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Configuration optimization of construction machine group for
hydraulic tunnel under carbon emission constraint
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(1. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China;
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Abstract: A multi-objective optimization function based on the schedule-cost-quality-carbon emission is constructed according to the
improvement path of optimization of hydraulic tunnel construction machine fleet and carbon emission reduction under the constraint of
carbon emission. A particle swarm optimization (PSO) after the improvement of simulated annealing (SA) is selected and the carbon
emission per working unit of construction machines is calculated with the reference to the construction machine-working cost quota and
IPCC guidelines. By incorporating the new mechanical configuration into carbon emission factors, an evaluation system with duration,
cost, quality and carbon emission as the primary indicators and 14 secondary indicators is established and the optimization model of
fleet configuration considering carbon emissions is built. The optimization of construction machine fleet configuration under multi-
objective constraints was carried out in the No. 3 branch of Wanjia tunnel of the Dianzhong water diversion project. The results show
that the established target preference weight evaluation system of hydraulic tunnel construction fleet configuration can comprehensively
consider the impact of construction fleets on the environment. The main carbon emission sources of the construction machine fleet are
tunnel multifunctional work cart and concrete mixing plant, and the carbon emission( CO,) reaches 1000 kg/machine working unit.
The improved particle algorithm can effectively enhance the search capability of global optimization and identify the key risk sources of
carbon emission in the construction machinery. Finally, the model optimization results are consistent with the on-site construction
situation, which verifies the feasibility of the model.
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Fig.1 Work process of construction machine group in hydraulic tunnel excavation-slag-retaining-initial support cycle system

T(A) =7(Y YA, (1)

AR § A TAETRYSS § FUM TR o S TR
HOSRAG T HLRERCE 7 2 A T2 IR P T AL A, B,
C:iCAHA) (2)
L C, W LB B TR A, 55 FBLAATSCRE 7T LATE 36 T 22 T 06 T HLRER 4 e
i T TR, T C(ALT) 3%

et T HURE RO ARSI b 25 St TR, SIS i A BE | 57 i 900 1 T - AR 2 H AR o
BOVE TALREO AR | e S0 RS ft AR AR A T 5 A T T, QP Ry e/ N o b Bl

Qmin = C (3 )

KB € A A HLRERE 7 %P A A (R M

HAT, 2% B A EBUR S ARAE 1% 17722 5125 (Intergovernmental Panel on Climate Change , IPCC) il %2 Y
(IPCC [H GRS SMAHEHOHE A5 5) ™ 1 GB/T 51366—2019C S RRHER AR AEY Hh B BR HER I 555 3%
KM I BORHEC R 0L o b THLRERC & 275 B S8 <0 | B RE R BRHEIL 2%k, BRI A0

R =3.994, +3.944, + 1. 014, (4)

P R il THURE BB HE I 54, (A, A, 735 D BRI T B S Gm AT BRI AR L, Sl AT
RERYBRHERCR B (LA T3¢ CO, i) 70518 3. 99 kg 3. 94 kg F1 1. 01 kg,

B B AR AR E], Sy S B ) A R e LU, G — AT TC i AR B, G — i
JE B T EAR A HAs B AR BRHEECEPRICHE Ty (Cp 0, Ry :

Tﬁ&ﬁ (5)
(6)

(7)

- (8)

28, .8, .6, .8, 7038 TH A e FBsRHERL i) Bﬁ%ﬁ%ﬂi 3T FIA J7 S TR B KA R, N
PR 7 SR B BRI R D945 T7 S HE R R . 256 % 08 T ) it A MR HETL 22 H AR 2930 T 1K



53 1 R 55 BRI B K RS IR b TALEERC B 1k 87

TR IRt T AL P B DA AR R

a n

(Y, DA,
. aa C(A,T c(A,T)C,,, R,
man - 81 1711’:2])(] + 62 <Cmax ) + 53 Cmin + 54 Rm:x <9)
6, >0,6, >0,6, >0,6, >0
0, +6, +6, +6, =1
C(A,T)=CA(Y, D A,)
i=1 j=1
s LATU Y, YA, =0, (10)
i=1 j=1
Y4, <7
i=1
Ay =0 HOWHER
0<T <T
A, NS A TR AR SE B 8] 5 U, o R | FHE I R IR T E]511(0.0625)
B TAEIER ; Q, 5 i A TAEMIM TRt Z, J 55 j A ] (LIRS R A 5. 0.0465)
SRRy ] 02347) [ H BREFFZ 1815 0.0680)
PR 2 R TR AN R (1 AR Ak, i 1) 52 B H R SERITE T 514 (0.0577)
He— BARE, HAW G A 2538 54K, R B AR XTI B AR [T L TALRIR B 51 8, (0.0520)

ST, 5006 A L G T HLRE R SR g P | R

(0.3054) U LB MU 5, 0.0998)
EERARAE . PFUZREAEIR KRR b3 T SCPR BRI | LR :

it THUE: & s 8, (0153 6)

|

|

|

|

|

|

|

} |
2.2 RIGHEHEBIHREFNE B M 0oy [TIHHERLREE, 00848 ]
|

|

|

|

|

T AR SR S0 B e STV
R S 006 L HLRERC BBO 4 40k CRRRIFES | fi o LR 5 00615

et B A I THLRE R G AE it B, B s Bt 5., (0109 6)

A O X R BB T AL I P A 5 75 ) 9 b T R b0 LY 5, 00193

bR H BN 57 K TR T30 A R - A T LA 5, 0084 1)

SRR, L 2, LB 51 0031 )
SRS 2 HRAR HE b 2 S 2 LT 2 5 b 1 AL 2 KIRRETHBEE BT

HEHFENF. WEILMIEIR M &

ST Z M T oA A B BB | B X A Fig.2 Evaluation index system for target preference
SE bR T 40 b 3 ’ T S 7 - 200 14 B2 ) weight of hydraulic tunnel construction
bR S AR RE X TR AT
x

E 8 HE - why, = — = Ximin (11)

xi'j’ ,max xi'j',min

machine group configuration

— XKoo = Xy
SR vy o i (12)
’ xi'j’,max - xi'j',min
X = (%0 (13)

A el AR AN T S AR PR AR HE AL (L
ﬁ%@
F]2 IR ORIE A,

AR IR IR BUEL s m R T A B 0 AP R A

e
L)

h, =- ixlﬂj,ln(l - x) (14)
i
PR3 AR E WALE

wy = hi’/ i h;. (15)
=1



Bk DL K | BOR R e R ERE  K T BRI T
BURERR TR0 FOHIR AR TR0k 00 o i e L e 3 .
B BT
HB1 WIILAA R TIOR8 % D 4z
A N AT K5 SRR 3 8 RIS 1 S H
X, = ()7,
Vo= (o), 00,00 ,0;)
SRt WA b RS § AR TR ok W b 2SI | AR TR
S TR IR M VP 458 T 38 I PR T 1 3 8 T 17 (83 R 1
(it B, 4 BA B AP B S M (LG AR 2R B B,
BB BRI IR,

L

88 W R e AR (H SRR ) ¥51 %
2.3 BARFE(SA-PSO) EixfLLiniE
RFRESTIEE S TRUABIEU RS B T [Soimcatitn] | |
B A0, A AR 42 R, AT WSt B B W | s T | | ;
AR5 A0 R A 2 A B AR R D £ B b5 ; |
HORL 0B BRI, T RISHIE R (A (674 PSO 3T ey | [ Fa e
S A S g BB 0 AR v L R gg‘jgﬁ%ﬁigﬁ l ‘ E%ﬁ**%#‘*ﬁ%ﬂﬁf“‘ !
PIRIOR AR R AT R A | e | | |
RO LR AR SEABL. Ol o 00 I AR M8 Jak £, Tl l [ e | ||
FORGFF R R, T A S DU R e | TSR ] |
FORSIRALAR 4 BT, BUR TS0 £ " I T
T o | AEAELIE JHL, TS R 46T B ( SA-PSO) ; i
| RAESBIL |
| |

B3 KIBEEINBEERLTE
Fig.3 Optimization flow chart of hydraulic tunnel

construction machine group configuration
Eood
T XX )

(16)

T.,=AT,  (0<A<1,0=0,1,---,M) (17)
T, = B%/In5 (18)
A R KCE B R T, OMEE +1 UOEAR BRI URIRIE s M R AR
HBA BE S ATIRE T AR RE N
~ () =B /T,
F(x!)=— (19)

€
N
2 e VD -BY/T,

AP F (o)) A5 UOEAGE R 28 0 AR X R IE A ; B, JER ¢ YO A Rd R AR N bt e s
AR T HERE

WS HHRLFRIMCE A E . 7EITA X, TPl E IR KR T R e n B AUE X I SR R
W

w(t+ 1) =1 (1) +0j (e +1) (20)

i+ 1) =l (1) +er [ph =af(1)] + c,ry [ p(t) - X ()] + e,r[p(t) - x()] (21)

Hrp n = 2
2 - (¢ +¢) = /(¢ +cz)2_4(01 +¢,)
o ewl () ARLFH ¢ YRS AL o) (0) ARLTFEE ¢ YOR AU RS s p/ (o) NBEHLR K AR AIFIR 26 ¢ IRk
R R A SR S R AR s p) B ASAAE X R AR5 IALE 5, e, H2ETHF
$Be Xt B M B, IFHEH B, FHH(16) TR IERIE,
BT CHBEIRENF RGOS R S5 R S NGR FD IR 4 GRS TR

3 KBl
3.1 TiIEMR

VU5 1K TARETT ZBEI 3 5 S A 51, AT B i 422 0 S 3P - i/ 478 B o it AL AR TG 5 ) A



553 1 BrAR¥e A BRHERRCZY R A /K BRI it T LR G A 89
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Table 1 Major construction machinery to be invested and carbon emission coefficient

1 e I S T 7 P o
Z JIfeshipl ZML-160 BHER 120 m 2 522.33 36. 64 146. 19
BB Z UIRe VR & 4 SCD112S 2 6108.976 185.6 622.4 1369.17
B —RHF & % MT55 150 m/h 2 4760. 88 24 640 742.16
TRmEHLLH SPM500 30 m*/h 3 2815. 80 92.40 93.32
Erat 13N PC220 1.0m*/ 3} 3 1257.02 63 251.37
BERAL WA380 2.5m’/3) 3 884.39 75.11 299. 69
FEHAML 7150 3md/ 3} 1 1201.5 83.44 332.93
A #H14: 15T 8 1051.52 52.93 211.19
kA HBT60A 60 m’/h 2 937.94 347.8 351.28
X S 2 AL VF-12/7-CY 12 m*/min 1 587.06 65.1 259.75
25 JEAL 24 m*/min 24 m*/min 6 389.18 524.620 529.87
TR BE T HZS90 90m’/h 1 4088.58 992.25 1002.17
TREE Tzt 4 8 m’ 8m’ /7 6 1311.88 62.12 247.86
FRe B AL YT28 5m 30 11.50 0.00
TREE TR TK600 6m®/h 6 469.30 15.4 15.55
TSR TBW250/50 3 445.12 31.2 31.51
3 (232 100/15 2 92.85 122.9 124.13
RS PEL ZJ400 400L 1 332.98 110.616 111.72
I AFEAL 0.45m’ 0.45m’ 2 249.30 15.17 15.32
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RSV E L i NI B i a =S W o) , i Table 2 Machine group optimization results of
TR B > FHAE L R 25 7K T RE TR AS [] it T AJLAE hybrid particle swarm optimization algorithm
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