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Mechanical Properties of Controlled Low Strength Materials
with Marine Dredged Soil
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Abstract

Flowable fill is generally a mixture of sand, fly ash, a small amount of cement and water. Sand is the
major component of most flowable fill mixes. Marine dredged soil was adopted for flowable fill instead of
fly ash. Natural sea sand and in-situ soil were used for comparison. The flow behavior, hardening
characteristics, and ultimate strength behavior of flowable fill were investigated. The unconfined
compression test necessary to sustain walkability as the fresh flowble fill hardens was determined and the
strength at 3-days appeared to correlate well with the water-to-cement ratio. The strength parameters, like
cohesion and internal friction angle, was determined along the curing time. The creep test for settlement
potential was conducted. Also, potable falling weight deflectometer(PFWD) test has been carried out for
elastic modulus of each controlled low strength materials(CLSM). The data presented show that marine
dredged soil and in-situ soil can be successfully used in CLSM.

key words : flowable fill, In-Situ Soil, PEFWD, Subgrade
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Table 1. Annual Marine Dredged Soil"”

Year Numper Quantitgy Area2 Co.s.t
of Site | (106m”) | (106m®) |(10million)
2005 30 40.7 12.1 177
2004 33 34.1 3.8 140
2003 41 22.0 5.8 130
2002 38 24.0 5.8 152
2001 40 12.5 3.6 96
2000 25 5.2 2.2 40

Table 2. Specification for Backfill Materials

Type Specification
Maximum Size (mm) 100
#4 Sieve Pass (%) 25-100
#200 Sieve Pass (%) <15
Plastic Index (PI) <10
Modified CBR (%) > 10
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Fig. 2. Flow Test Equipment

Table 3. Soil Properties for Test

Type Item Sand In—Situ Soil Dredged Soil

Soil Type SP SW MH

Specific Gravity 2.556 2.565 2.321

Water Content(%) 3.55 14.06 46.00

Max. Diameter 75.00 4.75 4.50
Dio 0.03 0.18 -
Sieve Analysis D30 027 067 ~
Dso 3.70 2.10 -

Cu 2.37 7.29 14.29

Ce 0.78 1.70 1.71
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Table 4. Mixing Ratio(%) by Weight

Mix Sand or In—Situ Soil Dredged Soil Cement Water
Sand CLSM 32.11% 27.75% 3.67% 36.47%
In—-Situ CLSM 51.04% 17.87% 3.71% 27.38%
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Fig. 3 Uniaxial Strength of Each CLSM

Table 5. Results of Unconfined Strength Test (x:strain, y:stress)

. Curing Strength . 2

Soil (day) (kPa) Equation R
3 250.1 yv=61.74x+37.49 0.924

Sand CLSM
7 404.5 y=79.83x+20.65 0.978
) 3 250.9 y=78.41x+21.42 0.959
In—Situ CLSM

7 336.6 y=83.10x+15.23 0.982
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Table 6. Strength Parameters of Each Soil (x:vertical stress, y:shear stress)

. Curing Cohesion Friction . 2

Soil (day) (kPa) Angle (0) Equation R
3 250.1 9.45 y=0.1662x+38.65 0.875

Sand CLSM
7 404.5 11.82 vy=0.0325x+80.77 0.883
) 3 250.9 8.21 y=0.1444x+71.09 0.911
In—Situ CLSM

7 336.6 12.61 y=0.2238x+92.97 0.982
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Fig. 5 Creep Strain with Loading Cycle
Table 7. Creep Strain Analysis
3 Day Curing 7 Day Curing
Strain () Sand In—Situ Sand In—Situ Field
CLSM CLSM CLSM CLSM
1 sec 39.89 26.91 49.15 78.75 55.67
1200 sec 178.82 144.95 108.27 142.17 471.94
1201 sec 178.59 145.48 107.22 142.1 470.81
1600 sec 177.09 144.68 104.66 139.81 463.36
Elastic 1.5 0.8 256 2.29 7.45
Recovery
Visco—
Elastic 0.23 0 1.05 0.07 1.13
Recovery
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Table 8. Loading Plate for Each Soil Layer

Plate (mm) Type of Layer
roadbed, subgrade, subbase,
4] .
300 foundation
a 200 gravel foundation
< 100 asphalt surface
I (K co0es0s-101-10 kdb - |

. File Miew Jools Help

M 4 [locaton 1 s =1 » M
Farce(kM) PressikPa) Pubkse{ms}
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Offset(cm) Defl. (um) Ermod(Mpa)
o1 0 1473 14
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F h "
"\..../"

Fig. 7 Computer Screen
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Table 9. Test Result of PFWD

Load (kN) 45 5.9 75 9 11 13 18
Stress 64 84 106 128 158 186 258
(kPa)

Mo, @ 1040 1447 1884 2323 x x x
Strain %) 98 133 172 242 369 487 869
(urn) ® 88 112 146 x 225 256 326

Elastic % 20 19 18 18 * * *
Mod-lus ® 200 200 190 169. | 136 120 95
(MPa) ® 295 233 296 « | 225 235 260

@ Insitu Soil Only, @ Sand CLSM, @ Insitu CLSM
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