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Settlement Estimation via Curve Fitting Excluding Designer’s Subjective Data
Adjustments

Abstract
The preloading method, commonly used in soft ground improvement for road and site development, is critical
in predicting settlement behavior under varying construction conditions. However, assessing soil properties
and stratigraphy is challenging due to inherent uncertainties. In practice, as a result, engineers usually rely on
settlement measurement data and trend analysis methods such as the hyperbolic method. While these methods
use the same prediction theory, results can differ depending on how the analyst sets the regression analysis
interval after axis transformation. Additionally, visually comparing measured and predicted settlements can be
challenging in obtaining objective results. This study proposes a solution to these challenges by introducing a
settlement prediction method that removes the subjective influence of the designer. The study compares and
analyzes predicted and final settlement calculation methods using the “SOLVER” function in Excel. The results
show that, while conventional methods are influenced by regression analysis interval choices and analyst bias,
the proposed method provides more reliable and accurate predictions, reducing analysis time. This research
enhances objectivity and reliability in soft ground settlement analysis, and further improvements are expected
by incorporating additional field data and alternative methods, improving the accuracy of settlement
prediction techniques.
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Fig. 1. Generalized Reduced Gradient Algorithm
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S-2 8.816 603 253 2.795 4.227
S-3 10.297 1010 642 2.605 3.908
S-4 10.338 615 254 2.659 4.160
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170 | Land and Housing Review Vol. 16, No. 2

O s 0N

800 1000 1200
Time: day

Embank. height: m

— 81
— 82
S3
S4
S5

Settlement: m

Fig. 8. Embankment and Settlement History Used in
Settlement Analysis

Table 2 9 Fig. 8of] Y} Gt

otE B4 o) ALSH ASH|olE = 57HA(S-1~
S-5)0]9, A= 717k 591~1010Y, AE &ol=
7.287~10.489mZ Q=R oM, HF HE U7
H12] 717k 336~368Y & Z535} 5|4 o]
283k 5= Qlo] A& At B4 9] A= E g

=

o o

xR

3.2.2 24 A}

A& - S-1~8-5)04 A ASAEE
o]&slo] HF HE ¢ o] % 7|& ol ARy v
3} “SOLVER” 7|5 0|83 Hokg =4 Ants
Fig. 9°1lA4] Fig. 13] UERQl o, 7170 Hiy
2 BT S Holk2 AS g5 AR7RE 4
A/go] 2 & gRIg & ok 1 AS S=
A1 o] FHE o ol o whet 2% st
ol /golstH, A|zto] F7Fetol whet 1 2jo) 7} A
A Y AR AS & 5 Ak AlS o] B ek S b
o] UX|E SRto = Hrhslr] oY, oA
A RMSES APYsto] 1o 716191, 2%
o= A 713t

Fig. 140 X= Zh2He] Wi 0 2 AP st 21§ o}
%2 SOLVER 7]5-Z ©]-8-5t &3t 2% ol

i

o



=AM SURE0IN AKX 2 H0|H 2FS HiAR Foi A

Time: day
0 200 400 600 800 1000 1200
00 g : : ‘ ‘ ‘
Method p_ RMSE S§(m)
0.5 O Meas
SOLV.54.138 0.342 0.0099 2.920
0% 51.813 0.353 0.0157 2.832
E 1.0 — 10% 53.983 0.343 0.0100 2.915
z 0% 54.593 0.340 0.0102 2.939
245 300 54.347 0.341 0.0100 2.929
o 40y 54.347 0.341 0.0100 2.929
s 509 54.631 0.340 0.0103 2.939
n 2.0 4
25
s-1
3.0

Fig. 9. S-1 Point Settlement Analysis Results

Time: day
0 200 400 600 800 1000
0.0 & : 1 L .
Method o g RMSE S(m)
O Meas.
05 4 SOLV.73.752 0.497 0.0144 2.013
€ . —— 0% 69.314 0.517 0.0188 1.935
s —— 10% 72.283 0.503 0.0149 1.988
€ 20% 75.616 0.488 0.0152 2.048
8 1.0 4 -~ 30% 76.149 0.486 0.0157 2.058
2 —— 40% 74.914 0.491 0.0147 2.037
§ 50% 74.600 0.492 0.0145 2.031
1.5 4 S
S-2
2.0

Fig. 10. S-2 Point Settlement Analysis Results

Time: day
0 200 400 600 800 1000
00 ¢ . L . -
Method o p__ RMSE S(m)
0.3 O Meas.
SOLV.80.667 0.559 0.0170 1.789
—— 0% 76.952 0.574 0.0193 1.744
Eos 10% 78.898 0.565 0.0176 1.770
€ 20% 81.347 0.555 0.0171 1.803
g 0.9 1 —— 30% 82.762 0.549 0.0177 1.822
o —— 40% 83.664 0.545 0.0183 1.834
3 87.062 0.533 0.0223 1.878
n 1.2 4
1.5 4
S-3
1.8

Fig. 11. S-3 Point Settlement Analysis Results

I} v sto] E YokFe Brrstelt: 11 A, &
A ol wet A5k Hl&0] 0.91~1.072 LER:
T 9, 7129] A A A Hlo8E B A
ot 24 et Sl Al 27] HlAlY 719
50%E HiAlot] APget Mok wieo] 7 2 &
A=E HERQIT E2L 5 e o] Ay 3R
A Al ofd wlAdY 71 FlolEE AAT A7

Time: day
0 200 400 600 800 1000
00 1 1 L L
: Method a g RMSE S(m)
O Meas.
05 | SOLV.66.335 0.495 0.0182 2.019
. —— 0% 63.707 0.505 0.0203 1.980
E ——— 10% 64.925 0.500 0.0189 2.001
E —— 20% 66.770 0.492 0.0183 2.034
£ 1.0 —— 30% 68152 0.486 0.0191 2.058
% —— 40% 69.810 0.480 0.0211 2.086
8 50% 73.802 0.464 0.0292 2.154
1.5 4
S4
2.0

Fig. 12. S-4 Point Settlement Analysis Results

Time: day
0 200 400 600 800 1000
00 L L 1 L
Method  a p__ RMSE §(m)
0.3 O  Meas.

SOLV111.873 0.534 0.0120 1.873
—— 0% 101.055 0.582 0.0201 1.719
—— 10% 107.132 0.555 0.0138 1.803
—— 20% 113.369 0.528 0.0122 1.895
—— 30% 115.057 0.521 0.0128 1.920
—— 40% 112.613 0.530 0.0121 1.886
50% 111.729 0.534 0.0120 1.874

Settlement: m
o
©

S-5

Fig. 13. S-5 Point Settlement Analysis Results

:08 SLOVER

0%

10%
20%
30%
40%
50%

popoomn

S S-2 S-3 sS4 S5
Zone

Fig. 14. Final Settlement Variation Based on Re-
gression Analysis Intervals and Methods

Al 2F Aok 2719k At @
O 2 SRRIFIT. WA, oj2f3t AnE 112
71 RS Aol i A=Y Sl JokE
ol AP AL T

Fig. 152 Z}Zto| i o = Abg e o

Hm

do el Tl

’

JZ:;%)&:V‘.:

Y
JH

43 A

https://Ihrilhorkr | 171



o
ofn

rior
Ao

0.035

= SLOVER
= 0%
=10%
=20%

= 30%

= 40%
=50%

0.030

0.025

0.020

RMSE

0.015 4

0.010

0.005

S-2 S-3 S4

Zone

0.000 -

S S-5

. RMSE Variation Based on Regression Analysis
Intervals and Methods

LA d& &st7] 91 AH8-% RMSE 2
Fo}. AAH 0 2 BARte] 214 9IS
"l o] 714 L2 RMSE 3HS UERfH, 2%
A Ao} f AR Sl HEA S A8
3} 27] B]AE 7 50%S A AT A |
oA 7H 2 RMSE 21 YR It
St AlS gk &3] °AME e
BE A ST o|T LG

Sh-tfo]] w2} RMSE 1ol
ZebA|L, SOLVER 7|52 o|-&3t Aot} A 1
7HE|A] Eot). &, AlS HlolEl 7T A A=A FE
O} 2 okA] oF o H, & Bigt o] & A A Al Y
Aok B ] Rl A o= W E T
Hlj 2, SOLVER 715 0] &35t
H|wsto] & ¥ig & A9 73t
I, A Al glo] B E & 112j5to] RMSES F &
3lelE & A5 AAFE| 22, RMSE7Z} B 2| Ak&E]
£ A0 wrtdct

[¢)

a2

—

= qAoputolA] 710 Hsle 24

(o]

o=

£ Aol A
B vP T} EXCEL X & 7%9] “SOLVER” 7]
1831 Fotg B4 WS v, 24590k 71E

(e}

2]
L=

O

172 | Land and Housing Review Vol. 16, No. 2

of sty 24 WS A48T,
F7he 2 gle] Baslglon,
olEjot oI dolEe] Haky
RMSES o]§3to] B7}s}gick
o] 29K 4= 9.

7]

7] w2l 5Ut A% He]
At e Anke 92 4 9lom, ol A%
3l 45l 2ol WAIAIKITE. wetA 7]
2 412147} Agko] Ao] Frka wheel

71 814 W THSOLVER” 7]%-2

=
5
T

o

o=
A 2, T 714 “SOLVER” 7]
o1 A= =40l A4 RMSE gho] 27
o webA] “SOLVER” 7158 0}8:F 5} 24lo]
of ulg] A= wlojejet & AAsh= A
= o
oz Yalge 24T ), dl5H st
At AA AZL ZAHEE E0l7] fIsiA]
Hgk 5 dg/do] ol HlelHE Al
Slsjok 5151, ol 98] HHEH9l A2 ¥ (trial
and error method)& #-g-3f|o} sttt o9} Z-2 31
& Alzto] @ol 29 F|U 2, Excel®] SOLVER 7]
il Wotere BAR AL AL B2

9lol @4 A 84o] §S B2HQ Aoz B

[e]
E:

=
=

o

7]

71&

Z

L ol-

al

=

=
T =

L



FokeAl sk

Z0IM EAXIS] =2 CIO0JE =S HiMIE Eolzh Y

ENES
1 &4 k5 HARE Aae(2011), “THEAEY
o] 28 Ao 24 dAES g 3 Hst

dl=”, "LHI Journal, 2(2): 151~170

2. - H53(1998), “YLAHLE 9T Vs -AS
715", = AR g sl =24, 14(2): 41~53.

3. F34]-AEE - ZAIR H%571(2010), “BEAES
ol-83t AlE 719 AR Mo} As &2 st
1RV, Mt A9 et 8li=13), 26(7): 147~159.

4. S5 - LG -1 /A3 E(2024), “AFARE
sl&-E et HeEid € AETIR 7] o1& A

£2 90X 24 52 9 ARl B 5 A
v 23k et Aute] B 0 ols) A
o] glom, Thse] Aol Yot A HloleS T8

T, R Ao =T, 40(6): 67~78.

. Asaoka, A. (1978), “Observational Preocedure of

Settlement Prediction”, Soils and Foundations,
18(4): 87~101.

. Monden, H. (1963), “A New Time-Fitting Method

for the Settlement Analysis of Foundation on Soft
Clays”, Memoir Facity of Engrg. Hiroshima Univ.,
2-1(21): 21~29.

. Tan, S. A. (1994), “Hyperbolic Method for Settle-

ment in Clays with Vertical Drains”, Canadian
Geotechnical Journal, 31: 125~131.

N

o
51y A B4 S A8t Sk o] W &

WS B of2] 74 S SAT B o) 22 sk ol 0|22 A gleiekE BAAL 5 ek
2 Blo|E12] 317 24 774 o BA] SRl mke} W5k o A} ekAv, ol S0 2 Bk o
ofetgo] glol ZATA ATE AEL] FE WAV SIck ufebH 2 AT AR T IR AR WSt
ol % S A BT EXCEL 2 1919] “SOLVER” 715 ol §3to] ol Akt 1% H5ke Argot

Ay

=

9

filo
jus

T o)

b
T
Zr

T

=
.
rh

it

)

>
7

o

7]

Ol

2 b
OS“.',

fu xo
R
i
£ f

FAIo): A=, Aok, 7] Mk, SFEA, Wl o2

| 243 sk 71 S 81 B4 T A ek o s e, £ R TS

QTN AR E L 71 ek o Alsg 93 ekekA Wl dlSE 4 Uglon, B4
A178 2% Q1A B Q1T ASHAISL HSH oA AT ARG Y 5 U PR AT
chIRt @74 HlofElst s e 37 1ete] Aot A V1S HHES U AL S AL A0

https://lhrilhorkr | 173



