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Abstract: In order to reveal the deformation and strength characteristics of loess in the process of Bore-
hole Shear Tests (BST), the normal displacement sensor and shear displacement sensor were in-
stalled in the traditional borehole shear instrument, and the modified borehole shear instrument was

applied to the BSTs at different depths in a typical loess stratum, Xi'an. Meanwhile, undisturbed soil
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samples were taken from the adjacent exploration well for triaxial consolidated undrained shear tests,
and consolidated and unconsolidated quick direct shear tests. Finally, the shear strength parameters
measured by different test methods are compared and analyzed. The test results show that the relation
curve of normal stress versus normal displacement can be described by the penetration-compaction
stage, quasi-elastic deformation stage, and plastic deformation stage. The shear failure process under
the first normal pressure goes through the short-term elastic stage and the long-term elastic-plastic
stage until it reaches the relatively stable shear strength. The shear failure process under the incre-
ments of normal pressure goes through the elastic stage when the shear stress increases from zero to
the proportional strength, the elasticplastic stage when the proportional strength increases to the peak
strength, and the yield failure stage when the peak strength decreases to the residual strength. When
the normal stress is in the range of quasi-elastic deformation stage, there is a good linear relationship
between the shear stress and the normal stress, which conforms to the Mohr-Coulomb strength criteri-
on; The internal friction angles measured by BSTs are generally higher than those of triaxial consoli-
dated undrained shear tests, consolidated and unconsolidated quick direct shear tests, but the cohe-
sions are lower than those of triaxial consolidated undrained shear tests and direct shear tests except
that it is higher than that of direct shear tests in shallow stratum (within 10 m depth).

Keywords: L.oess; borehole shear test; deformation characteristics; strength characteristics; shear

strength parameters
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Table 1 Summary of the basic properties of loess, the results of BSTs, triaxial shear tests, and direct shear tests
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T17 156 16.1  1.33 11.0 —0.15 22.1 13.2 0.983
At KT 269 290 254 289  — —
FH 396 224 242 226 21.3 236
T18 16.6 13.4  1.34 107 —0.36 31.6 33.7 0.980
KE 357 211 22.8 21.8 — —
FH 531 222 287 244 336 244
T19 17.6 16.4  1.39 108 —0.10 17.7 385 0.996
KFE 394 206  25.0 251 - —

CIEZ5 Py Py ) 85 R A0, R4 2K T 00 CR R R BE
A TR BORE 5 1)) B /08 T = Al (CU) F B 3 3 56

1110

CFETZ5PRBT PRI S5 . & 10 P 4 AT A L 36
535545 BTl B 2 R R 0 i B i ] 4% ] sk )



HHH/kPa

—4=V: TST-CU
—-—-V: CQT
2=V: QT
——H: TST-CU
-8-H: CQT

(a) BED

FEESF /(%)
45 60 73

V: EEH
H: #CFH
-o-BST

e 4+ V: TST-CU
5 g —-V: CQT

s -*-V: QT
1\& — H: TST-CU

-8-H: CQT

20t
(b) AEEHEA

10 S R 56 7 vk A5 4T 0 5k B 2 HO L 25 2R
Fig.10 Comparison of shear strength parameters measured

by different test methods

e M N EEA R BB . NEERE,
TAEYEI R E SR W R AL,
UL AL, JBORE 18] 16 45 il A 22, S AR AN BRUE
Ty e 38 U 5 2 2, UK B A, Bk 5 B 2, B AR
P s, UL [ 22 DI 140 42 fi i o 286 60 FBL, 45 4 4 X
B E , BAT B g 2 s b 2 R R AR
BTG O Holy e T TR LB
75 S A B b R B M P DA A 286 2R i A1

3 it ig

b S = s 8 T 3 B I B 5l R 2 2 T Y
25 5 R 22 R A % . AWK AR
IR b AT, NI, A 5 252 8 [ 45 HE K 1), 8
PR b =0 Y U1 5 R B 22 5N

(1) 76 B AL ST U156 vh, 39 9 i — 0 o 144, 55
— 0 Sy WA DA T DDA, A AR A v 1A 2R
BN G A TR D ) R N o e SR TR 7137
7 (), B ) 2k A5 5 D) i AR A AR A BT ) o FE Y

DA — € A A B i 55 10 o e Ak, AT ik
B3 VR I B 00 15 X fLEE £ 0K g & 1 L 68
R, [ B PR AIE e A S A i I IR, A BE DR UE I 4%
TARH S PUTRIE SR

(2)fE 2 N BB s b, 59 D (47 ) P9 34 i 4y
G S R P R 7T PU e o DRI NTTR AR TR
(T35 470 59 i B2 I i TR A 1) SO TwT 3530 ) , 57 1)
IR Sfe Il G 0Tt , BT U T L 95 YR T3 73 A AN ¥ 2
(NG RkAN EFRER), 5 U) A —E Lk
F1% 5 Y4 555 TR

(3) 7 =Tl 57 U1 1L 56 o, ke 7 B A T [
45 ke B B IR 25 B — R IA S il 2T 2 AR
TR 114 i 9 55 T AL TGS BEE A T BT A o R E AR
R T A AT A, SURE R AR LS B AR B
PR B 2 U A AR B i S T

R =AM TR R A 22 5, S 2T e
A5 B4 T BT 58 B2 2 40 () A 9K A7 0 PRI Al 22,
TEHLBE i 7 2 A ROk o — LR %8 F) H AT B
b M DXCAE TR BT AP SR A BT BT 95 I 4R AR 2 02 i
I A, 2R A AL BT V)R i o
i £L 5 D0 3 56 i 0 T BT o8 B 2 80 A R 4 R
Z[A) B4 22 S, LR UE X BT 5T 50 B 2 50 & BEIROT

S S a iR PG 22 v i AL BT DR SR
TG AL BT U B AR P 5 0 R AR B R
4510

(1) FEr M & AF T 3k 10 6 8 il 2 4 =
A FEE B B 5 U A A0 FLBE e TR B AR R A
00 T 5 T B 5 95 1) 52 B8 B 5 1) 17 7 B 2 P
A RL 5 A A T B B 5 vk 180 52 8% B 35 1) L 7 2 i 26
B R, L2 R A I 04 2 A I B B

(2) 70 5 Y13k 0 B LB VI SR o A
&S LA N N LR P I AP NSRS L S NN 2R
R, B AR PR X AR E (H; S5 S0 SOk W B ST, 5
DINE 3 8 Jfe DN 2 4 496 O 2 L {915 B, 3 i e 3
R ZE WA R, i PR IR B AR AR O

(3) Al FL 95 DI 58 A4 3k fia) 17 7 5 42 ol 7 (0L 58 4
AR B, DL B 05 D) 3 5 L RE iR S K [
I b A A R 2 T 0 A i IR IR, I L 55 )
U 1 3 18] B g 5 89 U ) 22 18] H A B e B 2R
H SN | REBAF B 7T & BE JR T AR B IR U

1111



(4) Al £L 35 D3 90 D0 A5 1) PN B 48 1 30 ol v T

B9 (CU) AELBY 356 (8 45 PR BT PR BT ) 4525, (3
BB I BRAE AR 2 (10 m ) s F B BT 5 ([
SEPR BT PRBT) AR AN BN T =K (CU) A
O (25 PRy PRBT) 25 2R

S % 3Tk :
(1] XU ¥k o 5 TAR M. P % BRPERR 4 A i

[2]

[3]

[4]

—
w1
[

[6]

(8]

[10]

[11]

JRAt, 1997 1-25.

Liu Z D. Loess mechanics and engineering[ M ]. Xian:
Shaanxi Science and Technology Press, 1997: 1-25.
(in Chinese)

W/hvE, IR, B ZE . A st R 5 TR 42
BEAIIM ] 2R T RS2, 2016, 49(2): 98-120.

Shen X K, Cai Z Y, Cai G J. Applications of in-situ
tests in site characterization and evaluation [ M ]. China
Civil Engineering Journal, 2016, 49(2) : 98-120. (in
Chinese)

Handy R L, Fox N S. A soil borehole direct shear test
device[J]. Transportation Research Record, 1967, 27:
42-51.

Lutenegger A J, Timian D A. Reproducibility of bore-
hole shear test results in marine clay[J]. Geotechnical
Testing Journal, 1987, 10(1): 13-18.

Drnevich V P. Suggested method for performing the
borehole shear test[J]. Geotechnical Testing Journal,
1987, 10(1): 19-25.

Hong Y, White D J, Schaefer V R. In-Situ borehole
shear test and rock borehole shear test for slope investiga-
tion[ C]// Geoshanghai International Conference, Shang-
hai, 2006: 293-298.

Handy R L., Schmertmann J H, Lutenegger A J. Bore-
hole shear tests in a shallow marine environment. In:
Chaney, R.C., Demars, K.R. (eds.) Strength Testing
of Marine Sediments: Laboratory and In-Situ Measure-
ments [M]. Philadelphia: ASTM STP 883, 1985:
140-153.

Lutenegger A J, Remmes B D, Handy R L. Borehole
shear test for stiff soils[J]. Journal of the Geotechnical
Engineering Division, 1978, 104 (NGT11): 1403-1407.
Lutenegger A J, Adams M T. Tension tests on bored
piles in residual soil [J]. Geotechnical Special Publica-
tion, 1999, 92: 43-53.

Miller G A, Azad S, Hassell C E. Iowa borehole shear
testing in unsaturated soil[ J]. Geotechnical Site Charac-
terization, 1998, 2(1): 1321-1326.

White D J, Handy R L. Preconsolidation pressures and

1112

[13]

[14]

[16]

[17]

[18]

soil moduli from borehole shear tests[ C] //Proceedings
from International Conference on In Situ Measurement
of Soil Properties and Case Histories, Bali, 2001.
Abdelsalam S S, Suleiman M T, Sritharan S. En-
hanced load-transfer analysis for friction piles using a
modified borehole shear test[J]. Geotechnical Testing
Journal, 2012, 35(6): 1-11.
Tk, AEE, X, & RFL oY Or i K H A
LR AT, A Ji4%, 2016, 37(12) : 3635-3641.
YuY T, Zheng J G, Liu Z H, et al. Borehole shear
test and its application to loess[J]. Rock and Soil Me-
chanics, 2016, 37(12): 3635-3641. (in Chinese)
A, LA, i Ik s AL BT Ui
56 BZ IR W AR AE [T ]. A T35, 2017, 38(2) - 453-461.
LiJJ, Kong . W, Mu K. In-situ borehole shear test on
expansive soil and its strength characteristics [J]. Rock
and Soil Mechanics, 2017, 38(2): 453-461. (in Chinese)
AR, LA, sk el . R AR AL g Y D) e
Ptk B B - sRBEIIWE ST [T]. A b TR AR,
2020, 42(9): 1723-1732.
An R, Kong . W, Zhang X W. Mechanical properties
and generalized Duncan-Chang model for granite residu-
al soils using borehole shear tests [J]. Chinese Journal
of Geotechnical Engineering, 2020, 42(9): 1723-1732.
(in Chinese)
BICHL, BT, FEAR, A TR AL ALY Ul R
TERRWAR Py LT, Bz R 5 T, 2017, 17
(34): 289-293.
Feng W K, Yi X Y, Bai H L, et al. In-situ borehole
shear test and its application in residual slop soil[ J]. Sci-
ence Technology and Engineering, 2017, 17 (34) :
289-293. (in Chinese)
kg, AR, WMER, S5 OHALE 5 CR LY DAL
Wt S 5 003 o A [T, 3 R 588 R o 4l ( A SR B o
W), 2019, 38(11): 90-97.
Zhang JJ, Ma D H, Zeng P Y, et al. Development and
test analysis of a new portable borehole shear equipment
[J]. Journal of Chongqing Jiaotong University (Natural
Science), 2019, 38(11): 90-97. (in Chinese)
WRAZ T . 4 T I i AL 5 U0 36 1) 05 300 35 7 P A {1
B — LA R 7 0 b = 3 R I (D). db st . o b
BiRAE (LR, 2018 26-45.
Cheng J X. Numerical study of the control of a backfill
slope based on in-situ borehole shear test-take Nanping
—XKaiyuan real estate slope for example [D]. Beijing:
China University of Geosciences (Beijing) , 2018:
26-45. (in Chinese)

(AKXt RANE)

(T#% 1120TT)



