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The Strength Characteristics of Deep Mixing Ground According
to Increasing Water Contents
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Abstract

A laboratory test on uniaxial compressive strength was carried out by making 640 specimens in total, which were
divided into two groups by their curing time of 7 and 28 days for 3 water content conditions of a water content at
100% saturation level and 10% and 20% increased water content from the state with clay, sand and gravel mixed grounds
of 20 ground conditions of 4 types of stabilizer mixing conditions which were 8%, 10%, 12%, 14%, to understand
laboratory strength characteristics for strength design of deep mixing ground. In case of clayey grounds, although the
strength increased depending on the increase of stabilizer content, it showed to be analogous regardless of the curing
time. And the impact on the strength development of deep mixing specimen according to water content was considered
to be comparatively little compared to other grounds. For sandy grounds, the strength increment amount clearly showed
to increase as stabilizer content increased, and also the increase of water content was determined to be decreasing the
strength increment effect. For gravel mixed grounds, at 14% or over of stabilizer content, the effect on strength
development was big making a large increase in strength, but compared to sandy grounds, the strength ratio depending

on the curing time showed to be small.
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Table 1. Change factors of mixing ratio
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Division Change factors (%) Remark
. % 8, 10, 12, 14
Stabilizer 3
kg/m 160, 200, 240, 280 . . '
Gravel 0. 20, 40, 60 . Specmens making cqunts : 240
- 4 specimens at one time making
Sand/Clay 0, 10, 20, 30, 40, 60, 80, 100 (7 and 28 days specimens per 2)

w2 o wlx1.1
w3 @ wilx1.2

Water content

w1 : Degree of saturation (S) = 100% (Park et al., 2014)

- Total specimen number : 640
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Table 2. Mixing ratio for soil type

Mixing ratio (%) Mixing ratio
Case Water content Soll Case Water content Soll
Gra. | Sand | Clay type Gra. | Sand | Clay type
wil w2 w3 wil w2 w3

1 0 0 100 42.3 | 46.5 | 50.7 Clay 1 20 80 0 12.3 | 13.5 | 14.7 | Sand
2 0 20 80 35.3 | 38.8 | 42.3 Clay 12 40 0 60 26.8 | 29.5 | 321 Clay
3 0 40 60 29.4 | 32.3 | 35.3 Clay 13 40 20 40 211 | 23.2 | 25.3 | Sand
4 0 60 40 244 | 26.8 | 29.3 | Sand 14 40 40 20 149 | 16.4 | 17.9 | Sand
5 0 80 20 20.1 | 221 | 2441 Sand 15 40 60 0 9.9 109 | 11.9 | Sand
6 0 100 0 16.6 | 18.2 | 19.9 | Sand 16 60 0 40 24.8 | 27.2 | 29.7 Gra.
7 20 0 80 31.2 | 344 | 37.5 Clay 17 60 10 30 19.7 | 21.7 | 23.7 Gra.
8 20 20 60 25.2 | 27.7 | 30.2 Clay 18 60 20 20 155 | 17.0 | 185 Gra.

9 20 40 40 20.1 | 22.1 | 2441 Sand 19 60 30 10 11.8 | 129 | 141 Gra.
10 20 60 20 15.7 | 17.3 | 18.9 | Sand 20 60 40 0 7.7 8.5 9.3 Gra.
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Table 3. Axial compressive strength of curing time 7 days

Axial compressive strength of 7 days by stabilizer content (kPa)

w1 (Park et al., 2014) w2 w3

8% 10% 12% 14% 8% 10% 12% 14% 8% 10% 12% 14%
1 485.1 618.4 643.9 685.5 516.5 552.7 401.8 590.9 382.7 352.3 500.3 559.1
2 633.1 727.7 858.0 885.0 639.5 792.8 1008.4 942.8 450.8 416.0 860.9 875.6
3 725.7 1430.8 14921 1674.8 1000.6 1061.8 1071.1 13911 643.4 780.6 1469.5 1960.0
4 991.3 1511.7 2169.3 2406.9 1610.1 1651.8 2126.6 2828.3 771.3 1402.4 3132.6 3283.0
5 1200.5 2148.7 4606.0 4926.5 2060.5 1919.8 3056.6 3387.4 1268.6 2172.2 3771.0 4803.0
6 13101 3678.5 | 4804.5 | 64455 | 1628.8 | 2171.2 | 2132.5 | 3209.0 955.9 1066.2 | 3680.4 | 3125.2
7 346.0 598.8 728.2 757.6 419.0 563.5 640.4 648.8 188.2 307.7 690.4 799.7
8 511.1 763.5 833.0 897.7 645.8 681.6 527.7 779.1 421.9 696.8 1218.6 1896.8
9 1068.2 1309.3 1455.3 2145.3 1076.5 1233.3 2221.2 1268.1 302.3 1625.3 2947.4 4012.6
10 1669.0 2588.2 4749.6 6392.1 3089.0 2996.8 5218.0 5718.3 2483.3 2740.1 5266.5 5346.4
11 2394.2 3530.5 5415.5 7701.3 832.5 2294.2 3939.1 5874.6 1695.4 1676.8 4968.1 4504 1
12 495.4 489.6 577.8 12711 435.1 490.0 625.2 637.5 498.3 408.7 692.4 1446.0
13 706.1 1381.4 1377.9 1826.8 1249.0 1589.1 1672.4 1868.9 1250.5 1847.8 2000.7 1452.4
14 1014.3 | 4146.4 | 4746.6 | 6398.9 | 3482.4 | 5620.8 | 4838.3 5728.1 2301.5 | 2736.7 | 4072.4 | 4237.0
15 3286.9 | 6335.7 | 8834.7 | 12745.4 | 3756.3 | 5970.2 | 6327.9 | 8869.5 | 2144.7 | 2740.6 | 4857.4 | 6141.2
16 1433.8 1077.0 1162.8 3223.7 1146.6 1670.9 1692.5 1603.8 1268.1 1289.7 2427.5 1425.9
17 2082.5 1689.6 2068.8 3483.4 1215.2 2276.1 3138.5 4364.4 1309.3 1603.8 2118.8 3453.5
18 3174.7 3157.6 3637.8 5915.3 4044.5 4561.9 3865.6 4850.0 1971.8 2601.4 2985.1 42091
19 3281.5 6517.0 6510.2 | 10924.6 | 4915.7 5353.7 6650.8 | 10508.1 | 3124.2 4521.7 5998.6 6132.5
20 6776.7 7000.7 | 10108.7 | 11203.4 | 4302.7 | 11732.6 | 9004.2 | 14103.2 | 3437.8 2753.3 4781.9 5136.5
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Table 4. Axial compressive strength of curing time 28 days

Axial compressive strength of 28 days by stabilizer content (kPa)
wl (Park et al., 2014) w2 w3

8% 10% 12% 14% 8% 10% 12% 14% 8% 10% 12% 14%
1 362.6 815.9 643.9 1442.6 678.7 688.0 991.8 1196.6 618.9 703.6 765.9 840.8
2 603.2 934.5 873.7 1835.1 918.8 1204.4 | 1674.8 | 1674.3 | 1091.2 | 12245 | 1313.2 | 1536.2
3 831.6 1296.1 2073.7 | 2803.8 | 1520.5 | 1694.9 | 1858.1 1642.0 | 1408.3 | 1325.5 | 2155.0 | 2769.5
4 1462.7 | 2284.4 | 3257.1 3896.0 | 2279.5 | 2724.4 | 2734.2 | 3422.2 | 1938.0 | 3183.5 | 3778.9 | 5618.3
5 1699.8 | 2574.0 | 7826.8 | 8422.6 | 3931.3 | 3931.3 | 4686.4 | 5164.6 | 2388.8 | 3342.3 | 4706.0 | 5290.0
6 1760.1 3902.4 | 8006.1 | 11605.2 | 3140.9 | 4246.8 | 4282.6 | 4618.7 | 1773.8 | 2899.3 | 3158.5 | 4345.8
7 639.5 645.9 869.8 1142.2 748.2 1030.0 | 1131.4 | 1218.1 402.3 597.8 1068.2 | 1082.9
8 1004.0 | 1112.8 | 1364.2 | 1397.0 921.2 1106.9 | 1056.0 | 1334.3 779.1 859.0 1168.2 | 2826.3
9 1563.1 1741.5 | 1700.3 | 3452.6 | 1324.0 | 1721.4 | 3199.7 | 3160.5 | 1570.0 | 3538.3 | 3507.4 | 4872.6
10 2990.0 | 3884.7 | 5884.9 | 7495.1 3882.8 | 4658.9 | 5565.4 | 5742.3 | 3873.0 | 4227.2 | 4608.5 | 5192.0
1 41351 5549.8 | 6665.0 | 12817.0 | 4432.0 | 5085.2 | 6107.4 | 8283.0 | 2526.0 | 2977.7 | 6421.5 | 5989.3
12 746.8 658.6 725.2 1857.6 516.0 697.3 988.3 1132.9 577.2 1170.6 | 1026.6 | 1863.0
13 1172.6 | 1619.0 | 1819.9 | 2688.7 | 2063.4 | 2287.3 | 2314.8 | 2762.6 | 2347.1 2109.0 | 2852.8 | 3714.7
14 19449 | 6157.9 | 6373.9 | 10781.5 | 5392.0 | 6030.9 | 6752.7 | 5778.1 3382.0 | 4192.9 | 4850.0 | 5135.7
156 5625.2 | 9449.2 | 12471.5 | 18028.1 | 4598.7 | 7076.1 7768.0 | 10645.3 | 3952.3 | 5286.1 5381.7 | 7912.0
16 950.1 1759.1 1361.7 | 3399.1 1903.7 | 2275.1 2448.5 | 2355.4 | 1819.9 | 2250.6 | 2414.7 | 3143.8
17 1986.5 | 2733.7 | 3322.7 | 4737.3 | 2724.4 | 3968.5 | 3973.4 | 4999.0 | 2154.0 | 2837.1 2813.6 | 3498.1
18 3362.9 | 4402.2 | 4685.9 | 11396.5 | 5267.0 | 5593.8 | 5214.6 | 5304.3 | 2233.9 | 3596.6 | 3559.4 | 4362.0
19 5026.9 | 8030.1 8933.2 | 15058.7 | 5281.7 | 5805.0 | 5935.4 | 9905.4 | 4110.6 | 5402.7 | 5468.9 | 5627.2
20 8768.6 | 9513.4 | 13333.4 | 16189.6 | 5043.1 | 10162.1 | 10075.9 | 15723.6 | 3718.1 3704.9 | 4616.8 | 4979.9
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Table 5. Strength decreasing ratio by water content increase

Normalization for strength of water content, S=100% (w1)
Water .
content Sandy ground Gravel mixed ground
Curing time 7 days Curing time 28 days Curing time 7 days Curing time 28 days
wl 100.0 100.0 100.0 100.0
w2 62.0 43.0 78.0 64.0
w3 44.0 28.0 41.0 21.0
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Table 6. Strength increase ratio by stabilizer content

) ) Strength increase ratio by stabilizer content
Curing time Water content
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wi 1.00 1.34 1.80 2.41
7days w2 1.16 1.61 1.64 2.30
w3 0.66 1.18 1.57 2.19
wi 1.00 1.38 1.82 2.68
28days w2 1.15 1.34 1.38 1.93
w3 0.84 1.1 1.33 1.52
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