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Optimization Study on Indoor Alternative Method for In-situ Direct
Shear Test of Rock Mass Structural Planes

ZHANG Rui, WANG Fan, CHENG Jiayang, ZHANG Sihang, ZHANG Jinge
(Shaanxi Water Resources and Electric Power Survey, Design and Research Institute ( Group) Co. ,Lid. , Xi'an, Shaanxi 710000, China)

Abstract; The shear strength of rock mass structural planes is a core parameter for dam design in water conservancy
and hydropower projects, transportation infrastructure projects, as well as for the evaluation of slope and surrounding
rock stability, and it needs to be accurately obtained through in-situ direct shear tests. However, this test is restricted
by the complexity of structural planes and involves adit excavation, which leads to problems such as high cost, long cy-
cle and significant ecological disturbance, making it unable to meet the needs of efficient investigation. Researchers
have proposed an alternative scheme of indoor medium-sized direct shear tests: using 3D printing to replicate natural
structural planes, combining with a self-upgraded synchronous loading system to conduct multi-size and multi-lithology
tests, so as to study the size effect and establish an alternative method. The results show that for hard structural planes,
the 20 ¢cm X 20 em specimens have the smallest deviation in shear strength compared with in-situ test results, and can
be accurately used as a substitute after correction with the anti-shearing coefficient of 0. 81 ~0. 90 and the shear coeffi-
cient of 0.95~1.05. For the structural planes of siltstone-feldspar sandstone interbedded bodies, due to disturbance
during specimen preparation, 15 ¢m X 15 c¢m specimens are preferred, with correction conducted in combination with
the stress release compensation model. This method has been verified in the Dongzhuang Water Control Project and the
Sanhekou Project of the Hanjiang-to-Weihe River Water Diversion Project. The investigation cycle is shortened by more
than 40% and the cost is reduced by 60% .

Keywords: rock mass structural plane; in-situ direct shear test; indoor medium-sized direct shear test; size

effect; 3D printing; shear strength
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(0.5.1.0.1.5.2.0 MPa) filnzk, &2 547 30 min 5
FInKSF- 59 91 7, R HIAE 0.5 mm/min, [ 5%
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20 ¢cm x20 c¢cm 1.28 0.32 1.15 0.24 1.15 0.20 0.95 0.12
15 em x 15 e¢m 1.23 0.64 1.13 0.44 1.15 0.40 1.02 0.24
10 em x 10 ¢cm 1.00 0.44 0.93 0.28 1.00 0.56 0.93 0.32
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JER £ =0.62 [ HLAE R 1. 23, ¢’ =0.25 MPa, 5 &
fiic" =0.31 MPa fJ LU~ 0. 81, AR RSP ALK A
SR PR S EOLE 5,

TR EERTH :20 em x 20 em K £/ =1.09, 5
JERE £ =1.19 [ ELAE R 0. 92, ¢’ =0. 54 MPa, 5 &
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ARSI — KA 0 BAR BT BT 5 B 2 0L
x,

x5 ARRTRNASEHENTEESH

—_—— FRRLRLAE
' ¢'/MPa f ¢/MPa
50 em x50 ¢cm 0.62 0.31 0.52 0.25
25 em x25 c¢cm 0.75 0.23 0.70 0.20
20 em x20 ¢cm 0.90 0.25 0.73 0.09
15 em x 15 ¢m 0.78 0.28 0.64 0.21
10 em x 10 ¢m 0.75 0.80 0.60 0.36
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TEEQ?%EEE{jEﬂ%E%{%(f=O 80,5E1ﬁ 50 em x50 cm 1.19 0.29 0.96 0.26
f:O.SSE@t[:ﬁj%]l&S),zO em x 20 cm JRAE P 25 20 ecm x20 cm 1.09 0.54 0.97 0.20
ﬁ}i}%‘?}nij}?pﬁﬁ%fgﬁ%(fzo98,t[§{ﬁ%7169)0 15 cm x 15 em 1.00 0.72 0.82 0.28
%7 FRARTHDE - KEDEERKANEESH
—_— BB D A S KA HAR R PeBt A S KA HAR R

& ¢'/MPa f ¢/MPa 7’ ¢'/MPa N ¢/MPa

50 em x50 cm 0.75 0.39 0.58 0.14 0.75 0.34 0.56 0.18

20 cm x20 cm 1.21 3.80 0.98 0.45 1.21 2.05 0.81 0.30

15 cm x 15 cm 0.98 2.90 0.80 0.30 0.88 0.36 0.65 0.04
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I I RETICAME < B R 56 PR 7 ) B i 58 e (HL
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SO SR 5 T ELAR TR ARE v 5, RS0
RILH 8,
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BRI BT TE 3 A H IOKR] LA hRAIE, 1
BRI 9. BARDy : QAR KRR A T2, R
20 em x20 em KA AT TR R B 3 B E)S
£=0.92,¢=0.24 MPa, 55 {7 X% (f = 0. 96,
¢=0.26 MPa) {2z <5% , %M 3 D H 4555
1.8 /N J, A M 620 J7 JC i & 248 Ji G, 15 2
60% ;@5 BLTIE =37 1 TR, 46 1 5 45 A4 T 2%

20 cm x20 em iXFE B IE)S £=0. 88,c =0.23 MPa,
SIFAHRL (f=0.90,¢ =0.25 MPa) ffi 2% <3% , #t
B 7 2 AR FFEZ D0 R i 400 m’ | AR S B i
AR Oty WK TR, b - KA BARAR
FKH 15 em x 15 em i B IEJG £=0.78,¢=0.28
MPa, 5 5 (f=0. 75, ¢ =0. 34 MPa) 2% <
8% ,hEZRRIRETE 40% , Jy AR SL AL B 1AL T RS
MESH.
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RIKFMRAL e T e b 20 emx20 em  0.92/0.24 MPa  0.96/0.26 MPa <s 40 60
BIDOFE =W ERA RS 20 emx20 em 0.88/0.23 MPa 0.90/0.25 MPa <3 40 61
WA B E-KAWETEE 15 emx15em  0.78/0.28 MPa 0.75/0.34 MPa <8 40 58
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