%44 % % 43 o A F Vol.44 No.4

202648 A

HENAN SCIENCE Aug. 2026

DOI:10.3724/j.issn.1004-3918.2026.089

E F SSA-BPNN B2 % B 18 1 44 Br B2
R HE BT 5%

MhE, K A, EFM, IR, ALE, #AR

m OE:

(1. HE TG mEA SR RITRARAR , =7 BB 657100;
2. AR K MRS TRER, B 200092)

ANFIE R ARRFY TR GER, IF b T AKX Z B F RIS F IR TR ATUR K

W7 BRI 6 B AR, TR E A TRNRA bFe, AR ATHEE) 7R SHEAREE TEAEE, R
BRI WAL B HE TR B A, B AR IR T sk eyt B S AR R, R e ARG AR S Aoy kel
Hoah bR THR R BOE T R0 AR A B SR E , A 4 RAE A SUE 4R, 3E 47 BPNN TR AL A
ME, ARTESFE BEIIR BB RS RERER XA S TRILS B 4 - Boas 3 23548 X
8 B HAF Ay i NAFAE 18 3F Spearman A8 & P AT IS IE T X v AP R MAE A I ANAFIEW AL F 5 B, AT AL R
A BB A B M R AR Z ) AR AR R WY K R A R A AR GG PR, € BT 5 I N LA TR ) 3R Ol otk |
BH Y F A SSA Sk, A T A BRALBPNN #9471 45 A & 55 R4A, # 5 7 SSA-BPNN A, A MR E 4R A
7l ,SSA-BPNN #: 2 49 R2:A 3] 0.974, A 2R B 4F . 5 3% BPNNAER 5 H 447 sh 44 ik AL 69 BPNN AR Al 1L,
SSA—BPNN /275 A& 4 b4 Fer i £ 426 77 80 3 A I, FEP] T SSA-BPNN LA Z K E 4] P ey mARAE R 500 2
1% 38 2 HC - BB HE A TR P ag AR . ABF I A AR R AR T AR AR T A,

K4 :

N TR BRHEACTAM ; MALM-FE; BPNN; JREIM R H %

FE 4SS U455; TP183 XHERPRERES: A NEHS:1004-3918(2026)04-0828-11

Research on Carbon Emission Prediction During the Physical Construction

Stage of Highway Tunnels Based on SSA-BPNN

ZHAO Xiangzhang', ZHANG Fa', WANG Ruoyang’, WANG Hongneng', ZHAO Wenhao', XIE Xiongyao

(1. Zhaotong Luqiao Expressway Investment and Development Co. Ltd., Zhaotong 657100, Yunnan China;

2. Department of Underground Architecture and Engineering, Tongji University, Shanghai 200092, China)

Abstract: The construction of highway tunnels consumes a large amount of resources and energy, resulting in

substantial greenhouse gas emissions. To achieve the goals of “low carbon emission” and even “zero carbon

emission” in the tunnel engineering field, it is necessary to carry out carbon emission prediction for tunnel

construction. This study takes the Ludian—Qiaojia expressway tunnel project in Yunnan Province as an example,

focusing on the prediction of carbon emissions in the physical construction stage of the tunnel, aiming to improve

the accuracy and stability of the existing prediction methods. Based on clarifying the boundaries and methods of

carbon emission calculation, the carbon emissions during the physical construction phase of the case project tunnel
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are calculated using the emission coefficient method, and the calculation results are used as a dataset to construct
the BPNN prediction model. Four parameters that are easy to obtain and significantly related to carbon emissions in
the physical construction phase of tunnel, namely surrounding rock grade, tunnel burial depth, surrounding rock
quality and special geological conditions, are selected as input features. Spearman correlation analysis verifies the
science and objectivity of these four parameters as input features. To address the difficulty of accurately modeling
the nonlinear mapping relationship between carbon emissions in the tunnel physical construction phase and
geological parameters, the SSA algorithm with the advantages of strong optimization ability, fast convergence and
few parameters is innovatively introduced to optimize the initial weight and threshold of BPNN, and the SSA-BPNN
model is established. The model performance evaluation results show that the R* of the SSA—BPNN model can reach
0.974, and the fit effect is good. Compared with the single BPNN model and the BPNN models optimized by other
intelligent optimization algorithms, SSA-BPNN model has the highest prediction accuracy and the lowest error,
proving that the SSA—BPNN model is the optimal model in this case and also shows its superiority in the prediction
of carbon emissions in the tunnel physical construction stage. This study provides an effective technical tool for the
decision—making of low—carbon tunnel alignment.
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0 3l

W A 4 BRI e 5 94 0 3 0 52 3 R i 35t 1
PR JRE 5 BB T TR AR Dy G At 1 1 58 388 s 7 L AICAG 3
T 22 (8] A7 J) 0 3 B, L o 5 R iR AR 4
Tho SR, BETE il T A1 IE 5 ok A i R A BB
S 4x i i B T A IR HETG X R AR PR IE T
PEARDR AL BB 38 o AR, 3R A A2 38 Fi% 1
U IAS 1 2R H R Rt , &k e OB S b
SSEMNES 8 R EANA SIS FNIIIEE Sl EPS
SCRRSIZE B o i B8 T A B B B A 4 2 i A 39
P B HRTBCEE 2 o i (T 20 B “ TR RERE « mn FEIL 9
B FE AL, 2 SRR R OB R A 1 . TR, K v
TR Z B B Bk HE R, o ) 2 At 175 5% HEB)
% T TR ot A 3 O RS2 2 Al

A8 T T JRE 2 B I T Bk IR TSRO T 7, T LASE B
FE RV RNRIBY B A — 28 5 T 3SR AR R S H0 v]
DUBRTE T HE AN [ 1 5 %A1 BT AR 75 S8 ik HE TS
18, T AFE T AE R A 30 s 45 L ok a2 77 17
XICBE e KA. AL SR B, % 7o
LA ATV, B A5 A AT AT AR s, (EL AR O 2
PR 1, A DA ) 1 1 5t 2 05 ik TR 2 ] 3 3t A7 A
MAEZ M 2 R B R s R & 0% 3R, FE LA 1] A
THAEERRIR. B, BRIk S 5 KR 52
IR I N TR RET7 %, & A 11 J7 T T 9E .
TEE G EHL T BP #2445 (Back Propagation Neu-
ral Network , BPNND . B ATL A% #K P9 b 5002 , i 0 45 2

RYSR A AR , gl o7 7 od T o [ P M X
A B L HE A T . k51T T X
G B O T H BB HE G ST 9 7R A BP
FIZZ X 2% \XGBoost F12: , F SAF1 38 1E 1 12 Tt A5 7
(KA R o T 54 37 XGBoost-SVR ML 4%
ST AR, S Al A B RO A,
XGBoost—SVR ZH £ 151 B Il Z5 45 21 sk H ikt B2 0000 44
Ko Wang FUHRH | — Rk L R A 75 4
B BN R BEAT e 7K e A B A it T HE TR A
HEST T BP AR B A - A I 10 AZ 4 22 19 2% (Con-
volutional Neural Network—Long Short—Term Memory
network , CNN-LSTMD #5584 , DUSG IF 1 45 45 S 1) E
PEo BB, B RE U4 B, kL 1 AR AL (Particle
Swarm Optimization, PSO) & 7% | it /£ 5 1% (Genetic
Algorithm, GA) , ©4 )32 H T LA JE il AL 2% 5 >
RIFIPERE . B SABISE SR 2 MhLas o S Sk A
AR TR A Y, 45 & 2l 0 0 A S0 36 00 A A AT
SHORL , IS L2 Ja 5 T 38 Tk e B T it
BRI B TARE A S AR S5 i I 5 Nk
ZETRBHLH , itk T Stacking Ik 2= ) 28 H A
77 3 A% T7 1M T AE S AIE 0 HE o 2T ds HEAT I 2R OF
TR, A7 RFRAIC 7 AR T 0p e 7 U, 45 SR 3R W
1% 2503 1 Stacking V5 1) B R PE BE AL T 1% 48 Stack-
ing %o R A RS TR TR AR A
BP 44 22 ) 20 FRU AR HE TR 792 5 SR 2 I o3 W ik ik
GriEhr, 4 R T R BP IR M 2% . BRE R A
(Sparrow Search Algorithm , SSA)F iy — 38T 1) 7o

- 829 -



2026 48 A

Ao A

F44E F4

Je R L, FEE T RE 75 WSO B R S AL
SR H AT A B 0ORE FL R T 2% R TE P A0 B B
A HE BT % T b, B4 3 — R T SSA LA I
Fe R P v A o P P T AR T AR Y, DA o B A
Hh T S 30 BRI 2 R R AR R T B O R, R
R R AR R PR DG B 2 )

TR SRR T LA B, R B RTS8 TR
BB HE BN © 4 7 — et 5 R LS
N N ER Al SERE YL SR DN S E
ORI B BRHE OO T b 2 S . R TR
NMZIF S RIS A, AT DL e X ) —
T 5% e i s % (R RR B 15 el ) TR N =0,
Jath B i B E VA Bl HE G, SR )5 LATH L4
A N FEA B , 20 BT 2 1% B T8 0 10 B B ik HE il
REAE , 2 T SSA 4k BP 1 48 M 4% 5 45, e 44 3 T
SSA-BPNN fi HF TSR AR AL, DL S 30 B 5 152 1 B B
B 5 %8 B PO PEAL , 5 HEZD SEEL WUk ” B A5 2 A

1 TEMR

EM BT EIRA KL T1.299 km, %4
i RBAE S ) B S RN, & Uk TR B
TR I (B 1) o %00 H 4= 28K A XU DY 42 38 v i
AN BEARHE R L, BT 28 28 80 km/he N LAERN
B BE SR 12 5 1) MR B LU 0 93.77% , $L R g i
oy B L) B R A K1 77.46% . FETE I
BB BLANT < FF R B T8 11 6 J38 , K N 37 418 m;
KBEIE 9 JE, K 15 955 ms FFEIE 2 )8 , A5 11 1708 m;
FLREIE 1, K 2N 152 me

Bl eLsEARIBMEMCERSE

Fig.1  Geographical location diagram of the Ludian—Qiaojia

expressway project
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