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SUMMARY

I. Title

A Study on the Application of Waste Tires for Soil Improvement and Construction
of Reinforced Retaining Wall

II. Purpose and Necessity of the Study

Waste tires are increasing every year in urban areas. They are nondegradable
and require a large amount of space for storage. Stockpiling of scrap tires is also
undesirable because of the potential fire hazard and consequent environmental
damage. Consequently there is an urgency to develop new, energy-—efficient,
beneficial ways to recycle and reuse large volumes of scrap tires.

Utilization of waste tires are made by crumbled powder, original form, thermal
use and mechanical use in Korea. Korean government established a law
concerning the recycling of construction waste to promote the save of energy and
recycling. The reuse of waste tires in construction site has not only an advantage
in the use of large quantities but also in substitution of commercial geotextile for

soil improvement.

The purpose of this study are determination of strength parameter through field
pull-out tests for the design of waste tire mats specially designed for soil
improvement and construction of tire-reinforced soil slope and tire-reinforced
retaining wall for confirmation of the determined strength parameter. In addition

environmental assesment are performed from the leachate collected form the site.

II. Scope of the research

Fundamental index properties also studied in the laboratory and pull-out tests

under an embankment for the first year. The test items are listed below.

= Vil -



o Making of tire mat and Tirecell for lab. and field tests

o Direct shear test using large shear box to determine the interface angle of
friction between tires and soil for both sand and granite soils

o Pull-out test of connection parts of tires using universal testing machine

o Environmental assesment for various sizes of tire shreds and durability test
under severe conditions

o Plate loading test to confirm soil reinforcement in a chamber and in field

o Pull-out tests of tire mat and Tirecell under an embankments for various

heights and types of mats

IV. Research results

The summarized results from the research are as follows.

o Making of Tirecell and tire mat for lab. and field tests
Tirecell and tread mat have the same function with commercial geocell and

geogrid, respectively.

o Direct shear test using large shear box to determine the interface angle of
friction between tires and soil for both sand and granite soils

From the direct shear tests, the ratios of interface friction angles and shear

friction angle of soil( 6/¢) were as high as 1.06 for sand and 0.98 for granite

soil.

o Pull-out test of connection parts of tires using universal testing machine
As the number of both the bolts and washers increases the strengths of

connection increased.
o Environmental assesment for various sizes of tire shreds and durability test

under severe conditions

From the tests it can be seen that the larger the sizes of tire shreds, the less

- viii -



concentration of metal ions.

o Plate loading test to confirm soil reinforcement in a chamber and in field

- Chamber test
Bearing capacities increased remarkably at lower densities and large amount of
settlement reduction at lower density.
Tire-reinforced soils show higher bearing capacities than those of commercial

geogrids..

o Pull-out tests of tire mat and Tirecell under an embankments for various
heights and types of mats
Tread mat has higher pull-out resistance than that of geogrid for the same
area of reinforcement.
Tirecell has higher pull-out resistance than that of geocell for the same area

of reinforcement.

V. Utilization of the research results

The research results can be directly used for the construction of reinforced
embankment structures and retaining walls in practice. Based on the inspection and
measurements of behavior of the structures, specification for the structures are
made. After successful research, the construction method using waste tires can be
used instead of commercial geomaterial for the small scale construction of
embankment firstly which launched by metropolitan local government. By
accumulation of further application of the construction method, the method can be
extended to large scale soil structures such as reinforcement of a footing, just
before and after box structures for the reduction of differential settlement, slope

protection and construction of retaining walls.
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Ak 3 Eloloj Al 2x79]o 1x73} 4x7, EYEW|ELE 6x69]0 3x3, 4x4,
3x6, 12x65 Al@ste] Etolojo] B el gk J3FS mlastth 1 9o

glolo] WgFel AREwelA EolojAA e FHAL, Eolojus] Aol

of &3] #Eto]oj7t BAAE AMA(Eo] 3m, AFEAAL 45°(1 ¢ DO AAE L
AAT B AEANES HEA M s T3 AR dES wgew

AN sS T3 F B JEAEY] Aes ASIH

HElo]o] 2 WAE o AgEE EEAR] dgAAnzA &ger] 95t
ol FHWAA]3(2001)¢] AA7]Fol wet grojojd BAE g3 (F°] 3m, HAZ
A} 184°(1 1 03)% EdEWE BPE ¥ (o] 3m, HAZEA 57°0 1 0.1)<]
AAE P EmR AAF BRg e AFNTE £ F RPE $9

o Age AZd.
9. Feteloje] HE: 4 A

FEfo]ofel o7t FrAute] S¢S Hrtstr] ffste] HERololE o] &8t

o nZ AEAW L BPE $¥2 ATH F AT gurFosry 49
d%5e] FEE BAs A4 A7) el o A2+ 0970

)} W),

9
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A2 TH-9 et dF

14 sWrlessd

sle] AEolol Mgl B AFE T Arolole] nFol o Fie
2 A% A% 5 844 9Pl U@ ¥ FEL olwr(olH 5,
%

2000 AATF 5, 1986) AEfolojo] #g oA A7e Aelo] Amo] 487
Al 2 90dT ol el TRl AR ArgH ol gk elm setelo] 2
waete] ALgF Adt 2Ue olgd wPRol} HAR FEHE A
oItk HetololE ol gate] Antrgel ALgH AldlE glon ATRHow
Holoj® x1w 24gue Poz PAs B FHoR EAd £
of A7 AEZt ATHAARIT B3, 1998). HAeololE A wkn el

2 ATE A AU B ATHA Av 54U £ AL ALFnE AT

>

oA Fastazt sk 84 ARtk Hapero] 2 Aol Slth
O’Shaughnessy ¢} Garga(2000)¢] A2 st FJom ARG 79l
= 4 TEEH0] s&AE 2 A9 =F glo] ARSshe Ag-ol= A8
o

A71A &8s Husta . 3§ n) 9] Integrated Waste

r’l

_12_



Management Board(1996)¢l 4= Elo]oj7} 7ol | x]= g &ke dlsto] thFs)
A Ae vp glom, o] FARH2003), HAEH2005)2] ATl = Elo]of
°of F A4S HAEFV e B VIEAE 20EA FSE Wl
=, v, Bk §9H, 9 S

¢ A RaEdnh A5 o2 Broloje] ARzl A&o] Hud Aome
1970t Fwkel Santa Cruz H%¢] ZE]3E o} 236 LEEZA ALHRES
g Zlol A WA FE&AEE delA dth(Forsyth & Egan, 1976). L]il
Hausmann(1990)ell W= Elo]ol & o] §ato] AnkAQl JEu<l 1.5HIIV o
A 05V FAAZ 70,000m” AES @ Ald= glow. A TYolF

Tehama county 328 E2o|AE AEAY =74 HAHx 9@ AlHHS

e

Ao g 83U Drescher & Newcomb, 1994). T3l ¢ ok kAl A & A}
XA BHAAEASZA Erolo] A = ]9 A& (Humphrey et al., 2000)2}
Sy 2 owgie] AHA SASAEEZA Eolo] HA ZA AS(Humphrey et
al., 1998)c 9 o] &okell e A& Atz Aot Hvrtel A= LEFSE Falel A
HEpo]o] & o] &3 it AEE MAyrt AHo A dste] Gt tHGarga
¢} O’Shaughnessy, 2000).

e JFUEo A HEFO]E o] &3 Ao ZIZAEE West Yorkshire
Aol Fo] 3.7m FTHA & Aol AlTH FERES AFFAL A
2 3 F BdRE 9% Holloen 4500709 Elolojrt AMEE AT AlEE
Efojo] X e AlFH[ &2 FAEE &8 AlgR| e of 1/47 FAH At Dalton

J

7} Hoban(1982)&= AZA=9] ME2EE 26 W2 AZE Zto] 7]F9 71w
(gabion) &9 e tiero & Elolo] WS ALge AlelE ®agh up ) =z}
2o A= 1982 o] F ' A &£H o= Elo]o]E o] &3 2509 e EATEES
A& 2™ (Long, 1993), #lEle]o] &8 A3 A7 )

2~E g g olol 4= Wickham Annie street 32-34¢] E}o]oj& o] &3 §H
2 =2 AlFAE 7 o (Ecoflex, 2004), HAl Y E-§ EZFof HE3|AL7F ¢
o P Ao B AE§ Atdl7F 2tk Hokkaido, Hobetsuoll 240tone] E}f
oo} & o]&3g o] 20me AHEAW Ay Fgrbe] ARG FA XA
(cushion)ZA] &9 F A& A2 AF-gALd (Hazarika et al, 2006), §3eF=| vk 7j 2

AAERE ARNMEA okl AWA Ags 2 Wd AGAZ A
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(Yasuhara et al., 2004) 5 <& okl A #Elo]o]E H&slar At
o] Solw Erolojsl FL ol &F EEPREL 34 2
4 A §]—A}B. - ;q,r/} Ayoltt 7ol AlHA B3 7€} T2 Hole HE = w

o Ag A7t 9

3d. 7leEd 24 A8

AAolrh, B Ao Aol dAY Eho]o] A(Tirecell® , AR 2) 8xF3 o] A&
TtEo] o5 U A4S Ao Elolojo HWHE giF A A= Akg 7]
AFAE Aztste] GA s 4 Ao 42T AES uFHEAE AT 47

Efolo] ZR(sidewalls)e AAFe] A& ALT & gk Qo wel A 13}
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ATAEFE HE R A3

A 3%

wK

7]

14,

Alg o],

1

o
p 4

L AMEES 7|2 A1

2]

13.27

Yd min
(kN/m’)

10

15.86

Yd max
(kN/m”)

C,

1.15

EAT(CH7F 115, 72 Y73 (D)ol

A (mm)

L
-

Cu
2.79

0.1
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Deo
(mm)
0.53

I8 6 APES] §

SAF(CO)7F 2.79,

Da3o
(mm)
0.34

0.01

Eiy

NERS
Do

(mm)
0.19

Gs
2.64

0.19mm¢! A]
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paul Wz - i3
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Ea-
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w o 8 3
PREE | &
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% S 2w B 5
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150mm ©]
o] Atk
& sk Al Hul(dummy)E F

.

ASTM D5 5
3210 o]atwl dentzo] A7) 30
3 = 300mmx>300mm©
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i

o] Zmz Yulsh o]

2 -2 (sand-sand) 9] Al EA

= =

t}. Efolo]

Fa

FSA et

°

)-

Z(_]

(sand-tire) 9] A

8

@aoint.

= 1.0mm/min &2 A

% (strain rate)

4

04~1.2
W300xD300xH165
proving ring(& % 3000kgf)

(mm/min)

A2 14 (mm)

H
4r
Ho

A}
2}

2 A1

A7

vzl

N

il
s

<]

X

347

H

¢}

7}

[}

=

4

I

3 o] %

e
==

A

=

Proving

» Ring
(MCie] §3)
7

-

R

i~ E}O|0{(Tire)
T s wmam

I (am)

uf 744

39.2, 78.5, 156.9, 313.8
4% HER

ol A e}

2585
e
AN

LIS (Dummy)

}

3
pil

C2uEand) - o
W300 + D300 + H165
— 17 —

7

=

=

(kN/m”)
=

c2ae

=)

=
g
-
B
@
r=
o

[Fal=

Ak 2y =53 ZEdA] e

"™ 9).



¥ S5olA K vpel o]l B vz () AUEE 55%9F 70% 2]
S Z+ZF 39.8°, 42.1°0]a, RY-EY= oo wpEZH(§)S 42.8°, 445° EY-E
= WHzEe] WWEeRZH(§)S 37.2°, 394°% 727 A EHQT wEkA EY-E

—~

=
o)
2
o}
@
=
)
@
=
N
S
S
g
2

Egl &ate] mpEzhe] mlgte] AA YEES o ¢ Utk
w2 450x450mme] A eAzto A ZdE Aeje] SWi(well graded angular
sand)®] &3 geogrid?te] AHEAHE Fds& W, geogride] Tl weth vt
27 0.72~1.07¢] WM E verdna shith

400 400
—3—39.2 KN/ —o— 78.5kN/ —3—39.2 kN/ —o— 78.5kN/
&g —A— 156.9KN/ —6—313.8kN/ —A— 156.9KkN/ 7-e7-\3 .8kN/ 4
£ 300 300
=
3

0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 0.0% 2.0% 4.0% 6.0% 8.0%  10.0%

THHYEE (en, %) THHYHE (en, %)
(a) D:=55% (b) D=70%
19 9 Sand-Outside of tread FHHI&-dE+SH 4
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‘E 400 O Sand-Sand “E 400 o Sand-Sand
Z H Sand-Outside of tread = W Sand-Outside of tread /
* 300 | OSand-nside of tread < 300 | Sand-Inside of tread
= 5n=3.2 £ 5in=30.4°
@ 200 @ 200
s 100 = 100
Q Q
L =
? o )
0 100 200 300 400 0 100 200 300 400
Vertical pressure (o, kN'm?) Vertical pressure (o, kN'm?)
(a) Dr=55% (b) D=70%
a9 10 FAsE -y HA
® 5 HIAGAIE A
A%
T e ] 22
Ry | R 6/0)
-2 () 39.8° 16.37 -
55% | el -Eetolo] &) (Sour) 42.8° 14.75 1.08
L ef-gfo]o] W (6in) 37.2° 22.99 0.93
FE =
2 -2 (d) 42.1° 16.71 -
70% | B -Efolo] 9T (Sour) 44.5° 20.04 1.06
e -efo]o] W (6in) 39.4° 18.96 0.94
3. Bfolo] AAKF9 AGAH
7h Al
Eg=t golol7l wwd Wi FRom Eds o tie A4S
sxotstar vk webA Blolojd iyt EfeEmES I =S A unit?t A unit
Eres EdEg ddse AdRe AFFEe H9HuR gojo] dre
A= AP FRSATH

_19_



Elojoj Ay} EF =7} X ute)] B7AJE A9 ugE EE HAd wE AAR
o] ZrxAslo] thusty] ¢s] 2H|Qd A~ EE(stainless bolt)¢t ZEt2dY EE

Agste] el AGAWS TR ndY BEe sHdUs RE

et

r1r

A 2719 M (10-40mm)E ARE-SHe] HlaLstA T Sl A= EEAE
Eo] ofM7t AFH A 7] wiiol] & Aol s EEkaE ZEC F AlY

FUFI

2=
o

Tt AAWHE BEMNF, AMIlT, M AVIE WEATIEA 2
13 o] BE 170 oA 270, BEE 17 oA 470, EE 27] oA 4= 514
th oA, BE 1] 94 270E BIW2, Z2E 170 94 470 BIW4, Z2E 270
olM 4715 ol g3le] A= WS B2W4R %75

o
—

ek ElolojAle]l AAATREA EHg]Z 2 (polypropylene) ZEE AL-E3}

A ES Fdsidn. Felzrdd 2xe 5194 - AESA S el o

(Garga, 2000). #

on.
S
3
3
o

AL QU= 1187kNS Eejz2ddl 225 A}
gt o, eolojds e 3lF(lwrap, 2wrap)oll @k Al @kt

i 1 s 1

Rl i T

(a) BIW2 (b) B1W4 (c) B2W4
a9 11 BEe A7y

_20_



E 6 Blolo] A unitet Ed =9 AN AFAE L

SERi
T AAA ve | oA ok 271
== o (WA -2174)
N N
mm
8-17
8-30
1 2 8-37
14 BE 8-40
10-40
. 1 4 8-40
)

E}o] o Al unit 92 4 8-40
sH Qs BE 1 2 10-40

Fopry 2E 2 - -

Zolzaga 22 13] 47 = 10.0mm
(e 8%) 23] 47 = 10.0mm

1 2 8-30
nAE 2e 1 2 8-40
Ef= 2 4 8-40

zohag BE 2 - -

Efolo] AZAF] QAR Hd 50ton 7HA des VMR ¢ de dY

M

2 @ebd 23 A wit® AASA 1Y 129 2o AFAFL Eolo]
zol Ao e WA Sla) TR B 2= Zwel Adste] UTMY]9

gripell ALGAA A dS FHSFA
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%
&
1r
Al

(a) E}eloj A unit (b) EY = (c) 1443
% 12 Eleolo] AZAR G-

o A 2 aE

(1) Elo]o A unit AZAHF- A&

Elojojdl AZAR e} I AANR ] QA Y Ay= 29 139 UElAT.
o] Etojoj A #E YR Z We7F vYEbdt B

=1
N
olojle] % Aol AW A% Y mGol

()58 29 13 (d7FA YErd gl o,

2 ARE 1 79 Astgrr 19 13 (b ~g YA EEE= a8 13 (a)9

o

283l 8-40mme] 9AME BIW2¢ BIW4R 1Aste] vlag A, 94A < 7|
b RS E QAR EE 2 Aolvh fddth olzle E=ue) sjojefrt
golzl Foll= gkM e A7t BHet e 2E9f 9hM 9 fgel AdE 3]

AZAG, 28y B2W4R A 98 BES At Frhee Aol

§ D

§

o=

s
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Mol vlEsle] BIW2d 2o os Wi Rt oF 2u] 2 -7 =7} e
BIW2(&-17mm)¥ u] E}ojojal AAR-9] AP FE+= 457kNeZ S5

=

’

g} 7b 8-30mm, 8-37mm, 8-40mm¥E 7H7F 10.49kN, 14.80kN, 1599kNo. = =

AE AT mebA o4 o) 9 o] AAE AFAEE FteE s &

20 20
8-40mm
> 15 / z 18
X - ~
% 8-30mm 8-37mm > 10
o 10 f b
5 °
oo L5
'|8—17mm
0 ‘ 0
0 50 100 150 0 20. 40 60 80 100
Disp|acement(mm) Displacement (mm)
(a) 1Y EE (b) ZHIH = BE
4 20
= 3f - 15 f
= 2 bolts = 2 wraps
[0} 2 (]
o °
o o 1 wrap
[ 1 (18
1 bolt
0 ‘ ‘ ‘ ‘
0 20 40 60 80 100 0 50 100 150 200
Displacement(mm) Displacement(mm)
(c) Eetg EE (d) ZlZ==22d 2=

o1 13 1Al A (EFel o] A unit)
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¥ 7 ¥Elolo] Al units AAF9 AT
A Z v
AAA= 2E 9} A oFr o] U7 -2 7 NG =
e e (mm) (kN)
1 2 8-17 457
1 2 8-30 10.47
1 2 8-37 14.80
nFEEE 1 2 8-40 15.99
1 2 10-40 17.92
1 4 8-40 15.51
2 4 8-40 31.64
2Holg A BE 1 2 10-40 13.37
_ 1 - - 0.62
X al ~Egl] E e
Fehes Ee 2 - - 2.01
Zyzegdy 23 1 3 5.87
(ZF= 39) 2 3 11.75
(2) EY= AAR A9
Elolo] Al unite} Ee Ed=s 1Y 149 o] W e} <1FHo| F74
3] S7Fstt). o] AL Eloloj Al unite= YEHAA HFo g WHIFHAM X7ANEE
o] & Wi, EY=s e Wyt ax ] wite A¥Hor g43 F7
H 3 yAdrRgez a4 gyE Yelg e, o3 Elolo] e e v
o] ofojoj7} HAAaHo=w Iyy7] wfo® AZHET F EYE AZAF9 143
P2 stzol S71E mel Efoloje] efolojrf IAgHEgo R &Ko7 Hof
% EYre 2HE7HA] Aoy gy 499 EYre ERE/A Ao
271 Al Rojzl S Fste] BEEVF wAWA] gy E = A7 )
¥ 8 EF = AT AYNE At YER o, Elo]oj Al unit(aL
g HE BIW2(8-40mm))¢ AFZF = ¢F 16kNojloy 7o x7A9 EY=
A== oF OkNOo & Efo]o]Al unit® ol ofF ZHA YEelyt E=eo Ad%
e 22 27119 golojAl unite] JFAERY 50~56%4 %= 2HA S45A
o o] A2 AW ofojojo] wjdwrgko] AX|5Hy] wi-o 2 JFkHETL
AAAF WE Efre AdAREE uAH B1W2(8-40mm)7} Ze}~
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g EE UNEY o 6w A SBHAT AALH wE EU=9 A
= Efoloj Al unitel] A9} Zo] B2W41 A (8-40mm)ell st wWio] BIW2A A
(8-40mm)E.tF 1.8¥) =LA SAHEHJTH Tg Ao ool AXH JAFAEE
S 7Fsk At

Koerner(2005)°l @=W *] o 2j=9 & ribel oigh FH g4 =+ 0
890kN, Ao ael=o] AZANo g Fdd e 018~2.68kNe® et
s

16 4
% 2 §-40mm % ° 2 bolts
x e, =
ﬂé 8 /B—SOmm g 2 1 bolt
o o
[T 4 ﬂ [T 1 |
0 - . 0 |
0 50 100 150 0 20 40 60
Disploacement(mm) Disploacement(mm)
(a) 1" EE (b) g EE
a9 14 JAAA ¢ (Tread)
Z8 Ed= ddRe AYYE
A A
AAAN= el yA-9 4| aRAT
%E PN X 7 PN e} o 1 o0 -
s AT (mm) (kN)
1 2 8-30 590
IHHEE 1 2 8-40 8.94
2 4 8-40 15.76
1 - - 1.45
T gl A~ElEE
gAY EE 5 - - 563
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4. 4

rt

W oAel A Hetelojo] AWnAENRE AR skl Ao

R

Holo]E o] g EBEANEN AUAY, AAR AFADL FAske] e

By ohjet EdEEHY Fol % GFPOE vpEAFe Fe] WEO
2 s,

o
o
!

(3) =eje] yRebRzte] va wel-sdsslwe uRehRH (/) 1
1.084), EH-Ed=uwHel A5 093~094u1= ZFAF A} olys Ak
wo-mazEsdt 92 oloje] RUSAQH 7Ad Aow werAn

flo

S
2
i)
4
lo
r o
o
ol
!
Ll
o)
N
N
ot
i)
_\'ﬂd
)
e
9
i
o
B.
E.
o
[
i)
[t
2
X
k
o3
1
iz
[

7V A vElhg e, BE ot ZMESE oA 9
oJ ™
H

Ef=o] g eoloj A unitd] 1 EHl= 1.8~282A Bl Al unito]

A B5HUA EdEvES] AZ4R JAFBETF A2 o]

_'C_)r
Ed=o WHF ofolo] Wi Ey dAstr] WL ow ddtEn
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24, BHFIAE

2= AT A= 1, 3, 5, 7, 10, 50, 100, 200, 300mm<] #HE}o]o & AFE-3FH T
10mm o]ste] #HEefo]ol= #HEpolo] AAFANAM FJsko] A&l e 10mm
oj’fel dEtoloj= HerE Abgste] AR Az EE AEE SHRTE
Akl AAAddx A7 & S FdsAT 18 16 & ATl A

Efoloje] AbAe vEl L gl

_H
ol
)
),




w1, 2, 3, 4, 5,

=

71992 (Al, Cd, Cr, Cu, Fe,

ol

71 =3 (TOC), pHE #

= O
S T

=

Mn, Pb, Se, Zn)%}

104 %F

&

¢

H

o

AW 59, HuEAY 5UoE

A= 479 Z4 (5, 10, 50, 100mm)

o]
H

5 e o] o]

F ot
g% pH, TOC, Zn9 =2 24

Y S

o

P
T

g ZEe #74 120mm, ¥=°] 100me] o}

par
o

1]

o

E davr =+

2=

}

Sl

1.2ml/mine. 2 %A

et AT Zns A9

z

|

1

o
AT

]_

S

Al

el

el

W EEEE7t e AN

4

§_]__

352 Ad

7] pHE

=

ok el

PN
T

o)
=

5 el o]

F arh

1l

o Mg §EFEE HAynd, FEelo

%!

[e))]
H

ol

o
00
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—6—pH 35

/'0\& —B—pH 75 €0 L\\ —6—pH35 [
o —&—pH 105 50 [—Q —a—pH75 ||
\S\@ NN —&—pH 105

40
X L gy
4 6 8 10 12 0 2 4 6 8 10 12
Size of tire(mm) Size of tire(mm)

30

Concentration TOC(mg/L)

Concentration of Zn(mg/L)

o = N W A~ o o N

o
N

(a) Zn (b) TOC
1% 19 %=7] pHSF #HEtolo] 47l WE Zn¥ TOCO F&= W3H(3E4 &%)

a9 180 AAA FEAFAAE HEAT. dubHom AFko] A
5 &Es=7F F7Feta vk chip FES] FHEe]o](10mm)e] &EEF =71
FEj el #HEFo]o] (50mm~300mm) Bt €53 =53 & 5 A=, o=

= ddHEy. shred @Ele] #HERo] o] (50, 100, 200,
vk

e
(<
g,

X

Lo

_>‘4_1‘

s

k=)

Sl
lo

2
10mm ©]3}¢] ground rubber ¥ chip @FE|e] #FHEFo]oje} 50mm ©]9] shred
2 oslit Fefo] #HEto]ojo] §E5=7F &ds] tE=A yEwkeT o= BIEW A
o] Zpo] wjZom Fum wepa, $AHA wrleA E

& Aol shred ¥ slit |2 831 Ao] Aoz {23

7.
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8

—— 200mm
—2&— 300mm

—6— 10mm
—&— 50mm
—&— 100mm

Y

RS

[te}
(]

o 'e] o 0 o wn o
3 n/_ 2 1 1

(1/6W)001 0 uoeUsdUOD

—&— 200mm
—2&— 300mm
2

—©—10mm
—&—50mm
—&— 100mm

[Te)

o
< ™ N — o

(7/BW)uZ JO UONE.HUSOUOD

Tmne(day)

Time(day)

(b) TOC

Zn¥} TOCE| s WA A

(a) Zn

€2)

Al
al

I el nE

o]
H

19 20 ERelof

WER AL 9tk Zn, TOC, H&=

J|
(@)}

TH

)

bol ARl HAse A9E

S

A2 Hetoloj 7k A

=

o

PN
T

3

(1997)2 5dzte] & A2 #HeEfe]oj7} A

1T}, Humphrey 5

o
A

1|

R

™

—_
file)

Njo

—_
file)

N
IH

o

T

jpuzel

w0
e
_

~
NJo

ofy
op

Eis

of ¢

=
91 %)

sl

i

s

sp-o]

0

b9l

J|

Y

Az

5|

3}
=

, Wi 9

A o] o]
‘?4

s

&8

BEA, AAA, ARG H2 )

=
=

3 weka

A}E

ol

bol SAsHA B

S

PN
T

5

slol A A

o

o
ﬁo

w

i
of
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pH

(NTU)

I
r

+

pH

E(NTU)

:

ar

1 3 5 5 6
2 3¢l (day) 27 el (day)
o~ = = = -
a9 21 Mz uE A9 A
9 20
15
8 G——/ ——5mm —=—10mm
?;m —@—50mm —&—100mm
W 10
o
(3
N
7
5
—©—5mm —=—10mm
—@—50mm ——100mm
6 0 s & g - |
o 1 3 5 1 2 3 4 5
Z 342 (day) Z 2tel (day)
40 60
—©—5mm —=—10mm
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% 10 dlEtololel vsey A az
G S 02 300 | 60d | 902
Al zA (MPa) | (MPa) | (MPa) | (MPa)
. i 3.30 326 3.20 3.22
AAHCL, pH 3, 25C) opea son | - 11 30 24
. i 3.30 335 3.2 3.6
SFHHCL, pH 5, 25C) - e g - 15 23 13
- ] B 330 3.36 3.33 317
3 (pH 7, 25C) Aedrs0)| - 18 0.3 40
. R 3.30 330 335 316
>F7HI(NaOH, pH 9, 5C) Sremy > gog - 01 16 43
. i 3.30 338 3.20 337
Ze7Vel (NaOH, pH 12, 25C) oyl o 55 "0 5
G 3.30 331 3.32 3.40
1 2=(95
B0 B (%) - 0.2 0.7 29
. GE 3.30 337 3.30 259
AAHHCL, pH 3, 50C)  Sreaz e o - 2.2 0.0 216
. GE 3.30 3.23 3.30 052
SFHHCL, pH 5, 500)  Srems g - 9.2 0.0 —236
- ] B 330 3.23 3.20 2.39
<3 (pH 7, 501C) Aedas0)| - 21 30 | -275
. e 3.30 319 3.2 254
*F7HI(NaOH, pH 9, 50°0) 5remy > gon | - 32 25 | -230
. e 3.30 3.23 321 2.33
& 7kel(NaOH, pH 12, 50°C) 5rea > aron T - 21 29 | -293
N e 3.30 347 3.39 318
BFE0T) 7&55&%(%) - 5.0 26 -36
3.5 k ' 5 3.5
3 r 3
g 25 Eg 25
H o2 W o
N ——pH3 RO ——pH3
Rys =-pH5 N RO 45 B-pH5
o —A—pH7 o AOHT7
! ——pH9 ] 1 ——pH9 ]
0.5 I 05 iz |
° 0 20 40 60 8‘0 100 0 0 20 40 60 8‘0 100
Zna Ante
(a) 25C (b) 50C
a3 24 HEleloj o] Wststd Ald A
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o} (Light Truck tire, LT)¢} #Efo]o] e @A &o] 7MY =& F&28 Elo|o
(Passenger Car tire, PC)E T&3te] AlEES AT Erolojal LTe} ErojojAl
PCE FHZAF Augdret s Auts Ay AAPS

. mggel(D) Astwe] A3 B)e) 0202 kit

¥ 12 EXAE e

< T AE = (%) H7}zlolH], D/B
87}
EfolojAl LT 40, 55, 70 0.2
Efolo] 4l PC

M

H]

. A

(1) ANAEZE Az
29 240 dRANES AUERPEARte s AAsty] Aol AHEI BExE U

ot

B, ExE 30mL)x2.0mD)x1.5mH)S =719, F7 15mm ¢ H-¥
3 FEFe Agstel A4Ht 4ol 3me] EEE 2msh ImZ el 2m

ol

2719 BExe AY, Im 27)e] BExE ARE YolFE HE EXE o439
9. mxzet ASARES A8 Sl O8N/m’Yl f9471E Ex Atke] H-¥
ol mFY BES ol st LARYh w3k, AFANGA Astwe] skt

st AetA B dFol e At grFE S48 skl A 0.0Imme
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(b) EZAE

a9 26 ExU AlskA E

(2) Epolo) 2 A=
174 329 719 4914 el

=

A3 o] Eoloj g Aarr] AN %o
58 oo EEE F7 REoA =dw 7

b wokel Elolo}al units Alah olsh
of AZE Erolold unit 1671F AAste] 19 25()sh 19 26()sh 2L Ehol
oJAe Aetgltt trolo] Fiol wel 2YEAGLTY SEAEPC) F 7
el ool B o] §51e] Elolo]Ag AasATh AFELEALT) tololsh + &
AG(PC) Eholole] SAe 136 UERlIth o714, Bolol 4 AH e Elol
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(a) Etoloj A LT unit (b) Efo]ojAl LTS =7]

a9 27 gloloj A LT Fe(49 : cm)

i

i

i ST
S1Es1E00

(a) Efe]oJ A PC unit (b) Efo]oj Al PCe] =7]

19 28 Etolojd PCo FEi(ES] ¢ cm)

3 13 goloj Al LTe PCe 54

|

e Efolojd LT

Ehelo} 4l PC

Efolol Al unit A

19cm x 73cm x 13.5cm

22.25cm x 80cm x 17cm

Efoloj 4 4%

152cm x 146cm x 13.5bcm

178cm x 160cm x 17cm

Elo]oj Al unit A4

2721.6cm®

2845cm”

EREEEE

43545.6cm®

45532.8cm®

o Al

(1) A8k~ &

AAEe A7 03Bme] 48 AL A
EE S
AstA B AAeAt. SFASE HxeHE 392.3~5884kN/m’ o A 5E-ubr}

il

AU 7pe e =i s

Abg-3Fo] @ %315 (monotonous load)S o gy ool H¥

.

490.3kN/m*% Z7HA Ao Astde] A 10% W9 (¢F 3Bmm)ddets 3
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s7F sk Aets TASAY. A4 Adt A= 268 AR
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o B Ao o] F IFAE nig o g BEAEgT. A X HH|(BCR)S et
A& (SRF)2 ofglo] o= Hojet.
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&(SREF)°] A& 5 Ao w 3 Jadzadadrt 55 & + AUk

k)
>,
o
N
%
M
k
mf'

55, 0% %2 S7HeEas A2 A Aol 4ol adA=d oA didE

Load(kN/m?)
100 1000

JRESE =N

o
-
o

T 10 =N L
Exnlf
[
230 | |Unreinforced
(]
E 40 | —A— Dr=40% S
n —6—Dr=55% 1
50 -
—B—Dr=70%
60 : —
79 29 SRk (FRAA N
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® 14 FugAwe] G947

D: (%) 532 %] & (kN/m?)
40 107.87
55 17554
70 307.93

(2) Efolo] Fel W& BAay

b A=

e wE golojde] FaAxE iy SdAAHu(BCR) B Hatta
&(SRF)S& Zotr7] 98] B2 eln|(D/B)=0.2, As+E1](b/B)=4.34, 15 B o
2 A EE stdrh 19 28~30004 YERH AR Zo] FER ARG S8
A H s BAARS] SR A o] wlg- A yERdTh E 15914 K= upet
ol AU rrt S E SEAAHE Frbek, BCRel e E 40%<
A$ Eolojd LTE 23187 S7ksta AdE e 70%9 v 159871 Z7}g
ok oA AdE Rt SEsE AXE FrtEnE

PN
olth, w3k Elolo] Al LTo] th3dl SRFE AdEE 40%Y w 0.200] 1 Ao
15|
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Settlement(mm) Settlement(mm)

Settlement(mm)

10

20 |

30
40
50
60

10 |
20 |
30 |

40
50
60

10
20

30 |

40
50
60

Load(kN/m?)
10 100 1000

%

| |D/B=0.2, Dr=40%

[ | —e—Unreinfofced %

—&—Tirecell LT

219 30 sk -3 8k (D=40%)

Load(kN/m?)
10 100 1000

=% N
%

D/B=0.2, Dr=55% %

—6— Unreinforced o 3}

[ | —o—Tirecell LT
\ [ 11

19 31 st - k= (D=55%)

Load(kN/m?)
10 100 1000

| A

| D/B=0.2, Dr=70%
—o—Unreinforced
—S—Tirecell LT

C

19 32 shg - ek (D=70%)
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3 15 Blolojd LTe] =34+ 93 BCR, SRF

L1 7) =) uk ElolojAl LT
Dr %) | 2aae | Fax49
(kN/m?) (kN/m?) BCR SRE
40 107.87 249.09 2.31 0.20
55 175.54 403.06 2.29 0.23
70 307.93 490.34 1.59 0.44

b Etelo]al LT} PCe] Hlal
Btolol= AbgH = AR HAe wel Azl Az o2tk o7|As F
Efojole] Aol 7hg w2 S8 Brolol(PO)st 2P EYE Bolo(LT)E

TEdtel Alde skl

NEE F3e A3 JudErt 40%Y W eolojd PCo A Ho] g
ofeld LTHTH ok ZA yston Fuidert S7hgel weh golojd LTV}
o 2 RZEA7 dERT ol AP Est B A9 SE&AE Eoloe =
ool golHth B ol F&HEE o AHe] ¢ A7
o2 wohEn] Foidert Frbgel wep FEEANE AR dr &t
7 AAE R Edd o & 9%E b A9 X 169 19 33904 R’
WA E 40%Y W Efe]ojAl PCo BCRe] Efolo] A LTHTE tf A Al
} 55% o] S7ketd ElelojAl LT BCRel ¥ At A& & 5 vk

I

= 0.16°]3 ElolojAl LT SRFE 02002 glolojA PC7t Hst A ad7)
AT AR =7 SUtekd Hel A g% Fone AS & 5 U

f
>
ket

Aol A3 Aidmrst 48 w5 40%Y A5 Ehelojd PCrb Ehelof
A LTEY B3as7t ¥ fov Fdii=rt 55%014 S7hstd Erolojd LT
of AR} Eolojd PCe HARENES srtets AoE Yedrh 9 F7)
A erololel A Hiz mps} ko] Epolojdl LT Bro]old PCHUL FA7F 78
R Efolojdl PC FA7E ek vt ofsiA Eholo] FRel wF i A

MR G R I o= A JFS v F ds Aoz AgEH

o

T
H

N
17
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16 BAA ke =3x] %= 3 BCR, SRF

Relative Density (Dr,%)

a9 34 A=l g Elolojdl PCe BCR¥} SRF

_45_

Elolo] A LT (kN/m) Efo]o] A PC (kN/m?)
b %) FRAAR T per | osre | 2 H ] per | sre
(kN/m?) (kN/m?)
40 249.09 2.31 0.20 260.86 2.42 0.16
55 403.06 2.29 0.23 370.69 2.11 0.26
70 490.34 1.59 0.44 423.65 1.38 0.50
2.6 1
24 | Tirecell LT, D/B=0.2 o BCR| T 8:
—a-srF | ¥
22 | {07
{106
x 21 L
Q 105 %
1.8 | {04
{03
1.6 | | o>
1.4 0.1
30 40 50 60 70 80
Relative Density (%)
a9 33 Jud e wE golojAl LTl BCR¥ SRF
2.8 1
2.6 | |Tirecell PC, D/B=0.2 o—Bcr| | 0.9
24 1 —g-srr| |08
| B
106
g 2 los&
18 | 1 0.4
1.6 | {03
1.4 } 1 0.2
1.2 0.1
30 40 50 60 70 80




2.8
26 | —o—Tirecell LT

24 | —e—Tirecell PC
22 |

BCR
N

1.8 |
1.6 |
14 }
1.2

30 40 50 60 70 80
Relative Density (Dr,%)

a9 35 A=l wE Elojoj4dl PCe LT BCR

09 | —o—Tirecell LT

08 | .
—@—Tirecell PC
0.7 }

0.6 |
0.5 }|
0.4 |
0.3 |
0.2 |
0.1

SRF

30 40 50 60 70 80
Relative Density (Dr,%)

19 36 =] wE ElolojAl PCeF LT SRF
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<l

Hepolojs F&3 ARG aas dwsty] fete] oA HaA Al
de AR} de] g4l 2 03m, 0.75m, 1.25m MBS Abgale] Fr7
A qrol| A o] A etA P} Efoloj A EY=wiER RIAFE gl A o] AlstAl &
S ATE A4 1.25me AsT-S 980kNo| o] dFol= At FHo] v
A a, FEY FALS ZEE FAZ 50mmE AGSAT ® 179 B AA

o 5ol we FRANADe ulee e,

X 17 RAAA e FFo wE HAASA

T I A I O i Il IR S E I I E
03 | 77,.8691,9 0.8

TR 0.75 18
1.25 3
0.3 0.15 0.8 Ox7

Elolojd | 075 0.3 18 27
1.25 0.6 3 3x9

E 7 = 1) 0.3 0.15 0.8 3x3, 4x4, 6x6
0.75 18 3x3, 4x4, 6x6

= 1.25 3 3x3, 4x4, 6x6

ELLLIR LI

Elojo] Al 2x7 EfErE 3x3 EFEUE 4x4 EY U E 646
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Koerner(1990)+ ESA-FE 03m o= BAE S At oy, &
TFolM = BAZn(D/B)E 052 AAHSA sto] Astdol 7heiAE FH%
of gk #HEtelojrt BAE Fol ALE = 5289 nlE HszT)

JEtolo] B el o3 AAY F7F a5 HESAT 29 3794 BE et
o] EF27|xA e Mg e FEdY H FEIGY Zol(H)7F A
274 (B)e] °F 09B~1.1Be] WHo lorm= Elojojd 49 EFE=w]ECJ]
= AsRAg el 1/20] sl Fst= Zol(B/2)e AA sttt 1d 3594 Ele]

wE fHel M) FHgHEe Asee e o 65%7) Wi AL e Y
o},

r2

ol
L)

o=

),
=
oot
E3

.

]_

= o
ooy M

I 2

0]
AN

B @
H-?tarl (45 +§]

B
=2

1+ sin ¢
1=sing¢

where N¢ =

8o} o] 479 WS o] &7 st A WU AletT =
B

Al g Aol A= HY7H300x300x10x15, 700x300x13%24)
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TEST BEAMS

DAL GAGES ™ [ = TESTRLATE
i\i_‘ ICE BEAM
TEST PLE. LE.

glololzt &3l siHel el 2zl Eholo] F4L ol NPAANE Fo Pu

I, BYSAHAMMLVDTDE F-38ts HERE Astde] Hslel o ggko] gl
L5 AFA9IA A 2meld "ol 3ol A X sk

AetAA 7 0.3m, 0.75me] Al @ Ao &= &7 294kN, ~E =2 A (stroke) 150mm
o FHAHUYE A&, AstA A 1.25me] A A& &7 980kN, ~E
2 A(stroke) 200mme] FHAHACE A&t HASAHAALVDT) = e
(sensitivity) 0.0lmm, Z=EZF(stroke) 200mm<e] WAool £ AFS A}

At

o

oo
ol
2

a9 41 BRAGAD EH SR

A AEHS KS F 2444-959F ASTM D 1194-87S Farste] 433kl ch.
st GAl= dAdAdEES 8EAZ Yol AlskRA 7 0.3m, 0.75m, 1.25mol
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oste] zHz; 2.94kN, 29.43kN, 88.29kN-S WAtz o= sttt zF st A9
A0, 1, 3, 5, 102wt} HetdFs SAHSAY. AstAld = AstA s 202
A 5.89kN, 58.86kN, 176.58kN# A|stetglaL, 0, 1, 3, 5&nttt Hat e =A s}

ATt

£ 18 A3 g W

A &k 32 7 AstAsts | AstGASE | AstFAstE | AlStA S
(m) (kN) (kPa) (kN) (kPa)
0.3 2.94 41.59 5.89 83.19
0.75 29.43 66.61 58.86 133.22
1.25 88.29 71.91 176.58 143.91

A7 13 25 dHERAT. A

-
o
ol
ol
2
M
O
N,
=2
°
X
N
)
=
Rl
o
L
rlo
©
o0
=
Z,
2
f
f
V)
il
S
>
oo
ol
ol
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0 ‘ ‘
0.0001 0.001 0.01 0.1 1 10
2&(mm)

a9 42 F3EAS JEdE FA
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I 20 FEAS =94 54

EE R L

water

content | Gs | Dig | D3| Deo | Cu | C, v A g y =] 4 3kn]
(%) dmax OMC dmax OMC

WNmD | 9 | WNMY | (o)

13.5~14.5|2.62]0.015/0.20({0.90| 60 |2.96| 18.21 12.77 18.96 10.27

20.0 20.0 é\

“’E E£ 195

219.0 Z

< =19.0

£ g

(2]

218.0 [ o _— g 185 1

g o S

= o | £18.0 |

; . @® Compaction curve ;17 5 I ® Compaction curve

(=) OZero air void curve a OZero air void curve
16 0 I I I I L L L 170 T I | [

=]

8 10 12 14 16 18 20 22 6 8 10 12 14 16 18

Water content (%) Water content (%)

(a) EEHAFA (b) ek = A

% 43 FIEAS] A

ARER Y] BE ol y] fsiAs s 3 ANkY] SA A HI B
7F dastth weba FRAAAN B
o FAAAHES TSttt 19

2~4= AR Fo] we FERAAREY BRI 48k -3 8 (logP-S)

i
Auke] FviA=E ZA 24 dH
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Settlement (mm)

Load (kN/m?)

10 100 1000 10000
0 — — —
gzo
e
£ 40 || —e=—x21n3
2 H—e}o] o] 4
& g0 | TA 733
—B— 4x4
—0—6x6 X
80 L T LI

Load (kN/m?)

10 100 1000
0 — ‘ ‘
€ 20 1
E
5
g 40 [[——=nz
3 | ——goloa
= =4x4
—=—=(x6
80 I I L1

Load (kN/m?)
10 100 1000

80 [[—e—xn%
==le==Fg}o] o] A
| =& =3x3
= =4x4
—0—6x6
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F 21 AstaA el mE SIAAH Bl

R E ¢ = v £ (kN/m°)
TH| TR | BoloA
A & (kN/m* | (kN/m? 3x3 Ax4 6x6
27
0.3m 310 370 390 650 600
0.75m 310 280 320 230 410
1.25m 250 270 300 360 310

(

(3) WA F5ol o3 9

%210 FRAAGS waste] Byl gAlHoR TR R eojo] Az

H
Ao Felz 48an T Holoj o A% ool Bt FEEE e Hol
o g Wolta 917] wie] tlololAe FHAA] A Hol AAFL F7
S SFRNANE Atk w3 FAPFe] ANE Tl ANAL Ty
AT e @A A Eolol AR
E2 RFd Awe FaAALnd 47

L FI
o
Jo
rir
e
N,
[z
o2
1o
Auj
)
2
>
-l

(4) BAA el & q&F

EYEwfEE 3x3, 4%4, 6x60.2 E¥ =] AYrE 584 A A H
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el A= Hxz Alestnz Abgetdes dAdes FHAAERY A A
shAth elAetA el AFAEFE] AAAHy} FA skl I kg 2
AANA = aLeskA ekt

9 660 B AEANHONA AT 5 gle A FHE dEhdT g
19 68 EtolojAdly} EdEviES 283 B AEAES Algsty] AR A4

’

2T s Yegyen, Zzte] B AEAMHC i ARuwHe a9 7
Wi Aolt}h, AAWk(retained soil), HZEA (reinforced soil)¢} HIFE  =A)
(drainage aggregate)®] 52 349 AGAsAI GG 449 A LA A A
AHEE FstES ey 9 T, npEtS aeste] AAd AR 9
stol 7Hd @ #e E 3

Do
=
o
AL
ol
o
o

# 31 AA =4

220 N3YY 0 FAFF 27

@ Apde] zo] Sm
@ Ardel HApzt 45°0 D
@) AHA st 10kN/m”

b. #2A<2bd&(FHWA, 2001)

=0t A3
Frwa, zoop| TELEE
A &5 (sliding) 1.5 1.5
O A0H A 525 (deep seated) 1.3 1.3
(external stability) | A %WFA] %] & (bearing capacity) 1.3 -
%= 2 3} % (dynamic loading) 1.1 AT el
@ E3<ek4 (compound stability) 1.1 1.1
@ At 3} e (breaking) T, = Thax |10 =2 15T
(internal slope stability) | 1% (pullout) 15 15
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@Comooundlz..

fo p ] T 1
/ Dimernatsfr:7 /I
SR - ..;-'/
[ //

ittt ._‘Jr

2

o @External

2% 66 B AEANH S g3 g B (FHWA, 2001)

T3 AW HREAS Mg 2AY B4
w, (%) | kN/m®) |y (kN/m®) | veur BN/m?) | c(kN/m?) | 6(°)
axut 97~123] 1668 1851 20.12 0 %5
WAER97~123] 1462 16.23 1885 0 30
4rE o 1955 19.57 21.94 0 45
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(W sE)sle 2y i3 LH & B3 ALd 28f Eelofal 89 T

6~L-1
9~G-1
¥-1
€~1-1
_ MHIw ﬁlm \ 199US 9[qeawtadw]
- 2-S %Y P2 — L
- e E?L % 91e80188y 9sIe0)
A e A el ,
o | o N
= | . Rl 0o
 — —‘ . — 4 m ’
I ¥ X X
| |
o0 00T o 001 C 0S| sommen mowemee - & m
- - soqnp Jojowourou] : | m
0°0€
[ °dAL I °dAJ, I °dAL Al 2dAT,

SSY [[°9°11L MASIN [[°9°1LL MHASIN FEWPESI], SSY JEWpPESI]



ok HEfolol o] A=

EfojojAla} Ed e QIEATHS Faty] st AN LdAT
o AEstol Ads s Add = el 489 dAAJNTAAGE 30, 2
H62) YeERTE £ 303 1¥ 622 FE Elolojd 2x7(F)et EFEWE
6x6(F)e] IdAFHozRE A2 gl Eolojd 2x7(F)e] =LA LY
73.6kN/mE HFEtoloj & 83 JET=

o 2HE FEolole] VARG E(Ta)o 22 JAFAE(TIE 28] AT A

<= theol veEhilen, 247k Fr=g # 320 yER AT

Hi
°

T Tyrr Tyrr
al RF RF.p « RF), « RFy,
T ]:11
¢ FS
o] 71 A,
RF D A% A AT (= REqp X RF) X RE)p)
RFck : FAZE A A(EZEH ALEel 4% 1.6 ~ 5.0)
RFp ¢ U744 74 AFESAFY W= og 1.1 ~ 2.0)
REp @ AlFAl &4 digt ZaAsGAEAd o 1.1 ~ 3.0)
FSun EIAGE 1 A&
Tor @ =37 = (ultimate tensile strength)
Ta o A7 A &7 E(long-term material strength)
T, i 299937 = (design long—term reinforcement tensile strength)

3% 33 FEtolo] o] AT E(T,)

REF = 2.42
FSun Torr(KN/m) | Ta(kN/m) Ta(kN/m)
RFcr RFp RFmp
2.0 1.1 1.1 1.5 73.6 30.4 20.3
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2h. B e AA

Ao G E G HAA BAA G (Ts)e] ALk

A

(1) 5

o L+eR

KX
=]

t}

] 9@ e

ALk

S
=

0
XO

—_

F

2] ¢

=0

7.

9= G AA w

Tg=

o171 A,

FSu

SURCHARGE

CENTER OF ROTATION

TR

T~

T, (Continuous)

E|)~»
i

)

!

¥ Te (Strip)

Le EMBEDMENT LENGTH

1A (TS) AL B (FHWA, 2001)

o

Hr

19 690 A,

3
* >
& g
o |+
P—MJ =
ok

[
=3
SI=
W fw
T [E
|
_L.oEo
T |

I

s

5
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W B4 3

Lgp @ B5Wo] Aol

s D
FSp = FSy+ =3
o 71 A,
Ty RE 2o BAA7} FEUY WA 0 AQ0FdE FSpS 337
fste] 2ok AA BAA 14

D Az e F4lol g Tso RHlE Z7o]

= 7] E ¥ (sheet type, continuous) B A2 29 R

= u & (strip type, discrete) 272 A$ Y

FSu = 1.442

=7
o8,

" /FSi=1507

Y D - T D I

Foundation Soil

Habd&(FS=062Dd we yat Hd dAl BAAA DG H(Ts max) 9l
A= BA gloenw Jhed RE degaud defA AA BAgA d4H
(Ts)= A & 7b¢ 2 A BA IZ=(Ty)= Ao A4 A A4

(Tsvax) o2 AAsoF 3ty 19 699 PCSTABLSM program= AR83F F-H

F AAEA S HgeY dys yEhdith e daRRE el 15
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HUp 22 dogdsAdA e GERAEMp) S HAFRE HEe + 9
= o] &dte] HA BAA AFH(Te)s ANE A3E £ 330 YebliAtt

#3404 FSy = 0967 W(=9A8 F&) Ao dA B0 (Ts-max)
of WA= Aow yEtwtew, 9 699 FSy = 0967 wel dzgdeds

FA Bk

o A

ol

F 34 9 F 7 AA BAA AFH (T AL

FS Rank FSu Cx Cy R Mp Ts
1 0.621 -3.360 17.973 13.865 76.96 4.88
2 0.685 -25.983 47.133 50.556 67.78 1.09
3 0.772 -30.350 57.543 61.610 324.32 3.83
4 0.816 4.856 9.954 2.708 29.41 7.43
5 0.883 3.961 11.091 4.477 108.22 14.91
6 0.917 3.429 13.742 6.349 28.08 2.58
7 0.967 3.671 11.275 5.229 216.53 22.07
8 1.030 3.742 14.452 6.560 5.87 0.42
9 1.038 0.593 18.172 12.599 530.34 19.45
10 1.082 3.216 10.481 4.760 171.98 15.10
11 1.127 5.082 9.740 3.098 106.74 12.85
12 1.129 6.110 9.185 1.313 9.56 2.70
13 1.172 2.967 14.025 8.139 396.73 15.99
14 1.209 4.616 9.954 4.126 257.76 18.18
15 1.265 3.909 9.869 4.222 210.87 11.74
16 1.269 3.910 12.213 6.439 422.88 15.17
17 1.272 4.986 9.230 3.302 192.57 13.30
18 1.349 6.215 9.558 1.699 16.98 1.51
19 1.393 6.656 9.208 0.725 1.46 0.22
20 1.409 5.584 9.091 2.588 104.64 3.68
21 1.430 4.102 10.133 4.542 278.10 4.29
22 1.442 5.360 10.997 4.382 213.95 2.83
23 1.452 5.383 12.917 4.556 6.83 0.07
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(2) ChartE AH&3F Aol A B Q= (Ts-max) el ARk

L~
CA AN

. E 1
.M} fo_l_.'E| llnl 7‘0 _1]4 ’lj L
1,51 1 0.75:1 0.5 s w1 P owm " Pamr "
SLOPE ANGLE. ] idegress) SLOPE ANGLE, 0§ (degrens)
(a) 22032 A4, K (b) BZA ZHeol9] H], L/H

a9 71 A A =% (Schmertmann 5, 1987)

_ [ tang, - tan30)

— 1 _ 1 _ o
¢; = tan ( FSp, ) 15 | 2
q71A,

¢, = BAEAS] WFeEZ(E 31 Fay)

FSy = AP M7 HEE &t 228015 A

pp=21"°lB% I9 71 (QEFH A8y AFEKIE oA oty A

N
E

Aot Hd AA BAA A H (Towmax)E T2

To pux =05 Ko, o (H)=0.5%0.25x16.23 X 3* = 18.26kN/m

o1 7] A,
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Tsmax = Hd A 27 <17%= (kN/m)

K = 28948 A%

Yy = RPZEA HHHFTHKEN/m?)
H = 33 EOl(= Htg/v)

q = AAstE

% 3404 T3 Tsmax = 22.07kN/melar, 718 71 (a)2FH G+ Tsmax =
1826kN/mol =2 o Aa] RN (Ts max)= FHdSF9] gho = 1826kN/m

= A4

(3) BAA FA3rA(Sv)el ALt
FHWAA (200D A= A 9] =ol7t 6melate] 4o BAaAel 4S5 o

Koerner(2005)° 93t R7AFA|e] A IMAS AAHst= S v YehdA

(Ty,7/ RF)|FS
Sy =
O
T,/ FS T,
B Kl ° 7 ° Zmax—'_[(a, ° q_ Kl * /y ° anax
_ 203 375
5'4]'Zmax Zmax
o] 7] A,
Tyrr = 73.6kN/m, =537 %=
RF = 242, e 2AT59 #(RFr=2.0, RFp=1.1, RFp=1.1)
FSyy =15, 282448 1383 oS (HAE 9 - 1.5, 73 AEA-1.0)
T, = 30.4kN/m, &7 A&7 =
T, = 20.3kN/m, 283037} %
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Sy = 378 _ 3'3&: 1.25m > 0.8m

ANkE BAAAS] FAZEA 0] 0.8mKE Tt Ath wela] FHWAA (200104 A
Ao A4 M904m ~ 0.8m), ol Ao AbAZA B =R a3 o] ThEA,
_]

Aled B AA e yste] BAAe] A(Sy)E 08mE S, BAFS

T(N)= 3m/0.8m = 3.75layers = dlayers 7} B TF. weEbA 2 S B 42091
A=

Te_ ), .
T S—MAX _ 22.07

hax = = 5.52kN/m

a3 3% 32914 FEFolojo] AQ QA E(TL)7F 20.3kN/mo] B2 B 74 9]
shebel] dlalA PR,

7, 203
7, - E: 3.68 > 1'5(F*S})Tezzlki71,g) - OK

max .

FSu = 0.967
R = 5.23m
10 4 - Lag
,1:2.61-‘

9 |

°7 [>41=1.79—~{14=1. \/

74 g -

s b g

Y T Y T Y

29 72 FSu=FSge! A A 9 (critical zone)e] A7

(4) BAFAe] AAAl(L) ALk
BAAe dAAol= PCSTABLSMo| &5t -3t ) A 9 (critical zone) 2
ZHEH BAA dolE Fole WHy Eadd i dol(Lp)et 53y

9jne) Zol(L)g 27t ANG T Fstol 73 4 e W 27447 ek,

(2
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(b AADGel o @

a9 72614 Ly = 315m, Ly = 261mg] A& & 4 gidh

o] e 2™ 70 (D)F ol g3t AL F vk 1H : 1V, ¢, =21 we]
Ly/H' = 107015, Li/H' = 0760122 APAS w7sh7] i8] 2ad u7a9
MAZClE Ly = 32Imsh Ly = 228meleh. 719 72904 78 gt maste] 2}
el AUzl Ly - 321me} Ly = 261m= itk %, AAGdel o8] 73

A AAAl= AAES BAsr] s Bash AMEA gelzta & 5+

(th) Akl ol gk W
kol A&slr] 93 HA Fadole v Aoz AE F Stk

ZHRX X F‘Spull

L =— , =0.74m
Fleaseo,*R +C

o 7] A,

Lo = Qo] oigk AR fFadol(m)

Thax = Zl— %Hai E-7O]-ZH9] ig—?l%b}%E(kN/m)

FSpur = 2AA ] el tigh SPHd&(UEE = 1.5 A= = 2.0 AH8)

Fooo= ugael A AS @34 wdael 3% Lano)

o = 3R AAS[scale effect correction factor] (XA B 7FAe] Ao]o
e &9 HAdY wsE ey 99 A, BE ulgd B
o] A% a=1.0, EFAT BAA BF a=0.6~1.0, A1 =9
45 a=0.8)

o, =7 TH BAA 9o AEae FEFASH

R, = BAAe $4AR&(= A H/5H04, Aeage=e] 39 1.0)

C = 1 A9 AAFHA(= Aatds on; Wy, 2=, AEYY] 4
o] —
T C=2)

% 33023 714 998 9585 FSy = 09672 wolm, o] wel €
SBENE 19 720 YEhRATh 19 72004 9EBERI AW Ay
,FEasE Wite] 2oLy 179molth ulebd AbES Bkl )
a "ed wage AAZ(L)E BEAWe] RA|(Ly=1.79m)%} 952

N
vt
AN

_91_



1

e

{3 HA3H

of

ol(Le=1.0m)E ©¥ 2.79mel™, o] Zol= AldSs BAAS 9
gholtt.

dAetelolE RAEHor F8st7] 93 Elelojdli EfE=viER AlFds
745 EtelojAle] ZHoli= 0.8m%-H 0.8m#¥ F7Féte] 1.6m, 2.4m, 3.2m, -+ 7} &
i, EYEviES] Aol 19mAPH 1.7m#¥ F7bete] 3.6m, 53m, 7.0m, - 7}
Ak, webA] Zol7t 32mel Eolojdl, 36me] EdE=MES HAEA HA 9
oAlA e AR E BT WA frh
g Zdolo] ute} Elojoj Ay} E =

Treadmat(L=3.6m)

Grass Type Vegetaion Tirecell(L=3.2m) Grass Type Yegetaion
i
! ‘ 0.8
‘ 0.8 Backfill 3.0 /
505 =t f [/
‘ ’ I | Drainage Filter ‘ | /
0*5 i 1 Coarse Aggregate(0.2m) 145 — -LQ/
$ Impermeable Sheet(HDPE,Nonwoven GT) ! | | I—!
| | \ Impermeable’ Sheet(HDPE,Nonwoven GT)
16 16 1 1 . .
—t 1 Foundation Soil 1.6 |16 | Foundation Soil
-3 1-2 1-1 T ‘
-9 -8 I-7
(a) Bfolojd ®H A =AM (b)) EdE=mE B4 =AM

29 73 m AEAY GHE(Ee] 0 m)
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2. 7 AEAPE S A4

7F. &5 (sliding) el ik ¢+

Limits of Equivalent Structure

Pa
Yol's

~45+Q
2

A4 A (FHWA, 2001)

gso et A& = FSqiding X &5

(W+ Pasin¢b)tan¢IIliIl = FS‘;lidin,g * Pa, ¢ COS ¢b
W= %(LQ oy, tan@,.) for L < H
H2
MV[L}Y__T§¥;H§7}7T for L > H
1 2
Pa = 571) « H” Ka
o17]1A,
L = nese 99 Aska wgAge 2ol
- Aprel ol
FS = &3 tg Hd&@s > 1.3)
P, = FEESS
= FRTA P72 w7t F A g
o = Ae] Anz
Y&y, = BAEAS} iR SEGTE
b = wEEe] UohR}
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99 HozRE AN

32

= 13.2X3— ———=|x16.23 = 82.
W= 13.2x3 (2tan45°)} 16.23 = 82.77 for L < H
P, = %x 18.51 % 32 ><tan2(45— %): 22.57

(W+ Psingy)tand,,;,  (82.77+ 22.57 X sin35)tan30
W FS igine = = =2.99> 1.
Sitiding P, * cos¢, (22.57 < cos35) 99 g
- 0K

. A w4 (deep seated global) ¢FA

19 75 AW (deep seated global) ¢F A d41(FHWA, 2001)

B AEAHS deep seated global stabilityo] thal ¢HAA HEE 93]
slope/w Z2IHS AMESte] BAF AEAWHS afAsiith. slolojda Ef=
mjE o] &4 A3} bishop method?} morgenstern and price’s method: 1.51.th
AA Yot} ordinary method¢t janbu method: 155t A vkt 94358
ol &% P BE A APEARRIE KHola Ut

T3k EYEmEVL golojdElt AAAe]7 04mrt o A7) W)

k6 ~ 7%= ¢ Zrh

wol ek &o]
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(b) Morgenstern and price’s
Method(FS=1.495)

(c) Ordinary Method(FS=1.361) (d) Janbu Method(FS=1.360)
19 76 Elo]o] A (L=3.2m)2] deep seated globalet® 314 A3} (slope/w)

(b) Morgenstern-price’s
Method(FS=1.636)

Ir

(c) Ordinary Method(FS=1.459) (d) Janbu Method(FS=1.454)
a9 77 EYEE(L=3.6m)2] deep seated global¢tA a4 A 3} (slope/w)
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g AR A ol g A

SOFT SOIL

FIRM SOIL

2¢, | 4ldc,
Yy D, tan 0 Hxy

3

a3 78 A A H (local bearing failure)oll gt b a4 (FHWA, 2001)

A Wk2] A H (Iocal bearing failure at the toe or lateral squeeze)ol] w3+ ¢FA-&
e esg 3 F e, & Aol s ANkl gle Ao aEstal
A& Holl ik b8 HES oA Fdtt

FS o 2¢, N 4.14c, _—_

sweesing = 27D e tanf | H +

o] 7] A,

0 = AP o] AA}

v = RAE] HFHITE

D, = AA offe] AoFA|uke] Zlo
H = AR 9] o

g}

# Note : A Rb kel ol et HAA AE= A
eh. F7HgA s Eol He HE

oA E 10kN/m’e] ol g4 AE AT Eolojal WAAWI Ed=
WE B B 130 ol ge U obgde Row vy
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7F Al L

8%

a7 7994 B e AdabEe] dE ol 1" 68 uEkd AlE A

stttk 19 80l H

EARE AF

Fed HER LT

S

AE =A% (flow chart)® A€

SEAE &EH 2

&

w0
I

-2

A EX

F

3 A

HAl X

110
KO

20

T

I+
a8J
il

&J

u
o

0

1
)A
4
Ho

a9 80 B AEANE A
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. 71 2H 197]
a9 684 YEd A 2ol HEF JFAAES AlFs] 918

THl R V) 2E RS stk 29 8l Y xE RS st gl

At

ok AAH A
a9 820l AAE A BEg Uik A AsS AZer] 9
H

shel lolold w7 HEAAT EdeuiE w7 YEAEC 22t BAA 343
2 AAsgh A BN 29 689 19 73] vhehiigieh 7] 2ute
WMo RRH 2myel A LANGALS & F, AAA AolnE ANsHm aehey
2 s

o
ot

a) O Rz (b) 12}

a9 82 BAHA A A
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o

oL
o

55 A

(1)

=
=

]

=

O‘I_.
S

sepolo 2R e 1

e AT

2 1} 7}A]
w7} 4%7) H 52 dtgow, ugd

=
=

7b SRR

P
T

il

<]
22 (HDPE)

o

)

A5UE ALS

A 20

1.5mm, Z°] Tme| i1

shof

SEERNE
F7 2.0mm, Zo°]

2]

ko)

H71 €

J|

=
T

)é]

’

2% @ &

1]

mfel A e F

Kol
=

3

WA

R

Kol
=]

(b) HDPE ©]

(a) HDPE %A
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@) W5E A
F7h A

Oy 84oll= v TS Ale e
Aol AgeA WETt HES 44
gholojdl B JEAWAN EYErE B
g]

Fol oJF Wrzel o
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3 "+ AXA
gy 8ol ks wieSel o) & o] Bl HEFE ATyl 18

A5A e AAse man A2 Fo Ras GEUD

. o' A . :
(a) A4 vhe =99 (b) A4+4 A=A

() A7 A=

a9 86 HepA A
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ol B4 AL AF
(1) grolol 4 »7 4 =AM

% 4ol BYW Ay 2 WgoR glojojdE Azgh & 19 7337

—

Zol AASIAE AEaA ERoloj A wAFsy] fste] WEE o] §8he] &nt

F ZAsgh TAY dele ZA 2 WA el FelduA LU
a3 FHES gelold o] A W F, 08kN WEFBUE o] &3]

GHE H9a, Hol FE AYAA B HolojAe JdFow HL AN
Elololdl MAE $¥ Ei Blolojd w7 HEAWS F$ elojd ctol 5l

Ag AR NP S8 ANAA §2 5 9ot goloj FHART ob]

1 ARAE F,

Aop 1A A4S & 2 ATEAD WemE WA =S AE F GAEs)

AW AR Re] 95% ol d o Bae s Sl AR ANAA kot 4
0 Be Eololsh AZe 3o SAE AR o3 @A AGAE Qo

71

Al A g ol A Bkl =

(a) EFojo} Al A] 2t (b) Epolold ¥4

© HE

Y 87 Eolol A B HEAES] AF
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(2) EdE=mE B3 JEANE
EYEviE EF Bpojojdly} o] Y 4ollM BIAW A e wHow

EfEnES A F

HAsty] slete Wes
2 FskA e Edel e
&3t S s, @
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oL

' Ry s

) () EdEUE W AR A4 3(79)

S 89 AP w44

- 104 -



4. A=

7t ZBAHA

a9 739 Al AAE BAAE ASE] AMHe AES defstdny 1
90l urebdl mpe} o] FARAS] HFEFO] WS AW MiE S e S5
X-axis, X-axis®l #udl= FS Y-axis® AstFoh. 7zt Fo + -3k
agel depiideh 17 910 BAMAIE ASete Eas YEWSla, 17 929
19 930 Eeloj Al EY=vjES] AlSHoletE AR A O wel Z4zh =
= gystdvr. SAMAM ] dolz Qlaf Abd A
ofell 4 Al vtetAAA ASS SFATH

e
lo
N
=3
)
o
fr
"
o
S
(@)
S

o)

X—axis

Y-axis

a9 91 AAMA A=
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ot ZYe] ASF A¥E Hw AtHe] EE fAClA 10mm o] Wt
SN, AP Age F5 AHAQ ASS Sl ST ot

2 I 25 25 15 15 -
20 | 20 A 20
‘ 10 10 4
1 1 1
i [ os os
10 10 10
_ ~ o0s _os ~ 0 p— p—
g B 5 £ B B
-] 8 8 - 8 8
a0 00 00 o o
Yy IR S o5 - - — - - — Y IR
10 10
10 - 10
s s
15 1 ' 1
2 20 L 20 20 20 l
© 10 o ® 0 1 o 1w @ 1w o » © 10 o » w 1w o 1 w1 o ©
Displacement(mm) Displacement(mm) Displacement(mm) Displacement(mm) Displacement(mm) Displacement(mm)
o EE | | [T eEm e | | [ e omn omE | | [ o e wEm e | | [T e omn o | | [ o e omm s
orim e omzs e oot orise0  _orz  —eont oSz omss e omen o0 % omss e ol om0 % omsizs e onn o ooz oo
o orine  —omsr  omos ||| —omese e~ omos | | | _onene —omizr  —omos | || ——onens oz omos | | | —onetis _womier ~omos | || —onens —ormzr  ~ omos
-1 =4 92 E ] = —]i [e] o E ]— il Ll
25 2 25 25 s s -
20 2 20 20
) I G ) IR
1 1 1 1
os os
wlho oL ') AR R ) RN ') A W
00 00
0s 0s os 0s
- - _ - _ os = os :
g g o g oo g : £ :
£ £ | £ ] £
Sosb ———% — — — 8 osh — — — & — — — osh - ——L - — — 8osh - ——-L - — — 8 - T
10 : 10 10 10
s 15 !
1 s 1 ! 1
20 1 YY) R S
20 f - — —d - — = 20l — — — a4 — — — YY) R G 20 f - — —d - — =
2 L 25 {
25 25 P S 25
a0 50 i 50 L 50 50 L 50 L
% 1 o w©  w 0 1 o w© w1 o © w w0 1 w o 10 o0 1w @ 1w o 1
Displacement(mm) Displacement(mm) Displacement(mm) Displacement(mm) Displacement(mm) Displacement(mm)
7 —" S T TS o —— 55 S o —" [ ——O7S7 e 07510 RS =077 —a— 071510 REE
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HEfolol & ARERA HA o
o ols) dAetolol 7t B A
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Z-&st7] $1stod FHWAX|3(2001)9] AA 7]+
stal AAG B AEAEY] HAHA
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o
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X
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1. =°] 3m, A} 45°(1 + Dol A S BAs7] el 283 B 53
AL 144m, AAIAol= FHA 253molA FHdl 32ImCU7HE st =E UEY
C i AP Rl e A, Rk Ve, Aled B AAde d et

FAAL 08m=z AT 2 BAAe] AAAol= HEroloje 54
of ola] efe]ojAle] ¢ 32m, EUE=ES ASol= 36m= AU
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AAzA

Z71S ¥ 3o AEstda, 18 969 BRAE Lud
= S FE dedde 282 Ae exs a9 689 2
B 7 E A (reinforced  soil) &+

7
2 )| (drainage

q Fz s

t}. Y4 A Mk (retained soil),
aggregate)?] EXEA L 549 w7} HJEAHY Zow 1 320 Al

=&

¥ 35 AA =3
a. TE2ES 7|5 2 AAss =1
O RZE g9 = 3m
@ #HA9 FALZ Elojoj Al - 184°(1 : 0.3), E=wE - 57°(1 : 0.1)
® A skE 10kN/m”
b. #H A& (FHWA, 2001)
Xﬂ‘?i%‘%(sliding) FSShd =15
SRR A : e < L/6(=A),
(external stability) d:=(overturning) L/4(ekgh)
Z] WkA] 2] & (bearing capacity) -
@ Wy A orA 3} cH(breaking) T, = 1.5T,,,
(internal slope stability) | 1% (pullout) FSpu =15
@ A A<t (overall slope stability) 1.3
‘ |P._"____\ I'Ir—! : ’.:\/ |||r"“—‘Ji | == j
= @ ketid) — |
a) MeEs b) ME c) K|2HX| x| =
! | E;’/, |
e) B2y oIy f) HZIXY mpct
g) MHAIHES
=4 5, 2007)

& gue] 78 v (o]
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ok o] Hbg HE

(1) dvdAGH 7}

FHWAA 3 (200D w29 g3 ol(H)e] 078 T+ 256m 5 2 g 27
Aol HAarddolzZ ALET e WSt Ak weEkd BAE g9 Eo|7F 3m
olm = wEfolojo] HAaAol: 25m7F "tk 1y HElelole] B B A
EAMA o] HA BAZolE Eleloldle 32m(¥AlE 1.6m), EHEMEES
36m= sk 1y 979 HMAAN S AES Y] $% Elo]ojdy EY=wE
HAE o] ouAdAGAHS YER AT

o

o

HFEA
(Reinforced Soil)

BEA
W=
(Retained Soil)

W,L W L P, sin(5 .
e o P, cos(6 ~a )
P,
| '—_l (5 —a)
3.2 ‘ 3.6 ‘ f
(a) Efoloj Al RAE §H (b) EFEME HIAE &9

19 97 R A G

Efojojd B EEWE RAE FHo] gt wjuESe] X
= MEFd oz yedidth FHWAA (200Dl A= WA BAE 8 ofskQl 49
_Zr_
i

FEQAS, 8 o4 Aol Coulomb FEESAFE AT
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MR | ARA AL FEEPAS(K,) AR
0° <a<8’ B=0"° Ka:tan245°—%)

0" <a<8° 6>0° K, =cosf

cosf— V cos?B— cos? ¢ }
cos B+ v cos?f— cos? ¢

K- cos?(¢'+ a)

a=8" [B=0",3>0"|"" ] o sin(¢ +0) « sin(¢ — )
cos’a » cos (a 6)[1—&- \/ cos (a—0) = cos (@ + )

o] 7] A

P, HAE &9 wjHel] #gete FEEHKN/m)
K, FEESA T

v, ¢ Wi E(retained soil)®] 9% (kN/m®)

Rt BAE 9 wjdd FEEYe] A&t Fol(m)
o ™ E (retained soil)e] Wjy-mpzazH(°)

« HHAAH T2 22 H-H)(°)

B FEARAE AARZEC)

b k2 7E(°)

E 359 AAZANA Eelold BAE S EdCTiE HPE WS
A MK B colth e Ehololdl ¥ Ed=dE BAE S
o WHAAa)7F 242 184° 510 B FEESAFKIE A e @
SAA Ak E 360 A FEEGAFE Fote] Eolojd ¥ EdsuE
BAE guel Wud Fse FEEGS AdsE BHPL vl e
o,

(7} Efolojd RAE &9

a=184", =0 °|2=Z Coulomb®] FFEUATK)E A&t} 283 3
REHH ¢,=35" ot} T FHWAXZ(2001)o wh=w Hiwp 22 (5) 2 35-At
Heol BAH(p)RtE i, fyvbEzbe] 23Rt ALY Z2oar skt 44
of JITAAS s F3tESH Elojojo] uf - oWuzte] HIAGIAE Ay &

=5
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252 FYH ¢=347", §,=319", 6,,=339°°|E=E §=20" 2 AH3A}

2
cos?( )+a)
K, = %

" costa - cos (a_é)[H \/sinwbw) (9,5

cos(a—6) » cos(a+ ()

0052(35 +18.4)

sin(35+20) « sin(35—0)

c0s218.4 « cos (18.4—20)[1+\/

=0.136
uehd, Bloloj Al BPE el wjHo M FEES)

Pa:%[(a'fyb.hz

=0.5x0.136 X 18.51 x 3?

=11.33kN/m

(W) EHEdE RAE g9

a=57"<8°, 3=0°° =& Rankined F%EYATK.)

ool WAE $¥w 2}

K, =tan (45 % )
' 2
BT ] 7&)
= tan (45 5
=0.271

¥ Coulombd FEELAS 2HE K,=0.208

KR
T

webd, EdmuE BE g el Ae] FEEYe

Pa:%[(a'fyb.hz

=0.5x0.271 X 18.51 x 3?

=22.5TkN/m

(3) Adgtgol et HHAY HE

T 97 ffellA 7R ERoloj Al Bl EFEWE HFE
&

Avdsel e A4S AR G WiE
oe g WS dEl Aotk RPEA Aol
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(P)e BAE A3 FEEQY F299 oz ALtdn. 2y drbd o
2 AHZoR AASY S8t RAE AF(w)woR BAEA AW g
st FAE e H(p)oE AT F Ao S, P, = W, olth
o o = Bpy = 13
Pp= P, p={W,+ P, s sin(6—a)} e p
={y, s He L+ P, +sin(6—a)} e+ p
P,= P, « cos(0—a)
o] 7] A
Pp BAEA A FEo that AFE(kN/m)
P, BAEA Ao et 229 gHkN/m)
[ = tand,, (= 71 ZAN «l Wi o2 7H(35°), BAEA S ezt
(30°), H/BAA zre] mpAZH30°0)F AN H A
W, BHAEA A5 (KkN/m)
P, BAE 39 vjde] #-&ste F5E S (KN/m)
Py HAE wjHE ] o3k &%= (kN/m)
o W H B AHE A 0 2 HE)(°)
§ ¢ HHEREZHe)
(7h Belojd R E 3
Pr= P, s p= W, o p=r, He L-p
= 16.23 X 3 X 3.2 X tan30
= 89.96kN/m
P,= P, + cos(6—a)
= 11.33 < cos (20— 18.4)
= 11.33kN/m
S FS = L;i: = i’gg =79>15 - OK
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() EFEviE BHAE 39
Ppr= P, s n= MWW,
= 16.23 X 3 X 3.6 X tan30
= 101.20kN/m
P,= P, « cos(0—a)
= 22.57 % cos (20— 5.7)
= 21.87kN/m

YPr  101.20
- = L — = 46> 1.
£ 2P, 21.87 6 o

(4) Aol gk g HE

$e BAE $¥ And B gy B

o1 7] 4]
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e 1 WAAY
L BAEAEold EE sdenE)] Zol

XM RAEAC #&ste ZHE $HKkN-m/m)

P, : RHAEA Add 2Ests 2= FHKN/m)
My FAEL) og AR AEKNmM/m)

v BRZEAC @9 FHKN/m’)

H @ BAE g8 xol(m)

My, : FEH(P) 9g AERdE(KN-m/m)

K, T ESAT
Yo A ES] 9] (kN/m’)
h BAE $H v FEEo] FEshs xol(m), o171 h=H

(7h) Etolojd RAE 34

My = 16.23><3><3.2><3é—2 = 249.29kNm/m
3
Mo = 11.33% & = 11.33kNm/m

L XM L Mp=M,
2 P

v v

€

_3.2  249.29—-11.33

2 155.81

= 0.07m < 0.53m - O.K

() EdEviE BFE &

M= 16.23><3><3.6><% = 315.51kNm/m

M, = 21.87><%: 21.87kNm/m

_L EM_ L Mp=My
2 P

v v

€

_ 3.6 315.51—21.87

2 175.28

= 0.13m < 0.60m - O.K
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(5) 1 99 9AAIAA

o @AM = AofAte]l e Aow mestan ANkAAE gl ool g

gk Aoty HE
(1) @714

Atk 02me] EolE zt= BlolojAle A QA o] 3xk¢] HAAfo|mR, Elo]

o4 HAE Sue] Al golold AAZ FFssiu, vroloj Al dolE A%
shol EEHS wAAZ ASSTh BAG Bolojae] doli 16mel L, 1Y

4 Elojojale] Zoj= 1.6mE A3t 32m7t HE% vt BAFE Eeo]ojAl
< HAE Blojojde] Al WA Fvit ¥kl WA Eolojd el FAA
0.6m7} == sk 22l dHed 2HAAE s17] fske EojojA A
Sutt}h Al (setback) S 0.2m= 34t

Xl 24

(GEOCELL) \ AT == 1 AW z544 0 0.2
atOCELL N _.f a}«
.llll \\ f
________ / 3
W ::: _,-’; 18.4°
_____________ 74554.¢JJ V
AT I =2n
() Ae4 BRE (b) Erolol 4l BAE 24

2% 98 A (3D) HAE 28l Neaw(we] @ m)

(W) FE9d BAA AR Y

2% 990 AERE@D) RAAE AR RAE &9 /Mes dElAY E

dENE BgE $u qAE EdENES 47 A2
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2% 1000 & ATl ARER FAHE B, PAEE, Aeads B A 4

ERlt. metr 2a9E 53 EdEviES AZ4s8y] fske] 19 999k 2

ol AleaglEE FAYE EFAtold 2AHF F ALeazlEet EFEVIES &
=

ER ddste EFErE RAE FHo| UdA

§312 SalAE EdEES 2 94 & b 2adE 259 sge] B

(@) Ao 18= T mEdEgE

¥ 9 AEQED) RAE ¥ s

(a) 38 SAYE

5 5(528%480%200)

(c) AEFH d428) (d) A L18] =(Tw=85kN/m)
1

00 B2 RYE $¥9 FHLL
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(th) Etolojd 9 EfermE RAGE &

a9 10190 eholol ¥ Ed=rlE BPE $ue) WHebgge AES] 9

S ol koA A3k Erojoj Al gl Ed=wES] WAool WA S FALet
A4 58 YER AT FHWAX (200D A = B E 8 dHe] A=)
A A Ao A e =542l A (punching) 7}

M ol dow a1 HAg

IEREEEE R

(IND

ARG 254200400 W= S Hd sAA=E A 9e wek 0.3m
SAMNEE 06m ~ 08m= e

G ARZAA T g% AABAGHOE W

Aol dd, ZAE £59 g2 5o BAE 9 gyrde 1 st @
HE FEAME o5 kst HA7;

o 24 % 0.3m2

=2
i
o
il
==
fru
palt
:>|4£
do
no('

2~ S =]
Wezs SEsT
Tree Type Vegetaion Treadmat(L=3 6m)
Reinforcement Tirecell(L=3.2m) Geogrid i
S-2 | B NS.3 -
C S s gl I
w 0.6 x Ny f setback: GHC]® 0™ | X Backfill
I InE Backfill 3.0 2 o)

/HI |

Drainage Filter

Drainage Filter

r||

~
falL |

i i L3 Drai Fill(0.42m)
Drainage Fill(0.32m) S5 T rainage Fill(0.42m
ﬁ \ Impermeable|Sheet(HDPDI\bnwoven GD \ Impérmeable Sheet(HDPE,Nonwoven GT)

| Foundation Soil ! 3.2 ! Foundation Soil
-4 -6 I-5
(b) Efolojdl HAE &9 (b) EHEWE HAE 34

9101 BAE $ SEE(Es] m)

(2) B =24

HAE $Ee Awey] 9% nAAgE golojd EdEdE 9 Ao es
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7F dnk gelojd g EY=vfES] A= 54 i 33¢] YEAT g

e
Tur Tal Ta
RF | RFcr | REp | REp | FSuxv |y | eN/m) | (kN/m)

HAAEA | 242 | 2.0 1.1 1.1 1.0 85.0 35.1 35.1

AdHF | 3.03 | 2.5 1.1 1.1 1.0 85.0 28.1 28.1

o 714,

RF A B A (= RFqp X RFp X RF;p)

REck  : AZE TAa AFEEH AEA 49 1.6 ~ 5.0

RFp DU A AFESARY s wEk 1.1 ~ 2.0)

RFp @ Al&FA] &4 g3k ZaAF=EHAwAd et 1.1 ~ 3.0)

FSun ESAA4S 1He HAE

Tur =3I F7 = (ultimate tensile strength)

Ta © A7 A&7 =(long-term material strength)

T. i 227 = (design long-term reinforcement tensile strength)

() 7F&utae] A4

29 10200 BAA L] ARl gl wel THg et e f4ds vERR LT
B FdA AdE FEEYG A HO W (FEY AHEENA BE

ZbA 9l A=0.002H) < 722 otn, FHWAA Z(2001)0 A= B 7)o =3l

FEolHel WHEel Fo WMIEBEG AL ATE WA 8YA

.
m:{m

(inextensible reinforcement)® =738t o] Hu ZF A5 A BAA
(extensible reinforcement)® &Fgth. Wb BAA Sl S HASIAHAL A
EE g /pdsady EGEEE 9 A&s8H7] 918 7ol ¥tk FHWAXA]
H(2001) €19 7l=2o2 BSEEZ=(BS8006 : 1995) A= RAAAe £wd W E
1%5 7|02 1% wwtolw HAIgAd BAA, 1% o]dolH AgA RHAAE

Fiata gk,
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Zone of maximum stress

2.3+ "
or potential failure surface
Zone of meximum stress
or potential failure surfoce H= W+ 20Bx B.3H v
o h T-03 tan B
A

r *If wall face is bettered, — P —_——
4= ———) on offset of B.3H13 sull 1
| required, and the upper / I

H portion of the zone of
2_' La Le f stress should '—I‘L-IL—LPl

" | be parsllel to the woll foce. Active/ Resistent

_y H . Zone Zona |
|
% So1l Rainforcement f : u)n-“ orcemen
==
(a) W] A4 (inextensible) X7+ A) (b) A4 (extensible) X7+

oled VFEow AA BAE FTH AHEFQ BAAS TEIW, duwHo
2 A RAAE AR, ESAS RAAAE A
thowhebA FEfolo] g A BAAE ERete] Mo Es A sk
a9 102 (bellA 7Pty de] b0 RE ] Z(y)S T3] §8 A
k5ol VER LT
O FAHAN 4%, = EdEviE BAE ¥ 45l
<;s’ 30 °

=45"+——= 60"

= 45 9 2

O ¥WA Y AHAIL FHoZRE 10°0]44e AS

an (6 — ) = tan(¢p—8) « vtan(¢—3)tan(d—B) +cot(p+a)][l+tan(d—a) cot(d+ )]
anly—¢) = 1+tan(6—a)ftan (¢ — 3) +cot(p+ )]

tan(30—0) ¢ vtan(30—0)[tan (30—0) +cot (30 +18.4)][1 + tan (20 — 18.4) cot (30 + 18.4)]
1+tan(20—18.4)[tan (30 —0) + cot (30 +18.4)]

= 27.3

Sp= 57.3°

(4) BA e sherstale] oE A AE

(b RAEA el B

FHWAX 200D M= Zolo] uhe E4AFK) Wae FFEWAF K,
of vle WA 1Y 1039 2ol AR ER EGARKIE AEeE 1
ZAlel Sadol webd Zolo] we REsh Debdth RS w7l e

rl

=

MY BAE I Aol olo] Fuglel FEEAAFKIES AHE

gt ey A Wy BAAe 22 WA BRAAE AMgste Afele
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olp
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fite)
i
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oy

1o
N~

A 9]

o

;= 0.221

cos? (o + b,)
sina

Aol A FA o mRE 8 of

=]
H

¢
webd Elolojd RZE Wl Yoo ESHATE 0221, EFEWE B

o

T
A

P
T

o Aol EStAg= 033301 zolo uwel EA

il

EMAS2] Wt

=

R

$2148Y}UAS009
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2 'lom 40 doy mojeg yjdeg
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ol

ey

-
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1
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o},

N
!

7

o
= ﬂnax ] :ﬂ"

FSs,,

po

T
pull - Tmaxolo_]o]: —{51.]‘4_ E_7O]'ZH9/] _/1\__8_?_]_;3-

A WA 2 Fe) wAAL s FAEGO R g A

.

T = Oy *

max

3 38l BAA A8AAAE

A gy oisk k] AEAAE YR AT
X 38 HAA AQAAFE AAAF
Mg Mo >M
B Y/ by Oy SV Tmax
T = (m) K (N/m) (KN - m|(kN - m|[(KN - m| e(m) aN/mD| m) | N/m)
/m) /m) /m)
05 10221 | 2597 | 4155 0.07 41.47 | 0.0029 8.13 0.6 1.08
o] o] 1.1 10221 | 5713 | 91.41 0.80 90.61 | 0.0139 | 18.01 0.6 2.39
A 1.7 10221 | 8329 | 141.27 | 294 | 138.33 | 0.0333 | 28.18 0.6 3.74
= 2.3 10221 | 11945 | 191.12 | 7.27 | 183.85 | 0.0609 | 38.81 0.6 5.15
2.9 10.221 | 150.61 | 240.98 | 1458 | 226.40 | 0.0968 | 50.10 0.6 6.64
0.6 10.333| 36.36 | 58.17 0.31 57.86 | 0.0085 | 11.42 0.6 1.95
Eg= 1.2 10333 | 6752 | 108.03 | 198 | 106.05 | 0.0293 | 21.49 0.6 3.94
) 1.8 10333 | 9868 | 157.89 | 6.18 | 151.71 | 0.0626 | 32.09 0.6 6.01
T 24 10333 129.84 | 207.74 | 14.07 | 193.67 | 0.1084 | 43.52 0.6 8.20
3.0 10.333 | 161.00 | 257.60 | 26.83 | 230.77 | 0.1667 | 56.16 0.6 10.55
339 A gdatye g gAY AR A3
- Tmax Ta 1)
T RN/m) | (N/m) | T o
1.08 20.3 18.8 O.K.
2.39 20.3 8.5 O.K.
E}o] o] Al 3.74 20.3 54 O.K.
5.15 20.3 3.9 O.K.
6.64 20.3 3.1 O.K.
1.95 20.3 104 O.K.
3.94 20.3 5.1 O.K.
EYEmE 6.01 20.3 3.4 O.K.
8.20 20.3 2.5 O.K.
10.55 20.3 19 O.K.
= T(Z
1) FS,= T
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(5) BAFAfe] Qldtmlyjof sl oA HE
BAAQ QA A BAFA Zold thste] nyst= o] ofye 1
102041 2] A3 9 (resistant zone) o =31 HAFAe] Zolo thajAwt i
#alm, o] Wl AP Lo EI WA ZolE fF&Zo](effective length,
Logtar shoh, B7Ae] iatae dish AN HEE ts o=z ALd &
Nom 3E 400 2 AE AHelste] YERSITH
F*.Ov'Lc.a R(f.C
FS{I}O - Tmax
o 7] A,
Le = ¢ldo] o3k B4 Fadol(m)
Tmax = Zl— %HE:‘ E—Z‘)}ZH‘Q] ig—?l%]‘%-‘;—(kN/m)
FS,, = B7A1e] oo thdk AR (YAE > 1.5, AHE = 2.0 AH)
B o= mgAe] QuAe As (2GS BaAe] 7 %tanq))
o = BABAAS[scale effect correction factor] (A4 B7FA1e] oo
w2 o] HAYy WIE 1es)y) ﬁfﬂ A, B w2 Bk
o] A% a=1.0, EFAT BAA] BF a=0.6~1.0, A1g=9
A% a=0(.8)
o, =72t T B 9o & Fareey
R, = BAA 40 &(= BAA /537074, Aead=e] 4$ 0.8)
C = B7A dAIHAE (= AsdS ou|; Wy, =9, HEFY 7
£ C=2)
¥ 40 JAxuk e gk kA HE A3
w2z o | | L Too | Tow | FSu | o
T v m | ) | T ] aem) | N | aen/m)| T
0.5 8.13 1.60 1.60 0.38 6.39 1.08 74 O.K.
1.1 | 18.01 1.22 1.98 038 | 1757 2.39 9.1 O.K.
Elojoj Al | 1.7 | 28.18 0.83 2.37 038 | 32.84 3.74 10.7 | O.K.
2.3 | 38.81 0.45 275 0.38 | 52.59 5.15 12.3 | O.K.
2.9 50.1 0.06 3.14 0.38 | 77.40 6.64 136 | O.K.
06 | 11.42 1.33 1.87 0.38 | 10.53 1.95 0.8 O.K.
1.2 | 21.49 0.98 2.22 0.38 | 23.49 3.94 89 O.K.
EdEmE| 1.8 | 32.09 0.64 2.56 0.38 | 40.55 6.01 99 O.K.
2.4 | 4352 0.29 291 0.38 | 62.43 8.20 109 | O.K.
3.0 | 56.16 0 3.26 0.38 | 83.54 10.55 11.7 | O.K.
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