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Optimization of Anchor Rod Construction Process for High Slope Fractured Rock Mass Based
on Follow Pipe Drilling Technology

LIN Xiong
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Abstract: In order to solve the technical problems of difficult drilling, multiple collapse holes, and poor grouting effect in the
construction of anchor rods in fractured rock masses on high slopes in a reservoir area, based on the study of the engineering
geological characteristics of fractured rock masses and the failure mechanism of traditional anchor rod technology, the follow-up pipe
drilling method was adopted to improve the drilling process design, grouting process design, process connection design, and a series of
quality control measures were proposed. Engineering examples have confirmed that through the improved method, the qualified rate of
drilling has reached over 95%, the efficiency of single hole drilling has increased by 30%, and the total cost has been saved by nearly
20%. The technical problem of anchoring construction in fractured rock masses has been successfully solved. The research results can
provide technical reference for high slope anchoring engineering under similar geological conditions.

Keywords: follow pipe drilling; fragmented rock mass; high slope

515

A R TRH ) — DR ZOP IR, ERE 1
AR REMEAEE LUSBEA TRER 22 4, X T2 —IK A
BRI TRE N & 5 AR X A7E K (R A1 BB DL K )
P8 SAT B P 0 L, EEAT ST it PO PR A7 5 ALY
FLEEAFEE  ERA RIS 2 T 1n) AL, A& SEi AL A7 X
EFLHLIE R T 58 B R 0 2P, FERRE S 2 B 2 B
FLIERE 7 A IR Bl 3 B ALBE S, S AL A B AT
AR o A1 XTI i 3, R A Rk B AT DU
HEAT BRIE QT BEOR BT 1 FLEESAR , ORER T AL AR E 1
IFHR L. AL TEAL. RESE RIS S N,
P T AR, H Oy fLIEIN 1 8T e iGN e
NI, AU TRE S AEAT 78 RS Bl 2 1 00 T T I

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

T LM, 8 SERR 1 Rl B R 47 VA
IEUIE IR A FH - i et J2 (1 £ 34 DL R 2 B, )2
TAERATIE L.

1 ElIR AR S AT iE T T Z K K (o)

1.1 BEETFRIIZRE

PG R TR SRR, FESHLE L, SR P AL
WAL, BRI, 2 JE R R RSP R,
FER A T T2 A G B A, B AL R IS L i B
B, A FH 48 25 S F0R 0 5 A St b o [R5 R 1L, 7E
56 AR LS FH i R R FL A R BE 40, B e N IO
FFHFENIE

1.2 BREERTLE X SBFLE >4

TEWEREE R N FT VR T BL FL, 32 2 [ R B fLEE AR e

107



@f' VISER

KHLURHE - 2026 459% 545
Hydroelectric Science & Technology.2026, 9(4)

P (RIS 17 AL, 6B FLIN Bl EL v o DL eSS FLEEAT H
2, WRCARRERE, YR Z R AREE, hTHiER
2 K e s R PR A FAR 2% 59 38 a3 L» SR TAF FP s
HARBOBE € BRI, A% G ik DLORAIE B LA/
T 60%, HESHBL L8 AAPI S, CEBZE
Jit IR

1.3 FLEREMSRILREEFIMS

BT AT s L ) o R A A AE AR 2 TR A, — 2 AL
B SR AL ROANE RN 78 P 1Y AEBE N B 58 TR FEE I i
DRAETIR BRI B R eI B A AR A
AR AR, Y 5 75 i 4% R AN RS 21 3P BE (115
s =R IR B SR . HERRAAR . R (O R AL
FERG LG FLIL R R AR 8l B IR S R LA B A
NIBURTR BERAS BB (5 A TR T, 5 i T3 R R
BURAT -

1.4 JERYRAH S D7

Fe Gt TR A TR HEAT REIRIN , S S 5k T 2
KEIR, &ERERARINL, Wi A, RN FLEERT

(1A AT S 45 N VR Y BRARB AT 55 FLEE (R FRORG S5 E 7 5

FERE DI K215 C A B AL B & 2 R =%
WA, BT — DA RAEE R -

1.5 e LRGSR 2 XK 6]

et T2 W45 BRI ® ZEPE MR, —
AN LA T ) 75 B4 | 2~ 3 KA IA] K K HEZE T it T
T JF H A I35 28 B AT KT AR,
FHALRMRI — RN ER TAE, ReREaRIgL.

2 ETREMENET I ZMURIT

2.1 TZHUEBEERSEN

TSR BB AR sl A B O E S Ry, M
PR A A3 B Al A R P AT 9 B A o BRI 1Y)
S R ARGRAE R FT AN — AN, Bl BEIN S0 A B AT
LTSRN, B FLEE RN ST AR, @ T T
B R IUBNIE RRALEESHR LR, T BRI - 5
AL, PRIEEH LI B AR T3 %k, 4850 %N AT 2R
JEEARFINS 1] s SRR T, S S A R O R R R A ) )

2.2 IRESEHAMILIZMIL

JR LB BRI 3 Bl 7 R AT AR ) 4T
SRIUHE AR K TR RS 1) ol P ) 22 BBl 3 Pl AL 1R VK
FEAL LT 46 BRI AN 8 SO Rl LB T, DB S Bl AL sl 3
BALEE T UL B, 1B e AT e, /£—
JE R BE 2 )5 S T i B 2 i il 55 o ol 2 1) AR RS
HEBHLEOVIE, OB E R b S E sk, Moy L

108

Fr BEHL, BESHR, B TAERBEEIZM: ERE
e, R4E SR il A R SR R R L, A
F O FL 2 20850 I RE AT 5K, T RGE IS B AN
EDE SR, BEAAMNTa b ER S N B E . dhifLl
eI, IERRE AL R O FL ISR IT, Al R AT A b A
EE IR, TS i o B AE FLR AR B R A
BEVEF, SRJE R & AGEEAT 5 BEHEVE XU 2204 2
0.8MPa LA |, fRIEFLRITEYIA L 5em JE. i AR ¥
& Gt Rl AL S AP BE TAE R — 1R, MR b g el 25 )2
BHALMER AR AR R 72, IR RS £ T REH
Lo BALRR IR, — 7L B I R A A DT I R K
18.5min FRARFIHLE AR 12.8min, RFLT &t K
() 58.5% %2 2 T BLAEM 96.2%, KIFHET: T it TRCR.
T2 BE U AR A M BR 26 1 R 5 A 0 B FL IR 5, A5
T TS AT AT 5 SR AR ML BRI T &

2.3 FEARSEDERRSGE

EEXP R BRSO S T IR, B RE T 24,
I3 AR I3 Bk 3% VA B 0 0 /A I K 77 1%, kAT — IR
IR R LR IR R0, — IRBEE R 186 0.6~
1.0MPa, REFE ML R BTk, 24—k
KRR B2 J5 B4k 8 kiR, —IRIER KT
2.0~25MPa, KV EZ 400kg/m3 IR EIEF AT LA
A8 LR N JE) ] PR RHCRAE A A8, DT TR B R Sk i [ 4
BRI 58 T 4 [ 7

2.4 LIRS RIZEN

ORI AT L7 A N AT Wb F) L - AEER A Rl 2
i Rt e BB B RE L LRI AR, AL RS
AT AT B TBCE e — IR LY, B AL RE B R IR [
TEEER M IR BEAT IR EIAE AL, JRRIEE AL AL
TEAL B VA TR A I s— AN IR B Rk 2 .
R YRR, AL N TR R SR F AR G L2 2~
3RMET 1L RZN.

3 XTI HRARSRETHIHE

3.1 HhiHSHM U S IFHEIE R AR

Bl HIE R EAE, AL R SRR,
iR RN B &, K T 5 G LI BEAR T B iR
/N B b JE R R UK AR AN, R AR 7 B R 2 PR
MRS KR EA R &, AR T8 Rl e . AR
o P B A0 SRR AN L8 B 1 2 S5 4 DL BB R L
A H R K Gl EE 22— SRR B, — B I FL4R
SEAN R B ALARGE I 2 20U Z 5 LR A o it LI 2 7k
AR LI EL LS4, AE I I S AT AL B

Copyright © 2026 by authors and Viser Technology Pte. Ltd.



AKHLRHE - 2026 459% 45430
Hydroelectric Science & Technology.2026, 9(4)

@f VISER

3.2 RERILHH SHETHIRA

PR PRI AR A 1) — 253 R B 5 A AT I — 5L
PR, SRR TR AL G BT e, TR R,
FERREEE — 5 B 5 B IR E AR &, 8 2 1)
HIZ (AW ASFEABIT 5%, W DU FF R VR B B
EIRAS IO, WA aE R 58S 2 5%,
TR P 25 A ORI AR 25 5 130 N X AN 2 B b AT B K R &G 1
DU AE o A, QSR BRI PR AN A R RS2, At
SIMKEEFIFLEE 2 (] EEHE ), ™ % 218 B ek
Wik EL Wi . BE LT B TR L, g PR B
AT I 5 B e I 48 DA T 24 o ST R Al b e T )
TIEREAE . BRETA G B B B Al 2 DA A S
S8 I T A A PR b DA ), 5 B R R L
F B K RUE S 0.8~1.0MPa, i i) it f 3 & 7 92,
TEFRE A G HCH B LT, I8 A B e v o K B
PRI 7 DUBRA B B4, (R B SR i
HIEGL T, MIFEZ L T B T AT A, R I AL
(I PR AR B BT, i FR S 2 S BUR R R 58 A k4
PRI L T FLEE A AR T3, TR A5 I e S 2 iR 2 B FH )
W RE RGBS G R AERE . — BE LR — IR
G 2~4h Z G TRk EE, BARRRHLE LS A K
VEATET RN FL PR I 2 R 5 - A8 IR B WL 1235 &) th s
H, REEREHIE 0.2~0.3m/min, {EE B ) FERIY
KA EEAEH o h7 S

3.3 MEILEEEENSEREMNRA

SN TR FEAE B R G, 16 Tl fe v s i
WL KRR FLIRE, R ST A SR R e d
febrt, RN IR TR, ERR SR
HARE VLA S, (5B s RS FL A AT BeHEE
O 56 25 SR B 31Xk 77 V25 RE AR U 1 7 1 S5 LT S5 A T 35
FL A BB AT 255 it 25— ZR 51 ) L 1) R A o DA A il T e
[ b T A AT Tt 0 A A R, (B A
Jite IR P S R e AN o AT

4 TIENRAMERS

4.1 TZELARSHEITHSR

R 7K R 3l D vy A A KR R X vy 4Bl T ot 13 4
ARFPEMI A A B AT 00, 7R A B A AT 156 AR, i
T fLEN 110mm, i TFLEE 8~12m. £ MG-50
RUEFHESHLEC AR O BREEG B, B RE 127 X6mm. jifh
TAHLCRIHHEE ], — B EHURCEETF A B T A

4.2 pFLRE SHEERREMN

Sulk T2, MRILARIEF] 96.2%, LR T 23Tt
T 37.7%. AL IR LR LR LRI =AN S50

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

ITEEETEAL, il FLERIRZE<E50mm, fLE>EH R
SHE (110mm). FLENERE <1%. Tt 156 HRASHT
Horh 150 MG FLIR. FLIR. FLRI ST A AR AER ER,
RA 6 MR R A BRI 18 LA R 2 8 i B e
Y B o TSR SR VR B S I 7 I S S R iR A T N
48 L2 W R T 110 i ] B SR AR T 85%, ik EK
T 7% T BRI SR B (0 U SR B R M A AT
F i LA [ 3RS, s Ik 2 85% LA 1 A & 2 VR
L B AR R R R IR 3 RSO T
WD BRI 2R, BT A HFF R R R D # A
0.6~1.0MPa Z [A]33)), XK EMELHEBIHEWE, &
BRBRERRI T HING IR . BEHLIEE 10 HREFFF
SRR, HPik )4 ibhs, BBk i E 2 BRI
1.35 575 405 Pkl se op RBGE N 1 715, RN
BTN 5 S IR AL &, R ILFTE BT RE i K
[ar B AR T LA T A e, WA i AR B PR 3R 1 1
o AHECIRH LT 2R, Budk 2 5 AT 4k 71728 e R
JER KRR, 25 RN 0.25 B3 T 0.12, #ifk
MR — S
4.3 EIMERSZFYEII L S

*1 RRIZ5RESHMECTZXENHh

%t b T Eﬁﬁigﬁm BT
%i@ﬁﬂ%ﬁaﬁﬁlrﬂ 185 128 | 30.8%
(min/m)
BRALERE (%) 58.5 96.2 t 37.7%
HFLLE TR TR (h) 32 18 | 43.8%
LA M Goim) 385 308 | 20.0%
BT BIFERE (%) 12.5 7.2 | 42.4%

W 1 o, BB R E AL 20 % TR bR R
TAEGIERE T2 LR & It T [a) UK (1 32h f 52
18h, ZRG M FIE T 20%, 25 RS MR .

4.4 MIHESZFYER Lo

FE Tt TE 5 5 T, BRAE Ak 2 TR FL AR IR AL
REFRLRE, B RR EESR T 30% L LY. a4
OF b, R ERE R BRSO S E AR, BT
JRALR IR 5 il Tt B2 1 AR 2> 1k
20%. ZBCRAET E S EE KT, R A EML S i R it
Ik fL. R BEIRSE AR —IRBIAL, AL TP AA 8%
PR RSSO DL, 1720 T3] 40% /4

5 LXK S T2 HE

5.1 SiaiE T EEZREIR7

T ISR il T ST s EAE SE . WL
TR PHR R LR % 5%, ML E st 2

109



@f' VISER

KHLURHE - 2026 459% 545
Hydroelectric Science & Technology.2026, 9(4)

A%, T IPEBAEHER 0 R A NG BhifLiaisqT
I AF LA R i He AU B SR 58 IR, R ol
FLILEN 5 51 = E R B A A

5.2 EREShINE T XG4T

PR R T 2R 1 AR AT T R U L R XU
DB HRE MR R o AETR P 22 )2 HERUIAR . DRty 1) Bl ik
AL R, ZE IR, EERMRNIR, Bk
TEPEA AT E T A A BT Wi, Wi e ARSI REig
AL FRAS 24 W] B3 B BARIR o BRI 88 KU R E T LB A
FWIrE, KRR, BARSERAT: e INEE ek,
PR G AR E L HER— B LRSS

6 4k

FE S R Al LT B P T v T SR A o T S AT
SCIPE Tt R PR B miA K A R U
RGBT R TR AT B LA L FLEESE | WER
o 22 A5 R R ) B A, G R L T Z AL e Bl L

110

R4 BERE PP 45 G2 — it , R 23 BOBE SR B Az s 1 752X
fHEEFL A S 2B ) 96.2%, H&m 1 i Tl 30%, &4 T
SBRA 20%, %0 FURT LSRRI B 0 R 3 T
AR B SEAE A, X T 58 8 B A 2R R
TRBEAEH .

[&3&3Cik]
[]£& 4 TR AEH TEAETN A% ERE R IEK
AR RL A 5[]V B0 22 4 A 42,2023(12):20-21.
RIEEBHFHFEEREIRAERE LWL R HLHEE
o B R AT [3]. v 2 38 A 452,2024,36(2):82-85.
Bl F.2ERILERBTE ZURHFFELEL 8
NAZNEREE TERAEREAXE FRXNEAE+L
N B # TE ;2022:174-177.
BN Mg (1991—), B, T REAAF MK
AR EHIREY, SRIRWE, RBRT FEARAEE
+t-IRARRAE, EHEBRZHE,

Copyright © 2026 by authors and Viser Technology Pte. Ltd.



