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Optimal analysis of construction schemes of small space tunnel with
bidirectional eight traffic lanes in jointed rock mass
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Abstract: According to the construction conditions of Kuiqi No.2 small-space tunnel with super-large cross-section and eight traffic
lanes in the second phase project of Fuzhou International Airport Highway, a discrete element analysis program is established to
simulate the construction process. In the program, the double-heading construction method, CRD method and CD method have been
simulated. The settlements of vault, horizontal deformations of middle rock pillar, horizontal deformations of surrounding rock and
plastic zone of surrounding rock are analyzed and the advantages of the three methods are compared. Considering the characteristics
of Kuiqi No.2 Tunnel, the practical construction scheme is optimized. The double-heading method is changed to CRD method at the
tunnel entrance. The modification of construction method has great contribution to cut down the cost and to reduce erection time. The
results provide some reasonable references to design and construction for similar engineering.
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Fig.2 Numerical simulation model (unit: m)
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Table1 Mechanical parameters of rock
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Table 2 Mechanical strength parameters of joint
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Fig.7 Curves of crown settlement under three schemes
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of tunnel under three schemes

MR DU, LR3I L KA 7T
U EE S8k 248 T CRD 281 CD . CRD 2
it LI 5 | R ) B PR 7K ST R S UM B B 4703 53 )
BKT 091 mm (A3 A1 0.51 mm (453D, 1fi CD
it TIN5 B LA AP S CRD L4 K
7 0.69 mm (/23D F10.56 mm (3D, Htal4,
FEFE I A AKCALR J7 1 CRD : B B4 T CD V2.
44 HRAEEHEX

TEHL N TR, RS (I H2 3 0b 5 | N 7 1)
I3, FEN ) ES AR, SRR T R AR
TIPS, R T L e i R A A R S il

o P10 2 3 B 107 58 N Bl iR XVEE . A
[l it 105 58 T LA PR AT LU Y, WU S50k
CRD JETHZ Ji XV R B I 1 225, 10 CD
T2 R S R D IR KT XU BE 32 CRD
e

I TR B G HTE M CRD V30 T 5647 I
PR AR, P/ TR TTHZ S L, [FINERA T
o B S RME SRR I A B, HAERIISC g2
JAAPRER, AR E A RAE, B AR A S
Hizo 1M CD YETHER, BARMR T P ahE sy,
HEGH 1 iR I A BB IR,  FlE 2 AR R (1 E
B, AR TR A .

(a) XUMEESH%

(c)CD i

B 10 3T E T BEABER ST
Fig.10 Plastic zones of surrounding rock under
three construction schemes

5 ML S IAL B N o A

51 HETLITRKZE
L R XUEE S B, CRD 81 CD 245



846 b +

P MT AT LURBL, Wit T 24 E, 3 R T 7
FWrAT, AP XUERVERT CRD 75 IF425 1
PRSI, R RS B X A X AN, Bk |
THEZENAKR, BrEMRT A, i CD VEARXS
BOAAR]: Wil T e B, XU A %
AN, il TAHE SRR, i T80, CRD M1 CD
EIAZ TARIAR, AR bt T, @,
TERRGS AT DU, MRS TR B mT 78 73 Rt
ARV SRR, 1R 5 TR 4 1R A2 TR R AR
SE . FEEAEWTZ R, 2 S E T WAL
SR, DR T it T SR A L (R T 6
KU EE ST o

SRRt Tk R, d T2 07 R, R T
Pt TR AT Briies J S5 TRbUsE 2 5 BRI A A i)
R A BRI TR —, FLREA 5 son) TR
RN CREEE AW, Rt Tk, 454G
AKREEI A, ZREFIEM TR i
TSR DA K Y it T AR K, i Ee s 2 #r
PR AU EE T 03k AR S 24 CRD il 1o
5.2 MWER2H

FH T AT IR B R 5 S A AR TR T A3
R, 2 Bt T ok B FARCIR 2 EL A R HE, DAL
FEPRRAE T RE LS T A A R . BT, 1
it T R T e T MR ol $ETRCR o R RSk
LA RS LA S R s ) — 4t W 05 2 Tl
WTAE, BRI R, KR TS5
AT 15 S ORI SR

K11, 12 435000 YK11+425 Wifidt I R o
1] JEI ST SSORTIN R 8 1 TR0 ) PR B 5 Ik ) ) 0% R ot
2o MEIFPRT LA Y, 75 R i e T G
PE AP BN, BRI HETT R ORI A SR
MK, BT HERE, SLAE SRS o g
IRBIFREAE; MAER T TP e, BREEt TR
DURI FEWC S AT R AR 5787, o i e B
00 S T 40 m A2 A I HETRC R ORI SR
EEAETRE . WEHETCUE H, #ET0 R i
AFEMEN 7.31 mm, DN TEAEBIRLER, 10
T i B 2 S A 4.58 mm, 5 IR B RS R
BASEL7S I

ARSI LE R, R CRD i TR %4
(Fo [N, FERERE i TRl R, JE a2l 51 At
VA PRI U, A AR 9 3 T B A,
IR 22 4 b 5 i T Bt 1T, [RIE, 45 TRESERR,
AT RERETE AU BEVE AR TS CRD kit o2& 4 B
AT

Joo 2012 4
A GE-H-HD
2008-07-25 2008-09-03 2008-10-13

2008-07-05 2008-08-14 2008-09-23
0% Y W T T g
c Cep s o 2
£ —— PR o
e 120 5
= 3 =8
5 R
i i
= 5 440 =
= i
= Po—o-0-0. 450 &
7 =
8 - 60 ™

TR

B BTFUT. LS B A5 i R SR 2k

Fig.11 Curves of crown settlement and excavation vs. time
5 TH
£
£ =
= T N
g 27 ——skrlesin | 50 &
=t —o— U R T Y 10 =
0 - Y. ' 0
2008-07-05 2008-08-14 2008-09-23
2008-07-25 2008-09-03  2008-10-13

F CE-H-HD
B 12 AP LR 7 T B RS 5 e TR B G 2R ik

Fig.12 Curves of horizontal convergence deformation
and excavation vs. time

6 4

(D EEHIBEEHET Y, A AP
DA S BE T KA 8 7 1T, WU EE S 0EL T CRD
AL CD ¥ MR IRy, CRD 5
CD hjil TR AT B X s AR eSS () 2 A
AL RIS E KA 51, CRD 348 2L T
CD ¥k,

(2) FETAEXEE S0, CRD 581 CD ¥4 3
i e S P A CIDANE S (= ANE B N S = i) R A e
(P e e SR S R S N TR E el S =M
(IR SRt oL, W AR B8 1 11 Bt T 7 28 b XU
BEQYUAARTE Y CRD 7%, LR I I
WA I, A0t 1 8740 SR i R 1 A AR T8
IEARAE “5A8” WG, IR ER T i1, X
X BRAR I TRSeAS s bRt TR . i T334k 2]
TR ISP AR . AR R 1 AR\ 2R TE N
PR TE i MR 5E 08, n] A TG AR T /N
PREFEE v E A TR 2R S TR .

2 % 3 M

(1] KIS, B, w7, 55 SI2REa 50 T Kk IE



53 W

Ly /5
Bk,

LA AR X\ AT /N R It L7 S A B

847

(2]

(3]

BREBARBIIL]. A 055 TREAAR, 2003, 22Q2):
290—296.

ZHANG Ding-li, WANG Meng-shu, GAO Jun, et al.
Construction technique of large-spanned tunnel under
condition of complicated surrounding rocks[J]. Chinese
Journal of Rock Mechanics and Engineering, 2003,
22(2): 290—296.

VPSR, B, ARG, X))\ 4B S BEE i 17
FAIHT[I]. A A5 5 TREAR, 2009, 30(1): 66
—73.

XU Chong-bang, XIA Cai-chu, ZHU He-hua. Optimum
analysis of construction scheme of multi-arch tunnel with
lanes[J].
Mechanics and Engineering, 2009, 30(1): 66—73.
P, EZ, SR A AR A ) A R
Tl Tl R II]. A J1%%, 2006, 27(1): 11—
16, 28.

eight traffic Chinese Journal of Rock

LI Yun-peng, WANG Zhi-yin, HAN Chang-ling, et al.

Simulating study of construction process of tunnels with

small spacing for different classes of surrounding rocks[J].

Rock and Soil Mechanics, 2006, 27(1): 11—16, 28.
RN, BAWI, KRG, A B RN g R BRI
it LI AR HT]. 002, 2009, 30(1): 236—
240.

GONG Jian-wu, XIA Cai-chu, ZHU He-hua, et al.
Optimal analysis of construction schemes for Heshang
small-space tunnels with large section[J]. Rock and Soil
Mechanics, 2009, 30(1): 236—240.

TOCH, ERIE, RGN, AF. RO R
LI =BT, H A58 TREAE AR, 20035,
24(22): 4042—4047.

DING Wen-qi, WANG Xiao-xing, LI Zhi-gang, et al.
Optimal analysis of construction schemes for shallow
large span Longshan twin tunnel[J]. Chinese Journal of
Rock Mechanics and Engineering, 2005, 24(22): 4042
—4047.

TR, ATRAG, ARl KT IV B A g9 2

[7]

(8]

(]

[10]

(11]

[12]

[13]

[14]

CRD i TASEVE BT[] A0 1 5 TR,
2007, 26(3E T 2): 3804 —3809.

HUANG Ming-qi, FU Xian-lun, LI Yun-chao. Study of
stability control of large-section subsea tunnels in weak
strata by CRD construction method[J]. Chinese Journal
of Rock Mechanics and Engineering, 2007, 26(Supp.2):
3802—3809.

B, SOUIAL KESEEREIE CRD W5 S /K5 20T
FASTEEHII. A A 155 TR, 2007, 26(14 11 2):
3738—3742.
LIANG Wei, HUANG Ming-li. Subsidence and
deformation control of large-span tunnel in water-bearing
unfavorable geological conditions with CRD method[J].
Chinese Journal of Rock Mechanics and Engineering,
2007, 26(Supp.2): 3738 —3742.

SR, EUIAE, XRWI. HERERE KRB CRD
IR T TP LR ). A4 e TREAAR, 2007,
26(34 1) 2): 3639—3645.

ZHANG Jian-guo, WANG Ming-nian, LIU Da-gang.
Comparison of different working procedures by CRD
method for shallow-buried subsea tunnel excavation[J].
Chinese Journal of Rock Mechanics and Engineering,
2007, 26(Supp.2): 3639—3645.

FRASEEMA BT BE. ITG D70—2004 2 ##BEIE B 1
PEFE[S]. bt A BRACH H A, 2004,

FEARATL. i V- W TH /)Nyieh 2 J B 3 it 1 27 9F 53 [D].
g [FBRRA, 2008.

ZBIUK. R 2 S REE TR R]. AR A
ARSI BB, 2007.

R0, RS T BRI (AT BURS A AL R A i Je JG
PR T FU[D]. i [R5 K57, 2009.

ZUADK. AR IR B B LI o A I T RA(A3 by
BOM I BU T Bevh[R]. At At A0l i ve it e,
2007.

Itasca Consulting Group, Inc. UDEC universal distinct
element code(Version 4.00) user’s guide[M]. Minneapolis,
USA: Itasca Consulting Group, Inc., 2004.



