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technology for cable bolts in soft rock roadways
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Abstract: To address issues such as insufficient stirring of resin anchoring agent, inadequate filling in reamed
areas, eccentricity of cable bolts, and damage to hole walls during cable bolts reaming anchoring in soft rock
roadways, a resin anchoring enhancement technology based on the Multi-segment Reaming Anchoring
Enhancement (MRAE) component was proposed. Through theoretical analysis, the mechanisms of MRAE,
including the "graded crushing-gradient stirring", the synergistic flow control of "ascending guidance-sealing",
and the "centralized limiting-radial support" were revealed, and the mechanisms by which MRAE enhances the
stirring effect of resin anchoring agent, the strength of the anchor solid, the pull-out resistance, and the centering
performance of the cable bolt were also clarified. Besides, numerical simulations were conducted to
comparatively analyze the characteristics of the stirring flow field of resin anchoring agent between MRAE and
ordinary cable bolts, verifying that MRAE enhances the migration speed and diffusion range of resin. Moreover,

laboratory experiments were performed to study the influence of MRAE on the drilling thrust, torque, and pull-
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out force of cable bolts. The results show that the average peak pull-out force of the enhanced anchoring group

(36.5 kN) is 2.5 times that of the ordinary anchoring group (14.9 kN), and the centering degree is significantly

improved. Field tests further verify the effectiveness of this technology. In soft rock roadways, both the pull-out

force and pre-tightening force of the enhanced anchoring cable bolts meet the design values. The roof separation

displacement is reduced by a factor of 1.52 compared with ordinary anchoring. Even under non-reaming

conditions, its anchoring force still meets engineering requirements. The research results provide a theoretical

basis and technical support for improving the anchoring quality of cable bolts in soft rock roadways.

Key words: soft rock roadway; reaming resin; MRAE; anchoring reinforcement; roof anchoring control
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Fig. 1 Schematic diagram of phenomena and characteristics of poor anchoring in cable bolt reaming for soft rock roadways
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Fig. 5 Schematic diagram of comparison on centering performance between traditional cable bolt and cable bolt with MRAE added

for reaming and anchoring

K, s, s, 70 0 5% BY VI o BE | W 5Y DI 5
MPa; L WA 3 K B, m; By, E,, E, 735 R,
BRI, A i 8 61 550 ) SRS 4, MPa; d,, d, dy 3]
HELER . MR B BRI B A, m; .,
e SR LA A R R TR R A AL L 4 RS R BY
N7 3= 107 AR T2 i 2R S 43 BT 0 AR B AR fb IR, m
xo AR B N 7 — 5 Ry AR i 2 o 5 N 1 0 B
A {H

IR, 45 N%E MRAE Jio, #7301 0E A 4 FLA
MRAE B P B | 9 FLIE PR B B e 3
I R RS PRI 2R v 055 Al L J b, S Al R i
SLBGFLEE (B S(c))o T 5 k58 4 T BRAs R e i
PR v A ) B KB B L BE B 4 5% i, A
AT B LN R AR 50z — i o B e v R A,
VA ) 7 A B B A v s A B BR A, BT LA R AR
SERIFE (AIEESH 0.5 m) et T PR ALK B 5
ARG F JE D, e R AR ALEE (18] 5(c). 4
BRIEAY FLIK IS, B aER T B AG A i 5
A, FE A IR S S5 VR R, B & 2 20w R
TN, NG, AT L PR E | Higke
BT JE R BRAY e S R R, iR
IR 25 3ok 22 By L X I B A AL, BR S 8L |
H, SUPRIE T A 50 K B 7 A
1.3.5 & LA B AR GR AT L AT

FR 4 Dulascka WL, Al 2 AL BEA (AR b r= A2

A8 ) AR TN, 78 FAAAS R B R I i 7 BT 52 %o
PRE 2 ANIEPEECR, HIA Dy 2 DB G Z AR R
JIT 52 AR [oa) 0 R 2 20 A1 B o 4R H Y B T A
EABTBT R T, N

T, = Dgo.zay( 1+

[
0.030,sin’8 1) (17
P, Dy, AT BRI R BEAR, m; o, AR ARG
B, MPa; o, i [ A BT R 50 B2, MPa; B R il
REWHANE R 7 A, (©)o

FT2 (17), YL B b 222 MRAE
FIEE R N B KTl R, I L& iism 2 7R )

iSO BV S
AT B S S0 PR I X 5
Ro= ORy(1-p)rs” (13

X, R, A EARSTBY 38 E, MPa; Q il 4 4%
B Ry AN TEMAFL R 0 B B4R 3R B2, MPa;
p FEERFLBRR, r, Ml E A FLAE, mm.

H1C (18) 15, i AR FLBR R p 5 H bt K JE
RN—KREKR, pi‘@/J R R o [R] Hsf il 1 4
FLB R S5 A i il 11 7500 0 P 28 S 3 A I b 18] e B
KR, 'f”lﬁxm-azm PP SR . LA,
P FLIX E MRAE FLEEFE2e B BB FEE T
P TR E AR SR, BRI TP LA AR A
By RGBT

023513-8



BXUER: SR R TR0, Vol. 8, No. 2(2026): 023513

1.3.6  BEHE 52 F 545 B M AR % v AT
R 5t 1 245 R L Bt %6 5 e s i 88 2 ] 1) 5%

R (18) 2 il

ra
p:——\/_Rc+1=ch+1
OR,

itq:,mﬁ&z,h—g*’;—zo

1 (19) ST, ST RALIR p 5 HCH00 TR
BE R, WEREUM R, B p M, R A
05 S S 19005 52 HE R o, AL
SA5 EHE RS T SO RERO R, B, L 5
SRR T T LSRR BT 5, EGAH
SR A, SUHCN AR RS . B 1 3.1 5,
B AL MRAECT L3 HE B 05 HE P T

(19)

BEAL AR\

B I I 45 ) 3 L
LR S
1

7
=4

=N
,/;,

y
===
Se===2

——
=5

________________________________________________

T R R

P T A R SR
14 HEBE#HRY FLHE L EYIE

FR A B FLA B 1 v PR A7 2 8 S5 ) ()
F R 0.5 m) £ AR IFFHEEFE R, e L fE R
720 B S B A B AP 0.5 mo 15+ FE U T4 &
KA LA B AR UK B 5 25 B N FLaE Rl
B NGB B2 R, foe e b Bl R e
B o [ 2 e B R sk (8] 6(a)). ML, B R TE
MRAE {E R, iR E 0 12 2 T30 11 152 4t AR R 5
I -5 Al T 0 o o s ) s B M, 28 05 B
PG (BRSPS R [0 ), K AR i ki 11 791 2% 12
B LIRS, BEE AR ARWIRA, 25T 8 o R Az
BB B AU AL, SR RO R S B AL
BE AR ZBURIG A TS (1 A3k 2) Hithk

2 AR

Hud LX BRI EN

il

B

B4

DIEIA,
PEAEHIX

2. B LA
R ; A
PR ALALALIE !
=T P b [
STV = AR
T HE |
([ | SENOICY R
Rz il EEEE
g iy LR )
CE OB smo |
o = EAET |
mE o 1B
] =l
B !
& :
3w f—4 |
4= !
Exp——n |
& = i

Fl6 B FLA [k BE G i H AR T AR JsURE

Working principle of the technology for enhancing the anchoring performance of cable bolt with hole enlargement

Fig. 6

023513-9



X LEG: SR 5 A 2R TR Vol. 8, No. 2(2026): 023513

(& 6(a)). TEABEMRES TASHEAT, M-/
A — KT (FZ R AN ), RS K, 4T
Gl TS RE T 22 AR A 1 50 04 SR, ROk

B R AR LIRS AE (B 6(b)). Bt [
HERIBECEEE, A IB” BRI 5 e 179 2
fisk, FERE R A TR R T, AT I B 5
A B R A 15 J 2 A 1) 22 Uk DD U BBERE, IR i
IR A HOS/NERE) RiE8 (] 6(b)). 2 BRIk
B Bl R AR SEAF R i R HERS ik T B HIR A,
B BIR A AR ki = (B 6(b))-
UBE Bl S — B LI S, BB A ) S5 AL
P bk B TR Ak, R B — T R R
T FH A 5% 2 A i R DX el g 18] 3 R R A
T, A% R R ) O iE % (B 6(c)). B
RURLEEIE, I LB P BB AL U A — B fLIX
Sk, 3 32 I SO B R Rk B i B R 7R
N ] AT A [, HE H AR I s 361 59— 43
6] 3a 3, 55— 18 R 12 3, 25 P FLIX 3R I K
b CFPIAMIEAR B, BRI R TR YA X
A B e, AR RERE (B 6(c)). TR A 4l &

Miahe 2R FIH R, 52T AR, B
i [ RV BRE [5] L= T7 1875 (K] 6(c))e 9 FLBEFER
B 58 A — By LIS, AR 0] 28 S 1)
WA e I R 2 AR _ETTHERS (B 6(c)).
PR Y FLBERE R (RS BB A A ) 42
[ A A, AR PR (— 23T A A
G TH A D) Flh e AR LR, A A T ALIX
RN A R R AR A BB AR, Al s L X ek
PRSI 11 790 ) S L S E R PR 2 59 . 24 4
Rt BLLRA, AL E 3L 2 ) At A
BB LI, 2 By AL XA A
R 2 22 D T PRI AR 180 7 1] AR R AR 0 BV D (BB
Sry BRI ) A e D5 16 B9 50 BT UTR
BYEH (— ST 5 T AR R, 75
ARSI 150 S8R 45, B oE 4 (B 6(d))e iz AE
B E B A S TR (E R ST )
AT A BEH P (&) &, nlRpSE TRt
AR 1590 160 R AN (8T 6(d)), Fre R PRk et
i T4 B2 PR T i 4 0 S oy L % S92 T — SO I
#1570, I ELA AR i 1157 55 FLBE CEHOZ ™ FLALEE) 2

®1 MEMENA—ERABEFSHESE

Table 1 Resin anchoring agent single use stirring parameter reference

BEFER B R e e 3l 0 SR E TS

st
éiﬁg;u PR B cRsu i PP SRR 500 (4 207 R 3R M HE T M S B0
A/(r'min’") B/s C/(mm's )
. 00 1 ’ 5 A CK % 350 mm AR [ER R 8 1 R R B8 VT (C>A>B),
K > : SR ) G LK L, AEMERERE C
00 s 1 % B K 8 350 mm AR 50 RS ) R 2 YEHET (A>B>0),
K > i w18
, 500 20 b I8 Z % 350 mm R RS RS ) R BB TEHY (B>A>C),
BN L/B
2 WE#HEFNAEASEREHESESE
Table 2 Reference for stirring parameters of resin anchoring agent combination
IS BP0 3 Sy S R o i » o
T — : - SR  30 ) [ 28 0 3 T S S
BIFIA g A/(r'min ) HEPERT ] B/s S C/(mmes ™)
CK(*#) 500 13 23 2 LR CK AVAT K A 350 mm A4 iR 6 E1577) S0 3h ) B 3tk 2 Rk
s 25{12(%81d K A+ FSRA M NZ LR, Bk CK A HERE] S 13s; B0 K B
KOG 500 135 CK )} R ST RIS R K E L,/12(25-13)
K(H) 500 20 17.5 2 S K ZUAN Z 89 350 mum A8 A G 8050 SO B0 00 DR 3R
30{10(z5t Z B+ PSR Al P 25 S R B0 K IR 20 sHfEdt sk Eh L,/20;
Z0h 600 20053 K 1)) 35 st 2 A L,/10(30-20)
CK('E) 500 15 23 F &M CK AU Z 24 350 mm B 5 1550 K Hogly g R 2R W 2 Ak
5 30{15(%F it Z B+ JF SR A AR R, 158 CK BRI Y L,/23; 58 Z B
Z(h) 600 15(55 CK 7)) 23 HEEE S L,/15(30-15)

023513—-10



X EG: SR 5 A 2R TR Vol. 8, No. 2(2026): 023513

gL (K 6(d). iR 1E MRAE 2 AKHME/E T
AN R G T BhFLZS (B 2548 ) S 45T EIR, i
PR TR S AR M TR RN AN L AFDOT JE h E Cl
BRI S 1 5), A K b5 T B LA 6 2R GE
FoE bR aE T

2 MRAE #E#REE D

2.1 HEEHAR

FEFRE AT 1.3 TR AR TE R 2R LA [ 1 B
R AL A SERE L, St BN AE/R MRAE (1)
YEFABLEL, 2 an R Bl %6

(1) A ZR A FAR B B85 [ 551 aod AL

(2) LRGSR (B bR Fle | LB e
B EHEREE) MRS R R R A R
2.2 EAXRE

YR Z By LA B R4y B 2%, e AN S A
5% H B FEA T, XEEAE  Bs:

(1) B2 5 MRAE L h— 14, Bt P b 25 1]
ToAH H iz s FIVEH;

(2) 2Ry T JR 7 [ 3 BT PN 253 0 I e PERICR,
T4 v 222 RS g Al 7 700 2 A% ) ol Ak Ao R T Al R
(AR R R A2 B, AN TR 2R R A i el 11 551 v ) 4
FEAEH;

(3) AR EALMFFE MRAE A4 g 5t #1577 0 37 o ik
FEVEFH 3 A RAE, T AR i Z2 RS i i 351 70 g 351
PRI, SR Al [T DX 35k AR i 8 ) ) 28l R
FOTR] H oA e A
2.3 tEEIME

i1t SOLIDWORKS #k {4 # 57 fi#i & il MRAE
() 3D B, S5 A Workbench 18.1 {4 2 ~7 W g
#7005, FF A ICEM CFD R 40 B8 [ %, 75
A RTALBHRAE 58 I, (8 FLUENT ffifFi 1 T4l
THRAHT, BUERARL N 7 B

B RST: (a) Bl R BB B A28 17.8 mm,
WY WK 555 mm. KPR AR (B S 1 750
WY KN 558 mm, FEA B FL IR Y W)
K558 70 mm, §FL EARHKAE R 81 mm,
LI E RN 31 mm, VY [0 8K B 418 mm;
(b) % % MRAE W85 REVE R BE Y K E N
555 mm, KR FARIRAT Y R R 558 mm, Hirp
PR FLIX T Y [ 43 3154 70 mm, §FLE4R
HORME N 81 mm. [RFLIXIE 2N 31 mm, ¥F Y A

SRR 418 mm, BNHERIRERE | VLIRS
G 24> R0 B 3 % B K 48 5 o 40, 50
40 mm, ZME e KAE 550 28, 30 F1 30 mm, 435
LT Y BlE T 65, 160 5 330, 515 mm {8,

[ 4% Kl 43 #5801 Quad Dominant Y55 ) 4% Fl
Tetra /Mixed BUARRIAE 5 2 G AR, 76 BE AR R 4%
K153, BEHEZR . MRAE., Ji AR, FLAY A& R ~)
KA B E N 2.5, 1.5, 0.5 1 3.0 mm,

A RR A 5 v AP 3 92 B T,
PRI CL AR AR R SR R T A
Cn 5, #hFL LA R0 . FLEE | #53 . MRAE Al
¥ ol BE TR . MRAE 5 4l % R e % 1, 5% 3
500 r/min. & JH Viscous H1HY k-¢ T A AR fi, LA
Y 16 IE 1), BB TS -9.81 ks’ Fiid,
CF g i 513010 ) 25 B 0 266 B2 22 4000991 2 000 kg/m”
F110.03 kg/m-s, IEABF LKA 3000 2
2.4 WSS EFIRHLRATEIT LA

FEME 2.1 J TR T 28, 3 MRAE M2 AL
B AR PI R Bl B 1 1) 5 AT 1) O A R B 3 A s [
mE 8 firs .

I 8 15, BUERAAIYY Y TSIt 4 7 16 %% 5
PFERT, 2% MRAE F%5 28 45 w8 A s i il 70 o
B R I B v T AR R L, G H R A
MRAE XA  slsl BE (Bl ke 5 X
Bk 3.82 mys, P LA FERE B X B4 1 2.85 m/s
H13.23 m/s, HHE L E X IR A 2.65 m/s) Y98 35 5+
&l 8(b) 2= I X S (5L IX B8R 0.64 mys,
FEFLIX IR 0.98 m/s). Ui B4 % MRAE 7] LUfH 4
FOGTAR R 351 700 it o 5 g ) RS B R, A K b
T T R ENR A RV R e At

H P 8BS A TR v AN (] 6 1T 46 5 1 TR A g
o [ 70 T A 2 (R R, SRR, (A T B 1 5510) P
%% MRAE Y4 2R B B FEE 58 5 X (R IE
Z R N 0 A s € X el =22 A ) At 23 €2 [X s
LS e TR B AR G DL R . o, 2
MRAE X 3§, 4 458 P A FH 5 S5 DX L R 4 1 3 e
JEIE 8(b) i & X I X X A% A4 (X MG
HWHEEE X>1), JCHIEY LR (L
B X M FERCR X e o B B . an R 8(a)
I 170.0 mm. 7% & 188.0 mm. #% 1A 196.0 mm.
# 201.0 mm., M 344.0 mm. # 1A 359.0 mm,
i 365.0 mm, #% i 373.0 mm A1 & 8(b) H A i

023513-11



BRSBTS R TR0 Vol. 8, No. 2(2026): 023513

g

2

T i e
FRE T

70 mm

ful S|
MRAEEETH [ 5

5| & TILXEI
= eI (16 1 7))

.
]7.@1?]00“7

IT-1I section

P LXHH T 7

BRI IY

BB Wy S e
(500 r/min)

Z By fLIX K

81 mm

AR R
NG

37 LT
TR B IR B 1 7))

H/\

—) B SY
BRIy R £l
2 B FLIX IR (500 r/min)

Eﬂé%fﬁi

SR gt e /
it @gﬁfgﬂs’;ﬁ. I-1 section
-1 section

7 B2 F1 MRAE $58 $1 A% i i 181 55 %5 (A5 284
Fig. 7 Numerical model of cable bolt and MRAE stirred resin anchoring agent

230.5 mm. #%[f 400.5 mm I FFIE = B rn. & 8
(a) L DX IS FER TR 114040 i i 41 551 5 % B0 R S
X LT il A I #0E H ARz B ahte K. 1
&1 8(b) HAR [R] 4L X S 4% 81T 1932 B8 sl g 4 4 IX.
TEE 2 R Im i 1/4, ULEHZE% MRAE [R5 1T
AR T AL [ DX 385 A AR R [ 550 1 Bt 3
PR (A A BEE 8(a) Hh 45 R TP E 2= L B B B
[#1 551 1 B8 I T A4S ) 22 R —/N— KA, T & 8(b)
Hh A T 1) B R i [ 500 3B R ol B VR AR 1) 2 R —
IN=0 345 . UL ZE%E MRAE A4 5l R 550 43 Al &
ANASCRE el A i A 31 551 5 i 2 A T R A 8 o T s

Mo BIRE, 7 ELa BE AR i 54 19157 55 FLBE [l 5 1]
(32 A% I B g, AT BT O a2 1] A 0 2o 2 A B
fi] JE B R4 2

25 LAy M 74 JE BT MRAE B #4104 i 2%
HREME, Nt — LI TAEPERER E AT S50 2
GBI

3 RV LB B AL X

3.1 HEERHEhHSHERSGRKIAE
3.1.1 XM AL
T 3D FTEEE A, RATERE PLA+FTE A1

023513—-12



BAER: R R TR Vol. 8, No. 2(2026): 023513

20: #fi1555.0 mm

5: #1170.0 mm

O

3: i1f785.0 mm

_______________________________________

< 6 #1f1543.0 mm

5: #111459.0 mm

P8 S I i 11 70 2% B T 7 A T 38 2 A = A

Fig. 8 Cloud map of fluid velocity distribution in each section of mixing resin anchoring agent

Xk A 22 Be T FLR M e 1 o 2 R AT R
PLA-+#1 ) 1 25 it 1§ /7 Jg £54.4 MPa, $i7 i1 55 J&
80.0 MPa, 75 ifj 5 & > 80.0 MPa, Wt 2L fifi | & Ny
175%(MD), % £k 1239 kg/m’. 4 224 [E 4l i 5
il [ R G hi PO AR WA 9 PR .

SRR 2R LA 1 B R RO, BT
PRS2 (K 9(a)), 7 lmic sl CZM 4 (35

) FCPM 4 @ Al ), R 5 M F. BEEL
BEAR 17.8 mm, K 810 mm [ 7 BANZLAN R, H
LA B AR B BE (374 mm) ¥ MRAE 5
iR B S E (B 9b)). HEHLIME 48 mm, N iR
32 mm, KB 160 mm HREKIK 5 N ZEHDFL
(& 9(a) B HEE IR (55643 KB 170 mm Fl
180 mm Y P B AE A2 B4 [l il O MR AL (181 9

023513—-13



BRSBTS R TR0 Vol. 8, No. 2(2026): 023513

R A

’?1,72 b

Bl PR B
TR E

PO 2Rl 1 Al 2 5 A I R G R o i
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