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Characteristics of Secondary Compression of a Clay
— On a Marine Deposit Clay in 'Samsan’ area, Ulsan -
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<Abstract>

The organic clay is widely and thickly deposited at ‘Samsan’, Ulsan. Usually the
soft soils are settled - continuously due to self-weight during a long period. The
long-term settlement depending on the time has to consider the effect of secondary
compression, In this research, the secondary compression characteristics of the soft
clay has been analysed from the results of standard consolidation tests with the
undisturbed samples.

The test results of the 'Samsan’ clay has been plotted at the upper part in the
Mesri’s chart so the effect of secondary compression could not be ignored. The
secondary compression index, €, has been increased linearly with the compression

index, C. ; C,=0.049 C.+0.0017 . And the ratio of the swell index and the
compression index, C,/C. has been ranged from 0.1 to 02. Consequently, for

prediction of the settlement in ‘Samsan’, the effect of secondary compression has to he
considered

Keywords : organic soil, settlement, secondary compression, Mesri's chart

1. A &

E A9 Ak Ate] FL B3 I/ YA o) 1 AFE FAHY ez waly)
b A gon, 1 %dE chekdlth dubd o g JeokAute] fje] &3 Alzto] 7
dgtel wel AEHos WAL 53] vzt E SN HARES WYES L Ay A
o} 3hFe) Fotel wel QAauieke WHo) At AA AA TP, olHE F7H
o2 fEEE A AEL oJAAFAHEY Fefo] Fadtth

Terzaghi® 12H¢ D EL Ay UdUEs F4AE &7 A3 T&F#H A
B9k AFSE R T3] 28y, Terzaghi®) YR EL ojAHel 714S 71X o
W, Aokt Mgl AEY FEEEFZE QT H3Y AR oAtEHe FFE FAE
= Ago) glo) AAlY A& dXFA] Y A97t Bok Terzaghie] o]&o] ¢EH
olF BL SAF gt AR FAXNFEHR FEFAF(C.)Y FRBAAS FAR &
A7k A= AT

o1 T FAHAA, T4 A Wi HAA BEE SHYHAHFEA HEHA piezocone
penetration test¥ standard penetration test®] @A EE Fa3G[1], o] A M A
F BRBANERZ AUdAN 5718 L 4EEFH, EEEEAE 5 29 - 984 Ay
g AAF. AgY AaE £4359 §715S BRI e ARG fAEHA
Eo i3l o]AjgtEol B FHHEAL whE|uxl g}
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HES o)A YREAC U 4T 3
2. | AYF

HE &AL Azt AL, 59 27, #7189 F/F o 9FE ¥
o} 2, olg @ L4AES FAHY oM FARL At YA creepd Al
DA olatgGEol o] Bjerrum[3ldl &) AS AAF ©]F Berre®} Inversen &l 23t
o} wAF o] Laddel 28 ©le FASHY FUHANE AHEHHES AP G
A o)zt E AT Wi HEJ ALHos FHJOH, ANHOR creeps WA HUINF
9] o 10% olAel Aoz <elAd UTHILL creep BT YWy o g g Ao Mo
2 Jsldle ez und=H9[8l, Mesri®t Choilll12]le dA}E F5 F (end of
primary consolidation, EOP) &% ¥ & 443%™, creept AU FFGe] ¢43] L4td
Fof AREYR gt 1121904, EOPY o) e—logo,” BANA HES A%
& dystm, 999 HEAM C,/C. & AEjstd olaAdHe] & HES AN HHS
Attt ¥ Kabbay E[6]12 AU EOP FHe] dAAAsE A4 HrigE AANA
T} B3 Wahls[17], Metchell[15], Crawford(d] & LA} olalgAle] 42 Wile] H&
3 FREZR gon HEL A&7 WY Y49 Fo e “URFE Auid"H o
2 A1ZF Beb Ae)E3 aiFo]l ¥xdE WYS use el Fox . o
o Hl=% Wi o2 Bjemum(3]e F¥3d ¢ &(hydraulic consolidation)ell Al &A1}
Z(instant compression)@ A @ ¢+Z (delayed compression) 2.2 F&l3ld o, d43)3} 7]
r Fo  B(ERAE JeE e~logo, T W BHPHNEZ A A 9E(delayed
consolidation)?] E@HL A <Hslrt.

3. &4 AN AHAAES 54

SAFAA 9] P AAFH G AEL2 10~36m Zo|7tA] HEZo] HAEE glojA,
o7lell FEEL SR ed gL EAE ofr)dtn o

B S11e o A FELAG Zad FeH S48 73z ZEARAYAE
(standard penetration test) A%E 15078 3 - #43t%, FrHHo 2 gt oA EEHS
NEe AAFE bl gen, AAEXGY Fay EX4L wrl @A gEr] s
piezo-cone penetration test® 27) & (A Eote] 30m7tA)oN A HA3ke] AFAFAIG e HAE
o g ANEYES A7 vk vk o] AGAM AAHF EudAE 1THE B ATE
A& ALEE AL Fig 312 2 AFHAAG e XHE dF AFgd = gE3HA AF
9 dEOeR Had FAL FEFORE o|Fojx gl
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| 4 3
PO AN .
W MY 2(-5 m), N<10
q1ES
HES
-5~-35 m, N<5
2o ATE
-35~-37 m, N=50
99,993
AMAFA A AHE Aauy ~35~-37 m, N250

Fig 3.1 Borehole Log

3.1 Soil Properties

AP AEZE AN A 4719 FHFLE 10m~3BmEz EXH Jih Adw
7k 51.3%~74.9%, AR SATL 40%~76%, 24 FAE 10%~28%2 A4A 571 0.69]
dog Aoty Atolny, o AR {FIBHFE 10% o) Foln, YutHo R F7EHF
o] 4% ojdtel HE #V1AEY FAH 4L vehie Ros Haflf)sEe v At
HESL #7189 54¢ vehliz glof, olAtEe) %] iy 2 Ao2 gudn.
bAoA Zold2 AP AR HF & E2F 9FL Table 31374 At

Table 3.1 Physical Properties of Samsan Clay

712 |49d ®

'?L '\% " ‘s‘c}.)‘--ﬂ] ofl X1 l- A
#2004 | ¥ ¥ TR R A | 2 A5 oH | oe2|aes

E33 (%) Gs | wy, (%)| LLG8) | PI(%)

A& %) | (%)
2.61 51.3 83 |824~ 1025~
$ 97~ ~76 | 10~
® # 100 268 | ~727 o % ~91 1| 141 | 039

note : AFAEE AR o) 10m~26m, Imohth @& A
79 548 32%Y R S0y x4, =4, 949 4D 829 9% B 4339

A7 vk weps MPHEE FANE Adv SRS EYdua dxFEY] ¥4
o A1 2] EDX(Energy Dispersive X-ray Spectrometer)®4]-2 AAIS A= Table 329
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FEY oA A5 B AT 5

2ot 47N, Holo wE e Ee Aole A9 flaw, 53], Si07t 60.7%~61.8%,
ALO30) 17.9%~183%2 AA] 79%8 A3} E3k @E%EA HAEE HA3tY 2um
o]3l9] AR W3l & 29 AUy WEE Vel {F48 X-4 SEEHS 4
AEA ) Fig 328 “MPAEAAES i X-4 AHFEHXRD)Y 2#dE A4
AHHHFES QuartzZ7t 2 peakE B o|™, Smectite, Chlorite, Kaolin mineral, Ilite,
Feldspar® T4 5O e A2 JeElgth AERES @3 1 548 A7) 98
7148 2 ok F A Y (ethylene-glycol AA2)E B F 2 um o139 FEEE F23l49
et A H L THEo Hé&}s}ﬁt} AXE ¥ £4Z3E Fig 33944 BAFE 6ke) Zo
W, ‘A gel FEFEL Chlorite, Kaolin mineral, Illite $22 EXHo e Aoz
et}

Table 3.2 The Surface Ion Composition of 'Samsan’ Clay

A
A RO C = 6m~6.7m | 14m—~14.7m
AlOs 179 183
Si02 61.8 60.7
S0, 42 4.1
Kz0 39 38
Ca0 1.8 16
TiOz 1.0 12
Fex03 94 103

Sm : smectite ch : chlorite

I i1 illite K ! kaolin mineral
? Q : quartz F : feldspar
e il
n Q
H h
1 C
t Smo oy K ch
y K
5 10 15 20 25 30

2 8 (degree)
Fig 3.2 The Result of Chemical Composition Analyze(XRD) of 'Samsan’ Clay
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6 Ay FRE

l treated with ethylene-glycol Jl

Sm : Smectite ch : chlorite
il illite K : Kaolin mineral

ch
il K

S

et oMot g

2 10 15 20
2 0 (degree)

Fig 3.3 The Result of Chemical Composition Analyze(XRD) after Pretreatment
32 ¥F ¢44AN3
Terzaghi®] YaAY¢L o] 71 Ru] BN L 4 313 Z}.

2
c, [:;z”z - aT"t 3.1)

ol AL AFste € FEE AAY sHFo] Autel FLIPTE FHAM FEH
Atk Fig 34 E& LAY 7 s5dAd iy 5v] 3 ¥ &9 dAolth

Fig 34@a)oll A, 27] zt5u) ¢, &= Zoldl w2t 129~1969 W2 defxte) £4&
N3t Qith Fig 34(b)e Zold wWe e eAd ¥i&d ved Aoz 2 Zold
et AP0 FABERE RE Fol dale FUT ¥Heg 394 d4e +9Y
T A& oz wdy

4. | A%5E 54

42 4713 AR SAAY A gE&H B2 oAGEH 9E weets) A
Be d77 1990 4o, AT ATAA T U A} AP <
WA e Aok el WAL Ark Astol FFE MAE 2ae AR,
AREE, 59 27, EE WM GAAS(C,)S W, $H-VY & nAYA
%, 2EE WHE olF Folth o ATANE £ WAL BRYANRE QoluE
AAse] §7123 B2 olAGASHel hate] FESHAT
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HES o/ ¢ESqo BE A7 7

2.0 0
10
o 1.5 "
o 5
= w
(.E -
2 _§ 20
= W
1.0
30
0‘5 A aiugl Lo nul Lo and SRR ETET 1
0.01 010 1.00 10.00 100.00 0.1 1.0 10.0 100.0
Consolidation pressure, kg/er Consolidation pressure, kg/eat
(a) (b)

Fig 3.4 (a), (b) Void Ratio and Vertical Strain versus Consolidation Pressure Curves

41 “FWHEY o)A %E

Fig 41(@)= $EstF9] 7t ©& C, o ¥sloln}, Fig 4.1(a)dl e BE Zolo A
dEFTe F7H wet C, ' A¥Ho Fastn Uk gutgo aAgtud HAANE
© olAgEHue LT BANA oALEHuHE AUEF Zvlo wel MyYHo
T/hete BEE Helw, A7YHE N E(young clay)s BF 2] Zvle] whal o] 249t
7t d¥A ez Zaste AFE Uit B S[11e MPAde] REY B
7Hte Ae BEGLAY 2 piezo-cone A HAARE AASHE L Fig 4.1(b)E o) 3t
H, Cu = C,/(1+e,) ( G71A, e,: 2E 100%Y wWe] 1=u])s }dstEate] o
ARME, hatFo] Frtddel we) €, & #ad: APe Bk o)F Mesrid A¥Z
HOl Co 7F HE3tEe) =)o) FAGle] 9AE %S Jehd AnE g2 Ao} o
 AAEY A9 %7138 gHdtn A7) YRR 47
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; —=—18m 25 ’
& “ 2oy K
@ -
[ £
a4 o
: . g 16 } .
] w
[&)
1.0 ——1Tm
8 A 18m
05
—a— 24m
2 00 |
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Consolidation Pressure, (ka/ ar) Consolidation Pressure, ko/ of

(a) C, versus 0, (b) &g versus a,

Fig 4.1 Properties of Secondary Compression on the 'Samsan’ Clays
42 A G o ASHEn EA

olxqtd e ¥ B Aol EF3la ol AYHE o]&e] Q= HdAoltt. Mesrit
AR 4= HHPER Y fdte] oAt Eulel Adgad e BAAE FUFEIFLE
YERI e, Fig 429 shdog BAF o] o|& HAPEA W] HFMolrt o]xgtE
2 57d HERG {F71AEAAM © W, Mesri7} A¢HeE A0l A BRI A ¢
creep@o] At AL 9w gl

B a7y SHEES oAgEuot Fig 4290 3¢ 92 e} U0k Fig 42004
£ owhsh gol AW AR FEF Mesri A BTk 4%l PEHEZ oAF sl
Jgo] 2 Aol dyBrh.

43 C,/C. &% C. A

Mesri[l4l o2 d72#E HAFstd C, & C.7F A9 AA@A N, 1 WH7t o
2 Fuu AABIEc) Table 412 Mesrizt A Qs olaigt& A9 dAYEA 5] FA
ot #7134 HES HEE C,/C. 7F 0041001, #7138 HAES HAEE 005+£0.010th
Peat¥ Mesri(15)= 0.06£0.01-8 A ¢392}, Mitchell 2 0.07510.01& A3t ot
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@Whangamarino Clay

100 ¢ (Newland and Allely, 1960
@Mexico City Clay
{Leonards and Girault, 1961_
@ Calcareous Organic Silt
(Walhs, 1962)
1o @Leda Clay(Crawford, 1965)
2 ®Norwegian Plastic Clay
= (Bjerrum, 1967)
? ®Amorphous and Fibrous
% Peat(Lea and Brawner, 1963)
I (@DCanadian Muskeg
Sy (Adams, 1965)
© ®C0rganic Marine Deposits
(Keene, 1965)
; @Boston Blue Clay
4@ (Horn and Lambe, 1965)
’/ @Chicago Blue Clay
0 R T (Peck Personal Files)
10 100 1000 10000 @Organic Silty Clay
Natural Water Content, (%) (Jonas, 1965)

@ Samsan’ Clay

Fig 4.2 Secondary Compression Ratio( C,, ) for Natural Soil Deposits

HPEEY C,—C, BAE VFHAENE AAE 4 414 el C.-C. 9
4B A5 (Correlation Coefficient)s 0.996 22 ¥ ABAHL 7lA8, Mesri7} Ao+
w718 HEY #§713 H4E9 Aol U} Fig 43¢ A E FE Ud Azg4E%
T oA ER 9 Aol Fig 43004 dxtgddo] 42 oz E A e
& 4= 9t

C, = 0.049 C.+0.0017 (r=20.996) 4.1)

Table 4.1 Viscous parameter C,/ C. for Geotechnical Materials

r Materlal Ca/ Cc
Shale and mudstone 0.03+0.01
Inorganic clays and silts 0.0410.01
Organic clays and silts 0.05x0,01
Peat and muskeg 006001

note : Types of material and C,/ C, valies are from Mesri et al.(1995)
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10 LIRCPAIE 522

006

Ca=0M3Cc +0.007
005 (r=0806)

004 ¢

00 02 04 08 08 10

Fig 4.3 Values of Secondary Compression Index, C, and Compression Index, C,

Fig 442 S8 718 FEY dAFZA T8 olAdFAFo fAE vz A,
AR olAAYF AL E AFol HE] FRHoE FA UBtnz oiUYEHE
asof & Ao,

0.06
=« =-Berthierville Clay (Mesri & Castro, 1987)
-+ w=.=Sabkha Soil Mosleh A. Al-Shamarani, 1936
0.05 -——Busan Nok-San(Park et al., 1999)
-——+—Samsan Clay
0.04
S 0.03
.02
0.01
0.00 L * . * J
0.0 0.2 0.4 0.6 0.8 1.0

Fig 44 C, - C. Relationships for 'Samsan’
Soils and Other Materials.

44 C. % ¢, 34

e—logos, BAE T /X Adog 1Y & Yok shie AYLYLEHF o, AAY
7187 C, B, 9E shie At AAsel 9@ 71878 AYE THeE yud ¢
Qed), o)F F FAL Avryoz Wt o AFNE FAY C, = de/d(logp)
2 olgd ATk | -
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HEY o3 4ESHA 88 A7 11

Ladd[7] & HAE] A3 A7 Je Y] fsted d3d &9 C,/C. & A
Alstgd. G,/ C. 7t E4F WAAY REZEC] X2¥E AUYY FAES WS WY, F
ETE o|AYEF 148 EE thixotropic WIAWUEY ZRE ey Wy U BE
9 d-¢-8ct Ladde EHES C,/C. = 01~029 Hgz AUdF) Fig 455 ¢EAS
o ALFA S FEBA o et Zoe) HES nRIdPd. WA} BEY C,/C,
9] e 0.1~029 WYl deow, C,/C. ol FL Yol Bo] A3} AL AR
Bol thh 4RIt HEo|W, At A YAHE FEY FFo ddte 22 nart
glojok @ Ao g WerHT)H

0.40
© Sam San Clay
0.35 H Boston Blue Clay
® Chicago Clay
0.30 | A San Francisco Bay Mud
® Leda Clay
0.25 X Mexico City Clay
[+]
&)
= 0.20 r | ]
° w
0.15 c%)
0.10
0.05 | ! ® X
0.00 At *
0.1 1.0 ©10.0

Compression index, Cc

Fig 4.5 Relationship between Compression Index
and Recompression Index for Natural Soil Deposits

54 &

A B AAE HY2A AP BaAANSE Ui SN TEYUAY
& AN AR o AFFA59 olAgEuE Fegd. g, B HHL FTEH
2 oshetd 24, =¥, A9 WY, B2 9% Fol Ay JEdmE PWAY HA4E
H7 2o gslA EDX 2 XRD 248 AN oleld 485 #x - 2AF A o
g3 e AEL AL % Y

1 Adgtu s} o|AtFH o BAAlE Mesri®] ARt} Sl R F¥sing APEY
HEE oalgtEe) dgo] & Aoz dadd
2. )AYEFAF, C, & AYEAFT, C. & T & AHAA QU
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10.

11

C. = 0.049 C.+0.0017 (»=0.996)

3 MYHAPES ol AdFArE FLeFo] Fkd v FaHAeH, YFAFL

AHAIATE LU

4. C,/C. 7} 01~0201E2, At 244 &9 BHENL WSA nsog Aol
5. AAVHHYE e EDXE4A 2F Si07) 60.7%~61.8%, Al0s0] 17.9%~18.3%2

A e 79%elw, X-4 AFEYXRD)Z#H HEFEL Chlorite, Kaolin
mineral, [llite® FA= ] AUt
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