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28  Here, microbially induced calcite precipitation (MICP) technology is presented to improve soil
29  properties by immersion.
30
31  ABSTRACT:
32  The goal of this article is to develop an immersion method to improve the microbially induced
33  calcite precipitation (MICP) treated samples. A batch reactor was assembled to immerse soil
34  samples into cementation media. The cementation media can freely diffuse into the soil samples
35 in the batch reactor instead of cementation media being injected. A full contact flexible mold, a
36  rigid full contact mold, and a cored brick mold were used to prepare different soil sample holders.
37  Synthetic fibers and natural fibers were selected to reinforce the MICP-treated soil samples. The
38  precipitated CaCOs in different areas of the MICP-treated samples was measured. The CaCOs3
39 distribution results demonstrated that the precipitated CaCO3 was distributed uniformly in the
40  soil sample by the immersion method.
41
42  INTRODUCTION:
43  Asa biological ground improvement technology, microbially induced calcite precipitation (MICP)
44  is capable of improving engineering properties of soil. It has been used to enhance the strength,
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stiffness, and permeability of soil. The MICP technique has gained much attention for soil
improvement worldwide®?3#, Carbonate precipitation naturally happens and can be induced by
nonpathogenic organisms that are native to the soil environment®. The MICP biogeochemical
reaction is driven by the existence of ureolytic bacteria, urea and a calcium-rich solution>®.
Sporosarcina pasteurii is a highly active urease enzyme that catalyzes the reaction network
towards precipitation of calcite’®. The urea hydrolysis process produces dissolved ammonium
(NH*) and inorganic carbonate (CO3%). The carbonate ions react with calcium ions to precipitate
as calcium carbonate crystals. The urea hydrolysis reactions are shown here:

CO(NH,), + 2H,0 — 2NHj] + C0%~ (1)
C2* + CO%™ - C,C0;5(s) (2)

The precipitated CaCOs; can bond the sand particles together to improve the engineering
properties of MICP-treated soil. The MICP technique has been applied in various applications,
such as improvement of strength and stiffness of soil, repair of concrete, and environmental
remediation9'1°'11'12'13'14'15.

Zhao et al.'® developed an immersion method to prepare MICP-treated samples. A full contact
flexible mold made of geotextile was used in this method. The precipitated CaCOs distributed
uniformly throughout their MICP-treated samples. Bu et al.'” developed a rigid full contact mold
to prepare MICP-treated beam samples by an immersion method. The MICP-treated sample
prepared by this method using a rigid full contact mold can form the suitable beam shape. The
MICP-treated sample was divided into four and the CaCOs3 contents were measured. The CaCOs
content ranged from 8.4 + 1.5% to 9.4 + 1.2% by weight, which indicated that the CaCO3
distributed uniformly in the MICP-treated samples by the immersion method. These MICP-
treated samples also achieved better mechanical properties. These MICP-treated bio-specimens
reached a 950 kPa flexure strength, which was similar to that of 20- 25% cement-treated samples
(600- 1300 kPa). Li et al.l% added randomly distributed discrete fiber into the sandy soil and
treated the soil by the MICP immersion method. They found that the shear strength, ductility,
and failure strain of MICP-treated soil were enhanced obviously by adding appropriate fiber.

The immersion method for MICP has been continually improved'®!®1’, This method can be used
to prepare MICP-treated soil samples and MICP-treated prefabricated building materials, such as
bricks and beams. Different geometry dimensions of sample preparation mold were developed.
Fibers were added in the MICP-treated samples to enhance their properties. This detailed
protocol was intended to document the immersion methods for MICP treatment.

PROTOCOL:
NOTE: All relevant material used in the following procedures are non-hazardous. Personal
protective equipment (safety glasses, gloves, lab coat, full length pants, closed-toe shoes) are still

needed.

1. Preparation of bacteria solution
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1.1) Preparation of growth medium (NHs-YE medium)

NOTE: The components of growth media per liter of deionized water are: 20 g of yeast extract;
10 g of (NH4)2S04; and 0.13 M Tris buffer (pH 9.0).

1.1.1) Autoclave ingredients separately.

1.1.2) Dissolve 20 g of yeast extract, and 10 g of (NH4),SOa in 1 L of deionized water containing
0.13 M Tris buffer.

1.1.3) Mix the components together using magnetic stirrer post-sterilization.

1.2) Propagation procedure of Sporosarcina pasteurii

NOTE: Use 50 mL centrifuge tubes in this experiment.

1.2.1) Thaw the frozen bacteria in a vial.

1.2.2) Open the vial.

1.2.3) Transfer 1 mL of bacteria suspension to a centrifuge tube with 10 mL of fresh growth
medium. Mix well by hand (inoculation rate is 1:10). Repeat 5 more bacterial suspensions with

growth medium. Prepare a control tube only with 10 of fresh growth medium inside.

NOTE: The cryoprotectant used in the freeze/drying procedure may inhibit growth in the primary
tube. The lids of tubes were tightened loosely in order to maintain the aerobic condition.

1.2.4) Incubate all tubes in a shaker at 200 rpm at 30 °C for 48 to 72 hours. Stop the incubation if
the growth medium becomes turbid after 48 h. Otherwise, extend the incubation to the
maximum of 72 h.

1.2.5) Centrifuge the tubes with bacteria and growth medium at 4,000 x g for 20 min.

1.2.6) Remove the supernatant, replace with 25 mL of fresh growth medium, and mix well using
a vortex machine.

1.2.7) Repeat steps 1.2.3-1.2.6 twice to fully stimulate the activity of bacteria.

1.2.8) Use the suspension from the tubes in step 1.2.7 to inoculate more tubes with 25 mL of
growth medium to enhance the culture of bacteria (inoculation rate is 1:10).

1.2.9) Incubate all tubes in a shaker at 200 rpm at 30 °C for 48 hours.
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1.2.10) Centrifuge the tubes with bacteria and growth medium at 4,000 x g for 20 min.

1.2.11) Remove the supernatant, replace with fresh growth medium, and mix well using a vortex
machine.

1.2.12) Adjust the bacteria concentration using fresh growth medium before the MICP
experiments. Calculate the bacteria concentration by optical density of the suspension at 600 nm,
which was measured using a spectrophotometer. The ODsqp in this experiment was 0.6.

2. Preparation of cementation media

NOTE: Cementation media is used to provide chemicals to induce the calcite precipitation during
the MICP treatment. The urea-Ca?* molar ratio is 1:1. The chemical components of cementation
media is shown in Table 1. The following procedure is for 20 L of cementation media with 0.5 M
Ca.

2.1) Prepare 20 L of water in a plastic box.

2.2) Dissolve 200 g of NH4Cl, 60 g of nutrient broth, 42.4 g of NaHCOs, 600 g of urea, and 1470 g
of CaCl,.2H,0 in the 20 L of distilled water. Mix well using stirring rod.

3. Preparation of molds
3.1) Preparation of full contact flexible mold (FCFM)

NOTE: The full contact flexible mold is made of geotextile. The geotextile has a grab tensile
strength of 1,689 N, a trapezoidal tear strength of 667 N, an apparent opening size of 0.15 mm,
a water flow rate of 34 mm/s, a thickness of 1.51 mm, and a unit mass of 200 g/m?. The size of
mold can be varied to prepare different sample sizes (for example, unconfined compression test
sample or direct shear test sample).

3.1.1) As the FCFM consists of an annular part, a bottom, and a cover, cut the geotextile into
constituent parts of FCFM.

3.1.2) Sew the three parts of FCFM together as shown in Figure 1.
3.2) Preparation of rigid full contact mold (RFCM) for bio-bricks

NOTE: The rigid full contact mold consists of a flexible layer and a rigid holder. The flexible layer
is made of the same geotextile as the FCFM. The rigid holder is made of a polypropylene
perforated sheet with 6.35 mm diameter staggered holes distributed on the polypropylene
perforated sheet and the clearance distance between adjacent holes is 9.53 mm. One mold
consist of three chambers and the size of each chamberis 177.8 mm in length, 76.2 mm in width
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and 38.1 mm in height. The size of RFCM can be varied to prepare different sample size. The holes
in the rigid holder allow cementation media flow through the flexible layer freely.

3.2.1) Prepare the polypropylene perforated sheet for constituent pieces of the rigid holder.
3.2.2) Assemble the pieces of rigid holder using plastic screws and nuts.

3.2.3) Prepare the constituent parts of the geotextile flexible layer. The flexible layer consists of
a bottom and a cover.

3.2.4) Enclose the bottom of the flexible layer in the rigid holder.

3.2.5) Once the sand is added into the mold, place the cover of flexible layer and fix by sewing on
the top of the sand sample as shown in Figure 2.

3.3) Preparation of hollow brick mold

NOTE: The hollow brick mold includes a rigid holder, a flexible layer, and cardboard tubes. The
size of the cardboard tube is 60 mm x 140 mm x 60 mm. Three chambers are included in one
mold and the size of each mold chamber is 177.8 mm in length, 76.2 mm in width and 38.1 mm
in height in this procedure.

3.3.1) Prepare the polypropylene perforated sheet for the constituent pieces of the rigid holder.

3.3.2) Drill holes on the bottom of the rigid holder piece. The size of the holes is 61 mm in
diameter. The location of holes in each chamber is shown in Figure 3a.

3.3.3) Assemble the pieces of the rigid holder using plastic screws and nuts.

3.3.4) Assemble the cardboard tubes in the drilled holes on the bottom of the rigid holder.
3.3.5) Prepare the constituent parts of the geotextile flexible layer. The flexible layer consists of
a bottom and a cover. Holes are also needed on the flexible layer at the same location of

cardboard tubes.

3.3.6) Once the sand is added into the mold, place the cover of flexible layer and fix by sewing on
the top of the sand sample as shown in Figure 3b.

4. Preparation of the batch reactor

NOTE: The reactor shown in Figure 4 consists of a plastic box, cementation media, a sample
supported shelf, and air pumps. The soil samples can fully immerse into the cementation media
while the cementation media can freely diffuse into the soil samples by this method. The air
pump in the reactor provides oxygen for bacteria. To determine the effects of different oxygen
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supply on MICP treatment catalyzed by Sporosarcina pasteurii, Li et al. 20178 conducted contrast
tests under three different conditions: an aerated condition, an air restricted condition, and an
open-air condition. They found that a well-oxygenated condition is essential to improve MICP
processes catalyzed by aerobic bacteria.

4.1) Connect the air pump with air supply using a plastic hose.

4.2) Place the air pump in the plastic box.

4.3) Pour cementation media into the plastic box.

5. Preparation of soil samples

5.1) Preparation of MICP-treated soil sample

NOTE: Ottawa sand (99.7% quartz) is used in the experiments. The sand is uniform with a median
particle size of 0.46 mm and no fines are included. It is classified as poorly graded sand based on
the Unified Soil Classified System (USCS).

5.1.1) Add dry sand into molds by the air pluviation method (FCFM, RFCM, hollow brick mold) to
reach a median dense condition (D in the range of approximately 42-55%, and dry density of

sand in the range of 1.58-1.64 g/cm?3).

NOTE: The weight of sand varies according to different kinds of molds: 145 + 5 g sand for the UCS
test sample, which is 38.6 mm in diameter and 76.2 mm in height.

5.1.2) Place the cover on the top of samples and fix it by sewing.

5.1.3) Pour the bacteria solution with a fixed optical density value through the permeable
geotextile cover into the samples and make sure that they are saturated.

NOTE: The amount of bacteria solution varied according to different samples: 50 mL of bacteria
solution for a UCS test sample, which is 38.6 mm in diameter and 76.2 mm in height.

5.1.4) Place samples on the sample supported shelf as shown in Figure 5a.
5.1.5) Immerse the entire shelf into the batch reactor filled with cementation media.

5.1.6) Turn on the air supply and adjust the air output to keep 100% air saturation. Wait for 7
days of MICP reaction.

5.1.7) Take out the samples from the reactor as shown in Figure 5b.
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5.1.8) Remove the samples by cutting the full contact flexible mold or demolding the rigid holder
and then cutting the flexible layer.

5.1.9) Wash the samples with water to remove the residual solution in the pore space.

5.1.10) Place the samples in the 105 °C oven for 48 h until their weights remain constant. The
samples can be tested or treated additionally after the oven drying.

5.2) Preparation of fiber reinforced MICP-treated soil sample

NOTE: Synthetic fiber (see Table of Materials) and natural palm fiber as shown in Figure 6 are
used in these procedures.

5.2.1) For the synthetic fiber, mix the proposed content of fibers and 900 g of dry sand in small
increments by hand to obtain a uniform mixture. The fiber content in this experiment is fixed as

0.3% by weight of the dry sand.

5.2.2) For the natural palm fiber, distribute 760 g of sand into four equal parts. Add these four
parts of sand and three layers of fiber in RFCM at intervals.

5.2.2) Repeat the same procedure as steps 5.1.2—5.1.10 to get the MICP-treated sample.

5.3) Preparation of cement-treated bricks with bio-surface treatment

NOTE: Portland cement (TYPE I/Il) with specific gravity of 3.15 is used as the cementing agent for
the cement-treated samples in this experiment. The early strength gain of this cement allowed
the various curing times ranged from 7 to 21 days. The proportion of added cement in this
procedure is 10% by weight of dry sand.

5.3.1) Mix 900 g of sand, 90 g of cement, and 200 mL of water to achieve a uniform mixture.

5.3.2) Add the mixture to the rigid mold. The size of rigid mold is 177.8 mm in length, 76.2 mm in
width and 38.1 mm in height.

5.3.3) Cure for 7 days at a constant humidity of 100% and constant temperature of 25 °C.
5.3.4) Place samples in the 105 °C oven for 48 hours until their weights remain constant.
5.3.5) Repeat the same procedure as steps 5.1.3—5.1.8.

5.3.6) Place samples in the 105 °C oven for 48 hours until their weights remain constant. The
samples can be tested or treated additionally after the oven drying.

REPRESENTATIVE RESULTS:
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Figure 7 shows the distribution of precipitated CaCO3 throughout the MICP-treated sample. The
MICP-treated sample was divided into three different areas. The CaCOs content in each area was
tested by the acid washing method. To dissolve precipitated carbonates, the dry MICP-treated
samples were washed in a HCl solution (0.1 M), then rinsed, drained, and oven-dried for 48 hours.
The difference value between the masses of samples before and after acid washing was
considered to be the mass of the carbonates precipitated in the MICP-treated samples. The
CaCOs content is indicated as percentage of sample weight. The CaCOs content of the MICP-
treated sample by the immersion method ranged from 9.0% to 9.5%. The results indicated that
the precipitated CaCOs was distributed uniformly throughout the soil sample. While Martinez et
al. 2013*° conducted experiments on 50 cm long sand columns by an injection method in the
laboratory, they found that the calcite distributed nonuniformly along the MICP-treated sand
column. Most of the calcite precipitated near the influent column and hindered the cementation
reaction in the deeper section of the column.

The stress-strain curves of bio-brick reinforced with three layers of palm fiber and unreinforced
bio-brick obtained using a four-point test is shown in Figure 8. The flexure strength of
unreinforced bio-brick was 1,150 kPa, while that of reinforced bio-brick was 980 kPa. Their
flexure strengths were similar, but the flexure strain was improved significantly by addition of
the palm fiber. These results indicate that palm fiber can contribute to the improvement of
ductility.

FIGURE and TABLE LEGENDS:

Figure 1: Full contact flexible mold for direct shear tests. The full contact flexible molds were
made of geotextile. The geotextile was a polypropylene, staple fiber and needle punched
nonwoven material. The cylinder-shaped mold had a diameter of 62 mm and a height of 26 mm.

Figure 2: Sample preparation of bio-bricks @ Assembled mold for brick; @ Sand added into
the mold; @ Flexible cover added on the top of sand sample. The rigid full contact mold consists
of a flexible layer and a rigid holder. The flexible layer was made of geotextile, and the rigid holder
was made of a polypropylene perforated sheet. The mold consisted of three chambers and the
size of each chamber was 177.8 mm in length, 76.2 mm in width and 38.1 mm in height.

Figure 3: Cored brick molds. (a) Holes distribution on one chamber of mold; (b) Sample
preparation of bio-cored bricks @ Assembled mold for cored brick; @ Sand added into the
mold; @ Flexible cover added on the top of sand sample. The cored brick mold included a rigid
holder, a flexible layer, and cardboard tubes. The size of cardboard tube was 60 mm x 140 mm x
60 mm. Three chambers were included in one mold and the size of each chamber of mold was
177.8 mm in length, 76.2 mm in width and 38.1 mm in height.

Figure 4: Sketch of batch reactor for MICP. All samples were prepared in a completely stirred
tank reactor. The batch reactor included a plastic box to contain soil samples and cementation
media, a magnetic mixer to keep the solution uniform, and an air pump to provide oxygen for
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bacteria. A major feature of this method is to allow soil samples fully immerse into the
cementation media and to allow the cementation media to freely penetrate into the soil samples.

Figure 5: Soil samples placed on the supported shelf (a) before the MICP reactions; (b) after the
MICP reactions. The bio-brick samples were prepared with the full contact mold. A geotextile
cover was applied on the top of the mold. Each bio-brick had a size of 177.8 mm in length, 76.2
mm in width and 38.1 mm in height.

Figure 6: (a) Synthetic fiber; (b) natural palm fiber. The synthetic fiber was a homopolymer
polypropylene multifilament fiber with a specific gravity of 0.91. It is chemically inert with high
acid salt resistance. The length and thickness of the fibers used in this study were 12 and 0.1 mm,
respectively, with an aspect ratio of 120 between the length and thickness of the fiber.

Figure 7: CaCOs distribution in three areas of MICP-treated sample. Three zones were divided
in the sample. In each zone, the amount of precipitated CaCOs was measured and calculated as
a percentage by weight.

Figure 8: Flexure stress as a function of flexure strain for unreinforced bio-brick and palm fiber
reinforced bio-brick with MICP treatment. The flexure strength of unreinforced bio-brick was
1,150 kPa, while that of reinforced bio-brick was 980 kPa. The flexure strain was improved
significantly by addition of palm fiber. These results indicate that palm fiber can contribute to the
improvement of ductility.

Table 1: Chemical components of cementation media. The chemicals were used to prepare four
concentrations of cementation media in 0.25 M Ca, 0.5 M Ca, 1 M Ca, and 1.5 M Ca. The urea-
Ca%*molar ratio was fixed as 1:1.

DISCUSSION:

The MICP technique by immersion was presented in this paper. Soil samples were immersed into
the batch reactor to get fully penetrated by cementation media in the MICP process. In this
method, a full contact flexible mold, a rigid full contact mold, and a cored brick mold were applied
to prepare MICP-treated samples.

Different molds can be designed for different geometry requirements. The fibrous structure of
geotextile increased the contact area between sand and cementation media, which effectively
increased the penetration of cementation media into soil samples. The large amounts of pores
of geotextile also allowed more precipitation occurring inside the mold to improve the strength
of MICP-treated samples. The soil properties of MICP-treated samples, such as strength and
calcite content, were greatly improved by using these molds in the immersion method. The
immersion method showed an advantage in preparing prefabricated building materials, such as
bio-bricks and bio hollow bricks. Synthetic fiber and natural fiber can be added in the soil to
enhance the MICP-treated samples. Fiber addition is an appropriate way to improve
prefabricated MICP-treated materials. MICP technique with immersion method can be applied
to perform surface treatment for cement-treated bricks to improve their properties, such as
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enhancing the durability of cement-treated materials by reducing their permeability. However,
this immersion method is difficult to implement in the field due to the limitation of its operation,
future research on how to use this method on site is needed to apply this method in the field.
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Concentration of cementation media (g/L)

Chemical

0.25 M Ca 0.5MCa 1MCa 1.5MCa
NH,CI 10 10 10 10
Nutrient
broth 3 3 3 3
NaHCO; 2.12 2.12 2.12 2.12
Urea 15 30 60 90
CaCl,-2H,0  36.8 73.5 147 220.5
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Nutrient Broth Bio-world 30620056-3
Sodium Bicarbonate, >99% Bio-world 41900068-3 (705727)

American Type

S j teurii ATCC 11859
porosarcina pastedrt Culture Collection

Synthetic fiber FIBERMESH Fibermesh 150e3

Tris-Base, Biotechnology Grade, i

599.7% Bio-world 42020309-2 (730205)
Urea, USP Grade, >99% Bio-world 42100008-2 (705986)

Yeast Extract Bio-world 30620096-3 (760095)
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Improvemenbf SandySoil throughMICP by ImmersingMethoc

Author(s):

ShihuiLiu, KangDu, Kejun Wen,Wei Huang,FarshadAmini, Lin Li

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
Lin Li
Department:
Civil andArchitecturalEngineerin
Institution:
nstitution Tennesse&tateUniversity
Title: DepartmenHeadandProfessc
Signature: Lo T Date: | 03/28/201

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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TENNESSEE

A
STATE UNIVERSITY

1
College of Engineering

Department of Civil & Architectural Engineering
Office: (615) 963-5421

June 4, 2019

Jialan Zhang, Ph.D.

Science Editor

JoVE

1 Alewife Center | Suite 200 | Cambridge | MA | 02140
Tel: +1 (617) 401-9171, jialan.zhang@jove.com

RE: Manuscript JOVE60059-R1 with Titled “Improvement of Sandy Soil through MICP by
Immersing Method” by Shihui Liu, Kang Du, Kejun Wen, Wei Huang, Farshad Amini and Lin Li

Dear Editor Dr. Zhang:

Please find attached the revised manuscript for review and possible publication in the JoVE.
Thank you for your consideration. We have addressed all of reviewer comments and made the
change in the revised manuscript. Thanks for the comments to improve the manuscript.

Please do not hesitate to contact me if you need further information or have any questions. | can be
reached at 615-963-5417 or llil@tnstate.edu . | look forward to working with you.

Sincerely,

oL £
# %
§ 3

Lin Li, Ph.D., P.E., F. ASCE

Professor and Department Head,

Department of Civil & Architectural Engineering,
Tennessee State University,

Nashville, Tennessee, USA

Department of Civil and Architectural Engineerin
3500 John A Merritt Boulevard | Nashville, TN 37209 | 615.963.5421 | 615.96.5413 fax f
http://www.tnstate.edu/cae/
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