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Abstract Rock cohesion strength and internal friction angle are the fundamental and important parameters of borehole
stability and hydraulic fracturing research. The conventional method for obtaining the above rock strength properties is triaxial
compression test standardized by the International Society of Rock Mechanics (ISRM). The rock mechanics parameters including
compressive strength and elastic modulus can be obtained by applying a certain confining pressure to the specimen, and then
gradually increasing the axial pressure until shear failure occurs in the rock sample. And because of the advantages of strong
adaptability and accurate measurement, triaxial compression experiment method has been widely used. However, this method

SR XUHb, Wi, 615, ISR, RS, KR, skig . BT RS RR SR S AR A R EE SR T IY . AR E
2022, 04: 532-542
LIU Hongtao, BO Kehao, JIN Yan, LU Yunhu, ZHU Jinzhi, ZHANG Zhen, ZHANG Feng. Determination of rock strength parameters
during drilling based on continuous scratch tests. Petroleum Science Bulletin, 2022, 04: 532-542. doi: 10.3969/}.issn.2096-1693.2022.04.045

©2016—2022 HPEIAIRAE (dbat) TR I R EAT B F) www.cup.edu.cn/sykxtb



FET RS IR S0 2 S AR DR S A 533

has high requirements for sample making and which will lead to rock sample breakage, so the sample can’t be reused again.
Because it is difficult to make standard samples of complex rock mass, this method is not suitable in complex study. In this
paper, based on the mechanical model of rock scratching with sharp and blunt cutters in plastic failure mode, and combined with
Mol-coulomb criterion, the mechanical model of rock cohesion strength and internal friction angle were established by using the
force of rock breaking with cutters. Then, with the continuous scratch test device, the influence of the order, location and depth
of the sharp and blunt cutters on the rock breaking mechanical behavior of the cutters were evaluated, and the scratch parameter
setting methods and scratch tests process for accurately obtaining the rock breaking stress curve of the cutters were proposed. The
normal stress and shear stress were obtained by cutting the rock sample with sharp and blunt cutters, and then the rock mechanics
parameters including cohesion strength and internal friction angle can be obtained by substituting them into the calculation
model. Compared with the traditional triaxial compression test, the values of rock mechanical parameters measured by using
the continuous scratch methods were consistent with those measured by the traditional triaxial compression test, and there was
a certain proportion between them, which proveed that the new method is feasible. The new method requires simple sample
preparation specifications, short experimental time, and can test rock strength parameters of complex rock. At the same time, the
whole structure of rock sample will not be destroyed in the process of experiment, so the experiment has strong repeatability,
which provides a new idea for the test of sample strength parameters before and after water rock interaction, and also provides a

new method for the study of hydration.
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Fig. 1 Forces models of sharp cutter and blunt cutter
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Table 1 Parameters of TerraTek scratch test system
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Fig.3 Scratch test system
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Fig. 4 Mudstone of an oilfield in Western China
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Fig. 5 Snapshots of scratch tests with different order
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Table 2 Results of scratch tests with different order
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Fig. 6 Snapshots of scratch test with different grooves
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Fig. 7 Forces applied on the cutter for different grooves
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Fig. 8 Snapshots of failure modes with different cutting depths

Ui SRR AT TR YRR XL, X T
SRS AMERR A0 G

3.3 LHRIE

T AR RIR S B BURE b, B T S
R S0 7 A R SR LA DR

(1) 3R A

FR A RIR R VR ZER PEAT A FE I T, Ko T 5
IREECT Je R N 8 s SIS E, IR LA—E 4
JRREESEATI VI, AR T3k 7T DL S i R R T 3
A4

(b) FI3R0.4 mm—4ii 7] 3k

(2) B

g/ NI 2, SRR T A 0 2 1k,
X 4E 10 mm B30 IR £ 5 a5 (100 > 0 RS R a] Sy
— AR A

) RIIRSH &

AT LA TS RN 52 m , DAAS [A] R JR I
JEHATEREOR, AT IS BEA RRIE e SRS
B RR R X H] . P RIE IR, Al JEFTAH4R
P BRI

(4) 5 B 24500 X

AR T 180T S B o 1) S IR S O R A T S )



538 AiEEER 20224 12 A 57 B 4 W

S, ORI, HH AR S THRESHORY. IR SHOVA X, R
JA PRSI ) —
LD
4 IR 41 SIRBHWERR
B SCRFAES T 7 ML BRI (SRM 6l —RUEGTE, AUTRETI S 511 0,05, 0.08.

FRUEDDY, JrRINT AYERE Sk . BYEE Sk CYEE SR A AT 0.1, 0.15. 0.2, 0.25. 0.3 mm [ & JE IR & 4K R dE 47

(f)

(9) F3%0.25 mm—4h 7] 3k (h) E3%%0.30 mm—4k 7] 3k

9 FEERXIR
Fig. 9 Snapshots of scratch test with different depths
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