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Korean Environmental Standards for Beneficial Use of Dredged Materials
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Abstract

This paper proposed an environmental standard for beneficial use of dredged materials currently considered as waste
materials. In Korea, even though chemical analysis of sediments are carried out frequently, their analysis results were
not interrelated with the effects of biological lives due to a shortage of data, which may result in difficulty to develope
Korean standards for reusing dredged materials. For these, this paper first searched existing foreign standards, analyzed
local contaminated sediment data, identified their main components of contaminations and then compared clean-up
standards of sediments consisting of lower and higher level. From these analyses new environmental standards considering
Korean domestic circumstances are proposed. It is judged that newly proposed standards are appropriate in terms of
both Korean national sedimental environments and economical recycling aspects because environmental standard levels
proposed are higher than background level of sediments in Korea and foreign country's standards, where many experiences

and environmental monitoring works have been already performed.
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Lower level ‘ Higher level ke ATz o
Parameter mo/kg dry weight o= HHEe] 8 29SdE 3 20 HEgle
Ag 1 3.7 ™ 20034 0|3 HE7|To|| A W FE S Ex|of| BA]
ps g .6 e a o) AHRg Alalol( b, 2003; Hjt
Cd 0.68 4.21
Cr 80 370 H,2005) o] A2E EUE 7} oY EXEe e d=E
Cu 24 108 2 AYAE odEAE Aoz uag Lol
H 0.15 1 - -
- - o w4 Bo] S Wt ulashA] 9 Hojx R vl
Pb 50 220 gt AL S 2dH EHAHE0] ASol=E &6kl
- = - BEom ulid 4$ 71%elsit Hol eqdEA o
Parameter 1g/kg dry weight ]
Chlordane 0.5 6 Ao g dst= 497t 7] 2ot k3 &9
Dielin 0.2 © 44 Bed ol W Shito] olstA] 7] uEo]
DDT 1.6 46 -
PCB 216 189 LAY FHo ed=do] HFZHOoRE EXEEE F
Parameter rg/kg dry weight d o= XHEHZ E=2jo)7} ASE Alg|olth
Acenaphthene 16 500 x{-_Zoﬂ/ﬂ Cu 1 ] Fe 94 761—?‘ e ’3H‘l.ﬂ°ﬂ 1 2%3?47(4“
Acenaphthylene 44 640 j }
Dibenzo(a,h)anthracene 63 260 Heree] Ares 2deks AR YEhd =8
Anthracene 85 1,100 ooEA T _‘_e?ﬂ EN 9}1%2‘# 55/\]'63’5‘94 HH o
Benzo(a)anthracene 261 1,600 1ol _ o o it o o
Benzo(a)pyrene 430 1.600 RE oA 97| ES 2IelE AR YERTE
Chrysene 384 2,800 Zn, Cu, Hg, Mn, Fe, Pb, Ni, PCB, TBT, IL-2 37} s}
Fluoranthene 600 5,100 -
: AFol AF Z2° =351 9ol o o
oot = o ool 4917158 2utska qglon ole =) o
2—Methylnaphthalene - - &9 2¥o] M=l glom AR Mol eHH 3
Naphthalene 160 2,100 o] gles oju|st
Phenanthrene 240 1,500 ] - —4 ] LE]— ~
Pyrene - - 3= Y A EEES 2¥o] 4% 23S A=
LPAH 552 3,160 5o} 20051 FHSFATUNA ZAVE vhAIRHL &
HPAH 1,700 9,600 =
tPAH 4,000 45,000 AP S AT, 2005) HAEe RS FHAR 2
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k=3 O O O O O O - - - [ ] [ J O
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oA AFEGIRe] vl 7t s E =
otx] HedH ZZH(background level)2] H|o]E]7} A|5HE]
o] Qlont, 19 49 o] mote Sff E|X =0 AR
Z7H(Hg, Cd, As, Pb, Cu, Ni, Cr, Zn)2 |=9] =329

H 3. U ol EXE2 2USE ST(oll YA, 2005)
A7 2005\ 2005
X opatet 24k
EApstE o ax ;i(% 22 x5 o EE O
A 4% (Depth : =160cm) 4 4XH (Depth : =160cm)
= = o= =
p?r;agjn;fgj)er AV§ ¥sp range Avg. fSD Bac:fvgund Av; £sp fange Avg. iD}SD Bachegvrglund
As 10.4£3.5 4.6~16.4 13.7+1.88 <9 10.96+£3.75 . 4.4~20.5 12.6+2.78 <8
Cd 1.36+£0.57 : 0.17~2.66 : 1.07+0.83 0.2 1.12£1.71 + 0.15~7.12 « 0.41%+0.26 0.2
Cr 79.4£13.3 | 47.2~114 78.0£19.2 - 65.06+17.52 16.0~99.7 = 69.1+19.7 25
Cu 73.5£21.9 28~133 71.1+34.7 - 1791294 9.05~1208 | 35.7£29.9 10
Hg 0.136%+0.076: 0.03~1.36 : 0.17+0.25 <0.05 0.14£0.08 : 0.01~0.59 : 0.12+0.16 <0.08
Pb 73.8£18.1 35.3~109 @ 67.4£25.0 - 123£131 20.1~599 = 53.1%£35.5 <20
Mn 716106 460~978 651+93.1 - 585+66.6 305~699 | 429.6+77.1 <300
Ni 16.7+7.92 0.1~32.4 28.8+t2.14 - 21.5+£5.95 7.7~126 32.9+30.6 8
Ag - - - - - - - -
Zn 321+£92.0 131~518 2861132 - 365+374 50.3~1662 | 124+64.5 55
Fe(%) 4.52+0.37 : 2.39~5.21 : 2.88+0.21 - 3.41%0.60 1.24~3.9 3.02+0.67 -
Al(%) 6.36+-0.51 @ 4.79~11.0 : 8.35+1.39 - 521+ 2.77~10.1 | 7.92+1.54 -
Se - - - - - - - -
tPAH (1g/kg) 1681+742 | 764~3345 - 0 1457613 = 353~2633 - 0
tPCB(xg/kg) 10.2+5.02 | 0.23~39.9 : 20.7£t13.4 0 2.53+1.37 ND~14.3 3.99+5.29 0
TBT(mg/kg) 0.097+0.067: ND~0.19 :0.196+0.091 0 0.257%0.60 | 0.028~1.76 | 0.45+0.39 0
tPCDDs/DFs(pg/g) - - - — — _ _ _
COD(mg/g) 19.6+3.94 | 11.3£74.9 . 40.2+16.4 - 18.4+£5.14 7.1~37.5 25.5+7.24 -
TOC(%) 2.32+0.41 1.00~4.11 1.85+0.66 - 1.22+£0.46 © 0.19~7.48 . 2.39+1.92 -
TN(%) 0.20£0.03 : 0.07~0.28 0.12£0.1 - 0.16+0.05 | 0.04~0.58 | 0.24+0.13 -
Volatile Sulfides(mg/g)| 1.82+1.20 @ 0.01~4.98 . 1.82+1.86 - 0.22£0.25  0.002~1.11 : 0.12%0.21 -
LU (%) 19.6+3.94 | 4.72~14.3 : 8.59+t1.12 - 7.55£1.88 . 2.8~10.5 8.61*1.56 -
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Hlsl| 2oknt =y B3 =9 8 23] Mni} Fe= 23 QZV|=:o 22
AAFEFo] mpofe|A] kofony, Zrojat 7 (4
5 AP A A, 2000 el 7 SR 2] 71Ee 7 AR vkl EaE 3
oAulgrof| {5 A Yrto] Hi=g 4 7|&E 215t 5O FFEL} gl A Zpol7t o] Hom(Fas o9 3
of ZAIZF El= Ao=E Y| ufZol HAFERo] ), 42 FEdde 4] A7F Alel ZF g v
%% Aojet wekech o 71Eg distol 47)e TFoR BialL, & 49
4 2RE AF 7|1E
s = 7t H 2
1 0= AZANF, mete g5, do3 7Hy g4st 71E
2 B0, AYH, ZZHA HEHEIE OfdHE 18820 =2 7|18
3 E9 AHQI, 5% 2 AEREL g2 7|E
4 o= STSYC, 29 0| e =2 7|1
5 IO5% 25 =4 Jlolgd
Chemical Jg1 | Jg2 | 383 | 384 | 281 | I8 J83 | 184
THEMN BEISI|IE THEMN BERHIIE
Metals (mg/kg)
Antimony - - 2 150 - - 25 200
Arsenic 13.1 21 36 68 49 65 128 837
Cadmium 0.45 1.17 1.55 2.3 2.97 3.6 8.55 11.8
Chromium 41 80 134 300 200 195 652 5,000
Copper 28 40 64 242 125 102 278 1,396
Lead 35 62 84 232 190 198 404 1,342
Mercury 0.16 0.32 0.45 0.50 1.13 0.94 2.47 3.39
Nickel 24 46 47 135 65 123 173 745
Selenium - - - - - - - -
Silver - 1 6.1 - 4 8.4
Zinc 15 247 327 536 463 615 1,291 6,164
Manganese 460 - - - 1,100 - - -
Iron(%) 2 - - - 4 - - -
Organometallic compounds (¢g/kg)
Tributyltin 4.6 17 10 0 .15 200 59 205 _
(interstitial water xg/L) re/kg re/kg re/kg (1g/L) re/kg re/kg re/kg
Dibutyltin - - - - - - - -
TBT + DBT + MBT 100 - - - 1,000 - - -
Organics (ug/kg)
Total LPAH - - 552 5,200 - - 3,160 29,000
Naphthalene 10 18.7 160 2,100 100 85 2,100 2,400
Acenaphthylene - 44 560 - 640 1,300
Acenaphthene - - 16 500 - - 500 2,000
Fluorene - - 19 540 - - 540 3,600
Phenanthrene 50 100 240 1,500 500 1,000 1,500 21,000
Anthracene 10 100 85 960 100 800 1,000 13,000
2—Methylnaphthalene - - 70 570 - - 670 1,900
Total HPAH - - 1,700 12,000 - - 9,600 69,000
Fluoranthene 300 100 600 1,700 3,000 2,500 5,100 30,000
Pyrene - 665 2,600 - - 2,600 16,000
Benz(a)anthracene 30 100 261 1,300 400 1,000 1,600 5,100
Chrysene 1,100 100 384 1,400 11,000 1,000 2,800 21,000
Benzofluoranthenes(b+k) - 3,200 - - - 9,900
Benzo(a)pyrene 300 50 430 1,600 3,000 900 1,600 3,600
Indeno(1,2,3—c,d)pyrene 600 50 - 600 6,000 800 - 4,400
Dibenz(a,h)anthracene - - 63 230 - - 260 1,900
Benzo(g,h,i)perylene 800 50 670 8,000 1,616 3,200
Total PAH 3,000 4,000 - 30,000 - 45,000 -
Qil 170,998 50,000 300,000 - 1,500,000 | 1,500,000 | 1,000,000 -
THEHE RSHEZ St =8 SZIIEF Y 9



5 I5E 27 =4 JIoiE7(HS)
Chemical a1 [ g2 | 183 [ 84 Jg 1 g2 | a3 | O84
THEMN BEIFST|E THEMN BERHIIE

Pesticides (1g/kg)
PP'-DDT - - 1.0 - - - 3.0 -
PP'-DDE - - 1.5 - - - 9.0 -
PP'-DDD - - 2.4 - - - 141 -
Total DDT
(sum of 4,4'-DDD, 3.5 10 1.6 6.9 43 30 46.0 69
4,4'-DDE and 4,4'-DDT)
Aldrin 2.0 10 - 10 80 30 - -
Chlordane - - 0.50 10 - - 6.0 -
Dieldrin 3.1 10 0.02 10 62 30 8.0 -
Heptachlor - - - 10 - - - -
Gamma—BHC (Lindane) - 10 0.32 10 - 20 1.0 -
Endrin 3.0 10 - - 1,300 30 - -
Toxaphene 1.0 - - - 2 - - -
PCB 28 1.0 2.0 2.0 25 30 30 6.0 50
PCB 52 1.0 2.0 1.0 25 30 30 3.0 50
PCB 101 4.0 4.0 2.0 50 30 30 6.0 100
PCB 118 4.0 4.0 3.0 25 30 30 10.0 50
PCB 138 4.0 4.0 4.0 50 30 30 12.0 100
PCB 153 4.0 4.0 5.0 50 30 30 15.0 100
PCB 180 4.0 4.0 2.0 - 30 30 6.0 50
Total PCBs 28.8 14 24.0 57 300 32 77.5 964
Dioxins and Furans 1.4 _ _ _ 10 _ _ _
ng WHO-TEQ/kg
Chlorinated Hydrocarbons (¢g/kg)
1,3—Dichlorobenzene - - - 170 - - - -
1,4—Dichlorobenzene - - - 110 - - - 120
1,2—Dichlorobenzene - - - 35 - - - 110
1,2,4—Trichlorobenzene - - 31 - - - 64
Hexachlorobenzene(HCB) - - 2 22 - - 6 230
Pentachlorobenzene - - 1 - - — 1 —
Phthalates (¢g/kg)
Dimethylphthalate - - - 71 - - - 1,400
Diethyl phthalate - - - 200 - - - 1,200
Di—n—butyl phthalat - - - 1,400 - - - 5,100
Butyl benzyl phthalate - - - 63 - - - 970
Bis(2—ethylhexyl)phthalate - - 1,300 - - - 8,300
Di—n—octyl phthalate - - - 6,200 - - - 6,200
Phenols (ug/kg)
Phenol - - - 420 - - - 1,200
2—Methylphenol - - - 63 - - - 77
4—Methylphenol - - - 670 - - - 3,600
2,4—Dimethylphenol - - - 29 - - - 210
Pentachlorophenol - - - 400 - - - 690
Miscellaneous Extractables (ug/kg)
Benzyl alcohol - - - 57 - - - 870
Benzoic acid - - - 650 - - - 760
Dibenzofuran - - - 540 - - - 1,700
Hexachloroethane - - - 1,400 - - - 14,000
Hezachlorobutadiene - - - 29 - - - 270
N—Nitrosodiphenylamine - - - 28 - - - 130
[BRSaRechuly 2 J150| 7] Oﬂ(ICES, 2002; ICEs, 2003), i%]Eﬂ(ICES,

1 259 u)= YAFAIH(WPDES, 2006), U= 2002; ICEs, 2003), I A(ICES, 2002; ICEs, 2003), o}
(Helsinki commission, 2004; ICES, 2003), %=-(CEFAS, @i =(Margot Cronin et al., 2006), U&ZH=(ICES 2003)
2000; CEFAS, 2001), dlu}=(Helsinki commission 2005) 3 T15of EY(Helsinki commission, 2004), A~H|2(T.A. Del
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Valls et al., 2003; OSPAR, 2005), ©=PORT KEMBFA
CORPORATION, 2005) 18]il 4 159 v S+%
HTHUSACE, 2005), =2 ¢|o|(ICES, 2002; ICES, 2003;
Margot Cronin et al., 2006)7} 3Z3+Ech

oldla = 9] 7]&(Margot Cronin et al, 2006)-2 3¢HA|
2 FEE 7|Eoly ARA O 2= Category 13} 3052
T 2T Ve s = 4 7] weol 1*4
of et ont 2= 57*—4 7| SHAR E5ollA
A=At Lol A A-(FAEAS A7
§]—7ﬂ7].zr_’o] A‘]X-]ﬂo-] O]_(_D‘q- E]Z-] _,] 6‘1—5% _‘:r'_{Kj'l%F
ol AHEsHol oJgt o] oyl FEAIF el o3t A
ol TIF9 oAl ALlE AT

5 40 AXE 7 18 A2 7B HE So] E §
of Uehglon gEe £AL gAHoR | 1% <
2 OF <3 OF <4 IFY ol frldaA
FEL 3 OF <1 IF <2 IF <4 19 =A%
uE SEEET YUE, qEs, 528 Ao o
£ 271 584 o]9] F8o| 7)) Zael 20| BA
o] uho] ANE 712 gol AL Ao Uehdt, 5
T4 ol9] FEoA] 1 1§ Wek=o] Flzo), 2
YEase] 7)ol 3 g 559 7]Z0|, 4 1ES
vs SEEEe] 1ol 1 gw Aol Wk

=0
= .

3. 2HF7IES] Het
3.1 710 E&a = Y

T E o] Azt

=ES EX=Y
7 e

= FHEAR Y- 270l 2 &
2 As, Cd, Cr, Cu, Hg, Ni, Pb, Zno|th. Mn
I Fer= =8 3 F50] ofym] nl= 94874159 7]
ol 33hElo] QUL Agl B7-0] 7]zl H3hElof lrk
PAHs -2 total PAHZRF A|AJgE 7|23} Naphthalene '}
Benzo(a)pyrene 5O & A|&E3Fsto] AAIgE 7]=% Qlck
(ICES, 2003; OSPAR, 2005; Helsinki commission, 2005).
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e ELS Sy A ElFHES] 4 2 AEd
9] 7)ol Fa31A o= FES 115t As,
Cd, Cr, Cu, Pb, Hg, Ni, Zn2] 223} t(PAH, tPCB, DDT,

A

i)
¢

R
Hl

TBTS} §7]% 3HF 3H20] TN, T-P= Aelslgic).
S QAoke e 4 %9 9249l Mn3} Fels Ul
SEgo] 2 J08 L Hit o Fa4ol H)
o Aol mlxli o 056001 Aok A aea 9ol
P&kl Fash e etk A welst
of B Ao F)Fol EFSHA ekleh. ER F A
HA2olA IL, TOC 5= B sojel 4 31917152

S %
3513 9lck. PAHS} PCBE Al38} 817 oh S 2
MEAl 2HgA10] BA] HolE melay] wFolth

FAEAR] BE5het Qo] Aoldt 7R st

S 5= Sl BARKS dllaste] SAREAKE 9 EE-
7150 AaAe Fofsly] skl E 19 2 FEZE 4
P71 Hlal F7hs AAE e & SoA ERE 7]
2 0AFAE Hel|Et vlwste] & 70 vrerglc

#5 2o Hlgro g HAs 1252 A

L 7|4 AE =2 total PCBL} DDT, Aldrin, Dieldrin, sto] YA Q] FAHEA 877 8=
Lindane, Endrino] Z3tE|¢jon X 7]122 total PCB AABFALE WA 34 5> LHEHE A=
2 ARl AASTh AATe HABA AFels  mrh A7} oha 02 15 AHsielth PAH 32
E 6 MY EIE LR FHE A AZIE B34 DAl Hlm(TH(: mg/kg, dry weight base)
T= Zn Pb Cd Ni Cu Cr
1R ZA 135.55 24.05 0.41 20.76 13.55 35.19
3AF AL 100.12 18.78 0.30 23.57 14.21 40.67
g 117.84 21.42 0.36 2217 13.88 37.93
FUE S5ESS 98 838 BAIENE 11



B 7. QYEEIME M| 2589 H| E 8. SMEA Xe|-&27|F
Hu &5 | I8 HD W& EHEMME-EE8I|E
= - Chemical —
1 Zt =8 £R|TF O WL L8 HIRE #38Ils71E | E8RHIIE
o 2 | 4 E=E 2V HH2Z Tis =8 Metals (mg/kg)
ST g | 2 = 427t gHHoE 2~38 E8 Hl 4 (As) 21 65
4 | ZHSFE XTI UHE2ZE 44 Ol =3 =& (Cd) 1.55 11.8
1 2 g5 £X|7F iR @2 3E(Cr) 134 652
2 | Z EF:E XUt HMEeE Y2 T2|(Cu) 60 278
PAH &= | 3 | z 32 4159 =HPDb) 62 404
4 2t g= X7t 34 Ol =3 +2(Hg) 0.32 2.47
(AT 10 ol& =&) LIZ (Ni) 46 123
1 Zt =8 £XJF A= HIsHAL oFd (zn) 247 615
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2 mmw Al Bae 95 100 ok PAHs (1g/kg)
g TF X O
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TBT (ug/kg)
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orR oA olHE T4 FHE 2 12 PAH FHE Pesticides (1g/kg)
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Assessment of Contamination of Harbor Dredged Materials
for Beneficial Use

+ 2 Yoon, Gil-Lim
I Jeong, Woo-Seob
Abstract

Contamination level assessment of harbor dredged materials is carried out for beneficial use, which generated annually
due to port construction and maintenance of harbor channel. The basic purpose of environmental risk assessment was
a scientific approach to susceptibility of hazard risk to human’s health from different dredged materials. And this paper
proposes a guideline of safely beneficial use of dredged materials at both industrial area and residental area, generated
from major port execution throughout a sound investigation of their contamination levels. Newly proposed guidelines
were in general higher levels compared to both current guidelines of treatment and use of dredged materials and soil
environment protection levels. Finally, environmental assessment results of dredged material contamination generated
in major ports of Korea for beneficial use based on pre-assessment environmental levels show that some port’s dredged
materials contain heavy metals such as Cd, As, Cr and Zn, more than base levels which requires more precise

contamination investigation. Others were found to be very appropriate for beneficial use.
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THIMO, 2000).
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22 FHEEAR| QY¥E ZAZEL

Rol i SPERAL HUYRHT AT
PLAVE, 2005)49] HAE W EL ke dE
B A AAGIGRAE, 20000 JABk] AaE
At st E 2k Aol 1Yol
G FaY F 124G AYste] 2R ©
GRS 2AR Aupoln] ZAAHES T FuAY
Sl o3k 2HAS0] YE A FHOE 45
e

Cde= ZAA| ol A 0.088~5.487mg/kg, Culs ZAFCA}
oA 8.603~39.790mg/kg, As+= 2.868~9.678mg/kg, Hg
X+ N.D~0.130mg/kg, Pb 5= Q& Algto| 18.447
mgkgO R 71 W SES eI, ATl
45.594mgkg O 2 714 & BES UEhrh CriyEi
30.913~52.452mg/kg, Zn 5=+ 42.838~104.517mg/kg,

WEjolof Gick. FolAL oby ZUEAR ogme]  f7]U4rA SRHECl PCBE: N.D-0210ugkg Wl
i3t A1 A Q1 HA QD A JfEo] npE|o] QIA] S5t A= QAT
B LRSI P XS RS pAs EREE AN AR 2 f7lEFe HHRe] BAS ok
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B e Cd Cu As Hg Pb Cr Mg Zn PCBs | COD T-N T-P
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o] 2o8 HE Fo) shiz ALHT 2 XA 8 ZAATHS 3.57.7% WR 2AEG e, Al
COD ZAATHE 6,011.0-16,115.0mgkg Wl = 24N & ZAX o)A 714 We s UrehyiaL, ksl
Aon], AWM EAX A 1A e FES Uet A 4 BE bER 2AE.

WL, HEAGIH M wE BER 4715 290] 7} F71E 2APATE AviE 2403, Py, 3
F AT AR AP Eeh CODS vBIZHIR @2 §718 LHETE w2 A0R dehton], 243,
ARG §71B8FS dehle AEFY sl 4dd i QRAge JoR egrst g flos

2 ZARMI ZHEAR| 55 A RllE2E ZARE DG YL, 2007)

T+ & Cd Cu As Hg Pb Cr Mg Zn PCB COD T-N | T-P |Zg zz
© 2l | mo/kg | mgo/kg | mg/kg | mg/kg | mg/kg | ma/kg | ma/kg | ma/kg | wg/kg | ma/kg | mg/kg | ma/kg %
ity 0.152 | 18.837 | 7.848 0.130 | 20.436 | 44.795 - 52.213 | 0.090 | 6,802.0 - - 4.0
CH AFE 0.139 | 18.103 | 2.868 0.020 | 22.492 | 43.379 - 45172 | 0.130 | 8,706.0 - - 4.3
SEME| 0176 | 39.790 | 3.341 0.037 | 31.977 | 52.452 - 45.009 | 0.210 |10,934.0 - - 4.3
SARME | 0.311 19.132 | 4.139 0.023 | 26.830 | 39.833 - 100.737| 0.200 |13,129.0 - - 4.8
of¢Ag | 0.228 | 23.092 | 3.443 0.033 | 26.387 | 43.162 - 104.517| 0.210 |11,690.0 - - 4.9
SEMEH| 0.258 | 24.370 | 3.476 0.035 | 40.550 | 35.150 - 68.647 N.D |16,115.0 - - 6.5
HANME | 0.228 | 29.236 | 3.942 0.017 | 40.146 | 27.367 - 56.548 | 0.150 | 8,009.0 - - 4.2
SMME | 5,487 | 33.959 | 9.259 0.010 | 45.594 | 45.364 - 57.824 | 0.160 |12,235.0 - - 4.7
QIMAIR | 0.088 8.603 3.133 N-D 18.447 | 32.847 - 55.637 N.D 6,011.0 - - 3.5
ey 0.141 28.561 3.098 0.003 | 24.549 | 45.950 - 77.751 N.D 15,854.0 - - 6.0
e 0.284 | 21.724 | 3.953 0.022 | 30.549 | 40.378 - 95.975 | 0.200 |12,514.6 - - 7.7
FAE 0.164 | 20.884 | 9.678 0.060 | 21.521 | 30.913 - 42.838 | 0.120 | 8,107.4 - - 7.6
I 3. X0 ME FEHEAL QYT TARZINo YA, 1997)
7 e Cd Cu As Hg Pb Cr Mg Zn PCB | COD | T-N | T-P |Z%& zZ&
= mg/kg | ma/kg | mg/kg | ma/kg | mg/kg | mo/kg | mg/kg | ma/kg | wg/kg | ma/kg | ma/kg | ma/kg %
:;j 1.15 8.29 0.48 0.16 N.D 18.53 7986 50.09 N.D 7,212 22.6 0.23 3.25
?j;% 2.21 5.23 N.D 0.2 N.D 54.5 13867 | 88.84 N.D 13,500 | 24.6 1.36 4.48
Hae | 2.19 11.47 0.98 0.81 7.61 53.97 | 11080 | 86.82 N.D 8,430 166 3.03 2.76
ox| 4:%%§k 2.31 3.39 1.79 1.41 N.D 4213 | 12192 | 67.83 N.D 9,472 35.5 3.26 3.37
Eﬁ Zlal - 4.5 - - N.D 4.1 - - N.D 18,332 402 0.4 8.80
s - 3.6 - - N.D 8.4 - - N.D 22,731 376 0.06 11.36
e - 2 - - N.D 3.6 - - N.D 9,745 472 0.04 5.12
(ELHU;) - 5.7 - - N.D 11.2 - - N.D 21,234 251 0.2 4.91
(3% - 2.4 - - N.D 5 - - N.D 16,335 193 0.04 9.05
°H
N | FE
=M | B 7.5 64.2 N.D - 3.9 1.68 - - - 13,632 [105.477| 6.0 5.93
EAF
e | 2.59 18.34 3.94 1.62 13.24 | 67.51 | 12,555 | 114.73 - 9,049 | 112.4 0.47 2.77
olEa | 2.42 23.55 3.13 1.58 11.89 | 66.69 | 10,967 | 106.58 - 16,487 144 0.49 2.88
Zﬂ% SEF | 229 12.40 2.64 0.22 10.27 | 61.58 | 11,355 | 96.08 - 7,432 41.5 2.46 2.46
Ei MES | 1.79 20.24 1.50 2.40 8.68 | 257.56 | 7,047 | 47.88 - 1,290 31.5 2.3 2.14
585 2.12 17.91 3.75 3.29 19.93 | 65.22 | 11,234 | 64.98 - 610 53.6 2.8 2.75
2t | 0.86 3.03 0.26 0.14 ND 59.55 | 3,093 | 17.66 - 303 57.8 41 1.4
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Characteristic Values of Design Parameters for Geotechnical Reliability Design

+ 72 % Yoon, Gil-Lim
+ 9 L Yoon, Yeo-Won
VAR S Kim, Hong-Yeon

Abstract

Geotechnical characteristic values for reliability-based design were analyzed using domestic marine clays. Analysis
results indicate that there were close to mean values in oder of Student/Ovesen, Schneider and EN 1990’s approach.
However, it was found that the EN 1990’s approach is inappropriate for estimating geotechnical characteristic value
due to low reliability of estimation results. Four approaches had a trend of evaluating characteristic value conservatively
with increasing of soil variability. Also, stability and settlement of breakwater subjected to nominal stress with
unimproved soft grounds were computed to investigate the effects of estimated characteristic values. In case of using
the Schneider’s approach, the ratio of allowable bearing capacity/acting loads suggested 65% of that obtained from using
the arithmetic mean approach, and showed underestimated value of 13.6% of the settlement obtained from the latter.
The comparison of case designs using a representative value from arithmetic mean approach with the proposed

approaches, using characteristic value showed that the former was mostly overestimated.
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F
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1. ijEHel ERFYS0 SHK| Hluw

* GY: 2 BS: FAb

1. Total unit weight (kN/m®)

2. Void ratio

3. Plasticity index (%)

18

16
14
12
10

6
4
2
]

[Mean]  Student Ovesen Schneider EN1990 [Mean]  Student
oGy 1523 1518 1518 1469 1344 oGy 227 225
EBS 16.45 16.38 16.38 15.66 13.54 EBS 163 161

Ovesen Schneider EN1990

[Mean]  Student Ovesen Schneider EN1990
201 14 [s[ch's 50.48 49.87 49.87 43.68 28.10
146 107 mBS 37.58 3715 3715 31.94 19.04

4. Unconfined compressive strength (kPa)

5. Undrained shear strength
from UU test (kPa)

6. Undrained shear strength
from FVT (kPa)

[Mean]  Student Ovesen Schneider EN1990 ° [Mean]  Student

Ovesen Schneider EN1990 [Mean] Student  Ovesen Schnelder EN1990
oGy 2257 2175 2175 13.50 -7.26 mGY 1506 1458 992 -182 BGy 1391 1343 1343 885 -275
mBS 3897 3791 37.91 2482 -759 mBS 2448 2383 1567 -450 EBS 2940 28.42 28.42 2067 067
o 8. Coefficient of consolidation for vertical 9. Permeability for vertical direction
7. Compression index . ) >
direction (cm“/sec) (cm/sec)
0.006 4.0E-07
0.005 3.0E-07
0.004 2.0E-07
0.003
1.0E-07
0.002
0.0E+00
0.001
0.000 -1.0E-07
~0.001 -2.0E-07
-0.002 -3.0E-07
[Mean]  Student Ovesen Schneider EN1990 [Mean] Student Ovesen Schneider EN1990 [Mean] Student Ovesen Schneider EN1990
:g; ;';i :]';; ;';; g':i g'g; @EGY 0.00260 0.00246 0.00246 0.00140  -0.00134 mGY 3.24E-07 3.05E-07 3.05E-07 1.54E-07 -2361E-07
: : : : : mBS 000559 000535 000535 000340 —0.00134 mBS 274E-07 268E-07 268E-07 2.14E-07 761E-08

4.1 BAHHS0| EAXIS 2F

AEASG H(Material Factor Approach: MFA)o]| 4]
ARbgea weulE o] HAR|(X)= AAAA WA
H= AHPgEolt: ol= 4 ()3 Zol EA4A(X)E &
sl H 7:“*r(’}’m)i Lol Fo=4 dojXick why,
Z|&A|4> W (Resistance Factor Approach: RFA)o|A] #]

shpsld shejuleo] tiat AARE 24 ech
X=X/, (6)

7|, FEArE A2 Mede 544 2
& glak B o) A4S nelstel AeE gto
25y 24"t AR AAR O] g T2 4l(partial
value)& AR ), zHzke] AA X7} AqgEo) 22 o
F& MAEA Sl ¥ vIAEAE Lok

o

o

30 E=RLLES =28 N4 M5=

Ttk & 2= Burocode 79114 AABIAL Q= STRAAS
gle) RA5E REARAGS tepd Aol
Case A 2 2B} Auke] st B3et 7
ol Bele WESEI felak dFsEel B
& oheo), ne, sestd o 9 p2Ee AR 5
= stoh BaIwie BRI dste] HTh AukEety
7| adRa} FxA ] A Algsto] E2jolt) Case B&=
T2 359 2SR, til 7129t 89
HAo] x4 ]01] 83}tk Case C= 2 A2AZ

o BeAAS then, AUk Ae] BEAST} LoxT)
2 MFA oA Al 7129 F7)9t Sule] 293
o] B ANelA FA 2719 Bl Fadter.
B el Aukpers AN AAA] 99
AQkE FEASTE G Aol webd, ol7l4:

Eurocode 70)|4] AGslal Q= & 29] ZalstAAbe] <



E 2. St deo et REHEA

Parameter Factor Case A Case B Case C Case C2 Case C3
tan ¢' Yiang' 1.10 1.00 1.25 1.00 1.20
Effective cohesion, ¢' e 1.30 1.00 (17622) 1.00 1.20
Undrained shear strength, c, Yeu 1.20 1.00 1.40 1.00 1.40
Compressive strength, qu Yau 1.20 1.00 1.40 1.00 1.40
Pressuremeter limit pressure, Pim Yplim 1.40 1.00 1.40 7.00 1.40
CPT resistance YePT 1.40 7.00 1.40 7.00 7.40
Unit weight of ground, ~ g 1.00 1.00 1.00 1.00 1.00

Values in bold are partial factors either given or implied in the ENV version of EC7.
Values in italics are proposed partial factors not in the ENV that may be in the EN version.

E 3. F2 HAX MEZY

Parameter Area Mean Student Schneider
Gwangyang 2.27 2.25 2.01
e
Busan 1.63 1.61 1.46
- Gwangyang 16.23 15.18 14.69
(kN/m°) Busan 16.45 16.38 15.56
s Gwangyang 2.71 2.71 2.70
° Busan 2.70 2.69 2.68
Qu Gwangyang 18.81 18.13 11.25
(kPa) Busan 32.48 31.59 20.68
cuu Gwangyang 12.54 12.15 8.27
(kPa) Busan 20.40 19.86 13.06
c Gwangyang 1.13 1.1 0.92
¢ Busan 0.70 0.69 0.57
C. Gwangyang 0.00260 0.00246 0.00140
(cm®/sec) Busan 0.00559 0.00535 0.00349
F52A Case Ao tigt gk}t SEAl Al4bE S48 Als-do] dutAoluy, of7] A= Ths] atebu|E o] 3
olgsto] AANE AgElAom, AokElol QX eke A AR S A wpHE LA =S|
lepulE o] EEAe= 1022 IHEsolnh gk, oA = 9 IHEALS Yoty st} m7iEFAl XAt
AHgE 54 A3 S HE 571 vlad wot Student stk I A, vlusigith HEE 9l 444
Tt Ajol7k Z7] QRS Ovesen WHTh 0Mch e gt ele] ShEze 1 29 Y}
o] AP E|o] A|RkgetA Ao FA3eE EN 1990 Hf AR 4 steFe] ALk g 9 ojgk HA7|E
Woll efst S92 Aslatsck Aute] AP W Fe o AoHE WHF ARA M wol o §HE 4L
T AL 1T S H FARR Y a3 AAA= Aestnt. XA Y ALbA] P& 1.55 48513
3 33} At o, SHAT Aol et S8R A= (q,)
o] Hl(q,/ QF olte] S §AAE A ATE 1Y 3
42 AEHEAM 1. EMX|L} AT X0 25 ZAat H| I} Zro] vttt Student X 2%t ¢/ Q= B
22} 97 ~98%0°f Eofo] Ok A2 gho] AR HE Wi,
A A gt MetgF AES flal 7HE o2 8447 Schneider ®HH ol &J3F gh2 B2 2] 64~66% RS2
B2 o|2o|7l 7|2 Ao £3] AL AT A WS ARl B S 4 Ay
Al A& A-83k3l 3H*J TERES U7 o F A9E vud of FYUgh &%

So|u} A 3
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b=

v H.W.L (+)8.260

MS.L (44130 D.L(+)4.60(VAR)

4.500

2.900 1.000 2500 | 2.800

2100, 90 | 2.400

D.L(+)10.00

D.L(+)5.00

ARMOR STONE

AVG W.L D.L(+)2.00

CON'C BLOCK

(B1.3xH1.3x.5.0)

[ RUBBLE MOUND
(0.015~0. oawi/EAJ]

15 D.L(+)3.20(VAR)
X!

CLAY

D.L(-)3.00

SANDY GRAVEL

J2 2. MAE

4.00

d./Q 2.0

1.00

Busan

0.00

Gwangyang
Student

Schneider

O3 3. HAX THE ¢/ 2 H|
HET. BRI ol L] AZFio] Hhe Hgetu
st ARl wslg 19l 4ol vehiolek Q1R
220} 27|7F28]7) 293 Who] HEeruAslere. 7+
7} 1.821m(mean), 1.803m(Student) 2! 1.617m(Schneider)
2] Student WS FFAL AL Aol7} gl v,
Schneider ®H-& H+x] thH] ¢F 0.2m(12.6%) A Ak
A 3c.

%) s RAA Qo)A e) AR Tle] me HE
Hejeal sk ke Uehd Aolt. 215
Aol 217 1.40m(mean), 1.396(Student) X 1.222m
(Schneider) 2 4] Student H'H-E& HA] HAR]Q} ALY =}
o|7} Qi wWhH, Schneider WH-2 bz djn] <oF

0.18m(14.6%) ZHA| A=t

»

N

=

N

32  E=RLLESe =28 H242 M5=

ofet Kk U BHEXA

t (month)
0 2 4 6 8 10 12 14 16
0.0 & T T T T T T T T T
| | | | |
0.2 Sr(allowable) = 0.3m ! ] !
1 ! ! |
0.4
[ !
06 | | | | |
| | | | |
.08 r | | | | I
| | | | |
Eio} | |
%] | ltetal settlement (St) |
1.2
| | |
14 L | | T |
| | | | |
1.6 | | | | |
| | | | |
1.8 | | | | I
20 | | | | |

—o— St(Student) —8— St(Schneider) —— St(Mean) —®—Sr(Student) —®—Sr(Schneider) —&— Sr(Mean)

T3 4. NI 02 SusYD HEAY 2EEY

t (month)

00 § ! ! | ! ! : :

02

04 | residual settlement (S1)

S (m)

| total settlement (St)

—o— St(Student) —5— St(Schneider) —&— St(Mean) —— Sr(Student) —®— Sr(Schneider) —&— Sr(Mean)

OB 5. AZFET W2 BARL BRI SE(E

43 AE2M 2: A HAXME HEX, F2 S4x=t
LHEERof oet HAZR H|lw



AARRE] A efA ko] —4?1 A 2A EA
o]

AL TEishA g SHolth o5 AAHOE of

o) A GREGAG ABF A2, WEAe]
ot chepe) Aol ojal AAZTE vRFL 23
B A s Qnlle) Sl el 1 Al
oh E 4 2T Hop 0 R Ao guraE A4
AR A AEHUR Fa AAXNE e 2]

o}k A gol5-2 A7) FUst 9o Wuky L2EE 7}
s}t

7} Aol A A8 A9} 2 Aol A AT
Hol AAA o ol AL ¢,/ QE 19 69 H]ﬂé]—?j
ot FFAA(Case A)9] A9 AA A-&4S AGHAA
o] BEglAlgo] ndE ek v|wek ) FFx]of 28]

-

ks

E 4. A HSE thEX|

AP g/ @l B3l 39.9%
44.3% 7V,

s ALY E e

A
)% AP 0.2 AA]

7

, Student = o] H| 5]
18] 31 Schneider Bl B3 111.5% 715F

FAA] @f(Case B)2] 9= ]9
AA o] Bt ofsfl ARt ¢,/ Qoll BIsl 47.2% 7},

Student o o3t EHAA arEAlof| Bls) 60.0% 7}
2 12]3 Schneider HH o] v]&A= 130.0% 7}=F 3}

AP E I mEbA, AR At QoA =

AR X7t 2eHal

e TelE A9l vlste] Hh 260l Theh RS

i
Xl
B
2
o
E
1o
o _,

oﬂr

Qloich. gk ARIEA] 10]4 Boke Aute} fA)
% Aol wxlfzu zmeﬂ E4o] A

Ao ehyt.

7d. ol Thste] Ax|kel
¥ 2 (Case A)2e] 739
ol H3)] oF 2.4%, E3AJo] 11HF
| A= Student ¥ H] 3 3.7%,

Case A (Gwangyang)

Thickness of soft clay(m) ~ (KN/m®) G

3 w (%) e Ce
25.50 15.180 2.7114 81.96 2.314 1.161
Case B (Busan)
Thickness of soft clay(m) 5 (KN/m?) G, w (%) e Ce
50.3256 17.325 2.710 67.90 1.890 0.960

ga/Q

Case B

Schn

Student

Mean

g./Q

eider

0.0

O3 6. ¢/@% AHLHED Hlw

Settlement (m)

5.0

4.0

3.0

2.0

ANAVANAN

0.0

Mean Student Schneider Case A

5.0

4.0

3.0

2.0

1.0

0.0

Settlement (m)

Mean Student

7 7. Hol ALk bl

gzl &
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g 93t &
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Schneider B ol H]8] A= 20.4% 71 IA APYE O
22 Schneider HH-& A QJ5lal= 7l 2 x}o|E Ho|
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34 E=RLLES =28 H242 M5=

2 o 4 itk YEASY 2/ 70F07E FAT W)
5 2] ZFUPRHSFY] A9 Stdent o] 1 A
AR B} A Hol7k GOt Schneider 3
WS BakA) o] oF 12,6~ 14.6% A AVgE ek T
o] AA ANEAS vEe o) FUT 2350l
A A e B8] A A2 o] FopA el LA v
oF Lev| 7} A APgE ik

2 s Jurae] AAox APEHoR 3
g AAN SHX AgEel o5 AAXE ol
ste] 422 W Wtk AN Auk AvH o 24
240z g AANE Heik AAETRE ey
Qe T1e)31 Ake] 4K B Akt Goge] vlstol
L6~174 7hef %3k AO= etk

AFE A BAUYS FAHOE FFHL 0, A
HARS $5EO2 UEl P A WA 3

S en=s 7}

A7} XHE”EloiolC gk E=3h %Erﬁ?l 1%‘1} o] &
Oiﬂi—r 785 Aledlold Wy S
W& F7gstofof qt). Eurocode 7oA+ FAI8H
= o]&sto] SAAE AT Bfol Hla 7hs3t
I AR AAAHE L sto] 20317 o]-§-E ofof
el glck. webd, Agasel 8718 gha
prior values)2 Z3§oto] R} AlF e =2 H43 25
Z|9t 7]¥H(Bayesian Approach)
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Bearing Capacity of SDA Augered Piles in Various Grounds Depending
on Water-Cement Ratio of Cement Milk

T 4 = Hong, Won-Pyo

o] A F’ Lee, Jac-Ho

A & Chai, Soo-Geun
Abstract

The standard construction manual of the SDA (Separated Doughnut Auger) piling method was proposed so that the
resisting capacity of the augered piles could work effectively. 438 dynamic pile load tests were performed on 379 test
piles, which were installed at 36 sites in Korea by the SDA piling method with application of various water-cement
ratio of cement milks. The dynamic pile load test results showed that the bearing capacity of the SDA augered piles
depended on the water-cement ratio of cement milks. And couple of the formulas were presented according to
water-cement ratio and various grounds to estimate quantitatively both the unit end bearing and the unit frictional capacity
of the SDA augered piles. It was also considered that the water-cement ratio of cement milks exerts an influence on
the bearing capacity of the SDA augered piles. The presented formulas were compared with the existing formulas, which

were presented by several standard design codes to design the augered piles.
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Keywords : Augered pile, Cement milk, End bearing capacity, EOID, Frictional capacity, N-value, Pile load test,

Restrike, Water-cement ratio
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,S\‘ne XIH[2 , SE REREE ABAZH Zoinpare R
O | @) | EOID | Restrke | s ip/md) HI (%) (day) (t) HI (%)
1 120 4 5 450~ 477 71~94 7~25 119~234 63~89
2 120 2 4 305~ 463 81~85 14~25 156~253 62~81
3 60 6 3 994~1683 90~97 6~7 45~114 24~44
4 70 2 2 974~991 83 7~12 64~70 40
5 90 5 1 705~1077 83~99 4 69 30
6 120 2 2 1171 ~1547 80~94 5 107~298 32~73
7 120 2 2 583~1176 87~98 16 125~178 40~57
8 80 3 2 423~703 82~98 7~12 69~125 33~35
9 70 5 3 710~1103 88~99 13~64 84~112 43~55
10 110 4 3 489~1140 87~100 7~30 151~236 46~ 81
11 70 3 3 949~1208 78~97 15~16 84~204 44~91
12 60 8 2 856~1568 88~93 13 95~236 49~ 86
13 70 2 - 1179~1642 86~94 - - -
14 90 18 13 566~ 758 77~98 6~22 54~223 26~79
15 60 3 - 1847 ~3806 88~97 - - -

16 105 7 6 560~1532 91~100 6~75 136~196 47~62
17 70 3 1 1499~ 1648 82~95 4 32 14
18 70 4 5 488~ 744 84~95 12~35 109~156 40~57
19 70 11 10 885~1560 74~89 9~12 71~128 36~61
20 60 2 - 533~1802 87~95 - - -
21 110 3 3 644~813 61~ ~10 155~226 46~63
22 70 2 1 1598~1129 79~81 7 100 51
23 110 5 - 1159~1612 88~100 - - -
24 70 7 1 1145~1611 84~98 4 146 73
25 110 14 12 803~1472 79~94 11~14 74~215 25~59
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The Immediate Settlement Estimation of the Improved Soft
Ground Using Bamboo Mats

7 % A" Kim, Woo-Jin 71 % 3} Kim, Yoon-Ha
7 A ®'  Kang, Jin-Tae %] & 3  Choi, Yong-Hwan
7 % ¥ Kim, Jong-Ryeol

Abstract

When the structure is constructed on the soft ground, the embankment is settleed into the soft ground. At this time,
the settlement of the structure is needed to predict. We are using bamboo mats construction only as a way of test
construction. Under this circumstance, using the equation of Janbu and Perloff, we calculated the settlement, and analyzed
the problem, suggesting proper theoretical equations showing the settlement of soft ground using bamboo mat. Using
this equations the settlement was calculated and compared with the result of FEM. The result of the application was
very close to the numerical value and the trend of theoretical equations. Using the existing equations, the settlement

in Janbu’s and Perloff's methods were calculated to be 40% of the actual settlement.
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A Study on Jointed Rock Mass Properties and Analysis Model
of Numerical Simulation on Collapsed Slope

T % ' Koo, Ho-Bon Z % 3’ Kim, Seung-Hee
7 4 &' Kim, Seung-Hyun o] A ' Lee, Jung-Yeup
Abstract

In case of cut-slopes or shallow-depth tunnels, sliding along with discontinuities or rotation could play a critical role
in judging stability. Although numerical analysis is widely used to check the stability of these cut-slopes and shallow-depth
tunnels in early design process, common analysis programs are based on continuum model. Performing continuum model
analysis regarding discontinuities is possible by reducing overall strength of jointed rock mass. It is also possible by
applying ubiquitous joint model to Mohr-Coulomb failure criteria. In numerical analysis of cut-slope, main geotechnical
properties such as cohesion, friction angle and elastic modulus can be evaluated by empirical equations. This study tried
to compare two main systems, RMR and GSI system, by applying them to in-situ hazardous cut-slopes. In addition, this
study applied ubiquitous joint model to simulation model with inputs derived by RMR and GSI system to compare with
displacements obtained by in-situ monitoring. To sum up, numerical analysis mixed with GSI inputs and ubiquitous joint

model proved to provide most reliable results which were similar to actual displacements and their patterns.
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ROCK MASS CHARACTERISTICS FOR
STRENGTH ESTIMATES

Based upon the appearance of the rack, choose the
category that you think gives the best description of
the ‘average' undisturbed in situ conditions. Note
that exposed rock faces that have been created by
biasting may give a misleading impression of the
quality of the underlying rock. Some adjustment for
blast damage may be necessary and examination of
diamond drill core or of faces created by pre-split o
smooth blasting may be helpful in making these
adjustments. It is also important to recognize that
the Hoek-Brown criterion should only be applied to
rock masses where the size of individual blocks is
small compared with the size of the excavation
under consideration.

Smooth, moderately weathered or altered surfaces

SURFACE CONDITIONS
VERY GOOD

FAIR
compact coatings or filings of angular fragments

Slickensided, highly weathered surfaces with
VERY POCR

Slickensided, highly weathered surfaces with

% Rough, slightly weathered, iron stained surfaces
soft clay coatings or fillings

O Very rough, fresh unweathered surfaces

E Goop

o
m
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w
c
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&
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© POOR

£
3
v

STRUCTURE

BLOCKY - very well interlocked

undisturbed rock mass consisting
of cubical blocks formed by three BNG | BIG | BF | BIP | BVP
orthogonal discontinuity sets

VERY BLOCKY - interlocked,
partially disturbed rock mass with
multifaceted angular blocks formed
by four or more discontinuity sets

VBNG| VBIG | VBIF | VBIP | VBIVP

BLOCKY/DISTURBED- folded
and/or faulted with angular blocks
formed by many intersecting
discontinuity sets

BD/IVG | BD/G | BDIF | BD/P |BDVP

=3 DECREASING INTERLOCKING OF ROCK PIECES

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass

with a mixture or angular and
Tounded rock pieces bDVG | DIG DIF DiP DIVP

72 1. GSI Chart(Hoek and Brown, 1997)
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Texture

Rock -
ype Class Group Coarse Medium Fine Very fine
SEDIMENTARY Clastic Conglomerate  Sandstone Siltstone Claystone
(22) 19 9 4
—Greywacke—
(18}
Mon-Clastic Orgenic —Chalk—
7
—Coal—
(8-21)
Carbonate Breccia Sparitic Micritic
(200 Limestone Limestone
(10} 3
Chemical Gypstone Anhydrite
16 13
METAMORPHIC Non-foliated Marble Hornfels Quartzite
9 (19 24
Slightly foliated Migmatite Amphibolite Mylonites
(30) 2531 {6)
Foliated* Gneiss Schists Phayllites Slate
33 4-8 (10} 9
IGNEQUS Light Granite Rhyolite Obsidian
13 (16) (19)
Granodiorite Dacite
(30) {17
Dhorite Andesite
(28} 19
Dark Gabbro Daolerite Basalt
27 {14) {17
Maorite
22
Extrusive pyroclastic type Agglomerate Breccia Tuff
(20} (18) (15)

#These values are for intact rock specimens tested nommal to bedding or foliation. The value of m; will be significantly different if failure ocours

along a weakness plane.

J2 2. 2450 e m Ztel 2F(Hoek and Brown, 1997)
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T2l 3. HijAEe|RHAM M2E= 28 29AM(FLAC Version
5.0, 2005)

rmsenansara= Wohr—Coulomb

Ubiquitous Joint

4.0 +«—— Limit of elastic behavior

STRESS (MPa)

60 1

40

20 Stress to mobilize rockmass volume

T T r

T i 1
STRAIN x uu‘“

13! 4. Mohr-Coulomb 2En} HxfjEa|REo| X[O|(Clark, 2006)
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GEOLOGICAL STRENGTH INDEX ] é 2
£ H
From the letter codes describing the struciure € 3| 25| %
and surace conditions of the fock mass (from 2 ] 3| 28
Table 4), pick the appropriate box in this chart. 8 2 s g5 §
Estimate the average value of the Geological £ £ s EE| ¢
Strength Index (GS) from the contours a| 8| 5| 28| z
Do notatemit tobe too precise. Quotng a 3 s| B 32| 3
range of GSI from 36 to 42 is more realistic 5 =) H H H
than stating that GS! = 38, o & b £ 5!- g
g H HIRLE 5
<] 2 = =
El § 5| 3| z&
gl = 2 5| 58 8
5l .2 | 3| 22| =£
slss| B| F| gilsyE
488 | = E| 358|838
£| 22 | 95| .5 |<2E|225
gl gz | 98| 28 |88E (k32
2|48 | 8&| 25 [278/95%
STRUCTURE DECREASING SURFACE QUALITY £>

‘ BLOCKY - very well interlocked

) i orthogonal discontinuity sets

D3N

VERY BLOCKY - interlocked,
partially disturbed rock mass with
multfaceted angular blocks formed
by four or more discontinuity set

BLOCKY/DISTURBED- folded
andlor fauited with angular blacks
rmed by many intersecting

discontinuity sets

30
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<3 DECREASING INTERLOCKING OF ROCK PIECES
8
Y

DISINTEGRATED - poorly inter-
Jockad,hesviy oken rock mass
with a mixture or angular a
founded rock pieces /
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RMR A|AE GSI A2
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Correlating Undrained Shear Strength and Density
of Silt with Shear Wave Velocity

2 A &' Oh, Sang-Hoon b %F A" Park, Dong-Sun
A A % Jung, Jac-Woo b " £ Park, Chul-Soo
&5 o 2’ Mok, Young-Jin

Abstract

Recently, a new seismic probe, called “MudFork”, has been developed and can be utilized for accurate and easy
measurements of shear wave velocities of cohesive soils. To expand its use to estimate undrained shear strength and
density, a preliminary investigation to correlate these properties with shear wave velocity was attempted. Cone penetration
tests and a seismic test, using MudFork, were performed at a silty soil site near Incheon, Korea. Also, undisturbed
samples were obtained using thin-wall tube samplers, and the shear wave velocities and undrained shear strengths of
the samples were measured in the laboratory. A simple linear relationship between shear strength and shear wave velocity

was obtained, and a tentative relationship between density and shear wave velocity was also defined.
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Ko Values and Shear Strengths under K, Consolidated Triaxial Tests
According to Matric Suction for an Unsaturated Soil

A" A Kim, Tae-Kyung
e A B Oh, Se-Boong
Abstract

In this study, the behaviour of an unsaturated soil was analyzed by performing Ko consolidated triaxial tests.
Unsaturated triaxial tests were performed with matric suctions for weathered soils and stress paths under consolidation
and stress-strain relationships under shear were obtained. As a result, the Ky value decreased as the matric suction
increased. Besides, both isotropic and K, conditions had similar shear strength envelopes at the same matric suction.
Especially, strength parameters could be obtained by stress variables used in the critical state theory more reasonably

than by those of Mohr circles at failure.
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Performance of a Chimney Drain in Reinforced Earth Wall for Reduction of
Pore Water Pressure During Rainfall - a Numerical Investigation

+ &= A Yoo, Chungsik
FAR I Kim, Sun-Bin
Ay A Jung, Hyuk-Sang

Abstract

This study is concernsed with the effect of a chimney drainage system installed at the back of reinforced soil block
on preventing the pore water pressure development. A series of finite-element analyses based on transient seepage analysis
were performed for a number of cases with different patterns of the chimney drainage system. The results were thoroughly
analyzed to get insight into the mechanism of pore water pressure reduction effect of the chimney drainage system.
It is shown that a vertical drainage system installed at the back of reinforced zone can be an effective means of
maintaining the wall stability during rainfall by preventing pore pressure increase in the reinforced as well as the backfill
zones. Also shown is that the optimum height of the chimney drain is 50% of the wall height. Practical implications

of the findings were discussed.
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An Analysis of the Settlement Behavior of Soft Clayey Ground Considering
the Effect of Creep during the Primary Consolidation

W ' Baek, Won-Jin ¥ M Matsuda, Hiroshi
z] 9 A’ Choi, Woo-Jung 72 % 7]'  Kim, Chan-Kee
% ® ¥  Song, Byung-Gwan

Abstract

This paper is performed to examine the effect of creep during the primary consolidation and the applicability of the
Yin’s EVP (Elasto-Visco-Plastic) model. In ordinary consolidation theories using the elastic model, the primary
consolidation process can be expressed but the secondary consolidation process cannot. It is due to the viscosity, which
can express the secondary consolidation, and is sometimes related to the scale effect (difference of the thickness of
clay layer between laboratory sample and field condition) such as hypotheses Type A and Type B shown by Ladd
et al. (1977). Usually, the existence of the creep during the primary consolidation has been confirmed and the Type
B is well acceped. On the other hand, from the large-scaled consolidation tests the intermediate characteristic between
Type A and Type B was proposed as Type C by Aboshi (1973). In this study, to clarify the effect of creep on the
settlement-time relation during the primary consolidation in detail, Type B consolidation tests were performed using
the separate-type consolidation test apparatus for a peat and clay. Then the test results were analyzed by using Yin’s
EVP Model (Yin and Graham, 1994). In conclusion, followings were obtained. At the end of primary consolidation,
the compression for the subspecimens should not be the same because of the difference of the excess pore water pressure
dissipation rate. And the average settlement measured by the separate-type consolidometer coincides with the analyzed
one using the Yin’s EVP model. As for the dissipation of the excess pore water pressure, however, the measured excess

pore water pressure dissipates faster compared with the Yin’s model.
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CHEX[EIS] Ratges Helo WE BkdAl+ BIIE flet
VPPE-BE Al AIAHE JHE
Development of VPPE-BE Testing System to Evaluate Modulus

under Post-Compaction Variation in Matric Suction
for Unsaturated Compacted Soils

o] A &' Lee, Sei-Hyun A A’ Seo, Won-Seok
F o &'  Choo, Yun-Wook 7 % 4 Kim, Dong-Soo
Abstract

The volumetric pressure plate extractor (VPPE) was modified for the measurement of shear wave velocity (V) at
various levels of matric suction as well as soil water characteristic curve (SWCC). A non-destructive technique with
a pair of bender element (BE) was employed in order to measure the V; and the corresponding maximum shear modulus
(Gmax) of unsaturated soil specimens. Three types of soil were collected from different road construction sites in Korea.
For all test soils, the variations in Gy, with the various levels of water content and matric suction were investigated
using the developed apparatus. Compared with the preceding results from the suction-controlled torsional shear (75)
testing system and in-situ seismic tests, the feasibility for evaluating modulus characteristics of unsaturated compacted
soils with the developed VPPE-BE system was assessed. It was confirmed that the newly developed system would be

potentially helpful in modeling seasonal variation of modulus.
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Keywords : Bender Element (BE), Matric Suction, Maximum Shear Modulus (Giua), Unsaturated Compacted Soil,
Volumetric Pressure Plate Extractor (VPPE), Water Content
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The Effects of Pile Installation on the Reduction
of Cumulative Plastic Settlements

°o] 4 &' Lee, Su-Hyung o] o 3} Lee, [I-Wha
o] A A’ Lee, Sung-Jin 7 9 A Kim, Dae-Sang
Abstract

An active application of concrete track is being expected for the future constructions of Korean railroad. In comparison
with the existing ballasted track, a concrete track is very susceptible for the settlement, since its rehabilitation requires
much time and cost. When a concrete track is constructed on fine-grained subgrade soil, excessive cumulative plastic
settlements due to repetitive train road may occur. In this case, the settlement of the concrete track may be effectively
reduced by installing a small number of small-diameter piles beneath the track. This paper presents the effect of pile
installation on the reduction of cumulative plastic settlement of concrete track. A method combining experiential equation
and numerical method is proposed. Using an existing experiential equation and the estimated earth pressure distribution,
the cumulative plastic strain was calculated. From the results, it is verified that the effects of the pile installation is
significant to effectively reduce the cumulative plastic settlement of concrete track. The reduction effects of the cumulative

plastic settlement according to the pile number and pile arrangement are presented.
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