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Experimental research on relationship between impact toughness
and impact penetrant specific energy of frozen soil
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(1. Department of Civil Engineering, Anhui University of Science and Technology, Huainan 232001, China;
2. School of Civil and Environmental Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The impact toughness and the uneven extent of destroyed sample are the practical indexes of impact properties of frozen
clay. The impact penetrant specific energy of frozen soil indicates the work of chiseling the frozen soil per unit volume, and reflects
the ability to impact frozen soil. The frozen clay of the certain frozen shaft is regarded as the experimental soil sample. The impact
experiments of frozen clay are made in order to measure these indexes in different temperatures and different impact energies. The
impact penetrant specific energy experiment of frozen soil is conducted with the chiseling tool. Through analyzing the test results,
it is shown that the impact toughness of frozen clay will increase with temperature decreasing and the impact energy increasing, and
the uneven extent of sample may increase with the temperature decreasing, and the range of unevenness in the plane is 3mm or so.
With the decrease of temperature the hardness of frozen soil is bigger and bigger, the chiseling depth is more and more shallow, the
drilling extent is more and more difficult. The relation formula between impact toughness and impact penetrant specific energy of
frozen clay has been regressed. The impact toughness of frozen clay has a good relation to impact penetrant specific energy. The
impact penetrant specific energy of frozen soil could be estimated by measuring its impact toughness.
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Table1  The size-composition of the frozen clay
B /mm O BRRSY /% KB /mm RS /%
0.0~0.002 75.7 0.01~0.05 11.7
0.002~0.005 52 0.05~0.1 22
0.005~0.01 4.4 >0.1 0.8
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Table 2 Experimental results of impact penetrant specific
energy of frozen clay

biyicE oW o T /1oem®

/C 5 A 10 J# 15 J# 20 JH
-3 37.88

-5 76.79 99.34 107.18 116.63
—7 90.13 106.09 114.24 122.26
—10 108.20 146.02 161.05 165.20
—12 140.83 172.84 183.66 191.89
—15 146.63 180.41 200.54 212.18
—17 147.84 209.16 237.16 247.86
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Fig.1 Principle chart of impact
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Table 3 Test result of impact toughness changing with
temperature
i PRI /3om?
/T (P& w 1,36 m)

M/ Tom?
(P Hi/% 0.9 m)

-3 8482.1 5813.4
=5 8 554.5 6012.7
-7 8631.9 6 054.1
—10 8791.2 61345
—12 8919.9 6264.1
—15 90482 63342
—17 9152.0 67483
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a;=-2.3391a,. +427.81a,, —19413  R=0.985
a,, =-0.4735a. +102.16a,. —5178.3 R=0.991
a,; =0.1233a] —0.4393,. —760.15 R =0.992
a,, =0.557a. —76.704a,. —2599.1 R=0.995
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(o =a, /100 ):

a;=-2.0274 0 +26744a,-8664.9 R=0.986
a, =-2.8896a; +383.76 a,, —12529 R =0.993
a;=-2.9442a} +393.46 ¢, —12907 R=0.992
a,, =—2.9413a. +393.56a,, —12916 R =0.995
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Fig.2 Relationship between impact toughness and impact
penetrant specific energy
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Fig.3 Relationship between impact toughness and impact
penetrant specific energy
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