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Elastic-plastic design theory of frozen soil wall based on interaction
between frozen wall and surrounding rock
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(1. State Key Laboratory for Geo-mechanics and Deep Underground Engineering, China University of Mining & Technology, Xuzhou
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Abstract: The design theory of frozen soil wall is one of the core technologies for mine shaft freezing sinking. The
conventional elastic design formula for the thickness of frozen soil wall has large errors when the modulus ratio of the frozen
soil wall to the surrounding rock is less than 10. Considering the excavation unloading effect and the interaction between the
frozen soil wall and its surrounding rock, an elastic-plastic mechanical model is established for a more rational design of the
frozen soil wall. The stress and displacement analytical solutions are deduced. A new elastic-plastic formula for the thickness of
the frozen soil wall is developed on the basis of the solutions. The influences of various factors on the thickness of the frozen
soil wall are discussed. The analyses show that the proposed formula is more reasonable than the traditional formula of Domke,
and the Coulomb-Mohr yield criterion is suggested to calculate the thickness of the frozen soil wall.

Key words: frozen soil wall; surrounding rock; interaction; elastic-plastic analysis; design theory

jillf3

El 1 NFEREGKE

VRESRERT S R IR S R oz — 1Y, 1.1 B

(1) VREFREZIS BT, BHARSRIBMERDRL, A 22

BB BT N4 R 1 TG IR s g 5
BERITA 2~ 30, R ISR GRE S B (AR ELA AT 2t
I R G5 BEAR ) DR T AEVREEREL) Bl IR SRR EL
(EUNDEPIE 2 FWASNi e Ee S IR N E P S
WA BCRIR Y IEHR, ARG TIEPEE 7RG
SiAT. AR R AR A A, ISR
M2 W50 A XEAGEL, T T AT S0 u
AR, o ANy, u o F fiks 1A 2 23Rl
VRETRERIE S, ry 0 A1z 23 BIORAR ] D) [ AT [
g, bR p FoREE

Jis RFRTER L
(2) VREGHT JR N AR, BIWIaG N 113
0] =0,=-p, > (D
Arf, o LR N IE:  py M S ERAKH S A8
(3) VREEEE (WL SRR, ) FIEE (A,
SRR R, =00 WRIRARIUZ TG BRAC R BE R
1E 1, = o0 REELE KA %

EE&MB: EXmAEMARELR (“8637 %) s
(2012AA06A401); 1 s m A HE AT 45 2 & T00 %% 4 0% )y
Yt HE: 2012-03 - 01



176 "+ T B % 2013 4
(4) VR S5 RBE Py Gy A — VPR T o LESIPEIR , RIS, Mot
SIS, . 6 re, e =St . (12)
1.2 EBREMS HResEe At X B H AT TSR dr
WA R VR G5 BEE NI 5 R RUR T TR 4, BYRA L F L5 sRAFIRPE X I A RS fif Ay
=05, O T AR SRR S 0 N AR A 7R A upr=C (13)
o.=(c,+0,)/2 @ R ORI R A A AT
SR PR LR PR 26 P 25 4 S 18T 2 G=wml_n o a9
o, = Ao +B ) AL, R RO, SRR ILIG L

X, 4, BIRIEANE 1.
T 1 TRIEBREMHT 4 70 B BIRIER

Table 1 The expressions of 4 and B under some yielding criteria
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Table 2 Variation of y with w = p,/(2¢)

y=r/r, (E: m=0.4)

4 »=0.1° p=5° p=10°
CM DP GT CM DP GT CM DP GT

05 134 134 121 125 125 1.13 1.17 1.17 1.07
06 157 157 138 142 142 126 130 1.31 1.17
07 185 185 159 162 1.62 141 146 1.46 1.28
0.8 2.18 218 1.82 185 1.85 1.58 1.62 1.63 1.40
09 258 258 210 212 212 1.76 1.81 1.82 1.53
1.0 3.08 3.08 244 242 243 197 201 202 1.67
1.1 3.67 3.67 283 278 278 221 223 225 1.83
1.2 440 440 329 3.18 3.19 247 248 250 1.99
1.3 529 529 385 3.64 3.65 277 275 277 2.16

1.4 637 637 450 4.17 4.18 3.10 3.04 3.07 2.35
1.5 7.69 7.69 527 4.77 4.79 3.46 3.36 3.40 2.56
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Table 3 Variation of y with ¢
0 y=r /r0 (F:: m=0.4)

A°) y=0.7 y=1.0 y=1.3
CM DP GT CM DP GT CM DP GT

0 1.85 1.85 1.59 3.09 3.09 245 533 533 3.87
2 1.75 1.75 1.51 2.78 278 223 451 451 3.34
4 166 1.66 144 253 2.54 2.05 3.89 390 293
6 158 159 138 233 233 190 3.42 343 2.62
8 152 152 133 215 216 1.78 3.05 3.06 2.37
10 146 1.46 1.28 2.01 2.02 1.67 275 2.77 2.16
12 140 1.41 124 188 190 158 2.50 2.53 2.00
14 135 137 121 178 1.80 1.51 230 234 1.86
16 1.31 133 1.17 1.68 1.71 144 213 2.18 1.74
18 1.27 129 1.14 1.60 1.64 138 1.99 2.04 1.64
20 1.24 126 1.12 153 1.57 133 1.86 1.92 1.56
22 121 123 1.10 1.47 151 129 1.76 1.82 1.48
24 1.18 120 1.07 1.41 1.46 125 1.67 1.73 1.42
26 1.15 1.18 1.05 136 1.41 121 1.58 1.66 1.36
28 1.13 1.16 1.04 132 137 1.18 1.51 1.59 1.32
30 1.10 1.14 1.02 128 134 1.15 1.45 1.53 1.27
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Table 4 Values of 4 and B under some yielding criteria
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Table 5 Computational results of y

h/m
Ja A 2 AR AR (m=0.56)  TCAHEAEHI(m=1.0)
400 500 600 700 400 500 600 700
Tresca 1.83 237 3.10 4.10 2.15 2.70 3.45 4.47
Mises 1.61 1.99 2.49 3.15 1.91 2.31 2.83 3.51

Coulomb-Mohr 1.71 2.10 2.58 3.17 2.00 2.40 2.90 3.49
Druker-Prager 1.71 2.11 2.59 3.19 2.00 2.41 2.91 3.51
J” X Tresca 1.50 1.77 2.10 2.49 1.78 2.06 2.40 2.79
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Table 6 Computational results of frozen wall thickness 7 (m)

h/m
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£
JiMRAAF Tresca Mises Mohr Prager Tresca
A 1 1 1.3233 1.3218 1.3811
B /MPa -8 -9.24 -8.05 -8.02 -9.5
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JRREAE HERMEAEH (m=0.56) JCHIHEAEH@m=1.0)

400 500 600 700 400 500 600 700
Tresca 4.15 6.85 10.5 15.5 5.75 8.50 12.2 17.3
Mises 3.05 4.95 7.45 10.7 4.55 6.55 9.15 12.5

Coulomb-Mohr 3.55 5.50 7.90 10.8 5.00 7.00 9.50 12.4
Druker-Prager 3.55 5.55 7.95 10.9 5.00 7.05 9.55 12.5
]~ X Tresca 2.50 3.85 5.50 7.45 3.90 5.30 7.00 8.95
Tresca (:X(41) — — —
Mises (X(42) — — —

— 5.80 8.75 12.3 16.5
— 4.65 6.65 9.05 11.8
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