2055 3 M
20234F 6 J]

KOVEBEBIXZFZR(EABFR)

Journal of Changsha University of Science & Technology (Natural Science)

Vol.20 No.3
Jun. 2023

DOI:10.19951/j.cnki.1672-9331.20220713001

XEHS:1672-9331(2023)03-0091-11

SRR B AL AT WY, RO, 45 3 T RO B AR 10 5 7 308 AR TO0 07 0 B9 [0 0. R 70 B TR 2 23 (AR BRI , 2023, 20

(3):91-101.

Citation: CHEN Zujun, HE Mingming, ZHOU Jiapei, et al. Research on prediction method of rock strength characteristics based on digital
drilling technology[ J].J Changsha Univ Sci Tech (Nat Sci),2023,20(3):91-101.

EF YR HEA NS AR ST £ 75

PRALE ' ATIA A, B AR, AR A
(L. =B BRI A RA R, =0 BW 650501,2. LI T k% 45+ TRIFSHT, BT 754 710048)

2 [ B H )P v o o A T B R ) S S B (7 3 I A 0 B BB B 3k 19 52 00 5 A AR g 2 A R
S I PR ST A S AR TR ML AR LA T R B B B — R TR A BOR ) A 0 R ERE S RN
FEEA5E A L PRI T i S T L 500 B ) ORI O 0k o R T 1 R R % R R 2 B R G T 4 ol A ) I
I 5 2 R I B R AT 08 LU, S8R 1 Y AT SR o e X A 5 T G A R A A DD B L (O
A1 G B0 s 5 52 55 DT B 2 L) EAT AR SC A S AT, T e A 8 B2 O X B 45 2R AT 46k . [ 25 R ik
BT BEHORIRAT IS5 A0 10 AR A5 AR 5 o 2 N D E (L T R 220 1.0% ~ 3.5 %o A A1 HAAH DL TR 3
JE B SR JEE 34 5 U1 5 B LE SRR AE AR 5C , S A iR R B4 SN (L5 2 A s o 8 ) S {2 ] ) 5% 2 et i
20.0% . [ 25 1€ 1R BT B R T 0025 1 ) 2 S8 e i ik oA Wl Se 0k o IS FE 2R TR P B —JE

(14 2 1

KR KT RS B W T B 5 U E 5 DY HI SR BE L 5 O 5 i

FE 5K S :TU45 XHRPR ARG A

0 35l

T

PRSI e A A S T T 5 R 56 8
PRAIE TR A 22 A0 5E BT §2 o R IPAN & 1A
JERRIE TR TR 50 T b BAy B A S B
X R R SR e A B 45 1 B
ARG I A R R HA R
A8 2 A1 DA 58 B8 407 3 4 B AR | [
PO B 2 | = DY 2 A S e
REIRER A5 BRI, A A 5 B S By s TR A 22
SROR A 1 28 1O R )2 7 X 2E AT 41 e A
FEREE L, il o5 2L 3R 52 0% HZORIKRE S B 1k R AT
BRI AR

PALASSI %%/ NAEIMIPOUR 4§/ il HE 557
A 2T SR e 5 R e 25 (] 5 7 ik R o o
A1 BB R SR B . T BUR DR = N

KRB R G 0 8 A A M PThiaR B . SR,
K X e 07 R AR AR IR A A A S B R, N BE o
4 S WY AN A A R AR AR AN R T
AR SR, BT IR A SR RS

BB R RAE Sy —FoR s AT T
AR SR AR R I A SR A Al
HESH, R LY A i R AT T, B 3 2
i T R RIRE R B AR R I 504k
S8 N DU FE T S Bl o AR 09 7 S A R RE T
PR TSP AL, B RN W R M B A EOR
XT 5 A 5 SRR SO B . 3L NAKAJIMA
SEURL Y AHTIAOUT 45156 F 7 P 43 M A A, gt
ST S A BB DX R RS R A iR B 2 (R YOG
Z . KALANTARIZ" & T —Fh T &) J) 4Lk
B 43 AT A RS, 5 T AR S8 A R 2 8. MUNOZ
N NIEh T 0 T s U =V e = el AT
WAL R EZ L XR, T8

s B H7:2022-07-13; /& E B H#3 : 2022-08-06; #5 HHA: 2022-08-16
BEEIH VI A AR AL S H (2019JQ395) 5 BG4 2 & T RHFHRI 5 H (20JS093)
BIEVEE T (1986 4E—) (ORCID : 0000-0002-2726-9371) , | Bl ##7 , =5 N H A0 J15 T IBFoE .

E-mail : hemingming@xaut.edu.cn

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



92 kv EIXFEFER(OEAHFRK)

2023 %6 A

AU T A DD REIR 1 B Y 24 2 BT, HE ST
TR S8 S A R R T1 o N EEE A o [ %
R RIEPENT A VI BER ) g A
S TR BRSSO S (cp)
] B e R o AP HE 5 B T G M
A0 Bl S Bl R S AR A B ) S R ST TR
ZRE AN B (e @) Z IR R B ETERL, I 2
M TR A AR 2 R 2% 455 R SR U o A R T S
Heo J3—J7 W, A A BRGS0 PERE
(g — A E R A48 AR , T A A PR
TR T AT 9 B, B AR AR R R TR R
AR E B 2 g AT, ) A
VAR IIRES S VR i SRR i S 1]
WFFERD o HARAR A 2, 4R Y A figg bir 5 20 2
B2 55 4l S JUAT A5 Ak 1T Al 2 04 il e 5 A
K TS BT H SRS BUR BRI B2 S HOC
FRERYI, I vk HE R Bl Sk 0T A 1 i TR TR 46
TR

BT T G WA B Sk Bl e A i AR A T AR
JEUHE, S5 AT RE PR T 50 JBE AN T L o
YRS BRI G 0 1 SR SRR, o)
BB 5 A1 R BEAEE A D56 2 L C A T M BR 47t
J 5 HE 5 D) I 8 BE 22 L) A o RE (B 47 T o
JE TIPSR JE ) =& Z BB & fE i T — M s
AR BE SRR T Tk o T s R B T
(4 2 A 5 S 2 RS v = AR A9 00 S (LA
Xt H, 0 M B 2 1) A B 22 B TR % T ik 4 AT
itk

1 SrEs

ULAE SR, B B H R ©l o — R T e A
A F1 2R R AL IR iR Al S R R Al
HOHES AL S B 5 A N SR
PIAROG o DA Iy Al b o 1 o A 3 40 Ry 1
H B B R EE 48 B B2 AR T B B L 2 BTl )
8 S T RO A A e EE R Y B, R B Sk
il e RS AL, LS R R R ROR R . FEIX R
AP B T R e 5 R R, O BLAE SRR
R A R v R R R IO Sk 1 4 NI
A ORI IR R BT A 7 A 1k A AR v Al Sk i 32 Y
IHE 3 R 36 A T 04 A BT A 25 Rl Sk A
JEEE IR FEARMEN . G 1 BTN T F RS F,

KHEMWAD I, DRI, o — A R EE
1 B
F.=F,  +F,, (1)
F,=F +F, (2)
KpeF, FIF, 535U HI 0k i Y] ) 43 4
F, FUF, 530 EEE 7 03k ) R ) 43 4

‘ t
n
F,

T oy, T ABEREIX BIERL S 5T R
o, T ABYYIHE L RIER ) 5895

Bl1 A4 AR R A1 69 JUAT 5 K Fo AL )
Fig.1 The geometry and mechanism of the force in the

analysis model

MR AR 0% B BRP- A BRa8  VE 4 =k By )
Hl ik s F, Mg F Ok
F,.=o0,Atana + o,Atan¢’ (3)
F,.=0,A+0,Atang’tana (4)
K o) RS 25 W DX TR N T 5 A SR 90 11 Y 3l
ELBUE R s 0 R Bl Sk TUT 228805 " R 48 5 TR IXC
) OBE A . RS A BRI OE B T o 1B
AN
_ 2ccos(@ — @)
[cos(¢' = @) = sin’(¢' = @) + sin(¢" — @) ]
1
(1 +tangptang’)

X

gy

(5)
A ie WA AR T o R85 A A N E
B o AR 7 A AR BR i BRI, DTHI 7 193k 1) 43
wmE SUIH I F R TN
F.= sin(a + 0)
S 0 R D2 A B AEE A0 (1) 1658
(A (HRAZ(6) , RIGWFRUTEI 1 F' R
Fr= 2ccos(@’ — @) «
" leos(¢' = @) —sin’(¢' - @) + sin(¢’ - ¢) ]
Atana + Atan¢’
(1 +tangtane’)sin(a + 6)

(6)

(7)
A I RBEIR S Fh R Sk Bt e A DD 7 3K
AR SRR . P, 5IACE A B R D)

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F205 % 34

TRALE 5 K TRF B AN B 5% EAF TN T R R 93

HIl 5 B S, ok Ak 4 7 U H o B b A AR BRAR A
S.= FA =
2ccos(¢@’ — @) «
[cos(@" — @) = sin®(¢' — @) +sin(@' - ¢@)]  (8)
tana + tan @’
sin(a + 0)(1 + tangtang’)

3 F Mohr-Coulomb MW, 5 47 (%) Jo il FR 470 &

R o A

_ 2ccose

©T - sin @ (9)

i 3 25 B S LT B8 o, AR 3L a=5" A A

To AN FR 47T 5 B -5 4% B U1 ) 3 B 19 e AE 2 SR YD
il B L, R =

_cos(¢'— @) —sin’(¢' — @) +sin(¢’ ~ @)

o,
Sﬁﬂ (tana + tan@’)cos (@' — @)(1 — sing)
(1 + tangtan¢’)sin(a + 6)cos @
(10)
CA WS R R e T R ) 2 8] 2 2
RS, FF, BT e b B 452 £ 0 R LA 24K

a" AR
F, 1
E_tan(a+6’) an
TER T R R B A B B X JBE 4 R A
AR,

tan(a + 0) — tana

= tang’= 12

f tan ¢ l—tan(a+0)tana ( )
(D’ﬂ]ﬂoZ[‘gjﬂg%*ﬁ%%%\%ﬁﬁﬁﬁlwn]:

tan ¢’ :%tango (13)

WG (12) = (13) , 35345 3] 5 4 N R 5
ﬁ]qo,ﬂﬂ:

2tan(a + 0) — 2tana

7 — wtanatan(a + 0)

(14)

@ = arctan

2 REAR

2.1 RIEEE

AR SRR R R P9 B TR 2R T
R XCY -1 BUS R T 2= S 8O R R 50 (K 2)
%R GBS VR K 2 B SRR T L B
AN RS WERG ML RS LRI
W 2 g2 M R R G0, LA — D NAR 2 50
mm FIME R 60 mm A9 4 WA 5 Sk 6 F ALk

1 7 22 S BO80F 8l R G AE AR B AT SR P e Al i
MBS HCREM AR, 1758 B =0T il 50
TR B2 T 1Y) T4 1 B Bt s S BCR S 0E F TR0
B SRR RE B AR IR B o AR B8 A7 109 b T B PR 41
WERBESH BT RERERES R A
17, 8 0 45 R G0 A W AH B RC A, 52 IR o A P
AR A R R R G0 AN A 5
URBE N M4 E 7 U AR 7 sl el bk i
B ERESH. IR, 12 2 48 b /9 hn 2 e il e
PLAH &% fal il AL A F b S7 32 47, T 4 il B4t 18
KN F) 5 KA S M1 2.458 Nom B9 RFHAE . $0 75
F gl kA b A 5 R DIOKS B I e )
FEAVRS FEREE o FEi g b, DURS Sk % 10w RN AL E
R R o M R P ) 25, ) At 15 20 6 4 g AL AE AR
Shy Al 2 v 7 AFE 7 L B AR U A 1 o i
KA . RG] LLH SR L B DR A AR
Excel 3CFH, f12 K 500 4%/s 10 8504 2R 5 66 11 fili 45
I AT LA A0 55 500 -

AR TR 5T B Ak 44 X6 R £ 9 B 4 6 i SR
32 50 15 45 S WDT-1500 £ T R A1 L 50 #L , 3
51 3 G0 R FH Y 72 78 [ 33E 1 DOLIL 42 % 4] ik 452
Wil o IR BN A A R BE S R
MOEMIE R BRIV S8 2 ks B TIRE 2 A
15 AT AE R SRR MR AR A A AR IR SR AR T ]
SEMEARGIE . A5 78 @ FE TH 5 LS ) T 2k
17, R T Seak 0y Al 4 iy =R A 33 1
Test, i LS EBUECHE A9 52 A0 5%, [a) Bf ] DL B 42
AR BT AR 4 N ) - I A 2 HER R B Y )

FHEEARA

-‘ >3 \?&\ . o
2 XCY-1 Bk h FHBBT4H R %
Fig.2 The XCY-1 digital drilling system for rock mass
mechanical parameters
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Fig.3 Tangential force and thrust of different rocks

during drilling
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Table 1 Basic physical and mechanical parameters of rock

ey @/(°) | ¢/MPa | R/MPa | o /MPa
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Fig. 4 The relationship between rock strength and internal

friction angle and cohesion
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Table 2 Error analysis of the rock internal friction angle be-

tween the digital drill test and the laboratory test
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Table 3 Basic physical and mechanical parameters

of rocks (1)

HARR o,/ MPa ol (*) 275 3CHk
KA 4.89 27.95 [33]
piite 3.87 27.98 [27]
KELE 5.20 31.22 [27]
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Table 4 Basic physical and mechanical parameters

of rocks (2)

HER% | R/MPa /() | BEH
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Research on prediction method of rock strength characteristics based on

(1.

digital drilling technology

CHEN Zujun',HE Mingming*,ZHOU Jiapei’, DENG Bianyuan'

Yunnan Construction and Investment Holding Group Co., Ltd., Kunming 650501, China; 2. Institute of Geotechnical

Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: [Purposes] This work aims to predict rock mechanical porameters in advance rapidly and auurately.

[Methods] By analyzing the force characteristics of the drill bit, a mathematical model is established to

describe the machine-rock interaction during the drilling process using the principle of mechanical limit

equilibrium. An analytical method of the primary rock strength parameter, which includes the internal friction

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



%2055 34 TRALE 5 K TRF B AN B 5% EAF TN T R R 101

angle, uniaxial compressive strength, and tensile strength is proposed based on digital drilling technology. To
verify the reliability of this method, a self-developed high-precision digital drilling system is employed to
predict the internal friction angles of four different types of rocks. Which are compared with the measured values
obtained from laboratory tests. Through correlation analysis of rock strength, internal friction angle, and cutting
strength ratio (the ratio of rock unconfined compressive strength to cutting strength) , the rock strength is
predicted and the results are verified. [Findings] The discrepancy of internal friction angle obtained by digital
drilling technology and the standard test ranges from 1.0% to 3.5%. Moreover, the uniaxial compressive strength
and tensile strength of the rock demonstrate linear and positive correlations with the cutting strength ratio. The
error between the predicted rock strength and the measured values from standard tests is less than 20%.
[Conclusions] The reliability of rock mechanical parameters predicted by digital drilling technology is
confirmed, this method has certain application value in practical engineering.

Key words: digital drilling parameters; uniaxial compressive strength; tensile strength; cutting strength ratio;

prediction method
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