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Abstract: In order to provide scientific guidance for the design and construction of the expan-
sion of existing tunnels, a three-dimensional numerical model was established based on an
existing mountain tunnel reconstruction and expansion project. The accuracy of the calcula-
tion model was verified by comparing it with the monitoring data, and then the construction
plan was analyzed and optimized based on the numerical model. The results show that con-
sidering the construction progress and safety on site, the cycle footage is recommended to be
2.0 m. The length of the bolts is negatively correlated with the deformation of the surround-
ing rock, and the longitudinal spacing of the bolts is positively correlated with the deforma-
tion of the surrounding rock. When the longitudinal spacing of the bolts exceeds 1. 0 m, the
deformation of the surrounding rock increases significantly. It is therefore recommended that

anchor rods with a length of 3.0 m and a longitudinal spacing of 1. 0 m should be used for
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support. The research conclusions can provide reference and basis for similar projects.
Key words: tunnel engineering;tunnel expansion;anchor;expansion scheme;numerical simu-

lation

it e et T~ o a ol ) R i e, TR i 9 R B TG A Y R as T R R mR A O B A
BRI AT Ay . (EURT R R AR AR SR LA LIS O B TR — L& TH v i 9 A i 8 2 A 7 el T2
BT R, 552 B NN R R . R BRI O R A U IE B 2 AR R BEIE P T
YRR RS E S5, 2T ORI R E

TER BIEAT BRI Y A R b R AN R sl Al 2 X R IR 5 Bk 1 B AT 254 LA % BB 7 A 4 S U
Tl S 5 3 AT Z RSP 7 6 B W RE T T e 4. 2 10 S R T M T AR 838 58 42 W
SO Y R T (0t T S XSCHATBAS T ST 42 0 s A R RO B A s M 1 2 3 i
L B 1) 187 3 AR ) 337 S 96 AE 5 7 ) A8 A B S B v v, T IS 1 Sl L XU s
2N A AETE BN ) B 42 1 B A AU . e A A S L) G XU B B 05T O MR R R AU E AL
D7 AT R R RE TE AN ) T 00 B S5 A A N SR R AN LS 1L B E A 0 R AKAE 32
Midas GTS NX 4 BRICHAF5-HT 1 [ AN ] B 30 SRR XA 43 A /N TR RS B s . K8ER1 LA iR
23 B8 BESE D TARRRAT WA [ T2 AR i TR S 30 ik ROAE A6 00 T 9 CD ik AT 20 br 17 9
S R A it T e R R Y R R S A 2 T R

BT SCAP A — A R S EOR  FEBRE R S P B iz T AT S S U D R
il Tt R rh LA RS Y B R AEAFRADIST . LAY W8 AN ) 4 151 3 6 A 38 R 2 1 s
ROR  WHRE 5 TS 1 BAT I 0 A LA N7 1 A [ [ 8 T A By 27 e A2, 25 1 T AR
BEAT ST T AR A it . 2 W AR T 33 PR 68 AN WA UK IR 1Y) 282 AR T4 7 i Ge AR
i ARV T BT 3 R AR A R B BB RO o L A s LA 13198 1 Rl S A ) B ) R A8 A RRAIE
A AP AR X 40 4F LR E N SMATE R 3 1B SE BT 518 SCHEA T SE LT 43 AT ik
BEIE R GEAAT N AT IR 3675 BE B AR GEAMAT A A WSS PR . e 4 S o Bk T R
PRAHSRIAVES 5, B TR AT 5 R A0 DR R A8 08 U, S TR AT S R A AR B e R, O 7
ST FLAC 3D AR RIFF (4 B2 L IB1RE | B0 ) (1 S AN TR) S S 800 T 1 BB 9T . i DA
FHBEL AT AR RRAUMITFE 1 A ) 00 11 905 X o A P ) 52 e R e 084 8 T 0 261 945 L AR [
ERAR PR TS HON AT B AS HAE AN SZ HAL D M S AR AL, 25 1 1 BT 45 B A &

ST A SCKFE AT L e BRE 5 TR At vy RSB o 3o e B3 M 0 0 o A B A S SR I 2
TRAERIT ST S WRAT L0 0 4 i A v AR B KUK ] R PR 358 ) S ) Sl AT 8500 B A8 T B 52
WFFE AR AT LI 4 5 BEA BB & TR RS %

1 TiEMR

BEA 1108 BEE T 1924 bR T2 Tde 3T -
Pel L KR B A AL, A 17 BLFE K85+ 696. 5— K86+
883. 6,414 1187. 10 m, FEA BRIl AR HHIEREIE,
HIRZY 23,5 m, FEERA T BHIE AP ) B RS HUE A ),
HEFER B R FH 25 A, 300 358 R 09 TR B8 1 5 B S5 R
C20, JERETE LR 1. 47, Wit AN 41,3 m®,
VISR RETE TERE N 7. 15 m, B EEN 9. 25 m, SN
1. 29, Wi i AL 64. 9 m”, B 28 % BT A H IX 3 o
V1532 B3R 2 ] BRCME ke o 2328 B RRAE . 1Bk
A R T 2 % T 6 % b ) Ol R AR DU R AR G Ak b )2
(Qua- ) HLAER L, FIRMEZ R LR JDREW A . BEAREEA WA 1 iR,

K1 BEAkREEALD



84 HoRbOE TR %S

845 &

2 H{EMEBIET RIGIE
2.1 TEERIET

RFE V G [ R e KB T AR Sy =
YA PR OTEE AL A, BRGE SR N 22 m. TR

WO AN 2 5% B0 TR, 1

& NEEFIHE RS BIAR IR 0 B B 2R 5 5
o M 2T HLE AR A A Bk 1 4 Xk
Ve TRbA i XA U B RD 5 A 55 IXUAk 8 o i
o TSR R-FEARAREAL, BEA B% 1E
AoE ) I S Ak B AT SR R AR A
it 72 072 AT, 75 081 AN A, BEHIR
GOS0 P o S NS T N S s S A IR A2
A S e R R G A A 4 7 S g = X
RIMZSHOLFE 1,

R1 HHEMERESHY

Fl 2 AR

)2 E/MPa 7/ (N« m ™) ¢/kPa $/("
LA R 1 40 19.0 15 20
S WAL PR ST 850 19.9 100 21
SRR T D A 1500 21.2 180 26
55 XA B DA 3200 22.2 250 35

T8 E st sy W e WRR 15 ¢ MM

2.2 HEEREIE

WA % 1 " S it T3 1) R 4t SO0 43t
TRGTREAEAT Wt T 1 16 d, 4@ et T
DURRAAUAE 55 DU e I (ELE A 7 X L 45 2R
K3 o, mil&l 3 mln, SET DT E 5
M P e e v 72 A KL AR AR, BE T
DURRRE R A B R AE O 5. 1 mm, B 5L
RORAEN 4. 8 mm, FHZELE 6 0 LI . i n]
DA SCHE ST B B AR R AT — A R
HIHRER T % 4

3 JEBIEIXESHOW
ST TG BB R, 4347 B A5 6 i

HETR UL {E/mm

L
6 8 10 12 14 16 18
30 B ]/ d

B3 i S LL(E X L
—— A ; e AL

P R P AR ER R RO FEL A2 T R R RAE ) S 0 o B A1 B2 LA RS 9 1] 6] B L A8 T i 1B 455

EIERBRIE Y AT 5
3.1 AEERERZWS T

WA BEIE 4 2 A ) O PR E ROGS 3 2T R B [R5 (0 B R RS L 6 T AR BT AT % %) 3 AN [l i 1
PER(.0,2.0,3. 0 m)BEATHIFE . 18] 4 S A R ERHE OGS IO Fo) B T8 T 28 1] 32 % S e DL i 2. Fe ok
Wt i) (57 RS FE 07 T B 1107 B AL i R 11 P ) R, R T 88 ) 7 % 4% T Uk /) o 7 B T TS 7 %
PRAERAR . BEEPEIRE NGO B TE A TR S TROTIE 2 B i R a4 . ARERIE R R, A



514 RIS 4 < BT L BR T At TG HE S RO e by 85

HTF B AR E P DN R T2 L A PR 2 ]ORN BRI R 35 4 5 = LA ) R AR

0~ -15
g 20
E 2.0
B0 g
d —ar E
g i %* 25
= -6 #®
3.0
_8L
710; 35
0 5 10 15 20 2 0 5 10 15 20 2
5 % 8 O FE B /m MR TE D RE B /m
(a) BETOURE [l 7 B (b) HiFE LI
B 4 ASEVIEFRHERCT B G 2 35 T e e B il 4k
—aEAHRLO0m; o FERHR2.0m; 2 FERHER3I.0m
5 ARG IR RO LA K % AR 6l
LR ZR, PR E R R 1.0 m B, B RIK AL .
R 8. 22 mm; PEAFER A 2.0 m B, ok g
KL 9. 38 mm, BAEH R K 1.0 m % Gl
AR 14 %6 95 IR R 3.0 m B, i KoK E 30
SR 1177 mm, BAFGHRHERN 2.0 m § 5
AFHAR 259, Bl & B 18 JF 32 08 30 0F R 3 &
i LK J7 Ta R TR L LA R R il
BASK, PEIIE R R 38 W 45 A S PRt 0
TSR /NN 2 3 80 T f2 i % 0 2 4 6 8 10 12
B, R DK RE A RS EY R 2.0 m KA /mm
TERFER B 5 ASEEFR R S T8 A K A7 R il 2
32 %ﬁﬂﬁﬁi‘]‘%ﬁﬁ‘ﬁ'\]%‘ﬂﬂ —m—ERHRL1O0m; o EHHER2.0m; 4+ EHRH#HR3I0m
. 152, 7 v/

BRI B o T s i R R B T A AR . BT B R R AR B S P ROME F  A AT R
JERA 25 5 s A IR 3% . X A R 0 01 S rP (BT B A T S AR B 5T L B
AR 2.0,2.5,3.0,3.5 Fl 4. 0 m, A [ HEH 1. 0 m,

PRBGHE TR I KR YU RS | ) F5e KK S A% R - 11 B 11 5 S Bt T4 B 7B A 25 21, UL 6, A
6 Ca) BT LA H M4 N 2. 0 m BF BET P TR RS R . 11, 43 mm, Bl ST B A 35 0, 3 T 4
KV RS BN H R T 2% ST KR 4.0 m B, #ET R O 82 e/, 24 10. 08 mm,
MR R 2.0 m 3 KH] 3.0 m B, (B W/ N R AR A, BETRUR K R UL B /NG 9%, B FT B
3.0 m HRH] 4. 0 m BF LRSI/ NSRBI ST R P UL A8/ N 3%, FRILET DLA AT 3
(R I T8 N FELA BE TR DAL RS AT I BE 16 R 3 — 2 R 1 T R OO RS 0/ N AN PR R . A 6
() ATLLE Y ST EE A 2. 0 m B, FBlA e KROK S B B K, 0 13, 34 mm., Bl A AT B A9 38 i, 61
HROKFI SR/  HR 2R Wk T A . AR T 3. 0 m B, (RSN I B8 . 448 FF
KB 4.0 m B, AR AAKOEA R/, 10. 84 mm. 4E5FFKBEH 2.0 m #9KF] 3.0 m B, 7 LUK
AN L L KOKEDERS U/ 16 % AFFBEFR 3. 0 m 3K 4. 0 m Bb L (SRS i/ Nk R8N ,
HHOK RSN 3%, A UL AT B B 38 Y38 A R T80/ N L2 K S S AT B ik 51—
SEAGLIT AT B2 B8 It B A R e MRS I AR K. fi I 6 (o) RT AR H o 2 1 T B 1 07 % B il T 22 34



86 FH MH T K % % i A5 %

KA AR S KA ) (AR AL A RLHEAR AL, 2 O FE R AT BE /N T 3. 0 my S (RS BBl N B AR Bl AT
JERT 3.0 m If (LRSI NSRBI . R, AT RIS SRR T 3. 0 m I, LA BB A TR AU

12.0 14.0
é sl g 13.5} g 1.8
@ = 13.0f £
110 & 12.51 2
o g 12.0f §1.77
t 10.5] ¥ 115} e
K K110} =
3 1S ] 1.6-
1= 10.0} gg 105 N
= i 10.0} ¥

9.5 . \ \ \ ‘ 9.5~ ‘ ‘ ‘ ‘ 150 \ \ \ \

20 25 30 35 4.0 20 25 3.0 35 40 20 25 3.0 35 4.0
R E/m R E/m R E/m
(a) BETER R T UL (b) BIER R B () ETmH B

K6 Bl i K B2 L

3.3 T E B Bl A TR RN

TERATA FEDUAR A A5 2R L o X R AT 1) (8] BE A T 2 B AT 5 R AT N 1 () B3 0. 5.1, 0, 1. 5.
2.0,2.5 H1 3. 0 m, 237 ST S RO G AT BRI

SEMHE TR R UUREAS | 1B e KK 582 R 1 115 5 8% Bt i T2 1) ] B ) 22 AR 45 2R DL 7
11 7¢O nT LA S5 A I ] EE D 0. 5 m i, SETUR KN U RS FR/N . N 9. 86 mm, B FFF20 ) 1]
PR AN, HE TR R UL 72 49 O, LG i 4 B ST R I/ e, B AR T BN 1. 0~2.0 m
AP AR, YT NI F]BE D 3. 0 m B, TR U AL Bk, O 10, 90 mm, HHAT LATR Y B AT
[T By | P o2 Qi P 7 T ST VA5 4<i00: | D R 7t o 1 R S N i 7 o e 1) [ B S A e s
8 B T o I BN [ 43 o [ S RE RS AT SRR [ AR IR G TR RS /0N o Bt B T T ) 18 A ]
BB » PR TTALIE B BE T RO/ . BT (AL I L BT L RE AR 20 o 131 J&] el (A /R T it
ERP R 5] B A S ) B A T RS M AR BE /N . 181 7 (o) T DA I ST Al [T BE D 0.5 m B, LA
RIS B /N R 9. 07 mm, BEA B AT 0] (8] R A 3 00 o 6L e KOK SF-(2 B 3 S R, FLIE K - A
BN EEESN 1.0~1.5 m Wk, HEF M EHY 3.0 m W, BlE & AOKFALE R, 15,11
mm, AP E R 0.5 m H{RF] 1. 0 m i, BEARAOKFARHERL 9%, Sk mIaliEd 1.0 m
WERFN 1.5 m W, BEA IR AL R L 2400 AT UL SlAT A Ia] B BE AL 1. 0 mo i, FELEZKSERLRS RS 22
RS A . HPE 7T LR B T RS AT A 160 [ B R 2 i R T AR B R
29 2.0 mm, YEFTEEE/NT 2.5 m i, 3§ AR B B RR il N B AT TR BE D 3. 0 m B B
PNABHITRAL . HI, £ 5 75 B2 T LA Lt T A% 25 B T2 1o 18] B SCHRC 1. 0 s LI L 25 T3 7 5 B0,
At ARLERAFT I BN T 1.0 m i FE N FLA LA 2R AL R BN ATl A7 3% R LA A2 0

11.0 16 2.0
£ 108] £ 15[ £ 19p
¥ 106!l B gt & 181
1= 104 o 13 § 1.7¢
102! ¥ 127 ¥ 161
@ 100} ;§ 11f B qs5)
2 osf % 1o g 147
9.6 e ] S R
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
FEFF Y\ Ia] B] BE/m ST\ 1] [H] BE/m ST\ 1] [H] BE/m
(a) IR KT UL B (b) BlAm KR EN B () EFHEHTE

K7 BlE A RS AT O\ ] AE Al



514 RIS 4 < BT L BR T At TG HE S RO e by 87

4 ZHig

ASCRFCHREA LSRR TE S 2 TRE  BFFE T HRERIE RGBT A e M 52 i, AT BE AR AT 9\ ] 1]
FE 7 TR AT S S EGHE T TR SE A5 DL S S

D) BEE PGP RO BN, FLE AR TS 2 i K, A A8 T 38 0 o 38 W 3 1 K 70 Bk IR 2 18
I 25 S it TR 0 o B PR aE KUK /NG R B0t Tl fe it T %8, BEAA BB 8 TR PR aE RO DR
2.0 m,

2) BEFT B 5 A AR TR S B AR R G, BB B T4 B8 35 , 161 8 TR /I 23 20 0 5553 o > T
L 3.0 m B AR TR/ NS R

3) BRI (] FE 55 A AR T S L IE AR OC , Bl B AT 2 1) TR FE AR 385 0 5 BB AR TR (35 R i AR K
SUAAFOA T [ BB AL 1. 0 m B, 8T8 i 34

PR S SR AS SCT 00, WEAT RS GE  T AR SCR A BE 3. 0 muGhImlHIEE 1. 0 m REATHEA TS24 JR 3
RN 2.0 m HATHET. .

S & 3k ( References) :

(1] BRI BB, 20 R T8 K et sl TP #2057 R 5E L) 1. BURBRIE B AR . 2016,53(5) :145-153.
HUANG Lunhai, QIAN Qihu. Study on excavation schemes for the redevelopment construction of highway tunnels with large sections[J .
Modern Tunnelling Technology,2016,53(5) :145-153.
[2] TONON F. Methods for enlarging transportation tunnels while keeping tunnels fully operational[ ] ]. Practice Periodical on Structural
Design and Construction,2010,15(4) ;248-271.
[3] SONG Y,SHI B,HUI L,et al. Study on construction mechanics of in-situ expansion of ultra-large flat tunnel in collapse section of an
existing tunnel[J]. TOP Conference Series:Earth and Environmental Science,2020,570;22068.
[4] MASHIMO H,ISHIMURA T. Technological development of section enlargement for existing tunnels[ J]. Tunnels and Underground,
2003,34(9):729-736.
[5] ®ASC, F2& . M. A g BRA g E Wt 5 323 38 LBt T 1241 . ZRA6R“FF4 CHARBE D » 2021, 42(5) : 713-719.
ZHAO Wen, WANG Xin,BAI Qian. Construction mechanics of in-situ expansion of the intersectionof existing tunnel shaft and main
tunnel[J]. Journal of Northeastern University(Natural Science),2021,42(5);:713-719.
[6] F& B30 ATHk. B d B BE IR 5 S 2e B AT ] RALK 22 (A AR D L 2022, 43(10) : 1469-1476.
WANG XIN.ZHAO Wen, BAI Qian. Expansion type of in-situ expansion of the intersection between main tunnel and shaft in the ex-
isting tunnel[J]. Journal of Northeastern University (Natural Science),2022,43(10):1469-1476.
(7] hRHG, W, F 28,45, Sy A e A BRI L B ) B ARFRE L], ARAE A2 CA AR ARD £ 2023, 44.(4) : 565-572.
SUN Dazeng, ZHAO Wen, WANG Xin,et al. Stress change characteristics of the existing tunnel surrounding rocks by in-situ expan-
sion[ ]J]. Journal of Northeastern University (Natural Science) ,2023,44(4) ;565-572.
[8] JmAwle, SemAR XK £, BEA B oyl T ARy BATSE (). A, 2014,59(2) : 206-209.
QU Xifeng, DANG Wujuan, LIU Yonghong. Study on the reconstruction and expansion project of existing tunnel[ J ]. Highway, 2014,
59(2):206-209.
L9 ReN5) WA A B E AR Y 327 A BEBEX AR D] B A =k, 2022,
ZHU Zhaozhao. Study on the distribution of plastic zone of surrounding rock in different expansion methods of existing highway tun-
nels[D]. Yichang:China Three Gorges University,2022.
L1005, RS A R T /NG IR R T 2 97 4 it L ¥ gE (D). JE 1T 264 K%, 2011,
ZHENG Qiang. Study on construction method of 2 expanded 4 on ultra-soft rock in the large section neighborhood tunnel[DJ. Xia-
men: Huagiao University,2011.
(1] Fubi, £55, B8 a7, 5. ANERE N BB #8800 00 B AL 1 5448, 2015, 40(3) : 509-515.
WANG Hongtao, WANG Qi, WANG Fugqi, et al. Mechanical effect analysis of bolts in roadway under different anchoring lengths and
its application[J]. Journal of China Coal Society,2015,40(3):509-515.
[12]  ZRM8 %, B4 WRtTiz , 5. B RT3 i 28 FRAE I SE i o0 L) 1. SRR HE R L 2021, 58(5) £ 227-236.
LI Pengfei, HUANG Jingluo, CHEN Keyi,et al. Statistical analysis on temporal and spatial characteristics of the axial force of anchor
bolts in tunnelling[J]. Modern Tunnelling Technology,2021,58(5) :227-236.

(TH#%E 95 W)



