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A Study on the Analysis of Freezing Soil by Frost Groups and
Frost Depth in Korea
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Abstract

This paper statistically analyses the freezing soil by frost group and frost depth in Korea
with data from soil testing in the Korea National Housing Corporation, the climate data
provided by the Central Weather Office and the data on the frost depth from the National
Construction Laboratory Institute. In this paper, freezing variable are analysed such as
percentage finer than (.02 mm by weight, plasticity index, freezing index, water contents of
soil and frost depth etc.,.

The result of the analysis is as follows.

1) The frost depth of Korea depends on the properties of soil rather thank the characte-
‘ristic of area,

2) The distribution map of design freezing index in 57 cities is drawn up with the maxi-
mum freezing index, during past 14 years, calculated by the average of the air temperature
observed four times(03 : 00, 09 : 00, 15 : 00, 21 : 00) a day.

3) By correcting the OLS line estimated from the relationship between freezing index and
frost depth, a method of utlizing the line with the upper confidence limit of 99.9% in t-
distribution as predicted maximum frost depth is newly introduced.
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Table 1. Tables of frsot group and data from analysis

Frost groug Fl F?2 F3 F4
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Fig 1 Distribution graph of sail by frost groups
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Table 2. Frost Design Soil Classification

U.8.C.S Percentage
Frost group. finer than
U.S.Corps of Engineers Korea 0.02mm by weight
GW, GP
F1 GP —-GM GW, GP 3-10
GW-GM
GM, GW-GM GM, GC
10—20
GP-GM GP-GM
Fe SW, SP, SM SW, SP, SM
SW-—SM, SP—SM SW — SM 3-15
SP — SM
GM, GC - 200174
F3 SC, SM SC, SM 150]4F
CL, CH CL, CH
(PI>12) (PI > 12) j
SM SM 15014
CL, CH CL, CH
Fe (PI<12) (PI<12) -
ML ML, ML-CL,
ML-~CL MH -
MH OL-0OH
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Table 3. Frost data by area and frost group

Frost Group

F2 F3 F4 Total
Area

AR 9 70 33 21 133
A 2 55 61 67 185
a A 0 30 40 35 105
4 7 1 178 158 97 434
& = 0 36 24 5 65
F 9 0 47 60 35 142
q % 0 34 46 21 101
q g 0 47 41 35 129
9 0 19 72 61 152
A & 2 31 31 38 102
S 0 35 38 29 102
A 4 29 46 27 106
A F 0 0 10 2 12

i A 24 611 660 473 1,768




Table 4. Tables of variance analysis by area and frost group

. Degree of Unbiased Variance Value
Factor Squariance
freedom variance ratio of F-Distribution

| 29,343 12 2,445 5.35 F 11236(0.05)—"—'-2.03
2T 19,367 3 6,456 14.13 F3(0.01)=4.38
ZF 2} 16,458 36 457 - —

A 65,168 51 1,278 — -

Table 5. Freezing index in Korea area
Urban Freezing index(C —day) Urban Freezing index(C —day)
4FI1 2F1 4F1 2FI

& = 210.80 204.90 o 276.40 252.45
ol =g 940.10 956.75 Ab A 205.90 156.95
= A 567.75 542.65 A 497.80 615.05
% 191.25 170.25 2 2 485.70 507.85
A& 399.75 383.45 o} Ab 434.20 403.40
A 373.40 362.20 f A 350.20 361.25
F 47945 471.95 5o 361.10 352.25
AL Ab 298.90 275.65 q F 442.90 457.90
& A 134.00 105.05 = A 296.00 280.70
o 417.25 404.35 A At 301.70 292.20

&l 346.80 307.90 o A 258.40 238.95
b F 341.50 316.50 A A 88.30 81.85
X g 140.20 126.85 o 83.60 86.70
T Ak 238.00 211.70 A 641.20 616.05
L 200.10 190.40 o] A 553.30 552.20
AT 241.75 211.25 A & 190.00 200.80
& Ak 189.75 182.55 o 242.00 231.40
3+ 189.20 182.55 kA 425.70 388.25
Kook 80.05 71.20 ZA 111.40 105.65
" 44.15 37.90 AT 89.80 81.70
2 = 101.10 80.00 4 5 266.50 248.40
of 92.35 81.05 2 A 362.40 369.15
A F 4.80 6.35 = A 131.00 111.15
A9 £ 7.60 6.45 2 A 258.60 238.75
5 1565.10 142.60 2 A 267.30 262.50
A A 658.30 653.70 2 Al 359.90 354.60
= 7 603.80 587.40 = Ak 329.60 303.30
o] g 274.30 258.65 3 % 398.80 397.90
A F 243.90 245.55
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Fig. 2 Distribution map of design freezing index
value in Korea
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F3(SM) 1 Z=-114+020F (21)

F 3(SC) 1 Z=—11.3+0.26 F (22)
F3(CL) : Z=13.04+0.09F  (23)
F 4(SM) : Z=10.33+0.20F (24)
F 4(ML) : Z=14.7+0.02F  (25)
F 4(CL) 1 Z=27.20+0.09F (26)
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Table 6. Range of application on the line with the upper confidence limit of 99.9%

Frost group USCS Averaging T Up.pef c;;fidence Rar%ge <.)f
formula limit of 99.9% application
F1 GW Z=—2228+0.14F =—43+028F F1 <650
Fo SM Z=5.44+0.07F Z=9.80+0.14F F1 <650
SW—-SM 7=14.18+0.07F Z=33.2+0.14F F1<700
SM Z=—547+0.10F Z=-114+020F F1 <500
F3 SC Z=—-555+0.13F =-1134+0.26 F F 1 <450
CL 2=6.16+0.05F | Z=13.040.09F F1 <600
Y Z=449+0.10F  Z=10.33+0.20F F1< 500
F4 ML Z=24.7+0.06 F | Z=14.740.02F F1 <500
T CL Z=10.59+0.06 F Z=27.20+0.09F F1 <450
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Fig. 12 The line with the upper confidence limit
of 99.9% on soil by frost groups
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