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1. Holding Strategies for Low-Volume State Routes – Phase I 

Due to insufficient funding, rehabilitation or reconstruction is delayed for low-volume roads in need of repairs. Some lower 
cost treatments, which may have shorter life expectancies in comparison to traditional rehabilitation or reconstruction 
methods, have been considered inappropriate for use with severely deteriorated pavements. However, these treatments 
could be applied to “hold” these pavements in an acceptable condition until funding for rehabilitation or reconstruction is 
available. Such holding strategies would likely increase the flexibility in allocating funds and improve the overall condition of 
the highway network in Iowa. In order to develop treatments that can be used to fulfill the goal of a holding strategy, nine test 
sections were constructed on a 13-mile low-volume asphalt road segment in 2013. Proposed holding strategy treatments 
using various combinations of thin and ultrathin asphalt overlays, in-place recycling technologies, and chip seals were applied 
to remedy the poor surface conditions of the pavements. A series of pavement condition surveys, in situ and laboratory 
material tests, and surface characterizations were performed to evaluate the structural and functional performance of the test 
sections. Based on the performance of the test sections, the life expectancies of the various treatments were estimated and 
lifecycle costs were analyzed. The lifecycle cost analysis results indicate that 8 of the 10 proposed treatments can be used as 
candidate holding strategy treatments to address conditions that are like the test. The other treatments had lower cost-
effectiveness for these test sections compared to traditional pavement rehabilitation methods. However, they could be more 
cost effective in circumstances that are better matched to their advantages. 
Full text via http://publications.iowa.gov/35058/  
Iowa State University/Iowa DOT (2020) 

 
2. Deterministic and stochastic life-cycle cost analysis for Otta seal surface treatment on low volume roads 

The US has a considerable length of unpaved secondary roads experiencing relatively low daily traffic volume. To maintain 
such roads, US county secondary road departments spend millions of funds annually for aggregate replacement alone. 
Meanwhile, Otta seal has been reported as a low-cost bituminous surface treatment (BST) and dust mitigation technique. 
Considering its limited use in the US, Otta seal could be compared with chip seal, which is a commonly used BST in the US, 
from an economic viability perspective. In this study, through using the Minnesota case, a life-cycle cost analysis was 
conducted at two levels: (I) deterministic life-cycle cost analysis and (II) stochastic life-cycle cost analysis. Based on the analysis 
results, it was concluded that the Otta seal could potentially be an economic viable BST, and public agencies could use it to 
reduce maintenance cost of low-volume roads, especially when gaining access to uniformly graded aggregate, which is 
commonly not feasible for chip seal. 
Full text available upon request to MnDOT Library; https://doi.org/10.1007/s42947-019-0013-4 
International Journal of Pavement Research and Technology, vol. 12, no. 1 (2019) 
 

3. Design, Construction, and Preliminary Investigations of Otta Seal in Iowa 
Faced with limited financial resources, pavement engineers constantly seek more durable and economical technologies for 
road preservations and rehabilitations. Consequently, there have been many efforts to study resurfacing strategies, including 
various types of sealing for local roads. Among different sealing methodologies, Otta seal is a technique that has not yet been 
sufficiently studied in the U.S.A. For this investigation, the first Otta seal site in the state of Iowa was constructed using a 
double-layer Otta seal design over 6.4?km of cracked asphalt pavement. Otta seal design and construction details are 
documented and discussed, and test sections using various aggregates are compared for performance. The key lesson learned 
was that proper aggregate selection within gradation limits and aggregate spread rates were critical factors for Otta seal 
performance. Otta seal capability for holding loose aggregate particles and for dust control were examined, and there were 
indications that excessive proportion of fine aggregate particles could lead to diminished performance associated with fugitive 
dust emissions and unbound aggregate particles. Although the Otta seal provided a smooth surface satisfying road user and 
agency requirements, it did not significantly add structural capacity to the existing asphalt pavement. The findings from this 
study will benefit road officials and other decision makers who need to consider alternatives for resurfacing distressed low-
volume asphalt roads. 
Note: This article has a section titled Otto Seal Service Life and Construction Cost. 
Full text available upon request to MnDOT Library; https://doi.org/10.1177/0361198119853567 
Transportation Research Record, vol. 2673 (2019) 

 
4. Evaluation of Otta Seal Surfacing for Low-Volume Roads in Iowa 

http://publications.iowa.gov/35058/
https://doi.org/10.1007/s42947-019-0013-4
https://doi.org/10.1177/0361198119853567
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Low-volume roads represent a significant proportion of transportation infrastructure, and the cost of maintaining low-volume 
roads is quite high for secondary road departments. Traditional bituminous surface treatments (BSTS) for asphalt pavements 
require high-quality materials and specialized expertise, but Otta seal surfaces can be constructed using more economical local 
aggregates and regularly available equipment. To evaluate the feasibility of Otta seals as an alternative surface treatment on 
Iowa’s low-volume roads and gauge the costeffectiveness and performance of Otta seals compared to BSTs, the first Otta seal 
construction project in Iowa was conducted using a double-layer Otta seal over a 6.4 km (4 mi) long existing asphalt pavement 
with cracks in Cherokee County during September 2017. This study focused on the general background of this construction 
project, the Otta seal design details, the Otta seal construction procedures, and the many investigative tests conducted 
before, during, and after construction. Multiple in situ investigations, including loose aggregate tests, dustometer tests, 
roughness tests, and visual appearance inspections, were conducted over different construction periods to evaluate the 
performance of this Otta seal constructed in Iowa. Economic analyses using Minnesota and Iowa as case study locations 
indicate that Otta seals could be more cost-effective than BSTs (i.e., than chip seals). 
Full text: http://publications.iowa.gov/27882/  
Iowa State University/Iowa DOT (2018) 

 
5. Economics of upgrading gravel roads to Otta seal surface 

Maintenance of low volume roads especially gravel roads is costly, and millions of funding annually are spent for aggregate 
replacement alone. Otta seal, compared to other bituminous surface treatments (BSTs) for low volume roads that require 
high-quality materials and specialized expertise, can be constructed using cheaper local aggregates and accessible equipment. 
However, only three states have reported Otta seal constructions and performance in the US. In this study, an economic 
analysis was conducted to compare the cost of maintaining a gravel road to the cost of upgrading an existing gravel road to a 
double Otta seal surface. This analysis was conducted at three levels: deterministic life-cycle cost analysis (LCCA), a stochastic 
Monte Carlo simulation-based LCCA, and a traffic based economic analysis. A generic one-mile rural road in Midwest was 
considered as a case study location. Although, according to the analysis conducted in this paper, an upgrade to Otta seal 
investment might be justified by maintenance savings, resorting to only such justification cannot warrant investment in most 
cases. The upgrade from gravel road to Otta seal, or any other BSTs, might be justified in terms of enhancing safety for road 
users and also encouraging economic development beneficial to local areas. 
Full text available upon request to MnDOT Library; https://doi.org/10.1080/00036846.2019.1602712 
Applied Economics, vol. 51, no. 44 (2019) 

 
6. Experience in Rehabilitation of Low-volume Roads Using Soft Asphalt and Otta Seal Technologies 

In Lithuania more than a third (33.9%) of state roads are gravel roads. Maintenance of these roads needs a large budget and 
operation of them results in social discomfort. The best method to improve driving conditions and avoid social discomfort for 
the inhabitants living close to gravel roads is to reduce dustiness using suppressants or even construct asphalt pavement. But 
dust suppressants are not efficient enough due to the wet and rainy climate in Lithuania. Also, the performance of 
conventional asphalt pavement used for low-volume roads was unsatisfactory, due to thin frost resistance layer or weak 
subgrade. And those additional works significantly increase road construction costs up to 25%. As an alternative solution the 
use of soft asphalt and Otta Seal technologies were proposed. Therefore, in 2012 the trial sections were constructed in order 
to clarify the effectiveness and functionality of soft asphalt and Otta Seal technologies under current traffic and climate 
conditions. Measurements of roughness and condition of soft asphalt pavement and Otta Seal were carried out in spring, 
summer (only condition of soft asphalt pavement) and autumn every year. The average roughness of all the trial sections with 
soft asphalt pavement or most of the trial sections with double Otta Seal complies with the requirements (≤ 3.5 m/km) to the 
roads of regional significance. Besides, the roughness of the trial sections with soft asphalt is similar to that of the sections 
with asphalt base course-pavement. Trial road sections with soft asphalt pavement are in good condition after 30–32 months 
of operation, and longitudinal cracks were observed as the main defect, which tends to heal in summer period. The Otta Seal 
also represented the ability to self-heal under high pavement temperature. However, the condition of trial sections with Otta 
Seal were not as good as soft asphalt pavement. The causes of the formation of the most defects were identified as 
inappropriate amount of binder, insufficient maintenance in summer period and unqualified procedure of applying Otta Seal. 
Based on the results of this research, the conclusions and recommendations were made for further application of soft asphalt 
and Otta Seal in Lithuania. 
Full text: https://doi.org/10.1016/j.trpro.2016.05.292 
See similar article in https://www.hindawi.com/journals/amse/2016/6026035/ 
6th Transport Research Arena (2016) 

 
 
 
 
7. Development of Cost Effective Treatment Performance and Treatment Selection Models 

http://publications.iowa.gov/27882/
https://doi.org/10.1080/00036846.2019.1602712
https://doi.org/10.1016/j.trpro.2016.05.292
https://www.hindawi.com/journals/amse/2016/6026035/
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Louisiana Department of Transportation and Development (DOTD) has spent substantial financial resources on various 
rehabilitation and maintenance treatments to minimize pavement distresses and improve pavement life. Such treatments 
include, but are not limited to, chipseal, crack seal, micro-surfacing, thin and thick overlays, and structural overlays. 
Unfortunately, DOTD has not conducted a full scale performance assessment and cost-effectiveness analysis of all the 
aforementioned treatments. A recent study completed by the Louisiana Transportation Research Center (LTRC) regarding the 
pavement management system (PMS) and performance modeling emphasized the importance of developing treatment 
performance and selection models. In this regards, the LTRC initiated a three-phase research study that addresses such needs 
by developing rigorous treatment performance and selection models that are specific to the mission and management 
strategies of DOTD. The following are the three phases. Phase I- Review and Project Selection; Phase II- Performance Modeling 
and Costs and Benefits of Treatments; and Phase III- Model Integration and Training. This final report focuses on the results of 
Phase I and Phase II of the study. Phase I is related to review of district pavement treatment practices and project selection for 
the development of pavement treatment performance models. Phase II deals with the performance modeling and costs and 
benefits of treatments. The data obtained from the Phase I was used to develop cost-effective pavement treatment 
performance and treatment selection models during Phase II of this study. Trigger values for optimum timing of pavement 
treatments and an approach to use the performance models cost effectively were established. All these findings will be 
integrated in the software development and training for DOTD staff to be completed during Phase III of this study. 
Full text: http://www.ltrc.lsu.edu/pdf/2015/FR_518.pdf 
Louisiana DOTD (2015) 

 
8. Lightly Surfaced Roads: Stabilized Aggregate Applications 

Minnesota has a large network of aggregate roads. The majority of the system is maintained by counties and townships. Some 
of the aggregate roads need to be upgraded with a sealed surface for dust control or to provide a smoother driving 
experience, as well as for local economic development. Local road officials are often faced with the responsibility of upgrading 
the roads with a limited budget. Light surface treatments (LSTs) are considered an economical alternative to the 
conventional upgrade approaches using hot-mix-asphalt (HMA) or concrete pavements. The currently used methods in 
Minnesota for the structural design of LSTs for aggregate roads were originally developed for structural design of flexible 
pavements. This research evaluated the design methods that can be used to design LSTs for aggregate roads. The methods 
evaluated include the Minnesota Department of Transportation (MnDOT) granular equivalent (GE) method and the MnDOT 
mechanistic-empirical method (MnPave design software), which are used in Minnesota, and the American Association of State 
Highway and Transportation Officials (AASHTO) flexible pavement design method and South Dakota aggregate road design 
method, which are practiced in other places in the United States. The results include a discussion of the applicable situations 
for each method. The research team also conducted a survey that was distributed to the county engineers in Minnesota to 
document their experiences with LSTs. Recommendations for improving the current design methods when applied to LSTs on 
aggregate roads are suggested based on the survey results. 
Full text: http://www.dot.state.mn.us/research/TS/2015/201506.pdf 
MnDOT/LRRB (2015) 

 
9. Penetrating Emulsion, Double Chip Seal Saves Unpaved Road 

This article describes how the use of penetrating emulsion and double chip seal saved a failing, unpaved gravel road in a 
Minnesota township that could not afford the conventional bituminous overlay. The goals of the pavement treatment were to 
eliminate dust, washboarding, muddy conditions, and reduce annual re-graveling, grading, and shaping. The author walks 
readers through the preparation, priming with penetrating emulsion prime (PEP), application of the chip seal, and the results 
obtained with this technique. A final section offers specific suggestions for making this technique appropriate under dry 
conditions and for making the surface smoother for pedestrians. 
Full text available upon request to MnDOT Library 
Pavement Preservation Journal, vol. 7, no. 4 (2014) 

 
10. Benefit/Cost of Applying a Higher Asphalt Film Thickness (AFT) vs. Doing a Chip Seal at 1 Year 

In Minnesota, reducing the influence of oxidation is a continuous challenge. Researchers will compare the effectiveness of two 
different methods: applying a surface treatment (typically a fog or chip seal) and increasing the asphalt film thickness during 
original construction. 
Project record: https://trid.trb.org/View/1678146  
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