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Fig. 1. Microbial-induced carbonate precipitation (MICP)
process with urea hydrolysis mechanism [6]
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1. Pocket Penctrometer
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Fig. 2. Grading curves for the test sands
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Concentration cementation Culture
(g/D) medium
20 yeast extract
10 Ammonium chloride Ammoplum
chloride
20 Urea
45.5 calcium chloride
3 nutrient broth
2.12 sodium bicarbonate

Table.1. Culture medium and cementation concentration

oslizal 550 slaSIE Slasein Y J gl

Property sandT60  sandT90 Carbonate Sand
Dgo ( mm) 0.28 0.25 0.2
Pamax G5 1661 1632 1685
Pamin (%) 1401 1432 1463

Gs 2.65 2.64 2.67
C, 1.7 1.75 2.96
C. 0.98 0.81 1.01

Table.2. Some physical properties of the tested sands
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Fig. 4. Experimental setup of wind tunnel used in the present
investigation; (a) schematic diagram of the apparatus; 1. Half
pyramid output- 2. Working section (b) photograph of its two
diffusers (foreground) and wind blower outlet
(background)
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Fig. 6. Compressive strength development for MICP treatment
of soils
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Table.4. Analysis of variance (ANOVA) for sands
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Table.6. Analysis of variance (ANOVA) for double-MICP
spray treatment of soils
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different

Table.7. Analysis of mean comparison with Duncan's
multiple range test for double-MICP spray treatment of
soils
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Table.8. Analysis of variance (ANOVA) for outdoor
experiments of sand t60
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different

Table.9. Analysis of mean comparison with Duncan's multiple
range test for outdoor experiments of sand t60
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Fig. 8. Outdoor and laboratory experiments involving single
MICP spray treatment of sand t60
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Abstract

Wind erosion and the phenomenon of Dust with all of its controlling methods is serious problem. This
phenomenon lead environment degradation and fugitive dust storms. So, Study and use of the new methods to
control this natural phenomenon is essential. In this study, the novel and environmental friendly method of
soil biological stabilization was investigated with using an abundant bacterial species founding in nature and
soil deposits. The scientific name of this bacterium is Sporosarcina Pasturii (PTCC 1645) and uses as the
urease-positive bacterium. This bacterium produce urease enzyme which converts urea to ammonium and
carbonate, resulting in the precipitation of calcite crystals that bridge the soil particles. In this study a mixture
of cementation and bacterial-cell solutions uniformly sprayed onto the exposed top surfaces of the soils. The
concentration of bacterial-cell solution was quantified in terms of its optical density at 600nm wavelength

(ODso0) which equal 1.5 (that is, approximately 1.5x10® bacterial cells-ml"). The prepared equimolar urea—

calcium chloride cementation solution included nutrient broth (3g.I'"), ammonium chloride (10g.I"") and
sodium bicarbonate (2.12g:1") prepared at 0.5M concentration. The mixture volume sprayed onto each
specimen was equal to 1.5Vv (where Vv is the pore voids volume of the topmost 3-mm thick layer of the 20—
mm deep loose sand tray-specimens). The bench scale experimental programme presented investigates the
proposed technique’s effectiveness for stabilisation of two clean, angular to sub-angular medium silica sands

and carbonate silty sands with different gradations (sand t60 and sand t90 with size ranges of 0.125-0-50 and

0.075-0.85mm, respectively and carbonate sand with size ranges of 0-001-0-85mm, and mean particle size

(Dso) values of 0.28, 0.24 and 0.20 mm, respectively), the time-dependent (retention time 3, 7, 14, 20 and 28
days) compressive strength development for the crustal sand layer following single- and double-MICP (with
interval of 6 days) spray treatments, as well as wind tunnel experiments under the condition of wind velocity
of 20 ms™. The effect of dew formation on crustal compressive strength development with curing period and
the efficiency of the MICP treatment for the outdoor environment compared to laboratory-controlled test
conditions. A pocket penetrometer was used to determine the compressive strength of soils. Significant
improvements in the Compressive strength of the treated soil samples were observed. The results show
improving compressive strength with time. The highest compressive strength in the carbonate sand was
obtained equals to 84 kPa. Silica sand with finer size distribution has shown more compressive strength than
two other soils. Also the results showed that double-MICP spray treatments of the bacteria solution and
cementation was more effective than single- MICP spray treatments in the compressive strength of soils,
especially in the silica sand equals to 190% in a curing period of 28 days. Also, the cured MICP-treated crustal

sand layer was stable to 20 m-s~' winds that demonstrating the potential of biological stabilisation via the
MICP process as an appropriate option for dealing with desertification and motion of sandy soil deposits.

Key word: Wind Erosion, Sporosarcina Pasteurii, Compressive Strength, Pocket Penetrometer.
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