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Abstract: The determination of the coefficient of permeability of soft soil has always been its
seepage research hot spot and the difficulty. In view of the present situation of lack of reasonable
methods for determining the permeability coefficient, Lianyungang storage yard soft soil explora-
tion project is taken as an example. Characteristic parameters and label values are selected by pre-
processing analysis of data of cone penetration test, and hyperparameters are adjusted according
to the difference between horizontal and vertical permeability coefficients, with a permeability co-
efficient inversion model based on XGBoost machine learning algorithm constructed. Finally, the
XGBoost model is compared with the traditional BP neural network model and the previous em-
pirical formulas by using the engineering measured data. The results show that the XGBoost

model is more accurate than other methods in predicting the permeability coefficient.
Key words: cone penetration test; permeability coefficient; inversion model; XGBoost; BP neural

network

BEE & = AT I T A MR BOR Y% S8 Wi = WAL TR R OB SE 22 5 b N B 56

R A 2022-03-17; M&EZBH: 2022-11-02

P 4% & & ik . https://kns. enki. net/kems/detail/61. 1294. n. 20221102, 0853. 002. html

EE&TH: BRARBFEEFFEILS R (51908546 ; [F 5 1 ARF =1 4 17 [ 364 % B30 H (52178374)
F—1EE . MEH. B i+, TR R TR AAE L TEBE ., E-mail: 541009687@qq. com

BEMEE: ISR B A BF5E Oy 1) S 7 Al R 8080 % % . E-mail: TS21030056 A31LD@ cumt. edu. cn



134 VU225 TR 232 4R (2023) 45 39 45 1

L Hrp R RSB BRI O ST —, B
B RE R R BEE B M 4 KB 0E 1 O 55 ) EE B A
o B 1) o Wl 0 S X8 B AR PE IR OY B oL B,
BB R RO TR 5k B3 I AL KK 5 AR
13 AR A 2 LA BB HAERTAE S . IR, ok B
S H R IIBOT T — R ] S50 R B
Tk,

[ N Ah 2 3 DR+ 1 B BRI e i 2
H T RIR LTS An R AR R M 5 BRI TR
BiERE AR A, AR, A O 2 E A S
Tkt BR& T HAE SR TP N, T
FEAF) ZERNBEREOT R %, a%a
FIH 8 07 bR AT DA 3 2 S i - 23 P SR AR S, ST
77 M 3R A X8 8 R B AT W5 . Robert-
son " RIN T BB RS LRI L WTEH LR,
I T B AE TR L A, Elsworth
ZEDSTH Chai 2857 43 51 45 A Bk 1 5% A0 2 BR 1 AR
AR A S B AT HE S AR ) T R K e S
BB RBER KRN, FERET R TR
AR TR R AR B AR S T B IR S
MR AR, WA HEEEBBERHFERTRPIIA
HLAR 2 2 Bk U T — iR . S T
SN HLBH R, SR BP #2826 X6 iR 1B E R B
AT TN, 38 2 B SE IR R T AR e 2e e A 5 2
KT TR 22T /N . i A5 B i R 2 ) B A
SEBIE RS Kk Z A O R IR A A e R
LT B3SRBS B, Zhao 00
W HBAEAE R A WNZRT 7 FhALAS 2% > BLAY L i
DR IT F 28 AR B B D 2 1B B 4, Hirp, XGBoost
MERIVEBEFe A . Tian 25230 53 %F 3 Fh 45 358 £ 07
TR 6 BhAL 24 2] BER Y LA A BT B T — Bl
BT A0 ) AR 5 4L 2 ) MR AR 45 5 (0 7 ik ok
UL R Z LA B B R TN . Pham 4817 31
7ol e s T B 2 RN b A - R B 0 R BT A
R HXE R A 3 L 2 2] Bk AT Tl it .
i RMIAZH A TXEA LK AR NBIESRHE
PR 2 2] SOk AT a7 B & o i fole 2D oF I e 400908 1)
A5 BRI 05 A2b B3 A 5 AR L ELAT 40562 X Bl U T
I B A7 2% 1235 38 28 BOLE 7KOF- ) R 2 B 8] 0 22 5
T 5[] o] A9 7 52 B oy FH v A3 43 ] 220088

AR SCARAE AR 7 bR EH 5 B O R ) 1Y
TP, BT XGBoost Mlas2: M Bkt —fig 5
FRBO AR A R 1 %ok S A Y 23 B
BURFAE 2 BOM bR 25 (8, 4% TR B8 42 A0 4 A5 3%
S8, 0 7% 1835 % 2 800E K 1) A3 11 ) 22 5

B i MR AR E 2 U T R 10 K Ar 20 A HE S TR R 4K 1 b
FeomE B g T H A AR B B O AR e AL S
BPNN #7 Fn iy A 456 47 X% b 87 .

1 XGBoost iEER

1.1 XGBoost &%

W BR 6 BE 42 T+ 3 (Extreme Gradient Boos-
ting, XGBoost) (J& 3] Fx XGB) £ i 18 #f 15 14 3t
filt bk vk DL mokS B, sEar ] CPU 2 &
FRIFAT LA 4R T30 3k 21 [ B 09 3 S PR L 2 30 4F R
PERE IR AL AS % S Bk —

TR B R o SRR R XGB B/ME B R iR
Bz g L WO R A A O

yi=@(X)= > fui(X).fi EFi€n (1)

Ay AT X, AR i @ B EREA
Lo AR ke AL BRA n AREARA KRG F N A
SrRIEIER A ES

SR INY i Gap RN W

n K
L@ = D> 1(yiay)+ 2000 (2)
i=1 k=1
APy Dy g T ST WA 1 IR 2%
i=1

DY) R BB A B 1 IE AR5

fe /M B AR pR I 280 T DA 36 3k 2 2T AL
HAYF AT, e A5 2 H b ok B0 B DL A%

~ T (2 gi)z
1 i€l
L(l) —_ = J _
() 2;;2%1h+l
K. g RS s ¢ kRS T S iy a5 i 4k
Hi I, A5 SEBgE; 2 fly MIENLREG g

H R, 5F BRI B (3, oy, ) Ry, B
SR~ B S8

XGB V5 i % 42 52 b7 6 1 5 3 VA 0 2
R T 15 4 2 N 50 R 1 B U i B 7 2 SR
o/ =

+yT (3

noa
Loss = 2 (y; — y:)? 4
i=1

XGB R A 52 5 T4 52 2 T4 52 B i) 46
W W RSEW Z . B 080 5 5O
BN J T A R R 5 T A A I AR S
BOEATIZ (WA 1) DR JEE 5 32 THEER P E T ¢
i 52 2 2 B BRI



MEFE A SET XGBoost B3I K 18 13 R B B 135

# 1 XGBoost B kHESRFECGRD)

Tab.1 Important parameters of XGBoost algorithm (part)
2% e Bkl
num_round AR I 55 VAL 5 Y 10
eta A Y 27 T 0.3
subsample IS ATL A A S TP A A L 451 1
mazx_depth B 4 fie R 6

A R I BE AL AR AR AE A LL ) 1
colsample_bylevel H R JZ BT BEMLIMAERFIEM LB 1
colsample_bynode H T EREHLIMEEFRAE A EE ] 1

colsample_bytree

1.2 EEkL ML BER

TERFIE 8 %% & BOK P 1) A EE 1] 19 22 5 1
Bear' " I A% ] 15 i (N 25 5% 0 s o4 1) 2 2 U0
WA Ch, ) EAKTPAEChy DHEAT T HOE B2 T E +
ky/ ke BUTTREMESER . 1 ~ 1.5 GYBRVIBYD .2~4 (K
REMEEHD 3~15( B4 ). DI BE R
S ARXEEAE BB &R T 2R, A
RN 72 7 A58 S Ay L, 23 BT £, # &y 34T T
I, DAASE F0) 25 2R S A 5 AR SR

2 I#ENH

2.1 IFEHR

Vst (57 T3 2 s s 5 AL X R 3, L H 30 J7 ¢
LT — B8 W B CT RV ), AR T
WEZ 4 m W AW+, LR # ) fil 28 56
(CPTU) R T 2% Geomil # 1 i 5 X 10 ¥ 4 . i 1
iR 1 Frs (UL TT33 8L 6D .

q/MPa f/kPa w/kPa
0 3 6 9 0 100 200 0 750 1500
Y 0 T T T T T T
[os el ?
5
Dot
10
E
w15
23
"LZ()
D206
25 g
- ’ l:’—
3

D2 . 35 s n
(a) HJERIGHE (b) #IfbR L&l

Bl 1 Geomil #J7 fil #8550 25 2 Rk U BE (AL
Fig. 1 Geomil cone penetration test results

(cone tip, side wall, pore pressure)

TREAG EA 1 Ak PR AL 65 4> VU IR Bl

fL 15 4~ HEAEEALER S — AW FLAH &R . AR K
Bl LR A R B A B B T DG S 7 A R
LR, 27 CPTU 88 5 = NI 50 45 3 1 7™ 4% XF
MEFR, ENETRELEE T 11 HE A3 E
REC RO 8 HAKTFmIB B Ry )W E I
PL“QT 8L -4 a5 " 1 B Xdiw 24 4E i 0 25
Bk 2 i,
#2 L TIREBIE R RO %

Tab. 2 Permeability coefficient data set of geotechnical test
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Tab. 3 Results of pre-analysis
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Tab. 4 Optimal hyperparameters of &, prediction model
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Tab.5 Optimal hyperparameters of &, prediction model
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num_round 21
eta 0.2
subsample 1
max_depth 5
colsample_bytree 0.9
colsample_bylevel 0.7
colsample_bynode 1
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Tab. 6  Comparison of predicted and measured values by each prediction method HAT: cm/s
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MAPE 5 A4~# HIPEAE F8 v #7174 . DL Ry E AT
Wb e HET R 7 B . Ho 3L E )
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Tab. 7 Evaluation indexes of distance between calculated

and measured values by each prediction method

T 7y 2 R? MSE RMSE MAE MAPE

XGBC &, ) 0.932 0.269 0.519 0.296 7.165
XGBC &y, ) 0.891 0.225 0.475 0.192 5.442
BPNN(&, )  0.824 0.711 0.843 0.746 15.098
BPNN(£4, ) 0.612 0.681 0.825 0.361 5.572
Chai( ky, ) 0.571 0.754 0.868 0.756 14.268
i Cky ) 0.505  0.870  0.933  0.812 15.273
Robertson( &, ) 0.327 2.714 1.647 1.273 25.609
Robertson( &, ) —0.028 1.806 1.344 1.037 15.582

ElsworthC&, ) —3.290 7.539 2.746 2.695 42.482

FE 7 R T XGB Y b, T I A R 2 B
Bl ORI T XGB 1 by TINALRL, 5L BP #f
2 IO 245 11 T 000 A5 78 6 L B AR AN 4N XGB BEAY  {H A
FHELE AN, WAMER AKX, Chat AXF
B RAFH ORI . AR ST RS 4R 0 B
A B AE A b XY 2 A R ECHUN , XGB i
DA RLR — 2 BB WL R B, (H X T3 2 s i X 28
IR+ X B BRI R A —E NS H
VIR

D) ARSCHRE H A CPTU i 5 H 3 % R4
Z IR IR B T — PP T XGBoost MLk~ ~J
BB 3 R B AR RS Tz 2R,
H2% 18 7K o] 2 B 10 8 08 RN 22 5%

2) a3 X i AR MR A8 H A S B 3 DA R
X f M 2 B A R E L B R e R B T R Y

TIUMRG B2 . 1% XGBoost T I ) £, TN {H 5 3¢
T{E RS R® W3k 0. 932, &y, THIN{E 5 5200{E A9 R* A
ik 0. 891, it i T 15 4t 19 BPNN #: AR i A 28 5
N

3) RSO TRE S F B L B T LA ) S
#1Y XGBoost £ A1 4 B[ 1T . XGBoost & # 2% >J
RE M TN B L R S 8 R A 2R D A
K RS HO X TR ER R B — &
ZZM1E
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