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Fig. 1 Variation trend of moisture content under different
temperatures under the influence of compressive
strength (Modified from Ref. [13])

VR e BT 58 JEE 55 908 FEE R 5 7K R AT G, U 58
JEE Fiff it J3E ) AR T 484 DA, B 55 A SR By B S B
) P R i B 35 K AR B n el ) , e R P
5 JEE B E R 5 7K R I AN SRR AR, A7 A 28
P55 WEvE B e A , AN TR] AT e 55 5 2% W S i B 53X
AT



640 7K JI

7 + 43 %

1.2 BYIEE

R BB BY o B R it T SOk R A
B R E . R EPUBT R E R KN F AR R
77 e N EEEE AR S, Bt B 5 B Bl B R T B B
PRI RO R B AP TR R T RN EE 4%
TP TARZ WS . R 1 07 2 i 5% 4 % 26 23R
T TR B AR B R 00 5 U O R AT AR 4L
JrREAIA o VR TR D1 BEE TR Y AR S 2tk 4
o, ek B B AR B — 2 (LA JA AN AR L, X R 4
P T U B A B AP A AR R K 1 f sl D, AR S K
SRRSO . R JIBEE S K & A i v
T, SR 5 Bt 2 5 7K R 0 Ak S im0 5 26 2R 11
Wi i85 B R A 1 R e . PN PRE 4 A i K
MY AR AN K, Bl 3 I B T B AR i 1 K. B
[] , PN RE 42 A1 Al SRt B R 25 520, B X R 1
FAE B 58 2 AT I Sl 5 0, B 9 184 I H 0 T R
TR I T BUEE EN, UR BB 5T o B Rl
PR B4 8 s 38, 52 B R R O &R X L
b 3K — 3 [, B By o B R R 6% B g e
AN TR B B D)5 R R, WL A R R M,
BT IR DARIEN N

P12 vh 3y D) 5 5 W T Ui B A R P 1 3 R 2218 1
K, SR B B R 4 2 398 DR T A, 3 2202 i TR
e 2l i 87 € AL e A Vb R L AR AT Y S
5 U 0 5 V) i B I T 5 D) ik R I TR RE 1Y [

AR FA S 38, 32 o T IS R AR A DR R AR
et AR AR DN LR PIE YRR L NS

| —=—-25C ——-20C—4—-15C——-10C—--5C

w
T

9

sl
!37-
Dst /\
®

| //\

0 2 4 6 8 10 12 14 16 18
[l E/MPa
[E12 AN [ il EE T R 10 5 1 i Bl L 0 722 A 3

CHL R SCiik[ 25 11280
Fig. 2 Variation trend of shear strength of frozen soil at
different temperatures with confining pressures
(Modified from Ref. [25])
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Fig. 3 Change of cohesion and internal friction Angle of frozen soil with water content at different temperatures
(Modified from Ref. [26])
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Fig. 4 Relationship of stress and strain of frozen soil with temperature and water content (Modified from Ref. [33])
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Fig. 8 Broken forms of frozen soil at different cutting depths
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Fig. 9 Influence of cutting speed on cutting force
(Modified from Ref. [47])
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Research progress on mechanical cutting fracture mechanism of frozen soil

LILong'*, ZHOU Qin'?, ZHANG Kai'?, LING Xue'?, ZHANG Zaixing'?, LI Yao"’

(1. School of Engineering and Technology, China University of Geosciences, Beijing 100083, China; 2. Key Laboratory on
Deep Geological Drilling Technology of the Ministry of Land and Resources, China University of
Geosciences, Beijing 100083, China)

Abstract: The difficulty of permafrost excavation and low crushing efficiency are the technical problems faced
by engineering construction and foundation construction in alpine region. Mechanical breakage of frozen soil is
the main method of frozen soil excavation, and the research on the mechanism of frozen soil mechanical cutting
and crushing is the prerequisite and basis for improving the efficiency of frozen soil crushing. In this paper, the
influences of temperature, water content and confining pressure on the complex mechanical properties of perma-
frost are summarized. The typical cutting mechanical models of permafrost mechanical breakage are investigated
and analyzed. It is found that the breaking mode of frozen soil cutting machine is not only closely related to the
mechanical properties of frozen soil, is also directly related to the cutting parameters and tool structure. There is
an optimal cutting rake angle (30°~60°) during the cutting process of frozen soil, and the difference in the inter-
nal force mode of the frozen soil during deep cutting and shallow cutting will also cause different types of dam-
age. Moreover, the mechanical properties of permafrost caused by temperature, moisture content and confining
pressure will directly lead to the change of permafrost failure process and breaking mechanism, the strength of
frozen soil will increase firstly and then remain stable as the temperature decreases. As the moisture content in-
creases, it shows a trend of increasing firstly and then decreasing. Moreover, there are different failure forms
such as brittleness, plastic brittle transition and plasticity. The research progress of permafrost fracture mecha-
nism further clarifies the main influencing factors, variation characteristics and cutting damage characteristics of
permafrost mechanical properties, which provides design basis for optimizing cutting parameters and cutting tool
structure of permafrost mechanical fracture.

Key words: mechanical properties of frozen soil ; mechanical cutting fracture; cutting model; fracture mechanism
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