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Literature Search: NS 609: Evaluation of Gravel Stabilizer Used on Gravel Roads and Gravel Shoulders 

Date: July 2, 2021 

Prepared for: Marcus Bekele 

Prepared by:  Sheila Hatchell | contact: Sheila.hatchell@state.mn.us  

Resources searched:  Compiled results are from the following databases:  TRID, RIP, Transport, ASCE, 
Google Scholar, Internet, MnDOT Library Catalog.  Results are categorized as “Most Relevant” or 
“Other.” 

Summary:  Links are provided for full-text, if applicable, or to the full record citation.  If the resource was 
only available as a PDF download, I saved and attached the PDF for you.   I completed my searches using 
the following keywords: Gravel stabilizers, Gravel roads, Low volume roads, Soil stabilizers, BaseOne, 
EN1, ClayCrete, EMC squared, Dustex.  Also, from what I have been able to determine, I think this title is 
misleading and should instead be Evaluation of Soil Stabilizers Used on Gravel Roads and Gravel 
Shoulders. 

Topic Description: Many Minnesota counties have been using gravel stabilizers on their gravel roads 
over the last decade, and have reported decreases in the amount of gravel, grading, dust suppressants, 
and fossil fuel required to maintain their gravel roads. This study would quantify those saving as well as 
determine whether savings are possible for their use on gravel shoulders. Propose to study at least two 
stabilizers used on both natural and carbonate gravel roads and shoulders. 

Some counties have realized savings in gravel road maintenance costs of +50%. The greatest savings 
were in the required grading hours, which decreased 75%. This translates into savings in fossil fuel and 
subsequently green house gases. These savings should be quantified by a formal study so that they can 
be better shared with other users. 

Additionally, their use on gravel shoulders should be studied to assess whether there is saving there 
also. The research objective would be to quantify the savings of using gravel stabilizers as well as 
determine whether savings are possible for their use on gravel shoulders. Savings quantification by a 
formal study would allow for better sharing with users across the state. 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Most Relevant Results 

Soil Stabilization in Low-Volume Roads: Obstacles to Product Implementation from Additive Supplier’s 
Standpoint (Note: This article is from 2011, but I chose to include it since there is little information 
available on this topic, and this article seems noteworthy) 

Authors:  Campbell, Alex E, and Jones, David 

Publisher/Date: TRB, Transportation Research Record no. 2204, volume 2, 2011 

Abstract: Overwhelming evidence supports the importance of gravel roads. However, road agencies are 
increasingly faced with the necessity of relying on marginal materials in construction of low-volume 
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roads. Use of these materials necessitates that stabilization be used to alter the engineering parameters 
to ensure that corrugation, erosion, rutting, poor passability, dust, and low-bearing capacity are 
avoided. Soil stabilization is increasingly being used as an unsealed-road asset management tool in an 
attempt to reduce the impacts of these issues, and nontraditional soil stabilizers have been a primary 
area of focus. Yet few such products have gained widespread acceptance. This paper looks at the lack of 
usage of alternative stabilizers in the marketplace today from the viewpoint of the product supplier. It 
aims to identify the issues facing the supplier in introducing a competent nontraditional soil stabilizer 
product to road agencies and to identify the measures such suppliers can take to advance those 
products that show good potential. Measures that could be introduced to better manage the field of soil 
stabilization for unsealed and low-volume sealed roads have been suggested. These measures include 
the following: established guidelines, specifications, test methods, and management principles, all 
prepared in a format that is readily acceptable and adoptable by industry engineers; an industry 
association; and the adoption of a dedicated research protocol establishing minimum requirements for 
research on such additives. 

Full text available to MnDOT employees per IP address: 
https://journals.sagepub.com/doi/pdf/10.3141/2204-22 

 

 

In Situ Evaluation of Using Lignosulfonate for Subgrade Stabilization. 

Authors: Li Yizhou et al. 

Publisher/Date: American Society of Civil Engineers, 2020 

Abstract: ignosulfonate, a co-product of paper pulp production, has been traditionally used for dust 
suppression. Over the last decade, a few laboratory studies have reported soil stabilization with 
lignosulfonate, yet there has been very limited field practice to serve as application of the corresponding 
laboratory outcomes. In this field demonstration, diluted ammonium-based lignosulfonate was sprayed 
on a gravel road subgrade with the goal of improving the subgrade's strength and durability. In situ tests 
and documentation were conducted at different periods of the construction to monitor seasonal 
performance of the stabilized section and to draw lessons learned from the practice. Light-weight 
deflectometer (LWD) tests and the dynamic cone-penetration (DCP) tests were performed before, one 
week after, and six months after, the construction. The construction process was documented both 
visually and in written form. Some critical lessons learned from this demonstration provide 
recommendations for future studies and benefit relevant practitioners. 

Full text PDF is attached 

 

 

 

https://journals.sagepub.com/doi/pdf/10.3141/2204-22


 

3 
 

Laboratory and in situ evaluations of using bio-based co-product for pavement geo-materials 
stabilization 

Author: Yizhou Li 

Publisher: Masters Thesis, Iowa State University, 2019 

Abstract: Lignosulfonate, a co-product of paper pulp production, has traditionally been used for 
dust suppression purpose. Although lignosulfonate has been reported as an alternative soil 
stabilizer because of its natural properties, its use has not been adequately investigated for soil 
stabilization purposes. Correspondingly, very limited field practice has been conducted in 
applying these laboratory attempts. 
For this study, homogeneously diluted lignosulfonate was mixed with two types of silty 
soils in the laboratory with the goals of improving their strength and durability. Measurements 
and observations were obtained from six laboratory tests on untreated and lignosulfonate 
stabilized soils, including: (1) Proctor compaction test, (2) unconfined compressive strength 
(UCS) test, (3) freeze-thaw durability test, (4) wet-dry durability test, (5) scanning electron 
microscope (SEM) analysis, and (6) set time test. The unconfined compressive strength test 
results demonstrated that only a low dosage of lignosulfonate and water was required to improve 
the strength of sandy silt with gravel. Based on the outcomes of the durability tests, 
lignosulfonate improved the wet-dry resistance of both types of silty soils, and a significant 
improvement was noticed in freeze-thaw durability for sandy silt with clay with the addition of 
lignosulfonate. The SEM analysis indicated that lignosulfonate was capable of physically 
bonding soil particles. The set time test conveyed the strength increment of lignosulfonate itself 
and its mechanisms, indicating that the hardening process also contributed to increasing the 
stabilized soil strength. 
In the field demonstration, five soil stabilizers (cement, ammonium-based lignosulfonate, 
chlorides, Claycrete, and Base One) were sprayed on a gravel road subgrade. Seasonal in situ 
tests and documentations were conducted both before and one week after the construction to  
monitor the performance of the stabilized section and to draw the lessons learned from the 
practice. Light weight deflectometer (LWD) test and dynamic cone penetration (DCP) test were 
performed. The construction process was documented both visually and in written form. Some 
critical lessons were learned, which provide recommendations for future studies and benefit 
relevant practitioners. 
This study provides guidance for subgrade stabilization with lignosulfonate on the basis 
of its laboratory and field investigations. 
 
For full text contact the Library 
 

 

Design Approach for Construction of Rural Roads using Nanomaterial-Stabilized Soil. 

Authors: Arora Khusboo et al. 

Publisher/Date: Advances in Civil Engineering Materials. 2018. 7(2) pp 19-31 
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Abstract: Rural roads are an important part of the world's transportation infrastructure as they provide 
connectivity to the major roads and highways. Long-term performance of pavement structures is 
significantly impacted by enhancement in the stability of the underlying soils. Conventionally, most of 
the rural roads are composed of compacted sub-grade layer. On the other hand, for higher volume road 
design, soil subgrades are expected to maintain load bearing strength under wet conditions, resist the 
weathering effect over its design life, and reduce permeability. The main objective of this research is to 
improve the strength of the sub-grade, which helps to construct stabilized gravel road for low volume 
traffic and reduce the crust thickness of the pavement layers of higher traffic volume using soil stabilized 
with nanomaterials and cement. In this article, performance improvement and improved design of a 
rural road using nanomaterials along with cement combination is presented. Results showed that clayey 
sand (SC) treated with nanomaterials have beneficial effects on their engineering properties, increased 
strength and stiffness, and enhanced durability. By using a combination of nanomaterials and cement, 
the California Bearing Ratio (CBR) of the soil increased to 18 times the original CBR and also improved 
the unconfined compressive strength (UCS) and durability of the soil. On the basis of these results, an 
improved design approach for low traffic and high traffic volume roads was done, and it is suggested 
that reduction in the crust thickness of the pavement layers is possible by using stabilized soil, and only 
stabilized gravel roads can be constructed for low traffic volume or rural roads. 

For full text request from the Library 

 

Enzyme based soil stabilization for unpaved road construction 

Authors: Rintu Renjith et al. 

Publisher/Date: The 6th International Conference of Euro Asia Civil Engineering Forum (EACEF 2017).  
MATEC Web Conf., Volume 138, 2017 

The 6th International Conference of Euro Asia Civil Engineering Forum (EACEF 2017) 

Abstract: Enzymes as soil stabilizers have been successfully used in road construction in several 
countries for the past 30 years. However, research has shown that the successful application of these 
enzymes is case specific, emphasizing that enzyme performance is dependent on subgrade 
soil type, condition and the type of enzyme used as the stabilizer. A universal standard or a tool for road 
engineers to assess the performance of stabilized unbound pavements using well-established enzymes is 
not available to date. The research aims to produce a validated assessment tool which can be used to 
predict strength enhancement within a generalized statistical framework. The objective of the present 
study is to identify new materials for developing the assessment tool which supports enzyme based 
stabilization, as well as to identify the correct construction sequence for such new materials. A series of 
characterization tests were conducted on several soil types obtained from proposed construction sites. 
Having identified the suitable soil type to mix with the enzyme, a trial road construction has been 
performed to investigate the efficiency of the enzyme stabilization along with the correct construction 
sequence. The enzyme stabilization has showed significant improvement of the road performance as 
was evidenced from the test results which were based on site soil obtained before and after 
stabilization. The research will substantially benefit the road construction industry by not only replacing 
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traditional construction methods with economical/reliable approaches, but also eliminating site specific 
tests required in current practice of enzyme based road construction. 
 
Full text PDF is attached. 
 

Critical Review of Innovative Soil Road Stabilization Techniques 

Author: S. M. Lim et al. 

Publisher/Date: International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249 – 8958, Volume-3 Issue-5, June 2014 
 
Abstract: New roads are vital socio-economic pathways to a better quality of life for the thirty-five per 
cent of the Malaysian living in rural areas. However, building of roads in rural areas is always hindered 
by geographic limitation and often can be costly and energy inefficient. Hence it causes more adverse 
impact on the environment. Roadways designed for low-volume traffic are constructed of local soils 
containing high percentages of fines and high indices of plasticity. These soils may not have 
characteristics appropriate for use in soil road construction, but can often be upgraded with soil 
stabilization technology to successfully recondition and strengthen existing road base and sub-base 
materials for extended life and heavier traffic duty. In this paper, an attempt is made to bring in 
together soil road stabilization technologies for the extremes of dry and wet condition and discuss their 
positive impacts so as to convince the field engineers to adopt such technologies effectively. 

Full text available in attached PDF 

 

Gravel Roads: Construction and Maintenance Guide 

Authors: FHWA 

Publisher/Date: FHWA, 2015 

Forward: This manual is mainly designed for the benefit of local agency officials, managers, an 
grader operators who are responsible for designing and maintaining gravel surfaced roads. 
The information provided in this manual is as nontechnical as possible without sacrificing 
clear guidelines and instructions on how to perform the operation well. 
The U.S. Department of Transportation’s Bureau of Statistics reports 1.42 million miles of 
roads, or 35 percent of all roads in the United States remain unpaved as of 2012 (Source: 
Public Road and Street Mileage in the United States by Type of Surface - Table 1-4). In some 
nations, the road network is predominantly unpaved and generally consists of gravel roads. 
This manual was developed with a major emphasis on the maintenance of gravel surfaced 
roads, including some basic design elements. 
Gravel roads are often considered to provide lower quality service than paved road surfaces. 
Yet, in many rural regions, the volume of traffic is so low that paving and maintaining a paved 
road is not economically feasible. Budget constraints are causing some agencies to revert 
failing paved surfaces to gravel surfaces. Consequently, understanding gravel road design, 
construction, and maintenance is very important. 
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In many cases, gravel roads exist to provide a means of transporting agricultural products in 
and out of farm fields, timber out of forests, or access to remote areas such as campgrounds 
and lakes. Many gravel roads serve rural residents as well. Many of these roads will remain 
unpaved due to very low traffic volume and/or lack of funds to adequately improve the subgrade and 
base before applying pavement layer(s). In some countries, gravel roads are the 
only type of surfacing that can be provided, due to economic constraints. 

Full text available in attached PDF. 

 

Other Results 

Laboratory Evaluation of Silty Soils Stabilized with Lignosulfonate 

Author: Li, Yizhou, et al. 

Publisher/Date: IN: Airfield and Highway Pavements 2019: Testing and Characterization of Pavement 
Materials, pp. 531-540.  International Airfield and Highway Pavements Conference 2019, Chicago Illinois, 
July 21-24, 2019. 

Abstract: Lignosulfonate has been utilized mainly for the purpose of granular road dust control. The use 
of lignosulfonate has been limited in current soil stabilization practices, although it can be considered as 
an alternative soil stabilizer for improving selected soil engineering properties. In this study, 
homogeneously diluted lignosulfonate was mixed with two types of silty soils with the goal of improving 
their strength and durability. Five laboratory tests were performed on unstabilized and lignosulfonate 
stabilized soils, including: (1) Proctor compaction test, (2) unconfined compressive strength test, (3) 
freeze-thaw durability test, (4) wet-dry durability test, and (5) scanning electron microscope (SEM) 
analysis. The unconfined compressive strength test results demonstrated that a low dosage of 
lignosulfonate and water was required to improve the strength of sandy silt with gravel. Based on the 
outcomes from the durability tests, lignosulfonate improved wet-dry resistance for both silty soil types 
while also producing significant improvement in freeze-thaw durability for sandy silt with clay. The 
scanning electron microscope (SEM) analysis indicated that lignosulfonate was capable to create a 
bonding among soil particles. 

Full text PDF is attached. 

 

Soil Stabilization by Liquid Based Stabiliser 

Authors: Sinha, A K, and Havanagi, V G 

Publisher/Date: Indian Highways, vol. 46, no. 3, pp. 11-22, Indian Roads Congress, ISSN: 0376-7256, 2018 

Abstract: Large road infrastructural development in India is in progress under different national and 
state programmes viz. Golden Quadrilateral, North- South/East -West corridors, Pradhan Mantry Gram 
Sarak Yozna (PMGSY), Mukjaya Mantry Gram Sarak Yozna (MMGSY). This resulted depleting of natural 
conventional road materials. Therefore, there is a need to search alternative road construction 
technique. Stabilization of soil will be a better option for road construction. Accordingly, a new liquid soil 
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stabilizer, which is a polymer product, was investigated in the laboratory. Accordingly, four types of soils 
(gravel, sand, silt and clay) were selected for the study covering wide range based on grain size and 
liquid/plastic limits. Geotechnical characterization of selected soils was carried out. Selected soils were 
mixed with cement in varying proportion ranging from 2 to 8% and geotechnical characterization was 
carried out. To study the performance of liquid stabilizer, it was blended with soil in the presence of 
cement and geotechnical characterization was carried out. In addition to that, a durability tests of 
stabilized soil samples was also carried out to determine the performance in wetting and drying 
conditions. It was observed that there is no clear relationship was developed with using liquid stabilizer 
on different type of soils (unconfined soil classification (UCS)/California Bearing Ration (CBR) values). 
However, it was concluded that the strength of soil B was improved by addition of liquid stabilizer in the 
presence of cement. 

For full text contact the Library 

 

Biofuel Ash in Road Stabilization - Lessons Learned from Six Years of Field Testing. 

Authors: Vestin, Jenny et al. 

Publisher/Date: Transportation Geotechnics. 2018/3. 14 pp 146-156 

Abstract: In 2009, pulp mill fly ash was used for stabilizing the road base of a low-volume gravel road. Six 
years after stabilization, a two-year monitoring program and a complementary study were conducted to 
study the environmental and technical properties of the road and road material. Environmental 
properties were studied through chemical analysis of road samples by X-ray diffraction (XRF), inductively 
coupled plasma (ICP) technique and colorimetric techniques. The strength development was studied by 
falling weight deflectometer (FWD) and compressive strength tests. Potassium (K) and sulphate sulfur 
(SO4-S) concentrations in road material decreased by 40 and 55%, respectively during this time. 
Absolute concentrations of most trace elements increased. Leaching of chloride (Cl) salts from road 
samples decreased with time, while leaching of magnesium (Mg) and calcium (Ca) increased. Leaching of 
trace elements was below 0.5 mg/kg at all sampling occasions. The bearing capacity increased by 30-
50%, and the infiltration capacity decreased compared to a reference section. The results showed that 
the ash-stabilized sections performed better than conventionally upgraded sections and achieved 
increased bearing capacity over time. Since the acid neutralizing capacity of the stabilized layer was high 
and lumps of unreacted ash were still left in the road, it was concluded that the ash material could be 
utilized once more in a potential end-of-life road recycling. 

For full text request from the Library 
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Case study on soil stabilization by using bitumen emulsions – A review 

Authors: S.Andavan and B. ManeeshKumar 

Publisher/Date: Part of special issue: International Conference on Materials Engineering and 
Characterization, 2019 

Abstract: The foundation is very important and has to be strong enough to support the entire structure. 
In order for the foundation to be strong, the soil around it plays a very critical role. So we need to have 
proper knowledge about their properties and factors which affect their behaviour to work with soil. The 
process of soil stabilisation helps to achieve the required properties in a soil needed for the type of 
construction work. Pavements are a conglomeration of materials. These materials, their associated 
properties, and their interactions determine the properties of the resultant pavement. Thus, a good 
understanding of these materials, how they are characterized, and how they perform is fundamental to 
understanding pavement. The materials which are used in the construction of highway are of intense 
interest to the highway engineer. This requires not only a thorough understanding of the soil and 
aggregate properties which affect pavement stability and durability, but also the binding materials 
which may be added to improve these pavement features. Soil is used sub base and base materials, if 
strength of the soil is poor, then the stabilization is needed. Subgrade is sometimes stabilized or 
replaced with stronger soil. There are some numerous stabilizers used for stabilization the soil such as 
lime, cement, bitumen, fly ash etc. In this paper bitumen as stabilizer. Bitumen emulsion is the costly 
material in any type of construction. So its amount will play crucial role in the stabilization of the soil. It 
increases the stability of the soil mechanically and it does not react with the soil. It just fills the pores of 
the soil. 

For full text request from the Library 
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