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SYNOPSIS : In the case of relatively good ground and construction condition in the deep excavation for
the construction of subway, railway, building etc., flexible earth retaining systems are often used in an
economical point of view. It is generally known that the mechanism of behavior in the flexible earth retaining
system is relatively more complicated than the rigid earth retaining system. Moreover in the case of long span
strut supporting system the analysis of strut axial force change becomes more difficult when the differences of
ground condition and excavation work progress on both sides of excavation section are added. When deeper
excavation than the specification or installation delay of supporting system is done or change of ground
condition is faced due to the construction conditions during construction process, lots of axial force can be
induced in some struts and that can threaten the safety of construction. This paper introduces one example of
long span deep excavation where struts and rock bolts were used as a supporting system with flexible wall
structure. The characteristics of ground deformation and strut axial force change, the measured data obtained
during construction process, were analysed, the effects of relatively deeper excavation than the specification on
one excavation side and rapid drawdown of ground water level on the other excavation side were deeply
investigated from the viewpoint of mutual influences between ground deformations of both excavation sides
and strut axial force changes. The effort of this article aims to improve and develop the technique of design
and construction in the coming projects having similar ground condition and supporting method.

Keywords : deep excavation, flexible earth retaining systems, long span strut, rapid drawdown of ground
water, mutual influences, technique of design and construction

1. M 2

Astd, Ax, s 9 Aes At 2& =F o] Az 9 Fooddo] vuA 4sd A5
= AAAS 1nEste] ERTHORE AdHAZ ol AbgET dubA oz A H|ste] A
Wi o] A7t A% Mechanisme] Atz os B33 Aoz defx Qo o7t ver x| xe %
A7) A 2AEA FEY Awzdy 23] Aolrt FrtEW HER SYRst $42 HS o
HA Aok Al HAGel A Aol o d=Foluy A E A AXHA, Awkzzde] Wst Fo] HAAT
B 54 HERd Z ZEo] MAste] kd AlFE AfeA 2 & drh

2 =FoAe WERE 3 Rock Bolt A1A] A 7F AAZEA 21 S2ATH AFHAAA Aozl A
ZA%0 AWy 2 HER SEWst 548 S ¢F A dujHoer & =
I olEo] whE ZARtdo| A A FAgE 9] AstAAdo] ¥ ANk Awbdy Gl ME R S99



M IS FAARE I FLFH A& ProjectEe A, AlFHA A
5

- EFFW  H-Pile(H-300x305x15x15, C.T.C. 2.0M) + EF3(t=15cm), H-Pile + Shotcrete(t=5cm)

- AAEE v ER 3 (H-300x305x15x15, C.T.C. 25M), Rock Bolt(D=29MM, L=5.0M)

- ARz S.GR. (91000, C.T.C. 800, =), M.S.G.& ¥ (91000, C.T.C.800, ¢=

- AR L e WS (5, =5, AE 2 24 Ad, GM)

(FZ) - FASEE, e WA =29, AlgdA 99 28, SM)
o TIAT(FE, Uds] 2, HEA =)
o dol=(3tete dAgtow FHWA =HA, T.CR=50 ~ 100%, R.QD.=0%)
o AAF (Y] Adeg FHWA =HAE T.CR.=100%, R.Q.D.=12 ~ 97.5%)
($3) 0 cWMEI(FE, M2, 24 2EZH A4, A% ~ GL.-04M)

o TIES(FH, He2E WA ez Aed Ayux 24 2, GL.-04M ~ 7.0M)
o TUF(FH, -2, dHM HEA AY WA =9 =2, 130 ~ 196M : T3}
¢ Core 35Cm3] F~(+d &3t WA Agk F3}), 196 ~ 220M : 53¢ Core 70Cm3] 5~
(A& #3h), GL-70M ~ 22.0M)
o AUT(HEFTE WA kg, kst x4, T.CR.=100%, R.Q.D.=76%,
G.L.-220M ~ 23.7M)
o HEATAHSTE WA B, HEFs A FHE3 T.C.R.=81~100%,
R.QD.=12 ~ 39%, G.L.-23.7M ~ 275M)
o AdT(eTE WA BEdd, AeFst WA BEFS, T.CR.=100%, RQD.=21 ~
43%, G.L.-275M ~ 30.6M)
o HEIT(ASTE WA i dE, REFs H 7k F3) 382 ~ 39.0M o,
T.CR.=93 ~ 100%, R.Q.D. : 28 ~ 66%, G.L.-30.6M ~ 40.0M)
o AUS(HETE A g, okbEs A A4, 452 ~ 455M ¢ IR,
T.CR.=100%, R.QD.=62 ~ 100%, G.L.-40M ~ 46M)

- EZAS L o 2A (T 4529 x 10! cm/sec) o Z3FF=(H i 1.166 x 10! cm/sec)

- A9 GL-41M ~ 52M

v 94 Gl

AeAd O000ONTFdFoT FHEZ MM ~ 476M, =2 Zo] 440MQl F4 =3}
Sl

o
o=
2ac

KR
7IRbe] FIES, FIAS, A4S, FHESTHTl F AN AMF Ftolth E AL T
2 279 TE ARle]l F FibellA HE AldgomM HEy 59 @I 2 FERE AT 2719
o Z4zh el A E A= FZF ALl AlZll

DS
r
o 1o
Moox 2
°
e
AL

N 2 1% 1o fo fh AN e
N
B
ht)
L
o
N
lo
N,

T,
BN
i
e,
M

Ao L A AolZ Qo] AlFIAHelA I MER &
of F5EFE ot BAAY HAoME FEFT e U FHH 2AAIdge] Fd st
Heol 9@ Ao ool AT Aol 71FH AwAEH = 27 AFGel A Zhz dEE Al A
AL Adpoll A BoAbd] A ddol] sbg 2HE YA A FARE AR s
2 At AT E A ASEd HeSel 474 AAE ASAAA E A S9A, HER f5 A8

9 9 HER £33 E5do] AXE HERE s PR 9sle] &3] A gnw A olA
Ao} 1422Ton7h <19 A &2l HER = JZo7 12408 4 5¢F HErR B7 Z¢o] Ay
ojoj A wazrdo] kg W AElolA 6,9, 108 MER 29 1192Ton ~ 1255Ton7kA 2] F714 <l =

- 249 -



Hus ddoRE 234 o% 9 109 HER B Agjo] Fr7tE Algd A1, Ae=2F, AAdHA =
2o o] wMEW =8 2L xdk My W3l Mechanisme A3 AAAS st o] FAHA B
g ZdWsle] i H) P 249 g AH FEE AFHAA A A A E (Incremental Deflection)
o] 7ok, @7|zkel vehd Ak ele] wAZ AstAAdo]l AwkAd g oogke] WX g3 120Tong
dalete] A F YR FHd R BAS AdetA] &2 6 HERS AoA BARS e =
gzt 54 2 6d PR A B HEE gt 9 & 2 TR AGE A =Z-FAL
A Fostoof & @E wFES AdS F UATh o= FF FAF Projecte] A L Al F oA o] A A
A, A S g A3 2 ARl S Ao R ddEr

an AR 9A | AASE
(GL-M)| (Ton)
1 2.3 31.22
2 46 36.44
3 6.9 34.31
4 9.2 36.83
5 114 38.07
6 13.6 33.07
7 15.8 24.26
8 18.1 23.49
9 20.1 2243
10 22.1 24.63
11 24.6 36.49
14 30.6 41.64
15 33.1 48.43
18 38.6 63.71

AFAAAE ASHEY F, - SGR. 2 MSG. & =
L-15M21 20049 6€ 30¥¢ 271AE F43910 52 28447} GL 4OM 20043 79 229 %7
g SA4stn 2430 Yd gEY A& = %
g EAo we} 2o (= AF S| %!

Wy Patterne A7 27HA 2 E75ts WER SEWg] gt AW 4 9ste] ASA 244
= B AFAAAY 7120 67FA] AW Patternoll o83kl -5 A FHAMAIL] A

AEestAeh. JA5 AFAAAE 2714 SAHLERY T3 9 Add5 F0olA FH8 AF-

3 20049 11¥ 229 7FAE 717H, 20049 119 229RE AE FrolA FE xEwdo
20051 59 19974 717k, 2005 59 19U FE AANE F7rolA =2 ) o=
AFAAES YR 20059 69 249 7EAIE 717 3, 2005 6 24Q9RE HAANE 73

ko g dEZ e AHHEHES e 2005 119 249 7M1 717H4, 20053 11¥€ 24U 58 AA 4
T el ZEheE g wego R AdEAQA AFHIFS oAl YER 20061 7€ 31U 7HAIE 71315,
2006 79 319%F-E 69k HEE SiA o]l 20061 9¥ 20U A E 7|6 R FEE

)

K l'U
£
N,
)
i3
R

- 250 -



%2 W AUWY WHE LA $3 AFAAAE 2713 2HARNE QA AR Tl A

3 Patterns Rl 20051 149 13¥€7bA1¢] 7|7k} 2005 149
A9 TN ZHE PFOR ANH FEF ARMYL AFow
Aol WPol 248 67 MEL Al olxel 20063 99 21979 FI3be

Depth (m)
- ¥

Depth (m)
.I. B T

e

|
e 1

R

- : -

daga,

aphad o L) 3 B
150 g 40 4b
cramental A (mm)

R 2 AR (92 TR 3 AN 29 TR 44 )
2.2.1 712t 1 AL

- 2004 6€ 30¥4F-H 2004 11€ 22 Atold = 4
o]l 2 A= W A T, A AU o 713 st Askael= GL.-10.48M

N GL.-15.7M7HA 5.22Me] =91 A 8} 7F 01015‘{— 1 o] 7]zt Eeke] A AP Hx Ash5H9t
HF =24dd GL-20M AFH Alolo] A FAAR H FHEA iR dAsg e o= Fx
HOpEZro A o] Ak ol gho] 7]% A FEEHIS(2Y 4 FF)

- 3 5 AAAIY B9 7IE 1 Eekdl FRAS e EYA FEEYS AARSEE AP AR
AWM E GraphddS YeERA = 5 #9949 49 20049 119 8Y GL.-17.122M9] 9]l A
2004 11€¥ 24¥ GL.-337Me 9= 16578M2] F43% 9 A3t d4do] yelyton 2 Aty o

T AN Al Fo® 40M oA EHo AXd v FAdAE
o] 9ol 11¥ 1201 G.L.-29472M°] F91= 14453Me] wAgH 9 A3t o] 1Y Ftol LA
(1Y 2 5 6 Fx)

- 5 e = ’%‘#M = Wy R E5do 747 T A7 AAHo MER o] A ES
= 20049 11¥€ 8UelA 119 14¥ Alolel 1¥ wE®R Z¥o] 37.713TonolA 10.102Tono =
27611Ton°] F#atg o oet MER 2L 2004 11€ ] A & F4% FES7 A4S o
Bl 3 49 HER S8 20049 109 209 A ¥ 5k YR SERT gS 53 530
S7she A4S vEL(E 7, 8% x)

- 251 -



-10

-12

-14

ey

-16

-18

GLM)

L
-‘f 2004.11.8(17.122)
|
t

-32

-34

] 2004.11.24(232.7)

-26

-38

ul

2004-05-31

2004-09-30 2005-01-31

2005-05-31

2005-09-30

2006-01-31

2006-05-31

2006-09-30

2007-01-31

2% 5 597 22

2004.11.11(15.019)

G.LM)

2004.11.12(29.472)

.

R

sS4

%I!.

2004-07-26

2005-01-26

2005-07-26

2006-01-26

2006-07-26

2007-01-26

a9 6 FeAA 2H=E(§-F,

180.0

=]

2

46 B2 2}

200581
= get. 10

Z006.8.1

EEETEEE

“—

LT

fl-_'i!

oI
N

60.0

HSA@tidss 2

S =49=d5
2= El g

200

e
El

G

1

2004-09-22

712k

014
005-03-
0N5-0F.

2004-10-22
2004-12-22
2005-01-22
2005-02-22
2005-03-22
2005-04-22

==
-

w2 iy

2005-07-22

2005-08-22
2005-09-22
2005-10-22
2005-11-22,
2005-12-22
2006-01-22

N
=}
-

2006-02-22
2006-03-22
2006-04-22
2006-05-22

!
]
&

2006-06-22

2006-07-22
2006-08-22
2006-09-22
2006-10-22

2006-11-22

§

|

HESAWHBZSE) 5719  6/24

11/24

=

31

f
E
ro

—&—M5L3-4 —e— 5136

—®—NM513-8

—®—M5L3-10

—®—M5L3-14

1>
Ho
=
I
I

a9 7. MY R FYEAsE(EEA, #2)

- 252 -




2005.6.20

140 ¢ I — - B O Sy ¥ S sy S 1075
] . J I o I g8l [EEE =
] b et [T oct. 105 =2 [y v ol 2Y°

120 Ao LTT ! e :

¥t {fon)

18

H
I
N
o

f

200687
S octoial

| o8

8
—. §
X

o

2004-08-22
2004-09-22
200410-22

0041
041222
2005-01-22
2005-02-22
2005-03-22
2005-04-22

A7
20050522
2005-07-22
2005-08.22
2005-09-22
200510-22
2005:11:22,
0051222
2006-01-22
2006-02-22
2006-03-22
2006-04-22
2006-05-22
2006-06.22
2006-07-22
2006-08-22
2006-09-22
2006-10.22
2006-11-22

i i
pikdal 21282 21783 7125 2126
11/22 05117 5.19  &/24 11/24 7/31

[ —e—1EF —e— 5EF —e— 3Tt —e— 7t —e— gt —e—11Ct |

=
o
S

S SlA AT 19 MYR FHe AN TR FAAHNAY FAR A5 Asksk A
@ oEn w Ay olgel me Astz wason 48 % 59 MER ¥ FIAde &
= Awel A4S B2Ael od MEn 49 3 Aol AP ohe 49 wEn A e
Arching @43} o]ebdd, wEde] ol MER SU AWAR oA, MK 5% 5} el
Hel Auage]l We 5w PR SxelAel Arching @4 oA, 5 Aol A 59 F
sl mE ERA 4E9 LHF Awld @ BG4S B9k AEAget U Ad aw
H9e. 58 49 MYR 9XE 95 AnoR Yo Auzde] detsty olgte o] 7

2.2.2 7|12k 2 AFZY

- 20049 11€¥ 229 %-E 20059 59 199 Afoldl #H= HAAAE G
Z ko] AHNYE S Mgl‘i GL-1IIMA A 3H-F3e =2 o =9 X]%étﬂﬁé% A, At
?ﬂow LHER. (1?‘: 9 F=x)
= 20054 1€ 1399lA 278 Apolol GL.-4.0M ~255M 3holl A 2w
AAE P A= AAHA 2712 Vo2 (&40 a3 W Wgo R o
B4kl Al 109 7bA 9] F-7k9l. (1’ 10, 11 3h=)
- HER FHL 49 Ae 7|z 1 o)Fok A&EAQ FHe FT/HE HIEd 20049 12€ 31
3 149 5¢ 1074Tonl & 10.7Ton? ==HZ715 Ho|l 100Tone A3l om o]
o] 20051 1€ 2104 29 29 Aloleo= 109.3Tonol A 127.3Tonl & 18Tone ¥ FZAAS U}
BRI L= 2005»# 19 21¥0lA 29 29 Alolol= HEH 6, 8 109% Z+zF 15.7Ton, 13.0Ton,
223Tone &9 H35d4S Yeuded oA 5 AAH9 200549 19 13¥ A 279 Alo] 9
A FHA 2 A2 AGFHAS. S 15 A5 Ast 2 As9 g4 g
2 o]gto] IAHH =9 o]9k Egto] 2005 19 13Y oA 279 Atole] FAT = AAA AHWH
FE FUA7IAL o]ofA %Jrﬁ AREE O 7 7 o] ¥ H A 2005Lﬂ 14 21%‘011*1 2¢ 249 Alolo] HER
=2 2 A (ad 7 ZFx)
o HEH 6 8 1092 7—‘.F 7+ 194Ton, 11.7Ton, 17.7Tond == ZF71&
HE® 3 5 7 9 1192 ZZ 125Ton, 11.6Ton, 14.7Ton, 14.0Ton,

m-io

_,—110

- 253 -



[m
il

re 32, 1
Ho

Off

& =

o N

265Tone] 42712 Heaed ag 717 5% 2, 92 4x79 8T AQsdAs
Aagel 271 | dolA ol Aol g Bt AT A AR BoE
e MR Zde 27l Agdez Ad Ae B2 2 wyn 149 158 A
Arching @4ol 71918 272 AAHAS(2Y 7, 8 FF)

=2

fu

s

Depth (m)
.I. B |_

Depth [m)
B
1
. 1
L4
o
Depth (m)

- oEk AdHeR sbg 2 FES UEdd 49 wE R $98 20059 49 179 142.2Tond] H )
o5 7153 & F Wss dehdA egkorn 5d MER SEx 2006d 4€ 199 1169Tone|
Hs=s 7153 & 2 WMskE Holx gots. HEH 50 AAd 7, 9d, 114, 15% st
2 ok g Vg kel wel A &A1 S FAS e 97l 44 20059 5 17
g 1108Tono =& 7|5 HEW #Zo] HAAd 69, 8¢, 10, 147 &FA 8% AEH4 F
7t FAE HERE

|
Iz
uiul}
i
v
JE
j&
om
_\‘L
o 9
k<)
)
Do
(@)
o
a1
(L
(@)
o
(@)}
e,
g
2
2
r o
oy =
ol
=

< Fosgomn 59 16 &=
trhE FupE o] el o gk E"Lzﬂ ﬁ , 3t 7] 71%*& g F7hadl, MEEE Jack
£2(100Ton) ¥ T2E LEA7EA ] zHo %Xéé ! Ao] @ Aoz
el JRAIAd o] oA S fete] 1x Ko w WEH 44 5uS HAASH| R AARE Bt AlddT
G A L=9.0M77HS F7F HE R 54 AX e os Aldste] 20061 6¢€ 209 ¢+s5%. 7|3F 2 F

A} Ao A= 7|2 AsdE HER o] fHAste] ZhAlA e W AaRE o
o] EI}E= Ao g AdEYS.

s
ol
0
a
N
o
I
o|\
S
fo
-0,
o

2.2.3 7|2t 3 A=SZA

- 2005 5¢€ 19958 649 24 Abololl 5 AAA= AEAM GL.-34M 7ol A dEHew =%
HHZ o2 02mm ~ 05mm FE=9 AXHAHE IS Jepd (29 12 #F=x)

- 3H 5 AAMA A9+ 20059 5¢€ 199FEH 6€ 23U A}o]oﬂ GL.-34M ~40M T-7Foll A =2
W weko 2 Ao 04mmA T AAWE S Jed (2 13 FF)

- HERE FAZo] dAdE A5 s 592 20057 549 190‘01W 69 202 Aloloi = wWa s} u
n) e A UEhtEd o] AL HE=AAA e FHujwz AW A3} A" AyE Buyge. =
o= Aulo Ao w7 o] B o Fgetst TEow et APWEe] F&3 AA, o]

- 254 -



)
i
A
htt
el
v
)
32
oo

Gkl A %A9 o] # Ao 97 o] FEgte] AEA oz A

£ £
£ €
g £
e ¥ ¥
7] 12, ARNE TS 1% 13 AAHE T 9
- 20059 64¥ 209 ®MEE 49 B 59e] HAo]l fnElon 4d BEE ¥ 20050 69 21
1432Tone] #Hd % 7|5F 2Zadz gashes 43S HJoy 6,8 10, 14 & HMER 35L&
2005 649 204 o]% tiAl F7kstr] Alzbsh gk 71z 3 oh 9, 11, 16W HER S22 okt FU}

[e]

O 1 =

e A4S verdidlEd od MEn 298 20059 69 229 1158Tone] < vhehy.
2.2.4 7|12t 4 AELN}

- 200659 6¥Y 249FE 11¥€ 249 A}o]

of & AAAE AAANENA 02mm ~ 04mm H =] =3
& 7\]@““3 Ades Helden F3kek 2

A% 72l GL-10 ~ 20M F7ke] Ao

Flﬂ
[‘E:,
oftt
o
o
i)

1

- HER S A4 6, 8 109 a5 = ﬁ% EP\] < }0}7] /\]ZLO}O% 2005 79 23Y¥el = 6T

1255Ton, 10%he 1221Tons 7153l ol 32 F&EA el Ao A HWME 1d A o]k A, 7]
ol 710e Axw ﬁmﬂ @ PR $50 AxE 9, 11, 159 354 FE® N&HH F
b FAE YE 9 2005»4 79 179 1192Ton, 1% 20059 7€ 16% 106.8Ton®| =&

Hetoled HE R 6D‘r 2 10ek} A R 2AE Yol 7)eld Avg By
- 371ek e WER FH¥e A&H FrlE ko] 2342 YR 9v 2 109 BRA Y AAen
"Piﬂl"ﬂ? o] A L=7.0M7T-7+s 27} vlgr 49 Ao o8 20059 89 197hA BAA#HS 9
B e uz i FAR wrden 6 8,9, et

AT A FAZ vy o7 WEE 97 % 109 H
1 Mg o FHEFF 9 89 Bt FHWs

&..

‘ZHFE;]E]_ Zz8 o zo @ﬂ, OO

Bood o

o] 52l Ao
of 7efd Ao P,

e
X
Y
N
rlo
(&
ot

-9 2109 HER B Aldo]F 20051 8Y 7Y AHZAIE A A Ay ZEd
= 6, 8 1149 w el B7}; Stiffenerd] 4 3F %ifﬂ’z}, EF33  Shotcrete™ o] AARHE 7H¥ 8
o SHAH AR EFRe wjRE d4 9 Blgn B H-Piled}t Shotcrete™d H&H-ol A9 o



iied
i3
ox
et
ox
o}
ay)
X
[u—
(e>)
an)
R
juiul}

X A}o] Shotcrete™ ol Al o] Aol Fzg,

oW
ey -;ii
- .

s e
Vel B

VEDA

£ S H kS
£ »o . € | -
g 2 g

. i3

& t

I

.._.—'.’l...l.l. P
TR TR Ty T N W R
T 14 ARRE EES) % 16 ARHE EEeS)

2.2.5 7|2t 5 ASZAn

- 20064 119 24¥H¥ 2006 7€ 31 Atold = AAAE AALEANA Imm ~ 2mm HEe
ZAHZ AAHES YR EY 20059 129 2996 A 20061 79 31 Alolo = Al F A o A
A A1 A YA el Container Box7F 91 A3te] A &4 Q1 AlSF8) o] Fo]x] A Kol &.(1

- 3 5 BAAY A= 2 005L4 119 24955 2006 7€ 31¥¢ Atolel GL.-235M ~ 43M
A Fo= 02mm AES AMHAFS YeERY I =d 20061 29 16YA] 7
%_1 [s) x?@tﬂ 30] Hlxgﬂ(:/_a 17 7(]—2)
H 8L 7|7 5 Boto] Az 7wt e €7t
= AAE shsA F9o] 2005 12¢€ 18Y471A] 7
| S Aede] AxH A F
) B 29 17d(6H HE R H
. & =3 w23 A]7](20054d 129 12904 132

=2 =2 ,—7}0} o 1&4; G5 Aol A 5 A ut
01

r_g_r‘
oz
&
re
Xl
i,
i)
_V:l‘
fru
r )
nﬂ

6eHe] =20l 20061 6% 0°‘ ol A 79 59 Atolo] 115Tonoll A 134.8Ton® & 19.8Tone| +
- AL oln 2005 7€ 2390l 1255Tone HUAE 7|58 60 W R g B7}o]
7 GAN A A& A ‘3}0} AA|H o= ol Al71e] ol gto] FR XY Az FH, ddkd.

o] o] 7]=
Zo] 713+ 1, 2

=

o
N

3

=

==
=

_ll)lv

]HJJ A
L} T+ Rock Bolt A A F AHFo =g 3
£ Arching 237} yehdt F71o 2
te Ay ok (59, 2006.7.31, 123.89Ton), (6%,
2006.7.24, 137.4Ton), (79, 2006,7.31, 92.967Ton), (8%, 2006.7.31, 95.4Ton), (9%, 2006.7.31,

AN

&
ol

1‘
o

I
= ol AL 5 ~11DP<>1 %?‘5} 5<Jr, %

L ooft 2 4
Hz o
1o f
=
rlo o &
By

o 2 ol r“'

N

l> U e
ox

- 256 -



128.23Ton), (11%, 2006.5.22, 107.97Ton)] 53] 5¢F % 9k MR O] A4+ 12 % 23= ®7}to] A
Fr oy Bifol AlgHA &2 BEHE 60 89 JFoR o5 HERE HHS EHEHA H
of Bis Aol &t 7€ 24 9o HuXE A Aow Add

Depth jm)
Depth (m)

0 4p 30 @0 30 a8
Incremental A {mm)

9 16 AR =) TR 17 AR (9

2.2.6 7|12t 6 ASZL

- 20061 8¢ 79 9¢t BERIF A H A= 20061 8Y 39 tiH] 8¢ 9YU H= HAMA A=A A
EAA GL-20M 7oA E Z&Fad wao® 0lmm ~ 0.3mm X AFWHPo] vyt on
GL.-20M ~ 25M T-7tllA= 0.1mm AEC] =24 W Adwygoe] vepd, MeR 9d 4 3 7
Pl At o7 2 A Wdol et F 2006 89 9YUolA 99 209 A= AAA A F
2 o2 0.lmm AES] HEARJ] AFWHP ] YER. (131 18 #x) &d A A=
ok HE® s JgFo] 53] yERA] 2ok (1™ 19 FHx)

- ock WER FHE ok wER SAF el 20060 8€ 5 130.9T0n9] HAQAE 7 Fe=d 9
HE R 79 dgom 8-S 30Ton =7H8/M ~ 8/R), 79 51TonZE7HE/3 ~ 8/7)° Wsl7h 1t
Bl

- 20061 9€¥ 28¥ 69 WE R} A= HS5 D S5 AAA ASAY 61k HER A FTF
o] Ewa] el o wER 9o g9 BER A d3ow 55+ 85Ton Z7H9/28 ~
10/9, 6C 7143}, 472 95Tons7H9/27 ~ 10/9)%. 2006 6¥€ 10Y °oF =37 Aol =A
Uebgd BE R 69 69k BlEr e A Z Al 20061 99 259 1439Tond] H A ZS 712613 =
6t HE R A2 Wy 59 9 4cko] & BHsiA ol £ I7F Ao Yehd oz Ao
=)

.

l

2.3 AISZ oo cist SapXel uF

® AtE e ASA 24 S

- 257 -



"
w) wdea

a1 23 40 .93 04 08 03 18
Incremental A (mm)

W 04 03 48 83 0d
Incremental & {mm}

a3 19 A

T8 18 AR =)

Aapgol A 3

P23

B sy @
W oAgel

W

SollM =

1=

=zt

o8
o
o
el
op

914

ol

el

A%

el

Ho

Ar

B

z)
- B oAb WE R 4 ~ 119 A9}

T

=
o] 130TonS %

100Ton ©]Ae] &

AACA o= He HE

=0
=

© HEH

o 3t

Al A

3

il

i

il

—~

o
=

ol

%

o
afi

op

R

A
Ny

el
q_mo

=
=

Z

N g5 e R

HE R 3

L
o

8l A5 A

el
T
_ZT|
A

—~—
o

o

R

0
o

el

I

N

2+

o) Azl A el 2ol AA MEw Ao Be @

2

D #

|

—

~

—_
1o

oF
o

jild

sl

B2k 45

5}

EEERE

2 ¢)

W
e
B

b

B

—
o)

ASAGA A3 H, A

2 v

- 258 -



4% A 78 & (Incremental

i oF

g

Zol .

s}
=

L rrell ol &

!

HER st

=K

A=
(<]

Deflection) 3 € I}eto 2 2wt

3) I=

—_

Foll ol g Ay

A

Arching

i3

Ar
& No

0 Mz

o
o W
TN

TR
o E
)

T
_ZT|

o

_04

I

3 ol

Bt

712w g}, 7hAA

A4,

o] &

K

o Apelell Ak ol AAHQ

=]
=i

6)

WA 7% Mechanism TF

)

g ol g%

3} ol

_"

Data Base =74

5]

g A

A},

iy

ol
OR
]
|

! pp.233~240.

Al

@

(2009), “

2]

! pp.308~319.

3], 2007

el
A

(2007), “A&s A

=
R

2]

]

1A%, Y
3]

3.

, Pp.128~139.

7](4

(2008),

22|
~

1=}
=

O~
=

;Oﬁl

o

N A AT

o A} af i

=zt

= =

“
7

!

ks

1

1 pp.521~532.

- 259 -



