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Research on shield parameter prediction based on the PSO-RF hybrid
algorithm

HUANG Kan, ZHANG Wenjie, LI Yujian

(School of Cilvil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Composite strata is a common type of strata during the process of shield tunnelling.
However, there is relatively little research on shield tunneling parameters in composite strata. In order
to study the correlation between different shield parameters, in this paper, based on the Changsha Rail
Transit Line 6 Hubai interval tunnel project, the shield tunnelling parameter prediction model was
constructed using the random forest (RF) algorithm. The shield tunnelling parameters was predicted
using the PSO-RF hybrid algorithm model combining the mathematical statistics and the RF. And the
prediction results were verified for errors. The results of the study show that the stratigraphic
parameters of the shield tunnel intervals are combined with the shield tunneling parameters. Two types
of parameters are used as input and output parameters, which are imported into the PSO-RF hybrid
algorithm model for training and learning, 5 predicted shield tunneling parameters are obtained. The
mean absolute percentage error between the predicted and actual values of those parameters is generally
less than 20%, which indicate that the prediction results meet the requirements of generalisation and
prediction ability.
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Fig. 1 Particle iteration process
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Table 1 Conventional physical and mechanical indices of the

main soil layers

RIRWREN | KIREL | BB | BRI | BB/
HOJZ 4 B ) - Pl
(grem™) BRLL | H/MPa #/(°) kPa
RiAt 1.80 0.80 14 10 15
MR+ 1.85 0.75 14 11 22

R2 B I RBEOFINEN TR
Table 2 Conventional physical mechanical indices of the

main rock formations

S A T JE%%‘JE/ AR | A A
(grem™) MPa i/MPa
R e 1.90 28
CR R e 2.20 120
XU R 2.40 3200

EHETLa%I8 T HR A 5 X 2 14 5 g
2SR, BT AT R T,

t,
ftﬁﬂz%%ﬂﬁ}%%ﬁ?i@%ﬁﬁi}%i%}%f}fﬁﬁ;
%ﬁf@%fm%%@fm%i}%i}%ﬂ@mﬁmﬁ;s
WEER T, W% 42 E T, BER T,
8 2% 1 J2 8 ik T 1) SR 5 48 1E R TN 1
LR AR N Kb ) P 3 T
He iNEIJZ+,i=1,2, -, n;h, WFEIZ R
FE 50, WS 0 5 R 5 h R g AR

3 wEINmAE
Fig. 3 Stratigraphic section

120 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



%34 ",

%K T PSO—RE A S ik 04 J5 M 53Tl #F %

TR EE y TR T o R @ A TE A
E Z3 & 1E JE A R BEA LR R AR b 1) 1 S5 24
i AME o FH PSO-RF YR A5 530 2 000 I ) 41 i2F 2 0
FESHWAS,

&3 PSO-RF#b&Sfikdir ANy b Ak
Table 3 Input and output parameters of PSO-RF hybrid

algorithm
FE LA E T T AE )
EE MR S Bl S
A A Y EE R A DI
st B PRS2 R i
FHZmE LA E TS
THZH R T
FHZ I Y RS AT
FHZ I AR A
VISVEER/N S
L2 STERIRS

i T 0 A 1 92 T L) L 93 -
EFHH.
P T 2 2 O AN ] B E 22 B, LR

WERPE . PR, 5 0 9 E 2 R
AR R 2P RE . AR PRASZANT

fria—Afeab i,

D TIPS < F = oo (17)
2) VR 0 =% (18)
3) VBT = oo (19)
4) LIRIE) P, = 4’;0 (20)
5) HEHKES P, 400 (21)

23 EHMRHESHSMERX ST

AR SO 5 T 1 i 2E 2 R0t AT T et o b
IWFSE TS 8GR S ECZ MR et . 1
At AR T TUE S AR AN A 4 s . A
K4 n] LI 7E 25 MR A6 T BEAT TR A T
W 472 LR A B AN BT S A JE A AL T 1o A
b <2 ST, T 7 TR A ) 25 Hh SRR 32 30 3 5
7R3 B = o, R R 2 e, T T DA
JIEACE G RE o JCHAE 275 ~ 475 B4 T2 IX 1)

FH I S E50 48 UE A7 Y1 223 52 i) ) 45 A0 S5 -5 T 0 I, )2 PE A R R S B AR I
_ ‘ CoR ‘ ‘ ‘
32500 R & &R LAY
30000 SN AR iR K
27 500 - [V AR R LR L Cfe
. MOWE g KR i
= 25000 Do e A Fay
- SR S - J2
& 22500 G R i |
o) R | |
i 20 000 ! U
= 17500 - =1 1 1
. (I T Y
15 000 - DAk
12500 - Qg‘
10 000 R
7500 F . ‘
5 000 L L : : L : L : L L L L L : L i : L |
0 50 100 150 200 250 300 350 400 450 500 550 600 650
w5
B4 FHMEIHEHD TR

Fig. 4 The change of total jack thrust

-2 4 S R AR A ML N 5 s o IEL 5 T
VA ), 42 it 2 A i KU AR KR 52 5 )=
40 B0 o W, TR T B o S AR, B
P E P AR TE 4TS IR Z T bR R —
S XA e 5 58 U, BT 32 1 2E 3 1A
SE R K ARRPBN

JEA B ] SR SRR PR A OG . nlEl 6
Jie 7 AE i XA o XA 52 & i )2 b, 0 BT AR Y F

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home

Pk B K, i e 4 KAk s KL B A )2, J]
B 00 7 BB 00 A fe /0N 38 A X A3 B T LAAS
S50 HARSR R, T AR R
A 32 B AZ b T A A A R ) 5, AR
ERLEE AN 7 fr s o NI 7 R LR Y 2S5 A L it
NG EGHIRR, F MR SRR . X
a2, 2R I TERZECE LT SRS R
FPRAS e m R R E 2R+ L R

121



X @ # ¥ 5 & % 40 %
4
70 5 4 R SRk AL | &
e Mo P R A
_eor sEMETRUE i | fp, | R s 1t
T HewE | tr 1 A B
5 2 o e &
: BT -~ a
P | -y |
= 40 1 ‘
;\ﬂ : =
] | ‘ !
;Eé 30 o
N A
& R
20 D E
Loa
b
10 | L Ll 2 3 | 1 | | | | | 1 | | 3 | |
0 50 100 150 200 250 300 350 400 450 500 550 600 650
w5
B5 -Fimatik E T
Fig. 5 The change of average digging speed
4500 - | | ‘ PN ‘ ‘
SEMAL T RUE } Lo i N WAL A&
4000 - ZEAMZ : R W M2 : RL:
| R ) | e
3500 Do B g
E N B Z |
= 3000 S LN P RS o
% 2500 R | i)é
& A A |
R 2000 - CAR T
A
1500 - VR
B
L | )
1000 o
500 | | 3 E\E 3 | 3 | | | | | : | i : | |
0 50 100 150 200 250 300 350 400 450 500 550 600 650
5
Ele6 77#dmHETA
Fig. 6 The change of cutter torque
FEVERL 22, o BE R, TG A HLHT BRI A8 T ) ok 6id?
AEFFIFZ R AR AE - p(X,Y)=1-—12 (22)

B A 2 2o e v A ] A5 S ) R A T 14 8 il
o MIEI8 AT LAFE | 45 Hb 2 [) 20 1 3 0 i 0 30
i 13 2442 K (200 ~ 300 kPa) , I HL U 3h 45 5 45 7 o
X2 R Sy [ 20 1 0 e ) 288048 By 52 31 3 4 0 3k
JE 5 06 A W ) 4 A SR B R S — ROk, 2
BILIR I i 2 8 B8 AL BT, [R) A 3R R g 21 K
2.4 Spearman 18X S H

Br B2 IR 2 M & &R %L (Spearman correlation
coefficient) 7] LA FH BRI pRECR A i AR 1 X\ Y Z (] 1Y
FASCHE . MR S A A S T TR,
A DL 1> 58 4 B8 ok BOR 3R 7 T AN 7% 1 22 [A] 1Y
KA (RIS i g B A A ], A=

122

N(N*-1)
KN RHEREX YHITRINEGd N ERX Y
JCR A IEATHER 5, X G 2 B HER 2208, BD -
d,=x —ysp MHRXRREE -1 <p <1,

— Sk, M p > OB, X FIY IEAH ;M p < 0
B, XRY SR % 5 2 p=0 B, X Fl Y SAFTERIE R
Bp=+1 B, X MY 52 M. ARE X :H[p|<03
BE XY A 2503 < | p| < 0.58F, X A YAREE A
%505 <|p|< 080, X FlY i MK Y
0.8 i, X Y = FEEAH O o

HRAEC(22) , TH A4 2 S0 1] 1 37 B R
FOCRE AR WK 4~ T,

p|>

Vi

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



% 349 F8, 5 LT PSO—RE A F ik 69 & M A Fm #F %2

325 ‘ | ‘ ‘
o & RAL A
300 e [ o] B W
s | BRI | Ll !
)50 HAHE i U M
| Fo oy
L 225 & =N 2
= 200 o \ !
“R =
4 175 - ! !
% 150 - W R
L : e : :
o Ak em
100 - EZs e |
75 J’@E;' KAk
50 o aEs
»s | | | | 2 |
0 | L il L ) [ | | | | | | ) |
0 50 100 150 200 250 300 350 400 450 500 550 600 650
7857
B7 xAexEA T4
Fig.7 The change of soil compartment pressure
500 - ‘ — ‘ ‘ ‘ ‘
MR R A SEREE 4R AR : &
goawz R L fp iR ERIE e N R
e B mE e == AR e
400 - MR JZ : M
| & | | )
- = | )
£ s00f - : :
5 | s
H : :
o : :
H 200 | | L
100 ! u '
0 | L L 3 | 3 | | | | | | i . |
0 50 100 150 200 250 300 350 400 450 500 550 600 650

f7

o

B8 RYFiEfEHTI

Fig. 8 The change of synchronised grouting pressure

£ 32) R4k 5 ) A A R A A R TE A O

455 B IR A R K p (EORHE e WAL A
JE A R SR AR DG A I AR 4518 : 1) TR
715 - H 4 i P AP AEAR L IEA OGS R 52) P
Jl B0 L 5 ) SRR A AR R IEA OGS R 53) T
Jr T 355 ) S A AR B AR R S AR

455 W B IR A G AR B p (B A 5t AUA X
W5 R TE 2SR S A5 DU 2548
1) i s g 55 - 42 40 T R [ 7 A o JEE TE AR 5 5%
£ 52) MR T 5 R g A A AR R TE A O O
F 3 3) P R S ST D IR AR RE TE AR G

455 B IR A R R p (R A KA R X
S A M JE A5 TR S B N 15 1 DU 2548
1) i s 77 5 - 42 i 2 2 1) A7 AR JEE TEAH O 56

&A% W 4k https: //jtkxygc.

?é/%o

R4 AR EE TG A4 Spearman 8% R Ak

Table 4 The correlation coefficients of the Spearman for

each shield parameter in fully weathered slate layer

+it R | TR a4
it 1250 s ) JIAAA
£ ity i £
+HES | 1.000 0 0.4412 0.0126 | 0.1568 | 0.0818
Rk
- 0.4412 1.0000 | -0.1191 | 0.3349 |-0.0368
i
T I0E
) 0.0126| -0.1191 1.0000 | —0.436 8 | -0.0397
ey
JI#AHME 1 0.156 8 03349 | -0.4368 | 1.0000 |-0.153 4
WIES 100818 -0.0368 | —0.0397 | -0.1534 | 1.000 0
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Table 5 The correlation coefficients of the Spearman for
each shield parameter in strongly and moderately weathered

composite strata
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Table 6 The correlation coefficients of the Spearman for
each shield parameter in fully and strongly weathered

composite strata
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WHIES | 01032 -0.0929 | -0.1237 [-0.2352 | 1.0000
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Table 7 The correlation coefficients of the Spearman for

each shield parameter in strongly weathered slate layer
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