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SUMMARY
I. Title

A study on drainage system development of continuous

moist paddy fields using plastic drains(PD)

II. Object and importances of the study

The total area of paddy fields in the country is 1,210,000
ha(1995 year), of which approximately 9 percents are the
continuous moist paddy fields which requires drainage
improvement, Through the sample survey for 320,000 area of
paddy fields, only 26-30 percents of the sample area can be
utilized for dry field farming.

Up to date special emphasis has been put on the rice
cultivation, which has tried to be developed with a high
priority to attain self-sufficiency. However, since rural
society has undergone a rapid and violent changes such as the
opening of domestic markets, import liberalization of
agricultural products, out-migration of youth, decrease in
rural population and farmland size expansion by regrouping, it
should be recognized that coherent structural policy and
sufficient investment in improving infrastructure are
preconditions over new rural environments, Further, degree of
self-sufficiency for food grains is only 10 percents and rest

depends mainly on imported agricultural products, High



economic growth and rapid industrialization wentailing the
expansion of industrial sites and road networks has encroached
on arable lands., To <cope with these difficulties, great
efforts should be made to increase farm fields and provide
good facilities for the existing farm fields. These can be
done by reclaiming tidal flats, waste lands, developing
marginal lands and improving irrigation or drainage facilities
for the existing farm fields having poor working conditions,

A great deal of research on continuous moist paddy field has
been made on the functioning of the underground drain to
improve productivity. Especially, the mole drains have evolved
considerably since its first use in Mesopotamia province, In
its early stages drains were filled with stones, brushwood and
sand. Later regular underground channels were made in the form
of wooden box pipes, drain tiles and concrete, Perforated
plastic pipes were introduced around 1960, which have many
apertures distributed around the whole circumference for water
entry. However, although perforated plastic pipe has many
distinect advantages such as light weight, delivery in long
length, low transportation costs etc., it requires much more
labor and cost for placement than other types of underground
drainage systems, and is restricted to use due to its envelope
placed around pipe and shortage of installation equipment. In
addition, since the spacing of pipe is so wide, grouﬁd water

flow toward the pipe tends to be retarded by disturbed soil



around pipe.

Recently developed plastic drain board(PD) has a good drain
property and could be used as a substitute for perforated
plastic pipe. PD generally can offer the cheapest installation
costs among various drainage pipes in case of wusing with
appropriate installation equipment. The objective of this
report is to provide a general technique for applying plastic
drain board to continuous moist paddy field for improving
productivity and to develop a device for PD placement

attachable to a farm tractor to handlie easily on site,

Im. Contents and Scope of the study

1. First year
o Examination of physico-mechanical characteristics of PD
o Examination of drainage system principles
o Comparison and examination on the effect of drainage by
laboratory test

o Device of equipment for installation

2. Second year
o Complex discharge capacity test of PD
o Discharge performance and core discharge capacity of PD
o Installation of experimental field
o Comparison of field and laboratory test on the influence

of drainage



o Application and modification of installing equipment of
PD
o Comparison of conventional method and PD on the influence

of drainage

3. Third year
o Measuring test in the Field
o Suggestion of optimum area and construction spacing of PD
o Detect of problem connected with design and construction,

and it’'s modification

o Review of environmental intimate PD

IV. Results of the study and Suggestion for
Application

Conventional subsurface PVC pipe for drainage improvement of
continuous moist paddy fields is required a lot of efforts and
financial supplies, and limited to the amount of operations,

This study was carried out the examination of application of
plastic drains by means of Lab. and field test, the device &
manufacture of equipment with a view to easy and economical
installation of PDs., and also numerical analysis to find the

optimum spacing of PBD. Brief Summaries of main points to get

this study are as follow:



i.

By the results of examination of PD characteristics, PD is
able to be applied to improve continuous moist paddy

fields(CMPF) in terms of permeability and tensile strength.

The filter of PD has enough permeability to be used
drainage materials for improvement of CMPF. The results of
long-term clogging test show that there is no bad influence

to the drainage performance of PD,

The result of the investigation of drainage performance
considered confining pressure, hydraulic gradient and PD
iength simulated to the field condition using specially
manufactured large scale discharge capacity test apparatus,
30~ 50 long length of PD can be kept required discharge
capacity. Especially, circular shaped PD is better drainage
performance than band shaped one, and almost same discharge

capacity as conventional subsurface drainage PVC pipe.

The results of the investigation of drainage performance of
PD at lab. and field tests show that the optimum spacing is

2m for band shaped PD,

In comparison to installation methods of PBD, standing type
that the drain is installed vertically is measured greater

amount of drainage than lying type that the drain is



installed horizontally.

6. By the result of economical analysis between 2m spacing of
band shaped PD and 10m spacing of conventional PVC pipe,
construction expenses of PD is 70% of conventional PVC
pipe’'s. In case of the improvement of 87,000 ha, the
construction expenses cut down approximately to W 110

billion.

7. Device and manufacture of equipments with a view to easy

and economical installation of PDs(band and circular shape).

8. The result of investigation of long-term corrosion
characteristic of PD shows that the tensile strength never

affected from pH concentrations and elapsed time.

9, By the result of literature review about the environmental
intimate Fiber drain, it is good recognized for the possible
usage, however that has some problem for the long-term
drainage performance. Therefore, the progress of products

should be studied further,

10. Discharge capacity of environmental intimate bottom ash
for core materials ranges from 41 to 54 cad/sec.

This material can be used for CH and CL soils with low



permeability.

11. Drainage mechanism of lateral PD considered smear effects
due to installation and digging 1is examined based on
Terzaghi ‘s two dimensional consolidation theory, and
governing differential equation is proposed for the simple
determination of PD spacing with known values of vertical and

horizontal permeability,.

12. In case of drainage improvement of continuous moist paddy
fields, the manual of PD selection, and design &
construction, and the wuse of installation equipment is

presented for engineers and farmers.
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% AFE)E Fead

RN |
(Plastic drain, PD)a] & ol &3l wulo] HH AHF3sl ZHSF

e

A AFsted AGER Aujst e dtA st Sl & RELES



Azt U JAdVZE NATezH FIJLE 45 F

& Zlsted 2 ®AHo g
H2zd a7+ & 4 H4

1. 138 © 7h, U A4+
U, &2ta2Y =4dA F2, 4%y 54 +3
th. EetaY =ddA wieAd g 7%
b, AulAl Yol ¢ AAI YA+
M 2PE

np, = 42 Fuw ¢

2. 24d% : 7t EetaY =AY BEUYFsLEY AE

U, &Zta2Y =AY wieds U LS
Y A4

o, @RAERE A3

gt A¥E d2 @ dPAM AAFTEAY v
a3 vjagidE

o, =dd dA Fud & ¢ v

v, A ZYP 3t iR} v

AL, AYEX EAY BEHAY

ob. A¥A €4 4 AE

3.3%dx ¢ 7. @RAAZAY
U, S2aF =4dx2 HY dd g 24



oo 4A R AZol AW BAY £ % 2P
. Beadw sdQd Y oGy WL NN
Ae e

of, EetAE =g Ay BE oA EYAE

p, dA @ AF wd A4

A33d a7+¢H

1. Uy #Ar4+3

b, 1&g dAwMsd BIH AF AasP(sAAZTAA
dANE (sf53)) o 114
u. P #E 7 F =F £(100 o H)

Th. PDA o] +H Ao BIH Ar4+F(3W)

2. &2y =dd(PD)alY S, 9%y 54 F%

b, Su, o PDAIEY Bl 4 73

L. PDAR Y AR ZE AH

th. @Al EYY TP PpAo] A AF}Y &F Y PD
A AP v2PE

3. E o wieds W ¥ ¢#HY 54
7t. PDajl WE Y BLAS+ FF 9 A, S O {2y
2 M=y

. "EAe 3, oy 79 4y 54 FAE



c}.

R 274 NGgY &F& ez F7 23 gy 54
A1E

4. Eeh2¥ =U(PD)Y T+ %
b, M=% PDY &, F4Ew HY¥ E F45Y AE
4. ¥% P B4 %59 ZAE
T, HE8d% dUANEE B35t PDY Zojo] w2 F459 =
thAE
5. PDA ] BY FHEIdAE
b, AEA Reg(sMm)h HiYFE(CH) A2 E ez pPDY
AR ety 23
. W=y ppo MHPel(A A2(dA) g H&($%))ol ol
€ ¥+%Y v, FAE
o EAUHEEY 2R P AW 54 ZE
6. ¥®AAY
7, WSA(RAE 244 yzd 2I3232)2 3P A (f 2z
+ 5FF)EF LR FHY PVC FFH, W=¥ pPDxj,
g PDAl, BAAARA vt dazx T HAXH, 4
Bel L &5z 3§ A7 52 ¥ B w545 v
AE
4. AE2 AMdE Fe PVC 32 PDAE ALY FLE o



U

t}.

L.

.

9.

.

et.

o

e

¢

e BAE 2444

Stad =dd 4AFu e 2, A
dEY U YW PDAE ol AP FSEAHF o &3t
et EAY 4 UAESE 238 A AU 29,

A =t
EYHY vty wmAFE WA} Sx=utAYg A & xH
ch:
PD7} dAH =2 EfdEHA 317 ¢ FHYY W AR 4

g 2x28& FAR 2, A3

Z2A%HA P AE

A5ee PH sxH3ol 12 PO EHFY FE

£d ZFAF FAERY EQYUSE MY Fiber drainzf 8 5
29 —724»

¢
do

A Et ol Az} (bottom ash)g = ez &

PDaj ] wisulAUE +3 % Y epd A A
7}.

AW @A sl AE

g2 E =gdo ¥ o] E HE

&
. 8% Agd EF A PEIE 9 F AP Fo g% A

VaddgS 2y W=y PdDAY A efdH AFAY

Bl £ 2} 7] (Terzaghi) 8] 22ld A& Evis @, 234



g gt HERNA MePY HE U AR 47
3 A

10, 44 2 A3 Wiwd 24
7t. PDA A F 2

. PDAR A E A

th. A A=A A

gh. Al H

up. PDaf d A Hu] &£AA



H2%

M

gt2 8 =FA(PDIMe =2, H

§ 58 7Y

o

A1d M A

A waAdAgel PDAE A &Y B9, uto] el A
St AFolAM U4Y 4+ e H%8 d A} dEEY Z2AHY
T G ABAAH WY

(folding) T HB. wis+ %A
Fd

3l 3 F(bending), A

_.)1;,
e WH gdue 39 Y

e

(clogging) ¥ H=ovtHy Sol we ¥ 4% ¥ (discharge
capacity)o] A 3slxol At xdodel H £ . o F9
AN AA%37 ¢35t PDAY By HAS AHAYEE T3t
o ¥IYs] FPA T Aol Fasict. PDAY NEHA F2F

Aol RYEHE ¥HoR2E AW, REFT, 44, AXTE,

L
e

e @ F5AF Fof Art.

Azd duFd 432

E 2.1, 2.2l i EAQ PBDAj Y Beld H4AL FAAME
23 ZFUYAMELRE Lo el



2.1 chEAQ I PDAY FelN ¢4 (H. 1994)
GL M¥,MB CS,CS; TS TF
Thickness
3.4+0.5 3.0£0.5 2.6+0.5 4.6x0.3 7.5*1.0
(mm)
Width
95.8+ 2.0 100+ 20 94 + 2 100+ 3 100t 5
(om)
Unit mass
100 75 90 100 80
(g/m)
Synthetic
Non woven Non woven Spun bonded
fiber of fabric sade |Spun bonded | fabric made
u
Filter|fcellulose P non woven
form of polyester fros fabric made
Material and polypropylen polypropylen f
polyester rom
polyethylen
Core [Polyolefin!|Polypropylen [Polyethylene|Polyethylene e
Structural
Free Free Fixed Free One body
type
Gross-section \HHFHH | s |[LL L LT TTT]
2.2 FUAME chEHA PDAY Ey AA(Y, 1997)
HK sw SH KL DM ns
Thickness
92.2 93.0 92.5 96.0 98.5 93.0
(ap)
Ridth
2.7 3.0 3.0 2.7 3.5 3.0
(oo)
Perpeability of
filter sleeve kis|2.7x107'| 2.3x107" | 2. 4x10" | 3.7x10™' {1.2x10" | 4.7x 107"
{cm/sec)
Structual type Fixed Fixed Fixed Fixed Free Fixed
cross-section | [TT T ITT T | EE L\ BEFEB| T

Mg d e

WS 5402 PDHES

—36

A

T

3y

ox




& 23 et deyd 3 F A 3oy 223 weds W
ABZ= HBojct, P ARZAEY FeE vty U A&
dold BRHE &t FFAd BP0l Yoz e Fop
SAgoltt. #(1994)c] 238 3d 7 B To] AN QS e
WEEC & 40%o] G ch7tA] YA Fof PRBDAY HAE
¢ BRY A oy i st UYEY UL & 2 Fsi2

'yt

H3d PDY AXZE

Kremer 5 (1982)2 PBD H Ao tisted A AZEI ey A
of £ 0.5kNoj Jojojol stnj, male WY LS 2%0] 4 10%0] 31 &
HAst Adct. 3y 2.1l #(1994)0] 5% F(CS, CSz, GL, MW
X TS)Y FAF chsty ARAEE HAY AHEF Ueldo.
Algol o] 8" S54EF ZF UAZELE Kremer F(1982)0] =] 4] g

FEANE d¥stz A

i

e, A HEEL 20% E 2o 9
& ¥ 4 ocvl. PDA ElH A EdE AAd Y] A LA
= Ao AEFo2 A A YA HYLFL 24
F #elstcin zgtdct, I BAAFY QX ZE Ty 29
HE vZE AN 8FF(FUH:65, Z4:2F)2 PBDA o] tf
¥ ABTE=AEE AAYUh A EES KSK 0520 F o] st Al
Astden, & g FEAE 4 Ay J4AEL 2UE o] &g
th. AR 9 Zol: 30cnE g on, AWK ELE 10+ 3%/mino] 31
AEAE 4 AME cistd 2~3Y4 AU U FFAE Y
t}.



3
[x10%) g::&‘e;te:m‘hosa?:\':
cs,
o 2
z
%
1
— [Full-width
- - - - |Hali-width
0
0 5 10 15 20 25 30
€ (%)
JF 2.1 AFAE 23 FH~wHyFyIM
¥ 2.3 ciE A PDAIY QAAANE FHH
Size
Ductility
Nationali Product e Percent R M
Nationality name Length | Thickness {kgf/cmg) AN E . T
elongation
(cm) (mm) (cm)
(%)
HK 30 2.5 101.5 2.5 31.3
SW 30 2.6 64.8 38.5 48.1
Korea SH 30 2.6 45.2 4.0 62.5
DS 30 2.8 41.9 1.2 15.4
KL 30 2.6 37.0 18.0 22.5
DH 30 3.10 36.2 497 62.1
Ja MB 30 3.50 130.0 5.0 65.8
pan GL 30 2.60 200.0 3.0 36.4

¥ 2.3 dAFAYE ZAF Ueldcl. FEo A ¢

N
3%
fr
z
P

Zo UYAMES AABEE= 36.2~101.5kgf/cn’e] HF Uetyd

th. ol Z A E 130~200kgf/co’e] vl €A Yo 3N



Ve, 2 % 4FHFE Kremer(1982)28 713 o &7t ndx s
FAEE Bk, AT #(1994)0] AA g AP
¢ :=11,000~ 22, 000kPa(110~ 220kgf/cn®)2} A & & 2H
Alggygaded TAEL g Aoz AsdHrd. Azod dddE
FUMFol 15.0~62.5%2 HWHdu cisty FHYHEL 36.4~
62.5%2] HHE UEetdo & Aol P& & 4 Adrt.

PDx] El Al 2 HF(ANEF)olME PDARY F AT oY
Zt&o] gle22 PDAY Hduiol EdE F Yo ue TR ¢

o

b demg & 2Fste B Yestn, EdEd F Y
ojsf wAdH AJHol PDAY HE AFY oot PDaRY &
& AU £ A7 WEo ol 5o ¥ ZEJ Ut

2 dFoMe 47 AdA AN FHAE ol &t EUH
o 2% £xd 27 ElAA] PDA Hele FHE FAHLA. 2
e M (F X Aol X FAM=10cnX 3cnX 3mm) & PDaA} A whof X 23}
2 PDAe] 3/Y FHE FE ¥ BES UEEFE o &3t Huz
PDxi 7t A M7t = A stdct. Huto dAY 2 YR UFAE
£ 25 Ygg dAs =FY Y WMo FKoe dFE 2
e AAANA. 2845 E 2kn/h, 3km/h, 4km/h U 6km/hg
4Z2F 2 stodct. A 21 FYLEE HE FHEZFAZS
vetdcr, 74 28 x4 A (le)uich Y A4S B 2.4
of uEbWlc.



T

B

B 243859 Azld PDa

x
)

of Aeles ¥ Y (kgf/PD 1)

‘ F 3 % T(ko/h)
2 3 3 — W2
A ogH 29 35 33 40
o i] 2 24 ! 29 . 27 31
w gl 3 20 25 22 26
v 4 13 14 16 19
A2 0 0 0 0
(m) 6 0 0 0 0

A 2.1 FYE = It E FHEZFAS

F324d FYS= weltd+F PDAY Muio] A %Yo

st oo, PDA Eld A EYE It FY A K Ed 6kash



2
o}

71

AAd 4= dko/ho] st B Role A & Aoz s,

FRY BF 1o NAAA Ao FHe] AP, JTuy

40kgf/PD 12 & UEIYS of A $E= 2AL KL, DH & H 2L 2

In 2] FolMH ZHPe A LAY 7 Aoy, loojd W

L

EX E}H o] oUW 4 F PDAY ANEZ AX vtAYe 7

Aste] At FPo] Ay 5o FIoA dtaddol A2 (0)

fu

Haolch., metAM PDaR 2 el Fo] Smolide] Ha ¢ Fel& PD
Metel A% 2335 E& Fot &A= FAsict. 28, Mgd
Ed AUHo] UF st 2¥F2=2 A7 ofsg F Lol
F5o Ao FYo] Al ¢S WA HdtgE Fa A

L=



Aq3d dEe Hasds H +H %8 549

A1d o A

FeA PVCRFTR Ho AYARY FUdS HAYH FAA
e 98 $A3ANL HHRo=2 oo EHAY L5 (%A
T)IE ol PDANNLE F4A UG FE8] +¥Y + A

e W8S 2 dFolM 3 ZAE 317 s PDAIN S HAX

s

" ¥ (non-woven filter)7t A FHe I+ F i&sl7 o 33

¥ R4 s FAYL BE A A&Hstn de AsEd A

E F o] wAY FHo: HAY s+ sS YHY + A &Y
& YEPoiYo] TR R Fo3ict.

.

O

oA, EXeolME= PDa] WE (filter)d AW HF 4
leds AESG F9 Y (clogging)B el HANUS APo=E
g s de dE8 L 72 443 IS FEE UYHY

4+ AEANY %8 AESHIE Y}
A2d HH Y T4
Yee F4A4E 28817 A¢ AYRAE WA 2000, &

ol 50cn®} ol WE AMAY 2ok AU LMY 49 FLAYS

Y B4 79 2AE #%ld Y, 2 FSR(AXBXH = 0.3X%



0.3x0.3m)2t @HAZA(9 =3cn)& H&tArt.

F4AYS 7FF PDAl UWEHE e £ 52 AHE 0.5cm~
7co RN 42AZ Uro HARACE Reynolds2 A4 &9 2
EXUE ZEY A Ao 2z ¥ £ F3o WA PDA
W ¥

0.9

0.8

0.7

0.6 ~

0.5 -

0.4 -

0.3 -

Permeability coefficient(cm/sec)

0.2 -

c.1 -

0.0 T T T T 1 1 T

Height of water head Ah{cm)

28 3.1 £52 4hs} UEHY FFAFY BA

o TELS FHAMEHE FABct. 23 3.1 4+ F 2 AH ¥
BHe R4A4 BAE UElW Zor},

oA & 4 & vtef gol 4H H A wet EEAE A
E8ANAL FaASs BANA AL A& eI ).
4 F 2 4H=0.5cnd B ¥ FeASLY HHE 0.101~0.856cm/sec
2 - wet A Ao E& ¢ 4+ ALy, 4HI Scn W

o

e M



7.5cn2 F Yol wa Pl FHE FoASY 2ol u a3

Aol & ¢ + Ak, olE £U42Y Fo siUddW YEHY TI

W FAC YUY Aol Fedolet VO, gH=7. 5cno] of ¢

F4ATY HelE 0.101~0.204 co/secoiti. 2ol N &

ot Zo] RHASs AL JEldE DHMEL £ F

oY RALed Has Ao ¢gon, 4h=7.5cno] ¢ FFAS
g

+
3

rr

1.01X 10 'cn/secE vieldch. o] < i E A PDAf

fr

ooy, U e dAad da A5gEd 3

T ARAT A EY FLEASI 2.0x10°%cn/sec®2 UYEIYER R
ol Aol u3tA ¢ 50000 & ey, B d3o HAAE AHA
AFA AIAF YA E F4A4E 1.8x10%cn/secE UYEtU =z 2
Magd WsAdade] PO A &o] FE ¥ Aoz g
g,

UE (filter)d] F A Agol dofA, HUAHAME
filter§ &3 ZHAAAN FJE HAAY ¥ HEstE=d v s 4
A Aol PDaI7E Bl E ZA e A2Y Aejoj2E HUYAY
I BREAZTY dolol wE A Aojy wgY L3 Art.
ol A ML AolE wB, A, FHz2AFo KA A
BHE @l AAEI ¢33t FASN & FUHAHEL DHY F 9

AMEA MY, FAN FAL FYAHEY oy=s =47 (Menard

i

circlic draim, MDC)2] filter§ iAo B HA4 A4y 23
of it AUAIEE HAIST Jof @ vla, 8L AAstY
=

Uel e M z23L2 AgRAe] AESI Ao & Kol 2442
HAA 2E3 EHANZ HMEFAE EHY FIIE)E

oH



HEZE o83l Vs AAY Aeleln, ANz

flo

g7 Az
H filterg A B0 MHEsSL FHR FI(71X)E A Ast
A e AEHdAd FLAES AN 2R, B AHAdAME T
g Bol 28H7 dEd FEEL o &3tdt. =259 232
2 8% A EGSo THH 43 VRHEA RAYL HES
Vel 22 of A AA %M LAY 5+ A 842z 2
F8 £ o},

3 3.2l A2 AMY RFeAFE AT & HHE U

ja o)

el ZHojtt. DA B £ Aes vie Fo] 2 UHAMF Y DHE
27l 48 BEFLAFI 0.29cm/sec® A A 2] 0.12cm/secof
[ 5lod 2. 5002 & FFAFE YelW oLy, A zte] A F+

F o 3.00020° ZFAY tZoe AHY FLASI A F 7

oF £4F FAY FEASLUS UEd e QAT FTHAIA M
g A 4ol WS VE 5 U Lol &4, AY BF
Aoz Be F4A4AE Yoy, 270 4o AAxN

=
0.208cm/sec Zt& 1.581 & U EIY
b Bl %& Yelud 43R FLASFE KA E A o
olck. DH W MCDe ZF ¢ &AM, A4 =2F
¥ FHols k=2.0x10"'cn/secoll A& 475
2 k. "HEH HA Fol wrety A

Ao 2ozt Uetun 3FFY H4ES FYUsIFE FAo A

ththa 2 24445 Ureidr,



o
o))

”g O DH: Dry condition

@» o5 | ® Wet condition

£ {J MD: Dry condition

N2 | Wet condition

g 04 A\ WH: Dry condition

:g o3 b. - 'S Wet condition

© e Byt

8 -7 R ?Gg WL

S WL o

9 00 My,

3 o1 A

€ AAAA & a8 A ampm, 4 &

@ A .

a 0

0 1000 200 00 4000 5000

Bapsed tirre (rin)

2% 3.2 g &4 9 AANIAAN FHAS E3H

e
H 2% &40 Aqnd ugen gae A

225 gdgol uel, AN »
oz ¥ago gt 2oz Yry /2 Fyes
ol WEe P ¥US TAY Aoz 239 weAd, @A
FA PDA EW E

rlo
|
oX

2,
b
2,
2l
i
o,
ofo
o
s
>

A E WE Y BoEYe]l BEHLE Ho¥y £+ A, o &
< A3E AA §AHLE PDE EIHY FF o Keld poAY
27 M8 E ¥AYg + A& Ao v,



A3d TEHY % 4y A

PR 53 F stutrs F449 ZFAdz»olct. PdAY Ao u
€ 58 AL 24 F M 2 4¥E uAE Aol Y wy
(clogging)8 o2 =2 olof @ A¥ g 1 #L2 Fasict.

73 =¥ A" (Clogging Test)Z H7l AN¥E} 7] AEes=
dEy £ glen 7 AES dF £+ 5FF KANEA 7%
S By Yol AY EHAY R4 LS FFsH7 sl AY
ojrt, ®J AP dFTAHALE £FAE HHAINAAN 244 2
o2 Aztd H 4 v & (Gradient Ratio)d] HME 23 sty
2zt "W 22 %Y Potential® AAojF FBste ZHolrth.

2 dFoMdE 7% 9@ AP ASTM D51012 A EYS ¥
st Al Al 8o o},

Clogging test¥ 2 A A 3% (Permeameter, Manometer,
Constant head device)2 & 1ty o 3. 3y 3.30] Clogging
testF A=, T 340 FHFNE AALS Y T & el
t}.

Permeameter: A5 % AHE L YE (filter)x 7t Eoj U & cell
2 RY-E dA-FRAY 428 9B Manometerst E AW
6709 ZER FAso Qrt. o cell2 - F 8 33 E22 o
Folxo zZtzt A (g)o] 10.0m, &l (h)7} 10.0emt}. 2t X E
2REH £58 st F ANEE THAsE 572 F3 UEHE
Edstle £59 AE F3 F 4 Ful & (Gradient Ratio)& F g
t}.

Manometer: Permeameter? XEH E F 3 F&HE S22 4%



AE FAdE A2 F 4Ny fefBoE FHEHS ot
Constant head device: U -2 457178 FHHL 54 7
(i)& 1, 2.5, 5, 7.5, 10 59 ©A AN 4B +FA2 &
& I3 d4BFFE ES FTFTHLEAM Permeanmeterf o] 4]
EUWE B9 ZFo Ay 2o whet Yo ojy FES HYS

2 d3lod =Y Potentialo] F /I EHF 3t U ¥},

INLET

C H

«

NS

C ]

GEOTEXTILE ]

—_—_ U L - L U
QUTLET

CONSTANT HEAD DEVICSE  PERMEAMETER MANOMETER

«

L

2% 3.3 393 =¥ A Y(Clogging test) Fx] M



S

INLETC
__1
—— ]
J 3777 T :Ef’
o -] P
7 s Tkl
- 4
( - !
Nk
b GEOTEXTILE
OQUTLETC
L_——_:T**‘J

28 3.4, gradient ratio A4 LS % A2

de o 29 2y A¥EES ez & Aol o AA Yl

1) & A8 9 vis "y &y

AEE FAEE Y7 HdE 82 &Y 38 BEE F
ol 112 EFAet TYUY AEE A&, 7 AE &R
v HE EEUSE o] &%, w4 e FUH AHE DHe F 4
A F GL, Tse WEHE A&stded, AH(4)S 10m:Z 3pact,

2) AE7 =23 9 vl "y Ao FH setting

O #2328 Permeameteroe] 2 & L Z3) Manometer 2} H ol

o 4918 2% gAsA V.

® 2 FEIWE VI AW cellg 53 UHES F0% celld
stere] 23 ot

® &AEs UH 9ol ®ols 0mst ¥ WA A¥A =



7t A cell o] A3 AT 4yt

@ fsE2sxdM 8 e BUFEAN FARY ETHE tFoN
FEH A3 ARAACE.

@ ANEBUY E9 3ZFEF& HANI HH K2 AY
PermeanmeterAlo] 2] A& B3 RHUYBAE B3 ¥ &4

FE5EH E& MO 2 A Permeanmeterdt?] £ 5 AL A

A},
® F2%2 92+ Permeameter FA R Y YU Py o
25m FEOD 1 ALY Bol LEA Y 2P nmikx

@ Permeameter® Constant head deviceR x| Alojo] Eo] 3 2%
§F WEBEE d3 27IAE 7 F{G.

@ NFANRe=REH 0, %, 1, 2, 4, 6, 244 T o] Manometer?)
HSUE 7 F ).

@ g FFAG)Y 2AdM AHsd HEE AA Y.
271 dEdMdEeE dBE HHE AE 2P},

of Aol % AzE tig ol Aaggrc.
T FH(I)E Fste FA2 N33 o},

i=—‘1’—}’— (3.1)



A71H, 4h : FAHZRFo] wiiy Manometer & 2o](em),

L : Manometer Aol 2] & 54 & Zol(wm).

T4+ E(GR)S 437 MM H(3.2)F ol g ).

( dhg )
- Lsf - Lsdhsf
GR - ( dhs ) b Lszhs ( 3. 2)
Ls
01 7} A_] Ah = (Mz ‘M4 )"‘(Ma‘Ms)

2

(M, -Mg Y+ {(Ms-Mg)

Ahsf: )

( M,: Manometer ¢ 2%t (m), n& Manometeri ¥ ), L, = 2.5cm,

Lsf: §5.0cm )

F 5(1996)2 29 BEEF 1:19 M &2 T Y3t A8 & 4
&3t 0.3kg/en’d] 83 & 7tdtel AR gol& 10cust ¥ @t
A ddAY ¢ "Heg 2% %Y A¥ESE AARcG. 2 359
3Z2F 2 PDAjo] chEod B4 Fu) i=2.5 65.08 ZAA AYY



Z2}E UEIETH(RY 5, 1996).

4
35 —71 I8 ol GEO RA[L)
"""" 180 /| MDB8H-60
3 HiHVDesH5d
2
é 25 T AR A
T 2 ~ Sai
° i & | Add— 8
: IR 25 e 2 SiR
6 A \“E
- %'-?.. ...... -8
1 10 100
TIME (hour)

3¢ 3.5PDA "HE g Y HUYFL(F T, 1996)

23y 3.50] YeEld upe} o] i7t FNY +£F% & FHFNE
(gradient ratio)& UEtWe] % =PI Yol F743%te Aoz
A Y, AWYee F4FuEo] 3.0 el AA vEHEER
A A& dort. 2, AHY BYE R3] H3 B
Bt AEE I'LE YW AMaEs 83 Y Agd ANE2AR b8
54€ vEd £ ez AU ASGHY FAHEE U
ol g3t T UUFFZAUE AA}E Ao YelAd Aoz
TdEo] £ dFoANE A ASHOAAN MAY AHKEE 22
ANEE dAstodr.



2% 3.69%& Rao et al.(1991)o] &3l MYE HF & wa
T EY WYY & AR cfEAF FEAE L PDAE DH
ME e F47u) iz 1,03 2.59 ZAAN BAANDE F
3ol && YVdetdct.

2EAAM & 4+ e v o] HUEY YR & FHAUYSSE
+3 dgdAel Fostd, F4Fel i7h ¥l wrE F4£Ful
&0l FUstd +3 Lo wolAE AYFE UElWAd. 29
U, ZE Ao diHq FF2ei&o] 3.00135 9 & e
of 9 Hyddol st ¢AY U vEbWct.

4 I t
5 ._
------------- : G. V. Rag, et al.(1991)
: DH (i=1.0)
4l — e : DH (i=2.5) B
Fine
. contents
[-] e VV
s 3+ v v v 60% .
: i : Wﬁﬁv
g C v S
2
'E 2 Vtrvv ]
Qe B
?/n 000 o TRy, 20%
PR ST o ot |
TWOHO'OO ...... F R oo'o”o'_o.c..oocxb-@ 10%
0 —— il — il e ol
1 10 100 1000

Time (hr)

2% 3.6 UE o 2% %Y F4
g2, HWAEY EARY W i+ B A FEFF (open size)
of wet 73 =%y Vo] tha etAAAT Y F H2dv 4
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Koda 5(1986)2 H7IAE Fol e+ 2 PDAE o] &3]
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Vet 8458 W ¢FAE HY FFu i=0.1 & B
4% 3 0.276~200cn*/sece] WS Vel S4 3w izt 1.09
A9 2459 0.:56~130cn’/sec® S 4 Fu) i=0.106] tjstef ¢t
70%gt & Vel S, AP Yol PDAL FHol T HNA FAY F
$g uehdc,

238 4.70ME Zdo] L=10me] i3 FS 4 Ful i=0.005~0.12
Heol W@y FasdrAgAzyolcrt. o g Md F4
i=0.005~0.19 HejollM & AINYLE el 3w Fo4 7



[ Length of PD : L =2m l

°
s 300 — DH
E —---GL 02 kgt/cn?
S 250 D O 02kgf/c
3 2 ® 05kof/cnf
S 200 - =K A 10 kgf/enf
2
& 150
Q
(1]
O
o 100
o
&
S %0
R
o
0 L J
0 02 04 06 08 1 12
Hydraulic gradient ()
28 4.6 7o Wt TS5 ¥y (L=2n)
_. 30 e e --
§ Length of PD : L =10m
£ &0 O 02 kgf/enf
: @® 05kgi/ent
C 230t N 10 kgtlenf
>
E
a 180
(&
¢}
O
s 130
=
Q
R
° &
0 002 004 006 008 01 012
Hy draulic gradient (1)
38 4.7 S+l W E F45HY WY (L=10m)



Z7bol whel PDY FFobch tha o E & Vel 55~ 74%9]
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2 wj4a ol UFAYge A & A2 Yritey, o
5FFE ANEE 24 BHEAEN SHE A G2 Wikt ESF
27} R FRAM B AstEH wMsRA}} F2 e Wt
"t

2. =y PDMY RE&EH AE
WMEY PP Agdel A8 eVAE FAERI 43 PDA
o e} AYs T Ly, AYRLFLS $AAFAGA
AZNE(sH)o]l HIRAY F$ 10~20on/day i A3t A2 H
ojalct. wetM, o]AE &2 ¥ o 2Y 6.59 Aol FetaY
2d < ZFo] 20 FHol FE3I vAE Aoz Yriygtey, 2
Fo| 50 FRoE AYusFE wWANA R Re= dER
th. o] AAE FUYY EW ElHTFL 2nd B AGH e

Adol Feg Roeg UM},
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9/LL/L661
2e/oL/L661
L/01//66}
ccl/e/l661
1/6/1661
€c/8/.661
8/8/.661
XAVAFAT
8///L661
£2/9//66}
8/9//661
¥2/5/.661
6/5/.664

H vC/v/L664

6/v/.661

§ Gc/E/.66}
® 0L/e//661

} £2/2/.661

0€/01/9661
G1/01/966}
0€/6/966 |

4 G1/6/9661

L/6/9661
L1/8/8661
c/8/9661

d 81/./966 |

£/2/9664
81/9/9661
L1/5/9661
c/S/9661
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o} 2
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AL & 3} A

o]
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1

5m¢

= dy Yo

ALE

Zetay
w4 & 2

6.6 ol

Az og EAMIR

o

a4

L4 8

1}

A9 (#4)7}

2 &

<+

21o] & e
3 A 7t

=
-

Hel 4 g I

AL (#3)8che

1

2.
T
L4708

ol of

=AY F45H

ole &etaH
Apgsidete 227 A

olct.

i

U A

SR e
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_#4
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8§ 8 8 8 ¢ ] °

(995/€W0) £a 2 [

L6/11/11
L6/22/01
L6/20/01
L6/21/60
L6/£2/80
L6/20/80
L6/ET/L0
L6/£2/90
L6/£0/90
LB/Y1/50
LB/VE/V0 =
L6/Y0/¥0
L6/S1/2
L6/£2/20
96/5¢/01
96/50/01
96/S1/60
96/L2/80
96/20/80
96/81/L0
96/82/90
96/80/90
96/20/50

oF

Gl

+
4

~—#1

120

8

el

2 @
(998 /gWd) &

o
=
~lin

jos
N

L6/11/11
L6/02/01
L6/82/60
L6/90/60
L6/S1/80
L6/€2/L0
L6/10/L0
16/60/90
L6/81/S0
L6/92/%0
L6/%0/%0
L6/E1/€0
L6/61/20
96/61/01
96/.8/60
96/90/60
96/91/80
96/¥¢/L0
96/20/L0
96/01/90
96/20/50
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4. B2 gel UE s IY
29 6.7¢ S22 SAUANE wPHdoE HAY F$A
11e dYos MAHAD, 25 +WOT MAY Y, 2xd

(1996 d 2ol &= dAOE HAY AL wigx2} & Aesr

Efutent, 3A3EE(1997d )= A HAYS wisARE UERY

sltt.

£ M

|

olF ZAAE Bol E}dA PDAE AYAH Ao AP F L7
4 A2} FHoM K3t st ®o,

—
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A4d FAHE 4

BRAEA AUAYE B3 P A etdBFo] ¢ 208 e
weh, whetA PDAl el ElH A 208 st E} M B AHol 10y 7 E
A sA PVC 384 A Fulo] chste e ulasid E 6.6
3 gt

¥ 6.6 PD2} I PVC R F A A FH d R (1ha®)

(x4 : PDa}| 2m, PVCHZE 10n) ZAxtsl:

35 PR} PVC-H-ET ¥l 3
4 oz
ke) ol A
AR , 4 1, 000, 000
o ol Ax|
o < 866, 000
FF3 ulg
32, 000
2 A
13, 000
ere 712, 000
#3Y 2 77| '
133, 000
FHE 47 140, 000
2AE A2 o '
300, 000
FFH 47
15, 000
3 A Ay 864, 000
Y b ’
wE I 25. 000
43,000
EYy dois(ddn] 23 500, 000
PDzY A x]ul (2] 8 u]2e] 5%) 125,000
PDA} WrHw% 4509) 2,250, 000
PDR] -LHHu) 10, 000
A 2,885,000, 4,147,000

218 ® 6.60 UEtd A Fue WEE PYHg BIAY AGEE
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At &5 W spdunS 2T Hojrt. ¢ EoH BER

o] %t

Hlagteoegx PDaj e E}Hu 7} ha' 2,885,000 &8 PVC &

i

F 3 efdeol thsto 1,262,000d0 AHFY A& ¢ 4+ den, PDE
A 70%9] FAuE ALY 4 Ak, ¥F Aul4 AL AGE
Agol ¥ HAAL o gut7Hhac] Wl ML nysA, ALA
22 18 199gdQU FAY FZAAE ALY 4+ Ak, 2¥, F
o] PVC R 32 Z% ¥ uvfMd N A(Trencher)7} 2t P ol o=
2 & A =YY dBolxw Ad o] HWuUstA Ho mjd
2,000had Al FUCHI P 5 40d0°] 4282314 ° Rolt}h.

watA, 2 dFolA AYE PDA ElH AU E AL el I
q EYeo] ¥t PDAE AIF U AstuFAdAGe]l F 7}
of dto] YA o 53 F Lo €Y 5 AUt AgHrE. A3t
eEAd B ANAM QoAE R =F5FY FAY 4ol =
6.701 4 X uiel ol hay 1,633 Pojrt, o] A& 712 A4

3, Aagdadd ZHANd F= U Q2 X ALEIH e
TS FTUYHLR et VA o Fxd AU} ALHE
Reg uctdr],

Jel 71E sfAdRud ERdXEs 4 Ao wesiy, 27t
(29 )0l A SAAIAGI (108 ~dd 3H) ool A&
g o] YUY, EPE o] HF o] Jed & PDA EpH Ay
7H(eF500t Aol AN HRlo] Y MY + o=
Uzt 5357 &€ g5 AXN F 3o UYPol
A AFY upe o] YUY FAHEAAE ALY 4+ AL=2 PDA

fr
X
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¥ 6.7 At AHAY A AT v 2

A7 ‘95 EAdAARA FUYRIAN(SA2AFTZA)
z] & u) £
7 = W2
Al 3 A Ay 2 7
+%2 hay
849 604 245 che] ¢ AlZE
w59 A oA
o ol &5 (%) 101.5 104 2.5
ha® &7k 2,515 4,148 1,633 thel @ My

FIHAY A52Y Sol te
AGge MEAHo] o FojaA

- 103 —



A7& Z22AE =39 Mx XS o, AH

Ai1d. 4 A

A4 SR PVC 222 ¥ FH F43 gy W
A o2 AEFANA BRI g Trencherst o] £ HI dled
ol Ad&AdPFo] 1,600m hjolny, dZAALdSI 80d W (&7}
&~2E)2 4 dztag ol 128,000mo] E 3Tt o]l & 2 shuf £ At
d AYAFAFA ¢ =AF ARAFTY F4B WHED
857,569n2 FAE BESEHE & 7do] 209 AWolri(wyd
AEFFA, 1993). B, 19793 o) = USo 549 32
Azastn oo, Fu AANJ Y B ooty FaAL(2d)Y
Z5, Fue @ Fw Fo] wWel] £2a9HE EANHEE <2 ATt
WToOM A o] &dz A &Y HRNELEEEL HUE AMofdte
ol vl 3o Bo ofd B5FXNFE HAPsted dF F el F¢H
eAdagdeE 28 A2 s 247 dE Aoz At}

atetd, 2 dIdAE A PDAEH F+HE F A A

sl ZFAHdoE el A dA ez Ao

A
AA 42 EFY eAdANdE 837 A8 =4 dARHE

AR ZAA Uzd dod] 237 A sAHAge] 3



2(1993. 8. 30~1995. 12. 10)o] +=#E Ak, o A Fe F4 2 o)
4 272 UEAQY 729 FPeE 4. 23N FAdA

ol 212.13haZ X F4 B ovfd Zol& 171,827wmoltTt. 2 A8 F

A}

£ Zole A

L 5

fr

27} 60~ 70cm, tHFH I 70~80cme] HL=E sty

o

oo

F

FA2 F& 15cn, 25M(FA)Y fdhdoles F5A v e
of 4 A ® =2 40cmolv, FulE 1/1,0000ct. PVCH BT RLEH F o
ol A % AEAY FIPVAE ¢dtd FAL F£IE YUY
(non-woven filter)® Z# F ),

8 F48 idg32 chS g
b, Aagd BEHo ANESI 2t FS v At vfd A

g AAdHES Fol, A=z AMAY dFTHA22 AMNE A
Bt oo, midZdel W F4BY Fuf FE zoy Ect.

U, AdE met 28 25 (%A) L PVCHFIBE wf A &t

.

AR 7.1 A4 2 F4Y v AA
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gt. Trencher& o] &3t F4+ A2} £+ F Ao oA yrcl

A}R 7.3 Trencher® JF 423 A4z eld AR
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af, 122  10~20co FAE UAIJEo L7 E AT F 3~41F 9

g4 =EfAE ¥ FYAE st (Y S FYUC.

ol stdol HAY AR E AANER Fulx wWol FET ot el
dPHRY S FTUsls FTHAME FHHReAd AT L £33

Aol o 5S5cm FTol2E 1 EMNE MYE U &

Fras HANZ 7 oot @M olF E4

A ECR YUE S B (filter sleeve)?t M A(F o], core)7}
dME H A2 PDE FHe PICHFETH tj o8 FaBos

ol g3t FAEA ANFAEE Al FA g HFoE weAA A

—107 —



A& 8 5+ AA 37 At v T = Ad HdA o E
2t - AMAgsidct. =dd AP Y FEE BXLXH = 70X 230X
130cmojy, =& A (PD)zl &= =¥ =4 <l (PBD, plastic board drain)
2 94¥ =49 A (PCD, plastic circle drain)8 2 {7 o2 o
& EF EIHY £ UEF 23 FY =aHd AXPuE MRS
th., =Ed AP E A 6FELE FAHEHM, a) EYHY A

frt

A%, b) B, c) EdA B fFE, d=dAd ZFAPA, &) =
g $23(FHFY K Aojo] A) A f) Hol& B Fof
t}.

EYE (tractor)e] 3 =& A8 AAdHA stdeg 4
Held Foll ol &8 Ede e e =ad HA Fule FFo %
40| o Z At John Deerd £ ¢ 74HP(BXLXH = 150x 330X 210cm)# &
ojti. EUEY Joje 1vt~8xte g H HFEIXZHFPoln PDY ELA
5 ITDLE FPYU F 2L 5371 6kn/ho] B2 o] Hxof Wi
th. Alxdze ¢ -AHAYE 28 2FE c=dHAd Eeld{g=Ed
(L=110cm, t=3.2cm)2 =AM E +F o2 etd o Aoy F=xz
EHEo Z utHYo] 2Lt P 7 U] AN HWE Y =

B T &80 4% U S EE el W™ PDAI molx= T

2

A7 Aystdct, w3, 2808 289 PDAME FAd ElAY @ A
o]

+ EdH AAds Yo FFH3to us FHA e 24 F
Bt wa A AHzadzoAs oF ALY EHAdFE=ES

]

d-Asdct. AAE EBHAEARETS 189 Ay A &

H

(rotative disk, RD)E 28 =ojalc}. RDEQ =g E}]ME =

I )
flo

g
B 4y EFYA dosl.53m, URE WYY Ayol

e
N
N

di=1.495m, 1.462n8 Eojalon, 2 &3te 7H L 31t

ot
ro,

PDE

™
A
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ddle 2%t 2.3coold, ¥y PDE EMStE Hu o g &F3 T
A2 5.6coE Hojgltt, F, eldfrute Y PoE A Fu A E
2be] FA 47t Pol x F=2.3cnx3.5cno] 2, U8 PDM A FuAgME
el EF A £ Zol x E=6.8cnX5.6cmolt}. RDB Y =g a dx#
Hle Zdstes EQEH Y Fof odld dFHKeo F2xH A7 wE
T 28 o o] FAF FH FY untHo ity AR
A PDE AN EY obel 60cnd #xof AAAHA E}HEHA st FA
ojct. wetA, PDAIE AWN7A KFE diskd A7 HAHHE
2 Bl A EF & ntHIo] 2 &3t A FAI grct.

ARG A e MAYZANE doj7t ttE 3AY A7
(bX t X (hi, hy, h3)=7X 15X (20, 30, 50cm))S A 23te] EbH S =
9—4 °] *’84 §z°l($ltﬂ*‘5 50cm) 7k 2 & o] 3 A 3’“‘5101 - =2
L, 21122}‘45011 cél}°l ’SXI’JEIE 19*6}“‘*1 37/ A7 EFE o
At npadoe e “WPSIOI AQ 7 A (bx txh=7x 15X
60cn) ST E FUEHeiAcH EW, POME 1DOE BA U
+ AA e |

ZSol wetd = d dAFu Y ZFo] 2ol a¥Ud s EUH
o 72AR H A Ao e & ol &3t A stAch. PDA(1
B9 Zo] 200w =dd HARY FFHo AN =& HAYA
o] Tof PD £23UL& B3tod RIY EBIMHSET Fo2 dZAEHY,
PD 2232 HAHo] oA Ao PDAY wi&ol vl Yol
st =S stdrt. Ao g A AY FE& HuWL d
EHe Fe g St = Bt Zy SlFBo] tEH Y FARGY
o 3 (F X Hol=60cnXx 40cm)E A 2 A A},
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H2x(1996)d ol R U™ =dd dAYPYE o] &3l AT E
T4 AR qaZy 23273 W T AF Y AEEAAH 33
23 ¥R EIMHAHE AAY A3 ANz FAHge PIAE
d

FEEE EIE Y + o Zo] 2P H At

AR 7.5 % el A ¥

3 Aol JAdstd oA FF A U o] Ho, A =
di(sA ) ZME(sdF), % d5(ddd) ¥ 2 2F(HF7]
Al 4 dB3 22 19974 6dol 5 E 2 Folck. 28, 1,
2xdEo 2, A 532HFd =Hd eldBE 353
o] o 310kgelE2 2 449 JdYgoz ¥t Y ®, Yol Tsn

IS f¥e] AdAyEE 5 EAPol UYL AdAstAct. et
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A, HEFdxol M wlo] &HA T H HIFol Js3tA
g 4+ A= eld AN E FAd FFee Festdcrt. E7.10E

sAREoz ¥od eldgule ARYAA ¥ A7 verdch.

-z
A

E 7.1 2AD ABuYg 24 ¥ 3y % 3

7 RE 3% Z 3 (kg)
1) 7% 120
2) 33y 344 FAch 60
3) =g A2l 20
4) =8 epddxnt 100
5) FAhA] 10
A 310
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2e® 23 (E 9 ¥y)y =dAd BlHdFHE ol &3 ¥ FE
AAEE dAdAct. @A AEL2 G A Zlsdd g &
Fd FFHRAZ o] Fo R}, it AGHE P22 3d
ol A¥ AN¥EZAN BdEY FHEILAANEZAR nAilAE ¥2
¥ AAE e, 7 AAREY JFE AU E¥H He A
S HAdstdo. Efez =9d gHAFAE @ sty B8R
oA zgsted 3d9 Zlex2 uY d YP¥o] &z 192, 158 9]
205 deon, A #Z 6%, 580 Lo g o 3
A, 230 58y FAAL 9& Ao U}, oo A
Hoz =E4Ade Y + e BBEAFA FH 2R 2F3HE 3
7HA Y Ay AYS oy et ok, &, AAE o ¥l

o oA ZAHA(5~10cn) R AF = Aolo] sAst PDAI FY

"

oz FJo UAY we F+eHE HdAIE EFAH U=

Rolct., E#, MiaAdAdE a2 AEH EFo A

v
Of
——

o AARAA EAE A7 wMANY FIeE HNME 2H Y
g Rolrtt. =¥, PDA Bl A A BF o= PDAY Adcto] E
B Fye oel Zasta dotordtn, EHE o F Yo 2 WA
ZAdFol PDEY HELAZH oledoizt PDAY & WAY
drct. =& d BldA EYH Adol slAS o] WP st= PO Y
FYol AT UES oM dFPe22 A¥sta yna 24%

&

+

of a3l A 71&st = g,

A3F., =dd HA BR2HFAY 3¢ AR

1. E=nutalg A=

ZRofYR Fol 24" AFGgHL EFol dgdtoq =49
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el d & ¢l EYE s FH YA uAFAEAH] RoEg EY
B sl AL ez ZPo] mA AdeFol AHstAU, S5
Zeole AAdEsAHE EAY Aoz i 2y Yl
Aute] AR E oo JjAstd EYEiniH g wAZPols EFY
4 Zfol= Etd® Pl FHYY T& FHEHAE + Ao ¥
gl o E}HE PDE R £EF FIN(ZIZ)N RA"HA Bs+E
& ZAA AstA I 4+ A& fAdo] Hrl. otetsq EHgH uvtH Y
MABLE AZANE + A ¥ 2Aol HQtct.

EYEY FANEHE 4
2722 Yok, 2 F st Elolof (vheel)E A uiHE
F A= (cater piller)B o2 HlFo] F& Zojx it E 3tute
RzulE Yoty FAAFE I Aeoirtt., FUA= ¥HL
2 w3 E AMzste BS 7
o] AE} FEY HZB Aold mE HALI ELdAStS ©wS
A=z dastch. wetd, & A= A @, F 2o I
sote AHPNA LY + A= BHAY E=vAGIANHE FF
ste o g stodrct.

Bzl 602 23 A eAE THHo glog, Edy sy
Aol dAAXN(FAY: ¢HY Ho] : 77cn, Z EAE V= ¥

$le Zol:25cm, F:10cn)E ¥ 2sld dit FHolx o] g

ABolt. HEAE 7S FELS 24 BEEALFPo] o EEZF
B atolo] 15cm®] THZ o] Aol AH Aube A Hol whet sl ol

'

il

232 23% 4 . e A Fo HilEe B FF &
HEE X QT ExAo]=7.5cux8. 0cax35caE Hof Qom o

Wy g BEo g xA2ExZo=24 0cnx10.0cax 16.5cn
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Exuldyd T &Y AT S 3t TAoYPAY FXA 229
FAaAZ ADAFY “AIGFEALY EFANE L EFRIY AE&H
A1L"E #dld 28 =2 & o 300 ol Ao EYH
by WA E JAHNE FeutHE EYEHY F sluHo F33
o 10cnd A ESFI FI/AFLE AU s AT ARA
(qe=lkgf/en®)ol Xy EZA &P L AAYUcH. 32 FAANYI o3
&3® ol AW qc=0.4~2kgf/cn’, B F qc=lkgf/cn’E Y ERY
o, BRHSY w.=50~70% B2Y c=0.1kgf/ca’BEQ CHE H 2
249 e QI Autojri(Fo 2 A FF A, 1994). ol gt o]
e Ay A UYL 6km/he] EYE AJE&EE2 o 50m PDE
Eld 3t A cfEHQA 10440 FHY viyeg HJYAUAEE =

7.20] ‘tEWTE.

E 7.2 Fxuty F% W nR o] wpE EYE upg o A

23 e A E ()
My [B=ul (S P
BaA(A) [$2A] (B)| A/B (%)
1 16 36 44.4
2 13 24 54.2
3 10 27 37.0
4 12 20 60.0
5 15 31 48.4
6 10 24 41.7
7 8 17 47.1
8 6 14 42.9
g 12 25 48.0
10 11 24 45.8
A 11.3 24.2 46.7
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oA & + s v F

i
r
=
4
o
r
2
il
ok,
ful
o
Q!

i
(8}

o
JAEL 11.3ca2 4 Sxutz oy

2] 46.7%% Ueluo 1 Z3AE 2 Rog wmudc o AAES
EUZ Yo doty NEUAol PDAE EANY AP E Eeuy
2 ¥e Aued Fge AASY uwAMY @ s FHA
5& 24 4 93 ool AUY 2HE 4TS APsd A

PDE}Md o] 715 ¥ e g FFHL.

FRYY A 24 A 2t - Az

dity oz AHgee FHL dRxd MY 238 g F=
Yol st EAE w3 wAZGol Aol Fo JAdH
Egd AR E dBAER AUSY AJY B¢ EHY E3
AZolvtF A= =2FUA HEEZE P FHY ZFo] WA
o A Et4d" PD R E F7 +HE £ k. dF 2 PD
FEe A etdEof PDEo FI7 FAEHE FHYY B4 H
of AA AHsst¥ Jtedel e Foo wetMe FrEFEA

48 +x gt whety PO E AHGHo Y 422 A3

fr

ol FoRtt F23tn oo ch¥ M dNoz = A
AguE #7112 2ostdc. 494 38L& EXN AR} oo
A ] Al 8 (Lazer pointer: A ZF 1.5cm, Zo] 15cm: OHPY F 4] o]
dutH o g o AFE)E ZYY FUYY WU 1A AAY
§ 2 - AMAstLAct. dioe xAhe 46~ 116cod 2ol A ¥l
230 Jtestd, A ¥ HXH oz o] 2P UAR
F71E 23cnd ®ol ZRAFol JtEdirt. YA oz sioeist HNE

€
He oo #dolA AAEE LBAIZ oA AAF 29A&
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HEALCE ON/OFFE £ A stdct. deolx AAB(FAA
2l :300m, B W HoZ HFAJE, 1.5V AR 202 204 % %
g s )Y sigol: 90° ZEE £ 2A4S o B
T332 fA& 2Rt en, g $HFHAE ZETE AA s
o = d HXPuio] AP wANG A 2EHNA S 5+ A
= &3t At

zd AXNFAY Ao =y eldRERY 2
8 $&Hol AAu KFAY FAY olayUnoz H F
(712 :40co, M Z2:40cm)E F AT, WAV F o AF
10cm, 15co 2748 €& 28 Farct.

FRYY A A AAf WAARG o] LI FF 2 Y

Axtde AN A Beojux A=F FY WY R =4

BUHolE 2HYUc}. ojf T2 AFE AANEZAM PDIL
TdA =D dHd EBHol ZtestA HdArh., =3 PdAIL £
22 dFFUME A2 HAHE:e ZSe 2LUEAF Eues HY
AAAE JAWR Ho o wisAE cfdded FH] 100 A2
2 AzZlE EANME Fol 2 Aczld lgsts 2 AA BHF gol A

B HAN WYL HIEF Yo},
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Nsd 2322 pDNY HE

A 14 PDY E3HFA

RDA(1985)7F %2 det 2 2199 65/ =& o2 pHe =
E RAY ZAAAzd gF Z A9EH pH:e E 8.1 r}.
FEol A ueidniel go] fe e =9 HF pHx & 6.00]T}.
ol B2 pHEE 713 =AM Z7/ 7 WA ¥ pPDx] e I3

54 & ZENE "art dr., £ d3oAHE HEE fxA 2
2 & ANEE e piy =& 3, 5, 7, 9, 118 53 /H = o
o] 23383, 52(CS2, GL, KL, TS 3 DH)S PDA & 6719 7t o}

FAF F PO AHFFE FESI HY Ad¥AEE HAU

671 ¥ PDAj ARANEAJE E 8.20] vietdch. Eol M ¢
A v ol 5% HHHYAFA P 67T ttY
pHE 22 B EF 20 Fol= HErE d¥5H S vetux ¢
v A28 UEeiyt}. o2 542 PDAE WisAE ZFAY o

3+ FelstA Hu, w2 AFHEH Foz2 A3F
Aol FHE MEBEE FZ2EES F2Y F S HIAE M9
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X 8.1 t}jogy

STEAY =2 pH=E(RDA,

2 o4 pPHE
At o} 2] o 6.0
%71 5.7
FAUSAY 6.1
IR SEAY 6.2
2B o} 5.9
ddul {2 4o 6.0
S 6.0
L i 6.1
3¢ 6.0
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X 8.2 Pbaj ¢

. 35 | lake HY 5 2] FE | ALY | HIEF
A (kgf/m) | (%) T Asd (kgf/od) (%)
TS 3.037 7.237 TS 2.844 8. 447
GL 4.717 19. 460 GL 4.831 22.200
ZE¥ 4 k-2
DH 5.984 31.260 DH 6.181 34.660
pH3 pH3
KL 5,268 6.368 KL 5.657 7.513
CS: 6.799 7.329 S, 6.646 6.513
TS 2.635 4,382 TS 3.063 7.316
GL 4,606 20. 530 GL 4.535 17.630
X - . i —
DH 6.276 34.790 | DH | 6.768 38. 860
KL 5.685 8.158 KL 5.350 6.711
S, 6. 669 8.237 CSz 6.933 6.763
TS 2.727 8. 645 TS 3.022 8.355
GL 4.669 15, 880 GL 4.524 17. 250
Ex k-
DH 6.110 30.180 DH 6.071 33,530
pH7 pH7
KL 5.331 7.053 KL 5.610 6.882
CSz 6.724 8.303 CS: 7.110 6.908
TS 2.898 6. 605 TS 3.034 7.395
GL 4,587 19.320 GL 4.382 17.160
BEX 12 k-2
DH 6.185 34.740 DH 6.638 40.030
pHI pH9
KL 5.331 6.724 KL 5.610 6.855
CSz 6.976 8.053 CS: 6.370 6.605
TS 2.968 8.368 TS 3.133 7.592
GL 4.642 19. 630 GL 4.701 21.720
By 12 k-2
DH 6.177 32.670 DH 6.177 32.540
pH11 pH11
KL 5,567 7.961 KL 5.512 6.829
CSz 6.823 7.763 ] CS: 6. 468 7.789
otz A, 2gdAzAe o] FEEHE MHAAF edsdol A
He AEo w417 HojAd FHESL Sd31A uviygs 87
BA AU ZdA FeY Reg gtcidHrh, oo o #F
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o wts Iz g,

A 23 Fiber &g 2lxj

B

oY
W,

AR w2 HE 1979d 0 Fobajolol A Aotz

o] MBAR oLt U=

X

vl 42§ (Fiber drain)g 2 &o] u}
¥HY e AgdHT. o AMELE PIAY HAY FAH4E A
o, ele AW (Fo), ZdE ofAUR AL 3 gz

ofA TWE Mz AM, o 537

H

NegE 8 Foles 24

>

HoZ HolWel:s HAST 71A 3 Aoy $2 ety Lol A3
fo] vl RoMHE R Ho YL RS A},
dE BB EMmANE (1996)0] 2]3tw Fiber drain(FD)Z

] 5§28

ot 2t ofAZF AL o &}RE FFo FESNZ, M

st W Fol xNFe weelolo] os EaHo Feoz

T2 F £ oo, ol i B dE g YA Ade)oq A
w3l a8l 8 13 ¥},

e &H¢g 0.5kgf/n’etn B8l Z4+2u§ HAAA
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0.2 3l A$ 2458 (Q)o] 4x10'~2x10%n/secE UHEILY O]
PDRECIE wi4 4ol oy} HEH F5AF vstd By 52

F45dS Uetd g ¢ + Ut

ST

. 02 f

i I Ao3 .

0 | Bos5 ‘

R O09 g
2 |
5 |
o 107'¢ -
iy = ;
o ' 8 ;
¢+ ]
mb i
107 2F |

0 05 1 15 2 25 3 35

Z¢ot (kgt/cm?)

2 8.1 ZEUY~EFHBA(EBRBERAAE, 1996)
2% 8.2¢l= FDY AR AE ANEAAE uYveidc. AF F

(1996)cf &3t FDY A BZ =L 900kgf/F & vieluio] 71 &8 PD

AR ol FEF A2 ASTE ¢ + Al
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1000 ¢

—o—FDE 4|
——FDo HuF
—8— ey
—— z0i%

500 +

SIE U T (kgt)

0 20 40
A8(%)

3% 8.2 FDY JAAZE HE(RAE F(1996))

EX F F(1995)0] 23t FD FAF Ao AASHAcCH. &

ke o

(1995)2 FDE BES, 454 L 2 F+20 12607 23t
B2e APPE WS AFsAc. Y 8. 3ol = FDE R A A
¥ 238 detdo.

28 FoAM & £ A v o] FHRLF YAY Fe

>

=l 2l FDO EHHFYE Jepz AT, FES, W

,_/";
T30 RIAP F S ABAEI A3t 2 AY o 22%F U E
B

Aok, 28y 1268 B3 Folx wis7s 2 F2E 4 odrta 23
g2 gou, Aaw s AHE S AEE HA 3~5d9 )
£7%e £+38d Yoyt 2oEE FDE BAAAY[A 548 A2
ot ¥ FTAHA A7 2HAM ASHY MsHRY Y
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-

4ol ZEY ¥aJ e ArdS ¢ F Art.

10 o ¢ e o —————— BB o A TP+ o2 S Ml bl T $348 RO e d e o o

@ FD (new)

QOFD in Clay water
(IFD in water

X FD in distilled water

OFDin Clay
2| A D outdoor
B FD after consolidation

Tensile strength P (KN)

0 &0 120 180 240
Elapsed time (days)

2%l 8.3 FDO R AXME(E T (1995))
B, HEAE Fur o= & M{fHUAHEFU PDA

e § A &332, FHdIAAEAN FEE ¥ (A Y, Bottom ash)E

Agstd a2 HIHE WAG BFZUHYA JrREAY
Ho ot BAH AHEE s

g 3% 5 AS Ao
=

o AxE 3
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A3H FAojAE FAER FHY off

~n
4w
ok
9,
rlu
1
ﬂ'.
_-‘@,
N
o
le
we.
ofN
ro

7 3Ty d3y ¢
f @& ¥ (bottom ash, BA)E o] &3l A2
3 ZE& AAdA FFAE ¥ F4BY
A M dF N Fdo
% o 25%= &3, 443

L oo A 2

X,
{4
S
o,
o%
X,
ojft

(¢
da
n

o
b
4
iuk
Jo

v

A Bt F o] 100~130ton o] ¥ at¥ o
Jd BAE Qo] EENEE Y&

4

2
lo

Helo] & o2& =71& AFolivt. FEY M dqFxada B
B d2L(1995)0] g FF S YHKY AYE A AW HIAE
glol oo AFH MG sjfAE o BIAE A HY
FuEHz 4 ez uordH, # dFo ALY KW
He fde d44 2dy HFE "Heolzx]& A ¥ (Bottom Ash,
BAJE W22 oo, AY: By AEE sty & g4 el
o ¥ Eo FY, 2B AYoR EZAQU EST EMNE
A1 &3todl 25mmolste] Y EE EMAACT. ¥ .34 Sy
8 B2y 54& uvetdct. oM & # A& vret ol HFAw
glel uze 2.3, HYA2YEE 1.51gf/cn’ 02 Ga 2% gul
He ExET 272 W¢e & e, FHASE d4HT 3
9 1.11X10'cm/secol I 7 ¢aax®] 0% ENE Tr}W A Lox 577X
10%m/sec® ¥ 2y & %S Jeldch. BAe F4H &L 6.75%09

o KSF 25100 &l Aty AAY {F71E8«cE A¥E A3} £ o
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® 83 faxt¥(BA)Y Sy 5

¥y 5 ¥ 5
4 F (Gs) 2.36 | HAHAZYE( 7 amx, gf/cn’) 1.51
AR5 (I, %) | NP | A3 g4u](oMC, %) 20
F5AT (GQ) 10.0 | BA(82e) (k, co/sec) | 1.11X10™
AEA T (G) 2.5 7 (chA | » )| 5.77%x107
FxYZH(do, m) | 0.9 | F U & F SW
T8 (%) 6.75 | AR ZH (rq gf/cn®) 0. 997

E 8.4 RET(BA)Y Y SZ(LIARPAHA AL, 1992)

AERE | oy Az AEYE | oy A=A
Si0z % 540 MnO % 0.22
igloss % 8.08 Nagl % 1.42
Al0s1 % 18.3 Sr0 % 0.08
Ba0 % 0.23 Ti0: % 0.69
Cal % 2.69 V203 % 0.02
Fe;03 % 9.24 Zrd; % 0.06
Kz0 % 2.67 S % 0.41
Mg0 % 1.2

FHez ety RINEEcES
E 8. 40l IAUAPAFEAAL(1992) M HAY FAdTHY
ety 54 ANEZA2AE vepdch, dtFd Ry HELS A

(Si02) 7} 54%, & Fulv}(Al1:02)7F 18.3%, A2 A2 (Feq02)0] 9.24%

[1)4
do

st ol Al ¢l

2

E olEo] BH3E v Lol AN 81 5xofr}.
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E 840l HALYY FFS ¥R Y AE ZAE vetdrl. F

B g Alel T

=, =g, ¢, 94 F9 45 oY g/ A7 o Fol o
E BAEAN T2 VLY B ol Aty 2d@dFA Fol WY
T oders §254% FEN & "oy otz Eastz glrt.

T AE
22U OFFEA EABFZAFTL(1995) 4 A A
234 R ZAE 2 A

o
°] 0.004mg/ ¢ ¥ FH dout 2 Yy FIH LS

e
o
a4
rm
o
o

A= gd(Pb)o] 0.04

&
[~
2
A 4
N
rO

HA 4= ZAeg Hojddrt, #2873 JAYF(1992)e 7 &
BRNNEAST &4 71 & 2std d(Pb)o] 0.05mg/ ¢ 2 A =
ol H7ldo] 0.2mg/ o222 2 BAg ¢ W /U BEL 7
2 o3t E el & & 4 AUArvt. EY iFHFFA BRARAFAF
¥(1995)2 o F EANFLY EdEY YH2M FAE2 EAEEH
v FEHE dBes Pbe 97 FHFo] tisto HAdto At
22 /3% Art. ety BAE s FHAYEA LY o
At 2@ T EAE d2A goE=R BAHY FHAA

E 8.60lt RATH(BA)Y uEHA %Y JFAH & uepdrh.
AYFELL gUd FLBELE Uro AAINAR ARy 237
2 0.97axolTh. AUHELS EEULANELE Folglen AR

S AFATAYA g3 F Apolrt.

%
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8.5 FRAdTH(BAY 3% ¥/T AEAH

(AR H A 2ARAdTd, 1995)

A AAE s vl 3
Py 0.040 mg/ £

Cu 0.000 "
As 0.000 "
Hg 0. 000 7
cd 0.000 "
cr'® 0. 000 y
CN 0.000 "
71 0. 0040 "
Tri C.E. 2733 "
Tetra CE 2R3 ”

LA = &t =1
d&Al (C) 0.052 E A2 (Csat) 0. 22kgf/cn’
Bz (C) 0.016 H&A] A2 (ce) 0.32kgf/cn’
A ABAS () 1.7 X10%cn’ kg | ZEAISOPEZH ¢ ) 35.5°
QA4 (o) [3.17X107 /sec |SEAII a2z 4.) 52.9°

E ol&sdtd uMsANE AANYE FE= UH

gz dx Jef2 oA A o &t Hol of

g
)
I
wjn
e W

,f?r
Uiz 3y g

of & FxA+E HAA 2o FYY FFASFAHE o]/ &=

= AHE AAE ¥4I e A =

Zol WAt 2Y 8. 4ol HFEY H Mg A2 Y= E

238 4Zef YEREXFHE Yepdrc},
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1m i I'

0P el 4

o O ¢ 6027
7 7
otz ) ;
259 /
€ J
8% /

o
10 L~ {(
0 canl
0001 oot o1 1 10 100

Dareter (mm)

29 8.4 HAUN W FLAUS AN YgE 2R
X

2% 8.5 RAUHE 1 842 =2 F Y el M Aol
ded: RAS & veld Zojrt. YA

s
ot Zo] HUdUEs Ay we FeAss AHAdFoezr dasdt
uh

fir

Z2¥& ey, 2 deE ULz 100%d

10%cm/secol ], At E 60%o] 4] k=2.7X10%cn/sec& LtELUI T},
2% 8.60= EAANHE 2yt 23 8404 UEW dER

AR ddz2d& Vst Fh, o 2F 9 Ue & 2 (DHY

Terrun)& 1o} ¥ 2% Fejol s Z2z 10d Fx B7 F+A8

& HAY ZAzolr},

a2 & 4 UAE uiet Zol Ul B4 AE A BARA W

dZ4 Terrum FAEE 0§ Z 9 ZAAT BE T4AS
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-

St Ao WAtz ot F4 HE G2 BE o &3
ZAdSF o 4d 7R FAS£ ASEcl o Fol =
%4 & YEepdct.
10°

°

B et

ETO

o]

x

€102

@

Qo

E

810

2

S407*

o

£

108

0 20 40 60 80 100
Relative density (%)
2% 8.5 AudY & 2 Fde Y FLA4+ WY
-2

S0 o

8 @ BAiGeosynthetics(DH)

g LA BAHerrum

(3]

x

g =

2102

[+:]

[od

(&} g

2

z 5

3 |

E

QO

2 8

10

0 80 100 150 200 250 300
Etapsed Time (hr}

8.6 A%y A U W Helnee HY F4A4
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1094 2 B 5 FA8FY Fd8 ¥ xa 9 FAa(DH) @ 4
FA (Terrun)F A2 E e gelB2 o]&Y HY FHA+=
2} k=9.7x10%m/sec, 2.7X10%cm/sec ¥ 9.7X 10 'cn/secE ULHE}
L=

e REYYE o &Y TP AEE 3N A Fo+2
g HY RAE BEHoz I AFE FodAN Aoy WYY &l B}

e ¥ ore = (Mebra drain)e] HE FelB Ko KA

38 el E o] 1.15~1.20g/d 2 HES J1YPA A5 F9 &
Y Aozt ME BelolN TreFAEE AAUCG. E &
glRe] Y EAL 4o MCDAHE A} FUSHA uldB F Hol =

O

2 A3asA "EAAch AEAY ¢S FFAEA KL
FAE WA ¢3] No. 100(0.149m )N A7 LYoz &#A 3
o} gk Tt

Ag EugAdNg e ZA 27 HEF FdFRel A

¢
r.

dAE AL e HAM3 & &3 Ruzx F&1F9
AEAE &2 Xl FAA FAsAct. I tF DAAAE
ANEAE FUFHAMTEH REFFHLE A EJAM AMA3F 9
FIE UE FJdor FIE AAsAcL.
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60

Kind of PD : MCD
55 |
OL =10m

@L=30m

S0 |

45 F

40 }

35

30

Discharge capacity, Q « (cm®/sec)

25 ¢ o

20

0 002 004 006 008 0.1 012
Hy draulic gradient (i)

28 8.7 9% HE oY =ddY FFANEAA

a2 8.7d = 4ol L=10n, 30nd FIT ¥y =AY F57
4 3459 & vetdct. 2" o £ AE v
@ 3 =eHdAEs PpAds He FoaFued ©E FF
Y HHE Aduygoez A2 RS 4 £ Ak, T Y Q=4
1~54cn’/sece] WeE vietufol ¥ PDx} 9 Q.=209~ 346cn’/sec
of w3t} 16~20%] & iepdct.
oetA, Zol7t A, F d Y v dAdods tt: HEAY
g EAG A& Reg udgY ALFRAFoA= H Lo e
Reg g™, =Y, 30nUolo ity F 4+ Fu i=0.059 4
elol 4 Qi 24cn’/secE UEIU T, ok RAY H nHuLF
&Mool & R JdHE Bz BdHCL.
NP BEEY FEHY gy =4dY 2F Fo A8
qd FFesdY Yol ot EFAYY FYE Hola Ak, 22
BTrAEA 4o Ao farAdiddz FHo §ol3tx Rty

2} dold F4%5dE& oA Rl e AR H(BAE o &
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Y AERY £UFYE E4sE ¢lslod AP TFHE B
NAF(AMBE] Eolots E)% AERAM =dAdAE T3t w5
He £43& 27 Astdct. AT Fate] X 237
24 19979 99 9¢ A BE 22 st
+ A 423 E 8.7¢9 #r}.

BEol Mot Fol Ao YA NL2TH . F
AEgE FAHE BA+Y o 2ot =AU E Fsld sisdE o
7t A A AH3tFHo -] AMHT AEFE EAF I adrt.
BAAN E2Y Aoz FARF A2z waEd
F 40l &% % 6.0~8.5 28y abra 23 80038, FHA 1.0mg/ ¢
°o]3t., &< 0.10]3t2 FF L At FAF A+ F, EdIAdE F
248ty A HEdd £+AL o NES

2PN Fol A o &

be
2

st Lo hdle &
% 2ZA73 ez Pdaxjof ¢ 3

&
FAEA 2 AdEAE Y +

32

& ¢ # otk
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E 37 AHE(FIAT) HANE 23

C
PH EC 3}2;’)33 T-N T-P
NeFE | sacle | Az | U sas | 3w | W

E (ms/cm) “(m&, ¢) (mg/ ) | (mg/€)

fd

PPy 7.0 248 9.3 3.136 0.168

2

. 6.2 253 7.6 0.784 0.086
Jnse
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Njog PDA S Hl %
=

M EHA 2
A1d A A

}(1971)2 Fat2Y Foz gAC g AGAES 4A%d
2o, o/(1973) U¢AuSF HANE FEAAM Zo] 4.5ft(14m)ol A
20ft(6.1m)ZtJ o] Htsicia stgdct. F(1974) FdHa ¢A AF
AEE AAHAR, $AF(1976) nABINAo NG4S ANES
dtdon, H(1976)2 €A 7S BLANE & 2 ¢A R3IHE
L UALZYEE FP7 AT AEE AL, =Y, FA0Y
Adstel AAY uh e VI A4y 2AAF B A(1981)9
g3t 54 ANPAFE dASA ¢AvS: AHE A T
8 EY EEY dEL wWotA Fo dtd EXFsie H3 WY
ol Feor 3 BAALY Y(FFA4¢ k=10"cn/seco] 31
R HlolHE o244 wWyHRcE AMAY WYPYS AL o
of RFoMe oA HFY AYE AY et ddta A A s
drt.

FAZAFFTA(1993)ol M= dATlZ njHdPolE 50cn2 3}
A% Algtg 3 dE se=F sty FEV A YABoltxr 2
=7 283 HA, A AFF $£do FAN Fito] w3
7t @AY Zlgeol AARHY o FLE AWE AN F3} FA
$AS AR 2dY LES 283 RAE ES7A B3 F

&
B A e E Y/AAE &+ ot ).
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A F7tA el A A E viel Fol YA A RAE Qo]
FdAEd 4, A4 Fol AgHTGN FAF22 dFAQHEA PVCH
FHo] K T &5 (KA, B, DAZEF)It Rl AEH
drt. Iy 9A EdAed €S =¥} Fus 28832 A8

ks

T FRAME A7 sl BY, ¢A BIH Fo] Yorz Ayt
8 AP AN EQFY I olFo] AAHE F¥o| AUrt.
oot A2 HHE HBIE SN WE el Felay =49

A(PD, HFXFA = 10cn X 3on) & AL LZ AR 3= ).
A2d AWM A dAgol &

A FoA A+ HYUEF F st RS s H 3.
St o S nAle dAEE ZS W AdFEREHY A4,
g X AR &4, EXEL, wisA
By, vlsAYd 94 & & 4 ded oEF dATY Y3 B
AE Y3 FPsto A9 HHyE FHSE RS B
e ¥ st FR GEHA FAF A FANES AL A
AL &3 Q.
1. 2 sta9e "= ol ZFojrt.
2. dA FHUY ZF 2& JE dEFYSs Fol A¥ B
3 F¥L F Y3t
3. 23U EAL ALY FHASI FEJ o2 HY
2 oo FwAdelnt.
BHGe 242 4A #2334 sty B3Pl FddH, A
Hog st HHI Qrie 71 3tel ol Ffo HFew, FFF
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BEl FAHZ Ast4 RFFol dFA UYL EZR o RP}Y ¥
22 Aol met At HWHE T3t ol FofAU FAo|rt.

Mol ZHF S(1991)2 HEH FA 24 st g g o
=3 22 dAvMSs dANEELE AAN At}

Aol B EQ2 F A2 Mo, gad AYINELFES (713
3

59 F 2 3d BERLY) LAY £ At 2 HEoZ A AE
F&, 23 AFF, FUY Y EY¢FoeE HREHE N F4EE ALY
g 5+ Ak, ¢4 AEFEREZES e W R, BREFZFH Fu
Ao g HOAE AYLd UL F A Flon/day @ EZFAFu AGof A 2
€™ UIE 39 EUYFY & AF+FE Se} sl AW (BE)E
FHAE 0, TE AZuiFAZ(d)olet stH, AYdLAwWSZ
D(mm/d)= t} & Ao 3 LY 4 9t}

D= [(1-NR-S1-F (9.1)

AH(9.1)& AERFE] A2, FEF FALH BIE
FEol AA, DI Ho AN AE U+ AT, F, H & FAY
Hols AR 2+dz AESFY FAE 42 o= =2
MY R, 28 2Bl olE 3840 izt FAY
ZAE ZFstodol U AAINE =23 Aol &Y JHoAM FY
¥ %S FHotd=d alrct.

a3 A(9.1) dAw S, A Zeo ztyg Aol x st DI 0 E
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Ir

= F ()7 S AY sVl st Ay E5e ¢BY
GA HE=2 of Ffel A EYULstA "Hct. Va2 dI} E Y
ol A dAFE dANsI HY FAI AchstA "rh. olg g I
Fole A(9.1)8 3/ 82& AAESS DE FA 37 AY e
¥ Ydol L Holop stn, D F¥ A& 50om/day B EO|TH.

ol FX AYAdAA w4 F D BEA dA st WA
ojof ¥t dAXAL FF Yol FH A4 7HA o] Aoy A
Aol algol AtHIT . A7l Ms A& upe o] FA
8 2AAN FEFE FF30= 31 ZWR }3S EF 4
HEER 3l Eg3Fe IFE £ AESST 22 F4 ¢
Aol €3l Ao g 83 Dupuit - Forchheimer 4 o] 23t 29
9.12] 712 & A &s3td,

q=-kh?x' (9.2)

¢Lll¢¢¢l¢¢¢T¢

A4 2 /7
$4d |« ’

= L/2

2 9.1 dAvie RYEL T 49
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q=D - x (9.3)

A7NAN,.q: THEZ £
k: A

A(9.2)8 (9.3)ollM ¢ &7 AHEssd,

D_Lxdx=-kj;hdh (9.4)

x=0d o h=H(He HEF FrAon, dAACY FdAN 49
of AlEAeA dAYUT})ojER

%X2+h2=H2 (9.5)

°of M2 AYLdYAMSZTE D, ¢ATHFE Lol A s+HEY 2
dAFTSFAN AEH Ftes FLPBLE o A& & Vel
A(5)ol A AdAAER &, x=L/2d wl, h=0(LA AL FAAN $Ho|
AESF utdol dA¥)e} ol

L=2H‘/—§- (9.6)

o] Mt} 21(9.6)2 Rothe, Hooghoudt, Visser, Englund S o] ¢} 5}
of ALHE dUHA A XF AP Yot H(6)S AEFY F

dFol AEFAY S92 e 2d4& 283A vtEH ol #



=g 4 7t 9drt.
AEZFUE A(L/2)TE2d o AE tr2l3 313 AFESF
Wel AFFTe 2coajes AHOE2R w@4sta g 2d 2,

Dt*< AH (9.7)

2 Yetd 4 dArt. A7dA As AEF BF FATFEl.

tee x=0 ~L/22 FFH& Ve,

L
L[ Pye L
-4 Jo __A
Va= L = LkH (9.8)
2 2
2RE F3td
L (_L..)Z
_ 2 _ 2
L*= Ve (._L)kH (9.9)
A
o] ®r}

A(9.9)& A(9.7)ell ciAdstE A(9.7) F27 d¥stle B F

(AFAdeol AEAe =YW Z ¢ vids 2 Jef )& 283

1 kHl= AH (9.10)
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2HH 4(9.6)9

= ‘fﬁ.
L=2H| (9.11)

LE d <=t

A (9.6)0] AAMLA ol €HE AdATH AP A HI AYYA

e D, AESF FA H BFAS ko 271§ dAHP 4(9.6)

A dATH LE ZB3Y & dck. AYAA 4 Dol distd e =

ol 4 20mp/d(YAE FABYANME= 40on/d FEojtt. 3] #As7] 9

x4 e 22z 30oo/d, 60om/d FE), FESZ F4 HE 0.15% £ o]t}

(233 HY HE & 0.15n8 3t F 971 wrch.).

EY, TR A&t HY EANE FANE A S vz §ol

3}t

F4AE ke dAMEd FEY FESZF(FFF)Y F£A 5
ZRAM HEYR HAFTAST(ks)E EXAF ()2 B F

3t FEASs kE F B UL

Eel2Y =Sedaes S AgANY AW AF FYPYFY A
A3 =dd FHLeE AEFHALZ Ry Fol A/ ol &Eeta
HREE=F A&sted AU g FFA7Ied Qo I3 wigs (I Ho
A ARG foldt] FFE I A ATt
=ddy T4 =AY AHo ofvya EHHo o33 Z

£
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BED AYLE T4l VARHEH, vERAFE AR st A
ME Jefol22 T4 AT FIHY 4+ 2t =dd B2 e
We Felzl (A & st ¢ .

PDRfE 2 2 1937d 0] A e Kjellmano] 23 s Ad=d ol

flo

2342 19484 o Barrono] F4H 2 M= =g HAH YFE
A AdUHME HdY H2 HE AAsAZ, T BAYLS
Terzaghi 1214 AU YA 7Pl 7/I2& F32 A+ B4
B M4 E Y3 o2 HFFH FEY FASs L ANY g FH
A4t ddFol HA3NA Yertes 2Add AL FEFA o1&
Hansbo(1979)7F PDaj 8] =l Ao] 3 &stdrt.

e uig Yo Fel2Y =YdAe FE AGAUE AR Y
F3o2 A4 F Pl AEHAh. wetAy, oo Y o]EE 4
Aujgo] Y o2 F EUiE 20 =4t .

A uj4o] iy o] &L Barron(1948)o] Terzaghid 1xtd 1
OB AR (1) ARHAANY £ o] HYPA UF3}A
wol 9l= AL (free vertical strain)et (2) A BEHol 4 ¥y ol
ZFE3A A E 7 (equal vertical strain)o] cthsho] apad
o wie"He oJ&E MHEstdrt. ol & Hansbo’t Barron® o &
& TAR 3o UY =AU ALY F AUx oEE £AHAA A
¢ dct.

olg} L RYZ 7B A JARI ¢ ujA 2eHE At R
MAlGze VL F 24 pot ¢PYYYY YIFAdU=EE
AujaAol A M o3 B Mde= 4

-
[\

3

62}

o
(=]

——
—
<@w
-~3
<©w
N
—
44
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8T,

Ui=1-exp(- ) (9.12)

#=F(n)+F(s)+F(r) (9.13)

Ty=u - In 1~1U,. (9.14)

t= a2 Lu (9.15)
Ch

A1, Un: ok oo BFYYE
Tw : A TASF
F(n): w4 etd g @
F(s) : &mn]o(smear)y] ¥
F(r) : 9 @2 2% A(vwell resistance)? %
de : Wl FI LY A

o : ABEY FUAS

2" 9.201 A& AW % PDR A E 9.1 A B o oy

o

339 9uANE MY SAELL  AZF 5AAZM
n(=de/dw)=10 ~502] Mol EAY Aoltl, F(n) ¥ F(s)g LS
E 9.1l UEd et ol ZE AR AelH e RO sl

=
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¥ 9.1 A 9 oAy =24

Parameter
Tz PO} 8] Zo]| Ke(=Kn)
=) Bt A
(cm) {cm/sec)
A 1000 10°°
B 3000 107 ds=5cm
N »=10cm/sec
¢ 5000 10 s{ds/de)=3
D 5000 107 Ke/Ke=3
E 5000 10°
o7l A, de : PD2S] F A B 3 FP
ds : 2mjo] &9 AH
ke/ks © EXLRFFFF AT 2ujof &9
ket PDA Y FWY FEAS
9
(]
82 T
"= 3
T / F{r):CageA <
T - I S ot S R
£l I R e U
25— o B s I,
k3 [\\—- L= ! ..~
£y 1 e 0
v YE =FICage Band D it
H
33 —
//
2 Lo
b
1
0 L
0 10 20 30 40 50 80

n{=d/d.,}

2y 9.23%9 d¥ux A3 A

“
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A% 2 W (kp=10""cm/sec, cases B, D)& A $£ = PDg o] L2
50md F fols W HARAHAL g¥o] 2, ¥H FLALIN B

2 Al E x] 8 (kn,=10"cm/sec, cases A, C, E)8] ZA L= PD2} E}lAM 2+ 3

"

o Anjo] 29 A3 o] WU YrlAHAL ¢ o] A, L=10nd
BAEos FAY 5 g+ Fxolr}. uatAd AGHe EAo AHEZA
o] FH Lol PDRIY £HUY FFEAHELE $2% uE 7A H

dAd dA oA 2T, AGE 48 S F+= 8484 PD
233t Z 97 utct, Hansbo{1979):= = @

&
d ALY I¥E Fote HE thda o] At glct.

2
F(n)=[ —8—1Inn-=+(—15) (9.16)
n - 1

A7, PDMY SHSsdude AR de:= PDAY A
dw(=2(a*b)/ 7 )8 20u] o]Ate] AW AHolBZ 1/4n’& T sH A
(16)2 Z& AL & £+ drt. 94714, a:= PDA Y F, bt

PDaj 2] F A o]},
F(n}=lnn—-“} (9.17)

Hansbo(1979)% Amnjo] &o] I f A& E X ¥ &
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=3 ol A<t olr.

F(s)=1( L. )—Uln(—%—) (9.18)

k w

2
N
X
o

»
B
L
rp
1o
.
ol

Rixner5 (1986)2 £mo Eo] XI5 wAlGEe vl 8L
PDAL 2] Bl R A e ¥} TS FE Ex 2 oo, hEAY
d48 F(n)ol tistd F(s)o U& o]&8HF2o2 3o F(s)/F(n)=1
~3d A& R gt}

Madhav, Park and Miura(1993)& 2njo] & A F Ao T A3
POl HAE & Y 2% 200 & WS AHesigdcr., 17 9.3
t BY =Yy gde] AU FHAANNY 2P U AHAE V=
d2HY Dol Azle] it uUetuwlct.

olgt 2 VAL =dd HdA Fu 2 PDAE AwFol el ¥ F-
Fol= WA 2y 9.40E 2no 29 WA gEe HF(no
smear zone), 1718 Ano o] WA 2L (1 swmear zone) %
F39 200 o] A& B $(3 snear zone)2t 2 HY AAE v
Astdct. 474, | smear zoned A Eo]l PP} FEF acd 3

2]

=
2

BFoln, of EHoly FFASF kst BT &9 ke 50%
t A& Ao g3 Bat & ke

,?_
50%, WH &4q kat 20xd Ffolrt. of F¢ XIF+Y wsAY
£ 0] of

o)

folt}., 2 smear zonel 7

B2 @A 50% I3+ EF MiFdted FLE Twe o}

Zol WA gt Z%e 3.3uel Y},
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1.4 Exgerimehtal résuns
: ‘p=118kRPa
o=P3skFa
1.2 Manhdel-gize:
1241 2+400cm
1 &
3 ] \
-~
ot e n
g 0.6 . 2 Z
e N o
04 N\ Kso/Ke
’ |~ Ksilke
96__ Transitidn zong Undlisturljed
02 4 {Oliter smear one} zorje
0 - innkr smbar zope
0 50 100

Distance from center of mandrel (cm)

328 9.3 M=Y B g% aEY @ FsASs A

0 T T TTTT
. O MY Ly/aa=iv/an=10
s
SR N\\
ey NoLEN ™.
= / N, N 2 Smepr zpnk
= Equiyalent \ {Ssxotas-Brvolap T
& axi-gy mmetric \ Sya/ho=dl/al kil 6
% trriaafdad7p N \\ zxi/ 8e=Jzyl/de ;
ke \ ~so/k;=0~
S 50 & ‘\ Kske=02
2 \ \
9 No Smear zone \
5 \
® \\ \
5 NN
@ 1 Bread 10he 5} \
o
(SZkoldetSblo/ae =, N\ \
KalkeFQ N \
N N N

100

oM 01 1 10

Time factor, Ty

2Y 9.4 2ulo Zol Y 2IF4 A SE WY
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ol MM ZAy=2 & o PDAY EIHS HY I ez B
NlEe 20jo o] BFLAfLE B2y &8 208712 A5t o] Ao
o3 I wiAs i AEdHA H 5 . @R A UM T
F49 WA PDAE B3 doluds A Ty F46Y Qv
ofl 8 & uXt Ad43d o] WY, &, PDAYY Q= HYP Y
FY, PDA Ko FA(Z1EITY, Y 7 HY L AYEY F
dol of¥ 4 Foltt. PDAI fHo MFL e RASI A
t gl 83845 Qreq(A % PDAY EBlH VA we 8
FHE $4%) Bt & UE AE HAstAof grl. Qreqel B Y

Al & Pradhan$ (1991)0] 2] (9.19)3 o] A3t ¢ich.
Qreg=€s* Uy Fg+ L+ 7+ Co/(4 Ty * 86,400) (9.19)
AAM, : EFF I 4 A 7d"H Fo d&xH
h
Un ¢ 32 ¥iAl =
Fs : ﬁ'ﬁ%(:z)
L : PDaj & #Ao]

Ch ¢ +2 8% ¢dAF(ca’/day)

olEY Ao Y3d HEAUAME QU > Ul Hol A7 &

fr

Reoeg YL AEOA ZYAME PFAH4H AFgHY BfddEe
Qe < Qreq 7} E $ 37} A},
PDAR S R B4 Y v 7} KU F

£ Hansbo{1979)= & 2]
520l Darcys) YHE ABshel A AN2WAY AL A(9.20)
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2 gol riepu .

F(ry=nZ(L-ZX K,/ Q) (9.20)
71 A, z : PDa} S uwj$ A e
L : PDxj & A o]
Kn: =839 Y FLA$
Q.: PDA Y B +5d
ZAHE 319 ¥ HAN2HAE

¥H, FHEW(1979)= Barrong A &
WA E o TAME A,

234

et

29

u#=1- exp( F(n)—+80?Laur) (9.21)
F(n)= n’;il Inn- f’h"z (9.22)
A7 A, Ke : PDA R EEY FFASL
Lewe: ¥ ARAAHAAFZA 4 (9.21)% Zr}.
Loy = :%Iiéw(%:)z (9.23)
el ZZALCE L2 AAsH

A(9.21)& o] &3l HE 9.2¢]
BEolx ZAo] L=20n 7R & Lo

S50 73 A P (TF)2
ol & 8 o

ol 0.653 £ & 2tt}. L=50mo] ci3dtofx PDxj 2 Hrf LS
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R 9.2 % gA2vdAa Ay zA g AH Ay

PD2} o YRl A A,

dy
Aol o (enrsec) (cn:;ec) {cm) 4
{m) |Max, |Min. | TF Min. Max, TF

5 [27.6{1.1/0.08]1x10" | 5 |0.0001 |0.0030 |0.0405 g Eoj
10 |27.6{1.10.08]1x10 | 5 {0.0005{0.0118}0,1621

A PD
30 [27.6]1.1/0.08] 1Xx107 5 |0.0019|0.0471 | 0.6483 (A0}

A48
30 [27.611.1{0.08] 1x10”' 5 |0.0042 | 0.1061 | 1.4592 [°l(L):

10~20

50 [27.6]1.1{0.08{ 1x10 | 5 |0.0118|0.2948 | 4.0529 |n

2(9.23)2 A4 I 4 MAEE AMstodx PO EPHTH n=10~
308 Z % F(n)e A 4R (Rixner 5, 1986)¢ 1/6 -1/9 ol A
€4 FA stssich. olgf ol PDAAE ;Y PVC HFH T uy
FAAGA A AE e dsodes & BAG Qe A

=
A4d sF=Hdo it o] E3 Y

Fay v go] dAujsol g o8 L 3 =ddd 2
2 A &dree Fezt de AL Adelrt. 2 oFE2EE f U
gtel =9 BEY PR F2od AW T4 ST AESFA BE
H2 42 AYdsidNE 2 AEZY 253727 Y Agd
A Feol TZZuF AGgAA F o wHo 3o 15-25cn I o
of ¢ FFFFY Fwel ¥4HI I Fwte] 4 E KAHRE

ZNs& ZHAA o 2 e Yol Ax £FN RS X3S
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& Zojct. wetA
FARY BF ZAE E s Yy o]BL £ EHAR

j B

'?'
2 dFMEe PDE MFI(AAEE) Fole(+HEld) B2
3

ol Aol A Bl 227 (Terzaghi)e] 2214 WAL E
A& 38 st POEIAE A W Z A A" € A

el RBFVE st thEz o] ol EAE Y, ALIHINE

ou __ _d%u 9 %u
at “CUZ 622 +Cux axg (9.24)
_0 _0-u _,_u e
A, e(zxt) 5 5 1 p 2 549,
u=0-0-¢ (9.25)

u=0, ¢ =00]ld U=0%cl3, u=¢, £ =100°] U=100%0°]c}.

2(9.24)9 o Aol 4 (9.25)& oy,

3%u __2
0z 0z

Ju
(az)

du __d6 _,_._0d0 ae
9z 9z & 5779755)

du -0 de

0z dz
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ol o,

0 , du.__d , . 0F 9 %
az( 62)— 82(082) g 2°

=-g (9.26)

of Hrt.A(9.24) H EAMYN HAEVIFE viBAA=Z T3

2ol Aeldrct.

J duv__ 9 , - d&\_ 3%
ax Tax )" Tax 9 ox )TV (9.27)
%‘t‘ =—g g‘; (9.28)

A1(9.26), (9.27). (9.28)& A1 (9.24)o] st YW -0 =2

Yrw,

3
9.30
2 ( )

o] Hcr}. 2(9.30)0] explicit Dufort-Frankel Finite Difference

Method& & £ 3}9,

T+AT T-AT
as _ € (X,,Zl)—e (xl'zj)

at 2AT
3% _ & (xiz82)-{eT M (x;,z)ve T (x,,2))} + 8 T(x;,2,-82)
9 2° (Az)?
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J 28 € T(x,""ﬁX,Zj)_{ € T‘AT(X",ZJ)"' £ TaAT(X;,Zj)}* ST(X,'_AX,ZI')
ax* (Ax)?

A1(9.31)& A (9.30)0] iy 3t

(A2)* .
¢ T‘AT(xi’Zj)“s F—AT(xi’Z]_) +& T(X",ZI"AZ)]

T+AT -AT
eT(x,,2,)-e T (x,,2,)= [e7(x,,z;+02)

20T ;
o 2D [ 2)
_8T*AT(xi’Zj)“ET'AT(X‘.’ZI.)+8T(X£—Axvzj)]
(9.32)
o] ®rt}.
=2
o (Ax)z (9.33)

gt s, Al(26)ol A £ T4TE 27 MM E T T4y
o] ¥ @ 3jc}.

&, T+4T& gleoln T A, T-4TE F Aot Iy, &7
AAZANAN T7F 271 Al ZH(initial time step)ol®d T-4TE= &3
2] e HF(ALEH)elh, ety E, £AHH NN 27 2 A

ZAolM T T-4T7F 27122 A Attx 713 b, Programol A

eT4T 2E1, eT =E1, 2el3 e&747=E2 sl Qo] xi=I, zi=Jo]tr},
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"""" NN 7
""""" — 2e . TE
- I x 0 Ik ¢ —t— Number
feoee — =i | of Node
: (<.mirror image) (“{mirrbr image) : along
"""""""" J- Nz
"""" d & _ i
T Drainge 3z =0 P
fricitous  Nodes se-1 e
for mirror image \ i f (“mirror image) i 'y
(5£-=0) P
I——-w ...........................................................................
frictious No 5 Numk of Node
for mirror image along I- NX
de _
( 3 2 0)

328 9.5 FAMHE A 2de MEdx

a8 9.50 e & &7 AN K AEYS H L3 A Y
2Edy AEdxg& vetdr.

AAzAY SLoo SE-gq g AEY(FOME B,

d¢e _ ST(xf,zj+Az)-8T(xg,z,~A2) _
3z 2(Az) -

0

eT(x,,2+02)=€"(x,,2,-02) (9.35)

de _ eT(xl.-}-Ax'zJ*-AZ)'ET(xi'Ax,Zj)

ax " 2(0) =0
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£ (x;+Ax,z;)= €' (x,-Ax, z)) (9.36)

7t At

28 o REEEE AR 3t PBDE ©HY H& F4HLE AF
(Mg, O)¥2 ¢3(d&,. Q)22 HA3A stgden, Anjo] &2
PBDEld o] M A2y - +FPY Yie g8 E 4 7.5m,
15cm 2 3trct. Z& el 7ZId™ Ao &2 RF2o2HYH Fi
15 AL} &, 3 3F 0w EYIFALYT E2o= 3}, ®
AE 12d=o = Bl 223Uy @At A8 2d& ol 29
3 EPAdF 1do] By g2 FE AYe 4 it 13y
A o ¥ S AAdAc. E 9. 30 F yH2AZ vepdrl,
a2 9.601A4 9,100l 2 EfdZ2Ado M E ALY dUEY BAE
Veldicl, 2, B 9.400 M 9.80: Y WMMHMAJE 2T YY

Roltt,
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¥ 9.3 %

SR ER]

ke B

Cwa

Cva

G

Cz

6} 31

Vertical type
case 1

1000

1000

600

600

600

Vertical type
case 2

400

600

400

500

600

case 1, 3,
5 7, 9:

Vertical type
case 3

500

500

300

300

300

1xpdze] 7

Vertical type
case 4

<+

Vertical type
case 5

200

350

500

200

250

300

case 2, 4,

6, 8 10:

Vertical type
case 6

B 19
A%

Vertical type
case 7

75

120

200

75

85

100

Vertical type
case 8

Vertical type
case 9

20

60

100

20

35

Vertical type
case 10

4

ot

Horizontal
type cacs 1

1000

1000

1000

600

600

600

Horizontal
type cacs 2

400

600

1000

400

500

600

Horizontal
type cacs 3

500

500

500

300

300

300

Horizontal
type cacs 4

Horizontal
type cacs 5

200

350

500

200

250

300

Horizontal
type cacs 6

Horizontal
type cacs 7

75

120

200

75

85

100

Horizontal
type cacs 8

"

Horizontal
type cacs 9

20

60

100

20

35

Horizontal
type cacs 10
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Log tme (day)

93¢ 3]

U %}

10 100 1000
........ P 4 1
s — 4 ]
- 2 ¥ 4
¥
S PR B .
S, < 2% = T —edr— Veruca tyoe Casel
" -~ Vervca tyoe Case2
Sy . . =~ vemcal ype Cased
- x + —ebdee Yorie ¥ Tyo e Cased
ANEERS =W Versc tyoe (a5e5
—&--Verica twre Cases
\; C = Verkc D type Case?
et Veric e Cased
LY = Versca type Cased
Vertca tyos Caseld
-« & - Honzontl type Casel
] A el " -+ £« -Hofizontal type Cave2
T T X CY R fvoe Cased
-i - X - - - W -HonzONS type Cased
X - - tyoe CaseS
% l- }: 32Xk \ - - € - -Honzon'al type Cases
X - - & - -Hoszonw type Case?
\\ o %, < v ow e Hpfzonal typs Cased
- ~ "~ 3 - - w « -Hofzonl type Cased
Y - " - - Honzontal type Caseld
X = 3
X N—x
A —
b, A = ‘
h, & ]
N A3
) IR | N
LA S IR B N - .
-
3% 9.6 b A 2mol th¥ M A
Log tme {day}
14 100 1000
3& L 3 . 1 Y
e x » —.
Y A COw
o oY a Ny
4 g : e VReSCH tYO8 CHsEl
N » verhca tyoe Case2
Veried tyoe Cased
4 versca e Cased
¥ -t VarSe A tyoe Cates
\YL. e Varke F HOR Cases
¥ H | ——deeme VErdC 8 ‘you Case?
.
N Veracal tyou Cases
\‘ N Ve tyoe Cased
v 1y ] Vertcd oe Caseid
i - & - -Honzontsl hos Case?
] + - & + ~Honzontal type Case2
- -+ & - “Honzontal type Casel
-« W - cHonzonial tyoe Cased
® - -Noszontal yow Cases
. \\ . - O« -Horzonty tyoe Cased
™ AY 4 - *Honzontal tyoe Case7?
1‘ \ . - - -= « Honzonw tyoe Cases
N X 3 - e cHaSZONWN D {B3E9
k N— - < - “Monzontl tyoe Caseld
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- 1 }
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P
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Log time tday}
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10 100 3000
I T Y Y Y 1 11 4
= —~ b e 4
= a o = =
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— —,
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&~ verkcd hoe Casel
-~ - Yersc B type Case2
! - Xy -wre Verc Tyos Cased
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3 = n Vet s type Cases
_— NHC ] j—e—varica toe Caset
x e Vorical tyos CA3eT
- 11X -~ 2, e Verscal tyns Cased
‘\ o ~  Vericd tyoe Cased
X a = verkcd type Caseid
- =Y RPN
> -4 os Cesat
X, i [ + © - -Modzontel type Case2
Y 4 -« # - -Honzontal type Case3
\‘ - - W tyoe Cased
T X -+ 3 - sHoszontal e Cased
X 2 A o tyoe Cased
- > 4« ‘HoAZOMM tyne Case?
A »- - - <= - “Honzontal tyoe Cased
¥ X s Caset
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10 100 1000
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e Vartc tyne Casel
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==t Vertc tyre Case?

Ver¥ca hoe Cazes
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ui%)

B trps Case)
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- - d - “Modzonty type Case3

"‘1

e A tyos Cased
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Log btme {day)

10 100 1006
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) 2 varkcE toe Cased
el VerSL S e CAS65
el
;) RS- ericd tyoe Cased
- e VRTAC S D08 CASHT
‘L" e YETEC 8 TYOE CB348
T Yerscd o Cased
vertcd e Caseit
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r®;
B ™ o + O - -ronzonta tyow Case2
" ‘1_”;1{ W tpe Cased
i - ] - - NpNZOntal type Cated
‘;o X - toe CaseS
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‘( M type Cased
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H 9.4 e} H 2ao)

2L e -

EPE ZHY
(m)

3]
1

o 3

dd=E (%)

70

80 90

95

+

N

2m

Vertical

type case 1

11.62¢

15,684 | 22.62Y

29.57¢

Vertical

type case 2

16.51

22,739 | 35.91¢

62.01d

Vertical

type case 3

23.24%

31.36% | 45.26

59.15¢

Vertical

type case 4

Vertical

type case 5

200 66. 4%

Vertical

type case 6

27.404Y

36.474Y | 50.67¢

62.55%

Vertical

type case 7

200 57.73%

Vertical

type case 8

68.244

90.034 (122,83

148.54¢

Vertical

type case 9

200 29.24%

Vertical type case 10

112,229

138.434169. 204

186.80

4

o

2m

Horizontal

type cacs 1

16.51¢

22.18Y | 31.884

41.59¢

Horizontal

type cacs 2

22.53d

31.624 | 49.22¢

86.09

Horizontal

type cacs 3

33.004d

44,364 | 63.76Y

83.164¢

Horizontal

type cacs 4

4

n I4

»

Horizontal

type cacs 5

2009 65.87%

Horizontal

type cacs 6

38.49d

50.97¢ | 70.51¢

86.86%

Horizontal

type cacs 7

2009 54.49%

Horizontal

type cacs 8

98.83d

129.68%{176.19¢

93.48Y

Horizontal

type cacs 9

200 25.15%

Horizontal

type cacs 10

163.97 70%

2004 79.97%

- 160~




¥ 9.5 e} A 3mol iy M Az

ElM 7+ oo w UUE (%)

B

(3

70 80 90 95

Vertical type case 1 | 20.45% |27.66% | 39.99¢ | 52.35¢

Vertical type case 2 | 29.51 |41.08Y |65.024 (114,00

Vertical type case 3 | 40.90¢) |55.33¢ | 80.00% {104. 634

Vertical type case 4 ” ” ” ”

Vertical type case 5 200 64.78%

Vertical type case 6 | 49.88 |65.21 [90.78Y |111.21¢

Vertical type case 7 200 49.05%

Vertical type case 8 121,924 [161.43Y| 2004 87.03%

Vertical type case 9 2004 20.95%

Vertical type case 10 |193.70d 200 71.49%

al
ol

Horizontal type cacs 1| 27.77¢ |37.37¢ | 53.80% | 70.254

Horizontal type cacs 2 39.00 | 54.01¢] | 85.00¢ '149.00

Horizontal type cacs 3| 55. 5591 | 74,749 (107,554 |140. 40%‘%

Horizontal type cacs 4 " ” ” ”

Horizontal type cacs 5 2009 63.45%

Horizontal type cacs 6| 65.48¢ | 86.82% [120.25%|148.29¢

Horizontal type cacs 7 2009 44.67%
Horizontal type cacs 8 |167.79% 2009 76.48%
Horizontal type cacs 9 200 17.74%
Horizontal type cacs 10 200 56. 48%
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¥ 9.6814 t3H 4ol

¥ M Ay

=3 | e L 70 ;iuéi (%9)0 95
Vertical type case 1 | 31.309 |42.47¢ | 61.58¢ | 80.72¢
Vertical type case 2 | 46.01 |65.70% [102.34%181.03¢
Vertical type case 3 | 62.61¢ |84.92¢ [123.09¢161.33¢
Vertical type case 4 ” ” ” ”
- 4 Vertical type case § 200 61.45%
m
Vertical type case 6 | 75.81¢ [101.51¢{141.81|175.62¢
Vertical type case 7 200 40.26%
Vertical type case 8 |189.75¢ 200%1 71.87
Vertical type case 9 200 15.93%
Vertical type case 10 200 54.47%
Horizontal type cacs 1] 41,074 |55.394 | 79.88¢ [104.43¢
Horizontal type cacs 2, 58.60% | 81.82 |128.98% :f(:i
Horizontal type cacs 3| 82.13¢ |110.73| 159.69 ;2%:‘;
Horizontal type cacs 4 ” # . ”
Horizontal type cacs 5 2004 59.02%
TR o 200
Horizontal type cacs 6| 97,96 |130.224{180.86 92,54
Horizontal type cacs 7 2000 36.09%
Horizontal type cacs 8 200 61.65%
Horizontal type cacs 9 2009 13.44%
Horizontal type cacs 10 200 42.83%
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¥ 9.7 e} 7+ Spoll ¥ oA

A g TLE ()
(m) = °© 70 80 90 95
Vertical type case 1 | 44,18 | 60,12 | 87.39 [114. 74
200
; o
Vertical type case 2 | 66.43% |93.12¢ {148.55¢ 93, 47%
. 200
Vertical type case 3 | 88.33% 1120.17¢/174.71d 92, 7d%
Vertical type case 4 ” ” ” ”
. Vertical type case § 2004 56.36%
m
Vertical type case 6 |108.22¢ |145.43%| 2004 89.50%
Vertical type case 7 200 33.20%
Vertical type case 8 200 58.40%
Vertical type case 9 2004 13.12%
Vertical type case 10 200 43.70%
Horizontal type cacs 1| 56.40% |76.224 1110.15Y(144. 24
200
} Q
Horizontal type cacs 2| 82.00¢) |114.52¢d/181.13¢ 91 42%
Horizontal type cacs 3]112.75¢ {152.39! 2004 87.70%
Horizontal type cacs 4 ” ” o ”
Horizontal type cacs 5 200 53.29%
4% 5o
Horizontal type cacs 6]135.934 /181.27¢| 200 83.19%

Horizontal type cacs 7 200 29, 59%
Horizontal type cacs 8 2004 50.51%
Horizontal type cacs 9 200 10.78%
Horizontal type cacs 10 2009 34.34%
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¥ 9.8 E}d A 10mof] i ¥ s M A
MO LA o
Vertical type case 1 191.10%4| 200% 81.33%
Vertical type case 2 200 67.22%
Vertical type case 3 2004 58, 40%
Vertical type case 4 ”
Vertical type case 5 200 32.71%
10m
Vertical type case 6 2004 52.04%
Vertical type case 7 200 16.82%
Vertical type case 8 200 30.12%
Vertical type case 9 2004 6.41%
Vertical type case 10 2009 21.93%
Horizontal type cacs 1 200 76.59%
Horizontal type cacs 2 2004 62.82%
Horizontal type cacs 3 2004 53.79%
Horizontal type cacs 4 "
Horizontal type cacs 5 200 30.29%
44 10m
Horizontal type cacs 6 200 47.01%
Horizontal type cacs 7 2009 14.95%
Horizontal type cacs 8 2004 25.52%
Horizontal type cacs 9 2004 5.41%
Horizontal type cacs 10 2009 17.23%
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2% 9,113 9,120l ¥ 9.90 M FoidM XA oE UgUASFLE A
3to] PBDoll thdt 2nmlof £ ¥, ElMdAHY 4% Y glHdRY
of thd & A2 HAEs AL

® 9.9 3% A+ ® =3
Xl AlZHday) | ¢t =(U, %) vl 3
2m c
o E no Zmear 23 30.37 .4__vx__.
m
smear 36 90.10 Cva l
2m
P no smear 32 90.03
[+]
S 50 .16 |23 9.11 % 12
oln 2 -
I 064 | HEAT
e no smear{No smear zone)
Ssgr 150 90.16 ot =Crz=Cna=1000cm’/d
5m Cva1=Cva2=Cra3=600cm’ /d
g | DO smear 110 89.97 smear (Smear zone)
o 5m 400, 600, 1000cn’/d
smear 180 89.90 1400, 500, 600cm/d
jog t {(day)
io 100 1000
0 T 1
"0 S ~o—-2m HEY(no smear) =
» -8-2m WA Y(smear) =
20 > A2 m 28 Y (no smear) T
SoPCAX ) ~»=2m +@¥(smear) [
30 - - ~¥—=5m B Y(no smear) =
S 1 = ~-O—§m X Y(smear) =
40 Pk X —~—5m £8Y(no smear) R
fy X ~——§ m 8 Y (smear) =l
§ 53 1
e 4 A
80
70 S
80 ' \“"
8¢ =
100 e B T A 1 ¥
a7 9.11 2n0jof &2 4

—165—



g1 {day)

1 10 100 1000
0 L 1 1 1
A — i 1.
A 1 i
10 -~ 2m
" :\&wi\—jf‘ e -5 3m
- ~a- 5m
k| = A -% 10m
> N 5 2
40 N
§ - . X
- X
AY
60
,\Y
A" X
70 e 98
& 2
80 — A ¥
A
0
i % ; 1
100 i B . i i

a2g 9. 1190 El4d3F 209 5m] thdte no smear zone?] %
E EUYY gUASL CuE R2F 1,000cn’/d, AIJYFL Cn.=
600cn?/d2 83, 1 smear zoneF $ A =7 ANSEHA ¥ Aejo] i,
2N & 4 A vl o] dAYY(ML)LE PBDE EIAH Y
Zol ¢+FYY(H )Rt MisGTr w2, eldLF 2o iy
ol 5ot wE W4 HEEE UeEtdcoh, £ 239 smear zoneo]
T8 Y 3

B 40.2594 2 62.2% AAES ¢ 4 AUt

§ no smearo] Tidlo] UWE 90%xF 7§ R vay A

2% 9.1200& No smear zonedd ¢ YUASLE £BYPU Cu
=1,000cn’/d, A W8 C.=600cn’/dZ 71 F sty et A ZHo oj
& st dct. 2Hel A & 4 A& v} Po] BtHBFo] ¥
AW+ & wMsdsrt F73 YUE 80%o] tistd ElHTF 2me}

SwE Wlastd A 16U, 2008 & Vel o & Ao} & UEld

3%
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th. ol Az: ¥HAYE A4 FAY B¥E Holn PBDY HF
Bl 22 22 Yol A RAE et

AANE Agdgols FdaFol LA B et Uil Y
ol 2A43t2R M4 SEE o3 A Eoe BeAd el
ol gdenz oo BIAMH UL YF o]F VL BN Y

AEYT ¥ nestodof st A F A Aol
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qiod¥ 4E

sddded e FIchNy HY Vo wjFI 22X
AFgd (3 % A5L)S FAd PVC I3 AN E &
2t A28 =g ¢ (Plastic drain, PD)2{ & o]l &3to 7] 4 3to, PDE}
e sdol AY HAst THESA ¥ 5+ UAA $2=2H F3A
€9 224 Ay WY HPgVFANLE FHez 33A4dd A
A AUAdy, 3348 % A AANY A o 22 FE
& dArct.

1. Betadq =iy e, ¥y 54

1) chZ2H A 8F(FU 6%, F9 25)9 PDAo] cist =2, 9
Uy 5L A3stdt. 2 F dAZEFEL dd e
Z U A A PDaj Y] #H % 36.2~101.5kgf/co’e] WS E epuidg,
Z oA EL 130~ 200kgf/cn’y TE UEetWdct. FUAE F 43F
& = Kremer(1982)9 7] £(0.5kN)oll 2 nedg s S4& el
= Z7&9 Mol guH. MW A== FU, FH
A Eo] 247 15.0~62.5%, 36.4~62.5%2] M EF UEelHo v
H 2 uUs JdeldE o + Adrt.

2) PDA} el A ENE Y AdYo] ] 2719 PDol ddeo] A
EAYE FA%td 1) Ay vy A, FYPESEI W
A2 rox) Aol At FPol FrstAR, EYEH 1%
A3 429 6koh2 F¥Y F sld 27 11X F A F
@ dol Aele Ao uetdct. 2w Yol 40kgfl/1¥E
velel 2 AlE KLY DHE 27]of A Eol EA7t LEIY +
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ol o
M

S AFHUG. 2 2 AHe o g A Foes AFH EAH
ded, etd Fol 1molol HAYU, FY& X7 4kn/hol st 2 8
A

EbAd Al PDaf e} &g gel & Ao E uEpyirt.

2. e e s 9 78 ¥y 54

1) P} e FHAS-E F3Y 22, 2 F F H4 F4A
4 x 7 1.01x10'cn/secE el thEAA Wi ANAG A
FAaF A2 HAgd E¥Y FFAs+sd 1.8~2.0~
107%cm/sec?] 5,000 & vLielulol A& wisAdo H &
A BEAMG A S ¥

2) @ ol PDEFAE Al A A HAo il Fe¥ 2AFEE S
gty @ ZAANAN FFAHE HAAste] A 2] Ao v 3}
o 27l KA FFLASE VelEE Yool watM dH
A PDAE Eld Ao g+ 2 A THRANIF A Fdtes R
o] gelAolete A& At

3) dENY NG ETXEE ez 7449 2 PDY I
% %Y (Clogging) ABE HAY A, FxFu Lo 27]
1,000 27l & tha EGFY Hef & Uetwlet 3 ofFd &
GFHE US FANLden, &3 dUAFo AAAN UYAFTF T
&4 33 E YvElWAd R, #dF d3xAg F& FUYY O W
gyo NP EAAS e AE g, we M, P 7
ol AAAN ™3 wisAdrs e YEtd Res FAAch.

2828 AFEE 2= FZHH F& ol &3 PO JeHF

[

S AT =Yool EURY Aoz AzHr).
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3. EelaY =4dd B4+

1) 4