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Summary Document

I. Subject

Construction Techniques of Levee using Bed Sediment and Dredged

Material of River

II. The Object and Necessity of Research and

Development

Part 1. The Object of Research and Development

The final object of this study is presented a reasonable equipment selection,
spreading depth, compaction method, quality control technique according to bed
sediment/good quality mixing method, levee design standard, primary revised
specification and practical specification (investigation, design, construction,
quality control) concerned with bed sediment by the laboratory tests and field
tests.

In the first step study it was suggested that levee design standard using the
bed sediment, primary  revised specification and  practical work
specification(investigation, design, construction, quality control) through the
review of levee in domestic and abroad, arising condition of bed sediment,
evaluation of geotechnical characteristics of bed sediment, evaluation of
geotechnical characteristics of stabilized bed sediment.

The purpose of second step study it was suggested that levee design
standard using the bed sediment(Il), revised specification and practical work
specification(investigation,  design, construction, quality  control)(II)  on

characteristics of erosion and friction for bed sediment.
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Part II. The Necessity of Research and Development

Until 1990’s levee has constructed using the bed sediment. Recently, levee
was damaged cause by problems of compaction, fill material management. It
was prohibited as fill material for levee in principle. It 1s possible to
construction of levee with a shear strength and permeability characteristic
satisfied as filll materials of a levee through a river design standard revised in
2002.

To improvement of levee stability, it is required that using the good quality
fill materials, intensive management, appropriate hydraulic structure and
construction of cut-off wall. Hence, it is difficult to acquired that good quality
of fill material for levee in field and it is a most important factor of levee
construction technology using the bed sediment for safety and economic of
levee. Therefore, this study for a levee construction technology using the bed
sediment of stability is essential.

Already, it has been preformed to study for safety and economic levee
construction technology actively in developed nations such as U.S.A., Europe,
Japan. Recently, it 1s rising that the levee construction technology for
establishment of ecotechnology optimum design in domestic.

Therefore, it is needed that the evaluation of geotechnical characteristic of
bed sediment, standardized investigation, design and construction method
through field application tests, and beneficial use of bed sediment is reflected
river design standard and specification. Also, it is necessary a design and
construction technology for geotube method which is filled bed sediment or
recycling material(stone dust et al) in geotube for emergency repair
construction.

Resonable application technology development of bed sediment will be
reduce the bed dredging equipment and a levee construction cost and
environmental preservation or apply the utilizing a waste resources.

In this study, it is suggested that levee design standard using the bed
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sediment, revised specification and practical specification(investigation, design,
construction, quality control) and a design and construction technology for geo

tube method.

M. Contents and Range of Research and Development

Part 1. Guideline concerned with Bed Sediment and Technologic

Trend Investigation In Domestic & Abroad

(1) Investigation of Guidelines concerned with Bed Sediment In Domestic

(2) Literature Review of concerned with Bed Sediment in Domestic and
Abroad

(3) Analysis of Generation Mechanism and Status for Bed Sediment

(4) Field Compaction & Mixing Equipment

Part II. Evaluation of Compatibility as Fill Material of Levee

(1) Analysis of Generation Characteristics of Nakdong River Water System

(2) Analysis of Geotechnical Characteristics for Bed Sediment in Domestic

(3) Analysis of Geotechnical Characteristics for Stabilized Bed Sediment in
Domestic

(4) Analysis of Geotechnical Characteristics through the Field Tests

(5) Seepage Analysis Levee of consist of Mixed bed sediment

(6) Analysis of Generation Status for Bed Sediment Using the Physical

Exploration Technology

Part M. Levee Design using Geotextile tube filled with Bed

Sediment
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(1) Geotube Method and Case Investigation

(2) Literature Review of concerned with Bed Sediment in Domestic and
Abroad

(3) Design of Geotube Method

Part IV. Revising Levee Design Standard & Practice Work

Specification

(1) A Proposal of Stabilization Technology using Bed Sediment
(2) A Proposal of Field Quality Control & Design Technology using Bed

Sediment

IV. Research & Development Result

Part I. Guideline concerned with Bed Sediment and Technologic

Trend Investigation In Domestic & Abroad

(1) Investigation of Guidelines concerned with Bed Sediment In Domestic
o Investigation of River Design Standard, River Construction Standard
Specification, Dam Design Standard, Environmental Standard Load
Transfer Mechanism of Culvert and Conduit
(2) Literature Review of concerned with Bed Sediment in Domestic and
Abroad
o Investigation of Research for Beneficial use of Bed Sediment as
Construction Material
o Investigation of Research for Bed Sediment Treatment & Management
System in Abroad
(3) Analysis of Generation Mechanism and Status for Bed Sediment

o Application of Generation Amount of Bed Sediment
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o (Generation Characteristics of Bed Sediment in Domestic and Abroad
o Investigation of Bed Dredging & Dredging Construction
(4) Field Compaction & Mixing Equipment

o Characteristics of Compaction & Mixing Equipment

Part II. Evaluation of Compatibility as Fill Material of Levee

(1) A Proposal of Stabilization Technology using Bed Sediment
o Grain Size Analysis Test for Bed Sediment : Geum Riv., Nakdong
Riv., Seumjin Riv., Han Riv.
o Comparison to River Design Standard and Grain Size Analysis Test
results
(2) Analysis of Geotechnical Characteristics for Bed Sediment in Domestic
o Analysis of Shear Strength for Bed Sediment
o Analysis of Permeability for Bed Sediment
(3) Analysis of Geotechnical Characteristics for Stabilized Bed Sediment in
Domestic
o Analysis of Permeability for Weathered Soil Mixed-Bed Sediment
o Analysis of Permeability for Stabilized Bed Sediment
(4) Analysis of Geotechnical Characteristics through the Field Tests
o Analysis of Strength Characteristics by Mixing Ratio
(5) Seepage Analysis Levee of consist of Mixed bed sediment
o Seepage Model Test and Numerical Analysis using Model Section
o Numerical Analysis of Practice Section Analysis by Mixing Ratio
(6) Analysis of Generation Status for Bed Sediment Using the Physical
Exploration Technology
o Physical Exploration Technology & Case Investigation
o Field Application of Physical Exploration Technology for Estimation of
Generation Amount of Bed Sediment

o A Proposal of Investigation Specification of Bed Sediment



Part . I Levee Design using Geotube filled with Bed Sediment
(1) Geotube Method and Case Investigation
(2) Literature Review of concerned with Bed Sediment in Domestic and
Abroad
(3) Design of Geotube Method

o Consideration on Design theory and Design

Part IV. Revising Levee Design Standard & Practice Work Specification

(1) A Proposal of Stabilization Technology using Bed Sediment
o Reasonable Equipment Selection, Spreading Depth, Compaction Method
by the laboratory tests and field tests
o Development of Quality Management Technology by Bed Sediment/Good
Quality Mixing using Equipment(backhoe et al.).
(2) A Proposal of Field Quality Control & Design Technology using Bed
Sediment
o A Proposal of Levee Design Standard & Revised(I) Specification
o A Proposal of Beneficial Use of Bed Sediment and Practical Specification

(Investigation, Design, Construction, Quality Control)

V. Application Plan of R&D Results

(1) Reducing the Bed Dredging Equipment and a Levee Construction Cost
and Environmental Preservation or Apply the Utilizing a Waste
Resources.

(2) Utilization of Repairing & Reinforcement for Establishment of Disaster
Prevention Plan of Levee.

(3) Application of Practical Design/Construction Specification for related
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engineer.
(4) Design and construction technology for Geotube method which is filled

bed sediment
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(1}) NAVFAC (Naval Facilities Engineering Command, 1986) w7+ <

o DM - 7.02 ; Foundations & Earth Structures
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< 31-11> X=X wE AA ARd deld R Hd ALY 54

(NAVFAC, 1986)

T B A ow 5 4
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Dl epmrys} obasta 2445 PD>159 SC ol Aol 7H =
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(t}) SADAT ASSOCIATION, INC. (2001)

o Use of Dredged Material for the Construction of Roadway Embankment
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- RDM+8% AHE (FA7|F 1714, 6714)
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(2}) Ali Maher (2005)

o Palmyra Cove Demonstration Project Beneficial Use of Dredged Sediment
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<3# 31-12> @ AE A3 (Ali Maher, 2005)

2 A )2 2 A &) 2

e o | m s | e ST
STP 1-1 16.474 14 STP 5-1 15.700 18
STP 1-2 15.856 18 STP 5-2 15.543 17
STP 1-3 15.856 16 STP 6-1 15.700 19
STP 2-1 17.895 11 STP 6-3 15.856 18
STP 2-2 15.543 19 STP 7-1 15.386 18
STP 2-3 15.543 18 STP 7-2 15.543 19
STP 3-1 14.132 19 STP 8-1 17.738 11
STP 4-1 15.856 19

(3) F5AY

Fol BrAe AUR FEREN0NA B AE TE E)E 2 F A

dHom WAsk glem, 946l v W oW 94 DIES F% F

<# 3.1-13> F5A1d Z3 (Ali Maher, 2005)

A vl L A
STP 1-1 3.68E-04 STP 5-1 1.75E-02
STP 1-2 1.48E-03 STP 5-2 1.89E-03
STP 1-3 6.30E-04 STP 6-1 5.08E-03
STP 2-1 6.24E-05 STP 6-3 1.38E-02
STP 2-2 8.10E-03 STP 7-1 7.41E-03
STP 2-3 2.33E-03 STP 7-2 7.94E-03
STP 3-1 5.87E-04 STP 8-1 1.25E-04
STP 4-1 1.80E-02
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Zo] ArEAL ey e Mohr-Coulomb T3 7% 21L& o]&3lo U}
o Fo AdHE=E AP AA Qo AFSEHel shgolty, AEUE
S ASTM D 698¢] ¢lsto] HojA 9 U~100% AEZ AYEFE & Am
ato] HAHEF(CUOANAS Falatdth olul T4 % (0,)S 345, 69.0, 103.4kN/m”
Zow Y}

Aol FAFHEE <F 31-14>0]4 HEo] co 5.52~20.68kN/m
69 A% 36~39°9 o e A 2YUE FEEHS Gehdth

S= ¢ +o'tang

o 7] A,

S = ‘3—5%9] %_1:’_}701'11:—

¢= Fo FE AR (FY 29

o= A4FELY

¢ = &9 WFupEzt

<F 31-14> JdEEF e A=d=F=AEg A3 (Ali Maher, 2005)

ANE WE () ckN/m%) | A8 W5 () c(kN/m?)
STP 1-1 38 14.48 STP 5-1 36 6.89
STP 1-2 38 9.65 STP 5-2 39 12.41
STP 1-3 39 12.41 STP 6-1 36 10.34
STP 2-1 39 20.68 STP 6-3 38 6.21
STP 2-2 39 5.52 STP 7-1 37 6.89
STP 2-3 38 15.17 STP 7-2 39 6.21
STP 3-1 37 18.62 STP 8-1 37 15.86
STP 4-1 36 11.72
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(5) CBR
Ao = ASTM D 18830l 4ol wel & 1570 Al#He] tidk CBR A 82

SRR B ARATE WE ofABE Tuuge] wa kv E27]E A7

(6) MR (Resilient Modulus) #*

MR#-2 CBR#: % w7t A 2 22874 Al o] &5 &
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¥ 31 9 HGiuseppe Bortone et. al., 2004).
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¥ 31-16> J)7%9 HA 7|2E

(SEDNET, 2004)

H4E 3 FAE $% | o9 4% | e9¥ 54
A2y L NEA/
=2— =
g | SO mad | he | 30| e |f1E| 7R
e
1.1. siA57] + + + + +/- - + +
12 E# 4 N e R 7 e A
21. &5 +/- + + + + + + +
22 X4 +/- + + + + + + +
31 Ax &< + + + + + + + +
3.2. 9&x g4 + + + + + + +/- +
41, S5 5% : ; PR I B B . R
42, 44 &z + + + +/- + + + -
51 ABSA A& | /- |+ | o+ |+ |« |o| |
5.2. 33s+A Az} + + + +/- + + + -
53. €4 4ts} + + + +/- + + + -
6.1. 3}3t% =3} + + +/- + + N A .
62. @7 73 NN
71. FFF7] ¥ + + + + + + + +
72, SA AE + + + + + + + +
> I~ [e] = = (e}
+  AgIAo] 7lEA R FE A avE UEhiA 4+
+/- AgIAe] 71EAow PRES FEa I oS TR 29E YERiA] e
2= o) = =] o
~ AZAo] NEA0R 4837 e FAAR) BE Rl
g > N\ AR
Relocation Sediment v
—_ > [ swaquecus sopor |
disposal Sediment
= - I
‘Water body
treatment jcal / chemical g it
H3 Up-land VaE v -
treatment land-farming / ripening Sediment m
B e S > (oweine |
disposal dewatering Sediment _
s % Granulate
Up-land & g-lv\q} 35 9 é
5] treatment Sediment . . mlﬂl-
Up-land ' L Silt :;nellcial use
5] treatment . e Sand, T e 5
separation 8
Up-land & /—‘ =T 5
E < ﬂ e Akl products 3
cepar d Construction material
m :”;’,’,pes' L ieond:,'.;f"y‘ [ :,"w.,.“ State of the scientific and
u g'i'r‘:l‘;un ‘i‘ 32:2:1;5:':;‘ . :Ifl;cu:mll | Seeortee | technicﬂ\kﬂowiedge
<9 31-12> vigg e FAEA Agrle AF 5 NEFR(AKWA, 2000)
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intensity) ¢, %}

(3.1-1)

B, —2

B —2

/

1

ves

A
1+ AP

=1/7 o]t}

B.

A,=435,

o171 A,

o] <18 3.1-34>0 A&} o] A

5|

&

9l AelA, A% B,=

!

(3.1-2)

)1/2

(_L_L
gD s—1

ip dp
ib Ys

*

o

(3.1-3)
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Ys—1)

B
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B = logl0.6 ; B, = log(10.6X/2)

olw] AT v. 9} FERAAF Y= 47 <29 3.1-35>, <19¥ 3.1-36>FH

1

b, g AdAe Xghe 4 (31-4), (31-5)9 go] AQwh.

ﬁ 200
i \
| I ot S
".".“' N— “l__” i @ ‘\
T “ N
].'1:1.\‘ %‘J » ‘\
== N
I il '
| K! —
\.‘ . =
10 )
i i 3 \
00 258 m Dpereeter et al. (1530 N
10 075 m (Gl {19H) T | il z N
ekl w \
(1] 10 T T N »
gL LU [ 1] |'| m £ =
(1 o0l woyoow 10 i o' o .

<9 31-34> oFRISFERQIF A 9] ©.-W. <% 31-35> HAAF 19
#A) (Eistein, 1950) (Einstein, 1950)
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Des
s &

< 31-36> FERAASGT Yo #k(Einstein, 1950)

T 11T
TS5 TSlegg302wn)y | |
LS " 1
» 4 \ *‘,-575 logid12.27 RAA)
/ \ A.?
AN
. 4 AN
/
x N / [~
oa //
0.6
03.1 o.zl 0.4 0.6 1 2 4 6 - 1o 20 40 &0 100
ka/ & 2 2t

<a¥ 31-37> Hd a5 75 2159 Al xo %k(Einstein, 1950)

M
e

X=0.77T k/x ; k.6 > 1.8¢ (3.1-4)

X=1.386 ; k/6<1.8 (3.1-5)

AZIM, 8 = el W SFAS FA (= 11.6V/u,” )

4 G124 97 ie] RS thed gol ey £

ipag= @i,y Vg D;**(s—1)'? (3.1-6)
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dp = 21 igap (3.1-7)

(t}) Engelund & Hansen-& 2

Engelund & Hansen3 2] (1967)2 sl 2] “dAlo] &(similarity principle)ol] 7]%
ste] wkEojxlow mAATE f FAY FAMEFS ©, FAY g5 0, AFH
S 1, TAS dE L S Bl e 2ol vyl 5 v

f=0.10%"2 (3.1-8)

AN, =280

_ q;
~ oy (s—1)dDk,

LY

-~ [¥(s—1)Dg)

TO - YdS

A (31-8)& AgstH ARl et vheat 2ol YERd 4= Sl

3
_ o (d-8)* 1
q,=0.05Y V" Dl as— 1)’ (3.1-9)
171X, ¢, = AFALZF(E/T)

= fAtel B9IF /LY

o
©»
|
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I
-
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o
o
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(ST OA ﬂ.dﬂ = X° < RT T &l - :
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o 1 5 -5
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D b,
log C,= 5.435—0.286log """ — 0.457log

(1,799 -0.409 75 —0.31410g 1) (3.1-11)
VS VS
*log (=7 w )

z70%2 el SARE v, e thewt o] mAHL

[€)

Vo 2.5 g Dy .
Ver _ o WDy )
w — 20 (B (3.1-13)

= 3y, S/wE AAs L

a8y Yange 2 (3.1-11)9A A =AS ey

ThA] 3] 7] 4] (Regression Analysis)S 8te] th &2 o] {1319

D *
log C;= 5.165—0.153log ™ —0.297log *

(3.1-14)

u* )logﬂ

wDxy
+(1.780 —0.3601og v —0.48010gw w

Hr

=
@ ol FAE SHAE 974 AAF Sz Rolx A4 Wi DE p e ol 43
g, 97 5REE 4 45 AT YangS AR 37 £ 4% AnE
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(m}) Ackers & White &2

o

Ackers & White(1973) &2

o) =)
2

Aol ouA Ad Feel Aol ey Al
& 0 4 (31-159 2ol ¥

A FAEFS ol%F F(mobility number)ol] A 3t
T A Ao A e
G = c(-Ee_ " (31-15)
gr A '
A7NN, G, FAL FARE BAGE, 1 Aol o Zol ekl 4 gl
C C; , u.,. "

(3.1-16)

AN, ¢/t FAFEASH Bl EFEe T Mz BAHE fABEo]

o g3, Ackers & White &2 A o] (Mobility Number) F,,

o thest ol
% ol s .
[ S V YL (3.1-17)
= VgD(s—1) * V32log (10d/D)
4714, A% m, C, A, ne & 4 GI-197 2 FAY $4974 p, o ¥
olm, <F 3.1-24>9F o] JEld 4 9l
D,, D(ﬂgisvizll)”3 (3.1-18)
Ackers & Whitee 9§74 DEA p,& FHsAth o] 4% ¥4 Adojnzg
o welE AR FWHth 1o FAY FAEY NAREH 2SN 5
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1990)ll ¢]&}™, Ackers & White 3212 D<0.2ommoll A FAF=Fe] opshA +4
H7] wjitel o] T2 MAY FAARe] sl A &-st7] of Hoh

<3 3.1-24> Ackers & White 3249 Al+E

A 1<Dg=<60 Dyr>60
C logC=2.86 logDgr( log Dgr)2-3.53 0.025
n 1 - 0.56 logDgr 0.0
A 023/ Vp,, + 0.14 0.17
m 9.66 / Dgr + 1.34 1.50

(1}) Shen & Hung&2)

o zgow mE FRAAY 247178 BUHoR e o] BT
Hgokd] o Fo At whebd AEHQ ZvolA Be Auches Fo 5o 2 &
AE Wl W@ 2 SR Ae] Alte] ks, H delrk delnl 874
AAe) Aol e 4ol o TE ARE 2L Amel ¥ U A8
4 4% 2o A%E 92 F Avkn APSAT oES SYMFE AL

log C,= ay+ ayx+ asx* + ax’ (3.1-19)

x= V"S“W"d"” (3.1-20)

1714, ¢, = FAHe] FAE = (ppm)
ay,=—107,404. 45938164
a, =324, 214.74734085
ay=—326,309. 58908739
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as =109, 503.87232539
ay;=0.00750189

as;=10.00428802

ag=—0.002399 74
a,= 0.0

o] A9 W] 99 EA = ppm, VE ft/sec, wi ft/sec, d¥& fto]th.

(Ab) Ranga Rajus-2]

ol

l
rlo

73}

A FAFY 0 FAY AFE 09 we 2HS BAVE dvkE )
4L . FAY A o9 FAY 278 105 474 udey go] yekd
4 Atk
_ e —L_yie (3.1-21)
Yo' ¥,—Y gD
r__ T ' .
T*_Tzfgﬁ (3.1-22)
oA71A 1=l A o] HA AL AFE = yR'S
R'=Strickler &2 elA] T3 A= AbHzEol gk F2vkA
dutd o= A (31-2D) (3.1-22)% v &

B =0 (1, (—y o
Ty

(3.1-23)

o] 714, 2 (3.1-23)¢ &3k

pis

0

A 00527, (—) <100 Fk 171A A%
& thgst gol vhehy % ek
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(3.1-24)

u/ w<0.5

(3.1-25)
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F 31-25> f-euet 40 A A9

s T8 T4 =A% (km) <98 A (ki)
SR R
-]_7"_ - Y%, w0,
A St 7. Ea ks 481.7 32,200
BRI =
357 R 5215 32,208
[ RR S Ade]
7R = ul A7)
7} 2o T, Yoo,
= 7 =A% Al 395.9 17,767
A7 . AAALT) et 1295 8,406
= [e RN g6 /E]le} . y

dA sgEe daAE PAMeE }R dpse gt BEe ¢, §9 =

s
=
)
o)
o
2
=2
ol
Ay
N
)
rlr
Ho

S
Do

AA SRS MAFS iz 24 A g
b HARE A RYES HEE FAY BAFS AR BYYOE AHYS
o 2 Ab8h i v,

<E 31-26>9F <29 31-39>% §F4AG S/ Al He sHYE HATFE
e Aol of

Aadeol Mg AL SRR

Aol 7HE B shdE TS HolFal glow, il

S YERA AT

N

v

[-uE

S A S E A (m'/s) | SHYE 2A F(m'/day) H| 31
A 0.811 70,084.52 153] &7 Htg
W L 0.133 11,492.57 113] &7 Htg
e 0.609 52,619.51 133] &7 Hg
o] 2.856 246,799.76 133] &7 g
A& 0.074 6,422.93 83] 4] At gk
A 0.555 47,986.4 103] =78 g
S o L 0.057 4,892.72 63 S Atk
=3 5.096 433,875.47
% AR IUEAEHE F3A A 2" (www.wamis.go.kr, 2006. 2)
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ot I I e I _
¥ wEmD ey oF = Mol slim &%
<I¥ 31-39> 374 A9 S E T
<3} 31-27>3 <29 31-40>2 FHEG 117] A Hde tish spE A
< YUERRY. a9AHe] 7MY B2 SHHE HAHS 7= AeE YEya, 4l
x| "ol 714 A2 S E dAEFS YERY AT
<% 31-27> 54489 sHEE A
Z2ZAANY | AE A (m/s) | HHE T FH(m'/day) H] a1
T 0.098 8,476.65 173) =49 H 3k
{2 0.059 5,111.86 163] 7o Atk
S 0.213 18,439.08 1738 &7do] Ak
3y 0.046 3,974.716 113 A9 H 3k
2 3} 0.179 15,423.76 93] A9 HTH
==t 0.770 66,557.02 123] =49 HHF#
5T 0.528 45,639.38 143] =79 Ak
T % 0.098 8,443.46 193] =A 9o H1 3k
T4 0.049 4,244.45 33 A HTH
o] A 0.334 28,861.21 423 A9 Hy gk
Al gl 0.0197 1705.03 613] =A< Hr gk
=g 2.394 206,876.66

¥ FA4 0 I/ AL T A RA] 2" (www.wamis.go.kr, 2006. 2)
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Mosa @4 AN W @®  »E T ¥ MM ois o BN

<3 31-29>¢F <29 31-42>¢ HEAdAd e 7 A e st E EAT
& vehd golth, ABA el Y we SR AR AAE, FANY| 7

e s WA UE

;g

2

<¥ 31-20> GEAAY 4R BAF

ZAANAY | EE HAFH(m/s) | HEE HWH(m'/day) H] a1

2 0.026 2,212.99 163] =4 Fd3
kil 0.0017 146.05 73] SA o Btk
4 0.025 2,119.53 123] Z74°] Htg
AA 0.0031 246.35 163] &7 g
o 2 1.908 164,836.5 163] &7 Htg
TE 0.0111 960.14 203 =74 Bk
ZE 24.61 2,126,568 213 274 Bk
A= 0.011 937.42 223 274 Ak
=% 26.60 2,298,026.98

% E3 0 7 AYEHE] S B Al 28 (www.wamis.go.kr, 2006. 2)
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3 31-32> dxEAA g

#*= =5 A7 0]—?1_?1’-:%5}?1 E&H A&W Yang S &H Ranga

= (tons/day) (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)
1 (030(?02_}(1);30) 289 173 0.1 14.1 1.0 0.6
2 (142193002;1;4;2120) 60.8 12.6 0.1 11.6 9.1 105
3 (14210%%25?520) 63.0 13.7 0.1 12.5 8.5 89
4 (1303%33?33;0) 70.3 23.3 4.6 23.7 15.9 14.0
5 (13:030(;39411.31:1510) 122.0 83.3 110.0 96.1 74.9 46.8
6 (1203()3811520) 2289 143.0 199.4 163.8 137.3 69.2
7 (1421(?03}4)?;30) 673.3 993.7 831.8 1,150.0 1,032.8 260.1
8 (1303%33?520) 123.7 85.0 182 95.8 48.3 25.0
9 (142100003861)4120) 81.7 83.1 11.9 100.4 44.8 195
10 (1121%%3;??220) 639.1 142.7 665.7 179.5 2371.8 1749
11 (030(?03389130) 161,084.0 74,756.5 26,338.1 75,647.7 107,926.6 25942.0
12 (1421103%391.41120) 82,179.0 31,557.3 25,346.5 35,809.7 58,750.3 17,737.0
13 (130,%%3817125) 46,297.0 36,163.8 13,435.0 37,560.3 53,932.7 13,242.4
14 (05%003“(‘)381115) 5,764.4 8,889.9 3,668.2 9,774.6 102,924.8 2,019.7
15 (1?0300%“(4)111115) 1,159.6 5,234.7 1,787.8 5991.7 4,928.6 882.6
16 (1?)%0038;1225) 36,279.1 24,1372 1,999.6 25,274.0 15,298.6 2,177.9
17 (15(?03315?5) 13,362.6 13,135.5 5,232.6 14,592.0 16,507.1 3,425.5
18 (1(2)52)(2)3;9?5?5) 36,847.9 29,618.2 11,256.6 31,886.6 43,656.8 10,486.2
19 (121(2?(??152:?5) 16,684.7 15,859.7 5,769.9 17,611.8 19,998.3 4,168.8
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% 31-33> AAAH AR E F 5 v)aL
5 T4
= _ E & H A&W Yang S & H Ranga
=4 A7 oFQl4rERQI
=l (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)
(tons/day)
2002.11.02
1 167.7 29.2 14.0 19.6 20.3 22.9
(11:00~11:20)
2002.11.22
2 334.9 24.3 20.4 199 32.4 61.0
(16:30~16:50)
2002.12.09
3 203.1 21.3 6.7 14.7 16.2 20.8
(15:00~15:20)
2003.03.31 _
4 331.9 74.5 89.2 52.6 67.3 69.8
(15:00~15:20)
2003.04.14
5 37.6 24.2 11.3 15.3 12.3 14.4
(15:30~15:50)
2003.04.28
6 201.9 347.3 202.8 202.8 157.3 83.7
(15:30~15:50)
2003.05.09 .
7 854.7 557.1 636.7 366.1 419.6 267.7
(16:00~16:20)
2003.06.02 _ . . .
8 863.5 752.6 808.6 486.6 556.6 336.0
(15:30~15:50)
2003.06.16 . .
9 1,067.9 185.7 463.7 144.0 225.0 257.1
(16:00~16:20)
2003.06.30
10 . 2,583.8 990.0 1,838.6 714.9 1,094.6 866.0
(16:30~16:50)
2003.07.06 -
11 90,783.0 67,639.0 84,835.4 42,704.3 81,969.3 80,249.7
(21:00~21:20)
2003.07.07
12 12,511.2 7177.7 12,141.7 4,997.5 8,787.6 7,043.5
(12:00~12:15)
2003.07.07
13 9,844.1 4,976.1 6,949.8 3,358.1 5,215.1 3,714.0
(14:00~14:15)
2003.07.07 _
14 8,966.7 4,670.3 8,562.2 3,341.8 5,708.1 4,685.8
(15:00~15:15)
2003.07.10
15 46,422.5 32,370.3 43,160.5 21,022.1 38,323.5 33,486.6
(11:30~11:50)
2003.07.10
16 . 20,874.7 24,109.7 24,396.8 14,925.1 24,540.3 19,947.9
(16:00~16:15)
2003.07.10
17 19,095.4 18,628.5 22,037.6 11,8955 20,211.3 16,193.4
(19:00~19:15)
2003.07.13
18 107,647.7 80,497.5 112,696.5 52,323.4 105,885.2 113,934.9
(11:00~11:20)
2003.07.13
19 70,091.4 53,198.3 64,384.8 33,808.3 62,644.7 59,413.0
(14:00~14:20)
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# 31-34> hEAAH AAEEE F

} FA
=
S =3 A7) opal 7ol E&H A&W Yang S &H Ranga
= (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)
(tons/day)
2002.11.02 B
1 1,050.0 567.3 0.1 227.4 35 84
(10:20~11:00)
2002.11.23 _ _
2 1,110.0 559.9 0.1 2185 3.3 85
(10:40~11:20)
2002.12.10 ~
3 980.1 555.9 0.1 2175 3.7 8.3
(11:40~12:15)
2003.03.29
4 2,455.5 1,189.2 6.0 524.9 20.9 28.3
(14:10~14:50)
2003.04.12
5 4,374.6 2,633.8 50.8 1,266.0 107.2 106.5
(14:30~15:15)
2003.04.26
6 360,299.8 365,750.6 57,731.2 172,297.2 215,147.4 306,585.1
(15:10~15:40)
2003.05.10
7 B 35,895.3 43,297.2 4,726.7 21,831.4 13,161.5 11,176.8
(14:15~14:55)
2003.05.30
8 34,998.3 44,040.7 4,773.7 22,178.8 13,360.1 11,511.6
(12:00~12:30)
2003.05.31
9 262,899.2 289,898.6 44,346.7 141,188.5 164,537.0 203,712.5
(16:00~16:45)
2003.06.14 _
10 14,230.4 12,1925 906.7 6,225.4 1,952.9 1,382.0
(14:30~15:15)
2003.06.19
11 17,996.4 15,458.6 1,194.4 7,625.1 2,659.8 2,135.6
(20:10~20:55)
2003.06.28 B B
12 770,668.8 561,235.3 78,618.4 268,120.5 352,192.2 540,785.4
(12:30~13:20)
2003.06.28 )
13 935,806.6 637,283.6 108,290.3 306,662.8 445,619.3 625,304.6
(19:40~20:15)
2003.07.07 _
14 202,654.5 227,326.2 40,918.7 115,000.3 137,732.9 133,453.8
(20:30~21:15)
2003.07.10
15 3,729,028.0 2,440,595.7 289,133.6 1,022,411.7 1,654,548.0 5,661,742.2
(16:00~16:40)
2003.07.10 i )
16 5,065,053.0 2,739,385.2 353,298.4 1,116,916.7 1,887,001.4 7,230,566.2
(23:00~23:40)
2003.07.11
17 4,127533.0 2,376,726.4 320,885.3 968,094.5 1,615,303.7 6,145,768.4
(02:10~02:55)
2003.07.11 _
18 1,630,811.0 1,218,784.3 129,378.6 543,765.3 731,270.6 2,025,057.0
(12:00~12:45)
2003.08.17
19 1,097.4 551.1 0.1 261.2 3.8 6.7
(15:40~16:15)
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#31-35> $EAR AAWEE FHAE v
o= FA
= =3 A7) opal 7ol E&H A&W Yang S &H Ranga
= (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)
(tons/day)
2002.11.02
1 0.4 44 0.1 16 0.1 0.1
(13:30~14:00)
2002.11.23
2 0.3 29.2 0.1 0.9 0.1 0.1
(13:00~13:40)
2002.12.10
3 0.3 2.2 0.1 0.7 0.1 0.1
(14:30~15:00)
2003.03.29
4 0.1 0.6 0.1 0.2 0.1 0.1
(13:00~13:25)
2003.04.12 B
5 873.4 51.4 0.1 26.7 0.6 05
(16:50~17:15)
2003.04.26
6 178.6 1,592.0 758.8 1,041.5 700.0 201.6
(17:10~17:40)
2003.05.03
7 20.1 211.6 0.3 120.1 54 2.8
(14:30~15:00)
2003.05.10
8 ) 21.1 2074 0.3 118.0 5.3 2.8
(16:20~16:50)
2003.05.31
9 3,192.0 5,281.1 2,752.1 3,585.2 3,391.8 971.4
(13:40~14:10)
2003.06.19 _
10 _ 13,035.0 19,090.8 8,498.9 12,304.4 15,285.3 4,788.6
(23:15~23:45)
2003.06.20 _
11 _ 9,420.3 15,324.0 5,920.0 10,027.2 10,678.7 3,200.8
(03:35~04:05)
2003.06.27
12 41,689.5 43501.0 22,222.8 28,288.1 45787.9 17,102.1
(23:20~23:50)
2003.06.28
13 ~ 556.5 2,956.0 956.6 1,981.8 1,162.5 312.2
(10:15~10:45)
2003.06.28 _ _
14 159.5 1,2194 647.4 836.0 541.2 165.9
(18:25~18:55)
2003.07.07 .
15 4,624.2 8,858.9 4,409.3 5,959.6 6,342.1 1,860.4
(18:10~18:45)
2003.07.08
16 120.7 1,256.3 449.0 846.4 425.2 122.3
(13:10~13:45)
2003.07.08
17 119.7 1,130.8 414.0 772.4 380.0 111.8
(16:00~16:30)
2003.07.10 _
18 65,745.0 55,221.3 30,298.9 37,411.6 64,966.2 26,3785
(15:40~16:15)
2003.07.11 _
19 81,635.2 72,565.9 35,821.2 47,497.7 83,780.6 35,161.5
(17:10~17:40)
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E 31-36> HEAR AAHEHE FHAE v
5 T4
= - E&H A&W Yang S&H Ranga
=4 A7 oFQl4rEFQI
Kol (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)
(tons/day)
2002.11.02
1 0.4 0.7 0.1 0.3 0.1 0.1
(15:10~15:30)
2002.12.07
2 0.1 0.1 0.1 0.1 0.1 0.1
(14:50~15:10)
2003.03.14
3 4.2 20.3 1.1 114 5.0 3.0
(14:30~14:50)
2003.03.30
4 2.1 10.7 0.1 6.0 2.2 19
(14:10~14:30)
2003.04.29 _ _
5 69.0 439.5 372.5 296.1 305.5 122.1
(15:40~16:00)
2003.05.10
6 ~ 49.6 114.2 20.1 68.8 24.9 9.0
(14:35~14:55)
2003.06.02 i i
7 135.2 235.7 95.3 150.2 90.2 31.7
(15:25~15:45)
2003.06.14 B ~
8 97.6 75.2 122.3 56.3 59.8 43.6
(14:30~14:50)
2003.06.19 ~
9 8,871.1 16,468.2 9,663.0 10,220.0 16,831.5 8,670.0
(21:20~21:40)
2003.06.20
10 534.3 12,564.1 731.8 828.4 800.8 281.7
(13:20~13:40)
2003.07.05
11 5,717.6 13,078.0 7,053.5 8,297.0 12,434.8 6,056.6
(04:05~04:25)
2003.07.05
12 B 9,766.3 19,354.5 9,970.9 12,173.3 19,221.0 10,197.8
(11:55~12:15)
2003.07.05 _
13 2,463.0 6,988.6 4,014.7 4.564.9 6,208.0 2,698.8
(17:32~17:52)
2003.07.07
14 1,443.8 41377 2,592.9 2,756.7 3,510.0 1,430.2
(14:00~14:20)
2003.07.11 i
15 5,930.3 11,109.8 6,857.4 7,298.0 11,205.6 5459.1
(13:20~13:40)
X 2003.09.12 .
16 248,219.1 398,400.3 105,297.1 193,306.6 407,829.9 478 551.8
(12:30~12:50)
2003.09.12 -
17 91,861.9 174,552.7 52,558.7 90,651.7 174,552.7 164,426.7
(14:45~15:05)
2003.09.12 )
18 58,541.1 102,321.6 37,460.1 56,190.2 106,137.0 84,978.9
(16:00~16:20)
2003.09.12 -
19 35,745.1 69,938.6 26,136.4 39,288.2 70,217.3 50,712.5
(17:00~17:20)
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% 31-37> AFAH Y FHAEE v
5 T4
= _ E & H A&W Yang S & H Ranga
=4 A7 oFQl4rERQI
=l (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)
(tons/day)
2002.11.02
1 233.6 1,689.0 25.2 692.8 36.4 61.1
(11:40~12:10)
2002.12.07
2 221.2 1,345.5 14.2 533.7 20.8 43.9
(10:50~11:20)
2003.03.30
3 N 1,665.8 5,236.5 124.4 2,283.6 204.7 444.9
(10:15~10:45)
2003.04.12
4 2,075.6 5,481.1 116.5 2,497.0 207.1 462.9
(10:40~11:10)
2003.04.19
5 6,774.2 5,252.3 1135 2,389.2 199.4 422.6
(10:00~10:30)
2003.04.29 .
6 163,739.5 129,430.1 10,042.4 58,936.9 40,331.3 90,832.2
(12:10~12:40)
2003.05.08 . )
7 32,303.5 64,702.5 7,500.9 30,576.2 26,167.3 33,1529
(16:00~16:30)
2003.05.10
8 312,297.4 203,597.6 12,430.2 90,930.1 61,691.6 235,744.6
(10:40~11:10)
2003.06.02
9 328,393.2 213,482.8 11,7575 94,474.1 60,858.5 291,547.5
(11:15~ 11:45)
2003.06.14
10 34,940.4 32,694.3 1,394.7 15,547.0 4,098.2 9,488.2
(10:50~11:20)
2003.06.19
11 169,414.5 137,138.6 8,350.8 61,712.4 36,611.1 120,118.8
(22:55~23:25)
2003.06.20 _
12 307,550.0 205,803.9 11,621.0 92,224.9 59,884.3 252,225.9
(15:05~15:35)
2003.06.28 . _ _
13 365,749.3 229,157.6 12,051.4 102,049.3 65,779.8 314,885.6
(17:50~18:20)
2003.06.29 _ .
14 797,709.9 555,231.8 32,992.0 239,527.5 218,874.0 1,215,072.6
(10:50~11:20)
2003.07.05
15 _ 1,152,670.0 745,082.7 48,347.6 314,921.6 315,252.8 1,851,116.6
(19:35~20:05)
2003.07.07 _ . _
16 1,180,033.0 787,041.5 49,743.8 336,281.4 338,325.6 1,904,572.4
(15:40~16:10)
2003.07.10 ) ‘
17 1,031,309.0 730,416.1 45,379.0 313,923.5 317,031.7 1,731,241.6
(16:40~17:10)
2003.07.11
18 _ 5,220,442.0 2,163,438.9 152,424.1 878,897.0 1,180,057.6 7,436,821.1
(11:25~11:55)
2003.08.16
19 4,861.1 10,772.4 260.5 53,712.0 615.1 1,368.3
(10:18~10:50)
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P AR TS

;On#
o
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<G 31-44> v AM e frEavd H 25 RESE(EEA, 1999)
Tavd & XFE HHE=
2] Z}Fy] ™ A (tf i TS =
o) g A (tf) (m) (km/h)
6~8 0.7
A ~1 )
2 H; 810 0.8 15~2.0
s = 10~12 0.8
= 12~15 0.9
a o 6~8 1.1
= 8~10 1.1 2.0
10~13 1.2
5~9 1.4
Efolof =¢ 8~15 1.8 2.5
12~25 2.0
15 0.7
s =49 2.5 0.7 1.0
4.4 0.8
0,5 0.4 0.6
AE AAE ’
5 A 1.6 0.9 0.8
<3 3.1-45> THAAEA] EEA
ERER | BETEE
S| AR | Ades |0 aEs| T
e e | AL, AHEE |24, vheE]|l 20 5~8 2~25
A471%,
o = i3 i ]j‘/g—’ ]j‘]ﬂ—’
PINE EE AR, AR e 20 5~8 2~25
EFx7]
FAE, | =4, = .
ea| PAE | AETF, HE WA
Bhelel 21 g oz | 20730 | 58 3~4 Eéﬂ%;& |
Ay X x7 "
24E =, B
g £ e | AeFANrel [ 20~30 | 6~10 4~8 HAE
=t EE E_—g_ Xj’ié]—
s & | AHEE, A2 =4, =1k | 20~30 8 1~2
s HAE | AHEE, A2 | =4, =9 | 15~25 4~8 0.4~0.8
AL AAAE | Hlwa 9o
ast, gel | TEED a5 | amg o
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<¥E 31-46> v AR g3k dukd 7=
EAF A E dAHE
29 °]d 3.6m O %4 32 ton ©]A
A% =38 6ton °|A O Y2 58 & 824, 825 F 9 H

[e]
Efolo] 2] FHAIY 56kg/cm?o] O Heo]7
=2} 55001 %

O O O O

(2) B3|

Agrae meo] FAW LH(EY) AFol oste] Folu} ofjrBEF HHow
B AeR 2E 29, gelo] £, #E S 9

DO 2= =¥ (road roller)
=

t e Hug JEHY oo A3tetH, wAH E 8 (macadam roller),

gy 27 (tandem roller) 5°] AT} <3E 3.1-47>AE 2= 2o HELEAS

=

<E 31-47> BE 299 Ag ER

s R
A 7159 gF
HAlE = 2LAE AANE
ol~BE Ao 27| Mt
Q] Z] 2]
o 2 FEEE BEE
ol~ZE ¥ Ao npHe Ay

- 131 -



W =2 (macadam roller)E= <718 3.1-58>0l 4 H.Zo] okut] 17§, SlupH)

7F 27091 3% A Aket e FEEA SuF R s

= AHE olABE 2] Bl FR AR HY A - 2

[¢}

ul &
N =71

b, AR 23w

¢~ g ¥} o]t}
HAE EHE= A5 10~128F0] Wi, =35 E¥xo 4% A5 3, 5 7 A
Lotk E Anjel MdEe HE AF 25~30kg/cmolil FE9 AF 61~
82kg/cm ToZ THES UFat Ay 249 3> 57 FH9 1/2~1/45 A
A GRS stk U AFS wAlE E8 e <3 3.1-48>3
<29 31-58> WY =g
<3 3.1-48> Ul AFE wIlE E8 9] Al
. < (ton) A o= .
a9 capacity empty |W/ballast (kg/cm®) power e
(ton) — (PS)
Al F | A F|H|F |2 |F 71¢] 4| km/h
Sakaiwm?7608| 8~10 |2.56|5.44|3.38(7.12| 2.7 |685|125|52 | 58 25~10
Sakaiwm?7610| 10~12 | 3.2 | 6.8 |4.02(848(322|81.5|125|52 | 57 3 125~10
5ol <ukF] e} sivkg] 7t

dAMew Hojgon, 28
FEol ALgETh 2

E 2 (tandem roller)= <1¥ 3.1-59>0lA H

2 3F2A o
Z}

M olABE R Age] 7}

~
Sk

How oA B$ 23

o
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Z_%lo

o, slupsle] 45

a3

1™, #pe]



gele Al A 8~108, sHEue

o] 749 40~50kg/cm ©lt}. ] AlEE = ©

i
o)
i
i
2
of
o
v
2l
>~
rir
0
i,
T
n

<Y 3.1-59> "y =8 (2854])

H 31-49> F) AFE WY 2o A9

' % =¥ (ton) A <= P
. capacity | empty |W/ballast (kg/cm®) power e
1 ¢
N R R I R T ) R I P I

Sakaiwm7706| 6~8 |2.76]3.84|3.58|5.22(31.1|41.1|115|127| 58 3 21~80

Sakaiwm7708| 8~10 | 3.2 | 48 | 40| 6.0 |34.8|47.3|115|127| 58 3 2.1~80

@ Efolo] E¢(tire roller)
Elolo] Z8i= <® 31-60>°14 Ho] vre] g7 BrololE Afste] thAl
aEs 2T 2 Frle 2FED AFo] 3~57, FEFA FFol 4~6719]
Eloloj 5 Azbeta glow, <ubF el slut el Ao 2 13] §
AES vAA Ik &7] Blolol= AnbFdll vlef A2AF7E A7) wzel 2 A
Aoz izt AW MneA s 2AdME S & 5 L, FYEET F
3 25km/h AERZ o]lF % 7}s3it)
Efojo] &= Elolo] ¥ HAWA LR Hils

o

JE
-

N
i
o
re
o
=
I
o
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719 Folw thalsele] Ao

bAl, eF

oIty <3 3.1-50> A& Eolo] 2

~ =
o] A8 B mE HAYHEH S YEhdh
Elolo] E8 = F7FskF(ballast) 2 Elolo] F7|¢t To2 4uH|V] =2 EA}
o S ALt FHYS AFgxddd Hgste] a3ded S & 4 9t
<719 31-60> E}olo] =9
<% 3.1-50> Elolo] Z&e] HAYH
=9 B HAAGH (EFolo] &7] =)
e, AHEE 1.4~2.8 kg/cm?
HET 22 AHEE 2.8~4.2 kg/cm?
HEA & 46 kg/cm?o] 4
<3t 31-51> =u] AFE Elolo] FE ¢ A
] Z= % (ton) Ao o= P
== R ca(pacgty empty | W/ballast (kg/cm?) power o
o) T T [ w | A w lalw] T e 4] kavh
SakaiTC6709| 8~9 | 3.1 |50. |355]|515(1.183|1.287| 3 | 4 63 2 0~16
TA 7510 11~29 14.1416.56(12.09116.91|4.030(4.230| 3 | 4 95 4 3.3~23.6
TS 360 11~36 [6.54|9.66|15.30|50.40(/5.100(5.100| 3 | 4 | 1185 2 0~12
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©
juttt)
ol
i
i)
=
Q
5
=B
5
(i)
—
e,
o
Z

gy S s A =9 ovpg Z9dd o8 Jle] =7](tamping foot)7} &S
19a3 FHo g4 2 5% AARY o= vt

2o dE e Astslrh 2 ¥ FH= AEZE =7 (sheep foot roller), 18] =

et
R
o
i)
2
facs
2
o

o

=2 (grid roller), B3 3 &Y (tapper foot roller), © 3 =7 (turn foot roller) &
o] At

oA7IA, FAZE F¢+v= <29 31-61>04 Bo] FHI £Fo] Hl =xlo] E=7]

A5 Z8= A% 22 (vibratory roller), 2% 7 ¥ (vibratory compactor)
Sol o AAE HE wo] A&HY. 53], & EYHE 4% dAHAAR ©

Aol AT 5 ol AN, olrBE x4, W FAYE, AY L B HAA B

NAYow AFE Fo BAY AvARHS g2 Od At AF 2o 4

ATl 7 el o BtA el fsto] BEAME vhAAER 24 FATE

o
m |
rob
r
o

<Y 31-63>0AE WEEUE HelFH, F FRol el
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(smooth drum)¥} %<2 (padded drum) S ©|

3 3.1-52>¢F 2t

Slch. S AR

e =9 AL

<19 3.1-63> % =g
¥ 31-52> Y ALE AE 22 AY
el ol cS csS cS cS CP CP CP
Tpilar =< 323C | 433C | 533C | 583C | 323C | 433C | 533C
=4 e smooth | smooth | smooth | smooth | padded | padded | padded
fly wheel power(PS) 70 105 | 145 | 145 70 105 | 145
A urek
gearmax | 1x89 | 2x12.8 | 2x12.8 | 2x12.8 | 1x89 | 2x1.33 | 2x12.8
P &
-’ 3 A
gearmax | 1x89 | 2x12.8 | 2x12.8 | 2x12.8 | 1x89 | 2x1.33 | 2x12.8
e
%% (kg) 4540 | 6670 | 9397 | 15460 | 4745 | 6912 | 10,760
g  freauencyMz)l o on 110707 | 94060 | 31750 | 6680 | 12460 | 23,600
max. force
=2 Z(cm) 1270 | 1680 | 2130 | 2508 | 120 | 1680 | 2130

< e dH 5

, AE HAHE = <a¥ 31-64>004 Hxo] HAPEE A= AHEHY &

of wet gy &t dEpAER & Fiel wEt X9

AE BHEE ¥RA
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24

=

=
@ %™ (rammer)

()

~A
i oy
- o}
: e
: : MW SO
g W ' T :
< Sy s :
B B : mu” : Mm
wow o ) s £
TR o— oF s ) . b T
N K o :
¢ iy A R
LO - o
W™ X T o i
do T a7 — o # "
= IH - o zn T G -
xn o L H
Ty e N © T
- : ) B! Al W=
T O 0| 25 \Y% w@ i 2 . ®
— XR _ Lu
,Wo Wr i bma o WL S
) ‘A,.* EO | __Ot X En#
TN _vf 3
= K = M : M_E
d & = M N- o)l
o5 = N T S DLk
T o — M i 5 m z ® %
= e X = e 3 = 5
m OF M W W % 5 mu : -
1r ,L.~| i o j
. ¢ % & mEooww -
e s | x
% JEI \U m ; @ B i o) &
2 3 72 17
_do 1 m : : iy PN W_ 4
:: ﬂ : - = o m
T = WP 3 = O il & o
=R/ 5] CHCY \% RO o o
_ ;o o o) 2o W o O
S & o (s 1& *
x® T Y & 2
~ wm A2 T
n(J\ _EL o © = ﬂE & _Ww
_ﬂuﬂ ﬁ,u H;E 1&1 o
i 5 M R ol
o < k%
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' tooth7}

5]

W Abg

4~10km/h= 3~43]

o
AT

N

R

—_
fite)

—_
o
o

=

Z+xgfelgolo] 1oy

<18 3.1-66> £ o)
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7}

3

8

w7} ol e o

=
i

bol o o A

©

’l_
A

7)o
-

=S A AEA=ZA HEA

=

=

°

AL

S

A2 A 2
Qo) e 7

g ™ BT [ T T X
W OT % 0o Ho= = . < 2 "o WP
5o w o %0 Vo T % dw gy = ¥ =
ny 0O

© T o T Lo ®op 2 E 85 o 0
o W N RO 3=
71_ ~~ o &O m fi%e) 0
: at7 ™ o 4 = <)
) oo = ok o B o5 M o= X

T 2 o = % T N T o %
w = T x L
ST TR Fowob T ok Y X T
PN B = o N oo 8 -
0% . T Ho N Mn e Ak i woE < 8
;2 E38 2 Rl crliiRL
A TR I pE o BNy L
[ 5 ® i = ¥ . T2 T o 0 B
Poawdgre T My S 4w PR
- F L E R - o g T omm & N oz
o g = X = ur N Ro oo g woBR b
XH EL J,nwo vi HT :‘ﬂ :ﬁ J ul E o 17ro HT_ ~ m B lﬁ < | 1#
~x = K o I T 3 = Ar FCI T S o ~
LEeeEE RS EE
1o [Sam) ¢ -
o w: ur ww m._ m_._ e K e g

< ~ 0 e X o H
e - R 52 P T o4 S e
<M oH o o "o n Y T o O e
T E X Fo X i =« = N mo N m._ mﬁ @ U og
w B Kl TR R om R E T ow o
o Mo " G o W oS N %

i AT Y - Kol &
= L % b= = o F T m K oy @ ©odg
< © N n 03 OL s © o Xq FOIE = oo
o X ETox o 3D Kk T oo 5O g
B B T To A T = " =
XU uﬂ w7 R o o ﬂl n_Al T ok o ol al <

A ) o J|7 — _

RN R T = TR F T EE W
5 e W = i T A & N

o = N :.L X . ;.ﬁ — No ‘o) Ee W T
o P om o= % ® S LR o4 T oE KR g
50 MR T — o A= T T W

Eiges

]
S

W (Unified Soil Classification

FE Ak T, AA ARZA
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<E 32-1> A AEE AAFFol ik A3 (NAVFAC DM 7.02, 1986)

. A A 54
o 1o a5 484
m.m us SEVE HYDHOMETER ANALYSIS
- 24A%(PD>159) CL, CH R s | e seaes 8
O |- devxt gzsta 24| M F TR e T TRl T
A5 (PD>1581 SC MIRIESNIIES R T et
\\ .‘\" T\'wm.étnlwmﬂn
Y L] T FANG. £y}
E \-\‘ I N\‘:‘{\‘/ uu'runlﬂul}_
o % |
- 24 AF(PD<158] CL, ML g i e S O e
@ |- 9=rzst Fostm < 8 H ﬁ"i{'"' Y '
A (PD<153] SC, GC ?
- SP
@ |- d=2E7} #53 SM
- 2AAFPD<T] ML
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<28 32-1> sHA AA 2 FHNE A} YA =

G A9ES 2 2
W) 2% 4

4 57 SRAY AA L HPE AnE 2GR W g 54 2 5

TF AFE BT <F 32-2>004 BEol AA Az AS HA 124x F
T AF(Cy) 393, FEAFCy 1.01 ALY PAo] #53 AFHESP)I7F 1744,

5 AT(C) 6.77~9.80, FEAT(Cy) 1.01~1.28 A= = d3x7F 4353 AHEE
(SW)7F T2, #5 A5 (Cy) 10.89~12.27, =& AIF(Cy) 0.70~1.08 A=<l 474 o]

Tsotal HEHo] ¥ AFHE(SP-SM)o] 2704, e A(Cy) 1016, = E AT

AEA AE T AR g FAAES FAsA Kkl CuoF Co& B 7HsHA
Zald ot Aol ol gf" AHAESM 52 SC)7F 122 ZAMEATH
T3, SE Ass AA 1A F #5A5(CY) 223~259, FEAF(Cy 0.8
6~098 AEl YAo]l w53 AAE(SP)I7F 24, #S5AFC) 678, FEAST
(Ce) 110 A=l JEF27F S5t AAFESW)ZE 14, 75 A415(Cy) 813~8.38,
FEATCy 0.34~0.77 xR YJAo] st HEZAo] ¥ ALHE(SP-SM)

F 2z, #5A5(C) 1472~16.05, FEAFC,) 136~164 A= JrHE7}

N

e

- 141 -



O
fols
ol
ol
&
(1
[m
i)
o
ok
Ho
A

)

~
>
i)
i
wn
=
wn
=
AN
X
w
=
b
__}ll_ug
Mo
it
>,
el
ot
2,
¥
Mo
=2,
=

CE 322> BF 4 2ANA L AERT 54 9 SARF 2
I UERFE 54 YRR
Dio(mm)=0.16
i \ Dan(mm)=0.32
prn| ST T N Deo(m)=064 | gp
el g Aga| | \ =T
I W Cam101
Dio(mm)=0.15
: . N Dao(nm)=0.41
P f@ii?;a | i Datm)-L01| - SW
: \ C.=6.78
T | Cy=110
T Dio(mm)=0.15
: Dio(nm)=0.43
#2-1 T_:;%ZE_Z A A E; \ Deo(mm)=1.02 SW
: C.=6.77
. T | Ce=1.20
R -
- % w D3o(mm)=0.08 )
422 j;ﬁ;iz ahar| E. T Dio(mm)=0.10 SMSf%

0.01 —
4F (mm)

Dio(mm)=0.15

D3o(mm)=0.56

SYEHUER(%)

|
#3-1| 459 A [ AA| . Deo(mm)=1.54 SW

T C=9.80

o |18
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!
Jm
o,
paf
of
e,

M
=il
in)
i
™

4

~

rl
S
51
Jm
oX,

of
e
o~
e

#3-2

D1o(mm)=0.08

1B (%)

D3o(mm)=0.38

ofr
o

e

Deo(mm)=1.27

Cu=15.72

Cy=1.36

SW-5M

# 4-1

D1o(mm)=0.20

D30(mm)=0.60

2 2 (%)

g5

Dego(mm)=1.46

Cu:7.43

Cy=1.27

SW

#4-2

Dio(mm)=0.19

D3o(mm)=0.30

<

ol
SYS UL B(%

Deo(mm)=0.49

Cuw=2.59
Cg=0.98

SP

#5-1

Dio(mm)=0.19

D3o(mm)=0.56

022 (%)

SEp

Deo(mm)=1.38

Cu:7.46

Ce=1.21

SW

#5-2

Dio(mm)=0.15

o 2 8(%)

D3o(mm)=0.25

<

ol

sys

Deo(mm)=1.22

Cu=8.13

Cy=0.34

SP-SM

# 6-1

D1o(mm)=0.10

D30(mm)=0.34

28 (%

sz

Deo(mm)=1.07

Cy=10.89

Cg=1.08

SP-SM




i
_llm
Y
)
o

o
k
S

Fe
Jm

# 6-2

£E8(%)

SET

D3o(mm)=0.14

Dgo(mm)=0.84

#7-1

A A

£8(%)

sysTY

Dio(mm)=0.14

D3o(mm)=0.42

Deo(mm)=1.02

Cu=7.52

Ce=1.26

SW

#7-2

of
g
-z
2
M

2

k

2=
BN
:

AC)

ol
S
o

£8(%)

ST

D1o(mm)=0.24

D3o(mm)=0.34

Dego(mm)=0.54

Cu=2.23

C,=0.86

SP

# 8-1

o
R
O\I
o
o

o

=

A Al

Dio(mm)=0.10

2 (%)

sys

D3o(mm)=0.35

Dgo(mm)=1.00

Cy=10.16

Cg=1.26

SW-5M

# 68-2

o
R
O\I
o
o

o

]

ol
L
o

Dio(mm)=0.08

2 (%)

sE

D3o(mm)=0.38

Dego(mm)=1.13

Cu=14.72

Cy=1.64

SW-5M

#9-1

o
> i
o
2

oX,

A A

2 2 (%)

sysn

Dio(mm)=0.12

D3o(mm)=0.39

Deo(mm)=1.08

Cu=8.86

Co=1.12

SW
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VAN
=5
w
[\
o
V
alt
ol
w
ol
N
>
>
Ho
il
iR
k
M
bl
Jm
oX,
SE,
of
e
M
S
it
B=)
N
4p

S N E R YEPE 54 AR
3 m \ D3o(mm)=0.12
Fd a7 - SM &2
FO20 T g | \ Dio(m)=082 |
20 \ _
D1o(mm)=0.075
” \ Dio(mm)=0.22
A oan | X
$10-1) 0 e [ 5 \ Deo(um)=092 | SP-SM
: ~ Cu=12.27
S C4=0.70
Dio(mm)=0.21
) \ Dao(nm)=0.25
AR gaal | ET i
102 o g B N Deo(mn)=0.81 | SP-SM
“ N Cy=8.38
e =077
: \ Ds3o(mm)=0.25
Fd vl | o |P" N I SM &2
L) e | \\\ Dio(mn)=0.86 |
\‘ —

. ) \ Dso(mm)=0.37
T Rl || : SM E&
# 11-2 Qaw mA S} A : \ Deo(mm)=1.34 Sc
» \\\ _
b Dio(mm)=0.13
o Dao(mm)=0.39
9 =AA N
#12-1 AAe =5 A| A E \ Deo(mm)=1.11 SW
20 N =
| -~ Cu=8.29
c T " w1 Ce=1.00
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VAN
=5
w
[\
o
V
alt
ol
4»
ol
N
>
Ho
il
iR
k1
M
bl
Jm
oX,
SE,
oft
e
M
S
it
B=)
>
&

= N
- £ T UEFEXE EA TUEF
D1o(mm)=0.09
g D3o(mm)=0.44
F A
#12-2) o 22 i \ Deo(mm)=1.38 | SW-SM
6’6 H © o o
. ~— C.=16.05
" Y w| Ce=1.60

A, A o AAe] AA 2 SRS g AFRE Ao vehy d7)
Aoz AA A FAET GAS drEFT EAS Hol:= HAoR HIHY
om, SARFHA & F BF AF SM F& SCz Hrhd AA 1Nk s

4

E ANAE AL AFLANE Fo) AVPES} FEAe FoR AN A

Sol AA Az A FEARHel Y AL I P ARZ, AR F5
NN T T FAS QEREEFS woln], 11 99 F9 M 77+ Aol
Adets Ao BrhHgw

Ao
weEbA w7 Al =AM AA B s EE AR e Alefstal sk A
AAZ &8 A stdAA7IE 2 NAVFAC w74 ol gk A &do] #HoF

@ Almz PrhE o
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ES(%)

i
Ko
T‘«T
o

WES(%)

o
Ko
7
o

100

90

80

70

60

50 |

40

30

20

100

90

80

70

60

50

40

30

20

HM (1 2h
s ()
atol g xMerd (11 72h)
i e e s e e e e e . | A .
100 10 1 0.1 0.01 0.001
& (mm)
(a) AA A=
aold Metd (1 72h)
| atol g et (i)
aolg Metd (1172h)
i e e e e e . | A~ .
100 10 1 0.1 0.01 0.001
212 (mm)
(b) 3 A=
<19 32-2> NAVFAC 7=l W& 54 A9 AAFF Add &4
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(2) 4&3 <A

S FA sHAAE AA B Y E Ass 2A9A E JERE 54 2 F

dEF AHE BHolFe <FE 32-3>0A Hxo] AA Mg BF dSAFC)
7

ow AA Z SIFES A7 it d5AFCIY PS5 32 R 52, 3

FEATCy 1.3 2 1.0 EHESP)EA HHE 2 AAA=ZT 59 A5

[e:

<E 323> HER G ZAA A QERE 54 2 EARF A3
= ,
s 1A T Judx 54 TAEF
Dio(mm)=0.17
\ D3o(mm)=0.26

#1-1) _ A A Dgo(mm)=0.40 SP

\\.‘ Cu:2.4

Ce=1.0
‘—’\\ Dio(mm)=0.34
o D3o(mm)=0.50
#1-2| _ s . \ Deo(mm)=0.68 SP
| Cu=2.0
Cgm1.1
~~ Dio(mm)=0.14
. \\ Dio(mm)=0.30
#2-1 A5 Al A Deo(mm)=0.74 SP
stelw st
: N C53
Cg=09
Dio(mm)=0.20
\ D3o(mm)=0.31
AR T

- sl o :
220w g | OO Deo(nm)=0.10 |~ SP
Cu=56

Cy=4.8

off
2
o
)
o,
AC)
o
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<3 3.2-3>

Y5t A ZAA 8 JEEY EA 9 EARF A3(A %)
i E I Yrps 54 FURT
Sk

Dio(mm)=0.31
D3o(mm)=0.16
AE AT |
# 3-1 Auw 7o AA | \ Deo(mm)=1.32 SP
L. Cu=4.3
Cqe=33
~4 . Dio(mm)=0.31
| Dao(nm)=1.10
AE T |
_ SLAF =
# 3-2 S 314 \& Deo(mm)=1.40 Sp
—h Cu=4.5
N u
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T3, 2 Ados FE ARAREA el Ee &

5
(AR A%E m23AaY £A)E A4ste] AP wm - B4 59

b

seith dwdon gPEHEE WF
3~1.89%/ci, 11.2~150%, W%k 27} 3

1.43x10°~9.16%10 “cn/sec 59 #3834 EAS zt= g AEA ot}

2
25°~42°, A& 0.02~0.42kg/cri, FTA T

3) A=

ARugARe] B 54 Brhe AuAd 3% 2 §e melFe <E

32-7>A HXo] 7[EEGAFH LS & THREZ HFAE, dEAE, AtterbergAl

o, A, AFAIAE, FFAE s 2E gdd AFdES Fste] T
=3
<3 3.2-6> 7| EEAAE AMEHE & FRE AFH 91A
As T/ e H A A
o S E-1 SP(x#)) SP | A& A= 7 9 A2dial A
g FIHE-2 | ML(AEA &) IML-1| A% A3 7abd 9% A2t 5]
Qhatslr el sHdE| ML(ZEA &) |ML-2| 27] R A= Abs
WA IAE | CL(HEZ &) | CL | #AA w47 fidx 4=
AR 2UE MH(2HYE) | ONI | 13 57 cA3 d
MEE ML(AEH &) IML-3| A& oz W &4 0ooXA d%
spAEstE ISM(EEA ®2e)| SM | A5 a3 sHYU R2gA A%
<3 32-7> APFgE % ogE
He | A9 g & A3 4 I -
H] F A & KS F 2308 SP, ML-1, ML-2, ML-3, CL, ONI, SM
2 JEAF KS F 2302 SP, ML-1, ML-2, ML-3, CL, ONI, SM
| KS F 2303
Al &l _ _ _
3 Atterberg A & KS F 2304 SP, ML-1, ML-2, ML-3, CL, ONI, SM
4 g E KS F 2312 SP, ML-1, ML-2, ML-3, CL, ONI, SM
5 AHAGAE | KS F 2343 SP, ML-1, ML-2, ML-3, CL, ONI, SM
6 FrAd KS F 2322 SP, ML-1, ML-2, ML-3, CL, ONI, SM
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SRR L EE A I

w AollM= 9Ged A B2 7T AFelM AHE 2 (SP), AEAE FML),
HED FH(CL), LHE & 3ES AEES ez 33 HTA Y, A=A

o

Atterberg 18, TAAE, ARARAY, FEAE 5o JEEAAY ANE B

4 - g starh

(1) HF

(<% 32-6> =)

ANdodA s mFEAE e <& 32-8>cx HEe], d# SFE-1(SP)
261, A& FHE-2ML-1) 262, HFstTA SHAFEML-2) 251, VA% SAE
(CL) 271, A 2UEMH) 262, 45EML) 2462 % et =) 24 &
AE 2 HARELE FAEIEEM) HF 276 B gAden ta e gdow
7k Aot

2 AEE A= nhek o] KS F 2302 ¥ KS F 2309 5ol og #AweA 9

HSA B4 5oz 3=
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AU R YEFEEALS <7 32-7>04 Ho] o HFE-1(SP)9]
B Aol #ee mRARA FeAT(Co) 80, HEATF(Cy) 05 H¥ FHE
“2(ML-D)°] 45 &Aool #2 dE=AM #5A5(C) 433, FEAT(Cy 0.7, Sk
b SHYEMML-2)9] A5 2ol A2 HE, ©A4% FECL)Y 45 24 e]
2 AERA 5 AF(C) 147, FEAF(CY 24, A LHEMH) S 4
ol A2 AERAM d#S5AF(Cy) 35 HEAFCY 14, 4EEML-3) FF &
dol gle HERA #5AF(Cy) 94, HEAT(CY 08, FFsIEEM)O] ¢
AEZ Y RA #F5ATCY) 213, FEATCy) 09 522 AP H AT

kA, ARG B s A A 71 (2005)% A A RS AR EEATS
aHE A HH HFE-1SP) % AH SYEMH) 52 FEdd AgAsR

A AR £F 2 AAA 5o o@ dgAest aTAr ®£3, 9@ R

%%

O

~2(ML-1), e3eh7el S EML-2), %47 $3ECL), AREML-3)E 833

Ful7k 44F A% Mme) A9 gl Bol A A0 FAHAh

SR ST aw | aw (ke AR | XA |, | 3%

FAE-1|FE-2| FHE | FAE | UE (;AE ) FIE

=4 (SP) | (ML-1) | (ML-2) | (CL) | (MH) (SM)
H % 2.61 2.62 251 2.71 2.62 2.46 2.76
173 (mm) 6.40 4.76 0.15 0.12 0.84 0.26 4.76
4.76mmA| F4& 91 100 100 100 100 100 100
Q] 0.074mmA| & 7& 1.0 52 73 81 83 87 29
= D1o(mm) 0.25 0.003 - 0.003 0.016 0.002 0.023
i Dso(mm) 0.49 0.017 0.0048 0.02 0.035 0.003 0.082
x Deo(mm) 2.0 0.13 0.036 0.05 0.056 0.017 0.49
s AT, Cu 8.0 43.3 - 14.7 3.5 9.4 21.3
8T, Cy 0.5 0.7 - 2.4 14 0.8 0.9

=] %A, LL(%) - 29.3 275 41.4 51.4 - 27.0
7| 27437, PL(%) 25.6 244 21.1 43.4 - 24.5
= 23 A, PIU(%) - 3.7 3.1 20.3 8.0 - 2.5
TAER SP ML ML CL MH ML SM
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(a) A TA A

<19 32-8> 94

ANEaa ze] A 2D rAEAE g FJAE-1(SP) HEEML-3)S 4
< NP(&A4o] 1), d¥ sFE-20ML-1)2 4% 203% 2 256%, otatat4l
SAEML-2)2 49 275% 2L 244%, A7} SAAECL)Y B¢ 384% 2
334%, $AHA QUEMHY 2% 514% 9 434%, SAESFESMS A9
27.0% 2 245% o2 HF7tE A},

s, AU RS 2dAFE WA FHECLY AF9 20322 YERY
NAVFAC7]oll olati sfo]ge g Aol 2

1 9o Alge AS Aol AW 25~80 AL FwoE Folg Aol A

(4) 54
HRe EA Yol EASE 4T 44 FEs] §F YA AUEE B A

AAQ o] AxTeF
o2 Frpgth ARWEA RS G5 FUHE AE HEAES <27 32-9>0
A Bo] KS F 2322 o] A vhal gt4ol elshe] ghaen] 5~40% 9ol A A A
3% tAoz xS st Az Ech HAgrE Grhetsic

dd, A A F2 9y e ny, AAHEY] AddEs 58 Tk
i 2859, stdeAPREAINA01999) ] AWAE G 7ES 15 bd 945 F
FA9] A5 30em ol dh, Uitk = 90% o) #Estms Hof gl
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—a— ML-1

—a— ML-2

—— ML-3
1.80 | \\ e CL
v —m- MH
——SM

Z(g/ent)
>
(@)
:\ \j

N ) \.\.
1.20
1.00
5 10 15 20 25 30 35 40
ehHl (%)
<ag 32-10> AP Ame A
AdiidAze] Addzd= 2 Al s <27 32-10>¢4 BXo] o

l

S E-1(SP)e] 45 bR B, ¥ SHE-2ML-1 49 1.65g/cm’ 2 18%,
ohabal el B E(ML-2)9] 4% 1.60g/cm’ 2 21%, W47 S ECL)S H$

1.46g/cm® 2 254%, +AH SUEMH)S 4% 16lg/em’ 2 23%, 4% E(ML-3)
o] 9 1l4lg/em’ 2 29%, AFSESM)C 49 1.84g/em’ ¥ 125% So=

B A Al 5e 2HESY A E AAdzErE A3 A

Ol
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YEol A gt Wes FEAgel Atk AQUAARY FEEH B A9
PN

T

NFe KS F 2322 740 oate] ARuAARe] § BHEAS nelete] 4
=

(W T 728 D) AFH 714

<Y 32-11> 52844

A G R BFAGE <E 32-9>0A HEol @ sAFE-1(SP)Y 4
4.85x10 “em/sec, ¥ SHFE-2ML-1)9] 79 2.29x10 °cn/sec, HaFat+4l S E
(ML-2)¢] 75 1.97x10 "cn/sec, %737 4 E(CL)S 45 7.12x10 °cn/sec, +A 3
SUEMH)E ¢ 877x10  en/sec, A EEML-3)9] 2% 2.03x10 ‘cn/sec, 37
SFE(SM) 2] -9 2.93x10 “cn/sec® LFERGE

A7IA, A FFE-1(SP) A7 £ (2005 AWFE2=AR T 7
9l 10°cm/sec ©]&}9} Bl &}

l?_
% kgAYt avHu, 1 e As

A4 Jrers FEAE =F 2 A Sl

Lo

A REAFNEE BEGE o
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A 7hH 9l

<E 329> AYUNIA RS F5AS

A A= 5 A5 (em/sec) AA 7 E
g FHE-1(SP) 4.85x10
R A E-2(ML-1) 2.29x107°
ehatatd B E(ML-2) 1.97x107

37 s E(CL) 7.12x10°° Xﬂf‘f%&ﬁ%;?ﬂ%

107 cm/sec ©]3}
SAH LYEMH) 8.77x10
A2 E(ML-3) 2.03x10°°
s}7% = (SM) 2.93x107°

AGEGA S KS F 2343 14l 9siA <29 32-12>3 & AFAGAI
715 ol&3dle] A E ol AEAFE AN AAE AgAax
B AogdE B%el dgets dxrUxe dFen(HFE3)E Axd A%
60mm, *¥°] 20mm FAIAE Ak Ed APAIE Al FH5FS 1.0, 15

20 kg/cm® 52, AdEEE 1.0mm/ming &t
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o
428 001 kg/em®, WEEEEZE 34T, 4 SHAE-2ML)Y A HAY
0.27kg/cm®,  WHEwpEZEe 292° Ml SAEML-DO A4S HFY
0.43kg/cm®, 5wl =7F 26.8°, WA SHFECL)9] A% HF9 0.13kg/em®, W
uhZzt 282°, $AH SUEMH)C 4% HFE 0.28kg/em’, WE-vk27E 30.3°
BE(ML-3)9 A% A#=E 0.1lkg/cm®, WHEupz7l 34.8°, 3 74-F3tE(SM)e] 4
29 0.06kg/cm®, WE-wFE2zE 31.4°% UEbyt

A3 AdE TR ) B4 S EE R upEzto] 268°~348°2A 3
AAA7IE & vgw AAF 10 30 o3 AAQMA 7 184° By Fo=X ZEo

g ggel Bug o BN 53, 9w AHE-1SP), HEEML-3)
 ARZESARE vas) 2 oo Fde AUAE HFAEHEEM) B
F Aow BrhE Y

<E 32-10> Al AA R ABE

e Als 28 (kg/em®) W 5ok 2 2H ()
i SHFE-1(SP) 0.01 34.1
# S E-2(ML-1) 0.27 29.2
QFAFSET B E(ML-2) 0.43 26.8
3% s E(CL) 0.13 28.2
A% Y EMH) 0.28 30.3
A EE(ML) 0.11 34.8
5}H7F B E(SM) 0.06 314
o AFE

w Aol M= welA TS A sHEER =HEGP), A"HEML, MH,
CL), Ada7l=q] HA2E=ML)SF i« vas f3 o A dEARY 3

HA, NGRS FAE F4A 54 BHASS SRAANZQ005)S] T
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A ]Eak A et

Bishope] A&7 =42 4 (32-1)3 2ol stte] Sz (= R o=

Aot AAwsrt LtEe A FES o Wetolrt fFdstA dAEH
= A%E e
= d + (o, —u,)+x(u, —u,)tang’ (3.2-1)

ANA, w, = BFTIIY
u, = 5574

Fredlund 5(1978)2] 212 271 594 S8 F, F (0—u )9 (v, —u,)E 7l

2 3 g7 ¢k ¢ A 19 (o—w,), 1A 79 (u,—u,)e BA T
oA 71 &715 on| g},

= c+ (O'f —u, )ftanqb' + (uu —u, )ftanqbb (3.2-2)

o714, ¢ = sz Aol 27 Mohr-Coulomb T3 EeHio] w42 3}

—

m@pEseo] 0o Wi AWe Fo Halt 3
=]
h

o

%, BREFY] Adugnd gdtk ol ¢o o8 Fold F Ak 97 ¢
= YA Fgor AFBAR JPEEAT. 1Yy olF BE A3 2

(u, —u,)ol #AZE B3] HlAdFAd BALESE BT drh(Escario®t Saez,
1986; Gan3¥} Fredlun, 1988; Abramento®} Carvalho, 1989). Abramento<2}

Carvalho(1989)= HEZ TRt Refd HEA R e 23 A= 8
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e Aol HPRE ASHUE At
=

shuel SEH ] 9% A= FA-o gt oy AFAEY Alees B2 W
e BAa, £52% -89 (net normal stress, o—u,)¥ X #3552 (matric suction,

u, —u,) s 2719 =9FQ SHHFR o] & w(Fredlund &, 1978), #3E3t A
B AEe] M FYHer dME F Ade Aew dAFHR Adv ol H
W B Al Edd 9 deAor HEEo] $itH(Gan 5, 1988; Escario®}
Saez, 1986; Abramento®} Carvalho, 1989; Escario®} Juca, 1989). =3 3}E | ojsh
SHAGE] 2 d 5% Karube(1988), Toll(1990), Wheeler®} Sivakumar(1992) ol <]
af 91 2719 =g Al SHAHHFE A s E AT

2 AFNAME 2R HAARY AsS 19 JHE B9 F Ad=E A4

o Agtd v Ae ol&ste] EXxIE AIAES A5

Cy=¢ o ) 3.2-3
y=c +m (3.2-3a)
O —C 4 a=—t =t (3.2-3b)
‘A, max max ¢, a tan ¢’ ’ Omax .
(2) EXsFFAT
X3 SFaHAe Genrt 2od ¢ & SFEAS HolE o e %

FEAWEE nelEt. Ed, Awe 2¥F FEIAL FSSATATN GAR
%

(Pedo—-Transfer Function, PTF)S FA3lo] AHA
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32 FFEAFHORYE FRARE FASE AL At

ko= (32-4)
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(2) 438 dd A=

w AEe 3 4Ed Asl dete] sAEdoy, 23 A454Y R =g
AzAF e T Ao Al AH FAsEAT. ONI A& Clay Al 2o o)s
AN e Ads <ay 32-15>9 <9 32-16>¢ dEhY k. oA g A
ONI X859 7% AWAZLE7} 164g/em’, A0 (OMC)7F 22% AEo|aL,

%)

1.7

1.65

o))
T

1.55 |

&)
T

1.45 |

Dry density (g/cm3)

1.35
10 15 20 25 30

Water content (%)

<% 32-15> ONI A& t3r o =4
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Apparent Cohesion(kPa)
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90 - ¢ Experimental result
—=—C_max : 110(kPa)

80

0 50 100 150 200 250 300
Matric Suction(kPa)

<% 32-19> ONI A= tist u|X8 Ar7 A

EY

=
=]

40

10

0 50 100 150 200 250 300
Matric suction (kPa)

<ag 32-20> 7zt RAEFHo| digats ¢'e W3l (ONI A7)

- 187 -



300

——H4dE DA

250 —=—dE Ot
200

<

a

x

5 150

A0

o

Rl 100 f

0}

i

W |
0

0 50 100 150 200 250 300
Matric suction (kPa)

< 32-21> 7-5SF 150 kPa 2oA ol =x3t e vl (ONI A &)

100
90 - ¢ Experimental result
80 - —&—Average phi_b

Apparent Cohesion(kPa)

0 50 100 150 200 250 300

M atric Suction(kPa)

<Y 3.2-22> ONI Azl gk HFA <l gk ¢ A

ol

(2) Clay A1 &

Clay A&l i =23t 43 23 ZaFagdo] Srieted et 54 $9=

N - = ATH(<

-

4»
W
fult)
w
DN
o
V
)
B
/\
M
juic)
w
DO
N
\V4
2,
>,
rlr
td
v
E[o{t
-y
R
2

- 188 -



g 2Ry JAFge] A7 Frtste AL wolFy, olu] Cunite W 150 4%
<Y 32-25>004 maFFeEoe] 150 kPaZkA E7bete w9 SAd 2Ry
g o] F7hFRT 150 kPaol Al 250 kPa® ZF7hstwAl dAleh AR7y] A2 ol

Z7bgol WA Atk oed WY HED FolAt AR e Bol WAL ¥

HE&reE = F71389 X (air entry value)7} Z7] wjEo] E#AE4Ho] 150 kPa 7}
A= =2 3] AEHE fFAEEA FErt ZA SR EA T Frs A=

HolaA Alm Ui 587 gastdA] Al5e AEE A S7HA71A ATk
<9 32-26> % <9 32-27>dAd e EHgaE St E Exst dd

e WekE AFYLIT T MHIYCon) ©F TEAA Was) Bkt

AED §o 49 WiehRze] 7] MEe] -0 AT NHFYL
@ BEE ARPERT ofF A FrleX s @l gebd <19 32-28>

NAAH BEAR g, @& ABAAS W, 19°2 et

700

—e— Matric suction 50 kPa
600 —®— Matric suction 150 kPa
Matric suction 250 kPa

500 r

Deviatoric stress (kPa)

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20%
Axial strain (%)

<Y 32-23> Clay Al 3t maotE&4g Hst e $H-HIE 54

- 189 -



Apparent Cohesion(kPa)
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Apparent Cohesion(kPa)
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¥ 3.2-15> AL E-1(SP) EFES 7|EEXGAS Ay
7} § = =&
A E+S L ETIE(%)|  100+0 75+25 50+50 25+75 0+100
= 27 (mm) 6.4 6.3 6.4 5.9 476
476mmA 53 91 93 96 98 100
0.074mmA =38 1.0 7 13 22 29
N wn Dio(mm) 0.25 0.19 0.14 0.08 0.023
Do(mm) 0.49 0.39 0.28 0.14 0.082
Deo(mm) 2.0 1.62 1.25 0.87 0.49
5 A, Cy 8.0 85 89 10.9 21.3
TEA T, Cq 0.48 0.49 0.45 0.28 0.9
N A EA, LL(%) - - 20.6 23.2 27.0
AALE | AATA, PL(%) - - 21.2 24.5
2R A 4, PI(%) - - 2.0 25
& 5 EJQRF SP SP-SM SM SM SM
H| H] = 2.61 2.59 2.58 2.49 257

F 3.2-16> R E-1(SP) A HE AR 7| E5GdAd At

= =4
37} G5 =8
A E+AHE 100+0 91+9 88+12 85+15 82+18
2 o 917 () 6.4 6.4 6.4 6.4 6.4
476mmA E3-& 91 93 94 % 97
0.074mmA E3& 1.0 3 5 6 6
=T X Dio(mm) 0.25 0.25 0.24 0.25 0.25
Dso(mm) 0.49 0.48 0.48 0.49 0.47
Deo(mm) 2.0 2.0 2.0 2.0 2.0
FEAS, Cy 8 8 8.3 8 8
FEA T, Cq 0.48 0.48 0.48 0.48 0.44
3 7, LL(%) - - - - -
ARE | 24, PL%) - - - - -
22 A% PI(%) - - - - -
5 BE EygRF SP SP SP SM SM
H] % H] % 2.61 2.71 2.68 2.70 2.75
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F 3.2-17> A E-1(SP) EYolE AR 7| E5AE 23t

B7} G EE s
SdErlEVE | 100 +0 97 +3 94 +6 91+9 83 +12
73 () 7.1 6.9 7.0 6.8 6.7
4.76mmA EI& 91 92 92 93 94
0.074mmA 538 1.0 32 6.1 85 10.2
PERE D1o(mm) 0.29 0.22 0.21 0.13 0.07
Dio(mm) 0.49 0.48 0.43 0.39 0.32
Do(mm) 1.35 1.33 131 1.30 1.30
#5714, Cy 47 6.0 6.2 10.0 186
FEAS, Cy 0.6 0.8 0.7 0.9 1.1
ol 27, LL(%) - - - -
AAE | 24T, PL(%) - - - - -
27X, PI(%) - - - - -
i SEAdRF Sp SP SP-SM | SP-SM | SP-SM
Bl & 2.61 2.60 2.58 2.55 2.52
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32-18>0 4 HTo] AWIE Eetvlgo] AdSE AddzEE 1
A 3Hn] 10.8%~135%=2 YEbY Hdxdzdee] ¢ wWatrt fla, A g
E dx AAE 4TS 2Ath 94714, FBFE-1(SP) 100%9 AHE &3]

hsatel HelE & FEakx Rk

i)
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ol
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S
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i
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o
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Hm
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N
A
oX,
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AgsHe dh AL 332w
elg BHe AWE YAYES AR WEL|E EFu&o] AL
% ARE}L QY] WANE A0E FPESP) FES AT WEDIE F

o GRS AAe 9ge nAA ek Aoz BrhEh

2.0
0 —=— SM100% 1.80
/\ —— SM25%+SP75%
1.95 A —+— SM50%-SP50% f}\
/ —e— SM75%+SP25% 175
2 1.9 a2 \
L L
2 2
H 1.85 H 1.70 |
a;u gl
K K
T 1.80 | 2 -~
1.65
175 | k-~ [-=—sP8gwCement 129
’ —+— SP85%+Cement 15%
—a— SP82%+Cement18%
1.70 1.60
0 5 10 15 20 25 30 0 5 10 15 20
aHt1(% e=rel(%
(a) StHF3lE ST E (b) AIHIE FAHAZE
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,»?

0 1.40 \

ol

: 2\
N

(ton/cnt)

3l

AN

—a— Sand97 %t+Bentonite3 %
—— Sand94 %t+Bentonite6 %
—— Sand91 %+Bentonite9 %
—e— SandB88%t+Bentonite12%

AN

0 10 20 30 40 50

2t (%4

ot

(c) IEUolE A2 E

<Y 32-40> AT GBRIFE-1SP)H A

F 32-18> St A HAFE-1(SP)9] vHAE 23

. AR zE =
A= Tl & H A gn] (%)
(g/cm’
100 +0 - -
B -1(SP) 75 +25 197 12.1
50 +50 1.96 12.0
v EERE 2% +75 183 132
0 +100 1.84 134
100 +0 - -
97+3 - -
o B3 E-1(SP) 94+6 - -
s e 83 +12 178 108
8 +15 176 127
82 +18 175 135
100 + 0 - -
A E1(SP) 97 + 3 161 17.1
9 + 6 159 183
+ RO E 9 + 9 158 23.0
83 + 12 156 245
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(th A8 23

A BEARS] FFE4S 4=543 dEe] 44 2 Al ¥dd T2 5
doltt. sk A A 715=(2005) B s EAF EEAEA(1999) = AL A REA A g e

E=Ao] MolE 1x10°~1x10 ‘em/secE AAEt Yt B Ao A At
=

g ASAHE-1(SP) EFEL FFEALS 54
HolF= <9 32-41> 2 <3 32-19>9 4 HKo] 35 3E &
T2 485x10 °~3.05%10 Pem/sec® WEetE Aow UEY BFEAS Zavb 2

N
rE
ot
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Y
HE,
Bl
-
>
o2
iy,
&
il

dutror FAgas dEESA A $HTF 10%°0 sidsh= 473, Dol
APAY G we Adem deA U = FEATE Dol AEFE oA
= Aol Aotk wEpA, HHHLE-1SP) EFES FFAT A s AT
Z|EEARE7E A AFoA KHxo] stAZFTIESM)O SR Qleto] ofdatd

3, <Y 3.2-41>004 H%o] A NE-1(SP) EFEE IFAEIIE =3
J_'E_

= Uetuth mebd JHstRE-1(SP)S 22 ARYE ANAEE 483 45
A eado] o3 BHREA HIl2 Fdstan, A& ETE 40% ol AR

ay

WIS E-1SP) AHE A2 Fe54L FoAs H3 54 2 F
FAPARE HAFE <29 32-41> 3 <HE 3.2-19>4] Bo] ARE E§ ]
£o] AAGFE 485x10°~9.80x10 ‘cm/sec®  WIEtE Aow JEY AWME &3
of mE AFEIN7E A= Aor HUFEAY. o7t 52 oA dFskidxel 9

XA ST 10%] Fek= 473, Dol o7 9] Aoz Hrhd.



S, <1¥ 32-41>904 REo] RIAFE-USP) AWE A YEE AUE

EEE 18% o)A M AAVEAY FE71E 1x10 em/secs THEAA A A

AL add & u AlHME oAl 7|H o]l AR & Aow HIFE
@ WEYE 23t e FFEA
NHASLE-1(SP) HEUOE YA ES] FFEXS F4A4 W 34 2
EFANHATRE HoFE <8 32-41> 2 <F 32-19>9 4] ®HXo] HlEL o E

s, <29 32-41>94 Hxo] ef#ASHIE-1(SP) MIEYUCIE IAHAHYES W
EvolE E38 23% oA s AAYIEFY T4 1310 em/secs W
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1.0E-06
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3 32-19> H A E B G E-1(SP)e FA 4

A& T & FTA5 (em/sec)

100 +0 4.85x107°

o) w4 E - 1(SP) o 900-10°

B 50 +50 1.02x10"

MR %5 +75 7.98x10°

0 +100 3.05x107

100 + 0 4.85x107°

o B3l E-1(SP) 9 + 6 1.75x10°*

+AME 88 + 12 1.09x10

82 + 18 9.80x10 ™"

100 +0 4.85%10

9 A3 E-1(SP) 97 + 3 4.18x107"

+ MELE 9 + 6 3.21x10°

91 + 9 2.35x10°

(eh AeAE A

= AN s AR T EE, ANE, dEYeEE S3ete bA

O JHTIE EF B2 AdH=E 54

NASHE-1(SP) TFES] AGdGdE EAL A5 34 2 dAdA g2
WS HoFE <19 32-42> ¥ <% =
AAGFE AZE 001~0.06 kg/em?, WFvbzazt 3417 ~31.4 = e} s4EE
Z35tol wel Fztg o] wsl glo] Y npazto] ZAasts AoR HUMESIT

, BT EE EgES WE v o] sdEe duglel stdAdAVIE B
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e FAR 10 30 o3k Az 184° By} FomA gEe] thdk kA o
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S E-1(SP) AME St g R Heit e

S
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-%L

ol

o] AWlE

3.2-20>° A4 HX%

<E

i=1}
=

HoF = <8 32-42>
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F 3.2-20> SHAA Y fEeFE-1(SP)e] HdebA A}

A= e & A28 (kg/em®) | WEeHRZHO)
100 +0 0.01 34.1
. ) 75 +25 0.02 33.4
e 50 +50 0.03 32.8
25 +75 0.06 32.1
0 +100 0.06 31.4
100 +0 0.01 34.1
o 3 E —1(SP) 94 +6 0.01 33.9
+ ARE 88 +12 0.01 33.8
82 +18 0.01 33.8
100 + 0 0.01 34.1
oS AE - 1(SP) 97 + 3 0.06 339
94 + 6 0.08 335
+ HErelE 91 + 9 0.11 333
88 + 12 0.13 329
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3hg-2Fo] YA E(ML)ETE 27 w o] Ao 93k n 2% &= Aoz oy
=
I 32-22> YA E-2ML-1) EIES 7|REGAF Az
37} g5 T 3 &
AR+ A EFE(%)|  100+0 75+25 50+50 25475 0+100
2 93 7 () 3.55 3.86 3.86 3.86 3.86
476mmA E3& 100 100 100 100 100
0.074mmA| =3}& 52 46 41 35 29
AL EF Dio(mm) 0.003 0.008 0.013 0.018 0.023
Dso(mm) 0.017 0.033 0.050 0.066 0.082
Deo(mm) 0.132 0.225 0.311 0.421 0.49
ﬁ%—ﬁl#, Cu 43.3 28.1 239 23.4 21.3
7%, Cg 0.74 0.61 0.62 0.57 0.9
ol odﬁl LL(%) 29.3 285 28.1 275 27.0
AAE | 248, PL(%) 25.9 26.4 25.2 24.7 245
2 A5, PI(%) 3.4 2.1 2.9 2.8 25
5 BE EgRF ML SM SM SM SM
H) % ] % 2.62 2.57 2.46 2.58 2.57
I 32-23> ot et FAHEML-2) EIES] V|EEAMAE A
oz [ M =% &
FAE+ZESE | 100+0 75+25 50+50 25+75 0+100
2 %) 7 () 0.15 3.71 3.80 3.86 3.86
476mmA E3& 100 100 100 100 100
| 0.074mm A E3g& 73 62 52 40 29
UEEE Do(mm) - 0.008 0.013 0.018 0.023
Dso(mm) 0.0048 0.024 0.043 0.063 0.082
Deo(m) 0.036 0.150 0.263 0.377 0.49
5 A5, Cu = 18.8 20.2 20.9 21.3
ZE&AF, Cg - 0.48 0.54 0.59 0.60
wg a7, LL(%) 275 28.1 273 277 27.0
AAw | A4, PL(%) 246 24.9 24.9 24.2 245
222 A, PI(%) 2.9 3.2 2.4 35 25
5 BE EgRF ML ML SM SM SM
H] 2 H] % 2.54 2.57 2.55 2.56 2.57
@ SHAA P ES 7| EEA HI}
ANHE E3to] & ¢tAAgE AEA Z(ML)Q 7|EEAAY ZAy= s}
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AE-2ML-1) AL JNHEIANY ARE BTt <FE 32-24>9 St
7 SAEML-2) HAAYES JEEGNG AdE RAFE <E 32-25>°
o Bt g E-2(ML-1) <+ A
baE Skl S E(ML-2) =39

A Bo] HF e Ag AHE &g &o

R A 262~267= HFo] tha 7

)
i
ol
Jfu

DX
ol
K
o
N

P E-2(ML-1)9F <FH4F a1 s E(ML-2) HAAgE 25 dEA F(ML)S
H

2 Uy AME &5t mE JdEEESE Hite fle Ao

wol AYE FHFol B4k T FHEML-27F GUSFE-2ML-De V]3]

©7) WFel AuHon 2 A4NEE AL Ao wuwh

B7r &5 =98

FAEAHME 100+0 91+9 88+12 | 85+15 82+18

#0974 (nm) 3.55 3.55 3.55 3.55 3.55

4.76mm A E & 100 100 100 100 100

0.074mmA 57& 52 55 55 57 58

AEFE Dio(mm) 0.003 0.002 0.002 0.002 0.002
Dso(mm) 0.017 0.015 0.014 0.014 0.013

Deo(mm) 0.132 0.141 0.134 0.129 0.131

TEAF, C 44 705 67 64.5 65.5

FEAF, C 0.73 0.80 0.73 0.76 0.65

N FA|, LL(%) 29.3 312 31.8 32.6 335

AA= | 24 e, PL(%) 25.9 26.4 272 217 285

24714, PI(%) 3.4 48 46 49 5.0

& B FUYRF ML ML ML ML ML
ol F bl % 2.62 2.64 2.64 2.65 2,67
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<F 32-25> MAF & PG E(ML-2) PBAEES 7| REAAY A

B} e %8
S EATHE 100+0 97+3 94+6 91+9 88+12
2 o 4 74 (mm) 0.15 0.15 0.15 0.15 0.15
4.76mmA F & 100 100 100 100 100
0.074mmA| 5 3}& 73 73 71 71 70
Mt D1o(mm) - - - - -
Dso(mm) 0.0048 0.0056 0.0065 0.0074 0.0082
Deo(mm) 0.036 0.037 0.040 0.046 0.052
A, Cu - - - - _
FEAT, Cq - - - - -
Mg ekAl, LL(%) 275 35.0 34.7 35.3 36.2
AR | 24eA, PL(%) 24.6 24.8 245 25.6 26.9
A A S, PL(%) 2.9 10.2 10.2 9.7 9.3
E TUETF ML ML ML ML ML
ey ] Z 2.54 2.56 2.59 2.62 2.66

F4ERE el we 224 FML) GA54e Adad Amel g3

=

K

=

o)

A9 AN ARE HoFE <19 32-43> 2 <F 3.2-26>0)A HEo| o
SHIE-2(ML-1) =FES A% 3JATsE T@gn&o] A4S FHUYAazxds

- = o

¢

1.64~1.84g/cm®, 2841 19.8%~12.2%=, o4t 379 A E(ML-2) E3HE 9]
Ae HAAZREE 161~184g/cm’, H AT 40 216%~12.2%= e} Hudz

¥

olF 3t 5L AT E EFHI &0 ALTE FdE R =HESIF AP
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2.00 = ML-1-100% 2.00

—o— ML-1-75%+SM25%
190 | —— ML-1-50%+SM50% 1.90
: —— ML-1-25%+SM75%

—*—SM100% 1.80 /‘/‘5\
= 1.80 P
“E E 1.70 |
o2 2
H 1.70 1 { 1.60 |
a;u ET /
K Kl 1.50
T 1.60 r / y \
\ 140 L = ML—2-100%
\. —+— ML-2-75%+SM25%
1.50 - " 130 —a— ML-2-50%+SM50%
: u —— ML—2-25%+SM75%
1.40 : 1.20 - SMT00%
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
E=t((% gt (%
(a) & sHFE-2(ML-1) (b) SHAF &< SHFE(ML-2)

<19 32-43> AEHA H(ML)9 3AEFI}E £3gv &

O
=2
k=)
it
)
X
A
rx

F 32-26> HEA HFML)9 3FEstE gl wE vl A" 23

&3S A Az = .
L ET S A N B vt e S E L)
100 +0 1.64 19.8
e 75 +25 1.73 17.1
MLo1) 50 +50 1.78 13.8
25 +75 1.80 13.3
0 +100 1.84 12.2
100 +0 1.61 216
G srel A 75 +25 1.67 20.3
T ML) ° 50 +50 1.73 17.8
25 +75 1.79 16.1
0 +100 1.84 12.2

AHE T3 mE dEd H(ML)S AEAAS Al A5 thabd ¥
FE <9 32-44> 9 <FE 32-27>0A HIo] AWIE &3t

o]
Hjgo] ANdes g E-2(ML-1) HEAGES] 45 HAHEEE 1656~
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1.62g/cm®, A 81] 18.0%~17.9%=, oAl a1 S E(ML-2) oHA A2 E 9]
AL AU E 159~16lg/em’, HA 351 202%~21.8%= e} Huldx
Mok A e WMl Ao gl Aew vEhth

ojgfdt 52 dAAYE Hste] TFI ARMESL Hl&o] IFAFFTIE M

1.70 1.65
1.65 1.60
1.60 1.55 | %
E 185 E 150 .
K K
H 150 b I 145 -
all all
K145 f K140 ¢
Y |
140 | = ML-1-100% 135 | . ML2-100%
—+— ML-1-97%+Cement3% —+— ML-2-97%*Cerment 3%
135 | ——ML-1-94%Cement6% 130 L —a— ML-2-94%+Cement 6%
72 | —e— ML-1-919%+Cement9% : . —o— ML—2-919%Cerrent 9%
—*— ML-1-88%t+Cement12% —*— ML—2-88%+ Cenent 12%
1.30 105 ‘
5 10 15 20 25 30 35 5 10 15 20 25 30
B4 (% a9
(a) ¥ sSHFE-2(ML-1) (b) ¢4t st SHFE(ML-2)

<a¥ 32-44> AEA FOML)S AME 9ujEdd mE g

<} 32-27> HEHA ZH(ML)9 AWE Z3|&o] & gAY 2}

A= (%/\g;iﬂl]%E) }J?gz/jc}rﬁ%li HHAETE 00
100 +0 1.65 18.0
A E 97 +3 1.64 20.1
‘(MLil) 94 +6 1.63 21.0
91 +9 1.61 175
88 +12 1.62 179
100 +0 1.60 21.0
bt el e 97 +3 1.60 20.8
T ML) ° 94 +6 1.61 20.2
91 +9 1.60 20.8
388 +12 1.99 21.8
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(th) B5A18 A7

ErEQe AW AAARY] FQ HAA 7Foz B Aoa A ETE L A
E &34 Wl 02 5459 SR AA7]F(2005) L A TAF EEA WA
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ooy St Je]
AN = (214) e 710?%5}&) FAG (em/sec)
100 +0 2.29x10°
75 +25 2.38x107°
o 23 -2 E
ML) 50 +50 2.60x10
25 +75 2.87x107°
0 +100 3.05x107°
100 +0 1.97x10 7
75 +25 9.02x10°°
M BT SR E
(ML-2) 50 +50 1.51x10
25 +75 2.12x107°
0 +100 3.05x107°

AWE EFe] mE HED FMLO FREHS FRASF W 34 9 5

NAATNE BHolF= <18 32-46> % <F 32-29>04 HEo] AWHE &3H &

ol xo] YdEBXxIA4 A TaFTHF 10%9 e 9A,
Fd, AEA FMLS ANE Ege] wg EEA5e] Wss) vug e
BoE, AAHoz sAMAAV =AY 5715 1x10 Yem/secs WHEAIT)E A

o2 HIFE A
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1.0E-01 ¢ Sy
‘ —4— ML—2
1.0E-02
3 Upper Limit
S 1.0E-03 ¢ A\
2 2
£ i
o
 1.0E04 ¢
T i
<F '\.\_\H
u- 1.0E-05 ¢
1.0E-06 /
10E07 )
0 5 10 15 20
AHE Z58(%
<19 32-46> AEA HML)S AWE EFu o] mE FEA5F g

<% 32-29> HAEH HML)9 AWE v & FFAE A

S 3yl &
SRE A F574 (em/sec)
100 + 0 2.29x10
et 97 + 3 150x10
. TAZ}LC—H) B M +6 1.28%107
91 +9 1.21x107
88 + 12 1.08x10°
100 +0 1.97x10 7
Gl St s 97 + 3 4.92x10
o O(}JLE@"} o 94 + 6 1.21x10 °
9] +9 2.30x10°°
88 + 12 2.32x10°

() AdAe A}

2 Ao A= A sl AEZH Z(ML) 4ATstE I AHEE &3
alo] kA Y EEY AGEAS Hristua g vujE AGAHS F3
St ol AvARE AUntdE 95%sh FSate oM 2RoR ALHc,

O JHTIE EF B2 AdH=E 54

§74EE Ee WE 2EF HFML)Y d93E S4L Avgrs4d T4
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L AGA G AN E BT <O9 32-47> 2 <HE 3.2-30>04 H%o] 33F3)
E Egngo] AZSFE @ sAE-2ML-1) 49 027~0.06 kg/cm’, v}
47 292 ~314 , etabel T S EML-2)9 49 ¥&E 043~0.06 kg/cm®, W
Foldzh 268 ~314 2 veht 33-FIE &3] gt gage] gasts v

—=— ML —a— ML-1
—— ML-2
34.0
E\FSZ.O
KU
o
DJ:.:FBO.O
28.0
0.0 26.0
0 20 40 60 80 100 0 20 40 60 80 100
slUZ3E 2RE(% staEstE 288(%
() A3 W5 (b) Wubzzh W
<39 3247> AEQ HML) F2FHE SFu Lol BE AWFE W T

<G 32-30> AEHE HML)Y A4S stE SdH &l wE ddA Ay

AN E EANE e o 2e} 27
i (A B+ TS E (c, kg/cm”) (¢, °
100 +0 0.27 29.2
75 25 0.23 20.8
Qﬂj%l\—%fli) - 50 +50 0.18 30.3
25 +75 0.12 30.9
0 +100 0.06 314
100 +0 0.43 26.8
W B S b 250
(ML-2) . o2 s
0 +100 0.06 314
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<719 3.2-49> A EA

20

1.5

q,=1.5kg/cnm?

—o— ML-

—=— ML,

1
2

0.5

0.0

Z(ML)S| -7

(v = 90%)

<& 32-32> AEA FML)O A3 E g &l mE dSShSA9 A
(kg/cm®)
T o (AN B+ B F S E)
A
A E 10040 | 75+25 | 50+50 | 25+75 | 0+100
100% | 1.44 1.31 1.66 1.42 1.36
gt dE-2 | 9B% | 065 0.64 0.91 0.47 0.47
(ML-1) 90% | 0.36 0.39 0.26 0.15 0.11
85% | 0% 0.11 0.13 0.15 -
100% | 0.67 0.88 0.92 0.99 1.36
obabalol e E | 95% | 0.38 0.41 0.45 0.42 047
(ML-2) 90% | 0.28 0.16 0.27 0.15 0.11
85% | 0.19 - - - -
@ AHE 3k wE dSUSFE 54
o B FE-2ML-D] AdEUEAE 54
AE &3 e dHsdE-20ML-D)9 45454 E 542 5454
Het 54 9 AdSASAE AdARE HolFe <y 32-50> 3 < 3.2-33>



Bt A E-20ML-1) ¢tEAZES] AP e d=Hrs A= uwet
Z7tete Aow HutEdon, AUudE 90%¢ A$ @A E-2(ML-1)2F Al
HE Z38 6% A AP ulel 045~1.71kg/cm’®, i 388 Z7letE Ao

_\‘:'
m
£
L
i

o, Ao E 90%, A 28Y<¢ AS £, 3, 6
0.49~3.3%g/cm’E, 694 Z7tslE Aoz HrhE o
g, S HsHFE-2(ML-1) PEAES e Wste] wE FE54S <&
32-33>0llA HIZZo] BE Frtel wel 4FAEVF FUketeE Ao® HUFHAL
H, ARE E3& 6%, A8 2892 49 AUt =85, 90, 95, 100%)7F ol o
24 1.12~4.67kg/cm =, 429 F7hstE Ao 2 vEbytth
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AL} o mIA Ao Bk HYr)

——0 day " |—e—Cement 0%
35 —=—7 days 35 —=— Cement 3%
—— 14 days —4— Cement 6%
3.0 |~*—28days 3.0 |—*Cement 9%
€ 5 —— Cenent 12%
225 925 [
W H :
%0 2.0 [ q=1.5kg/cnf 020 r
K X K 3
3115 o1 1.5
K Ki
&0 Mo
0.5 0.5
0.0 : w 0.0 ‘
0 2 4 6 8 10 12 0 2 4 8 10 12
AHE Z282(% L4 717Hday)
(a) 71 A= &3 (b) AIWIE &3t& a3}
<19 3.2-50> HHAFFE-2ML-1) FFAYES] dFGFAE W 34 (A
% 90%)
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<H¥ 32-33> IFBIFE-2ML-1) AT ES] AdZ=UE2AH AT (kg/cm?)

TE [oac] 4 E @ 0 A= e

A& - 100+0 97+3 94+6 91+9 88+12
0 1.44 1.21 1.27 1.41 2.08

100% 74 1.48 3.09 3.43 5.05 7.23

14 1.55 3.12 3.95 5.85 8.15

284 1.57 3.34 4.67 8.52 10.15

0 0.65 0.79 0.72 0.78 0.93

959 7Y 0.71 1.61 1.93 3.58 5.05

144 0.71 1.72 2.07 5.23 5.85

o Tt E-2 284 0.80 191 2.52 5.61 6.21
(ML-1) 0 0.36 0.40 0.45 0.48 0.51
909% 74 0.38 0.88 1.30 2.39 2.72

144 0.47 1.06 1.47 2.69 3.17

28Y 0.49 1.12 1.71 2.95 3.39

0 0.11 0.37 0.23 0.36 0.34

859% 74 0.23 0.78 0.74 1.78 1.97

14 0.20 0.89 1.02 2.11 2.35

28¢ 0.25 0.85 1.12 2.24 2.88

ARE £ e gt 7 SAEML-2Y AFYFLE 54 A5G
F4% We 3N ¥ AFYFYE NPAARE RolFE <19 325> ¥ <E
32-34>5) 2. Qi 817l AAEML-2) AN EE AUTAE 0% A5

ANWME 238 6% Ao wat 0.30~4.11kg/cm’Z, H 1 1379 Z7}s= A

E3H QM S S EMML-2) A A E
o <38 32-51(bh)> oA BEo] EFS Wt 4EREIL FrletE Aor 7
ZtE g on Aot E 90%, 14991 4§ &340, 3
0.35~6.42kg/cm’E, 1831} 7}k Aoz Frhs ot

HH, FAF A SHYEML-2) bHAYES e Wstel] e AEEAAS
<E 32-34>0)A BT ThHE Zvte] uet &G
Jom, AWME & 6%, AF 149 4 FohE =90, 95, 100%)7F =4
° 24 411~924kg/em’®, 228 Z7bstE Ao 2 VERG

ol#] g ekt a7l SHYEMML-2) A E A5G AMEd 435
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Aol 7103, iAoz EFEQAuFL198) AFARe] HALrFHEE T
2N oA ok FFe S EML-2)9F 2o AHAY stAEE 37Es)
Eo o3t &3 Hu AWE oA F o 53420 Aoz HIF HUAL
10.0 ——0 day 12.0 —e— Cement 0%
—=— 7 days —=— Cement 3%
8.0 —— 14 days 10.0 |——Cement 6% —
. —e— 28 days . —e— Cement 9%
‘\g (\EO 8.0 —x— Cement 12%
g’ 6.0 ] g’
4 d 6o |
Kir K 4.0
ofl qu=1.5kg/cnt ofl
2.0 o> R 20
0.0 Ko———?———‘\4 0.0 ‘ ‘ T
0 2 4 6 8 10 12 0 5 10 5 20 25 30
AHE 23H2(%9 2471 ZHday)
(a) F71A= a7 (b) NHE &3+g 73}
<9 32-51> oMb d4 S EML-2) HAATES dE=¢E74% Wsl A
(tFA = 90%)
¥ 3.2-34> oMt Bt FAEML-2) HAAYES dEAEAAAT (kg/em?)
TR - o T 3 H SN FEAHE)
HAA & R 100+0 | 97+3 94+6 9149 | 88+12
0d 0.67 1.26 1.45 1.49 1.43
74 0.78 2.70 5.71 9.79 14.99
100%
VTS| 1.09 3.07 9.24 11.72 16.03
282 1.13 4.94 9.46 12.93 19.17
0d 0.38 0.43 0.71 0.82 0.79
Q) 44 1. 4.32 4, .
o0 74 0 85 3 97 7.86
149 0.49 2.02 7.20 8.23 10.51
kA S 284 051 225 7.89 8.61 12.08
3l A E (ML-2) 0d 0.28 0.21 0.30 0.35 0.26
Q) 31 1. 4 4, 11
000 74 0.3 78 3.43 95 5
149 0.35 1.95 4.11 5.65 6.42
282] 0.37 2.54 4.8 757 10.26
0d 0.19 016 |A=4931| 026 0.16
74 0.23 150 |A=x3=4| 421 4,98
%
8% e 0.22 169 |A=49=4]| 519 7.01
282] 0.23 189 |xzaaza| 641 8.48
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Fon PEHI Aol WAHE Ao BoHY, FAE FES AT A

1.70 —— CL100%+Cement0%
1.65 —o— CL90%+Cement10%

—A&— CL80%+Cement20%
1.60 —e— CL70%+Cement30%
155 L —¥— CL60%+Cementd0%

i 1.45

il

KW 1.40 r

T

M o135 [
1.30
1.25 )
1.20

10 15 20 25 30 35 40 45

<IE 3.2-52> WAA S E(CL)S AWE EgH| & ot

il
O,
N
1M
2

<# 32-37> A7 SHFECL)S AWME Z3H]&ol mE tHAY Ay

) ER & AoaEaE | Lo
A (DA A E) (g/em’) A= (%)
100 +0 1.46 %55
A% e 90 +10 151 245
80 +20 156 221
(CL) 70 +30 158 206
60 +40 162 178

Hstels Aoz Yeiy AME ¢ mE Fr7ksks B7FE AT olH 3 54
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7hehe Ao m FriEd o, it E 90%2 d¢ T8 SHEE(CL)SH AHE

EFE 20%0 4 Aol wet 0.69~19.3kg/cm’E, Hal 2808 F7tete Aoz
7FE A
T R SHEECL) A GRS AWME S9&o] mE FE5dLS <O

¥ 3.2-55(b)> el A RTo] EFE ol 2
H, Ao E 90%, AH 289 A9 &0, 10, 20, 30, 40%)°] =olH o
0.89~65.5kg/cm’E, 73.6¥) 71k Ao FrhE ot

g, WA SHE(CL) SHAAES tyE Wl mE FEEALS <&
32-40> A HTo] e Frbe] wit kAT FUkeke A o®E FUMEHAL
H, AME E38& 20%, AE 2892 A9 AR =85, 90, 95, 100%)7}F E=old
o2 A 169~39.7k g/cmzi 2.3 F7telE Aow
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— > AlZHday)
1

F 3.2-52> sl o] gH ASTA R AR =4A

A | d S | T | FeAlS | ZFy | WRerE
E, t/m) | (y, t/m’) | (e) (cm/sec) |(c, t/m?)| (P, ©)

SP 3,500 1.70 05 |4.85x107%| 0.06 34.1

A =5

SP25%+SM75% | 5,000 1.87 04 [798x10°| 055 32.1

AA | SPS50%+SM50% | 4,000 1.94 04 |1.02x10"| 0.34 32.8

SP25%+SM75% | 4,000 1.95 04 9.00x107| 021 33.4

SM 5,000 1.85 04 [3.05x10°| 0.62 32.1

712 (SM) 5,000 1.9 043 | 1.0x107 | 05 30.0
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(2) =234 23

T <F 32-53>°lA HTo] AA Am SPY AT T s T8 49 Al A
Aok &o] 11% <A oz Friedon, SP75%+SM25%°] 4% H 9]
=2 F Hdie A5 3L ARl FIAIE 8A el AbEctd o] 122 &9k
Ao HrhE . 1 9o AlA Az A AP hgAde] b Eojd A
o= dqiEs Hdlas ASAZT 3D ARl FAAZE 8L ke 20 oldem
AT Aoz HrHEA oW, 74 Egvlel wE e ER Fxd AN

ATt H e <18 32-81>0A HEo] AA APH W I3 7p WAletE Aow

AA Aol HES FEHEE <3E 32-53>0A HIzo] A QA A A 7
o} wpAZIA 2 A A AE SP, SP75%+SM25%0) A= 7+7 2.8x10°% 3.7x10°% T}
2 745 "8 1,0008) o] A el ddid oz AA T fEAde] A

2 X3 AA Asd e AFEE HEet x5y W)
2 RHYFE <Y 32-82> % <a¥ 32-83>0lA HEo] AA AFE SP
SP75%+SM25%°] 749 A5 de o] Estdolo] wAs= v ooz A
A Qe FEAFAH] 2 SP50%+SM50%, SP25%+SM75%, SMel 4 $- A4
T AL HAEA e o® HrbE Sl

o dns st AA A8 SP, SP75%+SM25%¢<1 74 AbH et A o]
AA ZHFol FH ks, SP50%+SM50%, SP25%+SM75%, SMe] 7%
HEE AL AT F AUt mebA, FFEFEES o] &35t ALS
735 FE(SP)S FHESM)] EFH= SPiSMe] 2575 o] 49 RS Al
fojob & Aoz Fetwc)

r o
ol
oX,

o]

N
ot
ot

o A
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AL ok A <9 E (cm/sec)
A A A=

LA & (FS) | H A 7HY Vx Vy
SP 1.1 4 2.8x10 2 7.3x10°
SP75%+SM25% 1.2 8 3.7x10° 1.0x107°
SP50%+SM50% 2.0 )4 8 1.5%x10° 3.9x10 7
SP25%+SM75% 2.0 o] 4 8 8.9x10 7 25x10 "
SM 2.0 °]24 8 1.9x10°7 3.6x10°

(a) A4 A= SP

(d) SP25%+SM75%
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(e) SM
<% 32-81> AA A8 wE AbHEeHY A A v

(a) A4 A= SP

(b) AA A5 SP75%+SM25%

(d) SP25%+SM75%
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(e) SM
<9 32-82> AA Ase] mE FE5HEH WHIH(F9 AEHAZ 8Y A

(a) AA A= SP

(b) AA A5 SP75%+SM25%

g

(c) SP50%+SM50%

LY
i

(d) SP25%+SM75%
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(e) SM

<29 32-83> AA Az WE E3E HINFTY A EHA 7 8Y A)

@ 2HE

w AolM= = B SR B SguEdd mE e EL] AA AREA
o A3 HI7rE fste] stAA 72005 AA EEdHE o83 54 B

Ay 2y R Azl tid Ay 5 A g FUkE

(D) AA Az ZH(SP)E ol &3 FARIHEE 24945 3 AA Wl 3t o

2o FFE AIARE 60l AA Ho gl =ddhs ezl ue A

A sk, Ad e = olF AE Asste] AIAIt (AW 4]

AEAZE 15)0l AA T Ass Aoz yEhd AlAl JFrbe oy
o= FrrE A

& A ZAHEP)= AA sz FAE A

(2) REAY 20 0§

() dEFES  EFUA AuW FANY Fw AA A=
Agich. whebd, SAEFES ol g3te] AW

o B =) =
E]T‘:‘ 7/iT:': p—;}?_%]' AR AR
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7b FAEE AN 54

AW SFEFA vs vprht B0 Pow St £

H =AYl FeolA st Y 2 A& gtk (Anderson and
Longacre, 2002; Stepler et al., 2004; van Mastrigt et al., 2002). ©] & 3] F =<
GAE 93 FAEEAES A deltet 2 AARE FAder = A
AFEFARHKey et al., 2004; Nielsen et al., 2003; Zhdanov et al.,, 2004)¢} &3y =%
AFae 2 gAdns FAYgoz = v 38 AHDeAngelo et al., 2003; Ecker
et al., 2000; Rodriguez and Stewart, 2000) 2 =LA &% ©@A &AL} F2 4
|5 3l

g A FHAY A2 S gk ST EANE T R Wdiste] 2o
Hgo] 2eHBR FuodAs A2 oo AldHa Qo oo H

al AEAE7E A grh(AHRE ], 2003; A 9, 2001). v wwF A
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B¢ A7 grielth IYBE o wol2E AASL P WA AEE

dxohs Aol Fastt olH 3 Al dHY AAHE Fl olFoAAH Y

8

o]z wel oy 7HX] HE7F AE&E 3 o T2 AMEEHE AdFHE A &
712 #(auto correlation)Z B ¢+ 454 (cross correlation) ZEH = YE 4 At}
2717838 2HE A5 A EWelA g5H AL ASE O Ao r ZEFA

(Convolution)A] 7] Ao A WEAMH LS G]e %7} wHo] ®H7|7F AYxa F
Mo e A ts vAL & AAT ok

wR, 434w AeE AR ALILN NEE WA 45T ORia

piy T = =,

o

(Deconvolution)A] 21 &, o] Z-& & ¥ 259 FEF(Convolution)A] 7]+

W ow A7) et npR A2 v WhAe7E opd A A whAbdC A o] A S

P HAGRE dYHE Fos g AATO

&3 ¥ (High Pass Filter) 28] AF3 &3 HE|(Low Pass Filter) s°] 9l

AR} FARY] aka, AHEFY] F3 AR wEs AAue] HRws
AFel A Wt sol wEl AVIA He whAb FAle] WEE Ay s e S
315 1 A (Static Correction)©] 2} gt}

Aot £ BHALS FW AP dFol e Dol FAsHA Hed o ZA,
AzxRHgA Bt gold H£EE 0.125m/nszt 7HEsHE AF A FFu=EEA

(A 2 (32-6)3 2ol e & gk,

(3.2-6)

(b 5
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GPR A=®12 @A oy Al=glo] Agstuo]low AZs]|Ate] e} Zhu] o
FEj Aol ok EA R 72 S BT ARSI i ATl A= A
U] Sensors & Software Inc.olA A1 #gk pulseEkko 100 Al =815 AF-&-3ht}
o] Ayl AAASE A A¥rAL Fopo] FE AREH I 9lom ok K

Ha7h WA 2 vl kel aAds o] tH(<E 3.2-56> ).

<3 3.2-56> GPR¥rA}7](PulseEkko 100 system) A <€.

Manufacturer Sensors & Software (CANADA)
Maximum Performance 162 dB
Sampling Interval 10ps~2,000ps in 2ps steps
Equivalent Sampling Rate 100 GHz
Programmable Stacking 1~2,048 stacks
Programmable Time Window 1 ns~32,767 ns

Single fibre Console

Sensors &
Boftware s
Ul EKKO 100

o d &

ET XN

Computer

(a) PulseEkkol00A A] 2~ F-A4 = (b) A3} <tH
<adg 32-85> GPR 417l 74 2 A 53} otH Y (PulseEkko, Canada).

Aelelth Aswle TA SAR, FAR, & FALE Aolshi Aot A
=

29 7%, AdE wyss AREPE UE 5 AtH<d 328> B2). $A
RS2V R FAH Aol A SANES AATFS wop B~
o AARE BYAA AWoE WANTE J5E A FARE FA7]9
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IR o] oA Aojol N AAFFI S AolE Eal Aate] whA}
AN AR AEE Favel TUAY FHw WA F AR A
e

= BAlelER ddH e
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-
rl

pulseEkko 100 A]Z~®lo] A= A o] -
2 FARA] AAlEE Fo7F Hastt § - Al SHHYE 25~200 MHz ®919 &
TS THAY FAE R Aol wel A AR Skl SHHUE A E st
&

(= A = 2 EARERE], 2002).

I

>,

)

Al

(ch) A4

7t = GPREAIE A &3ah7]o] &2 218 7HA 3 Q)

GPR #A=9] a4 43 2474714 W3, = 2,000mx108m(215,00m*)ol A ¢] =
ESe oF 19330m’e g Ao e n&E 247474 AA W st
o] AxbetH AA HAHEZHS oF 21 400m’C 2 FAEHATH< Y 32-86> Fx).

At 0w GPREANE S oA i AFF=x dotolv x5 vy A

FHZAE AAAE ol 5T k. 53

A7 4 m ol Z gk 4F, =2 s o=

o A8% & Ak
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H2A §E Ao 5 A Fo)] REE=H S
(c)

gk RAF shpoll AAdFol EEsHE A4
(d)

A0 8
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a5 .

e L3 s o=k
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(e)

<71¥ 32-86> WAlg %

(2) =29 EAd I FA

7h 712 e

AN AL BT Ayl oA A=A (critical refraction)©]
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;<37g7]x]» 5]7(—1

F3 A BAGFANER)
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9 32-87> FAWBAAGA mAE B 492
%, SErb e RRFA FEI e REel AAAoR AT i F
o AW BASA A oW UL AAWL W FrFY SRR A
saiel, oluA 9 AVE dEAoR FRFow AZPs] ARAA =P W
ok <7 32-87>0] EAE sue 7k Aol by WA EAF g wAF 2

o g7A, AFd= AFArE AA =gt Agrt HolA WA £wrb wE Sk
Zo A ZFAA A7} 25 (first arriva) 02 =251 o] 58 A% 3 (head wave)z}
AL gt 2N B uEAbe o)E AT aE g5ste] T e AT T Y
Ao A9 L5 ARkEh

A9 RAL 7o R AHuer 245t gl wiabate] EEAZRS ¢lo] AR
Al A (time-distance curve)oll Al A WA Hxeo ZAIrt AAHE AYE
Al A 2l (critical distance)etil st =497t AHaE ddy AFo=
el @749 A-lE wzkAE (cross-over distance)2kal $Hoh EEF = )
o] FAIE U= A4S 4874 dd2 dAFstds W A 3 whys
S AehA ZH(intercept time)o] #}al ko).

AN ZAAYX)- A e 42 T8 s T2t B4 g5 Txdd o
gto] olE2Hom Ay o] vt aYrER V|S5H 9o e Tilste] FASA

B2 A4RTE 449 /LR E 74 39 FEE ALY 5 3 YA v
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PR Y

o] <a® 32-88>¥ o] AstviEe o Jje] AR o

PN

B2-7= 2 B2-8)¥ 22 Fei= xdd + AUt

(3.2-8)

ti= Zansjlif

21 (32-8)% 38 = FdstH 24 (32-9¢ Zo] Hu, ofe] 7lx WP o R

o] FHAS AAkste] ZF A9 slownessE A4 4 At

h hy - by s A
loy Ly + 1y, 31 ly
LS= |1y Iy - Iy ||| = |t3| =T (32-9)
Zml ZmZ lm § t
ol WAL HUHOZRY FAA7A] @57t st HA FEE B
B Aqkel os) F4stHA 2 si7F Felld 4 len, 2Ry zZb Ao whad )
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F7= A% afFIEE VAL dow BAF BEAd wep A4-de F

g0l FX71E AYste] Abggth g del o] AFHe NTES FE FHAF

o= 4Hz W9 AfFFIrE 7HA e AT ASES A )
%!

= 20Hz W9, WA 9] A9+ 100Hz Wele] 53 A ES A3y = i)

(a) A 1} 7] & 7]
<19 32-89> ATV &7 9} 4717

<3 3.2-57> ©A A7) McSeis SX24¢] Al 4.

Data Acquisition System
Data Acquisition 24 + 1 aux CPU 1486DX4, 75MHz
Input Impedance 20k ohms//0.05uF Display 640480 dots
Gain 24, 36, 48, 60 dB Interface Parallel I/F
Frequency Response [4.5 to 4,600 Hz Power 12V DC
A/D resolution 18 hit Consumption Current [3A(max)
Sample Rate 25~2,000usec Operating Temp. 0to 45 C
Data Length 1024, 2048 Dimensions 330%280%220 mm
Pre-Trigger 0, 128 samples Weight 8kg
Trigger Level 100 to 1,000mV Others Printer

dutd o2 e uealr| e A 7E7Fse HANEHY HU Lo vE Y
Bl = dynamic range’} HES5E A Tolgta & & low o]y 3t rangets

A/D WA bitoF RS AAZE Aok A wuel M= 18~24 hite] 1T
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(ch) AbelaA

@ Ackermannol] 93t =4y ebAd IEAL AR (1979)

Raft River Geothermal Area

BRIDGE FAULT ZONE

NORTH — SOUTH
B g+ ELEV (M)
TYPE SECTION IA —~——+— TYPE SECTION Il ——+— TYPE SECTION T
1600 A-A'  RIVER 1600
) 2800 = 2000
1400 2600 . 1400
1200 3000 1200
3000 :

1000 ﬂ 1000

800 — 3600 800
3200
600 | 600
400 6500 400
200 5600 S . --L200
5L 5700 6500 s

-200 —L .200

0 500 1000 2000 METERS
e

<Z1¥ 3.2-90> Raft & dxAdie] @9 H$x .
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Aol A F /i SR FaE 7 Jom 7o sEwgas v
Z3l+= P3(primary wave, longitudinal wave)9} S3}(secondary wave, transverse
wave, shear wave)”} £A3t=d o= A A A d(body wave)gtal st} o]
gt Puto} Sute= @AY HEE wiNTE S AddESE HAY, dAY
sHEgolY £ o 284 5SS Adold s Bl Py v AAW
sH(dilatation)ell o3 HAE = FsoR wjH W rte] EwEe] A gl
eyt stz Fygtar FUH(<IY 32-112> #=x). ¥4 Sub= o

o] 3 AWM (shear strain)ell ola] B7]= oz dare] EWFS 3o APy

(P A7te] $5 DS YA £ETG

<29 3.2-112> A A 3(body wave) YAe] 5WEF (WAYE 5, 1987)

dutziow pyt B Sybe] S wjde] WE p ¥ Lame 9l A%t pol 9

o]
Golu] 4] (32-10)3} o] FolHth.

v, =4 “pzﬁ‘ v, = \/% (3.2-10)

of o, A¢k pi= AHRAAF} AR S A FrE AAY Fo
#e HABR Pate] £x St Sewn P A @k £3 g s
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wxel woesht vjde W Fbel wel Lame 447k F7ksl smE At
Hore wwel Mestel FrhshA Bk mekd Autel By SrE Awe 3
A el R el met By 9L A wEntn @ 5 gk ol

g SxEEstE dogle a2 MiEY Ax, F=E(porosity), A

o

(cementation), ¥ & (crack) ¥ =S A1 A= FA) TF &
o2 <3HF 32-67>0A He vie} o] &

ZAS & 5 A 2YBEE A @49 L5 ol fste] wjd

F 3.2-67> EAL RE ooy 7hA] EA e B9 S=(FEA T, 1999)

Pt £% | ST &x& )
R ZobEn
e < (/s) (/s) FEE L emd)
ANE 80~ 160 13~17
4= ANAE | 250~700 | 60~200 1.6~2.0
A2 950 ~ 350 18~2.1
0.35~0.50
AR E 160~ 250 14~18
5% AAE | 1000~2000 | 200~350 17~21
A= 300~ 600 1.8~2.2
olak | 2000~3000 | 600~ 1000 2.2~26
0.30~0.40
o Ak | 2000~3500 | 700~ 2000 25~2.7
" g7k | 4000~5700 | 2100~3300 26~28
- 0.25~0.35
1m0k | 4400~6700 | 2500~ 3300 2.8~30
AR uE 7500 ~8000 | 4300~ 4600 0.25 33
T71(AZx, 0T, 171 331 - - 0
B(Z85 23~27C) 1500 - - 1.0
qe 3230 1600 0.333 0.333
e 3100 1960 0.167 2.3
2 5950 3240 0.289 786
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3 AGA BAR AR ol WSS pE

H'F
{4
) A

i

-

HE & 4 (32-1DF 2o] 3¢
TRAA AL
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% &(Young’'s modulus) T+

o= Fe
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b, <19 32-113>% Zo] g A

o J Al ol
dol7h oA A ¥ £ WForw= @A o7t =

2= B A ¢
ojubAl Ht}. o] F wiEke] WEFE ] Hlo] A (32-12)¢ 2ol &9

- 5
3z ol5H] (Poisson’s ratio)ghal W 05K T 22 ks 7HA A H ok

T
2y

o

a (32-12)

ol A wiEQl EAol] Al WEdA §HE ettt e AH v =
o £ A A ek Al (bulk

v 8 Aol o Ad wsg adl o@ vz apel W

modulus)gtal Foh(A] (32-13) #FF). o|#1d xgHe iAo B 9=E (incompressibility)
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ARk o 7 <aF 32-114>¢F Zo] A d o 5 Vhetd AGHEE 4= A
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il

AXAE ] A A= W3l 83.2%~94.9%0°l 4 S Zlolo F#glol 97m/se
c~14dm/sec o=, AUHAEAY] A9 Fdhd = W3} 90%~100%°14 82m/se
c~100m/sec 5= UEWT Fgh SHEEZ AEQ Agole ddd SE= F
FAFel A v E ¥3) 63.4%~68.9%14 8lm/sec~99m/sec TO=E, 4
Age] A9 AUz W8l 85%~100%°141 95m/sec ~121m/sec 2.2 LE}

A D AYA Y o Aoy Hr= wEed A$ 155%~305%, AES A
A gAE o]JH AW 689% A uwf 95.3m/secE
85% A 9m/sec 5Oz AFA T o3t Aty HwrF Ao o Fafzl

Ll w2 () HE (3
7} Vs(m/s) Vs(m/s)
AR gE| = Ech=
W% z=bcm | z=35cm | z=55cm z=bcm | z=3bcm | z=Hb5cm
No. 1 89.4 123 124 125 65.0 94 91 91
No. 2 92.2 126 127 128 65.9 96 92 91
No. 3 34.6 112 113 114 64.9 35 33 31
No. 4 90.0 115 118 119 63.8 36 85 33
No. 5 83.2 97 101 105 66.7 38 87 85
No. 6 90.4 135 136 139 65.8 93 92 90
No. 7 924 140 142 143 66.0 94 94 92
No. 8 89.4 134 135 138 63.4 83 79 78
No. 9 91.8 141 142 143 65.5 95 94 93
No. 10 89.8 118 119 120 65.8 99 97 95
No. 11 915 139 140 144 65.4 95 93 33
No. 12 90.3 129 131 134 67.2 99 96 91
No. 13 94.0 129 130 133 67.7 89 88 33
No. 14 38.1 119 121 122 65.8 97 92 92
No. 15 94.9 132 134 136 68.9 98 95 93
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No. 1 5% - 85 95
No. 2 90% 82 90 100
No. 3 959% 95 95 108
No. 4 100%% 100 100 121
Time(msec) Time(msec)

4] 5 10 15 20 25 30 as 40 4] 5 10 15 20 25 30 as 40
51 I -'-*—“M"“‘““m mx" =1 I “‘M‘ M A '&"" ‘A
£, LABSMA o oo £, e adk m& y R PN
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R w 5 ~n £ -
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| = aalde. s Lﬁkﬂ. 51 | o, Mﬁmmm 41
_._.‘e.ﬂ\M‘ﬂE\ Ao .ﬂ.mdx.ﬂj E 2 YN MWMAW

(c) No.3 (d) No.4

Time(msec) Time(msec)
] 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

Channel
R w 5 ~n . -

-
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R w 5 ~n . -

1 Mﬂk}l\ ;.&Idm___am.? v

PPV YV YV VNI
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w ~n -
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3. AFE A A H AL BI7IH (D)

2 Ao A= Leshchinsky(1996)7} #|Qtst X o FH MAo|2S AJlstar, AL
TR A 71E FHe] A4 BrPNE S A &8kl Coulomb ESHeo] &l <A

o AFE A W - o H A B IR(/HE Al s

7b AL /B HA ol

<Y 33-11>01A4 BXo] FHRUF &7t ANA = AwHe] AA
B o s, A A 7HG AN S vt 2

A, 22 B (HAHHE)S s F AR e 783 Aa dolw
=

aly

RIS

sk o] 54 W3yl gl 24, AFEE SF fA3 A
HFe FAGt AlA A eRFE Uies £ 22 FeA=E AL WE 5

==
o
by SHAHE AT o2 Sdst AFE o ddeHE HAsA

L = circumference of tube
r = radius of curvature
p, = pumping pressure

Y = density of slurry

<y 33-11> A2 FEe AAMNIE (GeoCoPS(2.0), 2001)
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yr/: d2y/d_X2

r(z) = [+ )PPy
Ty —(p, +y2) 1+ VP =0

rl@) = 7/p(x)

(3.3-1)¥ o] Yepd 4 Qrh <729 33-11>4 H
oA71A y' = dy/dx,

Tk SHAA ] A
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(3.3-5)

1/y(0) = 0

Z 4 (3363 2.
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(3.3-6)

b= W/(P,+~h)
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(3.3-11)

axial geosynthetic tensile force

axial —

T = circumferential gecsynthetic tensile force
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(3.3-16)
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(3) AREA A Hel it A

AL FHe AAY w3y f8 o= Aubd Gy (general shear failure)?} =3
A3ty (local shear failure)E 1HE 4 Jvh I HAGIY = X FE SHH9

A& w o] 712ANE |FH(squeezing)ll o7 Awtuty]

B o]
Ak g zo] gt A8 FGrrs AAY g2 & WAEr] 8 7] A
of ZHgsts A FASHo AAJMAE(FAM  25)& e 7xAN FHE

OU<Qa = (33‘20)

o — Vl + V2+ FT‘ Sil’lB (33721>
v L —2e
(ii) 71ZARke] SAAH, 4 . A4
duy= ¢p* N+ 0.5(L—2¢e) - ¥, Ny (3.3-22)
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(3.3-23)
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(3.3-24)
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THAE KS K ISO 10321
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(1) A4 =3

FEES(m) : 24 m vl AAHR) 1 0.0 °

W) A FE AL (m)
](ngotube) 1.2 m %(Wgeotube) 1.0 m
a O] (Lgeotube) 2.6 m ]ﬂ'ﬂq = Eo}:<rgeotube) D 1.34 t/m’

AL FE/A L FH v ZHZH Dgeoune) 200 © FH/ALFHE wpRZHD) 245 °

) AEA
Tﬂ’% %%(YSOH) . 134 t/mj LH ]’%Z‘l SOil) . 300 °

2} 71z A Hk
G F F(yeon) - 1.34 t/m’ W5 w22 D) - 30.0 °
@%E—I%(Csoio : OO t/m2

b 3 E (SRE HF)

q: 00 t/m

(2) 934 B

7h sl tid kA AL
o W9 dol B ZFol g AFHP) : Pr = (W+ Py + Pgy)xn =7.201
o &9 Hol & &EH([Py) : Pa = Py + Pon =1.417

. FSaidgng = Pr / Pq =5.081 > 15 o]  OK.

A71H, W : w9l Ao] F ALFre AF(ton/m)

Py @ &9 dol 3 FEEY #2452 (ton/m)
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) Adxe] gk kA AL
o M, = WxX, + PyxXpy + PyuxXqe = 21.801
o My = PoxYp + PynxYpqn = 1.134
o FSor = My / My = 19229 > 2.0 o4 OK.

= 58.656 t/m’

[ ]
44
ot
N
X,
JE
o
£
o
£
i
Is)
z
+
Q
Z
T+
o
o
od
os}
o
Z

A7IA, AA=H AF 1 Ne = 30.14, Ny = 1840, N, = 2240

* &8 5 (Qmax) * Qmax = (WHPW/(Be) = 4.044 t/m’

" FSphe = Quie / Qmax = 14506 > 25 ©]% OK

(3) WH¢tHdd H7t
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EQASG, BHE ZAo| A9 FH a2 zt FoAe A wsle] ulzl ws)s)
ue e ol 7t WAFeA 2zt AEale] Wrkel o] gahofof Fr}.
DO ZF ALFE v FoM] EGAF AHA
Ao FH wAdZ A FH N A FH 7]&7] FEEYAST
1 1 90 0.296
2 2 48 0.921
@ ASFE A% L ZHE Lol
ALFH AL FH vl 4 7] o] HNED A5 EdE
)4 & 7N (m) (m) (ton) Zol(m)
1 1 1.2 2.2 4.181 0.500
2 2 2.4 1.0 12.542 1.000
Q@ T& =4 3% EHE "o
EHE Zdol(m)
EdAFKY) | FEES(t/m) | FAEEH{W/m) | FH 5= {t/m) X v
0.296 0.889 0.815 0.354 1.720 0.400
0.921 3.554 3.259 1.417 2.841 0.800
@ g4 Bk A
A QFH A QF B A FH wjAd
UH@% 7]_]\{[\_ 7:_]10] (m) }\t‘)]—]iﬂ(m) FSsliding FSO.L.
1 1 1.0 2.2 5.13 24.64
2 2 2.0 1.0 4.06 19.23
(4) &+ H7F 43 4
AA AJFGAIE ALFE A gig o - JAAAL S Hrre Ay, d5/d%/
21 Fel tfste] BF AT oz HIrE ST
<3 3.3-14>0|A Kol o]&ZoA Fgt Bty HAAl ASS 3 E ARE




0.7

E9Ht/m”)
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AT,

AA A
H(t/m’)
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4.0

E

]

b H = b o] A

sHt/m?)
0.87
3.47

SRt
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1.99

7.98
Aol AAR A7

33-14> o] 2 Egt}
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ul %@

w = N- Ho ™ ™ - N BN O
oL : o o N
o B T @ o T = |78 S 8|8z =
Om‘o o 50 7 — ,._ﬁ.ﬂ ,._A.u_..,M .. JU oy H H oy WWo do
o - N T N D "
= FoenzE o [MEF
) g oW X pr oo
Ty ;OL < wLAﬂ N X Xl ~ N >
)
= 5 Low B oo B
b Tz oz o~ o = r
FFEEiT e 4 e -
< ,ﬂwo OT_ e K ,Ul ~ o 3 olo N ol oAu
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= oF w8 70 < TR 4 T
X Moo H o= O = |*] SI=M = o
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= foox B M oo ® o G
Pypz PR 0w rox3
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- - L 70 < R gy
N 7o R " o Hr ) % KB o 4
‘NA_I E#E X ﬂ.Ol WAI X l!L ~o ‘ﬂAII ) EW Gl o o
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7boAEY s

FA Aol o]&¥ ZF CASE ¥ AA =3 9 A de <3E 33-16>°4 K
o] CASE 19 A% AA A5E HSEGSP)E AM&staL, A4 84 drE
A BES T Wt mE 9FS AdHukon, CASE O9 4-¢ AA A=
£ A YH s EQ] FE(SP+SM)ot FHESPAME) R 313l 459 <t
S HAESII e, CASE M9 4% sHJEEP)2 Saed ALFEE 48

Agel AA Am Al WE Je A=tk

<3 33-16> 7ZF CASE & AA =71 2L HfAdd

T A A = s 4 o9
S A E(SP) / %@
oINE
CASE I A

A E+EE(SM) - -

T EHEEZS 77) ¥}
EEE(SP+SM) =
CASE II .

N
ot
20
o
ﬂ
wm
=

CASE III = E(SP:SM=50:50)

jz g to

QA E(SPiA] wll E=82:18)

GHE AA Eo] 120m, SPHF % 40m, AA A

brol A4S 4w,

ol

1:39] o g dAson, AAXRASZE 72 AN
[ex]

% =wo] S £33 g WS & on, AA L Jx Aol w4 Z7)E
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stzel A% A4 el 1/10 olakel 05m, MRS 4% 20mE JFoR AHs
ATH<1Y 33-57(a)> FZF).

ojuf, AA L y]ZAHre] AzE Ao A1EE AR EAAE HAFE <I
3.3-17>0ll4 HZol AA Azel B9 ZAH(SP), EFE (SP50% : SM50%), ¢+
E(SP82% : Cementl8%)& ol&3atth &, Y E &8 Ao 2 A& 9
o FHo BEAR: IAFIEGSME ol&adon, HEd we AA JAFF
of AA W AFE WA} fste] RES AR wigE A 44 dEHEFS
Akt o7)A, 71ZzARke] AS AA A5 Wste] wE JFFRS A 5]
bl FFAGA ] 2 (1.0x10 ‘em/sec) Ao 7FAste] ) EZA Mo R HF

= WA

A, AT Hed 9 271 20039 9¥€ 102 ~19¢ AF FHH=L
715E ol&ste] AAE FARF S aejste], HELlolA 1del 2A A9
=ge § 299 HuF9 AAATE AA 3Y S FFHR sole s v
FHxdE 7H8ete A Eetdvi(<d 3.3-57(h)> #x)

(a) 314 o9

22l(m)
A

10 T

i t >
Tl=1 T2=2 T4=4 Ti=7 AlZHday)

(b) A8 F=9x=2
<9 33-57> S|4 @ 2 Fex
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<HE 33-17> Ao AFEE EAH

EAT

T o | ¥a W/m) | ZE=1](e) |elkgl/em) | & °)  |[k(em/sec)
(E, t/m")

A E 2 7(SP) 3,500 - 05 0.01 341 |4.85%10°2
BE 87 3F 3 E(SM) 5,000 1.84 0.4 0.06 314 |7.98x10°
EFE | SP50% @ SM50% 4,000 1.96 0.4 0.03 328 11.02x10"
I HE |SP82% : Cementl8% | 3,500 1.75 0.4 0.01 338 19.80x10*
4835 A 8,000 2.4 0.4 0.0 38 | 1.0x107°
7] Z A \k ol ok 18,000 2.4 0.1 - - 1.0x10°
Ao =B 5,000 1.84 0.4 0.1 30 | 1.6x10"

. sHAT B8 HUF U
(1) AL AHELA 4 71H

QurA o SAAY A

s

=
o
ol
ol
%
lo
2
1o
B

e S99k A, B9Ae

AEASS agste] AAst &4 wH oz A H el A H (Limit Equilibrium

At AT BF <FE 33-18>0] UElt vie} e &S wEIE

<FE 3.3-18> AA AEjel whE FHE (B A A 7] E= 2002)

A A A =S b &
14 & ¥ (crack) AEads aEsA g 45 20 o1
2512 A AFEge weshE 44 L4 o
237 (crack) s sk Ee 45 18 ol
SR Hehe s A9 13 14
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g

(o]
o
:?1:1'
4
[z
i

cccccccc

MUXI S ApE ok /
A E MODEL e

ssssssss

M 2|X|& AtH b AL oFAE A
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59 Sl e

o714, A &4 H (Limit Equilibrium Analysis)< {AIEEH fo EAE

AR 7Fgsta, o] B Agsk= Feol WP aeste] dMete WY, 2
ME BYPe aeste] s R, I3 medE FFS wF aeste] 45t
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<3E 3.3-20> AFE (3R

AAI71%, 2005)

As HE 4 7 (mm) SHAI &5 (em/s)
1 40 ~ 48 20.0
2 2.8 ~ 34 17.0
3 10 ~ 1.2 10.0
4 0.7 ~ 0.85 385
5 04 ~ 07 7.0
6 025 ~ 05 4.2
7 0.11 ~ 0.25 35
8 0.075 ~ 0.11 2.5
9 0.044 ~ 0.075 2.0
Ve _ ¢ 2 (Gs— 3.3-30
v VAM 3(Gs—1d g (3:5°30)
A71A, W @ EfAe] 55 H(g)
A: B9 35S e EUAY A ()
Y, o= @A T g/en)
g @ Z971% % (en/sY)
Gs @ HF
d: EHx 474 (cm)

SHA, B L 519899 AFAFed M2 Justin®] FAFEHELS FYA
TEM)Q dES uyEA B FuUHoz I AAFES AASE oz I
sbat glem, Richardson(1961)°l elsl € dddx= 58 Atd va ~
(3.3-31), (33-32)3 7Z-& FUAY HFEMS A7 A

o] wr} a9l ARE AA BT SATH<L

m

_ 2

n=
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v, = n" /= (Gs—1)dg (Re>1 49w) (3.3-32)

AZIA, v,  FFE nd W AT m : ReynoldsToll ol38l] AR = A

n - =& (Porosity) v @ A AS(cm?/s)
G, E4Ae vl g @ TH7tE = (em/sec?)
d: E4AS] 974 (em) Cp © AFA S ReynoldsF=2] &
10E 7
O <EEZA> N /S
- G=2.498 / @ //
T re=1.50(gf/cn) A%S(1985) ;SR
S o = s
_ v=0.01(cnr/s) T /f {’f‘m‘?\'&;-"‘“ﬂ
TE e P ,_//// el
= / - p
E B i ) 7
R :
e -
e - / P - /
{X&T’%( 1967) o /Justina!
P > .
001 1 1 L1 111 Le+ 1 1 111 111l 1 1 'IIIIII’It 1 1 111 1111 1 1 111 111
0.001 0.01 0.1 1 10 100

st & & & Viem/s)

<2H 3.3-58> dI A o] AA| FEa Ao BAHRK T, 1989)

(3) =As14 23

(7h) CASEI : S E(SP) = Aol g drs 93 =77 24

W7ol FEF WAHSPE A 2 U B4 HYE AF L A 54
BA A3 A ARZ b BARE SPER BAHAY, A% FA B

w Ao = AA ARE =2t PFEGP)E SxE AW gAY FRE
Ae FEE HEF FHAQ 2254 AAS Akl AA AER FFESP)
A(Tw =0.0, 0.3, 0.5, 1.0, 1.5m) W3}l w& A A AbHL
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_|>L
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o71M, BES T Wil wE T44L dIpolAe] At l:r
71 0.0mell H3} 0.3me] AFASHAEe] B ZA detsked 2 9d2 iAol ARE
H EA4AE BAFe <F 33-21>0A HXo] SIHES HES

lo
2
i
ol
b
J|m
o,

i# 3.
zpole 7]Q1st o 2wt

k)

<% 33-21> HEZ 77/ W¥slo mE AHJIAS A A
ra

A o}z 8
HEEZ T =k 8 R
= = T”ﬂ 7] % = SFT2 SFT4
0.0m 2.43 O.K 1.21 N.G
0.3m 2.58 O.K 1.04 N.G
0.5m 14 2.59 OK 1.99 O.K
1.0m 2.62 OK 2.12 OK
1.5m 2.65 0K 2.17 0K

9, PAE Brel we AA i A4S BES T st we AA
Shold QrREA ANE welFL <E 3322504 wEol AA W AEAEE &
Ae BARE o 09% AEZ, A WMEE £ A
Al MAHES A5 0031~0.037% A=z <FAA H7F 71820 1%E TFete A
o= BRI,
A7 M, AA Fgel wE stolP gy Wb <a¥ 33-61>014 mEo] A
=

A Agel SAESP) AR ARU(I ARG A8 iFF5e 29 2EF 1
(A 3)e] 23t A 33k
3.3-22> BES T/ Wil mE AA vl AN A
B AA T A
Bz (V, m/day) IR I~ 3
7 AT Eiz Riey
=z] A =] A o} =z Al o} =z A
I ] H ] <VC, m/day) vl o <VC, m/day) 1wl o
0.0m 42.33 - 0.K -
0.3m 42.85 16.48 0.K 0.K
0.5m 43.30 17.13 4,432 OK 45,543 O0.K
1.0m 43.60 15.83 O0.K O0.K
1.5m 42.91 14.31 0.K 0.K
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