£
=

2012. 10 235~246

=l

9122l =8 K82 K5

3
er

o022 Mz X

—

[—

2{x{o| M| Ak

A0 A

=
[

HEZEE © TIEI%
m =) WY 1 ) = o
[ = ok w0 o - n mhﬂ ,_ﬁv WM_ e
] mM oo N
G y Sez g
B E S "y N g
=f .o P
Kl = (] ) S z,f ll ll ) Ho =K
mo-wEE N e
oy avoodoEo= _— = A Ho
o < B S X T oo < e g
0oy B T T gz
o T
g Mooy " gez R
SR o)) R w oz
0 < w B R R A
w9 L hEeT
TS Ww o w %T| T oA oK M
m R R T L
cUghD EEE TR
= =5 = B 5 ook 2o AR _mwo Y
< 6 o0 ! i) oM B O
m oF rr ooy mx s AT
iox s o A
ool T U= A S-S N
M_A. .._Mrm ~ ___m il R Nr N =7 ) M
wnZtes X TEE P AT
o ) N ol - X X T
o = 5 . T X X NEU ‘_&H o
Aol 2 R o R Mo 90 N7 o blo
o X wr 00 RO a3 ® N X ~ o2 M
CHWR 5o g R R
o g R P £ NP S
S o [} A < or =y o mwm e
NI In S x N
K- I3 &5 o oy M T 5
RO BT = m Mg T o g X
_ 10 my W) N M= I S
of T i ol WV R0 e i B
oy T G R R T I
= = & K KT =< — # :i
_Eamow%moma WonEHmul_@J
EESERE S mETE”
ol X o K iy
S T L I A TR
R X WE g e
o = B of 2 =) . e T~ e = oy ]
m ol = o = A R b o
S =2 mMa 3K - T oW oH W

o9 A1g

=

=

1990\ o

T

17 ZAkE e,

o2 A7f=E

[e]

T AAelel A7H) Aol ofa) ARz B

190 A thel A

L

R

nlo] Az mjelo] IfjolA] EEF A7)




2012. 10

fO122=¢ X8 M55

2
=

H

=l

236

N
e

[€)

ol &g¥ar vk 2yt ol gk At &Eol= Etekal

b g glol A% Aol of

3]
pud

efol A Algtell glo] ofw

&

O
L.

ok

SR

—

Lizzi(1978)+= 1}2

Ak 07A Apele] v}

KN
L

(1983)

5
ol i k3l Plumelle(1984)+=

Pk &3 Guilloux

13|

AN
=

L

No

g8

SEE

SEO
F=

3

AlEA] 18 7]

(1999)&

p==
[¢)

3L Juran

a4

URELE DERE
b A

KN
L.
Il

At A5-1(2004)

3]
=1

se] eh%)

thal siglem HAgH (21D A

R

~

o
-
o

I

S

e 4

SRS ELEE

LA =

94

AR vgon

34419

=1718] wiolazatd Ay

qolct. e @A)

ki3

SRLEREE R D

AA| Al

o
olo
oF

o

bl @ vholzmstal A

5|

_CH

grE

SRR

5

SRS

=

e
o=

As]

fo] wlolzz 3}

o

& volaz )

g 9

1. Meyerhof O[24!

o

1]
AS W 2oz epln, <19 1>o] UERE upe}l o)

Meyerhof(1973)= 1% 4AY <= =



NIBOI THEHXIGHS 237

=13
=

= AA gAd

Atk

gl

Q=2 AA

Al
A

) AN

4 1

Q =Quy =W,

(4 2)

= (o’ K, tand) A,

22

"

Je)5 4@ o ek e} o]

= eI,

(4 3)

YDL*K, tand

=T
2

VLK, tanéwDL

1
2

Qu:

(2 4)

= AJ

2. Das O|&4]

3}7]

B

ol
;OO

ki

Z

CRER

© Mayerhof?] ©]

Das et al,(1975)

Hp)el o

143

£

olo] we THHAY B}

o) 29

A

tel 21(5), 6)

5|

of o

o e,

(4] 5)

%DVLZKUtané

Q =

(4] 6)

2Dy [* K, tand

) 4D)yL? K, tans=

1
L_(E

Q,

wel e <1gl 2>o] Uehd wiel gro] Aol

el

ek L/D > (L/D), 4 WS &

gl

(M= AA

A
A

o
Elg==Rey

st

Atk



238 st=ePl2iel=d H8a H5& 2012. 10

L,
Q _ [ wrde st ph 1)
0

3. Nx[of 22t HE4

Fujita et. al,(1978)2 A7A1 @3 A€ A

FEAAN S AT

T = 0.0584 N + 0.546

o o3 HrhFrr

L3 A 2= Ed B SAH R Ajbetal Sl vk

7

i
o
Z,
B
S~
>
o
lo,
»
)
2
rO

85 sA4 s Ak Zlom o a7iol teixs ezl o3 ¥
FE vErd g gloms AAE g AR Al A= whajol] dis] T A

=
o

Qu@ - ) )
T Frictional resistance per unit area,
f -
NN 77 A
z
Sand Lo
Y ) rKitan &
¢ « .
al  la L HoKitan & ,
W \J

|l
<€

Depth, z

—> D

<& 1> Micropile in sand ground <J% 2> f vaue curve by depth

. SRS AZEY

Lo

Pl ANE vlolamsiel @Y AR A AEEE TARY Auke] A Gug 915}
of ANF Aow WY A ArE thedl Lol Nekeld acklddnh ARANREL AN A



A9 20| MFS RIS ALAIFN iEXIsHS 239

il

1. 8ZE|E

- _O (=]

e 2w

AAUAG L vlolaz sede] A L QuAFe] M G dolr] AT o

e

<3 250 E wje} o] wlolzw wiole] AAA} WAL AFF 5 WA e} A
Holtk, w3, @ ASAHo] ASH vlolAz Fele A7 166mm(LAE 4 Gomm), B

33.18em?, BHAIGE 20x106 kgf/cm?, SEH == 166tf o]t

HAGA A H2 Aol Support Beams th S Al AX]g $ Support Beam “d-ll Main Beam
S AXEFal, Main Beam “dH-oll QIE=S 718b7] £18F 300t &% Hydraulic Center Hole JackS:
Q A

AR5k el S48 918l Load CellS AA|8Fth ®E3E Load Cell A3tol|l Bearing PlateS A

AR & ARl Nut® AZdelel wASL W¥el LVDT 24e 9% Jigs Haeln 3ol

ct.

<X 1> Layer condition

Site
Type A B C
Zone Zone Zone
. 15.5m 13.4m 10.8m
Layer thickness & Weathered sol /40 /40 /40
Average N value 8.0m 20.0m 19.5m
Weathered rock 50 150 /50
Total Length 23.5m 33.4m 30.3m
<X 2> Type of field pullout tests
Site Flefsee Total length Unbonded length Bonded length
(m) (m) (m)
A 8.0
Zone 235 195 (weathered rock)
C ¢165mm 195
(Steel bar: 33.4 13.4 '
Zone (weathered rock)
B 65mm 0.0
Zone 303 108 (weathered rock)
V. X[5l4]

@Y ANAG WE F vl AR se] ANk GERolF WA 3P APl e g2 A

R



240 st=eP|2iel=d H8a H5& 2012. 10

AiNAom Pgetn Fagel 2YATIE HHe olazsae dohny] giste] Faker 2N
of AbgE SN Eeae AwEeta Aol sl

}\
= =1
Jel AHgEE FEAHE WE S ZE Il FLACS A8kt

Aol A AREE AE A Bde gy Aw
Mohr-Coulomb E.&-& A1-§-31900m o]o] o wskeh ek mlo]lAR se] QI g
of gk AsS AR flete] <1® 3>} o] Cable 848 ARSIt CableSAv T1E8HE
o} CableAto] Hi= AX|WH Cablertelo] AT o2 A9 AdAers Rdsioih
CableS2x= BAAS] AAdeloAe] Wiy gt AgHS 1 ¥ o} 1eheEA S &4
Adutn s Bdysh=dl A3eith 1E-Ee] Auhid AT dusazajom Rdgsiolon 1
At 1EE/AANE Atole] AduiHelel] od] fuEE 1EREAY Auhid Ave <19 4>
off ERA wiel 2ro] 1Ek-E A o3 Ao mdFch

Hol&= Xl AH3gkel Ao=w d#F

tensile

force F™ force/length
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1 ¥
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compression axial strain extens 1 >
relative shear
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t ycomp {
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compressive O, x perimeter L
force
(a)Grout strength (b)Shear force-displacement
<3# 3> Cable element <3& 4> Behavior of grout material
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<X 3> Input data of material

Type Weathered soil Weathered rock Tendon Grout
Unit
weight 1.9 2.1 - -
(tf/m?)
o () 30 33 - -
C
3.0 5.0 - -
(tf/m?)
Poisson's ratio 0.35 0.33 - -
Flasii
fastic modulus 4.0E+3 1.0E+4 2.0E+7 2.0E+6
(tf/m?)

t V=2.0E-6nvsec

60.0n

<J% 5> FDM mesh
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AHAL mrol AR A (D) 165mm, 201(235~334m), T y,)S FSE 19tf/m’, &
3kt 21tf/m*E Agskar, WRvEEZHe)& F3HE 30°, F3ket 33°, AEE(D,) 80%, AT
(L/D), =145 (D, = 70%), §/¢=12] B AWto = 7FAs}rt
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g7k el weh A e vlolaw sde A% Lolg AR A Sust b
# Aom etk web @ AEAF B 1 50 vlolam wele] dis @448 2 4
4] A3} B Zone(AAN=334m, &3 2=20m) 3 C Zone(AA4=303m, F3424=195m)
of AlFE ol AL ahFHA] olshz W7k HasAl Ueht AASE 50yAe neld o A
A o EBer Ao} Arke Aow UEkem A Zone(AAE=285m, F3HAHE=8m el

o] SN AANE vlE o7 HAEE tonfS W= HA nlolaz vl Zo)E dolr ] 95k
<3t 5>ell ehd vhe} o] A Zonexz1oM FElek SRS 2 5, 8 10, 12, 15mE WAst] 4
A S sk

Z3lol Ax7lo]l= WMEA7 X AFE <18 9>o TAFAL.

<X 4> Theoretical bearing capacity

Allowable bearing capacity (tonf)

Type A B C
Zone Zone Zone
Total Length (m) 23.5 334 30.3
Theore-tical Meyerhof 92 203 169
Das 18 26 24

N Fujita 125 186 170
-value Japan anchor Assodi. 160 274 256

<X 5> List of numerica analysis

Thickness(m)
(ioggir:) Bonded length Bonded length Tota(ln[be)rlgth
(weathered soil)(rm.) (weathered rock)(m.)
T-4-2 15.5 2 17.5
T-4-5 15.5 5 20.5
T-4-8 15.5 8 235
T-4-10 15.5 10 255
T-4-12 15.5 12 275
T-4-15 15.5 15 30.5

el =AIRE npe} o] FEeE A= 2, bmel BF ske-Wel R ErF AjA] oo w

PAA st olele Zow Usylom Faigh 2Nt 8 10me AS sF-ws) et 4
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50 I 50 I
—Lower Limit —Lower Limit
---Upper Limit -=--Upper Limit
40 E
—e—Experimental 40 +Expen-mental
= -=--Numerical T ~=-Numerical
E 30 Z s
£ e
g Applied Maximum Load : 56.00 ton/pile g -
§ 20 / g 5 Applied Maximum Load :
a ) 100.00 ton/pile
7 2
=] 2 | —o
10 10 B ot
0 0
0 30 90 120 0 90 120

60
[Load. tonf]

60
[Load. tonf]

<% 7> Load-displacement curve

(B Zone, Total length=33.41m, Bonded length=201m)

<% 6> Load-displacement curve

(A Zone, Total length=23.5m, Bonded length=19.5m)

50 | 30 T I T T
—Lower Limit ~+“Upper Limit(15m) _ —+ Numeical(15m)
—- Uppor L:m.t -+ -Upper Limit(12m) ~ —-Numerical(12m)
] 25 H e -Upper Limit(10m) ~ —Numerical(10m)
40 —-E . -+ -Upper Limit(8m) ~ ——Numerical(8m) ’
= -=-Numerical L * Upper Limit(5m) Numerical(5m ) C e
E ] E 20 [ -+ -Upper Limit(2m) ——Numerical(2m) s
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5 /{100_00 ton/pile =
£ : g 15
<2 2 g s
g = g 10
s g E
il i
IR
5
0
90 120 0 10 20 30 40 50 60 70 80

60
[Load, tonf] [Load, tonf]

<% 8> Load-displacement curve

<% 9> Load-displacement curve by embedded depth
(C Zone, Total length=30.3m, Bonded length=19.5m)
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Numerical Analysis for the Pullout Test to Estimate the Optimum Length of Anchorage

Byung Soo Park, Do Sik Shim

In this study, field pullout test has been conducted to reinforce the ground with micropiles.
Numerical analysis was performed to estimate the optimum length of anchorage of micropiles
using the load—displacement results. Various existing theoretical and empirical equations were
used to estimate the allowable capacity of micropile anchoraged at the weathered rocks
underneath sedimented deposits. Different values of pullout capacity in order of 10 times were
found to obtain so that cares should be paid to use to estimate the capacity appropriately. As
results of numerical analyses by applying the typical values of ground condition and properties
of micropiles, similar results of load and displacement relationship of micropile to field test
result were obtained. On the other hands, parametric numerical analysis with changing the
anchorage length of micropile was also performed to find the optimum anchorage length for the
given design load.

Key words: field pullout test, micropile, optimum anchorage length



