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A Consolidation Settlement Prediction Considering Primary and
Secondary Consolidation
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Abstract

In this study, it was proposed that an equation for predicting consolidation settlement on soft clay ground,
which separate total settlement into primary and secondary consolidation settlement equation. The
consolidation settlements by the proposed equation and by the measured settiements from laboratory model
test were compared and verified for its application. It was appeared that the proposed equation from the
laboratory model test approach to be more realistic comparing to the result of Terzaghi's equation.

From the above application, it was concluded that the final settlement prediction by the Hyperbolic,
Asaoka methods is needed to the initial settlement but the proposed equation could be much applicable in
the lacking condition of measured data of the initial period.

Keywords : Primary, Secondary Settlement, Laboratory model test, Terzaghi's, Hyperbolic, Asaoka methods

LA £

Uty BATE gd2 Sk 39, ¥
T, 3%, FACA T EAFL] F5317] A3l
AgF QAxA g T JAReM A A
H2AE 7 ARG gl 2FHT Uk

olgg Ayt HAHAE, FEA AE ¢ {714
E TOF o]Fojx QAo g AAY FHo}

»  FEddtE FEAEAENE NGB EEAT
*  FAIMTAL FEER
*  Corresponding author. Tel.: +82-42-821-5793

Fax: +82-42-825-5791

E-mail address: dwlee@cnu.ac kr

o 3k 5o g8 FREY IHEA} oV
2 7 Yo EFTERES HAY A% 34E 3l
FH7l A% A A5l

AzARG EAAFERE ol4d FUHFS
delA AT AAYNZS 2 Aolg Yehle
297t wo AFYNFE YA <IS3] o
B ol gAY AFSAES 3¥sE 2
21 AL 37 € 873 Tl mE dshy, ¥83
golg, 2@ 7 @FIM &) WPFAYo] BRw
Uk, At 9 AN A9 71Ed ¥4 §2
2 Qs At BHQAE AYs| wdIA
31 FEAA dEAE FHEHAY, A dE
sate] AstFe AEA] GRoch?” o9} 2

61



12} 23 AstE nB @ FUWRF 45

o] AFAY o|EA7I MZ YA @7 W&
dRASE Balod FLHIATE 25 U 9
g ol8% HaFASYol 3 HAS s
ALAQTEVY ol o3e] A% ASPs
9 ANFIs dAPSFIAE AASA @3, o
9 AASFHE %9 gdgeln o= AH, oW
ARE %A olg3ertel meM a1 At
gepdn. raE Ayl Ed AR
7 olgy oz FPFE FAINE 1A &
U354, 23 GUPAFOE FEIINLY, A
F3FE Y v olF TRIE o] T}
Bg FUE Yaiga ARl oo

2ol At G A5 AoPE =
Ba}7) j3te] A5A ¢ ol2AQ HHAE vl -
FqgozR At W3S dE 453z, AF
Z% AT Fo 498 B¢ PP gBE £HE
2208 QRASS AN o, o#
A HAHE F2ES JF ASLS U
8 slol7kzn e FAole?

2 aelMe depAnte gUAsE <53
i} 712o] ALEAY Terzaghi 13+ ghdlo]
48 BEgUAEEesRY 12 ¢ds 23
uz FEs, JaF A5E A% A2 ol
4E FEstn ANEFAHA 3] A4S A
stz g

I. st 4o Aot

Ay T2EE 28 o FUYZE
d&de R AFHELY 24} FUdsAT
£ getshed wie F2@ dojth

E3], WzA AFe dixz HEde g7
SdelA olFolX7] wiEe] AlFFHol oHRL %
% 59 AAAY GAES Tsortt @t me}
A AZ7E st JEAT S N A5
£ s AL AT o1, YESRAAS A
ZARE oA UF Wel F4sk de ¥

62

7} Q7 wEe} YESRTFY ArUE oLy
HAFAEL 53 3ok

2T AFE g3l g7 Ae ol4d &
deryisd AL SR YA Ut
g 38 gtk £F Terzaghi YUolE L 7%
Z 12 rustRare 383 s, 23 oy
€ 3Ese] AFPIRE A4FPIz
g} 102

AREN = 14} §lo] Bd FAT 350] A
& fA"W APt A&EHA ol AEYAWL A
&£307 AWEH7] ot 1F¢ Mesri F
(1985, 1994)¢ A&l AFstE W AFEE
o & 1 23 4L FHF - PR eRr
Bk % B2 A7t #8s fih

N e BEYUANYE FHEREH dojR ¢
A4, 334, UFESE, ddAF, 24 4F
AF T olg3e] FARI] B JsFE 4
Z3a 9gov 23 4Es mAH A A B
g B2 BEARS7L God oAl 238elA )
g @AY FAgA e % AAHAYE nd
Aol HAARSFEL AFA Ao &
1:]_.3).8)

12+ gaoixe AL 2gd F7t 3o
o, Ang FAYL ofEE 19 1Ed 744
of s ¢UANEATES FEI 4B F AL
4 FgA40] oj= A= Addchd 4843 J1A
£ =ty gdd

uehy EEGUANGoRY TR EAYT
uhg ol g3l 23 ¢rue med 1aH ¢dsy
o] 75 TAYE fEstA ot

REGUNPNN AFsEE Atk B 3
E9 ghuEe FI3FYe] wsewt @A"e
Terzaghi®} 13H ¢l 2se Fadqdl &
§ BRI A7) gug ¥y IFFYHAe ¥
¢ 23} dde B FEo FEEG

12 ¢ F 23 o] HAFYE 14 ¢
g 3w A 1AMEH| () 2R A

IR A47E ALE, 2006



olgd - AAH#

93, 2 Yo HE TIN A o83
2ol A + ek,

de=de,+ de,

e,= ¢,— 2de,= e,— Zrde

e,= e,— Ide,= e,— X1 — rde

e,— Zde=e,— (Zde,+ Xde) = (e, Zde,) +3de,

oA7|M, de: dp A g 39 A
F epes 12D 27 HUFE FIY], ey, ey
12 9 2a)F ghdel oist 33wl Wk, ~ 1%}
), e, 27} F3Hlolth

gy A7)e 22 @4 Als 2U1RE F4
of WEA gk wetd 14 oFUs 23 ¢Ee
2 st B2AUA 94 5 £E
sk st 2 SFelM ASAIEE 2447 At
7349 g3u-duss FHoRRE EFTE
Fatofol gt

Fig. 10)4 e—logP 342 &AA] KS FelA
L5137 v BEENTANBOZHE 2447 At
98 A9E vebd Zoly, e,—logP FAL
12 quFsEAdE 7] AsiA F3u(9 Ak
(log t) BAE ENG F Z 5dAdNY 13}
stalo] Tk F30l(e,) 8 TR OH2 8F P
disted Uehd Aol

1.6 T T T
I !
1.4 t log P
-y L&en-!oall»
1.2 =6 ——
o VT\
=1.0
[ N |
Bos o b
. L]
g .\\‘"*4--. Nl
08 e _:\
0.4 T g i
s NI
0.1 1.0 10.0 100.0

Pressure, log p (*98 KPa)
Fig. 1 e—logP and e,— log P curve

4 FAoRRY FHAE AFE 4G 4EAF
(Co), AgrddE(pP) % 1 LFEANY &
ZAF(C,), 13 LFEA APPSR P,)
E Uehd RCE, ¢,—logP IAL ARHT
2 K o =

YoM B High Fol L dFelA AatAl
o] FNEFE 5 AL I bd2A e
=, o9} T2 @A 14 o] B Fex
F347F A4S vehiin 5L 23 S
771 dlo] €.

TN TR GFAF(COERS
e,— log P AN 78 A&ASF(C,) Bt 37)
wl &l grdstEgo] AA E=E 4ol €rt
53], @FolA Y HEAFTS FFHFHHR o)F
o7} wiitel] Alzto] e wet guHsFY
Aole A4 9 3A Yehdh

webd, FFgdUdelolr Terzaghi 12 443
dFFTA F AFAFE e,— logP FHOZRE
23 Zo] #43% F Utk

e—logP

C,‘—' Ae,/ log( 1,2/ Pl) ........................... (2)

23t ¥2AF(C,)e Mesri 5 Ayl o
2t EEQMAIY AgeRE ¥ Zo] Tt

C¢=Ae,/log(t/t,,) .................................... (3)

oA t: dp Ask FRE AR, 4 24 4L A
Azt

4T 2e 45 Telshel ERGUANDIY
c2Ry 17 % 24 g FEHel 4y
Ui oL, 24 guUe 1A% A2e ¢
UPa olENE HES 2% e} Lo,

C P,+ 4P C
e 2 1T, (] a
S=lyre, Hle(—p )+ l+es (g

-H- log(t—tp)]‘U(t)

Journal of the Korean Society of Agricultural Engineers, 47 (1), 2005. 1 63



12} 23 H3tE 2@ LA F 45

VM, Ude FiEolx, 14 ShugkEAe 32
H e th 402 Aier

ep= €,— Aep

Aep= Cp log(‘i?%ﬂ,‘)
O #z % 4y

1. &8 i AR

Age] AHE AR QoA NN A
BFN 59 ERHARE o]83 EYANA, o
sS4, JUSHANEE AAsgen Agay
+ Table 13 Zt}

FUEFFWUSCY O 9% AFY EAERE
CLE 459 3, AAgu]d AL 2
Z 45%9} 33%E Jergth gddsEE 238
£l F2F A 4FAFE 0419 o3, 13}
dAgE AlelA T8 4FAFE 0.365009, 23t
AZATE 0.01642 YERRTH

2. Al 283x 3 Uy

B2YHFARAE Fig. 28 #ol 200 cmx 100
cmx 76 cm 7|2 187H(F7: 10 cm) & AHE3h
o ALY F ofmdL 2y, AFEHEFH
e 745 FAse ARsteel EgANe] 2%
A AZEHEE itk T Pl A =
FANEE A dx dF H71EA, AEES

AAs7] g8t Nod AolA FHAA F34
% 20 cm FAZ AFGLAN F, < 3L Fof
2L R 40 cmE F71E £F4 A
YAA F 75 cm] AYEFHE 2239}

A AR s 29 BARE o
17 cmAE §4381 Faujezao2 3y, &
"ol g A4A717] 3t vde)] agAE bl
I 2Fzpite] FeEle wE vdo] Yaids ol
EE 3lo] EavtEe AR

BREAE Z2F 4 1% Fgddd
15 cmx 35 cm 7HF o2 7254 970st Hst
ALVDDE AR A= 594
A9, f9EE, 222 FAED AFRARX
o] g3t AYAOZ BFE AT & YESF A
2t

A A dEE YEAT 39 AR}
9.8 kPa A=YS 7AW EEYUAANGA Ho
1255.7 kPad] ¢&AFFAe g qAPsHn

Hrarautic —fHydroul ic ooy WL 8
crlinder
Myeraulic Jack—| m Digital
Load cet| Control
O PR board o

Fig. 2 Laboratory model test apparatus

Table 1 Geotechnical properties of soil used in laboratory test

Shear
Atterberg -
S parameters Consolidation test
Depth | W | o | lmis | ™ o) USCS
(m) | (%) c P, c c, c
LL PI (kPa) (kPa) ¢ € (ab/s) C, a e,
20~40( 448 1272013289174 2943 68.7 (0419 | 1.184 | 233E-3{ 0.365 |0.0164}1.0871 CL
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Table 2 Comparison of measured and estimated settlement by various methods

Method Measured Terzaghi Hyperbolic Asaoka Proposed
Sy (cm) - 435 401 3.88 361

Settlement
S,(39day) (cm) 173 2.59 221 214 199
Sy (%) - +25 +11 +8 0

Reliability
S,(39day) (%) 0 +50 +28 +24 +15
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Fig. 5 Variation of degree of consolidation with time

Hyperbolic 4], Asaoka W2 AEE AF
B} F 71 A AR kRS Mg A
T d3HFY AT} & Aoz gEHA 9
of, HzAg gol BINAEZARY LA W A4
oM Abdog A3 i 2 A4
& 9% 9t

AZEZAN AFFE n2ist] Terzaghi W
el % Aatg ddsEe YRS APl
uet ez o AXA ok 2 F¢ AAA
A4EY Terzaghi ¥4 Hyperbolic oy
Asacka WHo® FA% FRO A Yely,
AZE YUEt FHa%sE =97 "o dol
AAE EAF0] Ao gk

wEA] AAE T2 P B3A 3] A4
3 AAAY 2AdEE 228 F % Re=
gogd.

d £

2 dpoMe a9 raAsiRE 433}
=d 12 o3 23k hdE FES AMES Y
AsF o)A AT, A5 H3FH vlm -
BAgtn AUEPEE S Bt 19 HEA4S 3
% a9 ey 2 38 99t

1. dofAute] shuAslEgs s Ak
Terzaghi®] 13} uel@4 & 1A¢Hds 23k
2 RS A2E QruAsie o]@2lE ARSIt

2. AUEgAg o7 AZ&3 Hiel Terzaghi
4 Atyor o3 HsF ANAT Terzaghi
wie] Qs Rt Aol AFA] o 2%
= R0g yeyit

3. ¢UA3FL Terzaghi HHelM 7 R2
o], Hyperbolic @ Asaoka 7= FAISHA o
Z53, Aoendge A B4 ALY
AFEE $2 02 HrE.

4. Hyperbolic @ Asacka 9] HFH3%e]
22 ohx7)e] AR E YT HEE £ A

Journal of the Korean Society of Agricultural Engineers, 47 (1), 2005. 1 67



12k} 23 FatE nAE AAAEF dF

o‘_]:

2k o
=3

HE 274540} e ¥2A 59 #3Ys

AF3=r 2840l S ¥& ReE B¢

gt

68

. Matyas, E. L. and L. Rothenburg,

References

. Asaoka, A., 1978. Observaticnal procedure

of settlement prediction. Soils and Foun-
dations. 18(4): 87~101

. Kabbaj, M., F. Tavenas and S. Leroueil,

1988. In situ and laboratory stress—strain
relationship. Geotechingue, 38: 83~100

.Lee K. and G. C. Sills, 1981. The con—

solidation of a soil stratum, Including self-
weight effects and large strains, International
Joural for Numerical and Analytical Methods in
Geomechanics, 5. 405~428,

1996.
Estimation of total settlement of embank—
ments by field measurements, Can. Geotech.
J. 33: 834~841.

. Mesri, G. and Y. K. Choi, 1985. Settlement

analysis of embankments on soft clays, 4SCE
Journal of Geotechnical Engineering. 111: 44
1~464.

. Mesri, G. and T. W. Feng, S. Ali and TM.

Hayat, 1994. Permeability characteristics of

10.

11.

12.

soft clays, XIT ICSMFE, New Delhi, India,
pp.187~192.

. Mitchell, L. K., 1976. Fundamentals of soil

behavior, John Wiley & Sons, New York,
NY. pp.293~333

. Schiffman, R. L., V. Pane and R. E. Gibson,

1984. The theory of one—dimensional con—
solidation of saturated clays: IV. An Over-—
view of Nonlinear Finite Strain Sedimentation
and Consolidation, Proceeding of a Symposium
of Sedimentation / Consolidation Models ASCE.
pp.1~29.

. Sridharan, A., N. S. Murthy and K. Prakash,

1987. Rectangular hyperbola method of
consolidation analysis, Geotechnique. 37(3):
355~368.

Tan, S. A. and S. H Chew, 1996. Com-—
parison of the hyperbolic and Asaoka
observational method of monitoring con—
solidation with vertical drains,
Foundations, 36(3): 31~42,
Terzaghi, K., 1968. Theorical soil mechanics,
John Willy and Sons, pp.265~296

Wahls, H. E., 1962. Analysis of primary and
secondary consolidation, J. of the Soil Mecha-
nics and Foundations Division, ASCE 88(SM6):
207~231.

Soils and

IR =R A478 AL1E, 2005



