202546 H I it THAR (1 3E30)
B4k FH1M CONSTRUCTION TECHNOLOGY 7

DOI:; 10. 7672/sgjs2025110007
ATREFINBATTEHRE S ZEREFNARL

2HFEKER,BEL L T OB
(LD TR TEEREALEAFRAG,HE Kb 410007; 2. kP FBZATRARANE ,HE K7 410100;
3R E AL ARTAEER HE KW 410075; 4. 7 —+ -4 #EEAFR NG, HE K7 410116)

(FEE] HuiH YRS 5 T 15 A oS B R PPN I A A R 5 B AR AS /8 45 () B, 5 1 4] g L P o
i, BRI SHORICHES, 7= A AN DB LGB . S SEBRRE T e T [l R S ) PR R 4, 1 v L S R
FEEE SR YOLOVS 45 B it 45 ) 4% A5 750 R [ 45 Ak 38 4 R O i ik G % 1 T RS S8 S8 R B i, PSR 45 R T,
YOLOvS TR 52 > 55032 T 45 A5 O RT 8 o7 2 7 T 19 BRZY B, B URDRG B v 3 T oRAIG Ak Bl A4 A, AR T
555 5 PR F IR M) A8 . 456 YOLOVS SR & MIZS AR 5& 1E BQ (B X Ue 7 FERE 18 A S5 kAT
PEAT, R B ST HER 2R3k 90% , 5 SRR B SLEARAT , Fe W1 5 1 v A 004 bR T8 5 1 PR e S R ) B
A RN R

[ KR ] BRIE; FEA TR 24P 1 5

[FESZES] U458 [ XEkERIREG] A [ XEHS] 2097-0897(2025) 11-0007-07

Research on Evaluation of Tunnel Face Surrounding Rock Integrity
Based on Deep Learning

GONG Qifeng', ZHANG Yiyi*, FU Helin’, CAO Guigian’, WANG Hao*

(1. Changsha Urban Construction Investment Development Group Co. , Lid. , Changsha, Hunan 410007, China;
2. Changsha Zhengtong Decoration Co. , Ltd. , Changsha, Hunan 410100, China;
3. School of Civil Engineering, Central South University, Changsha, Hunan 410075, China;
4. The 23™ Metallurgical Construction Group Co. , Lid. of Minmetals, Changsha, Hunan 410116, China)

Abstract: Current methods for evaluating tunnel surrounding rock integrity often suffer from strong
subjectivity and high information acquisition costs, leading to potential misclassification of rock quality
and mismatched support parameters, resulting in unnecessary economic losses. To achieve rapid
classification of surrounding rock grades during tunnel construction and improve evaluation accuracy, this
study employs the YOLOv8 convolutional neural network model and image processing techniques to assess
the integrity of tunnel faces. The results demonstrate that the YOLOv8 deep learning algorithm can
effectively identify and localize joint fractures on tunnel faces, exhibiting high recognition accuracy, low
recall rates, and fast processing speeds. The model’ s predictions align well with actual tunnel face
conditions. By integrating the YOLOv8 convolutional neural network model with the modified BQ value
method, this study evaluates the surrounding rock grade of the Yuanguping Tunnel, achieving a
prediction accuracy of 90% , which closely matches the real conditions. The proposed method proves
effective in assessing tunnel face surrounding rock integrity and demonstrates promising practical
applicability.
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Fig.1 Basic structure of convolutional neural networks

LT Redmon T 2016 4F42 1197, YOLO & %1 H
G D 35 325 3 o E R A AT 55 5 A Ry B i
o0 24 iy i 280 e D11 2 (R 0, A BEA% G2 10 B A A I D7 v
SEPL T 8 H BRI DR LA R B PR o ) 4
FERARE] T R L,

HAT, YOLO 35k 2 OB £ U YOLOVS,
YOLOv1 & #2175 B H ARk il A% &, JF4% B
P A 55 % Ak Bl H (8] S, YOLOv &R IAS W |
AZ REETRI GHAE RRIE G -3 SRR i — D4R
e 1 RIDRS B A . AR SCIEE YOLOVS A 71y B
BLUE NI A A H R ARG HE A - Xy
RIS, MR LEH AL 2 I

A CAH Y YOLOvS B 254 L) Darknet-53 1E
R ET ML PRI C3 BEPUEHCh Cof Bitk,
Y5k M SPP +PAN &5 44 JF i 47 22 RUEE I ZR A
B A R EIE SR 5 >R FH TR A AL ), A6 0 H
PRI . JCASAE H BRI J7 A MO T FiUE Y
BAE 38 SR IS T [ AT 55 10 T =X, 4 DAy
RS Sh RN SR AN R vl B O 1K 3 eSS UL
M (dense prediction ) BAEBE X 3 ( region proposal ) i
1 EARKLIN . 3207 1 — O U6 T AN FR 1 6 HE R
JEERMC B Ll A I B R 3% H 75 2 2 1 I 2R
PR A GTIR AT U SR A2, R TC A HE H ARk
MJ7ksdE T 5 2 2% L HAR RO 2 A B R By 1
B, AT A R R B AR B A IR 2
2.2 HHREMBESH

MR A SCa] A, 2 A B R BEALIR A7 &
image T ¥ train, val , test SCF3 ) HOGH R A9, txt A5
B IR AE Z label T Y train, val | test SC{F
Jerfr BIATA3 3] YOLOVS VI ZR¥icdin 4 . IR0 ) v
LS B IR 1 PR,

SR nE A ALY S B AR i AL AL R ) [
A e 400 ) L, 11 ) 1 P I 4 A o, O ok
FHBEHLES BE T B3 (SGD) o Il FH I 25 4 o 455 784 3
IS E0REE , LhARICR AR A R, I A 42 0 )il 25
SE MBI AT RCRAT AN .



[Upsample(80*80%256)) [ cafd0%40#512)

x i

[ ca0*40*512) [Conv(2020%512) |

Concat(40#40*512)] Concat(20%20*512))
7 ¥
Upsample(40#40*512)] [ c2f20%20%512) }++—>{ Detect |

Neck (@ £5)

10 s THAR (330 %54 %
Inputs(s40640+3) 1 T T e T SPPF | —v ::'"""";;EE;Q""""":
:: EE :
n 1 . 3ean 1
: MaxPool2d p { Conv: R ] :
S MaxPool2d ¥ Bo(t:len§Ck : :
n ure, 1
r M | - - - - £22. . n [SPPF: %rae%zimwﬁm] :
" BatchNorm2d J{| [MaxPool2d) " '
" ¥ n ]
| GEm—— : - ; _ I
Concat n
Conv(320%320%64) E SiLU " E
n [ Conv_] ek : :
T T Ly FIEIEE] AR Syt AP " Concat: %% 1
n Detect .: 1
3 u :
n " . ~ 1
Upsample: E
i ranees x|
ity S K R K R H R R K R gt R R R RO R 7-- =TT EE --I: :
v L- i [ Conv2d: 2d&FR J :
n
[ Conv(40%40#256) | i '
1
¥ u [ MaxPool2d: #KitifL ] :
Concat(40*40*512)) n -
A ) ;
:
1
1
1
1
1
1
1
1
1
{
1
1
1
1
1
1
1
1

B2 YOLOvVS M4
Fig.2 Architecture of YOLOV8 network
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Table 1 Hyperparameter settings
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optimizer SGD
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Fig.3 Detection results of YOLOVS algorithm
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Fig.5 Precision-recall curve of the YOLOv8-based model
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Table 2 Fold structures in tunnel site area
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Table 3 Fault structures in tunnel site area
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Fig. 6 Comparison of classification results
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Table 5 Comparison between modified BQ value predictions and field measurements
- e HlE . FEH T FIEAE BRI BIF B
%ﬁ;ﬁ %ﬁ BBUR U KR R : : Q%M
i/ MPa BIERE WMEBERE  RE T ERCE TS
1 7K15+240. 000 20.6 0.30 0.7 0.2 0 146. 8 145.0
2 ZK15+580. 000 60. 6 0.70 0.3 0.2 0 406. 8 418.0
3 ZK16+640. 000 61.1 0.50 0.3 0.2 0.5 370. 8 380.0
4 7ZK17+080. 000 47.3 0.50 0.7 0.2 0 276.9 270.0
5 ZK17+740. 000 60. 7 0.48 0.7 0.2 0 312.1 315.0
6 K14+480. 000 40.5 0.50 0.2 0.2 0 306. 5 305.0
7 K15+520. 000 60. 4 0.75 0.3 0.2 0 418.7 418.0
8 K15+860. 000 21.3 0.30 0.8 0.2 0 138.9 135.0
9 K16+660. 000 60. 2 0. 66 0.3 0.2 0.5 345.6 380.0
10 K17+720. 000 60. 1 0.51 0.7 0.2 0 317.8 315.0
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