55 44 % 55 2 ) Y/ S | B S Vol. 44, No. 2
2022 4 4 A JOURNAL OF GLACIOLOGY AND GEOCRYOLOGY Apr. , 2022

DOI: 10. 7522/j. issn. 1000-0240. 2022. 0053

YUN Qingfei, XIE Chunlei, ZHANG Ze, et al. The solution of the double-sphere model and experimental research of the long-term shear strength
of frozen sand based on spherical template indenter test[J]. Journal of Glaciology and Geocryology, 2022, 44(2):485-494. [1#Ig &, & &,
KPR, A5 BRI R 2 0BT BT 98 B 1 SUBR AR A 25 B I oE [T, kIR L, 2022, 44(2):485-494. ]

RS 32 7 25 b 4K A 7 BT 5 T RO S EK A B
fARE R IG5

BEwx, #WEEY, K

XNEES, M, x| B’

(1. BRKYLA + TRARAE, [ 200093; 2. RO RE: + K TR /A8 0 24 Be /€ X B4 5 TR B , B IETL I /R I 1500405
3. EMIRE BRTRYS 32, Holt 220 7300005 4.t EFR B PUILAR SIS IR T e o b TR E K S
T 220 7300005 5. PISET A XSS AL TR A I 268 5 3, SRl RN A 010051 5
6. F 4k 5 7 JECHE A A BN ), 75967 7677 810000)

B E PSR A R T KR P R S AT, S SR LR )2 T RS R o
PRI, JE R A E VR4S ) SR R ) B AR N B3 0 AR SO BROE AR TR A S 20 7
() RLAR 2R 25 40 A S0 S5 A0 R0 5 0 (A ST T 57 i 2 ) e P 1) 4 72 A LR, 5 ) P 38R 23 g 257 2 1) i) A
FOBIFSE 515 | A2 H AN [ 180 5 A 28 6 2 1 T RO AR Sk TR AR ZS 0 iR TR S, =2 (1] ) A L 5 4
K WIFEEREN] A R b, URESHD 1 R ST 09 5l B2 B I 1] S (A 4, e R h PR 20, B
KAEAR AT 24 W TRGE , HURERD £ KRBT 3 2 -5 00 1 A9 0RO B I A SR I G 3% 5 1
7. 0 kg [ 17 2R 960 A% 11T A5 21 14 e A TR BE Bl I 1] 242 1 h 2k 285 e Jm A5 B A LA IR S TE 5. 1 ke 181 7E
A7 AR 0 A% 1 T 45 2 9 P A TR BE Rt 18] A2 6 ) S0 b 2 He g, BAT B U B 5 A DR AR 2L U5 At
ARG L AT B i JEE Bl (1) 22 e h 2kt 5 5 00 h 2k B Bl 2

REEIR - BB POOTHRIE s VRASHD L5 R s NURRAEAY

FE S ES: P642. 14; TU445

0 5|5

TR o0 A -0 A A A IR XY
TET RO o [ TR 22. 4% . VR AR — Ry
IRAE T, 52 B P KR ES W B e B V2l
A BATRPERT MTEdR L AiE 2B, R+
F4 728 2 5 i B (1) AR 2 ) O b DX T AR i B A SR
[ H T, CA VR 258 X R b i A S i
JEHEAT THTE , (EX LEF T R 223k T = il ol
SR AT 2598, A1 0 BROE SR AR (LUR
] PR BRARASGSE ) B BIS OF AT A B o DIAERY
PR B BRI BF T VR - B4 4 B ) 2 o
B, BB R R e B S 5 BE BEAT AT ST, SRRSO

fm HE: 2022-01-27; &iTHHEA: 2022-04-09

XHEkFRERD: A

XEHS: 1000-0240(2022)02-0485-10

VRS DRI 4 19 4 H00 5t J52 o v 4 2 U B
AR HEAT TS 5 Rl TS LA B SR B b g F %)
G, T AN TR R BRAG 2R U R AR BRI KM
5if BE AR A R s DR R A5 LA AR &5 10 & Ofr £
B AR BEFERT R 8 e RS X R S o R
AT, 3 A I 56 BE HEAT T Pl . T MLERASEAY
I8 7 AT 0 R e 300 5 B 3K — 75 T 2 N e AR
2R A R AT E BB o (HAZBR T RRAEAGA 5
i A PR i 2 0 ) 5 i 7 A R I AR B B
M T 0 10 g - AR R LA ST —
5, BRI 56038 i BRI AR AR T Sk (LR 1 3k
TR 3k ) P PR AR TR B2 SR A B 4 (A g 588 2 5 g 2

HETIR . W VT4 388 4% %48 HAA BR A JRHIF H (JT-100000-ZC-FW-2021-0129) ; 6 57 [ IR BF #5425 (51 23 (NSFC ) 5 2 Wy S Al iF
473445 (RFBR) A EAC I H (42011530083 ) 5 A 1A FIRHEAF 58 & 1121350 H (QZ2021-G03) ¥e )

BB 1E0S C BV TR, NSRS + TA2HFST . E-mail: 837117562@qq.com

BIS1EE: KPR, 2002, N FEX T S5 MEEF5T . E-mail: zez@nefu.edu.cn



486 7K JI

7 + 44 %

TR, P S AR 32 T DU TR Sk TR A TR FEE =2
[ R 20 AT AT Y

PRI AS SO T BRASEASA G, LS [RD KA 2 1
ALK PRES D b (R ACIR A TR IR 5 7K R 2 R R
TR ) TR R I R R A A A%
PEANAE AL b 0 18 5 r BN [a] ) 26 4 T BRI Tk
JE A b VAT B2 i N 1) 472 A R o R A% LA
YRGS L Z [ A ELAT LU 2 I8, 2515 BN W) [
107 2 AR A5 F T BROE AR Sk T A R 45 0 0k
RIE S, Z M AR B R e oe 2, iR IE vk A A0
AT A e LS

1 REHENEBIRNTA

1.1 BREGRLE 4R

BRAESGRIE M) 2z ] T S A v 1
JIAEFE R T R I R g 2 1 B — T
DRI TR T LAY =i S B 0T
BRAASGA S HAT L6 A 1, A 2RI, I ] 2k
AT EFAI R PR A DL AR, BRSO R A B 2
—PERORBGR . BRI SR Y Sy T A
FEVEAR SR AR A B PR BEIE , 154 [C (Brinnel) i B2 4
F10 S i PR, BRASEASC e ) 7 L A T i s

K1 BREAL AP
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Abstract: The distribution of frozen soil in our country is very broad, and the area of permafrost alone accounts
for 22. 4% of the total land area. As a special kind of soil, frozen soil has many properties that thawing soil does
not have due to the influence of ice cement in the soil. Among the many properties of frozen soil, the deforma-
tion and strength of frozen soil are the basic problems affecting engineering construction in frozen soil areas. The
spherical template indenter test is widely used in the test of the mechanical properties of frozen soil because of its
simple test process and relatively accurate test results. Compared with the conventional triaxial test or direct
shear test, the test process of the spherical template indenter test is simple and easy to implement, the test period
is short, and the sample preparation requirements are low. The advantage of effective cohesion is more signifi-
cant. Therefore, based on the spherical template indenter test of the frozen soil, this paper estimates the strength
and mechanical index of the soil through the indentation depth of the spherical template indenter test, and estab-
lishes the relationship between the force of the sample and the indentation depth of the indenter test. The specific
test method is as follows: take the water-saturated frozen sandy soil made of different particle size groups (the
moisture content of the sample is affected by the particle size in the saturated state ) as the research object, study
the variation law of the depth of the frozen soil sample pressed into the soil by the spherical indenter with time un-
der the conditions of different fixed loads. By comparing and referring to the frozen sands of each particle size
group, the long-term equivalent cohesion of the frozen sands of different particle size groups is summarized.
The change law of force (long-term shear strength) with time, and the research method of elastic mechanics to
solve space problems, summed up the mutual conversion between the depth S, of spherical template indenters
pressed into frozen sand samples under different fixed load test conditions relation. The research results show
that the long-term shear strength of frozen sand based on the spherical mold test is positively correlated with its
particle size. At the same time, since the ice content of frozen soil samples is proportional to its particle size, the
long-term shear strength of frozen sand is also proportional to the test. The ice content of the sample increases
year-on-year; the long-term shear strength of the frozen sand is related to the maximum contact pressure on the
contact surface between the frozen soil and the indenter during the test, which can be expressed as C, = yg,. The
size of the relationship coefficient y is inversely proportional to the diameter of the spherical indenter. In this pa-
per, the spherical indenter is selected as 22 mm, and y=3. 82x107°. By establishing the relationship between the
maximum contact pressure g, and the long-term shear strength C, When the maximum contact pressure g, is the

same under different fixed loads, the long-term shear strength C, is also the same. According to this, the depth
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curve and the freezing depth of the frozen sand pressed into the soil by the spherical indenter over time under dif-
ferent fixed loads can be converted. Long-term shear strength curve of frozen sandy soil with time. It has been
verified by experiments that the conversion curve of the depth of the indenter pressed into the soil with time un-
der a fixed load of 7. 0 kg is highly consistent with the measured curve of the depth of the indenter pressed into
the soil with time under a fixed load of 5. 1 kg and 7. O kg.
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