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Technical parameter

Design value

Tunnel-boring machine (TBM) type
External diameter (m)

Internal diameter for lining (m)
Outer diameter for lining (m)
Maximal TF (kN)

Maximal cutter rotation speed (r-min")
Number of cutters disc cutter
Number of single disc cutters
Number of double disc cutters
Number of scrapers

Number of rippers

Disc cutter diameters (mm)

Total installed power (kW)

Shield weight (t)

EPB
8.85
8.10
8.50

40 000
2
Central cutters: 6; face cutters: 34; gauge cutters: 12
46

6

88

12
432,483
4500
1200
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Cohesion force (kPa) Internal friction angle (°)
Stratum

Minimum Maximum Minimum Maximum
Backfill 10 15 8 55
Silty clay 10 28 10 20
Weathered rock 26 29 20 35
Weathered granite 27 35 19 34
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Bao’an Airport North Station Tunnel
(lall Clay soil
E -0 w
S -20 P "
®
3 -30
w
-40
-50 Moderately Highly weathered
weathered granite granite
0 500 _ 1000 1500
Chainage (m)
Zone (ET) ET-1 ET-2 ET-3
Borehole [ T T 217 3 [ 4 5 | 6 7 [ 8 T 9 JT1o[1MJ12]13] [ 14115
RQD (%) 0-22 20-32 40-50
Joint surface | Moderately to highly weathered surface Smooth and moderately weathered Rough surface
Q, (%) 3.1-5.0 £6.9 [ 7.2-16.0 0-13.7
UCS (MPa) 1.26-10.9 10.9-43.0
10 g Tunnel advance direction Tunnel Bao’an Airport Station
0 Backfill : -
E _10 ley soll _
£ -20 N — -
© " -
]
o —30
—40 Highly weathered
_50 Moderately weathered granite Weathered granite
rock
2000 2500 3000
Chainage (m)
Zone (ET) ET-3 ET-4
Borehole [ 16 ] 17 [ 18 [ 19 |20 [21 [ 22 [ 23 [24 [ 25 [ 26 [ 27 [28 ] 29 | [30 ] 31 [32
RQD (%) 41-78 30-35 37-41 23-30
Joint surface Rough surface Smooth and moderately weathered
Q, (%) 10.3-22.0 13.7-22.0 [ 12.0-16.0 [ 0.9-10.1
UCS (MPa) 40.0-162.9 12.0-33.7
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Central cutters Gauge cutters

Face cutters

40

30

20

Number of disc cutter changes
N

10

Allowable wear limit of disc cutter (mm)

15 20 25 30 35 40 45 50 55 60
Disc cutter number

(@)

B Normal wear
I Abnormal wear
25.89%
74.11%
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!
B
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L

N

o

) 8
Allowable wear limit of disc cutter (mm)

Number of cutter changes for abnormal wear
N

o

0
5 10 15 20 25 30 35 40 45 50 55 60
Disc cutter number
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Il Flat wear
I Breakage
[ Other

89%
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100

o
o

[9)]
o

Allowable wear limit of disc cutter (mm)

| Central cutters Face cutters Gauge cutters

80

N w H
o o o

-
o

Accumulated wear of cutter rings (mm)

0
10 15 20 25 30 35 40 45 50 55 60
Disc cutter number

SERIPVES M AINES i na i il S IE DR DM 2 &SN ik 7Y 4 338

0
0 5

R3 ARRYIE T A AR TS AR

9

HodtAr 1 geih b EARZEIF, M T HiBruland [69]
S B VU5 KAl AR IR IR AR T A iy
W S AT IR T 4B 3 (R T BE RN A5 i RAl THAEEIR
JIRIWGEI 73 6 . BEIEITZRIR J) 73 O ASAL R W], RRIEIR
I3 K2 AE600~2700 m* Z [i]. Bhah, R KMELH
B/MERI4. 5% . RSFIH T T AR 175 fi- P 1
ANJE R IS RAE S 2L

5. EF %

F TS S A 0 LA & 56 U7 R T B0 A+ TR
N R T F5 4 [23,67]. AT B E R B A EE T
P S AE, RN A E EEIZIT S BN AE BB, DU
MR T F5 e R, R WA Ge it 773 CRPfaj 5 e
VAR R RN 2 Ja | H B @SR J1 R 5 R R R 2
EESE

5.1. &7 m] )AL AR

Awtgery, fEHTIREMENHIREE ST AR
(R T Bl AR . P SP. UCS. JJELSEHRf JEo i
ANFEZHoe 7] B 75 T S ma AT TR AT . d i gt
FAR LA [m] AR A R V8 ) 75 iy 5 S e b o FH 3/ S 40
Z AN AR, 10 . SHALSEAEEL, UCSREZ
BOIE A TR T1 5 6 S 5. 09 R BONA 55 R (1 45
BER6HHIH.

Average disk cutter wear and life parameters

Numbers of replaced disc cutters ;
H,, (m-cutter )

H; (m’-cutter™)

W,, (cutter-m™)

112 29.46 1820 0.03
RA ARG S B ST

Parameter Unit Category Minimum Maximum Mean Standard deviation
TF kN Input 21700 40700 30 043.8 5417.53
RPM r-min’' Input 1.5 1.9 1.72 0.108
GP kPa Input 240 450 333.43 45.76
PR mm-r’ Input 18 36.2 27.79 3.88

0. % Input 0 22 9.45 6.79

SE kWh-m™ Input 1.67 7.32 3.48 1.18
SP kPa Input 160 240 200 24.62
ucCs MPa Input 1.26 162.9 32.34 34.03

H m Input 14 20 17.19 1.706
H; m’-cutter' Output 600 2700 1452.19 54391
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RS RBIEWLRIHZ IR ST

Group symbol H, range (m’-cutter ") TF range (kN) SE range (kW-h-m™) SP range (kPa)
ET-1 2250-2700 22 000-27 000 1.67-3.70 150-170

ET-2 1100-1800 26 900-30 000 2.74-7.32

ET-3 6001150 29 300-40 700 1.84-3.25 170-240

ET-4 1200-1830 21700-38 300 2.59-5.97

3000

y =20 041 — 18 729x + 4 586X2
. R? = 0.434
2500 .

—~ 2000

L

(0]

=

3 1500

£

T 1000

500 |
0 1 1 1 1
15 16 17 18 1.9 20
CRS (rrmin™")
(a)
3000 . . .
y =2 965 - 7.936x
2 =
2500t . R2=0.155 |
L ]
— 2000 | §
[
O
=
3 1500 —
£
T 1000 ,
500 b —
0 1 1 1
150 175 200 225 250
SP (kPa)

(c)

3000

y=1854-1241x
R?=0.603

2500

2000

1500

H, (m*-cutter™)

1000

500

0 25 50 75 100 125 150 175
UCS (MPa)
(b)
3000 . . : : :

y=1709 -8.94x — 1.281x*
R>=0.213

2500

2000

1500

H, (m*-cutter™)

1000

500 .

20 24
Q, (%)
)

E10. ik R T A dr (HY SARMEES RIS B Z ML R (a) RPM; (b) UCS; (¢) SP; (d) Q..

®6 A A SR R R

Parameter Relationship Function type R’ Eq. No. References

GP H,= 5845 — 2826GP + 0.044GP* Quadratic 0.130 (18) This study

0., TF H,=2462.60 — 44.500,— 0.019TF Polynomial 0.440 (19)

UCS,RPM, PR H,= exp(-0.0168UCS — 5.2187(RPM/PR) + 8.0256PR)  Exponential 0.840 (20)

0., RPM H;=2687.70 — 50.75Q,— 439.97RPM Polynomial 0.420 21

UCS, VHNR H;=-2.544VHNR - 8.331UCS + 3288.248 Polynomial 0.771 (22) Hassanpour et al. [65]
UCS, VHNR H;=-2.013VHNR - 8.074UCS + 2859.35 Polynomial 0.785 (23) Hassanpour [23]

VHNR: Vickers hardness number of the rock.

5.2. ARL MR AR R
JTI R B2V 2 28520 [10,14,65]. AEZME2 T
(B YA T] T 20 A 22 AN B 3 R A e ) 2L

S WAL S0 . Wik, R 2 o V8 R SR
TEXT LA b AT B AR A AR LR R . TEEAT — R
WaEZ G, S TPR. RPMFIUCS S [HIELZER (20),



RT T R A I S OR R 3

Model Equation No.
GMDH-GA-1 Y,=2 816.08 — 59.7PR — 22.44UCS — 0.32 PR - UCS + 1.13PR*>—0.37UCS” 24)
Y,=6108.48 — 0.24TF — 60.99PR — 0.00017 TF - PR —0.0017 TF*+ 1.35PR*
Y,=1368.66 —0.85Y,— 0.36Y, + 0. 00025Y, - Y¥,+ 0.0233Y,*~ 6.21Y,’
H,=-1093.89 + 1.55Y,+ 52.88PR — 0.042Y, - PR +0.015Y,” — 7.02PR?
GMDH-GA-2 Y,=2398.97 —99.70SE — 35.06UCS + 0.923 SE - UCS + 2.94 SE* + 0.38UCS’ (25)
Y,=—102 578.36 — 468.32SE + 2 027.34PR + 533. 68SE - PR — 3.4 SE’+ 2.72PR’
Y,=2816.08 — 59.7PR — 2.44UCS — 0.32PR - UCS + 1.13PR* + 0.37 UCS®
Y,=4774.01 — 4.65Y, —46.03UCS + 0.023Y, - UCS + 0.041Y,> + 0.34 UCS’
Y =648.67 + 0.38Y,— 0.64Y, — 0.00033Y, - ¥+ 3.62Y,>+ 0.029Y;
H;=292.05+1.67Y,— 1.12Y,-0.0013Y, - Y; +0.017Y; + 0.035Y,’
GMDH-GA-3 Y, =19 041.41 —82.09 UCS — 17 232.71 RPM + 32.49UCS - RPM + 0.33UCS’ — 65.33RPM’ (26)
Y, =18 406.86 — 35 952.14 RPM + 1 019.99PR — 850.77 RPM - PR + 131.71RPM*+ 2.77PR*
Y, =3 643.98 — 72.47UCS — 0.05RPM + 0.0013UCS - TF + 0.43UCS’ — 6.07TF’
Y,=-45.57+ 1.13Y, - 0.17Y, — 0.0002Y, - ¥,+ 0.008Y,> - 0.015Y,”
H:=110.14 + 0.6Y, + 0.22Y, + 3.29Y, - ¥,—0.0057Y,"— 1.61Y,’
GMDH-GA-4 Y, =2398.97 — 35.06UCS — 99.7TF + 0.92UCS - TF + 0.37UCS> + 2.94TF* 27
Y, =-102 578.36 — 468.34 TF + 2 027.34PR + 533.68TF - PR — 5.94¢ ' TF*+1.19PR”
Y, =3 643.98 — 72.47UCS — 0.05SE + 0.001UCS - SE + 0.435UCS’ - 9.67¢ “SE’
Y, =-666.63 +0.72 Y, + 0.05SE — 4.09¢ " ¥, - SE — 0.023Y,>— 4.02¢ °SE’
Y, =773.7-0.94Y, + 0.92Y, — 0.00057, - ¥;+ 0.023Y," + 0.017Y;*
H,=109.7 + 0.86Y, — 0.019Y, — 6.45¢"°Y, - Y, +2.23¢°Y; + 0.01Y;
3000 : . — . P 2% R B AR S5 M) . TRA GMDH-GA [ 52 7 F2 1 1 2
o BB EAREEE LIS, RITSHCH
= 2500 | . . N N " §
5 . 98, MR E F T PR 7] 75 i 0 e RS 40 T AR
3 ,", u N M2y 1L N2z,
g 2000 S . 1 A RS B P A T 22 B 0 s 1) B A P A N S B4 24
2 500 F e, B pTR, AH B TERE I 4 B P R s VG
,_ F n b T N N
2 o e HEATRARITF Ko N B A GMDH-GA BRI 454y, $2
o /' ,.—""—' e N S, foHe N N Ny S
3 1000 - 1 TVUANERY . e BT RSB I Pl g 77, K s b
= g L . - S, N NN
N LS RPIAL: VI ZRIERIMNRIE . FEAT T (1 132 4>
= o = Eq. (20 " " . e
P P B R, BABIRE (DG4 [1970% T i E 7
o e I I I I I 1 4 24 R 0 \‘|'[| A=A M N
S FL(5) RS MHAR30% CIERAD J T4

Actual cutter life (m*-cutter)

B 11. 85 2 seARZ o)A 7 A B T ) L SeBn 7 i AN FI A7 i o

BRIEA R =0.84], KA T T FN JJ B A7 fin (F 5 240
A S B A O . B ) B A () 92 bR gh
SIS R Z AR FR . K6 H R 5 A 4
RUHAT 7 HOBL. AR, ASCHTHR A b AT R B
LT ) B A . W EVE R RN, 2 ooln AR
Mg RG22 ERA R, B2, N TIHREEEK
PERE, NZTT A = G AR

5.3. {8 GMDH-GA P44 7] B Fdy
WL FE R T kR ¥z %, N3k GMDH

SGHRER, RS GMDH-GA R 25 K3k K AN S50
CInFhEER /N BROBUZ S0, A8 ORI AR S (A 25 DA e AR
HED). SHEFE RSz e . AT
GAMN H T GMDHZ M B i, #2300 JGEAH Tl 2L
EN100, T XMERBEEN0.95, BRMREEE N1,
HALSHOEA Sul . B BA 451 AR GMDH-GA-1
2 GMDH-GA-4 1 AH 5% 7 #2 X3R5 10 A5 B 2 101 3 3k
TR NEABI AL T 5 T30 (5) i Lk £
Ko HHEAHDILZENR - IXKZHXARS. Hlu, 75
GMDH-GA-11, Y ZMRIFEPRAMUCSAEH s Y 2R
FETEFIPRIAE N Yo ARSI, Mi2E Y, fY,f K.
SRE AR Y, FIPRAL S H o IX SR 22 5 R 5 S H R BT
MDY AN [E] B A SR A, DASRUIN JE ) 40 i i 2 o ()R
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T3 g . B12878 78S DU GMDH-GA B T A XL
P i GMDH JZ 45 # . 2 $EXUFE = DL G id FE A5 JF 3k
3SR FRL R T RE I AN B 2 B KK N 7 AL
PR R A, (B USSR 1 R Xt

N TIRIEZ (RMSE) RIS /% (RY VAl
GMDH-GA [ i 45 S5 Bl 37 Kt 2 18] (i 2% -

n 2
E (xmea - xpre)
RMSE = \|=!

n

(28)

(Xmea - Xpre)2

M=

R =1 -1 (29)

(Xmea — Xm)z
R, X Xy Xl 5 B RO, BN, 2918
LS HR 258

FEI13 3 70 5L 5 B 5 BB 2 4 111 5 o AL
13, S [ P94 GMDH-GA KL [ 7J L 5 s % T
DR SR S S e A e . B Ah, 8T
A TRMEAE R T & 20% [ Hi 25 1, X720 7E Bt 4
HECHRR, I A BURICE TR i T o LA TR O Y
Ve T H, i 55— k% A B (I UCS . PR, TE I
RPM LK, FHAERAIGMDH-GA-3 45 H, Wi
PR R 2 A L T I B2 . @ B MERMSE

Ms|T

Layer 1 Layer 2

| [
ucs | |
| |

PR

TF

GMDH-GA-1
Layer 1

Layer 2

ucs

CRS

PR

TF
GMDH-GA-3

Fl KACR AT DL SEBL R 4 OAS FE . thabh, KRR &
GMDH-GA I 5 N\ Z oA M A [ 552 (20D 13813
7R HEAT be A, DAVPA e M. S5 R BoRiZIRE
A AT DUE it 5T 2 HOR #5842 350F 20 il 7] B %5
fr, BI5R’ = 0.84FIRMSE = 218 &I 7 FEAH L, #H
K RZHBR = 0.967 FIRMSE = 97.22,

5.4. BURAE 7 B
Xof H RS R AT UM T, DU E AN AN S
O R A B 2 .l DR E R MR RN A S
O R AR H AR N A, X GMDH 45 14 ) XU E fa
SEZHEAT 43 HT o R AR 2 IR IE AR B HE4T 53 B [49]:
i (LaeLg)

k=1
Rj =

~ 12 iﬁk (300
ﬁ¢¢ﬁw%ﬁAﬂ%¢%ﬁM%ﬁﬁ%%éﬁmﬁi

[0, 113 BN AR B AN A R 2 ) 5C R e, P14
7R T GMDH L NUEGEZ b T RIR 25 R AT LA
A i, PRAETRGHEAY ] E AR di TN i 5 B 2S5

5.5. 1718
R IR IR, & TR FH 5 St AR _E B+
W S B EAES . MRS M4 R, Kk

ucs

SE

GMDH-GA-2

Layer 1 Layer2

ucs

PR

GMDH-GA-4

B 12. 1T H0 A 9 X GMDH 2 T AL 4544 o
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500 L L L 1 00 1 L 1 1
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
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GMDH-GA-3 GMDH-GA-4
E13. GMDH-GA (1) ~ (4) BLAY SR H AT H, FLE
R8 I GMDH-GAERY G145 3
Model Parameters R RMSE
GMDH-GA-1 f(TF, PR, UCS) 0.928 143.33
GMDH-GA-2 f(SE, PR, UCS) 0.931 139.65
GMDH-GA-3 f(UCS, RPM, PR, TF) 0.967 97.22
GMDH-GA-4 f(UCS, TF, PR, SE) 0.936 135.32
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AR HER . P02 (UCS. PR, TFAIRPM) 5
JIE B UIAE G, DRI A P A T ) 25 i e R 2R
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