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Study on experimental determination of the dynamic elastic mechanical
parameters of frozen soil by ultrasonic technique
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Abstract: Velocities of the ultrasonic ( dilatational and shear) waves in frozen fine sand, silt (loess) and clay with different water contents were

measured at different temperatures by UVM - 2 Ultrasonic Measuring System. Then, the dynamic elastic mechanical parameters ( dynamic elastic

modulus E , dynamic shear modulus G and Poisson’ s ratio H) of the frozen soils tested were calculated in terms of elastic theory based on the

measured ultrasonic wave velocities. The calculated results show that both of dynamic elastic modulus and shear modulus of the three types of

frozen soils increase with {|ﬂ(:|‘ea:-sing temperature, and their relations can be described hy same formula. The Poisson’ s ratios of the frozen soils

tested increase with increasing temperature. Both of the dynamic elastic modulus and shear modulus of frozen silt and clay with low water content

increase with increase of water content; whereas the moduli of those with high water contents decrease with increasing water content. The Poisson’

s ratios of the frozen silt and clay increase with increasing water content in the wide range of water contents tested.
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Table I The measured values of dilatational and shear waves

velocities in frozen soils under different temperatures

i+ w P RE Ve Vs
e Hy /%  J{grem ) /TC f(m*s™ ') S{m*s "
31. 00 1. 94 -2 2124 905
#4 31,00 1.94 -5 2497 1103
i+ 3100 1. 94 -7 2673 1207
31.00 1. 94 - 10 2737 1274
18. 86 1. 90 -4 3310 1844
REE 18.86 1. 90 -6 3439 1950
W+ 18.86 1. 90 -8 3539 2014
18. 86 1. 90 - 10 3606 2059
17. 60 1.92 -4 3679 2375
ek 17,60 1. 92 -8 3773 2504
-t 17.60 1.92 - 12 3827 2583
17. 60 1.92 - 18 3892 2680
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Table 2 The measured values of dilatational and shear waves

velocities in frozen soils with different water contents

Hj‘ j:. w p il%l—l?l. J E‘: Vp ‘{i

A /%  J(gram™ )  /C /(mes” Y J"fm'.;;_ h

18. 06 2. 08 -5 2411 1286

e 21,50 1. 98 -5 2427 1227
1" 26. 09 1. 89 -5 2433 1109
31. 00 1. 94 -5 2497 1103

7.78 1. 76 - 10 2586 1558

4k 10. 41 1. 79 - 10 2616 1572
g 16. 69 1. 87 - 10 3597 2041
22. 50 1. 91 - 10 4027 2156
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Fig. 1 Relationship between dynamic elastic modulus, dynamic shear

modulus, dynamic Poission” s ratio and temperature
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Table 3 Values of the parameters A and B in Eq. (4)

A A w/ % A B AR R
R+ 31. 00 2. 6128 2. 5341 0. 9781
et 18. 86 4.1581  10.7640 0. 9862
HResn 17. 60 2.8787  21.7610 0. 9787
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Table 4 Values of the parameters A and B in Eq. (5)

A A w/ % A B AR R
A 31.00 0. 9765 0. 8817 0. 9805
ekt 18. 86 1. 7455 4. 0695 0. 9844
Ry 17. 60 2. 0243 8. 4031 0. 9886
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Fig.2 Relationship between dynamic elastic modulus, dynamic shear modulus, dynamic Poision’ s radio and initial water content of frozen soil
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