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Abstract: With the development of urban engineering construction, the issue of construction engineering accidents
has become more and more prominent. The geotechnical parameter interval obtained by using the traditional
methods cannot meet the needs of actual engineering. Based on the idea of unsupervised learning, the peaty soil
with the worst engineering properties is considered, and 8 physical indexes are selected as the input set. The
principal component analysis (PCA) algorithm is used to realize the dimensionality reduction of multi-sample and

multi-parameter decoupling, and the correlation and sensitivity of each physical index is obtained. Combined with
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its correlation and sensitivity, the comprehensive evaluation value of physical indexes of peat soil with different

buried depths is given. The k-means clustering is used to analyze the relationship among physical index, and

comprehensive evaluation value and engineering characteristics of peaty soil provide a theoretical basis for the

selection of geotechnical parameters. The supervised learning method-BP neural network algorithm is used to

analyze the unsupervised results and verify the accuracy of the (PCA—k-means) algorithm model. The normal

samples obtained by clustering analysis are optimized by a variety of truncation methods to obtain a reliable value

range, and the value results are compared with the actual engineering values to verify the rationality of the model

engineering parameters. The algorithm model is of good engineering application value. The research results can

provide references for engineering investigation, design and construction parameter values, and also provide a new

analysis method for geotechnical parameter value analyses.

Keywords: principal component analysis; k-means clustering; BP neural networks; truncated method;

geotechnical parameters

B IR b i Bz A A e e i A L B b &
SN (e N K 7 STUE L BT w0 . e 2
A AR 26 5 B, Py PRAE ARl AR B, UL AR
PG A, 255y 5| ke T AR, Ao TR %¢ . it
it T Z 5000 18 OH R AR Z2 R . X 88 v, T
e R RRR, A LB LR L S KR R4
KAEREA, TRMERR DY, SR TR S 5UE
EEAHE N TR T4, Wik, 524
PEATHERY A 1 S HUE Ry AR A i DR 1 )

Ry BT e e JBT = 2 TR A R ) e T TR ME 5 o 4
P, HulMR 228 50 TR le m i + Y )% 2
B M o Kolay 55 XF H > PH W 6 /> [F] Ml g Y
IYe e ot AT B A, LR 25 R 5 A A 5R 4
W&, BVREE A DLBT S = a3, Jé 5+ 1Y
WP R4 it B Sk N, LLEE | % R 34
o Price S WFGE T UE R BT A B W) BRAE BT, X
IR FEKEE DT Wk LAY R MR S R4t
Z B 1) 5 R UEFT 43 M7 . Santagata 557 X G ML RS &=
ik 40% ~ 60% B J5UIR | H e A 5 M N3k TCHLER
A AT 1 B AR — A B S5, T TR
i FRA BB RS LB L AS AR DL R i 254
PEo SRS FEGE T A P& 00 T8 U8 kit +
YRR 2 B S e, A TR e Al

W& LSBT N TR A, ok 2
12735 R — 0 Je 2 e M7 B XA - S HGHE T
G, ARITSEN S BBERESEZC ) WA
WF 8 B AL, S8 ot SIS 1 B0 S - S EUE %
B 52 e R 28 A/, AR LS S e T RRIR L . ML A2 >
SR AT PR i A A I 22 SRR G I, HR B 5 R R
MW 2 o] P A A TR 3R, afE LA A R TR R AR T

HeBR M5 S5, S ECTC ARG HEAED Y, B
B2 2R e o 2 K Ml [al B ik z—, H
g2 A + TR #lan, Bok 78540 R H
Jo Wi B = ) B v 1 35 43 3 B (priciple compone-
nts analysis, PCA) 3 7 A M C-34 {8 2 25 5 1k (fuzzy
C-means algorithm, FCM), Bl PCA-FCM &3, X J& 14
it T M 2 TR AT A, AR KRR EE bR T AL I A
o H KR AR SR A 3 RS B 5 B R A A TR
PO L AR, B R B & 7 I AR R . AT R R
FH G W B 2 > 38 X6 B 1 b 732 % ol A 7 ST, S AR
TR R B 2 > T A S B A B g 4R L TR Ay
F-Bo HJE, JoWEE 2 2 B A A £ 2807 1w b 138
P HARG, Hit BB ARG Z AR R 3 —
L, K B2 SEFR AR 10 T AR 71,

R fif e L Tl B, SR FH B W 25 Ji v 0o 37 i b 5 4
DR, A R TR T A U8 2 BT 1= 8 A~ W) B4 s 381
HBCHE 51T B 2= > Be v, A PCA B AN k-
means 5387 T4 W) BRAE A B TR R R BR SRR, Ay
TRESHEERME S . % T0 B 2= > e 1 i
5L 5 BP & N 4515 B 1 45 SR kA7 40 A, iE— 2
E 7B RS 135 s I X AL G BEAS 48 AR ok H 2
BB L AR AU X [|], 5 50 FR TR 25 B IUE
#8843 BT, K96 PCA—k-means 571 {9 & B

1 BERE

1.1 FE 45 (PCA)

PCA 535 1) H Ap 2 38 i F AP e MR35, B i 4E 1
BHE W S B AR Y 23 8] b, O R A R Y 4E B
AR WA B RO, DU S R A D i B s 4E 12, TR
B O B AR 5 22 00 D B A RURE PR SR SO [14] TR



2023 4F

Bk I%, 45 26T JC B O TR 2 A - S RO - 151 -

PCA-FCM #5575 rfv () A6 ¢ PCA B0 52 30 50 40 e 4k, L
FEAL BTN TR

9 A R 48 b 250 M2, e e bR S
BAHAT Z-score FRifEfL AL B, TN .

x;j_xj . .
X; = =12, ,n,j=12,--,m ey
g
Aorbe o 50 i DR j ARG S

X\ o4 j IR BR R A5 bR v 225
AN
m—HE RS [E

XREAFEAR R AL G, MR PR 7 2 C U T

Cov(x;,x;) Cov(xy, x,,)
COV('XZ’ xl) e COV(XZa -xm)

C= . . ) (2
Cov(x,,,x;) Cov(x,, X,,)

1 Coviay,x, )45 j A5 55 R bR IR B 07 2%
b7 2 1A S LR (3) (4), Hok/NJesE TR
IR AR (996 3R s 24 AR >0 B, 19 REAS i S TE A1 55 24
HLAH <0 i, BIREAR I $AT
Cov(x;,x)=1,j=1,2,---,m 3)
D=5 - (x, — %)

Cov(x;,x;) = — — 4

VIR B C B4RAE AR (A) AN AR X5 17 6 4R A1E 1)
(), "I 1% Cu=p,o B 2, R EI/INHEF, 15548 b 53
B (c) L BT ik % (¢) o A ARIERT & 4~ 3 B4
ERSN A R i DN I S i A T e =
WA A o i85 85% LA b o M ¢ K F] 85% B, {5 B
WRETE VLR Z N I, B c,>85% B A & WAL
RIFRAIEIRFEAR . ¢ Al e, AR

m

>

)

k
A,
= E cjy ¢;= ——x100% (5
=

Xt AR 8 o 3 A Ji TR T 1) A A 5 8], B2 7 119
Hif kDR BR y AURBIFERE ¥ AT AR

i Pu P ' Pim X
Y2 Pan Pn ' Powm X2

Y= . |=PX= : : : : : (6)
Vi Pa P ' P Xom

K. P—F 51557 RBUEIE;
X——m 45| i
1.2 k-means 2507
k-means 5 ¢ 32 B F T fff ok R 1L 04 43 28 [R) A

H BT C W T g 2 A 45k 20 26 ) 8, HUBE L AR
JE 30 Ry BEATLB 22 & W0 i SR R B0, SRS 1A B
P FEA v (8 A~ 5 AR 0T ) Y B, KA I B
BT REAS AT 43 B 5 22 05 N A 1 T 0 Bk R
PR s PS4, it 2 UG, i D2t TR
AE P72, k-means SIS I 5 iz BB R R, HRAE A
MRS IR BRI EAL RN T

(1) M n ANEEAR (Cxy, x0, 25, -+, x,) BB LI HL & ~40)
BRI C (=12, k)0

(2) R IR B A KX R R A X 5%
AR C IR, B FEARXT G50 2 R FE Y
b, BRI E AR,

i (-xjp - Cip)z

p=1

1/2

d(x,,C) = 7

X x,. C—x. C 15 p MEMEAE.

) T AEAR 4y B 58 G , WA A5 & & A o0
BT LG, A5 A MR A T AR E R, &
LIRS g = S L)/ 3 SR

(4) RO T8 AN FEAE AL I Ik, I 4 ik 2R
R4k
1.3 BP #i& M 4%

BP #1250 45 & — i 22 12 I A b 22 I 45, 2 MBS
HAE TR — Hb B EE AW BB, 5
— W B R A5 S T 58, N A ZE T RYE, &
Ja Bk )2 58 B B R 25 1Y I AL R, M 2
Fo & 2, B JE B S, SR 5 R T R 2 B
2. A Z B E R ACE R E . 454 SCHER [22 - 23]
H BP #2845 B, 6 Bl R AT T A b . Bk
FARLIRINT .

(1) 285400 46 Ak, 356 G 38 1Y 005 R AR Ax),
PR R ESCR SUHH TE D77 S 7 bR 2K
1-¢e™
f(x)= Tres (8)

(2) % B & 2 i CH) #EAT AR
H,:f(zw,.,.ximj),j: 1,2,---,1 9

e w4 A JZ BB R A
a2 BV 2 0
R R
(3) %4y th 2 B s (O) BEAT AR

0= Y WuH,+bk =12, (10)

=



- 152 - 7K SC L T

2 B R 2 R
bt T2 E g R O G
L R OB

(4) B HIRE(E):
1 & )
E:E;(Yk—Ok) (1
Z—litq:' Y; /ﬂ;ﬂ%i—[}ﬁtﬂ, LE Yk_O/c:ek, IJ_I\IJ

1
E:EZei (12)
k=1

(S)AUH T, THE AT

1
wi; =wy; +nH, (1 —Hi)xiijkek (13
k=1
Wi =wj +nH,e, (14>
(6) fi & 5B
By J2 S i 2= A O SR
1
a/=aj+r]Hj(1—H,)x,-Zw,kek (15>
k=1
b = b, +ne; (16)

i A JZ B B T2 ) i

1
b, = b +nH/(1 —Hj)ijkek an

TRAHG, FIWTE L R s, 85 R,
M SEIE S B E A ERTHET AR, B4 RIS

2 EBIoH

2.1 ZEHRIR E

Xof SR b B R 45 R AT BRI 4 BT, Yk ERUHE 2 A A
AHARFEENRBA SRR LTS . b
B T VL L 5 bt T AR DO RR OV T b A0, A 0 S R P,
FEEREHRZE A FE R U O A T2 4
[ o S I = i w1 = ¢ N 5T N3 |
it 4% 2 A [ 15 U8 ¢ 5+ BURE, BB 381 S REA pEAT
WhoE . EHEEE (p). HE(G). FKE (o). W
() BPR (w,) . FLBRH (o) . R4 2% (a,) AR
i (w,) 5 8 MG ARHEAT 40T . B E Ve AT 1
Yy bR SN 1 s .
2.2 SRS HT

R4 2 (1) % U8 2 0T A A AR 8 A 26 A7 s 7 £k Ak 21
J& AT KMO FTE R R BRIP4 56, 15 3] KMO HUREIE )
PE 850k 0.897(>0.50), 3 1 48 2R 24 0.000(<0.05),

@, , i et

m

g ==

B1 SRHOHEEEE
Fig. 1 Stratigraphic diagram of the convention center
®1 BRRERELIHMEERSITR

Table 1 Statistical table of physical indexes of peaty soil
in each layer
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Table 2 Correlation between different physical indicators
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Table 3 Sensitivity statistics of each physical index
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Table 4 Ranking of comprehensive evaluation of the peaty soil

LB T ol
20 AT
p/(g-em™) /% G, e /% /% a,,/MPa’! W%
1 —-1.295 1.565 57.590 2.517 1.536 68.690 42.690 0.722 8.100
2 —1.162 1.533 67.980 2.397 1.565 71.730 44910 0.812 12.670
3 -1.096 1.499 68.280 2.428 1.699 76.180 48.270 1.103 11.690
4 —-1.035 1.483 72.120 2.436 1.824 84.800 49.560 0.977 12.270
5 -0.928 1.452 73.690 2.238 1.882 92.400 58.890 0.850 13.678
6 -0.946 1.454 78.070 2.426 1.971 90.320 53.550 1.121 12.100
7 -0.900 1.455 82.180 2.426 1.957 95.363 62.181 0.833 13.318
34 1.293 1.115 211.200 1.796 4.406 228.270 149.400 3.802 43.750
35 1.496 1.134 220.200 1.164 4.761 228.710 144.100 4.718 44.346
36 1.566 1.117 232.700 1.311 4.818 238.770 149.310 5.031 40.817
37 1.861 1.121 247.000 0.996 5.327 249.400 156.300 6.006 41.710
38 2.574 1.079 287.182 0.990 5.839 304.936 207.800 5.978 56.455
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Fig. 6 Discriminative index classification results
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Fig. 12 Sample distribution map of three physical indicators after classification
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