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The Role of Feed Back Analysis in Observational Method

738+E | Hak-Moon Kim

gFodty EZSA Ty 24 Professor, Dept. of Civil & Environmental Eng., Dankook University.
SYNOPSIS : The important role of observational method in geotechnical engineering are

emphasized together with the direction of future development, concerning successful application of
the technique on the site investigation, design and feed back at various construction stages.

Case histories on the application of feed back are introduced in order to achieve the most
economical and reliable construction for tunnel, rock slope and deep excavations through feed back
system at design and construction stages.

Also the limitations and advantages of the observational method and the role of feed back system
are discussed for construction of tunnel, rock slope and deep excavation in hard ground such as
layered ground conditions including weathered , soft and hard rocks.
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19481 Terzaghi®] A A A “If it is not possible to make an approximate forecast, the behavior of
the soil must be observed during construction, and the design may subsequently have to be
modified in accordance with the findings.”

1969@ Lambe®} Whitman2 19 A A Soil mechanicsl 4] “Experience does not mean merely doing
but the doing coupled with an evaluation of results of the act. Thus, when civil engineer rakes a
design or solves a soil problem and then evaluates the outcome on the basis of measured field
performance, he is gaining experience.”
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Aol Hed BHXE 19943 FRAADIAA FPE AAHA AwzAR DA, 19969 2@
dedd AFE FUGAAGE A3 ANFAR MY V| BEA ARAZE D AAEA D v A
AA5E a3t F7b A" AA(HNAA AVZAAERSS geldoln AAHRoz HES G o}
S ® 99 o] AgsArt
£ 9 9" AuEAx
EREY SR ES FojH] U Halakz) e
A 925 E(t/m’) v () Ct/m?)
E A} 2,000 0.3 30 1
Z3ler 10,000 03 30 5
o ¢ 100,000 0.25 40 50
7 o 400,000 02 45 100
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o},

G.L
-0.0n 1 e N
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a9Y 26 FAHA 2y
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A 3 gd A3 Yo FolA FojF GutHEsE RMR=17, Q=232.2 uj$ S} ddte = dd
ek o) HAZFEH AR wtEFA Huld(Gneiss)S 4238 Hoek-Brown A &4+ m=0.13.
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6.2.4 sMEAA HEYA A H{HEH

(1) W3

Y 289 A#E HYH Hoek-Brown &¥tEde] AF Ao g 2HH = 98.0%% 3L, Mohr-Coulomb
Fdo] ZHHE 37%2 Hoek-Brown¥¥tEdo] dFAFA9 AL At o

Mohr-Coutomb Mocie!

s |
............. | A
[} Liaans -t

{2) Shotcrete 28

29 29% Shotcrete$d AZA s 24 HHRA g AL vLE Aotk
29 H4H% @Y 42AE A2 RS A% Hoek-Browne) R T o] Tangential $2
o A% BRAZARY Guzez Jekou Radialgddel A9 BHASo2 Yshtt

BususaE

SHOTCRETE STRESS(Ng/iem ~ 2)

15
101
8 —
o/ BRSNS
b8 9 13 97 21 25 29 33 37 41 48
X " PERIOO (DAY)
* E-P VALUE : ELASTO.PLASTIC ANALYSIS VALUE
e~ CENTER ~— RIGHT ~—— LEFT

~+—=EPVALUE  ~+= ROCK MODEL

29 29. B]d Radial Shotcrete <& (W EAZ)
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(3) MEHR S}

1y 302 daHs ASA S 7t s mde) g3 XS vad 740]@
F 2 N @Y dEXE ME vlus¥ FF Hoek-Brownd @3 gutndol dFASAd &
HetA JGErRTh
H Ay #Fdeayed 93 Hoek-Brown StEdel AZ&Xlo i3k ZHEE  1067%R L
Mohr-Coulomb® & 9] 44| 533% 1 Aoz eyt

-
o

=
4]

CROWN SETTLEMENT {mm}
QO = N2~

MASA 0L A0 S A0 00 S0 B 20 0 AR M0 S 20 S0 20 2 I 5kt am A R B b

- PERIOD (DAY)
* € P VALUE : ELASTO-PLASTIC ANALYSIS VALUE

I*msunso — E.P VALUE -——nocxuoo?]

Y 30 8§d HdAE vz

712 HAARNABEE o] &8 Ao o]A Mohr- coulomb 2dS Hed u dAASAARYG

50919 S E ANFL QS HAGRGE WA AFF AFYUL SAstel AW U
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%= st
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A5 AU 18T 4 A= Hoek-Brown Z9E EE#Aol HL3mZA o A|FUAY Autz
sl E AlElE & Bde aAHA HIF 75t
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7. YutAlHe| Y AlZ

7.1 E[H20lM SMR(Slope Mass Rating) HHoll 2|3t E{yd ZUT A} Saie] Hyjel vzt

HAgA G AdsE 449 B ATFAR A4S SMREIY, BASGAA, dAGYHY o
2 72t $gste 1 FRs 0T Wrsn wPES AN 2ok
He AT 5547 R4 $Ho|go} Naise) J, F3 Fos ng¥q Ands 449
(HDALeN N ALEYE n2ie AA, AF L 37189 B4 BEHE 97 mgo] o Fox]
2 zelsar.
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7.1.1 X|Hb= % 3

AL, A2, A4 Bde FHLAC] 0m F/3 FMo] E® A 24449 WA el dolth dAl €I

TH AT 2 ¥F IR AAFTAT @85 oy 97 A7) P B 2=
FEFTEE MR HHLF 7] L(shale), 1% (mud or siltstone), A} (sandstone)] S o] 5o
g o] glom, ot e del(shale)o] 7Ivtd o g FAHael &44 e (bedding joint):= AlE wrako @
°F10 ° WHele] FALR FAge] W g 34 4718 sng sustdon Algdd

olg HHE T EsA EAste AAdE e FHwEe Z4dE] Sxbold: HAEAUX A
Ed F2=(gouge)ol 10em~30cm7tA] FHA AHPA 9o Aet4e zFgeg HA nnudy o o
AEEA F7te) BHAILE A" F T

7.1.2 MY

F2olA 2AME AFERAMERZTEH doin il Hrte OF E 163 22 A HriADe ge
BRUAS HE 3 173 2o

F 16. A FZA ] 93 A 25
_ FE - i
AlFF | ol(m) RQD [d27tA |dejyd |24 H93d IRMR |55
UC(MPa)
(1/m/10m)
I\Y
28-106 10 12 9 10 5 15 31
BH-1 e
106-21.5 12 13 9 10 5 12 37
poor
17 ¢AA e 24 vn
g g LEEE Asia AFF 8
NE 28~215m Ateel A,
- AFRA RMR = 31~37 RME = 35
oty 7} =3 N TE
poor _very POOI‘ _
o (vhz) 130" o3t
= o3 5141 21 3 FEEEEE LE T 3G ZAEEEE
- PALFE G A A 3 19 i\_—‘?’—-‘igﬁiﬁ}f’—]%k’b}
SRS %
- SMR#1 4 2 % _ . ot Ao
(Slope Mass Rating) sEN shiba s ;’;D:_ -
@~40) % By LARAA
) 4% EgAe
- BAY YA A TALREN T
A}-8-program (Bishop ) ¢ H,= 0l HAH %)
- hA & (F, $71A tHE (123 8) 0907
& (F) T R ) (23)
e - - Soil Nailing
S e o, R
By A3 74 18mx 2.0m 244 15mx15m
S EE AR e
SE=ANE - Nail HD29
= (SD40, EPOXY COATING)
] (2744) (B4H)
-BFFe HHgWs 1.16 — Fo=1.36 0.907 — Fy=1.278
F, > 12 0K) (F, > 195 . OK)
CHARFRER

- MW.SWAH Bgetd

MW.SWA & &7t
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7.1.3 H2g{d

2B AHS (STA. 3+290~STA. 3+340, T/L STA. 0+25~0+45)0] ZAA Axlsl Ao 73“?—'?"
5082 £ 7~9m A=Y U7t £23T ok o] FHARY F - 5o nAXGS AASIH HA
Yoz o Bm FES} T B RoE AR
gt FHY 4~5m TS AY FAYFoR PP T2 JEH EF(Gouge)e] FIH
™ Slickenside 7&7} & ", gdd 99 FF+E A st 5~10¢m HHoR B¥3
10cm Wole F22 HE(Blue Clay)®t @32z # (Fault Breccia)2 A5 o] g}

STA. 3+324x dl A A]F% Borehole Log TB-2-3 (EL+5250)A 54 9o 23l TEZS 30cm ©]3}o
F7A 9me] ALFol EA3™H RQD#S 0~172 el E g7t v dEs A Fojth AX 90mF-E
21.0m7hA] EAsHE AEE 9A EFF29 RQD7E 188 A3t HAH o2 RQD=0Z Atg~A Yol
Ae da 2 g dE JYehdie Zold e AR

2 AAA AFEe AAlE 1059 A 1072 2 g8FHo o, tAA Hrrdae oE
RZude vy ¥ 187 2t

¥ 2
¥

® 18 AAHAAH e R H

W s} g = 844 A 2 AHY AlFF ¥A
_ RMR = 9~32
CTE A g&% - lsg(poor) =2 VI~V
- POOr ~ Very poor
a7k (ALY ~EED) Esg~ae
ﬁiﬂﬂ%%
. 7| g7 9} A vla) ZH4dE e 244 A=
CHARY HAAR | el 91g FERE 53t B eaAAA
A7t M ¥
SMR = 443~52
59 : Da~1Ib SMR = 9~395
(normal) g, V~V
- SMR 3|4 2 =} i%g‘&"é “};ﬂgjﬂ (B~ &)
. * support. 47 3
(Slope Mass Rating) e tﬂﬁg]_sg%%}gﬂ
$=23" , c=2/m’ EAY wtajbs
EAe g 3
- RAEY NN AR K-stable g7t A3
A} program : CEAZ S e 435 7A
Fs=0.766 Fs=0.501
HA & (F) (Fe<1.25 B-¢b) (£<4)
Soil Nail#} Shotcrete
* Nati} : }%29 Iéﬁén
1 = m .
) . Soil Nail®} Shotcrete
§hotcr3t}e:- t;OOmm 24 o 2 (15m)
a i FEET 9 BE cone Nail : \P/IDSZ L216m
B (R oA ol
R b:<3 714 2] (80ton/ea) giz}g;}w #9% 242H0m)
c:AbdEe] 12} shotcrete 50mm Nail : HD29
d: Wire Mesh : L=6~10m
(¢ 4.8,100% 100mm) hei
e=%7% Anchor %3 (S04, EPOXY COATING)
(250 X 90 % 9.0 X 13mm) '
£:22} shotcrete 100mm
ghd® &3 44X
(BAA)  (BAF) (B3d)  (BFF)
' i?"um ¥ 0766 - Fs=1.25 0501 — F.=128
A ~0OK S 0OK
-Egdad AEE F8 | MW,SW A9 B 7ete MW,SW 2 o 5.7}t 5
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7.1.4 H4EY

o] 7& Bld FH AYoz A 3y AEEE BT Tdeto rvAd 49 Faae 9%
Aol FEFUGAEALZFE HW(Highly Weathered), MW(Moderately Weathered), SW(Slightly
Weathered) 9922 TR0z Qlith

EdEHE Aot HAGY Fadel s 1 o] SAEA BRI @A AH e 1072 27
o] gxrEdE ot}

B AAA Brlo] dig viaet B} A gy # 49 2l

d#H71F § RMRE7Ie SMRAMAAAY )7 IFo2s RF Bggnoz AL, 34

AEYHOET Ehgdti Besol B39 Soil Nailing 34 ZHE 99e Adubgel o)z o=

el g sttt /\}3%‘:}
AR o]l &old NFW ¥ Nailingel HAHE He st dAle Lol 4molA

6mZ F7HA7]E Aol vig 2 s

a2 99 Bd J4Fe F3e MWSWHFNNE EAEH] 7140] 20~60cm ©)|28 c-#78 2

2 el 2 M A3, wiremesh, Rock Bolt(Z°]; 4~6m, 7t4; 15~2.0m)$} shotcrete(F4]; 100~ 150m)

3 7

B7hars F94 B} w o
3(FH) :RMR =24, 55 ' IV
- RMRell 93§ ¢tz & g RMR =24, 9 IV
go=2 Priyg
shag () ¢ SMR =39, 55 IV
- SMR3l| 4 4 3 & g : SMR =315, 5% IV
(Slope Mass Rating) EELE BHE, AHAGL EGAFY, i
G ee ARG 2 4718 sl
C AT B4 AT Fus Py AEHY 54 B8
F=1231%2 AAHE 5o s EorAsict
R ELEEEE! $EARE FAMAZ A Aol Sy
(208 F=1636—0K)
Wy Soil Nailing
°F = 40m, V= H=15m
¥ P
BT FHE(F) (R2) (%)
1.231 — 1.659
cEd AR} FwWo) Aty Shotcrete 42 (MW, SW)
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8. DM AYPEE HS
8.1 BEHAY

HZ ZUYdAE ZHAAFA dHAE =)o)
(Preload) S A)3}8tey FHuto] W ae WY
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& Hgsm Atk o] WAL v ©Ag
o
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Lo
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e
N

NBozA HAEPEo dAHT Foo] HA o TAse HSHE HopAmz FUANS HFHE o
AL 5 Aok Ad#sF ] Aol e FF FIAAER FAHN A g =AA A SFHA ALY
e Hgoz Foo] HANY B AHEY AAE T APTFEEY JHE HAE T + 3

Aot} wrekA AL EX] kol M @»11170*3 Az, Havtd e §,5F, 24 Hygdel A3y

& AsmeA Fotol WA el % FAAue YaE At BRE AFAes Ao
shel Lol 4T E PeckEe 0%, 50%, 0% AARFE AEAA AU AT T
b mYaYe sasiden, 2aeAd G Fool WA At EU R MY 48
CMUNATL 3Ase) ALEHOE AP Fetol WA T FAAWY AT FRE vlA
gaagd detel FHHA s

ohg 1Y 31e HYHF S BE Ede) AFH Adst 24 ¢ES dehin A

<
3
9
187
3}
%

REYSE T2
e )\ D=0.4H [a]

O Oy l ——
§ = 15w »\‘-\ 5 \ b
) e L
5 2 ~\
< %427%1[8 ot ® [/7(« 4F
g o8
o A % ot
S R
i sieA e Sermer N ™
('?l é g 7 I 1.2 \;
X -]
' TF
L0 80 16 L
]_2_0 ] 0.02 0.04 0.0

=2 (ka/om~2)
a9 31 EEAgEAn e e AMgA
8.1.1 M¥sZ 0 2|8t Hxj T
a¥ 32e HEFSAAES AT Hds-IEAY HE 2Fz0lY F7td webA Hug Aoz WA

Hoz By AystFe] e 2% ASAE Fd-HEAAY FTa 087%Hol L Ay 3tF o] 50%,
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1.5

¢0%
0 50% e}
1.2 11A70%
6,=0.87%H p®
sqore:
0.9 8

§,=0.63%H B

ST Yy A =

0.6

0.3

HUSYHA/Z S 2RO 5u/H)

0.6
2230/ E 240l (2/H)
Y 32 AYsFol A HusHEEue] v

0 0.3 0.9 1.2 1.5

olAF Ade 71&9 AFA T vlas] BA Clough & O'Rourke (1990)= ZHA Lo W 37|
02%HE AAstAL Fu Aol HE HPetFTHS AL3 AS 0.04~0.13%HE e GO

2
U 2PEAE s Ao ge HaA A 2 MastEe] wel Ha 03%HolA A 15%HMAZ 7
Eo A7 AR a2 e e
£ 19¢ AP3F 0%E 7oz 3 Hosgduy Z4%e Jehiilon, AalstEo] 50%9 70%¢)
Bgdde 2t 1790%, 22.86% F=HHYY #HALS B},
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