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Decision support system of adaptability evaluation for TBM selection
based on artificial intelligence

ZHAN Jinwu, LI Tao,LI Chao
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Abstract : With the construction of the Western region of China and the development of “the Belt and Road Initia-
tives” ,there is an urgent need to develop some major “lifeline” projects such as transportation , mining and water con-
servancy. Deep buried tunnels are often the key control projects for these lifeline projects. Limited to geological , topo-

graphical and natural environmental conditions,the TBM method is the preferred choice for deep tunnel excavation in
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terms of construction period,cost and technical progress. The adaptability of deep tunnel TBM is affected by many fac-
tors ,making it difficult to conduct an effective and quantitative evaluation. The main influencing factors are unfavorable
geology ,such as inrush water,large soft rock deformation,fault fracture zone,rock burst,etc. In addition ,the design of
the tunnel and the geological conditions of the tunnel site also have an important impact on the selection of TBM. The
artificial intelligence method has the outstanding features of being able to analyze the influence of complex factors and
dealing with complex problems,and can be used for the effective evaluation of the adaptability of TBM selection. First-
ly ,based on the analytic hierarchy process ( AHP) and fuzzy comprehensive evaluation method , through the acquisi-
tion of TBM selection knowledge , seven indicators which can fully reflect the differences of adaptability , representative-
ness and high discrimination are selected. The evaluation index system and fuzzy comprehensive evaluation model of
TBM selection adaptability are constructed ,and the fuzzy membership function of each evaluation index is determined.
Secondly ,the weights of three TBM model selection adaptability evaluation indicators are determined by compiling the
weights assistant calculation program. Among them,in order to avoid the limitation of single index decision and the de-
fect of subjective assumption,a combination of intelligent design theory and decision-making theory is adopted to carry
out the quantitative selection of multi-indicator intelligent decision-making. Combining the evaluation model with
knowledge , expressing the knowledge in the form of rules,the TBM selection adaptive evaluation knowledge base is
constructed. Finally ,based on the IDSDP intelligent evaluation and decision system platform, an intelligent evaluation
and decision-making system for TBM selection is developed, which provides a new quantitative evaluation method for
the deep tunnel TBM selection. The adaptability of TBM selection for Gaoligongshan Railway Tunnel is evaluated by u-
sing the decision-making system,and the evaluation results are in good agreement with the actual situation.

Key words:TBM selection ; AHP ; fuzzy mathematics ; artificial intelligence ; decision support system
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Fig. 1 Basic structure of the expert system
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Fig. 3 Schematic diagram of comprehensive fitness calculation for long tunnels
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Table 2 TBM selection fitness evaluation criteria
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Table 6 Evaluation criteria for integrity coefficient of

rock mass adaptability of TBM
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Table 11 Segmentation assignment of TBM selection adaptability evaluation index for Gaoligongshan Tunnel

b2 A R FES%  KE/m  [fi/%  V,/MPa v, V,/(L-s™') Vs Ve/m  Vy(o Jo,)

L1 il 2 160 16.29 >0. 85 28.33 4.96 — 4.96
12 e LA i 11 4190 31. 60 75~95  0.85~0.65 45.34 5.74 — 5.74
13 v 2 840 21.42 0.55~0.35 47.21 6.82 — 6. 82
14 Frs MCE  THCE 111 760 5.73 40~80  0.85~0.65 68.57 4.71 — 4.71
5 Je i AN v 650 4.90 0.65 ~0. 45 —

L6 K Antides 111 330 2.49 80 0. 85 ~0.65 103.25 4.38 — 4.38
L7 B v 210 1.58 0.65 ~0. 45 —

18 Hzud KERAEDSE V-~V 1190 8.97 110 0. 69 72.73 7.34 — 7.34
19 W J2 SR v 90 0.68 6.5 0.25 65.31 7.00 50 0.28
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Table 12 Different types of TBM segmental fitness of Gaoligongshan Tunnel project

TBM & 18 7 B N

St L1 12 L3 14 L5 L6 L7 18 L9 L10 L11 L12 L13 L14 L15
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BPIE 0.650 0.596 0.734 0.631 0.802 0.494 0.665 0.498 0.416 0.584 0.527 0.546 0.506 0.369 0.541
BAE  0.769 0.810 0.867 0.750 0.835 0.707 0.793 0.747 0.269 0.396 0.434 0.375 0.360 0.224  0.368
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Fig. 19 Comprehensive adaptability analysis of TBM selection

5 RGO A R &

5 & it
(1) B f szfﬂ% SR BIS A2 A T

ﬁ“ﬁmﬁa G, B i 202 m iR, #  TBM
ﬂﬁﬁiﬁﬁﬂﬂ@ HEFT 248 R R RE DR SR 1Y 2
AETETY A7 50RE O T B BR DR SRE 1 ) B AR X0
IR
(2) B THEBRIFM IR LR 247 & IDSDP, K
FH Java 155 #EAT WRIF A&, W & T TBM 32 7438 W P
BEVPAN B IR A R 40, S T TBM 1% B3 hy M A
REALIEA D3R, R & 0 I 45 14 R K KBS I TBM
ﬁﬂh@T#ﬁ%%g%ﬁﬁmaﬂﬁﬁﬂMIﬁ
N FHAMA
(3) BT BT 1L vy B Ak B R 1 11 B TR, X
JITEEST % TBM $E 738 R PR BE PPN Dok S0 R R gtk
17T 50 E , 15 2o = Bep & MU E TBM 25 &
&IV FE 439 A 0.826,0. 638 F1 0. 779, 7% B i T =
TBM $5cis T2 B % 16 i F | 3% 5 50 B T8 ) 35 26 AH
o
(4) B N T RET A T TBM &AL IE I 4 2F
PSRRI SE 9 A TR R B B, 5 A A /D [a] 8UA f+7 fif
e Bl ST B SE S I PE M AR AR A R R E 210 T

Brigh SR Bk E SR A HA R R AR BT
(S ERTE RN Jﬁ*’]&ﬂ“lﬁﬁﬁl%ﬁim*%iﬂ$x
WFFE TAESR LA SR RS 58 R R A2 AL LA
BN A SIS TAR 18 S SR )

S % 3Lk ( References) :

(17 XRA B XA 45 R E A 12 BlA 5 TBM (9 AH B4R
MRz e[ )], HE5aE4,2015,40(6) 12131224,

LIU Quansheng, HUANG Xing, LIU Jianping, et al. Interaction and
safety control between TBM and deep mixed ground[ J]. Journal of
China Coal Society,2015,40(6) :1213-1224.

(2] MEE R, S A, 5. TBM i 18 K AR BT Ao A7

ARRIIELI]. A A 1% 5 TRE2A4R,2007,26 (12) 12404 -
2411.
SHANG Yanjun, YANG Zhifa, ZENG Qingli, et al. Retrospective
analysis of TBM accidents from its poor flexibility to complicated ge-
ological conditions[ J]. Chinese Journal of Rock Mechanics and En-
gineering,2007,26 (12) :2404-2411.

[3] BIENIAWSKI Z T,CELADA B, GALERA J M, et al. New applica-
tions of the excavability index for selection of TBM types and predic-
ting their performance[ A ]. Proceedings of the World Tunnel Con-
gress| C]. Akra,India;2008 ;1618-1629.

(4] KARAMI M,BAGHERPUR R, RAISI Gahrooee D, et al. The influ-
ence of geological features and geomechanical properties of rock mass
on thm selection for sabzkouh water conveyance tunnel[ J]. Journal
of Engineering Geology,2014,8(2) :2169-2198.

[5] RUE5, 88, R, 5. M5 — ZUKH s TBM $ER K it T.¢

HHEARBR )], A 7155 T2, 2008,27 (10) : 2000 -
2009.
WU Shiyong, WANG Ge, XU Jinsong, et al. Research on TBM type-
selection and key construction technology for Jingping II Hydropow-
er Station[ J ]. Chinese Journal of Rock Mechanics and Engineering,
2008,27(10) :2000-2009.

(6] HHEME, ZEALAR, B9 K mKIL IR PIL T R 1Y TBM 25 B4R
[J]. AKFIK A AR 2009,40(7) :80-82.

YE Dinghai, LI Shisen, JIA Hanfei. A study of type selection of TBM
for west route of South-to-North Water Transfer Project[ J]. Water
Resources and Hydropower Engineering,2009,40(7) .:80-82.

(7] SKZEAL SR ES & KB ik TRAS K BER TBM L7
RSP R GAACHIE[ ] Bl TRE%A41,2010,27(3) :61-65.
ZHANG Junwei, MEI Zhirong, TANG Yu, et al. TBM type-selection
and study on optimization of support system for super long dahuofang
water tunnel [ J]. Journal of Railway Engineering Society, 2010,
27(3) :61-65.

(8] Mflkte, 3¢ =20, 88 10N, 4. JLJR 2 /K CCS /K HL 3k 51 K i i
TBM L5 K TR M7 o) J 5 0 5 [ ], BRI IAEE 5 T8, 2017,
31(4) :425-430.

YANG Jihua, QI Sanhong, GUO Weixin, et al. Problems on TBM

section and engineering geological conditions and countermeasures



5510 # Es oA BT A T AR TBM SEE N MY ok i R 4

www.chinacaj.net

3271

[10]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

in construction of headrace tunnel at CCS hydropower station in ec-
uador[ J |. Resources Environment & Engineering, 2017,31 (4) .
425-430.
B BRIE A AL (TBM) 2L B R [ J]. [ B 5858 TR 5 4
A ,2011,9(5) :15-17.
MAO Weihong. An exploration into the choice of the right type
of tunnel boring machines (TBM) [ J]. Traffic Engineering and
Technology for National Defense,2011,9(5) :15-17.
B SR, BT FLE A TR TBM SR Ao [ 1], BARRE i
A ,2013,50(2) :7-13.
ZHAO Luxue. Analysis of TBM selection for an urban rail transit
project[ J]. Modern Tunnelling Technology,2013,50(2) :7-13.
SR WA TR G M] . JUnt ARk, 2011,
OKUBO S, FUKUI K, CHEN W. Expert system for applicability
of tunnel boring machines in Japan[ J]. Rock Mechanics and Rock
Engineering,2003,36(4) :305-322.
SHAHEEN A A,FAYEK A R, ABOURIZK S M. Methodology for
integrating fuzzy expert systems and discrete event simulation
in construction engineering [ J |. Canadian Journal of Civil Engi-
neering,2009,36(9) :1478-1490.
SALIMI A,ROSTAMI J,MOORMANN C, et al. Application of non-
linear regression analysis and artificial intelligence algorithms for
performance prediction of hard rock TBMs[ J]. Tunnelling and Un-
derground Space Technology,2016,58 ;:236-246.
RT/INT , 5% DRI % 3 3 AL 356 A BR SR SR R B 5T
[1]. #kif4#4R ,2007,29(3) :127-131
HE Xiaoxin, WU Qingming. An intelligent decision support system
of type selection for tunnel boring machine[ J]. Journal of the China
Railway Society,2007,29(3) :127-131.
R BT 2 00 24 g I T i A ML TSI RTS8 [ D] A0 R
AR EBRIE K ,2014.
LIN Jun. Research on TBM predictive control based on neural net-
work [ D ]. Shijiazhuang : Shijiazhuang Tiedao University,2014.
WRSCHE. RS R G MHIT 2 [ M. JEat. 3 R R ke,
2014.
SAATY ,THOMAS L. The analytic hierarchy process ; Planning, pri-
ority setting, resource allocation [ M ]. NewYork: Decision Mak-
ing Series , Mcgraw-Hill ,1980.
rpe N R LN ] [ SRR v g S A I W T A 4 AL
BORFERI[S]. Jbat. v B B i i, 2007.
% 5%, & WAL, T A . TBM Jiti T 5% & [l 4 43 9 ok 0 5%
[J]. E A D12 5 TR, 2002,21(9) :1350-1354.
HE Faliang, GU Mingcheng, WANG Shichun. Study on surrounding
rock classification of tunnel cut by TBMs[ J]. Chinese Journal of
Rock Mechanics and Engineering,2002,21(9) :1350-1354.
ZA W] MR TBM il BRI a0 307 i R [T ] b
A% ,2006,26(3) :235-237.
LI Chunming, PENG Yaorong. Discussion about surrounding
rock classification of tunnel excavate by TBMs[ J]. Journal of China
and Foreign Highway,2006,26(3) :235-237.
FEE A, ARBUE. T RO SR 2 BIE R TBM it T s AT 4
PR B[ ] . BUACREE £ ,2014,51(6) :58-65.

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[33]

[34]

WANG Pan, GUO Wei, ZHU Dianhua. Fuzzy clustering theory
based rock mass cuttability classification prediction model for
TBM tunneling[ J ]. Model Tunnelling Technology,2014,51(6) .
58-65.

BELAR  ZE0%, APR24, 5. SETHRUEMERE Y TBM i T A 255
FHITEL)]. A0 D% 5 TR, 2018, 37 (S1) :3382 -
3391.

XUE Yadong, LI Xing, DIAO Zhenxing, et al. A novel classifica-
tion method of rock mass for TBM tunnel based on penetration per-
formance[ J ]. Chinese Journal of Rock Mechanics and Engineer-
ing,2018,37(S1) :3382-3391.

HAMIDI J K,SHAHRIAR K, REZAI B, et al. Application of fuzzy
set theory to rock engineering classification systems: An illustration
of the rock mass excavability index[ J]. Rock Mechanics and Rock
Engineering,2010,43(3) :335-350.

DUDT J P,D A. The “penalty factors” method for the prediction of
TBM performances in changing grounds[ J ]. Tunnelling and Under-
ground Space Technology,2016,57 :195-200.

e A R ] [ bk 4 5 4. GB 50487—2008 7K A 7K
AR GG S ], ALt P T4 e ik, 2015.
KUIPRLL, T2, T, 4. R K I 1 28 TR W 2 2%
AT [T]. 5540 1% 5 TR 241, 2005, 24 (20) 13625 -
3630.

LIU Zhenhong, WANG Xuechao, WANG Quanwei, et al. Classifica-
tion and deformation analysis of tunnel surrounding rock in West
Route of South-to-North Water[ J ]. Chinese Journal of Rock Me-
chanics and Engineering,2005,24(20) :3625-3630.
FHR . 5 TBM HHOCHY 32 % TR b Bt R AT 5T [ D] Kb o
FIRE,2005.
YIN Juntao. Study on the main engineering geological problems as-
sociated with TBM[ D]. Changsha: Center South University,2005.
X2 B N R T 2 BT J2E R S K T Ve B 22 4 T
[J]. MR 25 A5 LR 2#4R ,2009,5(S2) :1786-1790.
LIU Xuezeng,MA Xiaojun. Fuzzy safety evaluation for water burst-
ing and mud surging of tunnels through the fault fracture zones[ J].
Chinese Journal of Underground Space and Engineering, 2009,
5(82) :1786-1790.
AYDAN O, AKAGI T,KAWAMOTO T. The squeezing potential of
rocks around tunnels, theory and prediction [ J]. Rock mechanics
and rock engineering,1993,26(2) :137-163.

SINGH B, GOEL R K. Rock mass classification: A practical ap-
proach in civil engineering[ M ]. Amsterdam : Elsevier,1999.
HOEK E, MARINOS P. Predicting tunnel squeezing problems in
weak heterogeneous rock masses[ J]. Tunnels and Tunnelling Inter-
national ,2000,32(11) :45-51.

HAMIDI J K, SHAHRIAR K, REZAI B, et al. Risk assessment
based selection of rock TBM for adverse geological conditions using
Fuzzy—AHP[ J]. Bulletin of Engineering Geology and the Environ-
ment,2010,69 (4) :523-532.

KHADEMI J. A methodology for selection of TBM according

to geotechnical conditions [ D ]. Iran: Amirkabir University of

Technology ( Tehran Polytechnic) ,2006.





