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Abstract

Unknown geotechnical characteristics are key challenges in the design of piles for the plant, civil and
building works. Although the N-values which were read through the standard penetration test are
important, those N-values of the whole area are not likely acquired in common practice. In this study,
the N-value is predicted by means of regression analysis with artificial intelligence (Al). Big data is
important to improve learning performance of Al, so circular augmentation method is applied to build
up the big data at the current study. The optimal model was chosen among applied Al algorithms, such
as artificial neural network, decision tree and auto machine learning. To select optimal model among
the above three Al algorithms is to minimize the margin of error. To evaluate the method, actual data
and predicted data of six performed projects in Poland, Indonesia and Malaysia were compared. As a
result of this study, the Al prediction of this method is proven to be reliable. Therefore, it is realized
that the geotechnical characteristics of non-boring points were predictable and the optimal arrangement

of structure could be achieved utilizing three dimensional N-value distribution map.

Keywords: regression analysis, N-value, artificial intelligence, circular augmentation method, artificial

neural network, decision tree, automatic machine learning
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3207} (AENA]) x 3671 (7 NA]) = 11,5207] (7 NA])

32070 (ASENA]) + 11,520 (ZFF NA]) = 11,84071 (2] Hlo]€)

) - original
@® Spacing 0.5m : +8 point
. Spacing 1.0m : +12 point

. Spacing 2.0m : +16 point

Fig. 1. Circular augmentation method.
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Table 1. Training and testing data in Al method

=2
=

0] 4 7] glo] 2 me A

Training data Testing data
Project Boring N-value Circular. Boring N-value Remarks
ole augmentation hole
(ea) EA Avg. Std. dev. (ea) (ca) EA Avg. Std. dev.

E 20 320 242 114 11,520 19 324 23.6 10.5 Poland
1A 16 160 40.1 16.3 5,760 7 70 40.7 16.2 Indonesia
IN 25 838 29.2 16.9 30,168 16 538 30.8 17.3 Indonesia
P 19 499 323 204 17,964 131 313 20.6 Indonesia
R 8 160 374 15.6 5,760 3 73 38.6 14.8 Indonesia
M 18 242 28.9 18.4 8,712 5 64 30.3 18.8 Malaysia
Total 106 2,219 - - 79,884 55 1,200 - - -

2 Aol A8H Am= o AFE-2 1065, N2 2,21971 28530, @57l olsh 7ol N2|= 79,884
N A=A Al ©]F o5 & NAE A5sHH A5 LA RS fefshr] f1sl] 5 A58 558, N 1,20071%
2sigIek. 7 mRAE STt 1% A5 T0] TR ol Al 8ol Z145310] g2 ol §te] sk 7Rsol wtet 5
N5 7Fsde dFshe Aol T2 F2o)7] thEolH % A= ok AlFea HaAPIAL AF AFEa S AIA
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Ao 91, ExE wfglo] A El= 7390l kT oA L& j2 o] AT Hal= 4] (4)9F 2t
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Fig. 2. Artificial neural network frame for the predicting N-value.

ourzYLE

AR AR R R R /R A 8 29 3 Sholck ofea oA o E <o}
107 22 ofolubrke AR a7 tro|o} ulgt @A) BAle g Qmelzoleti § 4+ SlkNavada etal., 2011). E7
o] Pz 27 RE ABAGHS TSR A9 1Tl Be) e T

i)

o o

=2
el o #5he] 1mEQl ¢l et 9 leEL

TR

More than
2m Depth ?
A k Yes N

More than 0.1
X-coordination ?

More than 0.1
Y-coordination 7

N-value N-value

-

)

Fig. 3. Decision tree frame.



226

oAk A4 8 71T Qs B Sl U e 2 FAIc) el A ool g B el o, 519 el
ZHA] =gkl & A Stk (Jeong et al., 2021). SIAFAUF-O] G of] tigh of| A= Fig. 37} 2.2 ™ ‘Light GBM(Gradient
boosting machine)?} XGBoost(Extreme gradient boosting)’ 2] E.&{2]& 2-8-5}%tH Chen and Guestrin, 2016).

Q& Milald

AR HES Zidekal AR 2ol flshr ol 2 S AXIA EthFig. 4). AI7FEASH] Z7E 2f H|
OE]TF ol RE M-S dobA] s ds] & 4 Ui ST, dA 0] miled HEle2 7A] o] BpoflA R

tlofe] 47, ], Bl ofs5 W P7HE AR AH|A Ao 0] 27]717] of 2] Eob AT FE o W2 AR e o] 8+
HKFerreira et al., 2021).

Q& mAled> mAledS 28 of it} o2t S ElEolshA] WAlehE Bla-aA 9l 2H}ds F|dieh AE2t
sto] it 885 =017] flote] 575t (Zoller and Huber, 2021). 53], H|o]E] Z3|2] Ap7gofAFe darelE
A gl B 7kx] of wpgof| A mdl Zte] ZfQlS X|As) ofo] FA £2 RS aubA o = e 4= Gl 71l o
St A7t @ FFQt R =] o] 2IcK(Zoller and Huber, 2021).

gq:L upk]a] _Elo];] HP;H_L} JJ-/U ] 010101 oE UV\]E]Q 7]/‘\ o uq/qau A=g=l] 7H}:ﬂ- /\] ] 5\—4\];]71] 14_9_63 31%
package toolkit=©°] A+ 7HEE]|o] @31 ITHOlson et al., 2016). B3] AFo|A+= ©] S “TPOT(Tree-based pipeline

optimization tool)’ 2] H2]2| & 4-8-5Itt.

Iterate until features are ready lterate to find the best model

—— . - Candidate Deploy
Raw Data Preprocessing — Feature Data — Training — —— — deree Gedd

) | ] / I

Machine Learning algorithms

Fig. 4. Machine learning algorithms.
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Table 2. Applied parameters
. LightGBM TPOT
Project - : - :
Num leaves Max depth Objective Generations Population size Scoring
E 128 10 Root mean 150 100 Root mean
Squared error Squared log error
A 24 ) Root mean 180 60 Root mean
Squared error Squared log error
IN 128 10 Root mean 150 100 Root mean
Squared error Squared log error
P XGB 100 50 Root mean
Squared log error
R 0 ) Root mean 128 64 Root mean
Squared error Squared log error
M 128 15 Root mean 128 64 Root mean
Squared error Squared log error
=ld 24

SEERE S B e C et 4
A ElE-& @ X{(mean absolute percent error, MAPE)©]™ 2]
MAD= E |V, — N

zfl

1 & IV, —N|
= — — X
MAPE=— i§= 1: ~

(3

oI7]Al, N, : AENZ|, N, : ENZ]
ol2t e A2 283t SANEA] Ak 7t

A AR AENAE

Vil

Table 3. Calculated mean absolute percent errors (MAPE) (unit: %)

Jl474}(mean absolute deviation, MAD) Bt

(8), (9)2F ZTh(Kim, 2002).

®

)

BAjstAk AL A ] RS Ak

Project Artificial neural networks Def:ision tree AutoML Selected library Remarks
(Keras) (LighGBM) (TPOT)

E 53.0 23.7 20.3 TPOT Poland
1A 85.1 474 59.3 LightGBM Indonesia
IN - 39.9 37.8 TPOT Indonesia
P - 88.2 (XGB) 31.9 TPOT Indonesia
R - 38.6 37.0 TPOT Indonesia
M 139.2 35.8 34.8 LightGBM Malaysia
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c¥el o] Uttt o) 2tzel 27 2 o) @ & uhAleldel TPOT3} SR Lol LighGBMO] chl o 2 A1z
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Predict Fitness Predict Fitness
10 {MAPE : 20.3% 10 { MAPE - 47.4% o
08 4
0.8 4
06 4
et D'E T et 04 4
£ g0
E 0.4 4 E 02
0.0 4
02
-0.2
00 0.4 .
0o 02 04 06 08 10 oo 02 04 06 08 10
Actual Actual
(a) E Project (b) IA Project
Predict Fitness Predict Fitness
10 {MAPE : 37.8% 10 MAPE : 31.9% . seegoss
0.8 4 08 -
et D'E T - D_E 4
z z
o o
~ 04 = pad
02 03
0.0 4 0.0 4
00 02 04 06 08 10 00 02 04 06 08 10
Actual Actual
(c) IN Project (d) IP Project
Predict Fitness Predict Fitness
10 {MAPE : 37.0% o0 t ° 10 1 MAPE : 35.8%
08 08 -
y 70 o 06
5 5
o o
~ 04 < 04
02 02
0.0 4 0.0 4
00 02 04 06 08 10 00 02 04 06 08 10
Actual Actual
(e) R Project (f) M Project

Legend : Blue point (value for each location), Blue line (trend line), Pink line (identity line)

Fig. 5. Normalized distribution of the predicted and the actual value.
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Z42o] Al B NAZ 53 F A2l vl dEstglon 24 meAEy 484 Avks Fig. 59t ) B 227
E,IN 9 1P SR AEL 57k o5gte] fARH IS UEhia glod ARIErt e A0 BAEolc 1 9] 1A,
R, M ZRAEL A2k o 2gte] AR} cha HE510] 242} A 5ZolA] 48] ZE st

QIEAAE HH5lo] e ARt Bast, B B9 ] oxigtel ATiA 0 R Hrtste] 3 lEm ol
= A9 A7k 2] N o2l 485 MAPES AthAel 5748 Bas] mhzo] N7) o2 A B7Rs §e] 9l
on|, 27 A7 A 2] 24 B UNHAHMAD)7 B} erehe & 4 91l

Of|=Nz| ZapsM (E Z2HE)

Al9] 5455 molstr| fofl dlEatat ASaks 2 A5 = vl - HESII: Testol] 2185 A4 A58
8l50] oL 8517 @dgko v, 52 SRlshed] S8 A ARE A8t E R ECA 28 A= TPOT
gfojHzig]o]r oS¢kt AE4te] thEA ]l B¥h= Fig. 67 £t

MAPE : 13.2% o Predicted  —— Actual MAPE : 12.9% o—Predicted  —— Actual
10 10
5 5
E’ E’
§ § s
g -10 g -10

w w

-15 -15
-20 -20

0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

N-Value N-Value
(a) BH-05 (b) BH-16
MAPE : 6.5% +— Predicted —a— Actual MAPE : 13.0% o Predicted —a— Actual
10 10
5 5
g 0 g 0
s s
g -10 g -10
i i

-15 -15
-20 -20

0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

N-Value N-Value
(c) BH-60 (d) BH-86

Fig. 6. A result of the predicted N-value and the actual N-value (E Project).

SAREAZET, MAPE= 6.5% ©1/39] @2Rte] RashH e shi e S NAF 57 e e Helvh = EL.
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(BH-05)#13-2 MAPE”} 13.2%= FA =], EL.-5~-10 m 7F0] g4 4 %%M 2| A SE 11 o] )= AR
Fo g df=E= Z oz BAEQIL (BH-16)H35% MAPEZF 12.9%E AF|kE ot dj=0 2 BA g0, A=ghv &
AFRINZ] BEZ o] =511 Q)r}. EL.-10 m ]34 N2] 40 o1AF2] 2| 2] %0] *E'%Zuﬂr FAFSIA &= AL 21Tt (BH-60)
HE-2MAPEZ}6.5%2 71 A8 7t o gt ol 50 2 A w]w, A=glat GARENA| 222 5= 9lr). o] A%
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2 AHETH O AFE N2 7 ok= A3 HolH EL.-15 m ook N2| 30 oPdo] 5= 11 Qlek. (BH-86)H5->
MAPE7}13.0%2 %35t &0 2 BARm, EL.0~12 m7HAE= d&3ko] 217 &0 Ho] 1 o] Qo= A=t &
At Ao 2 &= Qi
AENZ] FAA3, EL.-15 m ©5lellA N2 30~35 A oS5l 1l §lom Ml J4J%H E X2 E o] 37 2|4t
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=4 lHTU}FP#S 20~32°HE 2 AET} Zo|dSE et Mgtz o g garr]o] §)
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257 27102 AXstgl o, AECL A2 A ESt XY ER ETIAIA A-8o3tt. ESENZA] 10 ofoke] Aok
g oiet 22A71A] A Qs RIso] 8 H Tt

GISNA| ZU2A (A Z2HE)
IA Z2AE oA 283t Al= LightGBM o B jg|oH o|Zgfat A=ge] tE 29l A= Fig. 71+ 2t 5AE

A, Ao A -5 m7PHe lEo] Al AR Aol L= A7 _aMAPEy} on] N=E 7} et
o1k, o= X|HoA Al -5 m7H] Aoket AE Aol T s Tkt 2| 5o0] FA5] ﬂzaL ST
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Fig. 7. A result of the predicted N-value and the actual N-value (IA Project).
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