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Elastoplastic stress analysis of multi-refrigerant combined heterogeneous artificial frozen
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Abstract: [Objective] Affected by the temperature difference of the refrigerant and the distance difference between the frozen
formation and the freezing pipes, the heterogeneity of the multi-refrigerant combined double-row-pipe frozen wall is more
significant. In order to evaluate the safety of such frozen wall reasonably, the elastic plastic stress analysis should be carried out
for the artificial frozen wall with multi-refrigerant considering the heterogeneity. [Methods] The frozen wall at 1/4 pipe distance
was selected as the characteristic section. Then, the temperature distribution curve on this section was equivalently converted to
three linear functions, and the frozen wall was regarded as a heterogeneous material that changes linearly with temperature. On
this basis, the analytical expression of plastic-elastic stress of multi-refrigerant combined double-row-pipe heterogeneous frozen
wall was derived according to four kinds of frozen soil yield criteria. Based on the analytical expression, the mechanical
characteristics of the multi-refrigerant frozen wall were calculated, and the calculated results were compared with those of the
homogeneous frozen wall. [Results and Conclusions] The study indicates that: (1) The radial stress increases with the increase
of the relative radius r, and the circumferential stress shows different trends in different frozen intervals (I, I, III) in the brine-
carbon dioxide combined double-row-pipe frozen wall. (2) Based on the calculation theory of the homogeneous frozen wall, the
maximum circumferential stress appears on the inner side of the frozen wall in the elastic limit state, at the elastic-plastic
interface of the frozen wall in the elastic-plastic state, and at the outermost side of the frozen wall in the plastic limit state .
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However, based on the calculation theory of heterogeneous frozen wall, the maximum circumferential stress always occurs at

the partition boundary of frozen wall (»=2). (3) With consideration to the heterogeneity, the elastic ultimate bearing capacity of

the frozen wall decreases by 1.8%, while the plastic ultimate bearing capacity increases by 8.1%. In the plastic-elastic state, the

heterogeneous frozen wall has higher bearing capacity compared with that in the same relative radius of plastic zone, and this

phenomenon becomes more obvious with the increase of the relative radius of the plastic zone. The research results have

important reference value for the design of multi-refrigerant combined freezing curtain in water-rich strata.

Keywords: artificial ground freezing method; double-row-pipe frozen wall; multi-refrigerant combined freezing curtain;

heterogeneity; yield criteria; elastic-plastic analysis
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Fig. 1 Brine-carbon dioxide frozen wall (partial)
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Fig.2 Equivalent temperature field of brine-carbon dioxide
frozen wall
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Fig.3 Frozen wall under uniform load
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different states
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Table 2 Design parameters of brine-carbon dioxide freezing

hole
HFENF/m 3
THZEF A2 /m 5
B AR /m 14
PR S BRI 38
(fILEERK ) B /m 1.157
BRI/ C 32
70 B B EHA%/m 20
HMUR LS /R 38
( —&4kmx) ] /m 1.653
BUEREEC -50
x3 FLhFESH
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Fig. 6 Stress distribution curve of frozen wall in elastic limit state
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Fig. 7 Stress distribution curve of frozen wall under plastic-elastic state (I)

2 PR BEAE IR IR (D) B2 730 Ai th 2 an ) 8 Jr
o HTRH, FELI ARSI MUIRE S, dRaiBEf4E
[ S A I REAE RIS A2 - (G NT LTF, (EAE BIA RS S
JERES (Rl r=1.9 4b) 2T, ARYIFRREE B IR 1A N )
W /N T2 R R S BE AR R NL T, TR %R e KT8
JRURGEEE o X T YRR A58, , HA ) B2 R AE T A7 4 —
AN AT R, RIS LT, BRI,

24 ‘

—r— o, FFHR
18 20 22 24 26 28
AR AT
(a) M-C 35 ]

HLAEHEEVE T A BEAE S /75 X T AR B R 45 B, 3415
)R AR T 0 Al o 2 1<<p<<1.7 I, 31 B 7 B
B EAR r R R SR, 2 1.7<r<2 I,
HERE r IR 2B EZNE BT, 2 r=2 1, AN
TI2JRE B o BRI, AR5 S5 BE KA i A7 B AR B
TEVREERE T IX 2 r=2 I B .

TR

—r— o, FFHAR
10 12 14 16 18 20 22 24 26 28
FHX A2
(b) D-P RN




18 20 22 24 26 28
AHXF 242
(c) X Tresca 5 i ]
&l 8 sRIBPERAS L) T oREE BER 153 AR T2k

Fig. 8 Stress distribution curve of frozen wall under plastic-elastic state (II)
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Fig. 9 Stress distribution curve of frozen wall under plastic-elastic state (IIT)
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Fig. 10  Stress distribution curve of frozen wall in plastic limit state
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