FAdk %14 A A & Vol. 44 No.1
2024 % 2 A JOURNAL OF CHINA & FOREIGN HIGHWAY Feb. 2024

DOI:10.14048/j.issn.1671-2579. 2024.01.024 XEHS:1671-2579(2024)01-0177-08

ETSHUHERBBHEOE A BBEREZAL

KREBEH ,BEE,LAL,KEKHE
(LR (RO FEARFRAF LI BET 211800;2. 71 K% L K 53820, IL95 B35T 210098;
3.7 AU A F L g 2= Be AT b 48 Bl b0 A AR SV BB R B oG T e 061001)

T - TR OO [ 2 % 0 T T AT Bl T o e 8 5 R 4 A2 TR A R S R A B T R 5, 48 e Rl 45 4
P AME o %GBS Ansys B APDL S 800 e 6, 5 T Ml S8 207 i BT VAR, F T Bt B DR AR T LAy R
TSR A ST TN DX A ) 2 S B B 5 ik BB A R 4 % T e (5 A S R T A DX
TR TE 2 B b X 4 51 45 K4 I3 0 A s i ML AR, 5 SEBR AR50 (s « Rl 41 RO v s IR 2 AR RS BE X TR T R S
AT B 2254 P 0 09 5 R O S 8 R A O B~ A X 0 ) e ) 8 A P SR X R B R B S T 5 O T N B 5 A
O T 2R AR, B 1SR AR 0437 1z g oAy 43 o) L s kA e T IR O A B AR i P B BB £ 0, HE BRI £ 0, K% v
AR R, X400 1 45 F4) P9 13 4 ) et S o LR 0 A7 Ay B 2 e I SR T A P 4R 3t T BB AR A

K ERIR) < U0 [ B R T 5 SRR 5 A2 5 S 0 5 5 — RN ) 5 R IX

HE 535S U456 MHERAREED : A

Research on Shape Optimization of Four-Center Circular Highway Tunnel Based on

Parametric Modeling Idea
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Abstract: The rational cross-sectional form of the four-center circular highway tunnel contributes to enhancing
the stress state of the lining structure, reducing cracks in the composite lining, and enhancing the durability of
the tunnel structure. Utilizing the Ansys APDL programming platform and guided by the design principle of
continuous-curvature, a parametric modeling equation for the geometrical dimensions of local tunnel shape in
arch foot area was established. The calculation method and numerical simulation models for the equivalent
mechanical parameters of the anchor reinforcement area were also developed. The study revealed the impact of
the local tunnel shape parameter design in the arch foot area on the internal forces of the lining structure in the
four-center circle highway tunnel. It is demonstrated through practical engineering research that radii and
lengths of the tunnel's arch foot arc and middle wall arc significantly affect the internal forces of composite
lining structure, with increasing the radius of the arch foot arc most prominently restraining plastic zone
development in lining structure. It is recommended to prioritize controlling lining tensile stress for local shape
optimization to mitigate the risk of lining structure cracking. This approach provides a theoretical basis for the

shape optimization of the Pijialing Tunnel, analyzing the sensitivity and influence rules of the extreme values
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of inner forces on the lining structure concerning the central angle of the middle wall arc (6,) , central angle of

arch foot arc (6,), and the radius of middle wall arc (R,).

Keywords: four-center circular highway tunnel; parametric modeling; composite lining; first principal stress;

plastic zone
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Figure 1 Schematic diagram of parameterized control

for four-center circular section
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Table 1 Physical and mechanical parameters of

surrounding rock and lining
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Table 2 Tunnel parametric design parameters

R/m R,/m R;y/m Ry/m 0, 0, 0, 0,

5.7 8.2 1.0 15 90° 11°34'21" 59°26'46” 18°58'53"

2 vy R B KR Y Y e XA
25 A ) % e AUAE

21 EREOLEBEESRNTBR IS
W% 38 ) 3 ) 7 25 4 Y F R B R 1 245 0.099 MPa,



180 ¥ 4k

/N C25 Wi VR B T 25 4 1 R H PRI B 1.96 MPa;
i KN 73 13.57 MPa, /N T+ C25 W5 1R & + 4544 (1 1%
TR SR JE 18 MPa. WA B PN v I8 1 R 1 ) e
FAE 43 5 R 0.92 MPa il 22.6 MPa, ¥ /N T % 318 .
TSR R i T b R REAR /N B A2 A w2
& 2 N R 43 A 25 AR N o W A i R K
ol W80 1) S5 80N 3 S5 K AE R R 7 e R fE 9 M IX 3 467
TR R DX, de KR ) B A A AE A HE Y E
I L XY A P BE A AE 0.2 MPa Ze A7 1 7
1,3kt T O H TR X KGR 2 — A E

b e
2
i
A Z
0
il
NG
B e

B2 BRRIEBEFRTER(AA m)
Figure 2 Finite element model of Pijialing tunnel(unit:m)
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Figure 3 Influence of 6, on the extreme value of internal

stress in composite lining after tunnel excavation
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Table 4 Design working conditions of J; of

different arch foot arcs
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Figure 4 Influence of 0; on the extreme value of internal

stress in composite lining after tunnel excavation
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Table 5 Design working condition table of R, with

different arch foot arc radius
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Figure 5 Influence of R; on the extreme value of internal

stress in composite lining after tunnel excavation
S SLAS 2 BN AL W 25 K TR 3 118 52 1 R X A A R
A

B % B 9 a:&g,%ﬁm%wﬁmzﬁ
Fag 2z 4V 532 Wi P 2 L3R 6

F 6 4R 0N AR )5 TR R E R TS
0205 e Ry W BUBMEHE Y A Ry 0;=> 0.5 FR P8 1 W F1 4%
1B 1Y U AR HE R R 02> 02> R W1 SCHP )22 A i g
FI AR T 2 B0 BT R B W = T Ok )



182 ¥ 4k

N

2024 5

JZ AR S B AR AR T AT )2, R X T
WA ) 17 B8 22 2% AT R0 .

6 ZHBEAT LR AR RBIE AR E R E
Table 6 Average change rate of stress in lining layer

corresponding to the unit change rate of three parameters
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Figure 6 Influence of 6, on the development of plastic zone
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Figure 8 Influence of R; on the development of plastic zone
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