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NS 670 – Driving Causes of Bridge Replacement: Literature Search 
Friday, June 24, 2022 

Prepared for: Marcus Bekele 

Prepared by: Jim Byerly, Electronic Resources Librarian 

Resources searched: EBSCO, Transport Database, TRID, Web, MnDOT Library Catalog 

Summary: Results are compiled from the databases named above.  Links are provided for full text, if 
applicable, or to the full record citation.  I completed my searches using the following terminology: bridge, 
service life, early replacement, remaining service life, delayed replacement, sustainability.  The results are 
divided into most relevant and less relevant.  

Most Relevant Results 
 
Selected Results from the TRID Database 
 
Alsharqawi, Mohammed; Zayed, Tarek; Dabous, Saleh Abu. Integrated Condition-Based Rating Model for 
Sustainable Bridge Management. Journal of Performance of Constructed Facilities, Volume 34, Issue 5, 
2020, 04020091 
https://trid.trb.org/view/1716569 
Abstract: In North America, common practices in bridge condition assessment include visual inspection and 
nondestructive evaluation (NDE) techniques, and results are reported as condition ratings of the bridge 
components. Assigning a specific condition rating to the component is a difficult task, especially when the 
threshold values defining the borderlines between the different ratings are not specified. These thresholds are 
subjectively assigned based on the judgment and experience of the inspector or expert, and can influence 
decisions on maintenance, repair, and replacement (MRR) of bridges and impact their safety and 
serviceability. Quality inspection data and accurate condition assessment and rating are the basis for 
determining appropriate MRR decisions. Thus, in this paper, a novel quality function deployment (QFD)-based 
approach for assessing bridges is proposed to develop an integrated condition rating based on data collected 
from visual inspection and ground penetrating radar (GPR) technology, while identifying clear thresholds 
between the different ratings. The k-means clustering technique, used to define the rating thresholds, is one of 
the unsupervised learning algorithms that solves the subjective determination of the threshold values problem. 
This work used four case studies on bridges in the Province of Quebec. The integrated condition model 
produced ratings of 0.48, 0.49, 0.37, and 0.15 for the four case studies. The developed rating model 
represented by an integrated condition index was validated with an average validity percentage greater than 
81%. The proposed method is expected to advance the state of the art for bridge condition assessment and 
rating by providing an objective means for making proper MRR decisions. 
 
Bektas, Basak Aldemir; Albughdadi, Ahmed J. M. Drivers of Bridge Decommissioning in the United States. 
Transportation Research Record: Journal of the Transportation Research Board, Volume 2674, Issue 8, 2020,  
 pp 591-603 
https://trid.trb.org/view/1577020 
Abstract: Extending the useful life of bridges through better design, construction, and management is a shared 
effort among the bridge management community. Data in the National Bridge Inventory (NBI) is valuable for 
understanding the behavior of bridges throughout their service lives. While the primary reason for bridge 
replacement, intuitively, would be condition, research has indicated that bridge replacement may not 
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necessarily be driven by the condition of the bridge. The estimated median service life for bridges, 53?years, is 
much lower than the desired service life of 75?years. This paper summarizes the results of an NCHRP Project 
which identified the main drivers for bridge decommissioning in the United States, based on findings from three 
complementary analyses using historic NBI data files, select agency records, and data from old and new 
structure pairs. A common finding in previous studies was that a significant portion (15–30%) of 
decommissioning could not be associated with any particular reason. Although poor condition is a significant 
factor, the major driver of bridge decommissioning is functional improvement, and this explains the majority of 
the unexplained cases. Structures replaced due to functional reasons tend to be replaced at a younger age, 
leading to a decrease in the overall decommissioning age. While decisions on functional improvement projects 
are not led by bridge offices, bridge networks are substantially affected by these decisions. Coordinating 
functional improvement decisions at the agency level and integrating relevant information with decision support 
tools can improve financial planning and asset management processes. 
 
 
Kraľovanec, Jakub; Prokop, Jozef. Indirect methods for determining the state of prestressing. Transportation 
Research Procedia, Volume 55, Issue 0, 2021, pp 1236-1243 
https://trid.trb.org/view/1867929 
Abstract: The assessment of the resistance and remaining service life of precast prestressed concrete 
structures is becoming a crucial aspect of civil engineering. This fact is even more significant in the light of the 
first generation of precast prestressed concrete bridges’ failures in northern Slovakia. Recently, the collapse of 
a footbridge in Spišská Nová Ves underlined the need for proper diagnostic and assessment of existing 
prestressed concrete structures in Slovakia and abroad as well. Problematic precast prestressed concrete 
bridges of the first generation have been in service for more than sixty years, and thus knowledge of the 
current state of prestressing is the base for later determination of their load-carrying capacity. Hence, the 
present paper aims to introduce an overview of the present-day knowledge of indirect destructive and non-
destructive methods for determining the state of prestressing in existing structures. Finally, the pros and cons 
of the mentioned techniques are discussed and compared. 
 
 
Ivanković, Ana Mandić; Skokandić, Dominik; Žnidarič, Aleš; Kreslin, Maja. Bridge performance indicators 
based on traffic load monitoring. Structure and Infrastructure Engineering, Volume 15, Issue 7, 2019, pp 899-
911 
https://trid.trb.org/view/1607283 
Abstract: The assessment of the existing road bridges as a part of bridge management networks has been a 
subject of several European research projects and actions in the last few decades. Bridge management 
includes a series of activities, interconnected in order to achieve optimal balancing of required costs, potential 
risks and overall bridge performance. This paper discusses a valuable link between a specific indicator (traffic 
load information calculated using Bridge Weigh-in-Motion measurement data) and the corresponding 
structural performance (reliability of existing bridge). It is shown that implementation of weigh-in-motion 
measurements in the probabilistic assessment of existing road bridges can reveal hidden bridge reserves and 
predict bridge reliability development over the required lifetime. Consequently, such approach can yield an 
unrestricted use of the bridge over a much longer remaining service life. Broader advantages lie in an 
improved road network management, road bridges in particular, and in a more sustainable development of 
infrastructure network and greater satisfaction of road users and owners. 
 
 
Selected Resources from the Web 
 
Bridge Retrofit or Replacement Decisions: Tools to Assess Sustainability and Aid Decision-Making 
  
Quantifying the performance age of highway bridges 
  

https://rosap.ntl.bts.gov/view/dot/34906
https://research.tudelft.nl/en/publications/quantifying-the-performance-age-of-highway-bridges
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Bridge decommissioning and its impact on bridge management 
 

Least Relevant Results 
 
Selected Results from the TRID Database 
 
Srikanth, Ishwarya; Arockiasamy, Madasamy. Remaining Service Life Prediction of Aging Concrete Bridges 
Based on Multiple Relevant Explanatory Variables. Practice Periodical on Structural Design and Construction, 
Volume 26, Issue 4, 2021, 04021036 
https://trid.trb.org/view/1869059 
Abstract: Concrete highway bridge remaining service life has been at the forefront of bridge owners’ 
concerns for several years in terms of growing bridge maintenance needs. Distresses in concrete bridge 
components occur due to physical, chemical, and mechanical factors that manifest as observable symptoms of 
deterioration. Deterioration models realistically link the observable defects to the several explanatory variables 
affecting the deterioration that aid in the planning of appropriate corrective actions. Only a limited number of 
explanatory variables have been considered in the published literature in the development of bridge 
component deterioration models. This study investigates the effect of multiple relevant explanatory variables 
affecting the bridge component condition including aging, loads and environmental conditions, and design 
characteristics using a multivariate regression analysis approach. Deterioration models for both superstructure 
and substructure of reinforced and prestressed concrete bridges are developed and validated in the present 
study. The proposed models will aid the bridge engineers to predict the concrete bridge component conditions 
based on bridge characteristics for planning preventive maintenance. 
 
 
Jeon, Chi-Ho; Sim, Chhengty; Shim, Chang-Su. The effect of wire rupture on flexural behavior of 45-year-old 
post-tensioned concrete bridge girders. Engineering Structures, Volume 245, Issue 0, 2021 
https://trid.trb.org/view/1868293 
Abstract: Current maintenance practices for aging prestressed concrete bridges are facing challenging tasks 
to judge structural adequacy and remaining service life even with insufficient information and invisible 
deterioration. For prestressed concrete bridges, remaining prestress forces and corrosion of strands are the 
most crucial data. To accumulate the data, full-sized and deteriorated 45-year-old prestressed concrete bridge 
girders were recovered from an existing bridge. The post-tensioned girders were tested to observe key 
performance indicators such as cracking, yielding and crushing. The proposed strain compatibility method 
considering average tested material properties and measured prestressing force provides reasonable 
estimation of the flexural capacity of the old prestressed concrete girders. From the observed flexural behavior, 
a flexural cracking can give a good indication of the residual prestressing force. Based on the experiment, 
discussion on the assessment of existing bridges and shift from safety-oriented limit states to quantitative 
approach for extended service life. 
 
 
Ademović, Naida. Structural assessment & strengthening of the first singe-arch RC bridge in Sarajevo, BIH. 
Engineering Structures, Volume 235, Issue 0, 2021 
https://trid.trb.org/view/1778032 
Abstract: Careva Ćuprija (Emperor’s Bridge), located in the heart of the Old City in Sarajevo, was built in 1897. 
It was built as the first single-arch reinforced concrete bridge in Sarajevo with a span of 25.36 m. At that time, 
it was the largest structure of this type in the Austro-Hungarian monarchy. During its long life of 122 years, 
some rehabilitation work took place; however, the main design for its rehabilitation was done just in 2015. As 
the bridge is on the list of the national monuments of Bosnia and Herzegovina, ICOMOS Recommendations 
for the Analysis, Conservation and Structural Restoration of Architectural Heritage were followed. The current 
condition assessment of the bridge was used to identify the remaining service life of the bridge, the required 

https://www.taylorfrancis.com/chapters/edit/10.1201/9780429279119-265/bridge-decommissioning-impact-bridge-management-bektas-albughdadi
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type and level of treatments, and suitable time for applying repair and retrofitting methods. Visual inspection, 
nondestructive, and minor destructive tests were done with the goal to determine the mechanical 
characteristics of the built-in materials and define the state of the structure. The article discusses the used 
methods and obtained results, which were the basis for numerical model calculation and the creation of the 
rehabilitation design. 
 
 
Couto Braguim, Thales; Lou, Peng; Nassif, Hani. Truck Platooning to Minimize Load-Induced Fatigue in Steel 
Girder Bridges. Transportation Research Record: Journal of the Transportation Research Board, Volume 
2675, Issue 4, 2021, pp 146-154 
https://trid.trb.org/view/1756002 
Abstract: Truck platooning has been demonstrated to possess several advantages in relation to energy 
savings. To implement this technology in the future, a better understanding of the effects of truck platooning on 
bridges is needed in relation to safety, serviceability, and remaining service life. This research aims at 
investigating the effects of truck platooning on the fatigue of steel girder bridges. Different types of platoons 
are simulated in line girder analysis for simple spans and two-equal continuous spans bridges. Then the 
rainflow counting method is applied to obtain the stress ranges and cycles. Miner’s rule is used to quantify the 
fatigue damage. The fatigue damage of different platoons is normalized by American Association of State 
Highway Transportation Officials Load and Resistance Factor Design Fatigue Load for comparison. The effects 
of the number of trucks and gap distances of truck platoons are further investigated. In some cases, truck 
platooning helps decrease the fatigue damage since, although truck platooning brings higher load effects, it 
also decreases the number of cycles. For platoons with different truck wheelbases, there are specific span to 
wheelbase ratios, beyond which fatigue damage decreases as gap distance increases. In addition, depending 
on the platoon configurations, there are ranges of span lengths where it is more beneficial to travel as truck 
platoons rather than traveling individually in relation to fatigue damage. 
 
 
Kasper, Yann; Albiez, Matthias; Ummenhofer, Thomas; Mayer, Christoph; Meier, Tobias; Choffat, Fabien; 
Ciupack, Yvonne; Pasternak, Hartmut. Application of toughened epoxy-adhesives for strengthening of fatigue-
damaged steel structures. Construction and Building Materials, Volume 275, Issue 0, 2021 
https://trid.trb.org/view/1767535 
Abstract: The average condition of German road bridges has deteriorated significantly in recent years. Steel 
bridges often show fatigue crack at points of increased stress concentrations. For increasing the remaining 
service life, effective reinforcement methods for reducing the crack growth are of increasing importance. 
Adhesively bonded reinforcements show many advantages compared to screwed or welded reinforcements, as 
the components are not damaged by heat input or drill holes.In this paper, a common EP adhesive and a 
toughened EP adhesive are characterised and compared by means of standardized experimental 
investigations. Due to the dynamic loading and the service temperatures occurring in steel bridges, the 
toughened EP adhesive is especially suitable for the strengthening application and is therefore prioritized for 
further experimental investigations. Due to the pre-stressing of the CFRP (Carbon Fiber Reinforced Plastics)-
lamellas, the creep resistance of the bonded joint is of central importance. Creep tests show that the expected 
creep deformations are in irrelevant orders of magnitude. Fatigue tests on centre-notched steel specimens 
using the toughened EP adhesive in combination with CFRP lamellas show great potential for decreasing the 
crack tip stress and therefore increasing the remaining service life. With a reinforcement on both sides with 
pre-stressed plates, up to 7.9 times the remaining service life can be determined in comparison to 
unreinforced specimens. 
 
 
Ferron, Raissa; Salvatore, Salamone; Srinivasan, Savitha; Rung, Michael; Dubuc, Brennan; Ebrahimkhanlou, 
Arvin. Evaluation of Long-term Strength and Durability Properties of Pre-stressed Concrete Girders with 
Microcracking.  University of Texas, Austin; Texas Department of Transportation; Federal Highway 
Administration, 2020, 259p 
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https://trid.trb.org/view/1744694 
Abstract: The presence of unexplained surface microcracks in several in-service prestressed girders across 
Texas led to concerns of reduced service life due to loss in long-term strength and durability. This project was 
designed to estimate both this potential loss in service life and the likelihood of long-term strength and 
durability issues that might arise due to the presence of these microcracks. Measurements of crack width, 
strain, stiffness and resistivity were taken from full-scale in-service and overcast or rejected girders over two 
years. Cores were collected from the overcast girders for further laboratory investigation of cracking, strength, 
stiffness, and durability properties. While the girders exhibited an increase in cracking and shrinkage, they 
have not shown a significant loss in strength, stiffness, and durability due to the presence and temporal growth 
of the microcracks. Exposure to environment and presence of pre-existing cracks were major factors affecting 
the rate of increase in cracking, while external loading was not. This temporal data was used to generate an 
empirical model to estimate the remaining service life of the girders using non-destructive test measurements 
as input variables. The model had a regression coefficient and reliability index in the “Good” range, and an 
error of 359 days. Laboratory specimens were cast to determine a critical cracking index value of 18 mm/m 
(0.5755 in./yd). The empirical model under-predicted service life by 4–10 years for all girders when compared 
to Life-365®. As these girders are designed for a service life of 75 years, the present rate of growth in 
microcracking can reduce the service life of the in-service girders from 2 to 13 years depending on the girder 
and nature of cracking. Further reduction in service life is also possible under fatigue loading as the girders 
age. Thus, continuous monitoring of the girders, especially in the last two decades of the girders’ lives, is 
recommended. In addition, the behavior of these girders with surface microcracks under marine exposure was 
observed to determine the effect of the microcracks on chloride-induced corrosion. Exposure to the simulated 
marine environment led to the formation of microcracks in the low water-cement ratio concrete specimens. 
However, the presence of microcracks did not significantly impact corrosion potential in the timeframe of the 
study. A novel approach using guided ultrasonic waves and acoustic emission to monitor corrosion process in 
prestressing strands was explored, with encouraging results. Further research should explore the key 
parameters that can influence corrosion monitoring using guided ultrasonic waves and to determine the 
efficacy of using the guided wave ultrasonic method as part of the maintenance program. 
 
 
Chataigner, S; Wahbeh, M; Garcia-Sanchez, D; Benzarti, K; Birtel, V; Fischer, M; Sopeña, L; Boundouki, R; 
Lehmann, F; Martín, E; Gemignani, G; Zalbide, M. Fatigue Strengthening of Steel Bridges with Adhesively 
Bonded CFRP Laminates: Case Study. Journal of Composites for Construction, Volume 24, Issue 3, 2020, 
05020002 
https://trid.trb.org/view/1696105 
Abstract: One of the aims of applying sustainable development to bridge infrastructure was to provide bridge 
owners with strengthening solutions that could lead to increased service life for existing structures. In the case 
of steel bridges, the assessment of the remaining service life is most often linked to the determination of 
structural deterioration caused by corrosion and fatigue. Damage caused by fatigue is very difficult to assess 
before crack initiation and is more likely to occur in older structures, where the phenomenon was not taken into 
account in designs before 1970. In addition, old steel materials display more brittle behavior. To meet these 
challenges, a preventive methodology for fatigue strengthening of steel structures was developed. The method 
begins with scheduling a fatigue design analysis of the existing construction to determine the most fatigue 
damage exposed construction elements of the bridge. The remaining fatigue life of these elements can be 
increased with a strengthening solution based on the use of adhesively bonded ultra-high modulus (UHM) 
carbon fiber–reinforced polymer (CFRP) plates, which were applied to a steel surface before failure indicators 
such as cracks arise. This article presents the development process of this preventive method and a 
demonstrative application to an existing bridge (Jarama Bridge). Strain measurement was carried out to verify 
the theoretical expectations of the reinforcement. Different parameters were studied, including the influence of 
low traffic volumes during the reinforcement application. The results proved the efficiency of this system for the 
structure under study. 
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ElBatanouny, Mohamed K; Pham, Le T; Hawkins, Kathleen A; Krauss, Paul D. Late Life Low Cost Deck 
Overlays.  Wiss, Janney, Elstner Associates, Incorporated; Iowa Department of Transportation; Iowa Highway 
Research Board, 2020, 120p 
https://trid.trb.org/view/1728175 
Abstract: Low-slump dense concrete overlays (LSDC) are typically used by the Iowa Department of 
Transportation (Iowa DOT) to provide long-term performance. However, due to their relatively high costs and 
long curing, LSDC overlays may not be the optimal solution for late-life bridge decks that require a short 
service life extension prior to replacement. A literature review and cost-benefit analysis were conducted to 
identify potential late-life overlays that are less expensive and have a smaller traffic impact than the LSDC 
overlay. Federal and state research on overlays and the standards of eleven states in the Midwest and three 
additional states (California, New York, and Virginia) were reviewed. Seven types of overlays were selected for 
comparison to the LSDC overlay as follows: very early strength latex-modified concrete (LMCVE), premixed 
polymer concrete overlays (PPCO), thin polymer, hot-mixed asphalt (HMA) overlays, polymer-modified asphalt 
(PMA)  overlays, and HMA overlays with waterproofing membranes (WPM). Reinforced asphalt overlays were 
also identified as potential late-life overlays, but due to lack of data and literature, could not be included in the 
analysis. A reduced construction procedure that does not require partial-depth repairs was also considered in 
addition to the standard procedure used by the Iowa DOT. Results of the analysis show that all of the overlays 
investigated can reduce the traffic closures by half the time and several overlay-construction procedure 
combinations can significantly reduce the cost compared with the LSDC overlay. Recommendations for 
selecting the optimal late life overlays based on the targeted remaining service life were presented in terms 
of a decision making table that classifies the different options based on cost, traffic closure times, and 
expected service life. Field studies are recommended to verify the benefits of and service life associated with 
the reduced construction procedure discussed in this study. Additionally, it is recommended that a more refined 
cost-benefit analysis be conducted for bridges with varying deck conditions and service life requirements to 
confirm the general applicability of the results of this study 
 
 
Phares, Brent; Jayathilaka, Sameera; Deng, Yaohua Jimmy; Greimann, Lowell; Wipf, Terry J. Development of 
a Structural Health Monitoring System to Evaluate Structural Capacity and Estimate Remaining Service Life 
for Bridges.  Iowa State University, Ames; Iowa State University, Ames; Iowa Department of Transportation; 
Federal Highway Administration, 2020, 302p 
https://trid.trb.org/view/1917160 
Abstract: Bridges constitute the most expensive assets, by mile, for transportation agencies around the US 
and the world. Most of the bridges in the US were constructed between the 1950s and the 1970s. 
Consequently, an increasing number of bridges are getting old and requiring much more frequent inspections, 
repairs, or rehabilitations to keep them safe and functional. However, due to constrained construction and 
maintenance budgets, bridge owners are faced with the difficult task of balancing the condition of their 
bridges with the cost of maintaining them. Bridge maintenance strategies depend upon information used to 
estimate future condition and remaining life of bridges. The desire of many departments of transportation 
(DOTs) is to augment their existing inspection process and maintenance system with a system that can 
objectively and more accurately quantify the state of bridge health in terms of condition and performance, aid 
in inspection and maintenance activities, and estimate the remaining life of their bridge inventory in real time. 
To better manage bridge inventories, tools that can accurately predict the future condition of a bridge, as well 
as its remaining life, are required. One of the key requirements for an effective infrastructure management 
system is the establishment of a structural health monitoring (SHM) system An SHM system traditionally 
consists of a network of monitoring sensors, data acquisition, and communication hardware and software 
capable of carrying out bridge condition assessments in real-time and accurately and objectively predicting the 
health of the infrastructure components and systems. For this project, the research team developed an 
automated SHM system that could detect bridge damage and estimate load ratings of bridges, as well as 
models to develop predictions for future condition ratings of bridges. The SHM system and models were then 
used to develop a bridge maintenance prioritization system for DOTs to augment current bridge management 
practices. 
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Harvey Jr, Philip S; Muraleetharan, Kanthasamy K; Sivakumaran, Sumangali. Rapid Retrofitting Techniques 
for Induced Earthquakes.  University of Oklahoma, Norman; Accelerated Bridge Construction University 
Transportation Center (ABC-UTC); Office of the Assistant Secretary for Research and Technology, 2020, 88p, 
https://doi.org/10.34703/gzx1-9v95/QCKJEW 
https://trid.trb.org/view/1844150 
Abstract: States such as Oklahoma, Texas, Kansas and Arkansas have historically experienced only one or 
two tectonic earthquakes annually, but these states are now experiencing earthquakes at an increased rate 
due to induced seismicity. Consequently, State Departments of Transportation (DOTs) are concerned about 
how their bridges that were originally designed for low seismic design loads will handle this increased seismic 
demand. While a bridge collapse is unlikely for an induced earthquake, cumulative effects of large number of 
small induced earthquakes compounded with an occasional moderate earthquake may lead to damages 
negatively impacting the safety of the traveling public and the flow of the transportation network. This research 
addresses the knowledge gap on the effects of low-level frequent earthquakes on the bridges and proposes a 
framework to assess the cumulative damage on bridges using rainflow counting based on ASTM standard 
practice for cycle counting in fatigue. In addition, a quantitative measure – Fatigue Damage Index (FDI) – is 
developed using Miner’s Rule to identify the accumulated damage in the bridge, from which the remaining 
service life can be estimated. The FDI can also be used to predict when accelerated repairs may be required 
and to evaluate accelerated retrofit solutions. Further, a “typical” Oklahoma bridge is modeled in a finite 
element program (OpenSees), and the proposed framework is applied to capture the structural deterioration of 
the bridge. 
 
 
Advanced Non-Destructive Bridge Deck Condition Assessment. [Project].  Iowa Department of Transportation. 
Start date: 1 Nov. 2019. 
https://trid.trb.org/view/1696757 
Description: Infratek Solutions Inc. specializes in delivering practical and effective performance-based asset 
management systems fueled by cutting-edge advanced technological platforms for critical infrastructure sector. 
Established in 2014, Infratek has enjoyed working with Federal Highway Administration, various State 
Transportation Agencies, and Toll Authorities to bring practical technological advancements to tackle their 
infrastructure asset evaluation and management problems. Capitalizing on the experience gained through the 
development and field deployment of the commercial edition of the first Robotic Assisted Bridge Inspection 
Tool (RABIT-CE), Infratek is scaling up and enhancing this technology to be more responsive to the day to day 
asset management needs of bridge owners. Based on numerous interactions with owners, such needs 
primarily include (a) accurate and quantitative assessment of current condition, (b) estimates of remaining 
service life and deterioration rates, and (c) recommendations for interventions and their influence on 
remaining service life. 
Iowa Department of Transportation has expressed an interest in commissioning Infratek to provide its next 
generation bridge deck assessment and analysis services to their selected bridge inventory. To meet this 
objective, Iowa has initiated a research study with the goal of exploring and refining how advanced assessment 
technologies may be deployed to best serve asset management goals. The research team is excited to be 
engaged in this mutually beneficial partnership and are committed to develop, maintain, and customize the 
systems and underlying processing and analysis engines to match the needs of Iowa DOT. The team does not 
view this opportunity as simply another service contract, but rather as a partnership that will allow them to 
refine their offerings based on the insights and experiences of Iowa DOT engineers and staff to better serve 
the state’s needs. The team is pleased to provide the following preliminary proposal for consideration. 
 
 
Davis, Nathan T; Hoomaan, Ehssan; Agrawal, Anil K; Sanayei, Masoud; Jalinoos, Farrokh  “Frank”. 
Foundation Reuse in Accelerated Bridge Construction. Journal of Bridge Engineering, Volume 24, Issue 10, 
2019, 05019010 
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https://trid.trb.org/view/1640509 
Abstract: When an existing bridge is being considered for replacement due to a deteriorated or obsolete 
superstructure, the foundation may still have significant functional value. Reuse of these foundations during 
bridge replacement or widening can present significant cost and time savings over constructing new elements. 
The potential time savings associated with foundation reuse can reduce mobility impacts, a key goal of 
accelerated bridge construction (ABC), and the cost savings can increase the economic viability and 
sustainability of an ABC bridge replacement project. However, existing foundations may have uncertain 
material properties, geometry, or details that impact the risks associated with reuse. Unlike a new foundation, 
an existing foundation may have been damaged, may not have sufficient capacity, and may have limited 
remaining service life due to deterioration. Assessment of these issues, possible foundation-strengthening 
measures, and innovative approaches to optimize loading are discussed in this paper. An analysis of an ABC 
database is performed to examine the current role of foundation reuse in ABC projects. This paper presents 
some key findings identified through various research projects related to foundation reuse. Six case examples 
are presented in which foundations were reused or considered for reuse during a bridge replacement project. 
 
 
Gao, Lu; Mo, Yi-Lung; Dhonde, Shalaka; Saldarriaga, Daisy; Song, Lingguang; Senouci, Ahmed. Synthesis of 
Service Life Prediction for Bridges in Texas.  University of Houston; Texas Department of Transportation; 
Federal Highway Administration, 2019, 174p 
https://trid.trb.org/view/1595592 
Abstract: In procurement requirements for design-build project contracts for bridge structures, the Texas 
Department of Transportation (TxDOT) may implement a 100-year service life requirement. However, there are 
no indicated measures or any technical recommendations that provide directions to satisfy the given 
requirement of service life. In addition, TxDOT and consultants use TxDOT recommendations for durability to 
improve performance during service life of design-bid-build and design-build projects but no quantitative 
methods or codified guidance is available to validate how the enhanced service life requirements are met. 
Further, the state of Texas has large number of existing old bridge thus the evaluation of the remaining 
service life of these bridges is a very important economic issue for TxDOT. The replacement of all these 
bridges is not possible since the available financial resources are limited. Therefore, it is very essential to 
prioritize the repair works based on the estimated remaining service life. As a result, this research study has 
been conducted to obtain information about state-of-the-art and state-of practice of bridge service life 
prediction. The research team gathered and analyzed the relevant information on various topics related to 
service life prediction which can be utilized as guidelines while dealing with the determination of service life of 
old as well as new bridges. The extensive literature survey conducted by the research team provides valuable 
information for TxDOT which can be helpful for service life prediction of bridges in the state of Texas. By 
utilizing the collected information under the scope of the project, the following benefits can be achieved: (1) 
This project would provide guidance on managing available funds efficiently for the required repair activities 
using the data on condition of the bridges. (2) The review of the available information obtained from different 
sources would provide better understanding of various deterioration models used for predicting service life, 
inspection checks and methods, maintenance practices and rehabilitation or replacement requirements for 
bridges, and would enhance the knowledge on achieving and extending the service life of bridges in Texas. 
(3) The output from this research project would be beneficial for maintaining the existing bridges in a good 
condition, improving their service life to make them economically efficient and determining strategies to 
achieve design service life for newly constructed bridges. 
 
 
Kumar, Ravi; de Oliveira, Jhenyffer Lorrany Matias; Schultz, Arturo; Marasteanu, Mihai. Remaining Service 
Life Asset Measure, Phase 1.  University of Minnesota, Twin Cities; Minnesota Department of Transportation, 
2018, 62p 
https://trid.trb.org/view/1528242 
Abstract: There is a critical need to use a common metric, such as a service life parameter, across many 
different types of infrastructure assets. The Minnesota Department of Transportation (MnDOT) has used the 
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remaining service life (RSL) measure for pavement condition for several years and is starting to use it for 
bridge condition. In this study, researchers examined what has been done to date and what tools and 
methodologies are available nationally and internationally, and made recommendations on a future measure 
that can be used to show the "true" condition of the system. First, a literature review was performed to 
summarize current methods used in asset management and life-cycle cost analyses. A survey was also 
performed to collect information from agencies around the country. An assessment of current practice used by 
MnDOT Bridge Office and Materials and Road Research Office was performed next to identify similarities and 
differences between the two approaches. Based on the information collected, suggestions for a common 
method were presented and guidelines for a work plan for a follow-up phase 2 were developed. 
 
 
Moffatt, Edward G; Thomas, Michael D A. Durability of Rapid-Strength Concrete Produced with Ettringite-
Based Binders. ACI Materials Journal, Volume 115, Issue 1, 2018, pp 105-115 
https://trid.trb.org/view/1503313 
Abstract: Rapid-strength concretes are currently used to repair structures such as bridge decks, substructure 
elements on bridges (for example, piers and columns), pavements, and components of buildings. Although 
these products gain a high strength in a short period of time (for example, = 20 MPa [3000 psi] in 3 hours), it is 
usually intended that they not only provide a temporary fix but can also provide a permanent repair for the 
remaining service life of the structure. One approach for delivering high early-age strength is through the 
rapid formation of ettringite using a binder that contains a calcium aluminate or calcium sulfoaluminate phase 
with calcium sulfate. Although it has been proven that such binders gain high early strength and acceptable 
working time, limited information exists concerning the long-term durability of concrete produced with these 
binders in the aggressive conditions often encountered in service. This paper presents durability data on the 
chloride resistance, corrosion protection properties, deicer salt scaling and carbonation resistance. These 
concretes include: portland cement (PC) and high-early-strength portland cement (HEPC) as references; a 
newly developed ternary cement (PC-CAC-CS) consisting of a blend of PC, calcium aluminate cement (CAC), 
and calcium sulfate (CS); and two commercially available calcium-sulfoaluminate (CSA) cement systems. 
 
 
Jeong, Yoseok; Kim, WooSeok; Lee, Ilkeun; Lee, Jaeha. Bridge Service Life Estimation Considering 
Inspection Reliability. KSCE Journal of Civil Engineering, Volume 21, Issue 5, 2017, pp 1882-1893 
https://trid.trb.org/view/1471674 
Abstract: Bridges begin to deteriorate as soon as they are put into service. Effective bridge management 
requires sound understanding of the deterioration mechanism as well as the expected service life. Decision 
makers design and execute programs that safely maintain or extend bridge service life at low cost. Key 
maintenance practices include inspections, repairs, and rehabilitation, among which inspections may be the 
most important since the other maintenance interventions are conducted based on the inspection report. This 
paper presents a methodology for determining the expected service life of a bridge or a bridge network based 
on a deterministic condition-based model associated with inspection quality. This study used almost 10-year 
condition rating results of bridges and developed a non-linear regression model that takes into account the 
Inspection Reliability Index (IRI). The IRI represents the relative inspection accuracy with respect to a tolerable 
error of one grade by comparing condition ratings between routine and in-depth safety inspections. In the 
evaluation of the IRI, significant variability in condition ratings between routine and in-depth safety inspections 
was observed. Specifically, approximately 42% of routine inspection results deviated within ± 1.0 grade with 
respect to results from in-depth safety inspections. A modified non-linear regression model combined with the 
IRI is proposed to predict the remaining service life of a bridge. The proposed model can estimate the 
service life of a bridge by combining the bridge age and its condition rating. 
 
 
Zanini, Mariano Angelo; Faleschini, Flora; Pellegrino, Carlo. Bridge residual service-life prediction through 
Bayesian visual inspection and data updating. Structure and Infrastructure Engineering, Volume 13, Issue 7, 
2017, pp 906-917 
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https://trid.trb.org/view/1465483 
Abstract: The paper describes an integrated procedure for evaluation of the service-life curve of existing 
bridges, calibrated with data derived from visual inspections and aimed at assessing the degree of 
deterioration of their structural/non-structural elements. Visual inspections allowed a total sufficiency rating for 
the bridges to be calculated, together with data collection, to be used in Bayesian updating of element 
deterioration curves. The results were combined with information from simulations of potential bridge 
deterioration scenarios to quantify mean trends and related uncertainties of the remaining service-life curves of 
existing bridges. The proposed procedure was applied to two bridge stocks and results are critically 
discussed. The method used may allow public authorities/private managing companies to optimise economic 
resources allocated to long/medium-term maintenance plans for the most critical structures. 
 
 
Morgese, Maurizio; Ansari, Farhad; Domaneschi, Marco; Cimellaro, Gian Paolo. Post-collapse analysis of 
Morandi’s Polcevera viaduct in Genoa Italy. Journal of Civil Structural Health Monitoring, Volume 10, Issue 1, 
2020, pp 69-85 
https://trid.trb.org/view/1681910 
Abstract: Morandi’s Polcevera viaduct was an important transportation link that connected port of Genoa to 
other major cities in Europe. The bridge was in service for over 50 years and carried the traffic over one of the 
busiest highways in Europe. Real-time structural health monitoring would have provided data for maintenance 
and warned of impending failure. The objective of the study reported herein was to estimate the remaining 
service life and predicting the end of life for the bridge in the absence of available sensor data. The analysis 
involved time-domain estimation of bridge capacity loss over the period of bridge service and increase in 
demand over the same period. In addition to the existing information about the bridge, combined effects of 
corrosion and fatigue were considered in estimating the decrease in the capacity of the bridge from the time it 
was placed in service. Classical influence line analysis of the individual sections of the pylon–deck system of 
the bridge, together with the finite element model of the bridge, provided the numerical tool for analysis of the 
bridge. A number of different approaches were compared in estimating the remaining life of the bridge, 
including the cumulative damage law of Palmgren and Miner, as well as the Goodman, Gerber and Soderberg 
mean fatigue stress diagrams. The predicted timing of collapse by these models ranged from the year 2014 
based on the cumulative damage law, and 2016 by the Gerber and Goodman diagrams. The estimates from 
this study predict the collapse of the bridge 2–4 years prior to the actual collapse date in 2018. The results of 
this study indicated that even without an active instrumented structural health monitoring system, basic 
engineering principles may provide the backing for estimation of remaining life of the infrastructure. In the case 
of the Morandi bridge, such an analysis at some point during its service life would have possibly predicted 
imminence of collapse prior to the actual collapse. 
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