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Study on tunnel construction simulation based on advanced classification of
imbalanced surrounding rock using improved XGBoost
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Abstract: In order to realize the effective judgment of surrounding rock classification under the condition of imbalanced surrounding
rock classification and improve the simulation accuracy of tunnel construction, a study on the tunnel construction simulation is carried
out based on the advanced classification of imbalanced surrounding rock with improved eXtreme Gradient Boosting ( XGBoost). The
Automatic Neighborhood size Determination-SMOTE ( AND-SMOTE) method is used to optimize the class imbalance of surrounding
rock, and the improved XGBoost model is used for advanced classification of surrounding rock, and then the simulation parameters are
optimized, which improved the accuracy of tunnel construction simulation. In order to improve the accuracy of surrounding rock
classification, the Harris Hawks Optimization ( HHO) algorithm is used to automatically optimize the hyperparameters of XGBoost
ensemble classifier. The engineering application shows that the improved XGBoost model has higher classification accuracy than the
unimproved XGBoost, KNN, SVC and other 6 models. The classification accuracy of the improved XGBoost model is improved by 8.
6% after considering the class imbalance of surrounding rock. In addition, the relative deviation between the results of tunnel
construction simulation based on the advanced classification of surrounding rock and the actual progress is reduced by 11.3% compared
with the traditional simulation, which is more in line with the engineering reality.

Key words: tunnel construction simulation; advanced classification of surrounding rock; class imbalance; XGBoost; Harris Hawks

Optimization algorithm; AND-SMOTE

FBl A S 2 S MR R T TR TR G 2% MR SL 378—2007 (/K T Z A M F 42 TR TS Y ,

EE&TH: BRARRFEEFTERERES (52000090) ; KA F R4 (19ICYBIC22600)

EE B . il (1997—) 9 WL A, BN G F TR T05 HAFSE, E-mail : hanfeng0113@ tju. edu. cn

BIEESE . RE(1992—) 2o, BIRFSE 5 WA E 2 NGk d i T TR T B0 5 5 XU /3BT iF 9 . E-mail: yujia@ tju. edu. cn

SIRARS . whilf, A, IR E 8, 55, 2T U0 XGBoost AN FELE I AT 40 28 77 vk B BB IR TR G T 05 BLATT 52 [T ). P03 24l ( A SRR
f%) ,2023,51(1) :150-157.
HAN Feng, YU Jia, XU Guoxin, et al. Study on tunnel construction simulation based on advanced classification of imbalanced surrounding
rock using improved XGBoost[ J]. Journal of Hohai University ( Natural Sciences) ,2023,51(1) ;150-157.



51 B LT XGBoost AR KN4 7 R (OBEIR TG T (i LR 151

I [EEE R, AFRBESI 0 AL TV | VRS 208 B i ROBUE K, 33 T 28R 5 5 AMR S
BAH LRGN EWAE— B R 32 B A 2R B 520, SEBR TR v [ S 200 A9 20 A 52 S0AS P-4 1
AU T SRR T R T A R T RN T 2H S A PR A WA 1 B 2 IS A R A
XFFFAZRT 5 FlA AT RT3 28, 1 0T Jre ] TRt T FLAF oY

AR [ P A 2 R T B A SR R s i, B0 THE IR AT & TR SE PR b T TR T 5y
o BB AR SE i AN I AR O S LB R B R T 3 T T %) . IR R T B
5 Yu ST HI TR A e T 34 T A T AR KUR: , B T R XU S o Y R TR T B
55 5 5 AR S 5 b Bl A e A Ak R 2 4 T R R T TR it TR ) ) 20 AL, R T AR R A i T
D5 B s Kim 251 2552 BB | T 09 B0 4 a0k XU, 4 11 T BB 3 17 2 25 8 K0 45 52 fof s ol 10 o ) T
it T3 E A EL 7 1% 5 Kim S5O AR [R5 2% 44 10 S 3 S8 T Ak 48 T Bl I B RO B, R
W5 AR TE R IR T ARt T 0 B 2 b 2% S8 T LA e | ot JB XIS | 45 ) 22 4 S5 R 3R )5 Tl (B2 BT 28 031 3%
MR A0 300 3t S B PR A5 SR 5 | R RE VA S e LS A IR A5 1 5 Bi 2612 SR S JR A R TN AR | T L 48 R
B Jo A 7 L e R MR | 000 A T 28] B 5 28 Bl 1 R A B 238 3 T S 3 A 12 1 07 LS4, SR T
7 L I S I %) YRR A AR R B T X6 48 % [l () AR AR

R T b 5T PO BT RBAK AR I - Ty L R AR AR B U3 A 2 i T i b o Pt 540, >R
N TARGMZ ) SRR AL DU 1o S5 b A7 R A AT 32T . SR R B SE ik 22 Ry o
— 55284, (R 2% 1 BRIIR B S IAAAE AR |, 2 S8 2R S i) T 28008, 70 RS E R

B2 P 20 SR 2oL B ) SR AL BB NS — A5 B i AR 1 TR T HL v e B A 8 4R T (eXtreme
gradient boosting, XGBoost ) J&:F& T FE A 1438 ( gradient boosting decision tree , GBDT ) 5472 BCHE 1) 25 55U 4R 1l 27
BN BAIENE JE AR HEE T | PN B A SRR R RS PR AR, B AT 4> 28 e )z
RN, XGBoost F9%: 524 2 288 B | 2% 2 3 Wi KR BE 55 i S5 Re 15 & 38018 5 2 52 M 55 50 P B 1Y) DG
N TS AT ERE SRR AR, FEFER 9% ) MELUE S U S B AR 202

BEXT R [AIRE AR SCHE T TSP i i 5 P A58, 5 D 1R 5 288 501 B9 AN P47k, R e 2k 9 XGBoost ASF-
7 L A T A3 S B A T FLA B T 3 28, S AR O S HOF S L AT RE T TR it 105 B4 Hr . Horh OC
TEF AP WA ) OO AR BBl A 20 AN | SR B s AR 3800 72 & Biad R FE (automatic neighborhood size
determination-SMOTE , AND-SMOTE ) 777 , 3 £ X[/ BRI FEAR 1T 6 B RAE , A4k BBl A 28 1) B9 AN 1 i
PE. QFRETHEIA B HT IR BE , LASr 8828 SIS UEF- R4 MERR 2 E AR SR 4 R 48 2 A8 1 350 (4 ey L AT 18
ft4k (Harris hawks optimization, HHO) F32: %} XGBoost AN -7 il 75 # Rij 73 FSAR U 24 5 3R 5543 28 o K W de
KIREEBSHOAT T, A B S G, o KR R FERRL e bERE 3 s 0 RS S
1 FEFE
1.1 EF AND-SMOTE &R RHEMEE XN A FEERMATTE

I i ] PR AR ) B 3R BB 539 7 BQ 1 \RMR 3 Q (E75 4 E 2 E A IR RE B 5 1R 8 3 P T
FERREE =07 AT LA MNPl . AR SCRATRE PG B DG B L | 38 IR JARA LU FIHE T /K1
B 6 MHEIREN LA 25t br , Horh 284 OB JAKS HE AT 3RAE S A W AR BE | AU J BE AT SRAE A A o 3%
P BRI RE Dl b R K AT RAERAE IR BRI R AP L A A AR R A L
AT HY TSP 88 A b 5T 004 2 A 1A 380 b 7K1 10 35 T 21 A M AN R i b o 0 45 R A T Ak

AND-SMOTE J5 % J2& Yun %57 $2 (9 %+ SMOTE & wiad R FE 7 ik ek ik, R A A o 4838 K /Nifl 2

(AND) BY77 %5 B S e JT REL, 18 i e SCRIAS A i SRECS A it A rp D $ e AR 1 22 B P A Bl i 72 Ak
R PR ARG AR KX N I T SR ECHEA T DB LA FEA G L, B0 IR IUREAS B 22 A | R A D B Bl AR
B AR A, TS B SMOTE 3R45 BefE 1 fg .

1.2 E-F HHO Ei£H) XCBoost R F1EE & B a7 KAEE
1.2.1 XGBoost &%

BUE n A m HERFIEE SRR RIREARVIZREE D={(x,,y,) 1i=1,2,,n} ,x, e R, , HH R, FRx m ZE )
23], Feom FARRIE (RIS BE A o B Ik L | Bl 54 RS i YA P bb S b KAE L) |y, R FlA 2



152 ERCPNE N #5148

B, B2 A CART SRR ([FIA 20268 ) BTN R TER G, A5 B e A 1 5 28001«

y, = ;lfmi) (f, € F) (1)

AP F BT AT RERY CART BRSEM RYSE G 5 f, A B —BRA s K WA 40. XGBoost A4 [l e i iT 7
MR AR 27~ 1% KRR A5 N (2) B i H bR ek 8o

LY = qu,w + ;mm (2)
K. q MPEE S BAEZ A58 ;0 A IE A0 T35 B DR A AE ST, & mT LABK ki 4815,

XGBoost A1ty [l 1 il 3 A5 AL A N7 ok AR 55 B 0 59 40 R A B W RIR B | e /MREAS A R | E T4k
SR AETI S B SR, BRI B e B 2 8040 & % XGBoost A7 B 75 48 Hif 40 FAR U R 75 4 #5 e 1
SRR BIREL , N TIRSTHFLEREILE I AOGER 2% 77, i BXELURIS RS &, ASCR
FH HHO Bxt Ek S50 T A 3 S0
1.2.2 HHO ¥

HHO 535S Heidari 267 F 2019 AF48 H 38 TRER A B0k 2 — |, 0 i B0 1 L30T 1 A BRE AR A A AT o0
K22 FI R m Ll 2 R A, AHOCHHSR R W], 5 MU o is & AU AR L i A SR B BRI 2 Ry
MRSy, BB SEE > B — 2 se gk,

HHO BEDAE Y6 R GE R E RS  #ie BUT I R4S A A B B

a. WRWE, [E=1, AWK 75l B BT 8 P s A 0 , vy B A0 08 22 X e A o 1
s Iy LSO O A R A A v g 7 S B AR ) i L

b. FEHEREL, |E[<1,#F PR IER AR RE B AR T 0.5 LIRSS Y2 S Redk Bl (R B2 A =0. 5 BIIA
R ReE I ) K AT B B o3 A 4 e P47 SR e« 2 T A A 1 g P S ARF avf X 0 T g R PP A v Rt T A, 4% T4
SRR T AN [ A7 B By X AR Rl A
1.2.3 & F HHO H %4 XGBoost ~-F#7E &4 A o KR & 5742

SR HHO B35 XGBoost AN Bl 74 48 Fif 73 AR AU 55 /0 280 24 2T R W e RIRFE e/ MREARA R |
SRFE LA FFAE ] L, IE WS EL L, iE WAL S ECRAE T I 2500k 9 A b S 8T 30, AR i e

W,
FF HHO BIEH) XGBoost ANV il 4 8 Fij 4325 ( HHO- %
XGBoost) HUR A v ELASE BN T, bl Tovanaos]
BB L7 3 ANDSMOTE Jrik A B REERT L
BT LR PR 23 2 SR A LI 41 8 B I B ' |
HW2 PIATL HHO BB SR, BB SRR, e (e ) |
P T LT A, R e 5 — LG FELSOT £ 32 9 |
ik, 3 XGBoost -1 Bl 8 T 43 S R 08 A 9 35 oy | (SRR
A 2R 9 B |\ MEPR
IS RS S BRI A M 752 ] [ (XoBoosykhm | | (isitieneit. i)
AR EORI9LZ A R, B, AP 5 SR 1 T3 —
BiAE HHO B XGBoost R AT KB (e B e
B SR IE VB PRI, 164 C(CV _score) : o= per———
lwe m ;
C=l2 )| i
AL R SAESTE 0 I REAR K n, WA 1 IRZE X e
PR TE i 43 2 REARC, d L8
SRS HE I 1, VA e g L0 O AR 1A A0
JEH BN 5 B ARG PR W 5 B 1R

Fig.1 Modeling process

3 3 A VAR PR T O B, 4% i {0 365 7 {1 (o o (L



51 B LT XGBoost AR KN4 7 R (OBEIR TG T (i LR 153

PP L (AR ) . 15 A B B FE L 7 EL e 2 T e 03 I . A A 0

SWa LL PRI, IS AT U ¢ B kT A TR T, 2 T H ST LD, 75
WAk Sk AL 22

BWS LT I RIB SR A HOO Bk fEALAT XGBoost KM 248 T 40 2B it
TR F I X B 7 RV A
1.3 ETEEBEHEREEETEREIBE CYCLONE &3

FEL 22 2 P S A A AR L 2 DL e S0 BT T G T 5 M B S R 2 . e 6 T4
FRAERE PR 4026 G (X U s PR RS R SRR e | R 126 1 2% T 0
R R DR R 2K S B O ST 2 28 R LA B 2250 , D B
AR W TE SRR 76 S i P, — R 2K ) W TRk i o T AR
N IRES -~
WG 22 R A1, B2 i 1 0 i
T A IR E s

el RS TRERAR, T Qi [—{ il —{ 1o

0% L T R O P2 T ol .

F, L A A0 RS I T Ik il

THIFES & 5% A TR AT 0, 1 R i

B SRR ISR S B0 %5 s sl —

A TS E0W I, B 5 TSR 5 v S Rk it A
3 3 J A I B % 3 5 T RO — BWLF

O] PN A T4 1] B 418 i e o T MR
S IBUR B BE | NI T LG T AL
o 3l A7 R & Fl T K 0L 6 1~ 45
b, FE T AP Al 2008 4% 18 i 52 HHO-
XGBoost £ 8 L 512 L B 5 258 03] 4 33 0

AR TR S e e w7 M 2 pap IS ki
SRR 2 4 A T ] 2555 T S, 3 T -
7T BB R T4 2R IR TR T 07 4

H CYCLONE #71 2 R,
H CYCLONE ##Y & 2 firR B2 CYCLONE f&%!

2 T LG Fig.2 CYCLONE model

DA 5 | /K R I AR it TS S a5 42, I J 56 T B0 XGBoost AN Y- il 88 if 53248 5 vk 1 ok il
AR A LN HIBIFE , IZ BRI TR e b 2 BN NSO AE R e, B 2 dE 1 I Ve Horp T 2R )%
Z | Bl EEAFAEA- B
2.1 E-F AND-SMOTE 75 i% B9 B& iR Bl & 2L 50 A E R4

It TR TSP203PLUS 5 4088 Fif -5 F541 S B SR« 1 5 L P M 1L R B T 4283 B s g sk
DN RS P LG YA L B A 5 WA FR bR e, RIS AMAAIM 4SS SR 25 5 1) T2 T /K g1
RT3 K LRk e K TPk ZEAS TR X ] Y BUE A S BE A ) FHRE[0,0. 2) |, BT 7KL
(0.2,0.4], LABtIHfE, iR 6 WiFgHR-S A5 A0 XTI (1) SEBR BB A S L [R)44 B LA b i Bt 48

TEWIIREAR AR D BCR L IV R[S 5 2808 T BRI IR (HIA 6. 4, 85 S 9] i iy A7
et R AND-SMOTE J7 B s 4R 04T D B2E 6 1, 7 RAEE I A J5L 06 40 A i A4 T 97 78 D BCE I
IVRFEIAFEA, HEDHCREI A A R S 2R A — 20, DUICIUEE B2 P i PE O£k, DT 57 e 2L Bl o
MEHT S RBHRAE . AND-SMOTE J7 ¥ RAF R 5 25 FEREA AR B2 43 A1 18 50 ( AR R S5 TR A Le g A ol i 22
i) W 3 fros



154 WK AR R ) w1 E

045 0.45
0.40 0.40
e 0.35 y =4 0.35 r e
Z 030 o 00 2 = 030 R X
= o. =
o 0.25 ¢ o * Sealtft. a o 0.25 ° " coall® #‘
” 020 | e o ..“, ° oo o~ 0.20 oo o
0.15 0.15
0.10 - : : ’ 0.10 ' - - ’
3000 4000 5000 6000 7000 3000 4000 5000 6000 7000
FEDG P/ (m s 1) FEDE P/ (m s 1)
(a) ANPAFHEMAET (h) AN E

B3 ATEEERUITEEXEEHESH

Fig.3 Sample distribution before and after class imbalance optimization
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