Hans Journal of Civil Engineering /K T#2, 2026, 15(5), 238-248 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.155134

NEEEFEREN MBI RERS
TZHEHR

@, ka2, KB, k24, bR, B A, REMD, MK,
A e

1*%&&XLﬁﬁ%lﬁ®A7 HR
ATIEREIE TAEHE M L=, PO AT
3@ﬁxﬁﬁ%iﬁi%%&l@”ﬁ%
ML R ER PN s SR A I | 8 %
SPERIURSERIA R AR, 37 LA

h

Weks H . 20264F4 190 FHEM: 202645 H11H; KA HI: 20264F520H

H E

ACE X R A B BEE DS N B TR, FREEHENRE, Bt T AR M StsE R &I;
RETEERTTZ. BE=ATERE5RITERTRNERETIAL, #EXA LR TER 5B
ERGHTR. BULREHERTTRE THEIEFWRIuaY, W T &R RN 545 524
. UREREMET2.0. BAZHEAKRT10 mmARIEL, BE T WER T S5HphgR, HFiE
FETRZEAN2.02, FAZHEIII mm. HILTZRERERLZAE, FHRMHIHMLA. BRI,
P R BRER G HRFEG RSP E T SRIFRRE H BT, WIS TSN ER, R AR
B R M TR T RS %

XKigid
BE, BERANE, HEE PERRE

Preliminary Study on Equipment and
Techniques for Installing Prefabricated
Inverted Arches in Highway Tunnels

Qiang Lit, Jiajia Zhu23, Xiaowei Zhang?!, Yun Huang?, Fusheng Ye23, Jian Xu?, Junru Zhang?3,
Yuefei Yang?, Biao Leng23*

China Railway Changjiang Transportation Design & Research Group Co., Ltd., Chongging

SEIERE

XESIA: R, KA KEMS, Hz, WA, R, KERE, MR W, ARBEE R AP IS S T
A ED). EARTAE, 2026, 15(5): 238-248. DOI: 10.12677/hjce.2026.155134


https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.155134
https://doi.org/10.12677/hjce.2026.155134
https://www.hanspub.org/

Zron 5

2Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, Chengdu Sichuan
3School of Civil Engineering, Southwest Jiaotong University, Chengdu Sichuan

4School of Mechatronic Engineering, Southwest Petroleum University, Chengdu Sichuan

>China Railway Ninth Bureau Group Co., Ltd., Shenyang Liaoning

Received: April 19, 2026; accepted: May 11, 2026; published: May 20, 2026

Abstract

This paper dens a prefabricated invert assembly equipment and proposes a corresponding con-
struction process to solve the low efficiency and difficult quality control of cast-in-place invert con-
struction in drill-and-blast highway tunnels. The single-beam gantry frame with rail traveling sys-
tem is selected after comparing the three-beam and single-beam schemes. A mechanical model is
built and static finite element analysis under multiple working conditions is performed, showing
the stress distribution and deformation characteristics of key components. With the design criteria
of safety factor notless than 2.0 and maximum deformation not greater than 10 mm, the component
dimensions and material types are determined. The safety factor of the lower frame beam is 2.02
and the maximum deformation is 9.99 mm. The construction process includes base cushion treat-
ment, prefabricated block hoisting and positioning, prestressed tensioning, and invert grouting.
The equipment maintains passage through the tunnel center during assembly and imposes no extra
requirement on the primary support, providing a technical reference for prefabricated invert con-
struction in drill-and-blast highway tunnels.
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Figure 1. Precast segment blocks of the assembled invert
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Figure 2. Design scheme of the invert installation equipment
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Figure 3. Mesh generation diagram
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Figure 4. Loads and boundary conditions for the invert assembly equipment at different positions
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Table 1. Combinations of cross-sectional dimensions or model types for each component
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Figure 5. Safety factor curves of components under different cross-sectional dimensions
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Figure 6. Deformation diagrams under various working conditions
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Table 2. Design parameters of key components for the invert assembly equipment

3= 2. MHHHERR & KRBT S 3R

2 AR B RN /2SS I BARR T ZERY
E 30 x 40 cm IR¥E FAEZER kN 4.4 m 170.6 MPa 2.02
HE R A 4 20 x 25 cm PEBETE AL K TARIEOLEFEN 7 m 109.4 MPa 3.15
HEZR ST A 10 x 10 cm TR & 3E = k45 4.3 m 89.6 MPa 3.85
TG 32b 245 T4 AR i ORI )y P #rE £ 5.2 m 121.13 MPa 2.85
RN 10 x 10 cm RIS R EA Tm 121.95 MPa 2.83

DOI: 10.12677/hjce.2026.155134 245 TARTH


https://doi.org/10.12677/hjce.2026.155134

6. RELAMBBITE

e A TGRS IE Lol 5Pk, WRZIERE LR, LRI,
RO e Skt 224 o FRIEEIC s B S5 AU T2 i 1 R Ol “ T2 B + il 2 o 1 [
+ [BEESR WAL 17 MR, WERITFETEASIEN A R 0 77 A 3 ANIE) SRR ATT R 1) L, RIS 6 A2 B
EEERPIET . PUF. B ERZER.

6.1. HrRATERLE

BTG T AREE R EE, RZTTHZRE LR, T2 S UM AT R R EZ,  BLHRICE T ks 5
WA HFREHG R 53 I S0, A R AZHRA . RS2 [R5 i B A5 VA AT Ab B

ETHZA R IR YZ, AR AN ) R AL 1 m? AR T 0.1 m)BEERER /N T 5 em; RiZ
AR R/ 2 R B, R ORI BB RS 28 . BOREIZMAL, R AMK T iR it +
SR LU R BE AT B, VR LU L, WA, IR ROV S LR, UK LA A
RGT, AT SR G SRAMIR T Ao L iR Bt L, A SR B ER G FEEATIE . Wi R s P 8
PERIARAES: AEA 2 m FUSIIR ML FZ R E < 3 em/2m,

6.2. {MtTaHI I SHt R EIE

AR o A B 52 1 AN R DR AT P o A0 BT R R P SR A i ] 75 AT [ 5, ol B[ R
FHMEREESE, JFPRE LA 2R, T B e A (i 22 0 A2 BETHBR, B2 e SUVF W ZE <2 mm/m. 44
i 5 2k

T A e T PR Y R () + TR A IR AS, R TN R AR L, B 022 AN
IR NG i AR A R S BRI, TR BT SR s BEESRAZ > M50 [ BRI
ARWETRL o

6.3. IKhEH| SEIEER

PR TR, IR THESR o Bk R gk i T e . KRB AT 7R EAZAM LI ebn i, BRI 0%
P38 5) o BB I R ) U RO 2 Wt AOMYE ISR, SR R4 ) S AR AE U v, S TS 77 7 e
KA BB TSR 0 I 22 AN B I 6% o FKPLNTUT 1A FR G, AR Tt B aa a0 m PR Fe, k4
e

skdy AR E fa, SR E I TR v AL A e b R R ) ) R BR SR RV, DATH BRI TR AR T
PR, SEIIE R 2 NG 5 R AR £, [R5 PUIRRE ) o IR RLE H s U AR R, T 13 HI7E 0.3~1.0
MPa, KA EZRINE, UHESFLES: K HERE 2 min (ERZIE%M . R 52U KR /N A
BRI, RILAS I R M

SO BRIEER, M S S AR5 ] SRR R A EE RO, v 2R 7 I b ) ) e, HESC
FLH K 5 B8 DI R ST . Tl Bt 3 48 N SR ZE 8K IR (EoK 2%, S igie ab B K3 pE . VR ALEIE S
Bf7 7K D S BRI ) BT A 3417 s N BE B AR KR R . M PERE TG, WAV, AT —
EEZN
6.4. ELRERRE

RO TR ATl A PR B EREDIETRT, FAEZIUEESARRE . AR
TR, WA T IEAT RS TR 3 ] R A S P 9 4 i o

DOI: 10.12677/hjce.2026.155134 246 TARTH


https://doi.org/10.12677/hjce.2026.155134

o 5

(1) TR B A By 4

TEM%E, s LptEad g, AR B AR AN ) 2E A R AR S B M TR . A D
52 DAL e s p AL BTSN P B s RS A A R AT SO R e i s IS FM BOR B
BIZRNRB) S il PRI IR P AR CE, AR AL .

(2) &Nz B 4%

FERCP R EA R B R R Y, GG Tk S 2w A% b i 22 S G2 BERRR 2 P R b
FE S 145 . FEIRACBESE RS, UK IS T SR AT Al A S5 /K AR IZ s A% s TEPFRE M B K
I FEA R 58 O F M ZE AT A B e A, St AR W, R IR 22 B R B 4 1

(3) TERAE L5

HERENA BB RITA Y, RS EBURBIEHAA R L. B, drmmift 1. Uiz hae
B KR o 70 TR R T2 e DA i S VR IR 1 5 R s R FR s R st 5 R )
FAT IR Y, SRR & B SO TR s 58 B 3 5 1 SR 75 08 Bl o S JE AR R Il 7
IS SR, RIS S M

(4) FkhriEd|

kRN g3 A UERR ER BIPASA L, TR SIS D) A A, PR A R B R 4 A
X T B A AT IIAAR S , B ORI R RO s B MR TR R e oy Gk B AR K S BRI
IS 77 i 2 R £ 6%, N kb HR A B R s SR T 75 7R A FR BRI, 8 G A AR AR AZ T

7. &g

ASCEF Xl R 2 B BB S ) R E A A Bt e e L T2, Sl R A BRI S5 AU 2
AL S, WRES TR BA . EEBERIT:

(1) BEXTREERIALATSE, WA T — PSR R B o %08 AR AN B R0 18] T OR4:F B T8 v
1TDIRE, SEPL“ PR SIBAT R, A R0 Gk Gt TG A A P R [RII, Bes AN E D s
R HLAEE5E, ERIRINBEEPRATIE N, S35 FFR T MR s g A

(2) IEIERANFE RS AN BAEIAE A AT 22 2207 B RO BUEARL, B 1 & ORI RIS 0. A&
TR 4 25, PRILHAE T MBS SR PR B 5 I A S5 AR AR AR S RS

(3) AP B %, 2l T AR A AR T T2

AT TSR R E AT IR Y T — P B A A SRR M 4 St T30, AT O R 2 B P 2R T
KAWIRIHE T NS S% . eS8 S A BT R R 7T, - PIRIERT T Es R, HEZHBEIE B AT Ut
PR AR MR -

B oW

ASCARFE T3 TT et o B BRI 11 S T8 TAZTT et 8, W78 AR s PR VLSSl s i R A R A ) L 78
PSSR PR AR S SR Bk IU R AR A PR A A SRR WME TSR, 72 I ) 25 B B LA R

FODRUHR R B RIRIGHER . DB HARAEW SR S B Bt T TG E T
FoR. TKFEM. HHEAL RS IR REERACAE TR R 5 BT mSE A 51 3R . R E
Bk BRSO T, SO EMEES T VRS EE SR, AR DI ER, #EIf
FoR H AR

e, RSO S RISCERIO T A 13, BTN SURRON A iRt T EESH SR K.

DOI: 10.12677/hjce.2026.155134 247 TARTH


https://doi.org/10.12677/hjce.2026.155134

&5k

[1] Conforti, A., Trabucchi, 1., Tiberti, G., Plizzari, G.A., Caratelli, A. and Meda, A. (2019) Precast Tunnel Segments for
Metro Tunnel Lining: A Hybrid Reinforcement Solution Using Macro-Synthetic Fibers. Engineering Structures, 199,
Article ID: 109628. https://doi.org/10.1016/j.engstruct.2019.109628

[2] Aggarwal, V. and Singla, M. (2016) Lining Prefabricated Dowel(s) with Fibre Reinforced Resin Composite. Australian
Endodontic Journal, 43, 23-28. https://doi.org/10.1111/aej.12160

[3] Rabiei, M. and Bakhshi, M. (2023) Design and Construction of Internal Structures of Montreal REM Airport Tunnel
Using Precast Steel Fiber Reinforced Concrete Units. In: Anagnostou, G., et al., Eds., Expanding Underground—
Knowledge and Passion to Make a Positive Impact on the World, CRC Press, 870-877.
https://doi.org/10.1201/9781003348030-105

[4] ZE2pk. WA¥Ei s e A Ak 22 b i T ROR T FL[)]. IR EHT, 2021(9)~ 125-126.

[51 R4, BxH, AEEGE Wmd+IlREaf LEREEYEE N R RN, BES5HE R HE,
2021(S1): 35-37.

(6] T &E ARSI T[], BRE @ (h 930, 2020, 40(3): 425-425.

[71 BRI, @ik, B5E, 55 sk SeiEEmBEE T S PR ], BIEER (T IE0), 2019, 39(8): 1357-
1364.

[8] M PIL. & 1 LRFEIE ML TR THOR[I]. 9 LFE: A 4548 TFE, 2003, 30(5): 65-66.
[91 KR, gk Rk e T 2 e XA w2 3k F7 28 M R Rk BURIE 7 (D). Hh B i RL 24 7T e, 2020.
[10] ®AHER. & LvkBEE /NS EE R B Uk 5 Mo 2 AT (0], BB ARME LT, 2025, 69(8): 142-151.

[11] RXBE5E, ZWEE, Spmss. REREm M v RSS2 IRER 5[], B A TRE5HER, 2022,
20(6): 11-16, 60.

[12] 3k&AH, FER, Rk, £T, %5, Mg 1 LykEE R = XA IR E PR T SRR )], BRE &
HE), 2021, 41(3): 364-371.

[13] 3kJe, mrzfdn, skid. BREBRE R i T3 AR AR [T]. IARPEIE A, 2019, 56(S1): 164-171.
[14]  XER. 2 PR HORE MM HE TR YA = rh ) LA [J]. RSB 3, 2011, 31(5): 629-633+642.
[15] &imJy. TRV AR R LS & SR I]. B 20 TRSHE AR, 2020, 18(6): 23-25+19+33.

DOI: 10.12677/hjce.2026.155134 248 TARTH


https://doi.org/10.12677/hjce.2026.155134
https://doi.org/10.1016/j.engstruct.2019.109628
https://doi.org/10.1111/aej.12160
https://doi.org/10.1201/9781003348030-105

	公路隧道装配式仰拱拼装设备与工艺初步研究
	摘  要
	关键词
	Preliminary Study on Equipment and Techniques for Installing Prefabricated Inverted Arches in Highway Tunnels
	Abstract
	Keywords
	1. 引言
	2. 依托工程概况
	3. 装配式衬砌分块
	4. 仰拱拼装设备设计方案比选
	5. 仰拱拼装设备应力及变形分析
	5.1. 模型参数
	5.2. 静力学有限元分析结果
	5.3. 设备最终设计参数确定

	6. 装配式仰拱施工工艺
	6.1. 拼装前基底处理
	6.2. 仰拱预制件就位与拼装固定
	6.3. 张拉控制与回填注浆
	6.4. 施工质量保障

	7. 结论
	致  谢
	参考文献

