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Elastoplastic design theory for ultra-deep frozen wall considering large
deformation features
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221116, China)

Abstract: The freezing method is a key sinking method used in deep aquifer. The frozen-wall design theory is a key technique
for the freezing method. However, the previous design theories for a deep artificial frozen wall have neglected the influences of
side-wall deformation on its sizes and locations. Thus, the associated designs tend to be unsafe and the earthwork excavations
tend to be underestimated. In order to consider the influences of a large deformation, new solution formulas for excavation
radius and outer radii before deformation occurs are deduced by finite strains, and a new design theory for frozen-wall thickness
is established. The analytical results are compared with numerical ones by analyzing the effects of various parameters, such as
the crustal stress, and the cohesion, internal friction angle, and elastic modulus of frozen soil, on the side-wall displacement and
frozen-wall thickness. The results indicate that both the small deformation and large deformation problems can be solved by the
new formulas, the theoretical formula neglecting elastic strains can be applied to large deformation with strain up to 0.15, and
the new formulas can accurately calculate the amount of excavation earthwork, and provide a theoretical reference for the
design of frozen wall in ultra-deep soil layers.
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Po Sp FERA BMEHL ANERTY KA
KRR PERAR HfERE e
0.02 1269 1273 1275 1274 1276
0.025 1972 1.981 1988  1.982  1.987
0.03 2.878  2.897 2914 2900  2.909
0.035  4.032  4.069 4102 4073  4.095
0.04 5486 5554 5612 5553 5.601
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t
G e BEA BEEER NEE KATE

R T Wt iR HlEm

0.008 4.765 4.803 4.837 4.805 4.826
0.01 2.878 2.897 2914 2.900 2.909
0.012 1.960 1.971 1.980 1.973 1.979
0.014 1.436 1.444 1.449 1.446 1.450
0.016 1.105 1.110 1.113 1.112 1.116
0.018 0.879 0.883 0.884 0.885 0.887
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Table 3 Influences of ¢; on¢
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(pf /(0 ) ?%E;L(
KEE PERE BdEfE BUEm
3 4.737 4.747 4.777 4.748 4.766
5 3.829 3.844 3.867 3.847 3.860
10 2.420 2.441 2.455 2.445 2.452
15 1.639 1.664 1.672 1.665 1.671
20 1.155 1.183 1.188 1.184 1.189
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Table 4 Excavation radii of frozen wall obtained by different

methods (m)

h g gwah B MR KRR
KIE MERNAR O BUEM BUER

400 5.197 5.190 5.192 5.189 5.176
450 5.228 5.217 5.214 5.213 5.198
500 5.265 5.248 5.240 5.243 5.223
550 5.310 5.286 5.269 5.278 5.252
600 5.364 5.329 5.302 5.320 5.287
650 5.428 5.381 5.340 5.371 5.327
700 5.506 5.441 5.383 5.431 5.374
750 5.597 5.511 5.432 5.501 5.427
800 5.707 5.593 5.488 5.580 5.488

R 5 FEFGEGERFSEERIFE
Table 5 Outer radii of frozen wall obtained by different methods

(m)

¥
h Sp SEAN REsE NEE KEE
KK VRN HUEM BUEMR

400 8.649 8.648 8.648 8.650 8.641
450 9.581 9.580 9.580 9.581 9.570

500 10.615  10.614 10.614  10.615  10.602
550 11.763 11.761 11.760  11.762  11.748
600 13.033  13.031 13.029  13.033  13.016
650 14.437 14.435 14.432 14.437 14.417
700 15988  15.984  15.981 15988  15.964
750 17.697  17.692  17.688  17.699  17.670
800 19.578  19.572  19.566  19.581 19.547
&k 6 FEIGIHEEIRAILLE
Table 6 Comparison among different design theories (m)
T
h - TEA B wi/%
o ak[3
KIK SHE MR SCHR[3]
400 3.45 3.46 3.46 3.52 7.8
450 4.35 4.36 4.37 4.45 8.7
500 5.35 5.37 5.37 5.48 9.8
550 6.45 6.48 6.49 6.62 11.0
600 7.67 7.70 7.73 7.89 12.5
650 9.01 9.05 9.09 9.29 14.1

700 10.48 10.54 10.60 10.83 15.9
750 12.10 12.18 12.26 12.54 18.0
800 13.87 13.98 14.08 14.40 20.5

HE AR (36), (39) ~ (44) i+E153F] 600 m
TR S R 557 R RN 4 B 5L B B s 1 5 AR s L i
HEFER 15 W EB AR AE 6L 5 L 8~11.
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