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Abstract

The purpose of settlement management when treating soft ground through preloading is to determine
the amount of settlement, check the progression of consolidation, and compare the settlement with the
target settlement amount. Of the various methods available for predicting settlement based on measured
data, the hyperbolic method was used in this study to analyze the settlement behavior of soft ground
considering the creep behavior resulting from staged fill. Two versions of the method were used: the
existing hyperbolic method, and a modified hyperbolic method. The existing hyperbolic method
predicts the settlement amount using data for the final settlement section only during soft ground
treatment through staged fill, for which the coefficient of consolidation behavior (k) was computed to
give a predicted final consolidation settlement amount of .5, = 1.05 cm. In comparison, using the modified

method, a predicted final consolidation settlement of .S = 0.50 cm is obtained by considering the data

for each staged fill section. These results show that the modified method considering data from the
staged settlement was more accurate than the existing method considering data only from the final
settlement section. This modification to the hyperbolic method therefore represents an improvement
in performance over the existing method.
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Preloading= &3+ AXHEA 2| & & o] skt = 7P S-ast e 40|tk
AJ81S slolalal o] 2 A=Hslet v - B49610 Preloading®] HHA]7|7E, HEAAL7),
T1=20] Qlet. o] & HoiAE Hsts dllSslof skt A5 dataE 7 |[WEO 2 Johd
2/4H(Tan et al., 1991), Hoshino¥(Hoshno, 1962), Asaoka'(Asaoka, 1978) 5-°] Q1t}. 22| Preloading=
JER A=A, o] 2 Q5] creep 752 2715}, L2y o]l tfgt ale]= o] F0i 2] 2] ¢l Qlrt. Park-> HEHR
S o]-8510] 7] creep F5t Aol Tt AT AAGHA AL of whe} 4.7~11.0%2] ereep H5H7HEASRH
S|9ch(Park, 2018). 3k, Ladd et al.(1977)°] AIHet FLAIBT} Yin and Graham(1996) 2] §E-3-44 2l o]
12194 0] 25k AI7FHA] gt creep S S5 THBack et al., 2008).
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o] A= TH( Yoo and Kim, 2000). ©]%, A& 0|87t H5kAE52] 2 42kE 2Iol AlSdata®] 217
I AG-S AAs= Q77 o] F0 HTK Choo et al., 2010). E3H GAAE A| AE 117} HIlES 17
HzAg 7IHre & AsfiAlste] A=-& 35td=7 152 Aottt Chun et al., 2011).
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Creep Y733t 5% sfell Algto] Z7gtel et W7t S71eke (Ao =0, At 1 Ae 1)O=, AFRtol5 H
creep FYPAITRS BA o= Z10] creep= AAok= 5938 @4-0|th(Jeon and Han, 2021).
Creep 715> Fig. 13 o] Alto] b2 APE 2 LFEPE 4= QI x5-2 AN, y& HEE(e )2 2mIdtth &9 creep
A= A7tof vElste] HEEo] 9144 0 & Zh4sHH AAOl 23S W, Transient creep (14} creep)©] HHAY, steady-
state AEIZ Y= H (22} creep) HIAE St 5716t T A Bof| 0|2+ Tertiary Y32} creep).0.2 ZIs) Tt
(Fig. 1). JESFZO = IR AR OEA creep-2 X710l YRS 71AH oli= 2 AS3sIFY] FaFo] a2 AR
o} B2 AR M5k E= creep 715 REEA] Alefofof ehrh

1st creep 2nd creep

A

Fig. 1. Creep behavior of sail.
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Fig. 2. Coefficient calculation diagram of the hyperbolic method.
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2 ATE 2180 00 @FofA] PreloadingS 51t HolFS AlSHA creep 5= 2 AA=AHS Foto] sfidstal
t}. i T’?ﬁ' % 2624 7t 3‘?}74]/‘45— ZFAHET 6.13 m=E Z13Y5}3TE. Preloading A|RFY4~= Table 137 2t} TAS
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Table 1. Preloading material properties

Classification Unit weight (kN/m’) Cohesion (kPa) Inner friction (°)

Preloading embankment 19 10 25
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Fig. 3. Preloading height by staged fill.
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Fig. 4. Settlement curve over time for each staged fill.

ITANEE 2 m7HA] AESES7H0219) &, FA1(21~529) TS AR oH, 3TA AEHE L2413 m HELE
Z7HA 2% 6.13 mQ JET7} EA 5190t 0] % 3HANEE 6.13 mQ] AEY 44| 2 12519t

ZTAIte] w2 A E TS UrERd Fig. 334 Al Wi AlSE 61K S, (Measured) )& HIO & ZJTpA |7 ) W
H51FT S VR Fig, 40] ROl Ho} ZHo], 2 m AAEAISH 3 -5-2]71710] 21~52Q Alo| 2 Brom, AtjH oz ke 4
E1(2 m)= 2lste] Aslek Hishrt 2 2fol7} §ISit I8 B2 0~52¢ Afo]Q] 7171 19HAIR Aottt 2e A= A A
02 £ ZAAAET 5,13 m A1Z] 28] A1E Hotgo] 52-78% Aolo] & WslE Hol uhA|R AHolgick 15 %
717t AR AEAS7H78 Y 0152 3HAIR A5t

AR EE SFE571 | DA EE2 m AESL0] 38 kN/m?, 2T A B 4.13 m 7P ESL] 78.5 kN/m?, 37
AE= HFAE fAIste] 001 )= Table 201 LI

Table 2. Stress increment by staged fill.

Ist preloading 2nd preloading 3rd preloading
Stress increment 38 kKN/m® 78.5 kKN/m? 0 (maintenance)

7)20] TN L o] 33t LSS DAL Fig. 59} 2T}, Fig, 59] M7} Do AT AL Sa o &3 YolT Al
(S, (Hyperbolic))°1L, BT AZH HSIRA(S, (Hyperbolic))oltt. ZJETAH @é}oﬂ%@l FEE]7
oJol, AR 0 2 &3t data®} A1 data7he] T2 FE7E A Ao BQ1E 4 QITk(Fig. Sa FX). ATARS
ol g3t &AL 27]0] A 2] AA|okA] Yt 2THAIE 7 ol A] FfTholA allZE]n] 27} sl ptolA HlZRt A
508 $HoHA| EE K Fig. 5a ). Hsl= oS5 Al 70~80% oV ABE 7] Al data (Fig. 5a HA1
HADE 7R o, BHE TR/ (S, — 5)) — t LT TFig. Sbol LA LH-27H70~-80% ol AEd 1)
o] AZ data’D o 510] AGE B5817] 91 FAS Lhehd A, o9 2 AAAN R? = 0.9920)2 2 HEH
ghm2 Uehint Jeh 2t A Eol| mhe A5l e Tejshr] oot U Er e Ao dE A7 A data) B
© zlo}g Hol= 7 0 & Uepdti(Fig. 5a &%), o= AT A 0] 49l 27]sleke 1ot mdo]u 2t Al E L]
752 nefslA] B HFHSFUCIANETD ) 4 53 o, 72 AFE3I9A7] THEo]th(Fig. Sa A FX).
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(a) Settlement curve over time (b) Trend line for coefficient calculation

Fig. 5. Settlement prediction result through hyperbolic method using final settlement data.
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(a) Settlement curve over time (b) Trend line for coefficient calculation

Fig. 6. Settlement prediction result through hyperbolic method using entire settlement data.
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(a) Settlement curve over time (b) Trend line for coefficient calculation

Settlement prediction result through modified hyperbolic method (1st stagedfill).
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Settlement prediction result through modified hyperbolic method (2nd staged fill).
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Fig. 9. Settlement prediction result through modified hyperbolic method (3rd staged fill).

SANES TR ATAEL DAY EIE AS daad] FHHE T 01851l a, f3H ok ©] e B
Aok lZaleich. a, BT ARG 1A FAU (o = a + f) Sgol ek glo] A,
t

QBHE 5,0 ARk} A5l nel Qe Wt 19 R Bt <8 5, dlo] 2 AR el
7% o) A4 HSIE-S Holu] B sl Hlsl 247152 Hks et Hatage] 7] to] 27] 5 s, o] Wl
178 Z71ete] 2711/ (5, — ) 2ol WhS A APk, 2 30AN EL 19A RS vlel S RstA ST 2
shAge] o WAk 2 5, RSP} obd Ay BAMES] AEAstEe B A gekeln o) Bl gte] At
S0} 248U FBE) Thel 5,7k S7keted ¢/ (5, — 5,) @] Aok aghe WAk Mokl e e

Itk Table 3 ).

Table 3. Comparison of coefficients of the modified hyperbolic method considering staged fill with those of the existing
hyperbolic method

Existing hyperbolic method Modified hyperbolic method (considering staged fill)
Final settlement section  Entire settlement section Ist stage fill 2nd stage fill 3rd stage fill
a 2.75 29.75 22.6 8.8 3.03
0.12 -0.12 0.29 0.14 0.21
k, - - 0.39 0.34 -
kg - - 0.47 1.51 -
R? 0.99 0.17 0.82 0.78 0.99

BRFS AU} 2 B RIS 20 2h 710k | Al Eol A 27 S st QIo) BAleha deta
o] S AYst] 7HA 2 plo] ATt 28 Rl 315 At} ol RolAli 7ol B At o2 A4
Hakago] HotAl pgtol 7K BA AP, 3HANES HEAE 0] 4477k Helrkaste] a4two] 28

AJERT =2 Aol AFYES & 4 Utk(Table 3 %),
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Table 4. Comparison of actual and predicted settlement using the existing and modified hyperbolic methods

Existing hyperbolic method Modified hyperbolic method considering staged fill
Partial sectionused  Entire section used 1st stage fill 2nd stage fill 3rd stage fill
S, (measured settlement) 9.90 cm 2.60 cm 5.50 cm 9.90 cm
S, (predicted settlement) 10.13 cm 61.98 cm 2.65 cm 541 cm 9.99 cm
S; (final settlement) 10.95 cm -5.50 cm 4.75 cm 9.97 cm 10.4 cm
S, (residual settlement) 1.05 cm -15.40 cm 2.15¢cm 4.47 cm 0.50 cm
Acouracy Sy 90.4 % -180.0 % 54.7 % 552 % 952 %
A 97.7% 16.0 % 98.1 % 98.4 % 99.1 %
71&0] B O] A F7H0] datas o817 HstflS 2 ¥ AS sl A5 S EAse] AHol= 1.05 cm
(10.95 minus 9.90 cm)S H3.0 0 AHIH o k2 st 52 15| Fol= EA-S H At Table 4 and Fig. 5 3
). 71 & =A% 0] WA data S 0187 %‘3}041%7534% AgE 4 Qe ATN-5.50 cm)yE R3] 1 oli=
A% data7} shte] =r49] FE7t obd BAEE 3719 =341S @ 3okt o= B34S HE R 249 o, 8
W= APeA] Holr] Wiz o= s 4= Qi E‘rﬁl*ﬂ%~ YT AR | 2BANE] oS 25t
Dokt A=k 2 20](2.15 and 4.47 cm)E H3AT 11 o= oIS HSAEA6IES AlS data”F ~Hst
F-& o] kg, St = coo]r] A=H3IES t = 50(12H), t = 10022 TA) 0] At Al 2] Hsleko 2 Ao] gatAY
71 2ol 2 s et 1,29 AV E ] ATt = 50, 100Y)°]l w2 Hakeke] 2foli= 2k} 0.05 em (2.65 minus
2.60 cm), 0.09 cm (5.50 minus 5.41 cm) 2 T1-F- 23t A[Z(98.1%, 98.4%) P SIS = it} SHAN E= o= F]
Z A5 Kt = o) A=35 Kt =2629)2] 21]710.5 cm (10.4 minus 9.90 cm) & At =& &1st 4= it
(Table 4 =), 3TALES] A4t = 262Y)0f = =3 O}Eh} A=Zs ‘%k—J ]’ ]+=0.09 cm (9.99 minus
9.90 cm) 2 1l A2kt 04]—(99.1%)012 AL 4= Qe o= cll5H HASY LI LS5t = 2629) <] A1
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