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LITERATURE REVIEW: BIOCEMENT FOR STABILIZATION OF

Background

The aim of this study was to present a possibility for the use of biocement on expansive
clay. Expansive solil is a type of clay when exposed to water and moisture changes its
volume. Due to the clays swelling and shrinkage behaviour its difficult to use it in
engineering and construction projects, therefore costly and unhealthy techniques have been
used to stabilise expansive soil in order to address the problem [6]. A possible healthy and
environmentally friendly solution is Biocement which uses microbial induced calcite
precipitation (MICP) in order to help aggregate soil to form a stable cementitious material.
MICP is dependent on the innate process of urea production in Microorganisms that utilizes
the production of urea to form carbonate through the process of hydrolysis speed up by the
urease enzyme [2]. The use of biocementation is being applied to many fields such as
construction and erosion control [5]. However, there are many other processes that can
utilize this technology for its benefit.
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Method

 For this paper we did a systematic review in order to offer a reliable and replicable way to
search for articles for answering our research questions 1 and 2.

1. Would the chosen bacteria be able to aggregate and work on expansive clay to form (2013)

2. What would be the most reliable bacteria in stabilizing expansive soil specifically for

the southern Nevada environment?

 In order to conduct a systematic literature review we chose to search for research articles
through University of Nevada, Las Vegas Library website which offers peer-reviewed
articles from multiple journals in one location . We ended up with 13 research papers

through the use of filters and parameters summarized in Figure 1.
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097

Figure 1: Summary of the systematic review conducted for biocement. Filters and
parameters where chosen based on the two research questions we wanted to address.
Flow chart template was used from PRISM.
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Table 1: Summary of the data from the 13 reviewed publications pinpointing the organisms and the type of soil they
used and the data they found. The data measurements included permeability, porosity, strength, optimal temperature,
optimal pH, and cell concentration.

Results

« As shown in one of the experiments by Deng & Wang (2018), finer sand showed better
results in strength and permeability compared to the coarse sand tested. In experiment by
Naidu, Rao, and Redd there was a 35% decrease in porosity and a 16.18% increase in
strength. In all 3 experiments testing different grades of soil, they all showed soil that was
fine was able to be used in biocement [3,11,12].

|t was found that biocement was was able to work and aggregate on clay like minerals and
that the biocement was able to improve the strength of the clay 10x [7].

 S. pasteurii shows good growth in hotter temperatures that would correspond to southern
Nevada’s temperatures that are predominantly hot temperatures. Among the data collected
the bacteria was shown to grow in temperatures varying from 23°C-37°C 1-5, 7-9, 11-15].
The data also shows that the bacteria is able to grow in very alkaline environment as well as
growing Iin extreme variation in pH.

« As summarized in table 1, the bacteria was shown to grow in a large pH range starting at a
pH of 6.5 and reaching all the way to a pH of 11 [1-5, 7-9, 11-15].

Conclusion and Future Direction

« Optimal organism for expansive soil stabilization by means of biocementation is S. pasteurii.
This conclusion was reached by looking at the literatures data on the parameters tested on S.
pasteurii. Parameters such as the ability to grow in high pH as well as high temperatures mimic
Las Vegas’s hard water and the hot temperature environment..

« It was found that smaller particle sizes were able to better aggregate the bacteria to form
biocement compared to coarse material. This is beneficial information since clay is known to
have smaller particle size compared to conventional soil and sand. It was also found that soil
that contained clay minerals were able to have biocement produced on it successfully.

« Unfortunately, there is doubt on the accuracy of the conclusions due to the limited data that was
collected on types of bacteria and that the materials tested where not specifically on expansive
clay themselves.

« Through this review we have seen this processes being narrowed to a specific purpose when
this technology could be stretched and benefit so many other processes in construction. As
southern Nevada continues to grow in population large construction projects continue to spring
up and biocement could have a large impact in the state. Overall, there is a lot of room for
Improvement and research on other materials to be used for biocement experiments and due to
growing populations.
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