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Abstract: In view of the limitation of the supporting effect of the full-length grouting anchor in
the deep tunnel, in order to effectively control the deformation of the surrounding rock of the
tunnel and enhance the bearing capacity of the anchor, this paper uses the finite element numeri-
cal simulation method to study the interface failure characteristics and mechanical transmission
mechanism of the tension-compression composite anchor support structure under the pull-out load
the reinforcement of the rock tunnel, and applies the anchor to the overload model test to explore

the supporting performance of the anchor. The results show that the mechanical evolution of the
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contact interface between anchorage body and surrounding rock has experienced the progressive

failure process of elastic stage, plastic softening stage and slip stage. The transfer of shear force

at the interface also appears at the bearing plate from the small drawing load, and transfers to

both sides of the anchorage section with the increase of the drawing load, showing a bimodal

trend. According to the shear stress distribution law of the bolt interface, the shear stress distri-

bution model of composite bolt at low load and high load drawing is put forward. This model is u-

niversal. The indoor overloading model test shows that the supporting effect of composite bolt is

better than that of ordinary bolt. This study can value for the application of composite bolt in un-

derground engineering such as deep tunnel.

Key words: tension-compression composite anchor; progressive failure; interface mechanical evo-

lution; numerical simulation; model test

il R 1] 32 A R X o T TR L A Al R )
LU S ek 1 A N TR < STERLR VS /N
S T T iR o B AL R (R DR TR JEE 4 A R 3%
S B G W R AT R R R L RURAE T
Tl 5 A P BE R AN B 7R 3 e B g A% R T Y
HRALIE ALY N 7 A% i A7 AE W 1) L A7 4 R B
G — EURD ST PR ST L 9 07 g R e A B e R
A2 M B 0 R A RO O AT T R A

2T BTG A R SR BT I 3 53 A R B
i [ ML e S ) Ja P e A A A A B [
T IV 3 0 A 3507 R R0 T A o AEL R O R 5 B 3 5
P T e I B 3T Pl i Ak ) e 34 7 T A 35 % i AT
S RREPERYSE I . SCEE A S IR ] S 2 A
3B BT W 7 LB ST A R AT S T BT N g LA AR
I GIARE 8 5 58 A 3 7 1 32 385, I8
A B 57 M 00 Tl 8 T B A R SR SR AT
Xt FE R IE + AFL 1 R 20 A7 4 4 B AT £ S 30 B Al AR A
A i S ST ) 52 0 788 A e P R R T R AR, B S
WA A B BT S AR T R BRE 7 R LR IE
SIS [ 52 i DR 2R AR SR L i e T TR
e BT b B T 7 380 R B0 S i A e T
TR PR 25 S B R RGP T SR
IR Y B 25 B B B B =2 X A - P [R] R S
PRI UL BOS . BRiET G BUE BT S T
A T BT T B R AR I 4 AT SCIP HLER . A5 Hh AT Y
& = S R R Y QAR £ o =i i B s R
AN IR MR A3 I 2 T 7™ 2R O R Y 5 YR XY A R
% BRI B A8 BELAE JH L T A AR T A
FH o AHJE 32 BR T2 4 TR 5 A% 1) b 5T 2R 55 K i A
LAY AH 5 S HOE DL AJ I, 75 Xl A 45 4 2 B0tk A7
WALt

FAFEREAEU R T PR A K TE AT B AT
R IR B PO B 1] 45 K 45 45 1 10 BRI ) B AT Y

DI A AR o il ] 235 A ) ) A o 3B S 1 T 5 T e
Ty R g A v S By S T it U IR 1), T A AL
) B R R e RARTE o AR SCAE B R AIT AT A
BT OSCHR B R A B BRI B T B AT W REAE T
PR R BT 5245 20 4 FF o L AT Fhy T 7 2 A 1
HL A0 5 180 5T 1) 1 73 A KU B BT 5 1 Ak = L U
H S0 T R A B AT L i A R R T S R TR
BRI AT fp it — 58 . N YT R T
TR UG A v 4 7 g R R TR B R A 8 AR
SCHE SR BA 255 LA b SR i AN i 2 4k L Al T
Kot BYBIEFE AR sl o A7 BR IC U7 5 1 5 A
LT S A Bl AT R T BN A2 BB A L R 4 2 3
I, AR AR RE R A A58 . AR SCHE T I A BF Y
IR R T g T B ) 32 A i [T B K B A E
4+ 3, M A BROC D5 ¥ W 58 B AT A TR I BE T v Al 7%
S DI RER S BT V) o A LA SR T G R AT
AR AR 280N 1o 47 2 A TR B9 85 U0 g oy A R
FEA BT IO P A 5 P 2 TR a6 o R T T
fE » 58 7 52 G BUB AT 122 AL L O AT A8 TR LR
] 45 R T R A N B B —E i S (L.

1 RHHETHERTHEESHMAN SN
=2

1.1 NESESAHEITHESN

AT R 5 AU T T S 2R G e AR 1) AL R
g3 BEREKS T TR B E A Bl e o [ e — i, — g
5 TR S 4 ) — SR A HL)Z K 11 ) 1% 1 5]
T e W m H R . 3R G TR AT R AE A& GE i T LG
FFAG LR b e R By SR ) BUR AT AR 45 5
ok T T IO TS A7 5t R T R 2R R i [ B — A
TR R 5 B A B L i T DRI AR B AT SR
BT LALE A A T Rt 45 B9 28 2k 00 TR g T DX
YR FT 32 3, AR SR Bl I B I T A i A
(e F 437 280y i 08 4l 11 A 1 3 ) R PE AR T 2. 7



134 VU 22 BT R 222 3R (2024055 40 #2545 1 1

Bl Sk A5 B R R A, R W W R A R O o T A
I s MR B

R

BT R AR A
R AR

AT AS LI 1.

| R B

, R R |

|
i [ B

P BESS BV AT 45 R R B

Fig. 1 Structure diagram of tension-compression composite bolt
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Tab.1 Table of basic mechanical parameters
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Fig. 3 Model section structure diagram
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1 during elastic stage
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