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Results from the TRID Database 
 
Xue, Ziqiang; Ashlock, Jeramy C; Cetin, Bora; Wu, Yijun; Ceylan, Halil. Low-Cost Rural Surface Alternatives Phase III: 
Demonstration Project.  Iowa State University, Ames; Iowa Highway Research Board, 2022, 316p 
https://trid.trb.org/view/1976251 
Abstract: The goal of this project was to identify effective and economical methods for stabilizing Iowa granular-surfaced 
roads to reduce freeze-thaw-related damage using materials and construction equipment that are readily available to 
county engineer’s offices. To study a range of representative Iowa aggregate sources, subgrade soil types, and weather 
conditions, 31 test sections were constructed and/or monitored in four counties across Iowa. The test sections included 
one control section in each county and several mechanical and chemical stabilization methods. The performance of the 
stabilized and control sections was evaluated over two years using extensive field and laboratory tests, as well as digital 
image surveys and surface condition rating reports completed by the grader operators. The field tests included falling 
weight deflectometer (FWD), lightweight deflectometer (LWD), dynamic cone penetrometer (DCP), and nuclear density 
gauge (NDG) tests. Samples of the surfacing materials were collected on several occasions before and after each winter 
and were evaluated through laboratory tests including sieve analysis, Atterberg limits, compaction, shear strength, and 
durability tests. The construction costs and maintenance costs were tracked with the assistance of the county engineers, 
and an economic analysis was conducted to compare the relative cost effectiveness of the different stabilization methods. 
Among the stabilization methods examined, the most economical and potentially effective were optimized gradation with 
clay slurry (OGCS), 4 in. cement-treated surface course, and the liquid chemical stabilizers BASE ONE, EMC SQUARED, 
and Claycrete. 
 
 
Akula, Pavan; Naik, Saureen Rajesh; Little, Dallas N. Evaluating the Durability of Lime-Stabilized Soil Mixtures using Soil 
Mineralogy and Computational Geochemistry. Transportation Research Record: Journal of the Transportation Research 
Board, Volume 2675, Issue 9, 2021,  pp 1469-1481 
https://trid.trb.org/view/1759408 
Abstract: Lime stabilization is a common technique used to improve the engineering properties of clayey soils. The 
process of lime stabilization can be split into two parts. First, the mobilization and crowding of Ca2+ ions or 
Ca(OH)2molecules from hydrated lime at net negative surface charge sites on expansive clay colloids. Second, the 
formation of pozzolanic products including calcium-silicate-hydrate (C-S-H) because of reactions within lime-soil mixtures. 
The pozzolanic reaction is generally considered to be more durable, while the calcium adsorption has been associated 
with more easily reversible consistency changes. This study offers a protocol to assess whether the stabilization process 
is dominated by durable C-S-H (pozzolanic) reactions or a combination of cation exchange and pozzolanic reactions. 
Expansive clays with plasticity indices >45% from a major highway project in Texas are the focus of lime treatment in this 
study. The protocol consists of subjecting lime-soil mixtures to a reasonable curing period followed by a rigorous but 
realistic durability test and investigating the quality and quantity of the pozzolanic reaction product. Mineralogical 
analyses using quantitative X-ray diffraction (XRD) and thermogravimetric analysis (TGA) indicates the formation of 
different forms of C-S-H. In addition, geochemical modeling is used to simulate the lime-soil reactions and evaluate the 
effect of pH on the stability of C-S-H. The results indicate C-S-H with Ca/Si ratio of 0.66 as most the stable form of C-S-H 
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among other forms with Ca/Si ratio ranging from 0.66 to 2.25. The effect of reducing equilibrium pH on C-S-H is also 
evaluated. A reduction in pH favored dissolution of all forms of C-S-H indicating the need to maintain a pH?=?10. 
 
 
Radovic, Miladin; Puppala, Anand J; Congress, Surya Sarat Chandra; Jang, Jungyeon; Huang, Oscar. Evaluation of 
Sustainable and Environmentally Friendly Stabilization of Cohesionless Sandy Soil for Transportation Infrastructure 
[supporting dataset].  Transportation Consortium of South-Central States (Tran-SET); Office of the Assistant Secretary for 
Research and Technology, 2021, https://doi.org/10.5281/zenodo.6466306, Zenodo, 1, 
md5:ce7308a83a0fac92d0e14ac20fc059b8 
https://trid.trb.org/view/1948044 
Abstract: Abstract of the final report is stated below for reference:  Ordinary Portland cement (OPC) is generally used to 
stabilize cohesionless sandy soils that are often found in coastal areas. Due to its high carbon footprint, many studies are 
being conducted to identify a suitable green alternative for stabilizing cohesionless soils. Previous studies have shown 
that partially replacing OPC with waste materials such as nano-silica and coal waste reduces the overall carbon footprint 
without significantly impacting the performance. Geopolymer (GP) received a lot of attention in the past few decades 
owing to its similar properties to that of OPC yet with a lower carbon footprint. This study investigated the feasibility of 
stabilizing cohesionless sandy soils with metakaolin-based GP. Engineering and characterization tests such as shrinkage, 
strength, pH, scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS) were performed to 
evaluate various characteristics of the stabilized mixes with different dosages of geopolymer and relate them to 
microstructural changes. Notably, GP-treated soils did not deteriorate during the durability tests, whereas the OPC-
treated soil only retained about 75% of its strength. This is an indication that GP could be a better choice than OPC in 
coastal areas where cohesionless soils often experience heavy rainfall and flooding. Overall, an optimum dosage of GP 
improved both the mechanical properties and durability of cohesionless soils. 
 
 
Radovic, Miladin; Puppala, Anand J; Congress, Surya Sarat Chandra; Jang, Jungyeon; Huang, Oscar. Evaluation of 
Sustainable and Environmentally Friendly Stabilization of Cohesionless Sandy Soil for Transportation Infrastructure.  
Transportation Consortium of South-Central States (Tran-SET); Office of the Assistant Secretary for Research and 
Technology, 2021, 42p, https://doi.org/10.5281/zenodo.6466306 
https://trid.trb.org/view/1948042 
Abstract: Ordinary Portland cement (OPC) is generally used to stabilize cohesionless sandy soils that are often found in 
coastal areas. Due to its high carbon footprint, many studies are being conducted to identify a suitable green alternative 
for stabilizing cohesionless soils. Previous studies have shown that partially replacing OPC with waste materials such as 
nano-silica and coal waste reduces the overall carbon footprint without significantly impacting the performance. 
Geopolymer (GP) received a lot of attention in the past few decades owing to its similar properties to that of OPC yet with 
a lower carbon footprint. This study investigated the feasibility of stabilizing cohesionless sandy soils with metakaolin-
based GP. Engineering and characterization tests such as shrinkage, strength, pH, scanning electron microscopy (SEM), 
energy-dispersive X-ray spectroscopy (EDS) were performed to evaluate various characteristics of the stabilized mixes 
with different dosages of geopolymer and relate them to microstructural changes. Notably, GP-treated soils did not 
deteriorate during the durability tests, whereas the OPC-treated soil only retained about 75% of its strength. This is an 
indication that GP could be a better choice than OPC in coastal areas where cohesionless soils often experience heavy 
rainfall and flooding. Overall, an optimum dosage of GP improved both the mechanical properties and durability of 
cohesionless soils. 
 
 
Amulya, S; Shankar, A U Ravi; Praveen, Medari. Stabilisation of lithomargic clay using alkali activated fly ash and ground 
granulated blast furnace slag. International Journal of Pavement Engineering, Volume 21, Issue 9, 2020, pp 1114-1121 
https://trid.trb.org/view/1719014 
Abstract: A suitable ground improvement technique is essential in order to confront the problems associated with 
lithomargic clay for road construction. The efficacy of alkaline solutions such as sodium hydroxide and sodium silicate 
along with class F fly ash and Ground Granulated Blast Furnace Slag (GGBS) as additives to improve the properties of 
lithomargic clay is examined. The different mixes are prepared by replacing the soil with 20%, 30%, and 40% of GGBS 
and fly ash. The Maximum Dry Density (MDD) is obtained from the soil replaced with 40% GGBS and for the soil replaced 
with 30% fly ash. An activator modulus of 1.25 is kept constant for the varying sodium oxide dosage at 2, 3 and 4 percent. 
The Unconfined Compressive Strength (UCS) of the alkali-activated soil cured for 3, 7 and 28 days is determined and 
compared with the UCS of the soil replaced with fly ash and GGBS at both standard and modified proctor densities. The 
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different mixes are tested for their durability and California Bearing Ratio (CBR). The soils replaced with GGBS and fly 
ash do not pass the durability test while the alkali-activated mixes with 4% sodium oxide dosage are found to be durable. 
 
 
Roshan, Kaveh; Choobbasti, Asskar Janalizadeh ; Kutanaei, Saman Soleimani . Evaluation of the Impact of Fiber 
Reinforcement on the Durability of Lignosulfonate Stabilized Clayey Sand under Wet-Dry Condition. Transportation 
Geotechnics, Volume 23, Issue 0, 2020, 100359 
https://trid.trb.org/view/1694243 
Abstract: It is a good practice to change the soil properties when dealing with inappropriate soils in geotechnical 
engineering, which is referred to as soil improvement. In this study, the effect of lignosulfonate (2% weight ratio of soil as 
an optimum percentage), stabilizer and PP fibers (0.4, and 0.8% weight ratio of stabilized soil) as reinforcement on the 
soil durability of clayey sand was investigated. For this purpose, 23 unconfined compressive strength tests, 11 durability 
tests, 60 ultrasonic pulse velocity (UPV) tests, 7 SEM tests, 2 Atterberg limit tests, and 4 standard compaction tests were 
performed. The results of this study showed that the addition of lignosulfonate improves the durability of clayey sand. 
However, the stabilized sample only resisted two Cycles of Wet-Drying. The addition of fibers increased the durability of 
stabilized samples up to 12 cycles by 0.8%. Therefore, this amount of fiber is recommended for improving the behavior of 
soil stabilized with lignosulfonate. The accumulate loss of mass diagram indicated that the addition of fiber in 
lignosulfonate treated soils causes a reduction in the Mass-loss rate of the spacemen. Also, by increasing the number of 
cycles, samples showed softer behavior, and the ultrasonic pulse velocity was reduced, which these results can be 
interpreted from the deformation coefficient equivalent to 50% strength diagram and ultrasonic pulse velocity of stabilized 
and reinforced samples. The SEM results showed that the flocculated structure and also the 3D reinforcement by fibers 
prevented the weight loss of the materials. Finally, the results of UPV test showed that it could be used as a non-
destructive test to control the durability of lignosulfonate-stabilized soils. 
 
 
Zhang, Yang; Johnson, Alex E; White, David J. Freeze-Thaw Performance of Cement and Fly Ash Stabilized Loess. 
Transportation Geotechnics, Volume 21, Issue 0, 2019 
https://trid.trb.org/view/1651187 
Abstract: Loess soil, widely distributed in cold regions, is detrimental for pavement foundation. To minimize the effects of 
seasonal freeze-thaw cycles, there is a need to investigate freeze-thaw performance of loess with stabilizations. In this 
study, loess classified as silt was first stabilized with fly ash and cement, and freeze-thaw durability tests, frost-heave 
and thaw-weakening tests, and unconfined compression strength tests then were performed to determine improvements 
with respect to the laboratory freeze-thaw performance. Based on achieved results, saturated specimens exhibited only 
half of the compression strength of unsaturated specimens, and there were indications that fly ash slightly improved loess 
freeze-thaw durability and frost susceptibility, while addition of cement to loess was effective to maintain zero mass loss 
and negligible frost susceptibility. Infiltration paths for water supply in soil specimens were also effectively cut by using 
cement. 
 
 
Bhowmik, Anusree; Beriha, Brundaban; Sahoo, Umesh Chandra. Cement-Stabilized Fly Ash for Application in Structural 
Layers of Low-Volume Road Pavements. Transportation Research Circular, Issue E-C248, 2019, pp 390-403 
https://trid.trb.org/view/1691016 
Abstract: Fly ash, with an estimated production of about 200 million tons per year in India and maximum usage of 60% is 
demanding large disposal areas and also posing a potential threat to water pollution by leaching of heavy metals present 
in it. In the present study, an attempt has been made to use fly ash (FA) and stone dust (SD) mixture (70:30 ratio) 
stabilized with cement, as a structural layer material for use in rural road pavements. To address the brittleness of the 
stabilized material, polypropylene fibers were added as reinforcing material. Mechanical properties of the stabilized 
material, in terms of unconfined compressive strength (UCS), flexural strength (FS), flexural modulus (FM), and Poisson’s 
ratio, were evaluated to assess the suitability of the material for use in pavement layers. Fatigue characteristic of the 
stabilized material was also evaluated as part of this study. Durability tests indicated adequate retained strength of the 
stabilized mixture. The scope for contamination of groundwater was evaluated through leaching of heavy metals from 
stabilized FA. The encouraging results found from this study indicate that, cement-stabilized FA–SD mix can be suitably 
used for the construction of subbase and base layers of rural road pavements. 
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Amulya, S; Ravi Shankar, A U; Panditharadhya, B J. Durability Studies on the Lateritic Soil Stabilized with GGBS and 
Alkali Solutions. International Airfield and Highway Pavements Conference 2019, American Society of Civil Engineers, 
2019, pp 560-568 
https://trid.trb.org/view/1638980 
Abstract: In order to use the locally available lateritic soil as a base course for pavement construction, the engineering 
properties of the soil need to be enhanced. Hence, the experimental investigation of the lateritic soil stabilized with the 
ground granulated blast furnace slag (GGBS) and combination of alkali solutions such as sodium hydroxide (NaOH) and 
sodium silicate (Na₂SiO₃) has been conducted. The various parameters which affect the properties of the soil like binder 
(GGBS) content, sodium oxide (Na₂O) dosage, silica modulus (Ms), and water to binder ratio (w/b) are considered. In the 
present investigation, the GGBS content of 25%, Na₂O of 6%, Ms of 0.5, and w/b of 0.25 are chosen. The Atterberg’s 
limits, standard and modified proctor compaction tests, unconfined compressive strength (UCS), and durability tests 
were conducted on the stabilized soil. The UCS of 28 days cured and stabilized samples at standard and modified proctor 
densities is showing 775% and 580% increase with respect to natural soil and 98% and 142% increase with respect to 0 
days cured samples respectively. The chosen combination of soil mixture passes all 12 cycles of wetting and drying (WD) 
and freeze and thaw (FT) with weight loss of 5.2% and 1% at standard proctor density and 8% and 2.5% at modified 
proctor density respectively after 7 days of curing. 
 
 
Li, Yizhou; Zhang, Yang; Ceylan, Halil; Kim, Sunghwan. Laboratory Evaluation of Silty Soils Stabilized with 
Lignosulfonate. International Airfield and Highway Pavements Conference 2019, American Society of Civil Engineers, 
2019, pp 531-540 
https://trid.trb.org/view/1638977 
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. 
 
 
Sinha, A K; Havanagi, V G. Soil Stabilization by Liquid Based Stabiliser. Indian Highways, Volume 46, Issue 3, 2018, pp 
11-22 
https://trid.trb.org/view/1566881 
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 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. 
 
 
Wang, Shunchao; BAAJ, H; Zupko, S; Smith, T. Field and lab assessment for cement-stabilized subgrade in Chatham, 
Ontario. TAC 2018: Innovation and Technology: Evolving Transportation - 2018 Conference and Exhibition of the 
Transportation Association of Canada, Transportation Association of Canada (TAC), 2018, 1 PDF file, 699 KB, 19p. 
https://trid.trb.org/view/1563634 
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Abstract: Cement stabilized subgrades have been extensively used to improve the engineering performance of pavement 
structures. Due to the effects of cementitious hydration, pozzolanic reaction, as well as, cation exchange, chemical 
bonding is generated between fine soil particles. Therefore, the geotechnical characteristics of difficult clay soils will be 
improved in terms of plasticity, strength, stiffness, and durability. The cement modified soils (CMS) will then function as a 
new pavement layer which partially or totally preplaces the thickness of granular base layer as commonly found in 
traditional road constructions. This paper first introduced a subgrade stabilization project located in Chatham-Kent, 
Ontario, followed by the field testing of subgrade stiffness using a light weight deflectometer (LWD) test on the stabilized 
subgrade surface. Five different low-volume roads were chosen as test sections for LWD stiffness test. The stiffness of 
the subgrades was measured before the construction, 3 hours after the stabilization followed by testing at 3 days, 7 days, 
28 days, and 1 year respectively. Field test results indicated a significant increase of the subgrade stiffness after the 
cement stabilization and compaction; moreover, the stiffness continued growing along with the curing time. Soil sampled 
from one of the test sections was tested in lab facilities. Laboratory testing including: unconfined compressive strength 
(UCS) at 7 days and 28 days, durability test and pH values test for cement stabilized soil. Stabilized soil had 7 days UCS 
value of 0.83 MPa with 6% cement, and 1.43 MPa with 12% cement. Moreover, 5% to 6% cement stabilized T38 soil 
specimens had improved durability properties against freezing and thawing and met the weight loss limit requirements. 
Results also indicated that the cement stabilization changed the soil environment from slightly acidic to alkaline, and 
reduced the potential for growing of organics. It is also recommended future studies evaluate mixes with supplementary 
cementing materials to provide a more environmentally friendly stabilized subgrade. The paper finally introduces 
alternative Hydraulic road binders (HRB) as a more economic, sustainable and environmentally friendly solution to the 
construction and rehabilitation of Canada’s low-volume roads. 
 
 
Al-Homidy, Abdullah Ahmed; Al-Amoudi, Omar; Maslehuddin, Mohammed; Saleh, Tawfik A. Stabilisation of dune sand 
using electric arc furnace dust. International Journal of Pavement Engineering, Volume 18, Issue 6, 2017, pp 513-520 
https://trid.trb.org/view/1464041 
Abstract: Dune sand is one of the predominant soils in the world, particularly in the Arabian Peninsula and North Africa. In 
order to use these soils in constructions, pre-treatment of sand is essential. Though the usage of cement for stabilising 
sand has long been the practice to achieve the required strength, it is not cost effective and its manufacturing consumes a 
lot of energy. Consequently, it would be noble to use industrial by-products, often considered as waste materials, such as 
electric arc furnace dust (EAFD), in the stabilisation of sand. This research reports the potentiality of using EAFD for 
improving the strength of dune sand. Specimens, mixed with 2% cement and mixed with 5, 10, 20 and 30% EAFD plus 
2% cement, were evaluated using unconfined compressive strength, soaked CBR and durability tests. Results of this 
investigation indicated that dune sand stabilised with 20 and 30% EAFD plus 2% cement has been qualified as a 
construction material for sub-base in rigid and flexible pavements, respectively, as per ACI requirements. Scanning 
electron microscope, energy dispersive X-ray analysis and backscattered electron images, in addition to, XRD analysis 
were used to identify the various phases in the sand-2% cement-30% EAFD mixture. 
 
 

Selected Results from the Web 
 
Durability assessment of soil-pozzolan-lime blends through ultrasonic-pulse velocity test 
 
Strength development and durability of alkali-activated fly ash mortar with calcium carbide residue as additive 
 
An innovative method for the solidification/stabilization of PAHs-contaminated soil using sulfonated oil 
 

https://ascelibrary.org/doi/abs/10.1061/(ASCE)MT.1943-5533.0003298
https://www.sciencedirect.com/science/article/pii/S0950061817324406
https://www.sciencedirect.com/science/article/pii/S0304389417308373
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