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Rock strength prediction based on scaled linear cutting test by disc cutter

GENG Qi', LI Xiaobin' , HUANG Yufeng', WANG Xuebin'* , YANG Mulin', GUO Huichuan®, ZHANG Huijian’
(1. Key Laboratory of Road Construction Technology and Equipment, Ministry of Education( Chang’an University ) , Xi'an 710064,
Shaanxi, China; 2. China Railway 18th Bureau Group Corporation Limited, Tianjin 300222, China; 3. School of Civil
Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: In order to support geotechnical and rock sample selection in tunnel engineering and rock strength testing in on-site
construction, the research used scaled linear cutting test to infer rock strength. A total of 9 batches of rock samples with uniaxial
compressive strength of 50-230 MPa were collected from tunnel engineering sites and rock mines. Rod-shaped and block-shaped
samples were prepared and subjected to uniaxial compression, Brazilian splitting and scaled linear cutting test respectively ; selected 7
batches of test data to obtain the fitting functions of the uniaxial compressive strength, splitting tensile strength and normal force
mean, peak value and peak mean value of the scaled linear cutting test, and used the remaining 2 batches of test results to verify the
accuracy of the resulting prediction model. The results showed that the fitting correlation coefficients between rock uniaxial
compressive strength and normal load were greater than 0.9, and the fitting correlation coefficients between splitting tensile strength
and normal load were greater than 0.8, indicating that rock strength had a strong linear correlation with cutting load. The verification
test found that when using the average normal force and the average peak value to verify, the error between the predicted value and
the experimental value of the uniaxial compressive strength of the rock was less than 5%, and the error between the predicted value
and the experimental value of the splitting tensile strength was less than 10%. It showed that the built model had high accuracy.
Using the test methods and models proposed in this research, the strength of rock samples could be quickly and accurately estimated,
which provided an effective means for rock sampling during indoor testing and rock strength assessment during on-site construction.
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Fig.6 Uniaxial compression and Brazilian splitting failure morphology of specimens a-i
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Table 1 Uniaxial compressive strength and splitting tensile
strength of different rock samples

RRE R o /MPa o /MPa
w5 T ORAM WM FEARME  HE
1 55.06 4.550
a 2 45.88 52.44 3.230 3.68
3 56.38 3.260
1 70.49 4.838
b 2 80.51 75.49 4.742 4.25
3 75.47 3.171
1 88.55 5.230
c 2 88.15 89.93 6.650 5.51
3 93.09 4.650
1 94.67 7.670
d 2 95.72 93.83 7.310 7.18
3 91.09 6.570
1 123.56 9.320
e 2 92.76 117.32 7.990 8.95
3 135.64 9.540
1 125.15 8.990
f 2 130.86 129.51 8.940 9.01
3 132.52 9.100
1 151.45 8.090
g 2 129.76 158.65 8.500 8.38
3 194.74 8.550
1 193.10 24.960
h 2 200.40  201.90 25.670 25.18
3 212.30 24.920
1 236.12 18.960
i 2 230.99 234.56  23.490 20.96
3 236.57 20.430
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Fig.7 Cutting failure forms of each batch of rocks
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Table 4 Prediction models and statistical parameters
A Ak E brifEZE  BriRZE tH F{H )G R
A 32.29 1.50 21.46
o, =AF+B 7.52 460.36 0.958
B -21.37 7.85 -2.72
LILHE IR A 18.48 1.20 15.41
=AF,+B . 237.44 .922
SR Te= Al B -12.84 10.38 1406 -1.24 77 09
A 31.11 1.37 22.66
0. =AF p+B 6.77 513.64 0.962
B -21.58 7.44 -2.90
A 3.71 0.40 9.34
o,=AF+B 0.52 87.29 0.812
B -6.73 2.07 -3.26
BERT _ A 2.21 0.21 10.77
R R o, =AF\,+B B 6,46 L78 0.55 364 115.95 0.852
A 3.54 0.39 9.02
0, =AF p+B 0.41 81.36 0.801
B -6.60 2.13 -3.11

7 HEURAS TR A 1R [ 28wy 5 0% o7 2 A Uk
NG HR B A B h e an i 9 BraR, R 9 1l
H, A A0 BT 5 R VR T DI 1) R
FLA A 0 BT 5 B 5 3 1) B4 v ) ) W AE
gk g SEE LR BE, —H A WHER
B9 0.958 3.0.922 0 1 0.962 5, LA /MR
JE BRI HNR 50 VR J1 3 8] 7 ok B 25 A7 Bl b
FESREESERIATIY 3 A TSRS (9 & S 500
B & B, 1) FH 3 1) 7 W (A5 ) %) 00000 A 75 (%) 359 Jr 1
2SR 1) 3 BB R 1) g 06 14 o D00 A5 7R 1 7 4%
ot BF ) FH LA A 1B %) 000 {5 52 o L 2 3K,

UG ISR AR T3k 1) 1 PR AN 1) g e 33 (6 3
1, 75 FE IR DA 05 fi g U {2 B8 > D) W) e rp A —
I 20 ) B AL, A2 A0 b TR W R, 3 SO Ui
P BALK, AR TR

7 HERAN RN A7 AR 1) 8 5 36 A A1 iR
BEZLGURO0 B A ILG A AN 10 o, hI&l 10 A
T e A aRE B B TR SR B A5 0k 1) g B (R vk 1)
TR AL 1) IR E AR AIE I G R AR E, =
F LA A XIS R LBEER T 0.8, LR T EZLD)
FRIR IR 13k 1) 1 BN A B SR 5 R
AR M R v 1] A S A B T 55 R A



118 TR N NI

»e
£

L,
&

fie (T Ji) %55 &

LU, T A A7 B 400 5 B A4 HE R LA BT T I, Al
RESRLDRAT < A B BT o B B/, 9 A A
(B SLPTRLR BE /N T 25 MPa, Hoh il A a—gBU(E
e/ kA g—h BUE NS K, FBEUG B
75 EAT L0 VU BY 20 I, S S0 £l ) e HOAS
Al ,GCTS i f1 =R RGO IIE k|, 1 22 D RER R
RERHL N = Ak, (A W 2 L A A B ST
SREEAFAEZE S (H 22 S Al e i 55 45 R B/ B S Ik
TSR f) 3 T

275
250
225
£ 200+
2
= 1751
i
]£ 150
E 125}
F
2 100} . Wi
L A U
75 —— Y=-21.370 8+32.289 6X R*=0.958 3
A —— Y=-21.583 0+31.108 9X R*=0.962 5
S0 m a —— Y=-12.840 3+18.476 2X R*=0.9220
L) 4 6 ) 10 12 14
1215 F3/KN
PO ki 43 5 Sl e T B2 AR5 1 2%
Fig.9 Fitting curve of normal load and uniaxial
compressive strength
30T
LS A
251 [ o] A
ne A
g 2071
P2
=
= 15F
=
:‘*S
10
R
[T
o R
St A gl
T Y=-6.731 9+3.705 3X R*=0.8118
T Y=-6.603 5+3.539 5X R*=0.800 7
0 | T r=64617422087X R=0.8518]
2 4 6 8 10 12 14
I J1/kN
K10k 1] 80 5 B 4015 B2 F P05 1 £
Fig.10 Fitting curve of normal load and splitting
tensile strength
32 TUREYIGIE

H1 3.1 5 08T T, R A A 43 ) 7 34
I [ WA (R TOEIN o A7 14 BB T s i B 2Rt
P TSR B e iaRE C R B L R
FIEHE AL T EARAR 4 UG A US4
RN 5 Fron, w5 Al g, Sk R o B U5 7
T, PR A IR A 1] T S4B 1) ) W R (L T
M AEA SE PR E IR 22 B, B e 5% LA, T

(i PRk 1) S (B S O SE RIRZE T 10% ; B RTHL
iR AU 518, AR PR 1) S5 {ERIN 1) o 42 fEL 0
MIEE R G L PRE IR ZELE 10% LN, 10 JJIE(E LG
MIZRARZE RO, B 5 T U030 B
AR AT VR AT AT R A F DT B T e 4 B
LTI L EIRRIEHON  [H il T £ BT o
JEXERSAH L35/ oA P 5 S PR LA MU (RN I
FAZEANT RTS8 B2 I 47 T3k 1] 249
I 1] MR () T AR
K5 PARhYTTR S BRI LS A RN L

Table 5 Comparison of fitting results between uniaxial
compressive strength and splitting tensile strength
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Table 6 Data from field penetration tests in Zijing Tunnel
Project and the predicted rock strength values
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