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Research on frost heave susceptibility and classification of coarse grained
soil of highway subgrade in seasonally frozen ground region
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Abstract: According to the test results of closed simulated frost heave susceptibility experiments with five Rinds of different
coarse grained soils and thirteen Rinds of fine grained content soils, the influence of different water contents, degree of
saturations and degree of compaction on frost heaving suscentibility was discussed. and the n—w curves and the frost heave law
were analyzed. Moreover, linearity for coarse grained soil regression equations of #—w relation and the boundary water content

corresponding to different frost heave grades was summerized.
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Tablel Physical and mechanical indexes of the soil
_I_:H_ Y dmas *i]kﬁl‘k .‘l‘f‘% ‘l‘:H-
4 fgem’) 20~10  10~5  5~2  2~0.5 0.5~025 0.25-0.075 0.075~0.05 0.05~0.01 0.01~0.005 <0.005 2
/mm /mm  /mm  /mm /mm /mm /mm /mm /mm /mm
‘5 2.03 0.98 27.87 39.19 15.66 13.97 1.85 0.48 b
6 1.89 0.14 592 41.74 38.65 5.42 7.18 0.81 0.14 §$?Jb’\
“n
11 1.80 0.14 592 41.74 45.2 2.80 3.71 0.42 0.07 ly#bi
i
8-E 2.02 1.53 488 1443 50.11 9.14 (20)
8-B 1.99 1.63 517 1532 53.18 9.70 (15) b
8-C 1.89 1.72. 548 16.22 56.31 10.27 (10)
8-D 1.82 1.82 578 17.13 59.43 10.84 (5)
12-A 1.88 1.16 10.82 50.85 21.85 5.32 (10)
12-B 1.94 1.10 1022 48.03 20.64 5.01 (15) Filwb
12-C 2.00 1.02 9.62 4520 19.42 4.72 (20)
14-A 2.05 0.61 2310 2925 16.93 8.32 1.79 (20)
14-B 1.99 0.65 24,55 31.02 17.98 8.84 1.90 (15) 4115
14-C 1.94 0.69 26.00 3291 19.04 9.36 2.00 (10)
F545 WL 29<0.075 mm 5.
F 2 HROAEEAIEIREE
Table 2 Physical indexes of the samples for frost heave test
akE A T o
ool 4 1 B Al e gL
R ST TR % /% Vo grom’) Kz(y_d);% i At
dmax
‘5 12.0~22.0 70~100 1.630~1.989 80.30~97.98 20
6 §—~18.5 50~100 1.707~1.870 90.32~—98.95 22
11 7~18 40~100 1.703~1.865 94.61~103.61 21
8-E 7~17 50~100 1.767~2.055 87.48~101.73 22
8-B 6.5~15 50~100 1.786~2.010 89.75~101.00 19
8-C 6~13.5 40~80 1.734~1.857 91.75~98.25 9
8-D 5~8.5 30~50 1.696~1.813 93.19~98.85 5
12-A 7.5~16 50~100 1.757~1.857 93.46—~98.78 8
12-B 7~16.5 50~100 1.786~1.913 92.27~98.61 13
12-C 8.5~16.5 60~100 1.787~1.928 89.35~95.70 12
14-A 6~13 50~100 1.824~2.009 87.56—96.68 14
14-B 6.5~14.5 50~100 1.76~1.947 88.44~97.84 13
14-C 7~13 50~90 1.770~1.914 91.24~98.66 10
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Fig. 1 The relationship of 7 —w of the silt with different
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Fig. 2 The relationship of 1 —w of the find sand with different

saturations
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Fig. 3 The relationship of 7 —w of medium sand with different

fine grained soil contents
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Fig. 4 The relationship of n —w of coarse sand with different

fine grained soil contents
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Fig. 5 The relationship of 1 —w of fine gravel with different
fine grained soil contents
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Table 3 The equation of linear 77 —w regression of different soils
SRiES] S AeACLE P n R F 1k Wy
5 Frik n=0.6216w-7.447 20 0.9470 F=156.419>F;(1,18)=8.28 | 12%
"6 Lk ik n=0.7775w-6.06 22 0.9594 F=231.256>F,(1,20)=8.10 e[ g 7.8%
11 e n=0.6805w-4.9097 21 0.9241 F=111.048>F;,(1,19)=8.180 E[B T 7.2%
8-E (C=20%) n=0.8223w-5.9744 22 0.9779 F=437.666>F,(1,20)=8.10 B[ T 7.3%
8-B (C=15%) #=0.9034w-6.0901 19 0.9830 F=485.958>F,(1,17)=8.40 B[ T 6.7%
8-C (C=10%) n=0.6534w-3.1320 9 0.8565 F=24.784>F 4/(1.7)=12.25 T2 4.8%
8-D (C=5%) 7=0.8799w-4.2852 5 0.9501 F=27.832>F,,(1,3)=10.100 % 4.9%
12-A (C=10%) n=0.7240w-4.1025 8 0.9817 F=159.289>F(1,6)=13.740 EIATE 5.7%
12-B (C=15%) n=0.8355w-5.3458 13 0.9449 F=91.71=F,(1,11)=9.650 [T~ 6.4%
12-C (C=20%) 7=0.8508w-6.0463 12 0.9250 F=59.25=F;4(1,10)=10.000 s 7.1%
14-A (C=20%) n=0.5151w-2.9553 14 0.7758 F=18.14>F4(1,12)=9.33 [T 5.7%
14-B (C=15%) n=0.426w-1.427 13 0.9390 F=82.06>F(1,11)=9.65 nE 3.3%
14-C (C=10%) nN=0.3754w—-0.5436 10 0.9129 F=39.99>F;,(1,8)=11.26 e 1.4%
&4 ZIRMELFOLRLRRY )3 th e E R ELE
Table 4 The diversity of regression curves of the fine sand with different contents of fine grained soil
J_*:I'éfl Ej( Iﬁ i_.;\- ’:'Jn |b[ - bzl S,p,[..,r,g t L:.]gl
LA 190.823 125.329 148.368
; . 0.097 0.082 1.187 2.709
DY ais 173.143 93.89 117.889
F 5 MARLTAYn —w &ERIFAIE
Table 5 The equation of linear regression for coarse grained soil
RS ekl n R F W
bt n=0.6216w-7.447 20 0.9470 F=156.419>F,(1,18)=8.28 E[8 ’.'{]’ 3
a0k #=0.7327w-5.5296 43 0.9415 F=319.915>F,(1,41)=17.295 Al
rhi n=0.7358w-4.317 55 0.9358 F=361.710>Fy,(1,53)=7.121 I r'%’:j;!
FH b n=0.8079w-5.2279 33 0.9376 F=225.410>Fy,(1,31)=7.542 Jfi 1%'
g 7=0.46w-1.9256 37 0.8193 F=71.45>F;1(1,35)=7.44 Jfi bk

6 ABR L RYRAKFR IR B KE R EMEIHBFMERFRI AR

Table 6 Boundary water content of coarse grained soil with

Table 7 Boundary water content of different soils under frost

different degrees of frost heave heave
AL A A n=1 n=3.5 =6 SRR A S n=1 n=35 5=6

ki 13.6 17.6 21.6 s ki 13.6 17.6 21.6
4 8.9 12.3 15.7 6 LY (C=13.55%) 9.1 12.3 15.5
g 7.2 10.6 14.0 1AM (C=7%) 8.7 12.3 16.0
i 7.7 10.8 13.9 8-E (C=20%) 8.4 11.4 14.4
L (A R 728 106 14.0 8-B (C=15%) 78 106 134
AT 6.4 1.7 8-C (C=10%) 6.3 101 (14.0)

(4) HB I A KE AR S IR T2, 8D (%) 6o 88
S O 15 MMk EARELG Mg, PN (IO S oM e
XA I C<1S RS A A, i D (1Y 7o 106 B
HAKE (p<1). 12-C (C=20%) 7.0 10.5 14.0

() RS A Ve (0 SRR o e oo

14-B (C=15%) 6.0 11.6
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Fig. 6 The relationship of 7 - w of coarse grained soil
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