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Influential factors on free swell test

GUO Ai-guo, KONG Ling-wei, CHEN Jian-bin
(Key Laboratory of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: Free swell is one of indexes in representing the expansibility of clayey soil and makes great valuable reference in the
judgment of expansive soil. Free swell test is commonly used in China to obtain the swell-shrinking property of clay due to its simple
equipments and easy operation. But, the deficiencies of standard for soil test method and trade specification exit in the regulation and
explanation of the details for free swell test, that leads to the great difference in the test results when totally operating according to
methods in the standards and specifications for the same soil sample. In order to make free swell test more complete and test result
more stable, two main artificial factors related to test result are discussed and analyzed and some suggestions for improving the
current standards and specifications are given.
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Table 1 Particle size distributions of expansive soil

TR FRAR(mm) 4L B %

%5 >025 025~0.075 0.075~0.005 0.005~0.002 <0.002
1* 3 6 59 14 18
2* 0 4 61 18 17
3" 2 7 53 16 22
4 0 6 40 19 35
5" 0 3 39 22 36
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Table 2 Physical indexes of expansive soil

TR RRE RREE Wiio /S I I
Gis KE% JKN-mD % % /% o7 P10

¥ 23.1 194 49.0 41.1 242 248 16.9
2 24.0 19.9 50.1 414 233 26.8 18.1
3 242 19.6 62.2 49.7 25.1 37.1 24.6
4 26.1 19.7 71.8 583 31.0 40.8 273
5" 27.6 19.2 78.8 63.6 33.1 45.7 30.5
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Table 3 Swelling and shrinkage characteristic indices of
undisturbed expansive soil

ppe BOERUCSOM ek pmx ok
g PRI 1% R% R
/% /%
1* 0.63 -0.52 2.3 75 018  FgAkt
2" 0.76 -0.45 2.9 9.6 023  FgAkt
3* 0.89 0.13 6.1 193 031 gkt
4" 0.35 -0.71 6.9 224 044 WAL
5" 0.63 -0.36 8.7 286 057 Bkt
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Table 4 The gradations of the same soil sample made by
different laboratory technicians (unit: %)

SRR Fit%/ mm

T A 4% ) L1 1 b B e R R o503 0.25~0.074 <0074

I RTTF AN AR A 10 10 i % . o o o

SRR, Hrh C 5 E Frifil s A AR 25 550K, c 163 334 50.3

<0.074 mum REALI) 44 25 R IHIZEE 3.8 . D 80 7 02

OBFFCRRE “ZRBe” W B KRR A5 R F 313 344 343

SO, O H IR R A AT T R A g 272 330 398

x5 ANRLECER B BZKE
Table 5 Results of free swell test under different gradations
1# 2# 3# 4# 5#
g LRRE PR AmEKR TR Al THRE Ak THEE AdEikR THRE Adigikr

/g /% /g /% /g /% /g /% /g /%
100:0:0 9.17 34 9.34 43 9.38 61 9.36 71 9.64 86
80:20:0 9.46 41 9.56 49 9.64 69 9.69 80 9.78 91
80:0:20 10.08 42 10.02 45 10.18 74 10.13 83 10.18 93
60:40:0 9.44 43 9.50 49 9.64 65 9.73 82 9.57 87
60:20:20 10.07 42 10.04 46 10.19 76 10.18 83 10.15 98
60:0:40 10.50 41 10.25 45 10.41 69 10.38 85 10.27 94
40:60:0 9.29 38 9.33 46 9.58 67 9.61 82 9.41 83
40:40:20 9.84 39 9.98 50 9.93 66 9.98 80 9.85 88
40:20:40 10.33 41 10.22 48 10.09 65 10.06 78 9.85 91
40:0:60 9.44 32 8.50 22 10.75 65 9.48 68 9.30 81
20:80:0 9.07 37 9.06 41 9.28 68 9.29 76 8.96 84
20:60:20 9.52 37 9.57 43 9.83 65 9.53 71 9.30 84
20:40:40 9.93 36 9.70 41 9.70 62 9.54 70 9.33 85
20:20:60 9.54 29 9.23 33 9.34 56 9.07 63 8.89 80
20:0:80 8.90 16 8.21 19 8.81 49 7.72 44 8.28 70
0:100:0 8.76 34 8.73 37 9.01 56 8.95 72 8.67 71
0:80:20 9.18 36 9.03 40 9.21 61 9.10 71 8.71 73
0:60:40 9.49 35 9.17 38 9.38 60 9.15 70 8.87 76
0:40:60 9.27 27 8.78 27 8.96 55 8.70 64 8.57 75
0:20:80 8.58 14 8.15 14 8.39 45 8.10 51 7.90 65
0:0:100 7.95 3 7.67 9 7.79 34 8.65 46 7.28 58
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Table 6 Results of free swell test of different times stirred
FI SHHR T+ AREBHEEOKET A BZKE %
a5 REmL iE/g 1 2 3 4 5 6
100:0:0 9.38 61 68 69 69 69 69

1

2 80:20:0  9.64 69 76 77 78 80 79
3 80:0:20 10.18 74 84 85 85 86 86
4 60:40:0 9.64 65 76 77 78 80 80
5 60:20:20 10.19 76 83 83 85 87 87
6 60:0:40 1041 69 86 88 88 89 89
7 40:60:0  9.58 67 76 78 79 81 82
8  40:40:20 9.93 66 79 81 83 84 85
9 40:220:40 1009 65 81 82 83 84 84
10 40:0:60 10.75 65 76 77 77 77 77
11 20:80:0 9.28 68 78 77 76 77 77
12 20:60:20 9.83 65 76 77 79 81 81
13 20:40:40 9.70 62 75 76 77 80 80
14 20:20:60 9.34 56 67 68 70 71 72
15 20:0:80  8.81 49 59 61 63 63 63
16  0:100:0  9.01 56 65 68 68 69 70
17 0:80:20  9.21 61 71 72 74 76 77
18 0:60:40  9.38 60 73 74 76 77 77
19 0:40:60  8.96 55 66 66 67 70 70
20 0:20:80  8.39 45 54 55 56 56 57
21 0:0:100  7.79 34 42 43 45 47 47
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Fig. 1 Relationship between free swell and stirred times
under different gradation
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