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Abstract: There are many factors affecting TBM construction speed, and they have significant uncertainty. In view of the
ambiguity of geological parameters, the rock classification system RMR, rock abrasiveness CAI and rock hardness H are used
to measure the geological conditions. For the randomness of mechanical parameters in the construction process, the active
control parameters such as TBM cutter head thrust TF and rotational speed RPM are used for analysis. At the same time, it is
proposed to quantify the uncertainty of human factors by the proportion of downtime of other factors. Based on the measured
data of the double-shield TBM construction in the water conveyance tunnel of the Lanzhou water source construction project,
the prediction database of the TBM advance rate and the weighted random forest algorithm model considering uncertainty are
established. In addition, other models such as random forest, support vector regression and BP neural network are used to verify
the prediction accuracy of the proposed model. The results show that the error of the root mean square and the determination
coefficient of the predicted results of the test set in the weighted random forest model are 1.59 and 0.97, respectively, and the
prediction accuracy and reliability of the weighted random forest prediction model are better than those of the other three
models. The model adopts the method of optimizing hyperparameters by assigning different weights, which has the advantages
of high accuracy, difficult overfitting and better generalization capability and robustness.
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Fig. 1 Schematic graph of model for weighted random forest algorithm
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Fig. 2 Engineering geological section of water conveyance tunnel

EENER S ON DR NS

3 TBM Jig iR E |
3.1 HERUGASH

AR, TBM T 5 MR 4 W&
BAU B TR B e M B IS . Borkr,
SO T B AR R R, B
L 5 T B 25T 2 T TBM % S0 R
TGV 2, (ER P R B L 4]
A TR S Sy, T U SO R
RBEEHI. BeAh, EEHEREKOT AN E M e T
TSR GE, MEMER R RIS ZHE,
T TBM 5 5 PR LR, 7 AN [F b R A i o
TERIR AR RT Rtk . ST 0, AH%F Rk &%
B[ TBM i T B0 BHL, S % 1 T A5
PR AL TS .

(1) BT 405 5% P AN 5 e 10 B M0

— HES R E e, HRERENGE, I
DL TN B 1) 2 25 T 2402, TBM i T A 75 i 1 224 1
MR E RS, T R 4 . AT S
TR H R 4 2 B RO R B, X TBM B i
=, WIRIREA R B 2, EEASAA
FOBRIE . BERE. T BN LA SR O S et 7B )
SR 2 I R, BRARR S (RMR) 4
LI T BRI R AR . AR R AR, R
FIRE. FTEIRIL. MR ACIRI AR AEIE % Ry
BT 1) 7 575 T 5 2 1 6 B ) R, X
6 /NGRS VT A S RTTT A5 2 T B 43 P
S5 AN S 16 TBM i T 038 27 , BRIH X RMR S
ST B R K CAL RV 5 LB H A A A
AR (MR SNBSS, DAL R AL AR I 3R 55
BRSO AV

(2) T E M S HOE

& TBM #itidfEd, BERBE TBM $@iE 1 REmH
MBS E T BAE TR T JIaHE A
TINESE, UL 4 MRS HOREZ A T,
o e T A5 (50 0 2 50U TR R ) A 4
77, TGRS O A TSR ) A S LR
FAEE . ST - P EAE S 24, I EEss 3
BIFEI IR T3S TF A RPM Sk & Ab it T f&
WU B 4 IR AN 2 1

(3) T EHEAEAH M SHOE

Bk b 57 DR 2RI IR 2 4, TBM it 1380 52 NN
R AR, ARG G T A R E 3K AN
IR I TARIRES . B T4 UK DL KO it Tk
TR R MR RE F155 . SR, DA M R4
PRAERZ M K R MELLE A, Frough %6U'2ILL Karaj-Tehren
/K BT A9, IF S R B R R AR S A A S A M LA
[#] (GRRD) £ S mfalf#] 20%, H GRRD #1 RMR
AARUFIAE IS, 3 H R A AL 22 A4S HLIS R
FAZEHEAT S A Tl . ZEAKBA S X TBM 5 HLES 1]
ARG, S NE R EN (RRD) H5H
fi R Z A= HL (ORD) FRZEUS14, ORD (12 K % 3=
BAFE TBM W& B e AL H v 2 ai XA %% 44
DA IE S b, & R RS MBI A, B —
PR R AP A IR T 2 AN T A e,
I35 bR 5 N TBM it T3 B U 2 e

FIF 22 K R 2 5 T AR 4K BRI X S TBM
Jiti T b5 41 2 B 15 3 (17 S i3k B Bl b T 26 115
B, @EENINE AR B, AT EA R
BRI h 288 RMR A 51X AR [R5 )T CERCHAR
i B VAR 06 15 2 5 A it B CATLME; ¥ 5 A b R
VI & s afe LA BE IRAE A2, 45 tH 8 A ™42 () oAU A
8 Ho BbAh, WedEIEH TBM i Tid, 2041 TBM



%12 1 EHCHK,

s 2 ORI E M ) TBM Jit 1 38 5 A e M LA PR Tt s 24 2579

it L o PSS TE] B AL R, 2R 5545 31 ORD
SR o BB B DAL X S AR AN R M T
HEIE, AT R 24 T TBM 1817341
AR, HrIgGreAm . S En iR g
WZR 1w

=1 BEENIGHEABAN ESERERM ST

Table 1 Descriptive statistics of input and output parameters of

training dataset

Ky R ZH bR FIME haiEZE
RMR 10.00~80.00  51.98 17.71

CAI 0.75~3.49 2.18 0.99

A BH H 4.01~5.97 5.24 0.85
TF/KN 3250~9600 6216.00 2180.00

RPM/(rmin')  4.20~8.00 6.04 0.90

ORD/% 3.12~65.77  34.65 17.15

WS AR/(md')  2.88~40.80 19.30 8.16
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Table 2 Predictive performance indice for different models
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MAPE 0.11 0.11 0.19 021 0.21 0.28 0.18 0.22
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Table 3 Comparison of prediction performance among different

models
b Hb 5 AR £ /(m-d")

7 XE ES:i WRF RF SVR BPNN
1 1224 13.92 1502 1589  14.05

T4+550—
81737 2 816 11.13 1258 13.28 11.74
3 2184 1995 1827 1937 20.03

T14+622—
T154100 4 7.68  9.86 1298 13.57 13.20
T9+199— 5 288 617 9.62 887  9.00
T9+331 6 554 1034 1211 12.60 11.60

T14+080—
1144100 14.16 1725 17.92 2055 17.99
T19+752—= ¢ 921 1228 1320 13.17 12.38

T19+647
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w4 R BRI KT 500 m, BE A
PR BB N IER TAEABIRR . AT ZXEN
WA . LI DL it T8 F S B S ) WRE B
RIFRIM &5 53 54 13.92, 11.13, 19.95 m/d, HAih
JRIX B 2 () AR FUIME 20 iR 2208 5 2.97 mid, 3
PR S IR REIR G, AEs AN T S R 7R (3 N 2
A RAE TBM P b 72 A o S MU A5 B 1)
R, R IR AT ASRES T SR AE s XA
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Fig. 8 Risks of typical geological section
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