w2 2 T AR5 TR E R Vol. 22
2026 4F- 4 J Chinese Journal of Underground Space and Engineering Apr. 2026

DOI:10. 20174/j. JUSE. 2026. 02. 06

HT UBPSO Bk PE i Ble 112 S B S i

Tk, M RIRAR RAE R

(1. ERAZE AR HARTHERE, HIK 400074;2. it =JRERARRAF, I 430000,
3. R A T A AE A PR A, AL 100053)

WE. BaTEdy BExhamil, A8 LA MR AT, HAERFRE LA
HANETE REEATAREHETHLE(UBPSO) 4948 B & FAMBIRF k., 4
SETEHAETREREHIERGPE REAREHETHL L, 3T HLLAR
ETFRARE S ZRRAAFFTIXE EFBRAEFRRERETAE S L, FRDTEHETHA
R Bk F ., Ackley RBARE MM X E IR T 4o AT TH AT RL R, AR L4
FREFALRFHREER EREED SREFEIFRHENEFRRAFRE, AT2
R F #4F Bk, 3 5 MATLAB-PYTHON-ABAQUS Ao 3L3% M5 | 4 38 B2 A1 7 69 1438 B 22 )
PRBBAYMAER . VAR L YK76+470~ YK76+502. 5 R B A 4], il it i 8 A R 547 %
i BETRIL I W5 0 HHE VT 4 | SRR SR AR £ B SR AR B K 0. 200 GPa T £ 0. 106 GPa,
JEHE N 14° F £ 12.072° F6R M 22 kPa T £ 19.373 kPa,

KB i TR AR IETRE X, 8 LA BRI R TR

FE 925 TU452;TP183 XHERARIRAE A X EHS:1673-0836(2026)02-0437-11

Dynamic Inversion for the Mechanical Parameters of Tunnel

Surrounding Rock Based on UBPSO Algorithm
Luo Lin',Li Pengfei’,Xing Zhenhua®,Zhou Qian', Yang Hu’
(1. College of Civil Engineering, Chongqing Jiaotong University, Chongqging 400047, P. R. China;
2. China Construction Third Engineering Bureau Group Co. , Ltd. , Wuhan 430000, P. R. China;
3. China State Construction Railway Investment & Engineering Group Co. , Lid. , Beijing 100053, P. R. China)

Abstract: With the excavation of tunnels, the surrounding rock is disturbed and damaged, resulting in changes
in its geotechnical parameters. To obtain dynamic variation laws of geotechnical parameters accurately, an
inversion method for mechanical parameters of tunnel surrounding rock based on updated boundaries particle swarm
optimization ( UBPSO) algorithm is proposed. Due to the large fluctuation of optimization results with the particle
swarm algorithm, an updated boundaries particle swarm algorithm is proposed. By updating the upper and lower limits
of search boundaries dynamically, performing reversal and mutation operations on individual historical optimal values,
and updating inertia weights adaptively, the updated boundaries particle swarm algorithm achieves high-precision and
fast optimization. The stability test of the Ackley function indicates that compared to the particle swarm optimization
algorithm, the updated boundaries particle swarm algorithm has the following advantages, fast optimization
speed, high accuracy of results, small fluctuation of outcomes, and less sensitivity to getting stuck in local optima.

Based on the updated boundaries particle swarm optimization algorithm, a reverse analysis model for mechanical
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parameters of tunnel surrounding rock using MATLAB-PYTHON-ABAQUS and on-site monitoring data is established.

Taking the YK76+470 to YK76+502. 5 section of the Tongluoshan tunnel as an example, the model was used to

analyze the on-site monitoring data of the tunnel arch settlement. It was found that the elastic modulus of the colluvial
soil layer decreased from 0. 200 GPa to 0.106 GPa, the internal friction angle dropped from 14° to 12. 072°,

and the cohesion value fell from 22 kPa to 19. 373 kPa.

Keywords: tunnel engineering; updated boundaries particle swarm optimization algorithm; geotechnical

parameters ; dynamic inversion; inversion analysis model
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Table 2 Calculation results of particle swarm optimization

and updated boundaries particle swarm optimization
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Fig. 4 Initial support and three-dimensional model

of Tongluoshan Tunnel

3.1.2 #5133

WIS 3R 250 mm JE €25 SR EE 1
[ 18 4NHEZE A2 $8 mm@ 200 mm %200 mm %X
J7 PR G, 4 LSRN SR BE L A SR AR e R A
SGRPERIR TR, SRR 3, HES 135 I
FKH $42 mm EBHTAHENFEERK ,L=3.0 m, 7
1] (8] 5 400 mm , Zh[A1 B 1 000 mm, KB T/
BRI S5 A g e A R 5 3k o S R B B
FSZ N X, S50 [ X B A 600 mm,, ¢

A AL SRR 3 s
x3 WENESHR

Table 3 Physical and mechanical parameters

. W/ BERT ks BRSO NEE
(kg -m™) /GPa . /kPa  f/(°)
MYAE)E 1970 0.200 0.30 22 14
WERAE 2570 1.070 0.39 400 32
oy 2200  28.534 0.20 -
SEME KX 2100 0.674  0.42 200 27

T IR R S M0k B S i 4 A . AT
STAPANAE RO [ X S A I 2 B IRE

3.1.3  FHZERUEI
SKHI CD AR 42, AR 4l B3 S B 19 0, 0 2 B
BERRIFIZHIE N 2.5 m, 2250 B F G m
FER 2.5 m, i 3 ER N m 2P R 5.0 m, ARIKTT
250 EGh AT Al A0 EE N A
ST AR
30104 WEDNE B ) b o P TP ) O R
YK76+470 Wi i L T30 R 30 37 e D K0 dn 3¢ 4
NS
R4 YKT6+470 b TE BR 1B H 070 P 2037 0 50 4R
Table 4 On-site monitoring data of tunnel arch
crown settlement in YK76+470 section

WElnes BRI MEDWES  HETRGC Waies R
[fl/d  B/mm  [/d F/mm [l/d F/mm
1 3.4 7 12.4 13 13.4

6.1 8 12.7 14 13.4
7.8 9 12.9 15 13.5
10.0 10 13.2 16 13.6

11.4 11 13.1
12.0 12 13.3

AN B W

PIZE SR b & W EE K76+470 W im i BE 257
V00 T T B T A B T R O U e
R B R O R AN 5,

3.2 RAMSEMEREEE

G R I S EBIUETE R R T S5
AT BT BORLF-HERREEEL N R 30 e Kk AR B
T4 30 4ERE D 2 3 fH n o 5 RAEFESR IR AL
y R 0. 1 8RN AL R L o B 535074 0. 95 F
1, 15 B Y AR A2 L o D) A e A% ARl 30 HL
BUEA LA TEAE 5 S A B (8 AR X HR 22 R KT
15% ( IGEF XSS 10 %3 7 BE PR R 0. 02) A3l i
RS T HNZ B A S V4, R 2 A+
PR AT SR & | P EESE A G SR 1) 1)
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Table 5 Corresponding relationship between monitoring
days and the distance between the monitoring section
and tunnel faces

o113 R o i1 11 S o R T s SRS ]

E/d  FEES/m  jl/d BHE/m JEAl/d 0 BEES/m
1 2.5 7 17.5 13 32.5
2 5.0 8 20.0 14
3 7.5 9 22.5 15
4 10.0 10 25.0 16
5 12.5 11 27.5
6 15.0 12 30.0

xo6 MRAWTSHEELE

Table 6 Parameter ranges for inversion analysis

BURATBE E/GPa ¢/(°) ¢ /kPa
W fE s <5 5~30 0~200

3.3 ROWER

PIZE S A W FE K76+470 Wi i BE 257
VIO DR T PR T R BE R R R 2R S
B A5 W 0 U e B R S A S R R 5 RN
#£7 R,

LS AT LU Y, B AR TR T 425 52 B (A ) 1
A PR 32,5 m) , FAPEREE M 0.2 GPa T
%% 0.106 GPa, & T4 47% ; NEESEMI N 14°F
28 11.847°, FFET 15.379% ; B 71 M\ 22 kPa
FREZE 19. 180 kPa, FF&ET 12.820% , £E Wil W
PR TS 10 m NI, BB TF42 X3 il 5 3
PLahie R, B i | N EE I A RN 3 3R 1 38 R
e, FERE M 0.2 GPa FFEZE 0. 141 GPa, F[%
0.059 GPa; NEEHE M M 14° FRER 12. 471°, F [k
T 1.529°, F 8 J1 M\ 22 kPa FIEZE 20. 496 kPa, T
7 1.504 kPa, 7 W W [f B 4% 180 R 28 K T
10m J , FPEAR | N EE 48 A AN ZH 3R ) T e SR
S5 WO D T I 1A M S AR R R AR 5%, E M
T TR B 2 T T R ES 27. 5 m IS 5 0 T T B
TR ES 10 m BPAH LL, PR T F% 0. 033 GPa,
BRI NI 0. 600° , B 1 N 1. 279 kPa, 4
FFA2 A7 2] 5 W 000 e v B T PR RS 27,5 m i
R T2 0T M e A %) 1 B A Bh /)N , St
N R AR RN B R AN K, T R A S
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Fig.5 Relationship between geotechnical parameters
and the distances from the monitoring section to tunnel faces
®7 BETHMAENELISEHNERITER
Table 7 Dynamic inversion analysis results of geotechnical
parameters based on tunnel arch settlement data
BEAUL SEI AR
EY S TS
{H/mm {H/mm /%

BT E/ o/ ¢/
HE/m GPa (°) kPa

2.5 0.194 13.147 21.172 3.220 3.4 5.59
5.0 0.180 12.815 20.763 6.009 6.1 1.49
7.5 0.162 12.780 20.592 8.190 7.8 5.00
10.0  0.141 12.471 20.496 10.488 10.0 4.88
12.5 0.133 12.400 20.251 11.572 11.4 1.51
15.0 0.128 12.282 20.064 11.666 12.0 2.78
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e AR iRE

{B/mm {E/mm /%

FRETIH  E/ @/ ¢/
HHE/m GPa (°) kPa

17.5 0.126 12.262 20.015 12.041 12.4 2.90
20.0 0.124 12.164 19.669 12.307 12.7 3.09
22.5 0.122 11.995 19.397 12.586 12.9 2.43
25.0 0.112 11.967 19.380 13.343 13.2 1.08
27.5 0.108 11.871 19.217 13.240 13.1 1.07
30.0 0.107 11.853 19.181 13.605 13.3 2.29
32.5 0.106 11.847 19.180 13.267 13.4 0.99
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(3) FETFih SR FREAE  #E5T MATLAB-
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