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SYNOPSIS : Several major land reclamation projects such as the Inchon International Airport
construction, Songdo New City construction, LNG Tank and LPG storage construction are underway
along the coastal line of Inchon in Korea. This study was carried out to investigate the feasible use
of waste lime in the land reclamation projects. Waste lime(hydrated lime) used in this study is
produced as a by-product in the manufacturing process of making Na:COs from local chemical
factory in Inchon. Laboratory and in-situ test results for the ultimate bearing capacity of layered
foundation soil by dredged soil and waste lime are presented and compared with the theoretical
ultimate bearing capcities. And also settlement analysis result for the charateristics of settlement of
layered foundation by computer program (Magset-II) are presented. From the laboratory and in-situ
plate load test, the ultimate bearing capacity of in-situ test was 1.25~1.35 times higher than the
theoretical ultimate bearing capacity. Also the critical nondimensional value for the waste lime depth
against the total reclaimed depth is about 0.2 based on the laboratory CBR tests and field plate load
tests. Based on the settlement analysis by Magset-1I, the total settlement of layered ground were
steadly increased up to the ratio of waste lime depth 0.2 and therefore rapidly increased with the
increase of waste lime depth. The results of the present study indicate that the optimum ratio of
waste lime depth for reclamation work is about 0.2,

Key words : Waste lime, Dredged soil, Column test, Ultimate bearing capacity, SPT, Settlement,

1. ME

FHrEy mygoes Yoy EAE FHHE Y 1960d T HHAIYAARE AFE TG
2, oA, AEA A4, dFH, 3EIHE T& A8 AIHHEE s AT 25Y FEE YPALS
o dgs AAdFer 49 FEA R gAY FEHE 23] Ast] HfAefEAId o] LA F
deojAn givh detHoz FHAWHIT YA ALEsts WHEALE AMHEAE F4Wd e Ao
Vg o]l g Aol AP A F& st FFFHEANA FAHeE ¥ F s ARE AYsE 3o
Falolth. AAFAT ] Fex @G EAE adE FH3Y AMSsta len, A fYHFTAL
7b APFA FEAEA, LNG AF71A R LPG AZFAEEAL, &F2FT A TAL FACH)AE A4
TAHE RS WEIAAGAME HAEAE 22 FAstY AHEstn Ao a2y ddFe=
gx o] s} HolYol wat FAHWYE Wo g 1 EFE Fudeds o7 7Hx oH sl U
of FEFE AL F Jde AAHY HE Mgl Y3 275 Ut

2. AFUYS ¥ HY
B A7 HA2E Boste] oA HENIAZ FEAUE A% A WA 80 viAE JYg
2287 #5to] Column Test® UAstel THES M8 A % FAPHY S50 @ JBE

—359-



Mg ANRgen 1 A4S @9 BARAYY JEASH L - 2ARYT F AAZ Y T o
HHE 230 AAY 2 FHEHS Gohny) 95 ANNs} FUEE ANNZ ) vy S|l
gel JUEPUYTH FRLPEFVAANY, FRARADE ANAAT £ Aot TzaRe
g3l 2 39 PAYR AYHF APYY =] Be F YFL v - BAS

3. A9y
3.1 EAX A% HIL AMH

AN E HAAEANR o]l&3t=d BAHE FHAA JAL dolrr] Y8t column testE: F 3
LA T ARS EASYY AddE EAEY FHE HA3Y ulgo] WY w Zztey A
$oA B E BFRSFE ARE ARSSHEY 9489 29 31~29 332 column testE 93 43#
219 MFEEE JEld Aolm ® 312 AlFAH2 Columnd T4 verd Aot

e N 1 aoc cum oo us

FH e F =gy, 0
<tr — AWM ste —p WS

%§§¢if: * %Qi-’v’ﬂ“i?
e v
¥ 31 248 £% Column(A-4 a)<¢) a9 32 €45, H43 Column(A- 8iS)
I
%—J—_‘r ¥ 3.1 Column9 +4
2+ 22 H Ol K ?
I _ g 2301(%) | M
FHE B33 FHE | Adns
AN B 100 | Aawms |
WA/ FHE FHEF 5 A} wff <=
Geo-texi AME/ENE 2RER | 10 | Adws
- B3/ EHEFHET 15 AL Al
%’Q% o AMds/EHE 2REY | 20 | AQus |
tﬁl“ /FHE 2HEFH 33 70‘1“3“1

a9 33 % Column(ZHA ul <)

3.2 EMES HAE 2| A

W8 2HEL VNEEANGS AAGReH A4 54 B Astd 3 10%, 20%,
30%2 gAANde AASgen g, FAX T BE ZELP aRE IS s d=4
2RENEe AANSET IEGEREAPL AT NN EPwe ERES FAIF @ 10%,
20%, 30%2 FPon £ AR B FESHe WHE FMRT] Astd FAdT 14, 3¢, 5
o 8Y, 119, 2890 AR AEFEAEE FASGAS 2 EFE A& A4 2= Yotr 7] 9



3t dUHCBRAIE S WH3le CBRAEE &340t 29 349 o) HA 3% WYPAEY 02, 04,
06 o et EEE FAse UYL AL ANH2Y HPURE ANHZ FADLE A5
HAS) SAELES+ANNE, HZ e Zolt)

E 32 ARy ue FH B gy 7 S
Z2FE|AAM I Z/AA 2= FH /// EE!: izﬁcm
(9 AL =1 o/l S T Z;:‘?*é‘ //% T T L

AEEF (L/H)
= )
Test 1 0 Nsntl W [z
Test O 1 ¥ A 3 o 12(':;"‘
Test O 0.6 1:3:11
Test IV 04 1:2:2 ' TP
Test V 0.2 2:1:2

19 34 4 CBRAIESE 38 74 245

3.3 EMEQ} HAse #MEAH

AGATEELE AAFIA G7AA FLIETHE) ok RS AL AT APAFT ABE =4
EE 10tonEY 100EHo] AMEHATE E3 HAAM3 = ANadge Aesigdad A9 2L A8E
10tonEE ShEFo] ALEHATH AFAFT dFY HA WAL 5008 HE Yololw z} AdYy uigy
AL 1A F Aol 1.2m, F 2m, ZolE 6~8me AA7I1Z Y$F7] Solar 130 W-TI& AM&3l4
=& At AWAE Z2AE g e g Z}Zte] 44X o7t 12myt HEE gy dF AN =
AT a9y 359 #on ke FAAAIue] FAL F 334 e ulsl 2o ZF 24A6e AL
2524 257 9E(5HP, 5800rpm, weight 83kg)E ol £3l9 Zt £ 353] Y$Eo e HA A
HAAANGA T HIEE A8 A8 FZIHFH AEH F ZAXNEHIA Drive ringE A3
HAGYAFTH S SFAHINIY AFAT A DHFFH YU = F 3494 B vpeh 2o

tHold o] AXHWUEE 1238g/cm’~140lg/cm’e2 HYAZRDE ) 79.36~89.80%2 HAA thdo)
HALE I Ak 719 o] AJPAIFE Aute] dig AESAHYP R FHAA A FYH SPTA
He AAAT. 29 362 HAAINAEE A vHEFANARAE JEPA Aol

—

|-2m.|.2m2m 4 2m  2m, |

:I:Zm
4= oYE

a9 35 APAF Y AN BAHE a9 36 WEEF AFRA BN

—361—



¥ 33 S4ANY A= @ T4 wE LW ® 34 F AT ENE 2

72| Ha8Ze 2724 (m) . ] N '_
DH‘E/‘JEH] %@E/ﬁ]’—‘iﬂ/ Slte NO ‘317‘4"3'?4'6‘%*(7& ﬁ;ﬂ-gf’:ﬂ](%)
Site No: L  EHE/HAS
e (A4 d=/AN 2 A-1 1.369g/cr’ 178
A-1 0.00 ZHE 12
A-2 1.401lg/cm® 18.7
A-2 050 03/03/03/03
A-3 1.238g/cm® 1
A-3 0.33 04/02/04/02 g/cm )
A-4 0.17 05/01/05/01 A-4 1.338g/cm’ 184

3.4 &t

o] A9 At A& T2 YL Schiffman(1980)e] 7Hed MAGSET-I(MAGnitude of
SETtlement)olth. MAGSET-II& FAE & RIAER o|Fon Z4ARY A AAFE F 52
o223l Za2adoeltt AP ESY FEEHLS Terzaghi®] YxY ddol&d AT Y A& HAEQ)
gEzigs 7h3Y) £ W3 Lo i AL TN T3, vHAESY] JFe TUANB (@) 2
FZBYNINRE AFRAAL ot ARG} A $Tuigx e AAA S o] &atd T4
stgom AutpAd e a9 374 verdulsg #o] HdEuPEnE A4 $E208EX FFu P Tm=E Al
Asact AEMED Tm F A2 mj@4Axr] 00, 01, 02, 0.3, 04, 059 3 AL HHe
w AR EXdbe] 3 QS FEBYAIEA 9 Nat#d 3@ E ol &sAd 7 38 ™€y
¥ 35004 B upe} 2o

Depth
( Y . THEH | v |enzE |,
]_ 242 . | TTE e (m) (g/cm®) R
Hun e
m — TAHE =2y Ll 1.336 Nzt
danLUES cL-mL A 3] HE W 1.187 e-logP
15.5m
uung ganN=1 HeAFHE | HE 85 1.803 | e-logP
23.4m =
HAZF = 79 2.000 Nzt
?_‘g‘ a3 N~ 500i4 ?:]-
incompressible 03_ oL = B 166 2000 N%l‘
- 5 g

a9y 37 A3 AN A

4. dHdA R EY
41 2& % TA5A Y2EM AF

HA3 S A% HPAZ AL AS BAERAE EFBARAY, 7| EAN, dd2FEd
So] Qg 0% AGedBYWe] /M dAsE B AToME AFedddgd 4 ek 2%
A2 Hasdn § 41 sFegdueydos drg fYuE HerlEe debd Aotk WA Cdel
A% £247 2 WEAPe] dn A HEo] FX ol NEel AP Ao Uehgod, Cud B4=
ezAYe A FAEY A FUHORE 00149%pm AP Rez dEigm AN Hes
0.0075ppme. 2 U} 4] 71Fd] Age Aoz vehgrh Ase) 7 -$E 0001~001lppme) §o2 viebd
o} 7)Fe) HANA Eaks oz Ut A Ao dehgow, Hgd Z$E 0~0005ppmo =2 e
U v)1Ze Age Roz yEhgth Pbe A$E 0-0058ppme 2 et Z1Fd Ay Aoz UEge
o Crfs) A$E 0~ 00005ppmoE LR} HA] 71Ee] AFF o2 vEhdth £3¥ CNe| 2= o

- 362 -



Al AEo] M HAGgol 7IEod H{T A2 YEEY ¥ 36 IS dAY viE AYUVIE mg/ L)
So2 JdusAPd g FAEE AEHEY, Ad

s} CN3t Cde A8 7Eo] A%}l 7)) Hga Aoz TE 27 & | N7 E
Uelon Asel A$E TAEE 0~0.043ppm, A8 2 5001 3}
9] 7%= 0~0.015ppm, 5% 75 0~0.007ppm, 15%<] AlRISH B 10] 3} 1] &

9= 0005~0012ppmO.2 UEY 71%d] Hgs oz [ I8 T L AWE | 20ld | 200/
Geptod], Hgel A4t FHES A% 0~004ppm, 2l o= S HHE L S0 | 00ls
o) Ao oo o . 72 E= 2 3F¥E | 3918 15013}

15%9’] 73’?“\; 0008“'0015me9.§ L}E}L} 7]%0“ OOSppm o T I IFE | 0.0050)3F | 0.05°] 3}

oz yspglo] 2 7)Fd HFE Aoz gy, Crty 719 3%E 103} 1°] 3}
A= FHES AL 0~0.306lppm, ZAAWFS F$- 0~ 4 EE I 3%E | 0598 59] 3
00433ppm, 5%8] G 0~00318ppm, 15%¢] A% 0~ |-oo L ABE | 1ol | 1099
00163ppm e = e} 7)Ee] Aget Ao etk Cu e AL L
o] A= FHEY ¥ 0.0315~0.364ppm, AT A PCB 0.003°]3} | 0.03°]3}
2 0.0013~0.26ppm, 5% 2<% 0.126~0.602ppm, 15%) 2 =5 5olal | s0°la
2 0.101~0513ppme 2 UER} 7]Fd] AP Aoz e
G oW Phe A= FHES AS 0~00957ppm, AAMST H$ 00504~0.0876ppm, 5% A 0.055
9~0.0824ppm, 15%9) 7% 0.0559~0.0865ppm e 2 YEY 7|&e) g Aoz dehgct Znd] A$E F
HNES A 0~0173ppm, AA e A$ Oppm, 5%9 A$ 0261~0343ppm, 15%9 2% 0219~
0.302ppm e 2 YERY} 7]F0] H§3 R o2 e
4.2 M /EMES] MAUEHANEH HH
4.21 Mo =MEQ JIBEHAH

o] AT AlgE FAES A EAHLS E 429 vehd uigl 2on AYEEY dFES JE
A FAEe] gloEE EUYREH(USCS)Y £F71ER SM, & JERZI F2] 28 dEA 2]
o wme WA s AEXN FYER AFEANYER JHY IHE FEQ Kaolinite F LB ESS A

@ @2 Ueidch ¥ 438 A4 oY 548 verd Rl

E 42 FHES FEHEA £ 43 AN IRHER
A%yl wy = 16.20% AT, wy, = 59%
H]%‘ Gs = 215
8 F, G, = 263 -2
1%, G AR5 A, LL - 63.10%
25AT, G = 563 A4, PL = 5150%
_E%%}“')I:, Cc =134 5:)\6]/—(],{[:, PI = 11.6%
HYAZLE, 7 amax - 1.686g/cm’ 4%A4, FL = 574
H Y], wor = 1562% BAHE A = 046

HAYAZYE, 7 dmax = 1.189g/cm’
H AT, woe = 39.70%
A2, ¢, = 050kg/cm”
Feiadd, ¢ - 452 5o A%, k - 270X 10" cm/sec

No. 200 =343, 32.73% No. 2004 533, 97.46%

o - A TA, ¥l

Eadd k= 1.2%X10%cm/sec

4.2.2 HM3/EMES Ol % ZENH AR

Same] e chgAddaE E 440 e vt gon a9 418 SFFAE
Mo Bgust Zoige] weh GARM) 2% HVoz oFYL & F AUtk TIEH
= zola HoAzREE FasE A4S Yt

1~

vhebd Aol
3

H g

- 363~



E 44 Ev)d & g3 EH B L B

E ) . . . =T |
4y = 10% | 20% 30% gL
2 |

APAZLE(g/em®) | 1515 | 1510 1.504 T 4

198 — ﬂ
A grn(%) 20.62 21.05 2145 ¥

130 PO S S S 1 A
\_ ) “Molsluregoment('/o)” *

29 41 AN EFA Be HAIA
ANFs 2HES THHAL W) TR ANAA] BE ASYZIAEAY AAE 1Y 429 43
of 7zt UEbd wbsh Rk 29 42004 B uke) Ro] z7]e 4EFAEE SANAL fwd FAS
woltirh 119 HE 28Y Afole] 4@d A YEFREY FHEE BT FAYS TP me
Ao W58 n2d By RE FAGANN SR 20%t HAAFYEAE @S dehuisic

o8 T T 1 T 0.90

=
.J—U .y

T
A

030

Unconfined Strength (kg/icm ™ )
Uncomfined Strength (kg/cm )

3/

T

20 ' 25
Mixing ratio (%)

L " 1 "
0 20,
Curing days

29 42 E¥uld e YSYIAEIA a9 43 FAYY GE ASFEREDY

4.2.3 HM3/E=ME2] CBRMY A#

FaEs YA FHY 2N HPHEN R FFH %E CBRAL F 45% 2tk obd
of UM CBR@ES YAl CBRIE AHAsh: W9 CBResS CBRso® Mlwste] @& Froloh
HE A HPAEN 0N E BEIFOE AE T £ ALE eF AT 28 445 AN
guEuel e CBRZAES WHste) BAS Uehbd Rt

2 M

% T T — T
¥ 45 HA 329 wjPAEH g FFA WE CBREA® " [ rvie erwaete ime seren ]
37E z it yd
> [« :ll LS UH % CBRQ 75’-%— E 20 : - B
)\]Ig /}:’IEB] %':?-AE)‘ E’ —le— LI -8
(%) tﬁ% Z —— M-
F (L/H) & J
Test 1 0 FHE 2141 | RZE7|F g ‘
Test O 1 74 3 424 | =AE § 10
(FHE/AI/FHE) t
Test M 0.6 1/3/1 456 | =AE
Test IV 04 1/2/2 892 [RZ7]F 0 : :
Test V. | 02 21/2 1243 {nEnF| | 2 comont (b1 .

a3 44 HA 3% 9 CBRZZS w999

~364 -



43 HZBANEHHEA

431 EEAAANE

AFAE Autel e FEBYAE 2A4E wgos T3AREY) (ML Meyerhofsh Parye] Ay =
o] TSt on HAseg Ange Meyerhof, Schultze, Bowles®] Z&@uAg2e ol &3t &Yt ® 46
< BEHYANE 2AE Yehd Rolw 1Y 459 1Y 468 A E AFATHL Jed Rol

£ 46 ZFBAAN G
~._ Site No. EZBAAY Nzt A-1 Siteq] A% FAHE AP THeASE

o LH) | A-1 A-2 A-3 A-4 7~9312 73 A JeEygton ¥ X 3] 9 ufl 3 4]
E}agg\ 000 | 050 | 030 | (020 [ =FI7F ARFE Ngte gastes Age yey
0.6m 7 5 4 5 At 28 459 469 p= uke} o) mA g
— P B — o WA FohesR Pagel 2rsa
~ o8 AAYe BaAQA ARds A Ha

0.869cm~6.93cm7tA] M 8tst™ Meyerhofe] 28
HANE ol &% A9 7% 2A SAFYY. wiw Schultze®] ZALAAe) & gho] 714 2a x
50 Bowles?) WA Ae] 9% gto] Z7gre e A8 ¢ Ha 06kg/cmi~
367kg/cm’Y) WS YEUAT Ngte o3 e o2 27 A Hzko] Meyerhofs) =Apx|ut
AAHI 2L o] 3t £&3 o] 8H XX Hgtur} 205~1.459) ZHA el

r Y AL N S Ratio of lime depth

NA —¢— Theay :.00 0.10 . 0.20 . 0.30 : 0.40 0.50
5 —— Pary'ssmpical oq ! ! I I
> —@— Meyertiof's erpirical oq
rd
% 40 2
8 —
-3 £
o L
o -
£ c
& g -
@ 20 @
F-3 E @ Meyerhel s smpirical Eq.
g g - ~4)— Schukre's smpirical Eq.
£ ~A— Bewles’ smplical Eq.
k4 s |-
5

pol—a 1 [ U L

000 010 020 030 040 050
Ratio of lime depth{cm) B 4 | : 1 L 1 . 1
19 45 N#HE o] &8 AxE¥s T 1Y 46 Ngtg o] 43 Fsizwgan

432 HEQRMAE

TH 47 TY 488 A-AF Aol i FAARAY dAE uigos IexY Watel xJubul
HAT Mg el gtk F¥AAE B AN B AAHo] ojgHoz vaw Ay
el vle 1.25~1379 3A AAHAT 018 AXHL Bk 2A MR o]f= )2 YaA L
e FFoZ 72BN @
GHEZA ] AE7 HoFo
2 IAY A& B FASF
o 27t b5 o) A
Vona o 11 o7t 24sE Aoz muy
T o 28 4794 HE upe}
o wiEAENI} 020]4] =

$ IRAY] A i

Coefficient of subgrade reaction (kg/fcm *)
i
Ultimate bearing capacity (kg/cm * )
L

0.2 0.4 08 0.0 0.2 0.4 0
Ratio of waste lime depth Ratlo of waste lime depth @-% ?___}-:‘I: 9}\ r_:]_

aY 47 SEAA YT A I% 48 ARt A dsta A

- 365 -



=g 1Y 482 4812 vjPAEne] mE AL wERAe Uehd Rojth ukuke A
T MHE XA AHG FASA AAZ YA 02018AN FAS dadeh TUEG ¥
A A-17 AN Z9) PR 0179 A-49) BIAYETR ARHE AAss Ad e pe U

BT, T

4.4 Astold AR

et A gkel] g FHF AP IAE F 479 e ubek ow 39 4994 ®iE upe}
o] #HM3F vPAEH BE F I W= FERXAHo L AutwtE Az Wt A
HAEY 02014 FASA FaFel Frtste AEE BAth £ Meyerhofe Schultze) 723
wtA Aol w|s D’ Appoloniadl] 98} AR & H3tEFe] A ALA ‘
2E ¢ T Ao

¥ 47 AP} 15 (AAEARE, cm) -

Rk H

ST 000102 03| 04/ 05 :
D' Appolonia  |1.915]3.643]5.940| 8.971 [12.919]17.988 r -

Meyerhof  |4516|6.244|8541 |[11.571]15.410] 20.200 L
Schmertmann  |5.404|7.132]9.429112.450|16.261| 21.114 """ Ratioofwaste ime depth
29 49 PR T BE & e
5. 3=

1. #4389 PR o]fol oI B nXE Fae AP H =A EA7L HolA uhe
A27F glom AutEe ARNELS Fgete B o FHE HAY 2AEFL AAFE A HA
Eggo] 10~15%A =) H$7t BEFo) ol HPE Ao wodh

2. AP WE THANAHGL A4S mfPAEY 029 W 584kg/cm’e R FAHEA W dia
o 10% olate] TAANAY AL VY F YoM 2 AFHL ANZIANFES BFHs} FA
3 AR Bgn

3 AetEd TR & 29 FaFy F JSFHY a7 ANIZ ofPA=w st 02€ o 2
7o) AU wa Azt Ho) 943cmOE AZVETFE AARNZ WAY HLAFF 10c
m~15cmelst2 #EH 5\’1‘4.

4 @ REMAA FHIE ALE FLdAN AQHE A HFAZ AT BS, ANEHG AEAE

o HasE 5 Y HAEEe P EelE 020t

gy

1 D’'Appolonia, E. & D’Appolonia, D.J., (1970), "Use of the SPT to Estimate Settlement of Footings
on Sand”, Conference on Interbeded Sand, Perth, Australia.

2. Schmertmann, J.H., (1970), "Static Cone to Compute Static Settlement Over Sand”’, Journal of the
Soil Mechanics and Foundations Division, ASCE, Vol 96, No. SM3, pp. 1011-1043.

3. Meyerhof, G.G., (1966), "Shallow Foundation”, Journal of the Soil Mechanics and Foundations Division,
ASCE, Vol 91, No. SM2, pp. 21-3L

4, Terzaghi, K. (1923a), "Die Berechnung der Durchlassigketsziffer des Tones aus dem Verlauf der
Hydrodynamischen Spannungserscheinungen”, Sitzber. Akad. Wiss. Wien, Abt. Ia, Vol. 132,

— 366 —



