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Abstract: In order to study the supporting effect of expansion-shell pre-stressed hollow anchor on
deep-buried tunnels and put forward improvement measures for the existing grouting technology,
based on the Xiangshan Tunnel project of Zhongwei-LLanzhou Railway, the finite difference
numerical analysis software FLAC3D was used to compare and analyze the deformation and stress

state of tunnel surrounding rock under the support of ordinary mortar anchor and expansion-shell
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pre-stressed hollow anchor. The influence of anchor length and grouting age on the anchoring
effect was analyzed by field anchoring test. Based on the field grouting test, the influence of
grouting method and grouting pressure on the grouting compactness of expansion-shell pre-
stressed hollow anchor was analyzed, and the improvement measures for the existing grouting
technology were put forward. The results show that compared with the ordinary mortar anchor,
the expansion-shell pre-stressed hollow anchor has better effect on controlling the deformation
and stress state of the surrounding rock, and the deformation of surrounding rock can be reduced
by about 40%. Compared with the anchorage length, the curing age of grouting has a more
significant effect on the supporting effect of expansion-shell pre-stressed hollow anchor. When
the curing age is 28 d, the supporting effect can be improved by 50.12%. When the internal
grouting of anchor is adopted, the grouting pressure needs to be greater than 0. 8 MPa to achieve
the best effect, and the grouting method is suitable for the horizontal and downward installation
of the expansion-shell pre-stressed hollow anchor. When the external grouting of anchor is
adopted, the greater grouting pressure should be adopted, and the grouting method is suitable for
the upward installation of the anchor. The improved grouting port of anchor can effectively
prevent slurry leakage and ensure the compactness of grouting, which plays a positive role in
protecting anchor and strengthening the connection between anchor and stratum.
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grouting technology; numerical simulation

0 51 &

B v ] 2 e T O 3 I 6] P Y A XA
Fo o V4 A iy X Ay v g R S A ) 9 BB IX 2
TG T DX R A R R A L B 1 A IR
R A& 15 8 B AR T o A o 2 23 1 I
WA A RS IE AR A TR H . WL, TR
R PR AT SR T 64 07 ik 2R AT 9 TR AAL
ke sCHUNE 7 v 2= 4 AT DB A 3 3 S L R g [
A4 DI 7 B AR DX B A it R A 20z R L H
32 R SRR ) S L LA R R T2 A
EVTIEES A TR Sk € cpiF NI

w1 Tk 52 AT g op 23 A T PeHE O 18 L fiE
i K of F [ AT SR % e Nz R B LA AR R
T Ha R 1) L 4 14 1) 553 R4 o 28R & ok 7 =X T
v 23 il R A ] g B P T 8 R 5 DT
AR BE ORI T B s e,
w2 2 Ak e U g b s AT T T O
FETAE . /NI T o B 5 A 0T B ) L 9 P 9
Bl 62 8% 722 A B 2 1l LB S AT S ik g 9 22 1 L IR A
Tk FE AN A3 rp 23 B AT A i 0L A7 L MR AR R
et BLT M S ROR AR . 1 AR RSE R I R
JK R 51K R IR T AR L A R T O BN R A
H Bl ko2 sUIUN ) op 23 B AT S A O I AT

RERE I B S i 22 4 S A AT — R R L 1 553 4o
GNP 0L 37 N 78 6 LR S DU NS =S ]
S BEA AR AL AR AN B G B A AR T — ol
SR FH B0 S A8 3k ke e =X AL g v 2l R 0 T BRI
T vk 1 450558 DU 2 0 R 2 Gl I TR) AL, SRR A
AU SR v s BN ) TR S AR R S T2 AL 3K K T
A I8 AE SR A I A T [ AR SRR
A H s R 0 3 2 il AT RE 6% 5 2 n (8 Rl e Bt S
PRSP ROR B . T AE X BB AL i T %
I A5 F T Bk re BN Sy b 2 SR S AT E Y
FWIZ AT e BE 1E AU AL T T rp B DB RS 1Y
o B T R ML E TR R0R . SR SR
P32 s AL 4 A i R S AR 22 [ 3G (R A
9 20CR » 45 SR LBl TSP 0OR 5 AT A i 2 A
FRLRMEAR G . ELTUN 1 5 i e B g 3t R Al [ e A
T o BRI R RO R A B R S 3 N-T K
PR 3t 5 K B T S g DX 3K 52 XN g v 25 AT 4T
it PERE L 45 R R WIS OUT ke Sk TR R
AR v T 00R, 22 LR Ay A T Sl T e R
BE/NFTE . Al RAEAEN X ik sg 2 A
TG B S Sk 45 R 2E AT T ek M) AR I i 1 55
5 A A R A5 VR AR ik 7 Sk 5 BLA i BF IR AR AT
HIF 5T A AL I a0k % A it o R g %ok L e sl /0N HL
RE B U 18 ) T 3 B 38 P 5 AT 6 AN [R] TR, A7 B T



144 AEHAFE TRFIR

2023 5

BE T TN 7 S Bl AT ) B A AR AR Wk AT T B F
FIFEE T — RS T b A A 8 B R GE 1Y AT IR
TR A ) X B T 2 S B A R AR B R AR
T RIS ) F BB A 0L 43 AT i T 32 42 B R L
BRPE G R A RE B R A 6T AT AR TR 1Y L I
15 3] ol B A 3 42 B B P 1 BB e 1 1 S 80 i R O
KABIE AR,

T HEARAE by 3R 85 6l AT AT K 0 b )22 BB 2 99 A o
HA B GmEZ R KR ) R R E L EFE L2 M A
RS, I S T 280 445 0 B s 5 M R T 1) e IR
MR E S 0 s IR 86 F Kriging A& Y 15701
UE BT 39 350 7 0 386 in n] el B8 A 5 4 R A T 1 Bk &5
YT )| IR X = B K B € S % oy
AEDT S o B S 50 X e 4 M L BIE BH SR B
T3 00 5 2T DA 80 v i 2 38 30 30 7 e 5 0
FEEEERR b A p K 4R BT IR
FITE AR R AT A Ry R 9% R0 X BT AR T )
F HESKOE O k. k)T % AR S i
R S S BN 5T AT I fr a5 L 25 R R
BH T IR RO R L 5 2R T A BR e B B
Fm R %, A, Hong 25 Yin 251" Wang 45
Wil KENENSZE ML, X R E R DL
SRR AT 5 AR B B 4 R R T B R R A Y R
e X — g5 T T WS RNIE .

gi BTk, BEA A 5T 3 A Xk A N Sy
R L ROR ST T K E M &= il
5 o AEL 6 A 5 30 3 A0 IR A S P SO B B 4 A L
B I HR X 2 0y 3 R S B W
I AR SCHRFE Hh 22 8k B A 1 Bkl ik 52 X T iz g
25 B AT 0 SZ AP RO R T AE 5T . R B 4 G K 6 LA
T AT B 22 43 B AE A3 7 K0 FLAC3D, X e 2 1 3%
I WP R AT 5 ik 5T =X TN g b A AT B S ROCR
T3 o0 0 5 IR e 0 L 3 T RN S A
1T T WG Rt , i 58 45 R ] g 25 L TR it —
5%,

1 TEHER

1.1 R¥ETE

R SR A R S Sl B3 2 3 S R TR
AL bk 1 . % 1 BL AR ARS8 DK39+990 ~
DK57+4753.3, 4K 17 763. 3 m, fix KIL % 390 m,
& hik DX 1 55 B R A L DX, R AR AR S ) B VA A
KB BVEIA R EFE R 1 430~1 930 m, k&

B EA FBEUN MV HE AR, o XK
B E A, & 3CaF58 DK534 000~ DK55 4+ 000
DX B B A a1 R

M EE wre QIO o

B 1 DK53+000~DK554+000 EZ tth 5T 2 2 & &

Fig. 1  Geological profile of DK53+000-DK55-+000
1.2 ZPER

MR it T 20 20 3% 11 S 1% B% G X B b 5 4% A
DK53-+000~DK55 4000 [X Bt % & % H ¥ & i i
Jiti T, B 3 DRI T SR =0 [ I A LI XL R B8 14. 98
m, i 5 13,09 mo, H % X B R 28 MR B K 24 300
m, A] G823 R AR LG L DR BT 0 0 S AP Al T SR
FH ik 58 2T H7 o 2 BT AR X BBl 25 4 4T
W0 LA N RS A T an s 2 .

1 '
\\\\\\

-------- o25H AR Ay gihr| |\ B
KE3.0m,[M#H1.2X2.0m

C25W 5t Bk 1 12 cm
& 6% 7 P9, 18] #5125 X 25 cm

, 14.98m ,
T 1

B2 BEMBEXPEHE

Fig.2 Initial support section of tunnel

Tk 5e 2N 7 v A Bl AT 322 i ik T A Sk L
23 AT AR | MR R IR L A 2 A R a3
JT7R o FESCAP R b ik 5w 2R Sk 5 L BE B R AR
AIBTAR S i it fin %) 50 5 A5 Ak AT AL e R LA
B — I [A] S 7 4R 25007 & 0o 2 L %) s st 28 I 5
FEVE SRR ATFT K 15 S 2 45 o B 0K, 32 L
(8 56 e M (] Il 8 A 55 BT 1) 07 ) A% 38 B M X %
DLk B[] DAL 3 ROR



% 3MH

IRA,F . REXFAEDPTHHF I P HELEZR T EREHR 145

3 BREXTE S =

Fig. 3 Expansion-shell pre-stressed hollow anchor
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Fig. 5 Schematic diagram of program realization of
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