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Settlement Prediction Accuracy Analysis of Weighted Nonlinear Regression
Hyperbolic Method According to the Weighting Method

o g 9 Kwak, Tae-Young © A ol Woo, Sang-Inn
T Ay 3 Hong, Seongho o] = §° Lee, Ju-Hyung
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Abstract

The settlement prediction during the design phase is primarily conducted using theoretical methods. However,
measurement-based settlement prediction methods that predict future settlements based on measured settlement data over
time are primarily used during construction due to accuracy issues. Among these methods, the hyperbolic method is
commonly used. However, the existing hyperbolic method has accuracy issues and statistical limitations. Therefore, a
weighted nonlinear regression hyperbolic method has been proposed. In this study, two weighting methods were applied
to the weighted nonlinear regression hyperbolic method to compare and analyze the accuracy of settlement prediction.
Measured settlement plate data from two sites located in Busan New Port were used. The settlement of the remaining
sections was predicted by setting the regression analysis section to 30%, 50%, and 70% of the total data. Thus, regardless
of the weight assignment method, the settlement prediction based on the hyperbolic method demonstrated a remarkable
increase in accuracy as the regression analysis section increased. The weighted nonlinear regression hyperbolic method
predicted settlement more accurately than the existing linear regression hyperbolic method. In particular, despite a smaller
regression analysis section, the weighted nonlinear regression hyperbolic method showed higher settlement prediction
performance than the existing linear regression hyperbolic method. Thus, it was confirmed that the weighted nonlinear

regression hyperbolic method could predict settlement much faster and more accurately.
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Fig. 5. Verification concept of weighted nonlinear regression analysis
method and hyperbolic method
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Fig. 7. Analysis results of B—1 settlement plate
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Table 1. Analysis results of A site in Busan port by hyperbolic method and weighted nonlinear regression method

Surface RMSE (unit : cm)
Regression . - ] ’ . ) -
settlement range Original Linearly weighted Nonlinearly weighted nonlinear regression

plate hyperbolic nonlinear regression c=0.5 c=0.7 c=0.9 c=11 c=15 c=2.0
30% 9.56 13.46 8.35 7.32 5.62 3.22 5.64 14.44

A 50% 514 2.29 243 2.67 2.89 3.06 3.35 3.50
70% 6.59 3.00 3.35 3.60 4.01 473 9.12 20.93

30% 25.32 13.11 18.09 16.46 15.31 14.40 12.60 9.53

A-2 50% 11.50 1.60 227 243 297 3.90 6.51 6.06
70% 5.49 3.29 2.59 2.77 2.1 2.46 1.13 2.34

30% 19.26 8.58 10.91 7.16 374 1.24 6.49 10.66

A-3 50% 8.04 2.72 210 1.88 1.99 2.42 4.31 7.84
70% 5.66 2.08 2.89 2.81 2.81 2.85 2.99 318

30% 42.63 32.01 32.21 29.43 26.77 23.80 15.75 2.87

A-4 50% 25.69 8.85 12.20 10.25 8.78 7.67 6.54 717
70% 17.64 5.27 6.41 510 420 348 2.05 0.84

30% 2891 18.68 19.06 16.59 1413 11.39 415 5.75

A-5 50% 16.33 2.55 495 3.45 2.36 1.65 1.23 1.84
70% 9.97 0.99 1.88 1.33 1.05 0.91 0.78 0.98

Average 15.85 7.90 8.65 7.55 6.62 5.81 5.51 6.53

Table 2. Analysis results of B site in Busan port by hyperbolic method and weighted nonlinear regression method

Surface RMSE (unit : cm)
Regression ) . ) )
Settlement range Original Linearly weighted Nonlinearly weighted nonlinear regression

plate hyperbolic nonlinear regression c=05 c=0.7 c=0.9 c=1.1 c=15 c=2.0
30% 31.22 1.09 3.57 250 1.79 1.39 1.30 253

B—1 50% 12.01 2.37 353 3.66 3.93 4.36 578 8.10
70% 6.59 1.68 1.67 1.35 1.10 0.88 0.49 0.28

30% 30.70 2.03 4.91 413 3.70 3.57 4.26 6.78

B-2 50% 9.82 0.99 1.51 1.45 1.52 1.72 274 5.01
70% 6.16 210 1.66 1.22 0.83 0.49 0.7 1.80

30% 68.35 28.10 40.89 34.93 29.36 23.54 10.31 5.04

B-3 50% 38.62 415 16.39 12.87 10.03 7.71 4.36 2.37
70% 17.85 3.1 1.14 1.4 297 428 6.39 7.99

30% 96.14 6.12 29.50 16.46 6.71 8.00 23.77 39.19

B—4 50% 52.41 11.25 527 6.15 7.26 8.1 8.87 8.48
70% 20.81 12.34 11.35 12.53 13.37 14.76 17.22 20.15

30% 4026.11 2.66 9.29 8.76 9.17 10.50 16.11 28.24

B-5 50% 66.54 1.47 218 2.34 2.67 3.18 473 6.92
70% 20.49 3.96 3.36 2.94 2.51 2.07 1.15 0.57

Average 300.25 5.56 9.08 751 6.46 6.30 7.21 9.56

FA o= Aoz 725 ot Aol Ant & RN ASHE dHolHE B8l = 2E
o2 RMSEZ}F B WA Uity = dRA Agd Aesford Aoz wehdEn:

RMSE7} 2 Zpol& HoAe e A2 YEgon

2, 715A] Fof Ao wet st oS el 25 4. 8 2

ek Mok gl AR Holth tik o)4e] A=

FARE A5 25 7HE FAE AR = @] Ast & AFollA s 71Ee] Al 71 BlAdE 2
AZ dloleRtke o] g8 =Ed JolHE 5 Hrf o of thsl thaet 7HsA ol Wale AE3tol, 7heA



o] palol) nhE REES vl 9 BAsielrh 7]ze
A 819 AT kR Kol Al wE b
HlA1E 819 BA] AEA Y Hst s REEE Bt
shgon, theTt 2 AR 92 4 Jdth
(1) 7HEA) o] whala R Ay 7)uke] 3
o ol e B 89 B4 ko] FAHaE
Ak 7 Lehbe 2 geld 4 glglon,
74 ulAE 819 Aol 71 A1g B9 W
At geteiA Aate stk 59 o 2
° BUEA Fio] AEHALNE HE Y
a9 AT:Ao] 7% 4 8A B4 vl
e Y o AL BYonR HES B9
oRA|uk ek A] 7HE A B9 NS B
A wen A FolEe dEE 4 UL 2
oz 7|=ch
@) A1 7FEA) Fo] Wale] 9ol 7HER A% ¢
o] gloll kel wiEA o] Aes] FA| Uon, 1.1
o4 714 AekEsL A ekt ch, o)t §ab
A @A 54 Hold o] A g ASR g
ek chopst @l A AZE st doleE 4
3 A 24 ol WE A sk WEE B
AQ7} 9le AOZ Kol
(3) A BA BAol AL 0AR 7HEA Rl Aol 4
sh7} o %7 LrEhd whelol, B @A HXol 4
A 7KER) So] galo] AskEst o B ek
o % @4olq APHE RMSEZ} 2 2ol 1o
Lok Ao egon, 4Ex Fol
whe} Yl o5 Aol BHIATT Wsks gl A
o Heltk
B o BabE Qo) N EE PolH S vt
o wzE ARoR, 27442l Aokxut @4 dlo]
HE 283to] A 4AY A9 f e AT
Shdh 4= 9 Ao AZETh ER B AT AuE
Stz AZe) 0 4EA ol WAl B3t 7S
Sapatthe, 2 AT Auelld Aokl A 71EA o
AR JSEE BT WEAC] 24 ghe ulAY
4% 319 vl AT ANl Aok 4 9 Row
Az
JESX 20
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