
Zol Bdd FYFLE Tlojd TIATE B A7|7t EEAE A9 FEE AFTERUE #E
(construction joint crack)elet A3 Table 1.1 B st et

offt
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LHE @ 2Eals 2 XA 28t BHE =89 Hstx HE 2 =XiohAd
Table 1. Category of cracks occurring in the concrete tunnel lining
Category Appearance Possible reasons
Longitudinal -Occu.rrm.g along with tunnel Carrying ground load
longitudinal axis on tunnel arch .
cracks . to concrete lining
~-Generally large width
Arch ‘ -Qccurring vy1th being crossed Shrinkage cracks and
cross sectional | over a section on arch surface 50 on
cracks ~-Generally small width
. -Qccurring with being crossed
Construction
. over the contact plane between .
joint cracks Construction blunders
(cross sectional) one span and another span
-Generally a number of branches
Side wall -Occurring with being crossed ~-Shrinkage cracks
cross sectional over a section on side wall surface|-Carrying ground load
cracks -Generally small width to concrete lining
E ZAolE 5.2kmolch & #8 £+ 2367 Fov e WFe WE J{FELE 23
Zrt, Bg &9 dolx s FTIATE ghol e AL R #Hol 2 FWE FEol LA}
%] eFgkel.
- Longitudinal cracks : 42 %
- Arch cross sectional cracks : 11 %
- Construction joint cracks : 17 %
- Side wall cross-sectional cracks : 30%
LA ¥ o}x] B Ewrdk FA g 2B L= o] £ AN 40% ol o2 x oy
Z& AXEET Q) o] HFEe MPFeles FH9 Fo) tlE FEEe vH BN I3, #R9] &

At(extension)e] ¥ A1 F7tA (spanlel ol2 & Ao] wol FxEHQ FHRE F A3,

k-1 Eo

El'd ofA] Rejl A=
WA o] BYI=AE
Fig. Lo} UYetiiglich J™”elA Be
A7A vetgteh AT M B2

gl AXNg E

A& E= g4 % X

Z A7) 98t

°j2 3 &

= RoE stiy
Egdde] Bd AdE Aues FHHLEZRY €9
3] 2% 79 (histogram) &
ue} o] H¥F A2 AL
EUgFEL okxlgoe] Ao g RE 5~105<2 HH WA

wPFch E3 HAptow FE 205 HE WA BE SWIFF 03%7F WA A

o] AXdE
5}

und

A A3

L A48 oF & 9o

iaaE e}o

c}.

ghE oA
Agsde. 2 ARE
ERE opxlzre] 40x¢)

h=]
T

e} A

= H)}E)

& ATk Mo
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=2 2H3| 98/05/22

ETIES P

A9 LS TAR S, B ATFAAE HY wold 2Y A¥S A AXES 34F A%
g AVOoSEY L% W WA JRES saoH BE AFY F2 WA AV T4
2 AFsgTh & £E% sbY BY 2L AFE £8€ Paul et all4)9 BLE VAN HE
27 BEANY AY 2L BY ATE 2 ¥ Aok

2a9E Tod AT 299 SVVFL VAL TIAUE B4 AFER 2 pRBAS A
Aoz AW EAUE Dodg B ANAE ATUS 4ANL e 2IUE A
RE BHAD o9 WoTA TAUE AR A3 st SUFoE T 43T + WA
B HEHA Y RIS W wAROD MBS RS, of 22 AR ol oA MR
2 FE UYL 38 540l AR B4 AR P4 TAS LAY oAxst T ROE AR
|

Total number of longitudinal
cracks : 100

20

Ahnicnckhoot
TN

IO

)

0\\\\§'

7/ |

20 30
The arch angle from the tunnet vertical center line {6 : degree) L

Fig. 1. Histogram for the arch angles of cracks away from the tunnel
vertical center line (only longitudinal cracks)
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22 : SI=XIBSES HE - ZEtAst AR5 98 BIAISI?] =2 2LHE S| 98/05/22
HE : 2EAE 2 XIGHA0 st BHE =52 Ast™ HE 2 FXIthA

3. B 2lold 28 AME
31 B9 AYE A% A4

B glold 2R AP BH3MY ARAHE 489 A 77198 9% (prototype)F F4
289 A& (similarity) & 2882 A stk Y34 (dimensional analysis) 22X 8 +3
He 28 A2 2 £A84 2AE Fevl 2944 shte] A1 A W4 (index variable)
24 4% AsHAD

# ol ‘%%*—% AAE RE WFES UL PR Fo2A AYAHE AR A3 A
B 9 B YWOT o]FodA AL A 154 TAY 1FE FEHA

Azt 25 gloldel QA HY Aol £ ALY W ASE[3]S THLE B F oy
o) FAHAEE BYsto gk 3 EF eio)d AFe doAM Zze ol do FAM
7 2% GFLLNER FAd JFXANE E AFH MNEE AR

3.2 A1g A A=

2 APl AE F 2008 2ol AFAS AFsQEH, 1409 6em FAY B o)y, 6
A 9em FAL BY Tholy, 4719 ESetold e AAsgch Toly Y AT A s}y
glstel 6em 2 9em FA A AFHL AAsGch AW AZTPY WEWMRL 52
4 1/102 Zeistd 710mmE stQch 2 gold AWML 22 YHY wg TIYEE
sted B, A EaIATh AH2E Z3EEY WYL Table 2.9 2ok,

kK

Ay

a

o

Table 2. Test specimen concrete and mortar mixes

Coarse aggregates Fine sand | Cement | Water | AE |Water : cement
(kg) (kg) (kg) (kg) | (g) ratio
Concrete* 48.85 38 20.45 8.8 40.9 0.43
Mortar** - 38 13 7 - 0.53

* 1 batch : 0.05m*(116 kg), . ** 1 batch : 0.027m*(58 kg)

FRY AN EYEZEE EIUEY S FF 500 kg/em’s) g Holn £ABE
2 A% mEEEe AS HF 400 kg/em?) FE HGTh BAASE 2R BF 3.00 x 10°
kg/em? 25 x 10° kg/em’@ch. AR EE zZz 50 kg/em?, 40 kg/em’S R wreld

~ 1237 Cdited and expalined by Lee, Dae-Hyuk
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2 : SIS &S| HE - IS 2RF] 98 EIAISIR| =2 2 S| 98/05/22
HE : 2EUS A FXIHA0 & BHE =32 AstM HE A FXloiad

e ES REEE EF ¢FZE W FAZAES ALH I 10€ B

T3 ESY BMHA] AT AECE Astd Aol AFH FALE AAXA @GS B+ W
Hell FF0 BAHE £ Arh ol& Eolde FEHA FA FF A4S 42Uk o) F§ A
9 52 AF Aol AEX @z PAH LR FHel At Aolvh Wk 2 AR
glold T BF9 A9 E AAsle 671K Al¥Ae] sl HEA wls) B 0%FES] 5
A Azt P StA At g e}, o2 3t AFAEL
=o|ch

33489 FF % ¥4

£33 4¥Y 5 L 5o wiste Table 3.0 VERAUCE EolAd BE upsl o] AYe
Wes 3EEA S, 9 gold £ W3 BE shold, xvkS el iAo el
o8 golde AW w7 zlolld Mwte R ¥F, EZ vlo]de] wiW FE, stojdat Ayt
wix) o) nparEAbe] 107Xl WS4 BA ol E W AFE EIl 240 AFA L AHS A 2}
o] g9 £4R¥L YA FAHQ o]Fe] FosHw HelA Heuket 2] 6em FAY ©d
ghol o) tiEl AL SIS & YR oE Rostgon, 9em AL &Y el WaAE SIIL £
FY e @ Z3E o) =¥ 9em E3F holde] Al DLE Fosdwt. AsstE
o] SR I ohzl Iy FFPAES Bole AL A¥A WAL SSE & FFLE F
5t s B goly FHo AWE BAEE AZE TATUEE BHAT 27HA] 4
Yol MalAdE Z24 SG-1 2 SG-2& FAsATh

Al W APl GA IHY AAES ohEH Zo)l AAHUH AP AA=FH
A/EHE 1022 st APAY BN E, FA4 59 Agxigol AU Theld] 4L A
L4 AR Ry 2EPAe wet ¥ AR B FYA Ak AsetES FLo ¢
st2 sl o)2r7X LdRF 5 FEl =t AstE et BAHA FF AL TR
we}l £59 xpLe) vlwEsle 8 F 10028 x4 HHsA.

Fig. 2. o4 R+ uiet o] & age we Teg, HY ol =¥ AWA, H¢4vH,
$47, 35 =8y, ¥ E 2 ¥9 SHYX, vadAS FIFA T2 AEsHq FPHUS
Mg Tdde 2 2IYER ANIYL, FLULDHE Thold ARl 60= HHA 5H, ¢
2B 77 A8 AAHQAt FES FYFY 2 (hydraulic power unit)elA 7tz e 2ol
Y \y ASE gho)d Wl - iR atE HYEACA ¥ LVDTERH AF ASHUS &
3 erolge FE 34 A 2 72 97 s dEH e AgA A E vlaT
& =873 (A.E. measuring unit) 238 ul4ats&& AEstd BRI

=124~ ojited and expalined by Lee, Dae-Hyuk
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22 : SFXEIESS HE - 218198 23| 98 HIAISIR =2 LUH S| 98/05/22
2 : SEAS 3 SXIHAMM oSt HE =39 A&tX HE 2 XA
Table 3. Summary of tunnel lining tests
Loading condition Single lining I | Single lining If Double lining

Loading  Trondition|tessing shape|Standard| Shortage| Standard | Shortage| Reinf. | Standard | Shortage
Uniform K=0 & SI-1
normal

= _ _ _ _ Si-22 _ _
load | K=0.2 _&_ si-z | si-z1 | sm-2z | sm-z1 |SH-220 pi_p | pr-gg
Uniform | K=0 d SI-3
eccentric|
load
K=0.35 __d._ Si-4 SI-41 SI-4 DL-4

Point K=0 d SI-5
concent—

ted
load K=0.5 _m_ SI-6 | sr-61 | SiI-6 DL—6
Various —
loading M SSs2
ratio

Mg | 559
Sliding @ SC-1 ‘

Ground
model -————l
casting D
: Serration 0.% SC-2
i N

Hydraulic power Scanner bozx

unit I 3000 |

Control unit

5000

unit @ mm

Fig. 2. Plan view of test setup

O [®]
< | A.FE. measuring

system
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22 : S=XILIBES| HE - 2utAst S| 98 BIAIEIR| =32 ZHS| 98/05/22
HE : 2Eas o XA 28 BHE =232 AstX HE A =XIhA

34 ANEFPErd 2 T2

A1B A SG-1, SG-21 W3t AMeFAS Asty shelde A= AL 2P & ©HE5A
ok oA A3te) A3t FF YFE FH U Told FH AFol A o ANAFH= A
<& Balsr] figelct, AA elold 2E APAME A¥d o] FAstL ARE TEHAU Al
A B AFPE M F AZE TIHUEE BHAUSIACE seld#d AWre] FHEA AEE £
AL8t7] fiste] A1¥A SG-19 FFelt wnEE ¥AE FAAL, SG-29 ASdT FUR
&2 wmpiko] LA At

2 A¥olA e 371X M 51YH (loading type) € 71& N Z e, TEE +A437F,
+3E g435tF, 48R FFoIth TRE X552 Table 3.4 A JA1H gt B¢
A S dEe Blde] AFE Wy 22 49 dieidolz stueie Bd AR HsHA F
st5 3, deistE gvle] EAdtE ZHFCA EUF Aok FEE H4ASES Table 3.9 4
A 2R BLEA B A FHAE JIELE @FLCE ANSAH A% rt EAse NAJA
€ 7M8% Aotk Table 3.9 4HA Eo Y& MY 18e dedy AL F BedE
(major joint sets)el && BAH = SNEY(rock block)olvt &wrs 7] (rock wedge)d A%
€ 7H3 % Aol

offi

b

3.5 ©@HY A4y

ok
ri
o

AYATIE Pty A5t Y402 AgHejol & B 7x §oE AAYSA
H3tnxr Pob. B3] wAE AbFe] o4 WAEL £ A7 AP0 E ol gste A
& A a1l

- FgsE : vtolgd AuAe] FPol LA A W) AR eHFE

- A 3F © FLRF olFe) FRHE AL W 4NEF

- J3 FL3F 2 7S AAEF  AYAY FESH0] A 57 o

HZAgel A ASYESREE HYRSU Y FL5S 2 s

- RAYE  FPol HAY BHOSAH AYORRES ofx] o E HEAF

- HuAA  FERFAMY Bolde WYFoE Fogn,

(22
'k

2 AYgelAds EICIEHY HId HYE ASE2HE 59 2 FRAEE J4a5d. o
t T3 EdA F9Y H(netural axis)ol 246l AXJc= o2 REH A4AH UG

~1257 Lited and expalined by Lee, Dae-Hyuk
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22 : SNBSS HE - 2Btast 2AS| 98 SAIER =2 BIH S| 98/05/22
LHE : DEHAS 2 SXIHA0 Qs HE 232 AstX HE U FXIHA

Oo

VA A

Netural azis

Fig. 3. Strain and stress distribution in plane concrete beam

Fig. 3.014 BE ulg} o] HIPE L $¥o)] HdYPgoxw IXFy sHyPshd, 89
(working force)& =4 & ZY S 4T Aoirh, wetA . b3} o] £ (thrust) 2 =R
W & (flexural moment)& +% 4 il

HYE £ Fig 3.3 ol AgF-2A oS3 22 4 o2 vehd £ glet

€ ; €i(y + %)""Ei 1)

e(y) =
714 e, uPEZE W WYL, ;= WEHY WY Eth he FA TGHY FAc WY

£ R3E gHHYEIY F(-), dB WY E0E B(+)28 FY¥h
%% N2 oS3 Zo] A4

N= f:ia(y)-b-dy=fiE-e(y)-b-dy=E-b-h-—5—"2’151 @
2e WAos PRMELE 3 o) A4k
f_zhd(y)-b-y-'a’y = E-1- S (3)
5
o714, 1= B4 29 E (moment of Inertia)24 oS3 e}
| = 2 | @

A7 A, b B w©e Foj3, EE #A9 vd4Aelth

= 127" odited and expalined by Lee, Dae-Hyuk
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22 : S=XIEISES HE - ZBiAst RS 98 ALY =2 LH3| 98/05/22
HE : RS 2 S=XIHA0l Q& HE =32 H8td HE ! FXIGHA

4. &g 23 3
41 ¢ - 74 2 W3} g4 ZH

A SI-13 &%) e B9 SI-29 3tFd @& MPFHE

ABEAE S g B¢

Figd 2 50 Jerigich &0 Q= A &to] gl A oo us) BE A5t Aejold 1.5~2
B FHslEe] Hrt & FAol s Wsleo) Frlstgdon, syl Y WHIE LS FRE A3

Frol A YA 022 AL BT 6t Foletgich FEWA AXE ZE YA
A4 13 299 A ANYAY ALWAD, 24 FL) B S L4O0~L60(FS R40~R60)22
obA o7 REolch A AWFL FF 12 mmelA ZA Holuxl gsich Webd S¢oz
Astel A AWel = PE AL HAW 2 Aolt R ROE ek Yo

59 4¥2 BUYF A 5S¢0 uSAch 5, 5S¢0 AN G ASelE wrE
weoA Agdol WASAY, Sgo) Ests Aot AgALe Iy U sSEHuel 4B
b FZEL BEWENT B 2 FERE ok &40 &
o Yol YEYOET MBHW AWFL T A4A EHE bA ek webd

3 -] @ og A

2

&3t71 o 2,

AR FUo2 A FHH LY AFY 22 2L} A FZE EAE A
=Qto & olF Z7ler gtZ 9§ xrol ™ T3 35

WHE 83l B9 FEWE 739 77 EU2E %9 F4HA

TY EA3NA ARl M= HF P4l W3t BE gold AFE winwstgch 4
% L30~R309 ¥HeA Zt F&E(uniform normal), 4248, J443, 2453 4249 3§
T BAH22 A3EACE Table 4ol o3 AEAEY FEFEHE Jgsgch

Table 4. Strength characteristics of the linings with the variation of loading shape

Test Loading shape K | Cracking [ Failure | Normalized | Normalized | Critical
load load cracking failure load section
(ton) (ton) load(ton) (ton)
Uniform normal Vault
SI-2 loading 0.15 1.81 6.5 1.81 6.5 (L60.R60)
. . Vault
SS1 | Triangular loading |0.12 1.45 1.81 1.48 1.85 (L62.R55)
Reverse triangular L15
SS2 loading 0.15 1.73 4,73 1.69 4.63 (R57.R55)
Right triangular L15
SS3 loading 0.15 1.47 2.6 1.50 2.66 (L62.R45)
- 128 -
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24 S=RXILSEE HE - ZBs 23| 98 YAISe =2 LT 3| 98/05/22
HE : SHAS 3 XA Qs HE 239 Hst™ HE & =XIcHA

06 T T T T T T T T T T T
e 2k Visibie crack of vau2 /‘/‘ 4
04 Jo E and L60 initatng ko/‘
e e 1 J l’- E

o,,,q,fg =a—1 .
ey '_VV—V—V

R
A H_,
Sy >t

ey

2 —@— VDT .LP0 t
“T| ~e—vvor +
Lvorars Micro crack of vaul *
—A—LvOT.L00 . ~%

4 3l e 'L‘m:_td and L6 inftiating
] —@—LVOT.L30 \+ 1
—4—vDT.1s | Ku0.15 bofors load, 2.1 fon
N A F| —x—wvor.0 | K=0.25 batora ioad. 2.5 ton Visible crack of b
R60 initating
L

44 I . L 1 " 1 L 5 1 1 L L
o0 02 04 1.3 08 10 12 14 0.0 oS 10 15 20 25

Total distributed roof loaditon) Total distributed roof load(ton)

Convergence{mm)
-
S
L} T T T T

~T

»
-

Fig. 4 model SI-1 Fig. 5 model SI-2

Relationship between convergence and applied load of models
(SI-1 : uniform normal loading without side pressure)
(SI-2 : uniform normal loading with side pressure)

B2 Pold 4% 2AE 2gY Ay Aoty AR A Ae g 4w Wy
o2A Ml 7HF 2 s}Fe] FEHTh Table 414 RE RAAY, o]k Fdo W WsEE
R AsiAlsle A Fslo] HRBE AR 34 DEDE 28 WA A2 Az AsE
49 WS o el EHE SHAKT o) AS FWol BF AP E B3 obx
FEAY XA ANSET VEA=E T Ast YA AD 9T ADAA 0E 22
A 2% WRE Aol WASE B(+)Q BAESL ek B Ak Aol NsluE, Rl
LASEHENES AR ) GG A7 F) M 2 Aol oz BE Mpeld 205
Wele] deogA Mo slgsigick 289 €% ARTVHE YFH £ AE Aol

4.2 M3 A A BF Thold A

22 T Tholdel s, 22 &4 27 dtelA ANFHE LEIstEA Elol Y AFE
ZARRE B fol wistd vl adAHS AAEAc o] vlaAA L FE e B oo tisiA
E ZAHE A H Alghe] AgE 7F0E HeSE M FEIE £F M) H= Aeo &
Tho] t&stA HAUAMSIE = AL 9 Hote] AFAs7E S= ety elo] uis] FHo) ofgk st
Yol Aot 2] ¥ Rct HUAME F FFAETE vag B VUM 20%04 FLEel o
g WEtgel o au, £F el AFAMste] Bt 20 A o ok A" A

29~ edited and expalined by Lee, Dae-Hyuk
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24 : SxxXIUEES HE - 2BIAS 23] 98 BiAISte| =2 ZH S| 98/05/22
HE : QELS U XM Q& BHE 239 Q& HE X XA

gy zAIe] AVB/AE 1A BHE ¥l Xy otx¥(ground arch force)dl 23t
TerzaghistE it o] Al @ EHGAHe FTRE AAQstFel AA A 7HA Wstedo] Fopy, o
3 L2 AAN AIH BALwo] BE Avte] ARE Ashst Ao vl 29 o)A W3t
Bo] Ity e £ Qlok, Y ITHOR HYo g2 wel Age) Bdd4de) £HoF
EAst= A 2o Wt 3w o)At Bl F3] F st 7&&.%*3-%_&%}_%3&_‘?—_23&. a2ev
BZ 2Ho]gde A% oEd FIvgoes e ANBHH MR 2L FAY TAYE glo|
Jel vl WaEe] 50%014 Alge Re € & AU, &F gol e FYeH stz sl
A9 ¢4PH EF5S AT

EzgolyedE £IYEE £33 245 AN BGgPE T E ol AFe] ¢HHStE o
ARNAEo] B oy st o R WAF} Fig 6.3 7.2 &% etold DL-29 &3zl
E goly @ £3AYEL AYIJAHE vebdth EAE gojd S FFo] LS Arkx EF
ZE UEE AXE AFH AFS 2ok ¥E £IYUEE FEsHER E HEE Holx @
bl FL3E ol AMEZFo R WrlE FAES EAh Y EFFE wlo)d Fvte] FAFWALS
AstHee] Ar@gol £AE B} WA wARsg Je]7 Mo Rx] xFe] s1ES A
g Mol wAlsly] A&l elold oz BSloA s FARE wlo|do] £ARE FOF W&
AL e deid S grolgdolet dtviets AAAME A U] dFIEdA=
Ag #E2 YdHA R AEEH

23 E

¢

Double lininge3cm shotoretes6cm concrete
op

K02
Structural faire=5.05 ton

e Uiningimm |

mememe
LLLLL

Dial gage readout of shotcretefmm)

Cenvergance of concrev

Doutle linings 3¢ aholcrete+Scm concrate
K=0.2
Structural falkure=$.08 ton

lm:mu to opening .

2 s

2 3 .
Total uniform distributed ioad(ton)

3 ‘
Total uniform distributed load(ton)

Fig.6. Relationship between convergence
and applied load of the concrete
lining in DL-2

Fig.7. Relationship between convergence
and applied load of the shocrete
in DL-2
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271 siZXBISSIE] HE - 2HiHS 21245 98 BIAISI?] =2 2UH S| 98/05/22
LHE : PEAE 2 =XIoiAal0l Cl8t BHE =239 dst™ HE 2 TAGHA
43 vHFEs E4 € 9A A 57 &2
EFEe] FTAYE glold A wide] EAFLEA, EITE glo) e FHY FA Z4

7} e Ao Wl 18X @& A
AGosA, FRHOE GRdast BYse
AN FGel A3 WstE e oA gasFuct o 2 AR 40% WE AU T, s stRe)

$o} vl Z3FE o}

o"?"oﬂ \:‘-tﬂ7i . 0

BHFEol 2lold A widd &

[X) Kol

o HHol

W3 Wstge vty uag 30% NE Pastgor Ju TIAE WHIES 2
Ao ARG BE ErlaE S 2HYLAN AL 2L e 9do] Wrh} waEe ©§ ¥
qmelErslE F2% Bl Hot AuARRL FFo| A= AL
AF 13mm S 2 OIS Molx] v}

Heos By gholyy A$ oy Mol S skl me
dch 1 ZATE Table 5.9 JERAQich

ghold AEQ Aol & wl w3

BE B4 v

Table 5. Strength characteristics of the linings with the variation of thickness

Test Loading type K Cracking Failure load Ngrm— No.rm- -Cntxf:al

load alized alized section

(ton) . .
{ton) cracking failure
load load

SI-2 Uniform normal ) Vault
(6em) loading 0.2 1.81 6.50 » 1.81 6.5 (L60,R60)
S1-21 Uniform normal Vault
(Gem) loading 0.2 2.71 5.48 2.41 % 4.87* (L50,R50)
SI1-21 Uniform normal Vault
(6cm) loading 0.2 2.18 6.09 2.18 6.09 (L60,R60)
SII-21 Uniform normal ' Vault
(9cm) loading 02 | 315 1372 29w | 12865 |1 6y Re0)
SI-4 Uniform eccentric L10
(6em) loading 0.35 1.18 1.18 1.18 1.18 (R40) -
SII-4 Uniform eccentric L45R45
(Gemn) loading 0.35 2.04 259 1.70% %% 2.16%%* (L58.R73)
SII-2 . . Vault
(6em) Point loading 05 0.83 0.83 0.83 0.83- (L38,R38)
SII-21 . . Vault
(9cm) Point loading 05 1.90 1.90 1.94%xkx | 1.94%%xx% (L40,R40)

* %% kxk kxx+ normalized base on SI-2, SI-21, SI-4, SI-6 respectively

gtolyd £/ 9 F7t7t Table 59148 o] 50% ol FAX S o,
F BS BE 0% WE WEHol FAete glold A FoMFge xF
wgold & o A FYVES ¢ 4 Yo Ty sARFY AS =
A S FhEe] 4w s WY Watdel 4aarh

A3 dQ3EFE NELR
X v Ax 7 FIH

R 2w o4 Wt el #
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24 @ s=XIBISEE HE - LSt S| 98 HAIER] =8 ZHS| 98/05/22
W2 : &S A FXIHA0 A& HE 532 st HE I FRIA

fo{= cracking load) o At thickness)
fy (= failure load) o 4x (41

QYA Dol $AY F/hs BANSG L FAske LS BAY AsFEAH WA Wt
del 37hE AT WA oy AADA oM W ALY FASES Ze A QYA
AR W2 ¢ 4+ 9T LA L PFARE VEDL VRY 4+ AW, 4 50% I
A Wsidel 2m o4 AXNE RAe Testd AT £ A Aolth FEHFANY FWALY
e dRes APAAA FAY FrAE BFsHT A TSR

44 zholyd B & x|vk 4 B}

|

EFREA o AN wWiTS she vho)d AES ARG EE ABFEE FE e
Aol A1gEx BgogA AAY VAEAHRE U & ¢S AekE WZoE AT 2oy
ZEHEY EAol drhvt HIEAE PHLR & F UM L B FEFS AT Euke
ZayEY ARZES FAYY] wWEel, FINES & Aolrt Ay, AIASIFLS Fo] ARY
oF Q3le & o)y} wASG EF} FLHAFAAY A APYE E AolE Rolxle &
oreh. e QA9 1a4 FFE 24 A LA Lt BAde] Q= AHANME o
M BEe] QA 24 FEWMoR sty PoV VAL F AL o7 RS Fg AR
Ayt sas A, ol g sh3gkate] xjols) Juiel: I stEe] Aol EUo HoE
A2 9}, Fig. 83 9ol 2ZE dtxl @+ A1FA SII-2¢F ¥ & AIgA SII-239 =4
EE vehgol. 1A BE ubsp o] FIsFelA, SII-237F SII-2¢0 wisl, FRZWEZ}
75%74F 23, AAMHQY YEWE FX7 P8 FI2E v S ¢ F Ao

A QY YL AT vex) Fhe] A A AR} A S Z 6 A5G
go] WYAAES ARt ¥ I AT/ FHE2LEAN FE 2 HYFLY Ao)E RAh
2 aFoAE T A AgAel wstd At 2E g epds e, & A@A A= A
5} gholyg aolel] A mmE el HEE wEstA st B ZAIIAC A A HHe A
AsQc o2 § A @sol WA= =9 (interlocking) AE AMA3t7] fdtd FURTS
2 Az sl whito] A sHA 3t
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221 : si=ZXgtEstg] HE - 2Bst ¢
LHE @ 2EAS 3 XA Qs HE 230 Astd H
kg-cm

Max. 11924, Min.-50336

Cracking load : 2.71 ton
Fig. 8. Flexural moment distribution of model SII-2(Without reinforcement)

kg-cm

T 10000

1 ~10000 -

Max. 10050, Min. -12794

' Cracking load : 3.12 ton
Fig. 9. Flexural moment distribution of model SII-23(With reinforcement)
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22 : sxnXILIESs HE - SEIRS S| 98 SAISI =2 ZH3S| 98/05/22
HE : 2EAS I XA oSt HE =32 S8t HE A +=XIchA

Table 6.01 AW2WE BFEF SG-1, SG-29 M BE AP AYY SI-1 ¥ SI-29 &
HE Jeri ek

Table 6. Strength characteristics of the linings surrounded by the casting of
the ground concrete models

Test | Loading type | K |Cracking | Failure | Normalized | Normalized | Critical
load load cracking | failure load | section
(ton) (ton) load
Uniform Vault
S normal loading 0 113 113 (L62,R70)
Uniform Vault
SI-2 normal loading 0.2 1.81 6.50 1.81 6.50 (L60.R60)
Uniform Vault
SG-1 normal loading 5.16 29.62 6.88% 39.49%* (L42,R45)
Uniform Vault
SG-2 normal loading 15.05 32.30 18.52* 39.75%* (L40.R40)

* . normalized base on SI-2

T R WsE & SG-1ol SI Alej=e) wid) B 4] A2, SG-27} SIAlCl =] 93] 3
# 10 2k thal WahE, xwko] ol WYL FEE MNPHAME WnHe FEAL
Ze A5 B 4 ol Wstge] AxXa, AEYe] ol wpRe] EAZtE B FF 10w o4
watgoe] A, FdstFAAe Hal APFE SI-2¢ vls SG-10] 16%, SG-27F 50%°14 &
oSt VAGAL 1A #29 Bf HE2EA AkE HASA g B4 FLsAT, 231
TERHLE A3 A KkE A} £ FAFLEA GHEAGFLEE ERAA
Shold it xie] wpRaAHTHE R $38te SG-1% SG-2¥HE vl astd ohg3 A} mpRsa
7t ARt SG-27} simw$ W zhe= SG-lol wis) FAo) chI visteie) 3w o)Ay Ax) %t

Staje] gt WstRie] A= F ol E Bolx] f=ch wietd xuis} slo]yd sjole] whitE
A= WY S G4 AN AS ¢ 5 Adcet

45 #4 54

R zholdel MIIE HASIRLEE A ZE B FEL Hol AT YFLEA W E H
€ 5UYY ST B 2ol Aol FEX A7t )R B¢ 1A FES A
TellA, 23} #ES HAGLZRE 605 Eold R WA} o] Wf #EEFT2 AT
o 28% +ELE A8t 53] EF ielde A dAdFoA A HAIFL A3
A4S Hd APF 10% +ELE 4383 "t FEE AMYUE etolFA o A3}
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22 : S=X(EE 88| BHE - 2BIAS 2/S| 98 ElAISle] =2 EH S| 98/05/22
HE : ZEHAS 3 XA Q& BHE 32 AslX HE A =X

HE FZRAAE #20 B E F2RHoE FAHEHAE BYRHLE B dFol #4b
HL® Agsteiof 3in, FF lojde AS FLHTAAY AQFE aAA g uF ofF %2
#YeE & 5 AA+h B 2eld el 98 AFAI} o FAX = I2AA MATFRAM=
12 #E9 & AGojA, 23 FE€L AGL2RE 405 EoiA RelelA LUt FL3F L oty
52l 0%l H, utrtA R LA HAFL FANFTAANG HFFY 90%0] el
ok whebA] elolde] Eeg ol F MIT xR FEhol xRt F o]0 ATl &
28 stsAel 33, FEol LH FAHCE ZXE s ¥ ¢ + Ak EF g
Yo B AL X MY & WY FREA L 2 4A AAE MASE ¢ F AR
ot T sE RE FEEL ARIAS BF Beld S &8 BEoh AMstFFol ofd dHeA
= 5930 tged £Y8d dste AU T A2 w2ol ool B WAV Q
T AFELS A2 tt2od F49 WHo] AP MAFFol EASA g FF oY
B4, A7t A Eel ol R v 1x} FE LS TAE oA o] Fojdt 17
U Wi g Eol EMsle A F elojdoA FAlo Fdo] ¥ BES £ + AU 2R
3 2ol A, v A3tgge Aw FRAES R85 %qui L3 ES} FATE
ojio] Weolxl& @Arel LAt olE T WAl £F TholdAY APYAE A= F8 4
Qe wgATh

46 NxZH 9 Hrue

gholdat e ANE FAe) shsiR AMFH 1o = He)dS WHE AR AW AAE
ek, Hdue AXg AR FPL A4AS, kE SYAHA £, ALY g8 A2 O
A xx¢ P; oo wAE= oS Zo{2].

b= b2 5)

4 An AYIAE Folel VAVHIAY ARIFH L ARAYE FAAEH ALF
He A6l A8 WS o185t TAUYoR EAs
WA geldel ANAE HEE f,, TARFE L, Bold VAL £, U AW F 4

W HAE u 2 B A dstel ]’f ~ X g49 aAE fESET F o FHe AN

AestEe TUSNBOE e FAY 3@ APTE vold WASOE e FAY AW
kel BAE dEhich PAA ARIH VA LSS, ~ wlrAA f/f,9 @AE (ke/kg)olHd,
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22 : SRX|BISEE| HE - SEIASE 2G| 98 LAIEIR =2 LH3F| 98/05/22
LHE : 2E&S 3 =XIHA0 28 HE =32 As8M HE A +XIoiA

wilr, & FAE (cm/em)ZA 83 LAWY VIACIEX BAS YN, WAGL AT
MAE g R BAGH ARFHo 5] Wl KBk ABAY BAGAANY A
AL ol gstel TR ARPHYE TV AR AVVAS 9% RE TP Wetd FF
ALZFHE 3t ol vehd 4 ok

fa
fer

NBAYY FFRE 09915 WAN 1A ZAREF £, ¥ HYe) ARAE LT 45T 4 9
o AAY S EAE TE 4 Avh R HEY 89 u, § QL AL #F LB A5
¢ 4 Aok, 15 2ol WYSHE 45 A8 + Ak

4R obx eteld AWAMA ASH HYEARE ol §5d AL RHY AS Hv) YruE
&3 AW AFNY BE NTYOEA NEA Y 28 S sk s

AMYEAE BANL S FAY 4 A& BF AAY EAATAIN ARG ke
A% GBASE Teistx Fow thest B BAE A AUY YERUE 4AS T @
4 QAsich

= (0.8~L0D5L %+0.033 ®

32

hz
6

Oru
C 'Sf

Md = b (7)

C(Correction coefficient) = 1.1 ~ 15

G714 M; © A FEAEZE(kg-cm), 0, v BH 3 EY FJFZE(modulus of
rupture, kg/cm®), S;& R & (safety factor), b M3t W ZH(cm)ol:L, h: BA 23%
E 39 FA(cm)olet.

<ol 050181 A%, &%l EAME 6709 AgA Azt AAHF B 2F FEo] LA
T RATHANAN LAPRRNES 16%014, A 3.8WelA FLol 2 E I8 BE X8t
g 2 F71HQ el Wt GAAFE R, T Ao gv RoE gAY F
ot AXYY SdHeA AAY HA HAYPEIWNEE g} Zo] FIHMIAE & T 9

o2 As¥c '

o~ On K
My= C-g* b (8)

C(Correction coefficient) = 1.2 ~ 1.8

36~ edited and expalined by Lee, Dae-Hyuk




SEOUL NATIONAL UNIVERSITY ROCK MECHANICS LAB. 19
total pages : 33

22 . SIZXIBISES| HE - QRS /S 98 2IAIER =2 £H S| 98/05/22
LHE : 28as 2 =XIHA0 ISt HE2 B2 H5iM HE A XA

5. Etold QUEIHO|: 22 H FRIMM AISE ZE 22

A ES TILE oy Alo)Y AIAFTE FAHHHLE wrgsty] A F lold &
AAsIE AdEFAA 848 MESACH1]

2 Z2a9el A A dEselL 84+ Goodmanel &3 s2E He 2¥ (joint model)
€ #3% 2YE AR 4 (friction element)E ©]&3te FH3IIACH o AHHNE 84+ F
ZHOR A4Y 2 3% elold [40l 44 AFEHA Yok

Fig. 100} /&8 nbBQAE Uetiich 4,/ BFL 3Hf hold AR 4o SIS £ [ &
He AHetold Wesd 7k /7 2 £, /EEE AMEFHeR 4,7 BEAYS 78
Hugotel oA 2 £/ BFEENAS K, /E2EEA99) BALE &3 2o

he
ur = u; — 01—2_

he
up = u; — O

h, (9)
Ur = Uy + 0/2

ng

Uy = Up + 9;3'—2_’
ANA b, R b A7 £38E 2 ZI3YE go)dY BHEFA, 6 = BHY 7 WY ot

Y
1
* 1
hszz__f I’ k
zero X
' W V
he/2 '
1 J
«— e »

u, Xi Uk, Xk
7 .M k,Mk
Vi N Y Vj.Ti
Q u, Xi Q uj, Xj
8 . M 4 ,\M;

Fig. 10 developed mterface element
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22 : S XIBIEBES| BHE - ZQUIESt S| 98 BtALEI?] =3 2H3| 98/05/22
HE @ DEHAES 3 =XIHAN ClEt HE 232 Ast™ HE U FXiiA
FX e 2D B + Fig. 113 Ak A9 24+ 483 2AGE AH5H 8224

v

447182 Mohr-Coulomb 7|&S HE&3sich £3AUE 2 ZIATE @lold 84+ AFE
B T Y QA (plane frame element)E4], I3 F =9 E(ultimate flexural moment) 71 -
€ H &A1) A £33 EE APt QSN A 84 T AYE AY 4000
AR QEFlol~ 24%F King[8lel 98l Mwd 488 S0tk £IABES TAUE ol

S dAsE QEHEolA 84F A LT 240
= Interface element

Fig. 11. All elements used in the numerical analyses

-T-ilfﬂ AL ANYEHo wel AFZFTZRYES AL3AY ANkE 2§ FEMAH S 738
o 53 Avrg 13 FEMAY RddAs 27 A 2 X]iﬂ AR & 1HE HY
ghold 4L AR F LEFAH x¥re] £-189 el 2) FAF LT E HA |74
o] xlure] o)gh L2 E MAF HF FAEE elolde] HAR7X Y ok 4) FICE e
oldel Hols 25 AUS I £ QU+ MHAANS AW}

AW £33 E eolde QA AEHlL 249 YA 7&’“ & o33 Zel T3t

ky, K-R-b-0 (10)

| ana K= aaaaas, be 899 #4 $5d0], § & shiel 2Zge] vehis 9999
o] sjwats ZAEolch Table 7& AHE¥ x4} whedA 4ol

Table 7. Some types of modulus of subgrade reaction

Model type Method modulus Description
P del Simple method K = E,b/R E, Ao st A5
rame mode . =
Paul method K = E,/2C, R :Ede WA E
VA1 HEE] E o} Fu)
FEM 'model Kunmar method |[K = _Em Co- Bl dut el A
(considering groud) (1+v,)R 2l "7 9 A
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221 : SFZXILITES HE - 2BIAS 21§ 98 BIAIEI?] =2 2HS| 98/05/22
HE : LS 3 XM Qs HE EZ30| AstM HE 2 +XIsHM

6. B 2lold =8 e} sXsMe] vl A48

2 deAde g elold =Y A¥d 2L eold £4, st5xM, 74x24E F3d #8%

FAHA AAE T - BE A 2 ey Y APA AR} #AHY ARE v
Z3d o Aok A9 FLsEId SANGR FdF L WL AGAAA 10% ol
9] 2AE Mol FIF RPAHE UehiULh FENA = FAGHE A Ao A2 QA
st 3, BAMEe] A FEle APAAE obx] ZE 5k olle LAE Rolv H4A ¥I¥ ¥
4L Jyehigdel s5-AR0F FH =28 490 £A64 Fav 1 AT € Hu AAF F
A g 2t

E BgAe 58o0M £AF QEFIONA 849 BRFHE 5 A3t £F Thold A8A
o Aabt &A% B RPAY AHEE EEYS AX1E4E: E{r—‘%‘ﬂ T'ype‘ Vs B
= 99 (prototype)dl 1/108 A NE2A, £ E ol 3em, iiE]E Srold & Bemeolth.
Table 8ol 28 Agxl A8 A} 2 £A04 ARE FI37F, FLNA, ARADLY Fo
2 vehi ek =¥ A@A AP FACEY NRHF-APYIFHE UG AFR Y
2AH4 AFRE AY SAsith 2ol LAY FLHE, FLLE AA, FTLHFAAY HuA
Agsol w$ SAEIA ol vz Ry £ AT ARF QEHel~ g4 HH Y

-2

<] (-]

2. 2. <]

2= 0o .8 2 0

Table 8. Comparison of scaled model tests with numerical ahalyses

Test Analysis Cracking Cracking |Max. deflec. Comparison
type load(ton) location (mm)

DL-2 Experiment 1.44 Vault 1.03 Cracking : similar
Numerical 1.84 Vault 0.97 Deflection: similar

DL-4 Experiment 0.77 R43 1.28 Cracking : similar
Numerical 0.82 R45 1.59 Deflection: similar
Experiment 0.85 Vault 1.06 Cracking : similar

DL-21 ™V umerical 0.95 Vault 088  |Deflection: similar
Experiment 1.06 Vault 1.19 Cracking :different

DL-6 N umerical 0.76 Vault 051  |Deflection:different

AAXN, he 25 golde £ T, RS £IUE € ol WAt b = #HA
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= : E=RXIEESEE] HE - BEINS S| 98 HIAISI =2 UHS| 98/05/22
LHE : TS U S=XIHA0 S BHE SS9 HatH 71%_%' XI5H A9

ol 3 &Y H4 Yoo, E, & FAE 18T 3F BAASolD. 4 2 E = 22

RIAE old FA B VA, . R E & A% TIAYE oY 7 8 g A ol
o Ad4Z4 2 I 01~09 £, & AH&shd 3R 054, AH8E 4 Aok

7. 55 ciold HdM 2 3 HE

2 BAAE &5 el Wit oid shx sietny HEE ot wARLHH4E A8
Aot SStEHES F 2ty Aloldl Exists duslols 24e BAU/YA RAW, £AUE
ol del T sk, TAUE o)y T U, A¥ B4 WHolth 4¥ES FLISWY
EZ0W AY-lolth 9od EE £30=9 FAL 10em TIAUE ehelys SAE d0emel
o £32E ¥ TIYE eldy E4L P4 28U AHY EF TAUEY BHS ALY
. & A WEWPL 710cmo] ok,

7.1 QEdol A BA/MA FHulo] BE 25 olde] AT |
%3292 % TAAE wo)d Alole] EARE AuAMolL 249 FA/AA BN Astel
£ %3 ol ASE ZARUT LF PAZHL YARAE 01 ~ 10 25024, W1

Je HEWE ZE A A4 FA 010 BT, AREE 100] ARk zAF AHE

A, Ks/Knel 004141 12 @gel el 2loldel 435k 93515 % £29E A0 59

& A+W4A 08 Fastee Ao o 15% Basigch Fig 120 24N dste] BE %37

= ¥B e WstE YrhiYich S8 TaE MY AW, T eholds BERAELE 50%

o4 4YMoT ZistdTh TG £39UE AR WP L TAE Avy 3de o9

1% LA LAy 4L ES ofF ANHRE AdMoE & JVL VA WAL AU

2 4+ Yok WA £ glolde] REvo) WnHELE Fdol q WalEe mostel, €37

=0 ANF 2P paficks A ¢ 5 v Yo EEsW, S goldel HEwe] ANLE

Wstelo] osl® zraficks UL ouidn o]k &Iz Ee} x|k Aol P npateo] xu

52 Purgtosd M A vstdol Erge AMIIE o)),

72 £3UES S At BE B3 2ho|dY AF

EE £39E $4 10emE 7 TOE S FAE WHAYe) HE 25 Doy A5E =
ALBtA e, £33 ES FAE 84 AFHE 2R RF(steel arch)d MY 2 23 24P (wire
mesh)8) Z719 BAYS) Ao, o] & Tt 1 WIE 5~20cmE Sk,
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22 : SxXIHIEES| HE - ZHAS 2|/ S| 98 HIAISI?] =8 LHF| 98/05/22
HE : @S 3 +=XIGHAM0 st HE =22 AsM™ HE 3 +=XI6iA

AARY uiel ol £IE FA Frid wet BE B o] F435 Frgch 53 §5 o
239 9 £3LE FYL T o4 ATt TATE holde AAF, F Thold e EHUE
E 25 3A Fobste ¥4, £38E AT 2 ZIYUE ojdY £YL2 & ¥H3tE Helx
gt B3 ZIUE ol AAY U FRUE T 0 A FAsHsh wHekA 919
F7HA B WA B w, £3UE FA Friwe] 4 Al A FEF Aol otd
S ¢ 4 %k RE AFAE FEY I £3E FA FAFE g, B T BS UE 2=

] o] 34 = -1 Z

Y, (vielding pressure) o< 2(Atgy)
def lection of shotcrete o< (Atgy,,)
T (thrust of shotcrete) o< 2(dt g0

M (moment of shotcrete) < (Atyo)? (12)

def lection of concrete o (At g)?
T (thrust of concrete) o< 2(Atg

M (moment of concrete) o< (Atyy)®

[ AlL;— -l
~ L i
< 6.2
§
o
S eor Y.p=1.23¢ "0 4 528 y
T ] . 1
[ = -
= %" = 0.022 h
2 58 r
g L
1
Q.  ssf 4
=]
£ .. 1
] L e
— 54 L -
0 Mo e
; i ol —L —_ A —_ L

0.0 0.2 04 0.6 08 1.0

Tang./Radial spring stiffness

Fig. 12. Yielding pressure of the support system with the stiffness ratio of
the interface element between shotcrete and concrete lining

C 73 £33 E zlo|dY FA WEle) 1} EF wlo|d e AF
E3E go]d FAE 40cm ZIELE st WPl & EF elold e AFE xAsHY
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Fig. 13. Yielding pressure of the support system with the thickness ratio
of the concrete lining(shotecrete thickness is fixed)

74 Az £ S BAAH R AR A PA/ YA FAuel GE AT

AW £ZEE R TAUE Bolde FAlel AAsE Bl Wetd WAL AAse
22 o)y ASE DR, ol 7189 BHE DU FAl A3} £ =S B
(flexibility ratio)el @& ATHE GEHAZE Boh A ghold Aole) BRYuE theH 2
S ERE

Em' (1— UZI) ° RB

6EL, (1400 (13)

F =

~ 127 dited and expalined by Lee, Dae-Hyuk




SEOUL NATIONAL UNIVERSITY ROCK MECHANICS LAB. 2

total pages : 33
98 HIAISIR] =8 LH S| 98/05/22 -

221 : S=XIBtEsig HE - 2Bs 23S
LHE : DEHAS 8 FXIHA0 28t HE S22 Astx HE 2 XA

A71A, me A% WA G A=, [ & elde] WY ARk E & ehold & Awe
BHAL, o Eopgulolth RS holde] MR WAE, I+ whods vedelP 23 BAE

= BAEWECD. 4714 Bojde] B4 YWHor 1PN AL, ol W VAE &
3 A FAAEE, AF A B4 E, & ANV A FRE chdshA Asgo,

Fig. 1461 Fate] 88 2 £ ehod Alole) BH/ A BAvle] #E ZA2)E ol yde A
@9 S9e gt 2€(5Y 2 WEAES Y $9)& JEhidich IAMLE FAE
A BAu BAEEE uvste gRde) A FABORA FIHA 2¢ ARE &Y
ol 71860 A oln] ABW v} Ak, WA Fel W) B Ase thedH Pk 5, Frt 8
4% RPoT A4S Aol AWtk TWAA BE uish Zo| Frh H24S $9e A 2
23 B Frh A24S A2 299 g0 Aolrt v Frh 245 I Wrholth wherd
Aol dgtel 77hE4E ZANE o]y wae] & $Yo] ASTHE AHHA F4E uEh
W, Aukg Salol 5 wtold e AAsHE B gheld Atole mhade uAe 4y
g ST S T 4 A

30

L v ¥ 1 M T M T
+

/
25 r— -

+/ A/A
-/+// /‘/ —w—Fzn0ven | ]
" <+ |
_v—F-nl,lel

—ip— F» $3,210 walt
amgp—F2 7,620 wall

10 b
5;: i: : -
° N L i i 1 i 1 1

[X.] 02 0.4 0e 08 1.0

Stress of concrete lininglkg/cm*2)

Tang./Radial stiffness ratio{between two linings)

Fig. 14. Stresses of concrete lining with both the variation of interface stiffness
ratio between two linings and the variation of flexibility ratio,F’
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Fig. 15. Stresses of concrete lining with the flexibility ratio, F
on both vault and side wall
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Fig. 16 Flexural moment distribution of the concrete lining in the
double lining with the ratio of horizontal to vertical stress
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Table 9. Physical properties of ground and support systems

Type Elastic Upit Poisspn’s Cohesion | Friction K
modulus | weight ratio angle
(kg/cem®) | (kg/cm®) (kg/cm?)
Weathered rock| 1,000 0.0022 0.28 5.0 25 0.5
Ground Weak rock 6,000 0.0024 0.23 11.2 335 0.5
Hard rock 36,000 0.0026 0.20 24.7 42 0.5
Support Shotcrete 150,000 As= 20cnf, 1=666.7cm*
Concrete 260,000 Ac=40cm? 1=5333.3cm*
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Table 11. Comparison of measured data with numerical results in
two standard sections(K=0.5)

Shotcrete compressive

Vault Horizontal ) Ground
Secti subsidence | convergence stress ( kg/cm®) displacement
econ ) (mm) (mm) Vault | Side wall (mm)

Mea. | Num. | Mea. Nurh. Mea. | Num. | Mea. { Num. | Mea. | Num.
104K200 | 16.00 | 1.16 | 2.47 | 1.76 | 3.07 | 4.05 | 17.27 | 13.25 | 13.84 | 3.88
103K950 | 5.00 | 4.83 | 0.55 | 0.552 | 7.04 { 7.2 | 655 [ 7.19 | 530 | 4.58

** Num. : Numerical results, Mea. : Measured data
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Fig. 17 Displacement vector distribution of the shotcrete
in the double lining support system(K =0.5)
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Fig. 11 Displacement vector distribution of the concrete lining
in the double lining support system(K =0.5)
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Table 12. Numerical investigation method to prevent cracking on roof
of the concrete lining

Item Real method Numerical method
Contact surface | reduce the contact stiffness of
between side wall in two linings to ® reduce the stiffness of
shoterete and | prevent load from transferring _ lining interface by 90%
concrete lining | to the concrete lining
Increase locally the thickness of Increase from. 4.0 to .50cm
. , ® for concrete lining side
concrete lining side wall
wall
c te lini Increase locally the thickness of © Increase from 40 to 50cm
oncrete lining concrete lining roof for concrete lining vault
reinforce the tension fiber of
concrete lining using steel wire @ -
mesh etc.
Shotcrete Increase locally the thickness of ® Increase from 40 to 50cm
shoterete side wall for shotcrete side wall
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