


A Narrative Review of Recent Advances in Accelerated Bridge Construction: Materials, Methods, and Implementation Challenges



ABSTRACT
	The critical need to rehabilitate or replace aging highway infrastructure with minimal disruption has propelled Accelerated Bridge Construction (ABC) to a mainstream imperative. This paper presents a structured narrative review of post-2018 literature, synthesizing significant advancements in ABC across three core pillars: materials, construction methods, and implementation challenges. The review examines the transformative role of advanced materials, particularly Ultra-High-Performance Concrete (UHPC), in creating robust connections with development lengths reduced by up to 70%, as well as the growing application of Fiber-Reinforced Polymer (FRP) composites. It then analyzes the evolution of construction methods, including large-scale modular systems and the use of Self-Propelled Modular Transporters (SPMTs), which have enabled full bridge replacement in as little as 48 hours. Innovative geotechnical solutions, such as Geosynthetic Reinforced Soil (GRS) abutments, are also discussed as critical enablers. Finally, this review addresses persistent implementation challenges, including design standardization, logistics, workforce training, and the necessity of comprehensive cost-benefit analyses. This synthesis provides a consolidated reference for practitioners and researchers, concluding that the future of ABC hinges on policy development, digital integration, and a systemic shift toward life-cycle and sustainability-based procurement.
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1. INTRODUCTION
U.S. bridge programs are navigating simultaneous pressures: ageing assets, steady traffic growth, and climate-related extremes, which intensify deterioration and heighten work-zone risks. In this context, Accelerated Bridge Construction (ABC) has evolved from a niche innovation to a mainstream delivery strategy, as it compresses field schedules by shifting fabrication to controlled environments and assembling prefabricated systems on-site. Contemporary reviews and case syntheses emphasize that ABC’s benefits extend beyond calendar time: when user delay costs and exposure to work‑zone hazards are monetized with agency costs, the total‑cost optimum often moves toward ABC on high‑volume facilities (Aurier, Hassan, Jaworski, & Guizani, 2023; Kenarkoohi & Hassan, 2024; Vahedi, Arabzadeh, Sideris, & Moustafa, 2024).
Since 2018, advances in materials and connection technologies have materially improved ABC readiness. Ultra-High-Performance Concrete (UHPC) has become a preferred material for field-cast joints between prefabricated bridge elements due to its very high compressive strength, post-cracking tensile capacity, and ultralow permeability, which enable compact details and accelerated staging. Experimental and analytical studies on UHPC closures have demonstrated short development lengths and robust flexural performance for deck-to-deck and lap-spliced bar connections (Akhnoukh & Buckhalter, 2021). Hybrid steel–UHPC deck systems have similarly shown advantages in weight reduction and fatigue performance, supporting rapid redecking scenarios compatible with ABC (Liu, Zhang, Liu, & Chen, 2021).
In parallel, fibre-reinforced polymer (FRP) systems, rebars, laminates, and full or hybrid FRP decks offer mass reduction and corrosion resistance that align with ABC’s factory-first ethos. A recent state-of-the-art review catalogues all-FRP and hybrid-FRP bridge applications, design considerations, and persistent barriers in codes, procurement, and circularity. For ABC, the practical implication is simplifying heavy moves and improved durability, where de-icing or marine exposure drives life-cycle cost (Qureshi, 2023).
System‑level construction methods have also matured. Slide‑In Bridge Construction (SIBC) laterally translates a newly built superstructure into final position over a short closure, while Self‑Propelled Modular Transporters (SPMTs) enable precise lift, transport, and placement when adjacent builds are infeasible. Laboratory and field investigations since 2020 have reported refined connection details, tolerances, and geometry control for multi-span lateral slides, underscoring constructability and risk considerations during heavy moves (Liu, Nelson, & Hosteng, 2022). For short- to medium-span crossings, geosynthetic-reinforced soil approaches continue to compress substructure schedules by replacing deep foundations with engineered fills and modular facings, as reported in recent practice-informed studies (Kenarkoohi & Hassan, 2024).
[bookmark: _Hlk213930478][bookmark: _Hlk213930484]The digital layer surrounding ABC has undergone the most significant changes. Project teams now use 4D and 5D Building Information Modeling (BIM) for hour‑by‑hour erection simulations, laydown optimization, and clash detection; uncrewed aerial vehicles (UAVs) provide rapid site survey, progress verification, and post‑installation quality checks; and the first bridge digital twins, integrating geometry, materials provenance, structural response, and inspection data, are beginning to connect ABC construction histories to operations, maintenance, and renewal decisions. Recent peer‑reviewed syntheses outline the state of bridge digital twins and their data architectures, and they identify gaps in decision support and interoperability with agency asset systems (Mousavi, Rashidi, Mohammadi, & Samali, 2024; Liang, Chen, Zhang, & Li, 2023).
Sustainability and resilience imperatives frame the next stage of ABC. Field time and traffic disruption are reduced under ABC, resulting in lower work-zone emissions and safety exposure; however, some enabling materials can have higher embodied carbon, e.g., UHPC binders with elevated clinker content. Recent life‑cycle assessment studies explore mixture‑design levers such as partial clinker substitution, recycled constituents, and low‑temperature curing regimes that preserve early‑age performance while reducing greenhouse‑gas intensity; parallel life‑cycle cost analyses report long‑horizon maintenance savings that can offset higher initial material costs (Wang, Chen, Ma, & Li, 2024; Hossain, Zhan, & Ye, 2024).
This review employs a structured narrative methodology. A comprehensive search of academic databases (e.g., Scopus, Web of Science) and major transportation agency repositories (e.g., TRID, FHWA) was conducted to identify high-impact journal articles, conference proceedings, and technical reports published from 2018 to the present. Keywords include Accelerated Bridge Construction, Prefabricated Bridge, UHPC connections, SPMT, and Slide-In Bridge. The resulting corpus of over 80 selected works was synthesized to identify dominant themes, technological advancements, persistent implementation barriers, and emerging research trends. This narrative synthesis is intended to provide a holistic, practice-oriented overview rather than a systematic meta-analysis of a single, narrow metric.
Bringing these threads together, this review is organized to help practitioners determine what is technically ready, what remains bottlenecked by practice and policy, and where near-term research can yield the greatest payoff. The rest of this paper is organized in the following way:
· Section 2 summarizes the evolution of ABC
· Section 3 distils recent evidence on materials and field‑cast connections, especially UHPC joints and hybrid steel–UHPC decks, covering constructability, QA/QC, and durability. 
· Section 4 surveys system-scale methods (SIBC, SPMT, geosynthetic-reinforced approaches) with a focus on tolerances and risk. 
· Section 5 addresses implementation challenges (standardized details, logistics, workforce readiness). 
· Section 6 maps digital integration patterns (4D/5D BIM, UAV-enabled QC, and bridge digital twins) and identifies gaps in data handover to asset systems. 
· Section 7 frames sustainability via LCA and outlines research priorities in low‑carbon UHPC and FRP circularity. 


2. EVOLUTION OF ACCELERATED BRIDGE CONSTRUCTION
2.1 Historical Background and Timeline of Development
[bookmark: _Hlk213930519][bookmark: _Hlk213930527]The concept of prefabrication in bridge engineering is not new; its origins trace back to early segmental construction and military bridging applications. However, the modern ABC movement gained significant traction in the early 2000s, catalyzed by coordinated efforts from transportation agencies such as the Federal Highway Administration (FHWA). The Everyday Counts (EDC) initiative, launched by FHWA, identified ABC technologies as critical innovations to reduce project delivery time and enhance safety (FHWA, 2023). This institutional push ushered in a wave of innovation, transitioning ABC from experimental applications to a mainstream procurement strategy. Since 2018, the field has matured significantly, with a growing emphasis on optimization, standardization, and the integration of advanced materials and climate-adaptive systems (Aurier et al., 2023; Kenarkoohi & Hassan, 2024, Aduwa et al., 2025).
2.2 Drivers for Adoption 
The primary drivers for ABC are the reduction of on-site construction time, the enhancement of worker and public safety, and the optimization of total project cost when societal impacts are included.
[bookmark: _Hlk213930540]Time and Societal Cost: The primary driver for ABC is the reduction of on-site construction time, along with the corresponding minimisation of traffic disruption. The societal and economic impacts of long-term lane closures are immense. These impacts, broadly termed User Delay Costs (UDC), can often exceed the direct construction cost of the bridge itself. A probabilistic methodology for quantifying UDC, which is central to the ABC business case, has been developed to account for variability in traffic volumes, work zone durations, and user behavior. This approach enables transportation agencies to more effectively evaluate the trade-offs between conventional and accelerated methods, particularly in urban arterial settings where delays are most costly (Ghaffari Dolama et al., 2020). A simplified formulation for quantifying this impact, which is central to the ABC business case, can be expressed as:
                                                          (1)
[bookmark: _Hlk213930557]Where for each i route affected by construction, AADT is the Annual Average Daily Traffic, D is the duration of the disruption, L is the additional travel time or delay per vehicle, and VOT is the monetary Value of Time for vehicle occupants. By reducing the duration of D from months to days, ABC achieves an exponential reduction in UDCTotal.
[bookmark: _Int_zLbJHK4H][bookmark: _Hlk213930565]While the initial capital cost of an ABC project may be 10 to 20 percent higher, a comprehensive cost benefit analysis incorporating UDCTotal almost invariably demonstrates superior economic value (Ghaffari Dolama et al., 2020). A holistic Total Project Cost (TPC) model can be represented as:
                          (2)
Where CDirect is the direct construction cost (materials, labor, equipment), CAgency is the agency's engineering and oversight cost, CSafety is the monetized cost of safety risks, and UDCTotal is the user delay cost from Eq. 1. ABC aims to minimize TPCModel by drastically reducing UDCTotal and CSafety, justifying a potential increase in CDirect (Ghaffari Dolama et al., 2020).
Safety is a co-equal driver. Reduced on-site construction time directly translates to reduced exposure of highway workers to live traffic, a high-risk environment. This reduction in exposure is a primary benefit. A Risk Exposure Index (REI) for work zones can be conceptualized as (Chen, 2020):
                                          (3)  
Where VTraffic is the traffic volume, NWorkers is the number of workers present, and TExposure is the duration of the work. ABC attacks this formula by reducing TExposure from months to days, and by minimizing NWorkers at the high-risk final site, thereby lowering the total risk of exposure. This approach not only enhances safety for workers and the traveling public but also improves project efficiency and reduces societal disruption (Farhangdoust & Mehrabi, 2019).
3. ADVANCES IN MATERIALS FOR ABC
The viability of ABC is contingent upon materials that enable rapid assembly, ensure robust connections, and provide long term durability. Recent material science advancements have been pivotal. Table 1 provides a general comparison of these materials.
Table 1: General comparison of advanced materials in accelerated bridge construction
	Material
	Key Properties
	Primary ABC Application
	Key Challenge

	UHPC
	High strength, ductility, low permeability, superior bond
	Field-cast connections between prefabricated elements
	High material cost, specialized mixing (Hassan et al., 2022)

	FRP Composites
	High strength-to-weight, corrosion resistance
	Decks, beams, reinforcement, structural strengthening
	High initial cost, lack of design familiarity (Kamarudin et al., 2022)

	SCC
	High flowability, self-consolidation
	Prefabricated elements with complex forms, connection grouting
	Sensitive mix design, quality control (Abdel-Mohti & Ahmed, 2024)

	HSS
	High strength, reduced section size
	Steel girders, high-strength rebar for congestion reduction
	Connection detailing, global standards (Wang et al., 2020)



3.1 Ultra-High-Performance Concrete (UHPC)
As a key material enabler for ABC, UHPC's properties are pivotal. Its discontinuous steel fiber reinforcement provides exceptional ductility and energy absorption, while its optimized particle packing results in extremely high compressive strength and exceptionally low permeability (Akhnoukh & Buckhalter, 2021). Table 2 provides a direct comparison of its properties against conventional concrete.
Table 2:  Typical mechanical properties of UHPC vs. conventional concrete
	Property
	Conventional Concrete (C40)
	UHPC (Steel Fiber Reinforced)
	Significance for ABC

	Compressive Strength (MPa)
	30 – 50
	150 – 200
	Smaller, lighter elements; robust connections.

	Flexural Strength (MPa)
	4 – 7
	20 – 50
	High ductility; superior crack resistance.

	Chloride Ion Pen. (Coulombs)
	2,000 – 4,000 (Moderate)
	< 100 (Very Low)
	Exceptional durability and corrosion protection.

	Development Length
	1.0 Ld
	~sim 0.3 - 0.5$ Ld
	Allows for narrow, strong connections (e.g., 150-300mm).


In ABC, UHPC is most frequently used for the field to cast connections between prefabricated elements. These connections were historically the weakest point of prefabricated systems. Using UHPC allows for the creation of narrow, rapidly curing joints that are often stronger and more durable than the prefabricated elements they connect, ensuring monolithic structural behavior (Akhnoukh & Buckhalter, 2021).
3.2 Fiber-Reinforced Polymers (FRP) and Composite Materials
The high strength-to-weight ratio and superior corrosion resistance of FRP composites make them ideal for ABC. Lighter elements require smaller, more agile cranes and faster installation. Recent advancements have focused on complete FRP composite bridge deck systems, as well as hybrid systems, such as concrete beams reinforced with FRP bars or external post-tensioning (Kossakowski & Wciślik, 2022). The long-term durability and fatigue performance of these systems are now well-documented, showing significant advantages over conventional steel-reinforced concrete in corrosive environments (Al-Saoudi, et.al, 2021).
3.3 Self-Consolidating Concrete and High-Strength Steel
[bookmark: _Hlk213929301][bookmark: _Hlk213929311]Self-Consolidating Concrete (SCC) flows readily into complex forms and consolidates under its own weight without mechanical vibration. This property is highly advantageous for fabricating intricate prefabricated elements with dense reinforcement (Castano & Abdel-Mohti, 2024). In ABC, it is particularly useful for encasing complex connection details. Concurrently, the use of High-Strength Steel (HSS) and high strength stainless steel reinforcement (Jiang et al., 2021) allows for smaller and lighter prefabricated elements, further reducing transportation and erection demands.
3.4 Hybrid Material Systems
[bookmark: _Hlk213929324]Recent innovations often involve the intelligent combination of materials. Examples include concrete-filled FRP tubes (CFRP) for piles and columns, which use the FRP tube as both stay-in-place formwork and permanent, corrosion-resistant confinement (Saadeh & Irshidat, 2024). Steel-UHPC composite decks are also gaining traction, leveraging the tensile strength of steel and the compressive strength and durability of UHPC (Liu et al., 2021).
4. ADVANCES IN ABC CONSTRUCTION METHODS
Parallel to material science, construction methods have evolved to accommodate the erection of larger, more complex systems. Table 3 compares the dominant large-scale methods.
Table 3: Comparison of large-scale ABC erection methods
	Method
	Typical Application
	Key Equipment
	Primary Advantage / Limitation

	[bookmark: _Hlk213930609]Slide-In Bridge (SIBC)
	Replacement of entire superstructures (1-3 spans).
	Hydraulic jacks, low-friction slide paths, temporary abutments.
	Advantage: High precision; cost-effective for moderate spans. 
Limitation: Requires significant adjacent laydown area. (Mohamed Ali et al., 2022)

	SPMTs
	Movement of entire super- or substructures; complex alignments.
	Self-Propelled Modular Transporters (SPMTs).
	Advantage: Unmatched mobility and capacity; vertical/horizontal moves. Limitation: High mobilization cost requires clear ground access. (Khudeira, 2023)

	GRS-IBS
	Small-to-medium span bridges (substructure).
	Standard excavation/compaction equipment.
	Advantage: Extremely fast; cost-effective; flexible. 
Limitation: Limited to shorter spans; specific geotechnical needs. (Adams & Nicks, 2018)




4.1 Modular and Prefabricated Systems
The foundation of ABC rests on Prefabricated Bridge Elements and Systems (PBES). This has evolved from simple prefabricated deck panels to entire modular superstructures. Decked-girder systems, where steel or concrete beams are fabricated with the deck slab already attached, are now common. This approach significantly reduces site formwork, rebar tying, and concrete curing (Culmo, 2021). Recent efforts have focused on modular abutment and pier systems, allowing for the rapid construction of the entire bridge substructure (Kenarkoohi & Hassan, 2024).
4.2 Slide-In and Moveable Bridge Techniques
For large scale bridge replacements, Slide-In Bridge Construction (SIBC) has become a preferred method. This technique involves constructing the new bridge superstructure on temporary supports adjacent to the existing, operational bridge. During a short term, high impact closure (typically a single weekend), the old bridge is demolished, and the new superstructure is "slid" laterally into its final position using hydraulic jacks and low friction slide-paths (Mohamed Ali et al., 2022).
[bookmark: _Hlk213929485]A variation of this is the use of Self-Propelled Modular Transporters (SPMTs). SPMTs are multi-axled, computer-controlled vehicles capable of lifting and moving massive structures with high precision. They can be used to move an entire bridge superstructure, or even a complete bridge (substructure and superstructure), from its fabrication area and place it into its final alignment (Adams & Nicks, 2018). For large-scale bridge replacements, Self-Propelled Modular Transporter (SPMT) moves have become a transformative method in ABC. The logistics and planning for these moves are complex but have enabled the replacement of major highway bridges in as little as 48 hours. This technique involves transporting entire bridge spans using modular carriers with precise alignment and hydraulic control, minimizing traffic disruption, and maximizing construction efficiency (Wen et al., 2023, Opara et.al. 2025).
4.3 Innovative Foundation and Abutment Systems
[bookmark: _Hlk213929455]Foundation construction is a traditional bottleneck for bridge projects. ABC has driven innovation in prefabricated foundation systems, such as precast concrete footings, pile caps, and abutment walls. One of the most successful developments is the Geosynthetic Reinforced Soil Integrated Bridge System (GRS-IBS). This system uses alternating layers of compacted fill and geosynthetic reinforcement to create a stable, load bearing abutment that directly supports the bridge superstructure, eliminating the need for a deep foundation or cast in place of concrete abutment. GRS-IBS is fast, economical, and has demonstrated excellent performance (Adams & Nicks, 2018)
4.4 Automation and Robotics in ABC
While still in its nascent stages, automation is poised to further revolutionize ABC. The controlled, factory-like environment of a prefabrication yard is ideal for robotics. Current and emerging applications include robotic rebar tying, automated welding for steel girders, and 3D concrete printing for complex formwork or elements (Javed et al., 2022). On site, drones (UAVs) are increasingly used for rapid surveying, site logistics planning, and post-installation inspection (Choi et al., 2023).
[image: ]
Figure 1: Conceptual Schematic of PBES

[image: ]
Figure 2: Bridge Construction Method. (a) Slide-In (b) SPMT Methods
5. IMPLEMENTATION CHALLENGES AND CASE STUDIES
Despite proven benefits, the transition to ABC is not without significant challenges.
5.1 Design and Standardization Issues
A primary hurdle in Accelerated Bridge Construction is the lack of standardized designs, especially connections between prefabricated elements. This often necessitates project-specific engineering and detailing, which increases design costs and introduces a “first of its kind” risk for contractors (Culmo, 2021). Transportation agencies and researchers are actively working to develop standard plans for common PBES and UHPC connections, but regional variations in seismic activity, load demands, and environmental conditions complicate this effort (Zhang et al., 2023).
5.2 Cost–Benefit and Time Savings Analyses
As previously noted, ABC projects often carry a higher initial capital cost. This premium is associated with the higher cost of advanced materials, the precision required in fabrication, and the mobilization costs for heavy lifting equipment (Ghaffari Dolama et al., 2020). Justifying this premium requires a comprehensive cost benefit analysis that monetizes the UDCTotal (Eq. 1) and safety benefits (Eq. 3). Many procurement frameworks are not yet structured to prioritize this holistic TPCModel (Eq. 2) over simple lowest bid capital cost (Ghaffari Dolama et al., 2020).
5.3 Logistics, Safety, and Workforce Training
ABC shifts the complexity of a project from the field to the fabrication yard and the transportation vector. Transporting large, overweight, and oversized prefabricated elements from the yard to the site is a major logistical challenge, requiring detailed route planning, permits, and coordination (Souza, 2025). Furthermore, the on-site erection, which involves lifting and precisely placing massive elements, introduces new safety risks that require specialized training and planning (Shan et al., 2023, Awwal & Lateef, 2025). The construction workforce, accustomed to cast-in-place methods, requires retraining to develop skills such as precision tolerance, grouting, and rigging necessary for ABC (Barutha et al., 2024).
5.4 Environmental and Sustainability Considerations
[bookmark: _Hlk213929579][bookmark: _Hlk213929599][bookmark: _Hlk213929569]The environmental profile of ABC is mixed. On one hand, it significantly reduces site construction impacts, such as local air and noise pollution, habitat disruption, and construction waste (Hadi et al., 2018). On the other hand, the advanced materials central to ABC particularly UHPC and FRP can be more energy and carbon intensive to produce than conventional concrete and steel (Anish & Logeshwari, 2024). A comprehensive Life Cycle Assessment (LCA) is necessary to quantify these tradeoffs. The trend is moving toward Green ABC, which incorporates recycled materials, low-carbon cements, and designs for future deconstruction and reuse (Zhang et al., 2023).
5.5 Lessons from International ABC Projects
Case studies from successful Accelerated Bridge Construction (ABC) projects internationally highlight common themes for success while also revealing different regional priorities. For instance, the replacement of the M1 motorway bridge near Northampton, UK, involved the use of Self-Propelled Modular Transporters (SPMTs) to remove the old structure and install a new 1,500-tonne superstructure during a single weekend closure, significantly reducing user delay costs (Winvic, 2021). This method was notably applied at the SEGRO Logistics Park Northampton Gateway, where infrastructure upgrades included strategic bridge installations and rail connections. Similarly, in Japan, extensive use of precast, seismically isolated pier segments in the Tokyo Metropolitan Expressway renewal underscores a primary focus on resilience. These Japanese projects achieved an estimated 40% reduction in on-site construction time compared to conventional cast-in-place methods (Taniguchi et al., 2022).
These international examples reinforce U.S. findings that early contractor involvement during the design phase is critical to ensure manufacturability and transportability (Culmo, 2021). However, they also reveal a stronger European emphasis on using Life Cycle Assessment (LCA) in procurement, particularly within the EU’s evolving public procurement frameworks that incorporate sustainability and circularity metrics (Abu-Ghaida, 2024). Robust public outreach is also a common theme, essential to managing expectations for the short-term, high-intensity closures required.
6. DISCUSSION
The continued evolution of ABC is moving toward greater integration, intelligence, and sustainability. Four key emerging trends are identified that will define the next generation of accelerated bridge projects.
[bookmark: _Hlk213930689]First, integration with smart construction technologies is paramount. Building Information Modeling (BIM) is evolving from a 3D visualization tool into a comprehensive 4D (time) and 5D (cost) management platform. For ABC, BIM is essential for digital clash detection of prefabricated elements and for simulating complex erection logistics (Song et al., 2023). This leads to the concept of a Digital Twin, where a living digital model of the bridge is created during construction and updated with data from integrated Structural Health Monitoring (SHM) sensors (Mousavi et al., 2024). This integration enables optimized life cycle management and predictive maintenance strategies (van Dinter et al., 2022).
Second, life cycle performance and resilience are becoming central design drivers. ABC is not just about building bridges fast; it is about building them to last. The use of highly durable materials like UHPC and FRP is intended to create 100+ year service life structures with minimal maintenance (Hossain & Chang, 2024). Furthermore, ABC techniques are being adapted for rapid post-disaster recovery, allowing communities to quickly restore vital transportation links after an earthquake or hurricane (Bruneau & Reinhorn, 2021).
Third, sustainability and carbon reduction are being integrated into ABC. Future research is focusing on low-carbon UHPC mixes, sustainably sourced materials like mass timber in hybrid bridge systems, and design optimization to reduce material quantities (Holý et al., 2021).
Finally, policy and standardization needs must be addressed. For ABC to become the default method, transportation agencies must develop performance-based specifications, standard design details, and procurement policies that reward innovation and explicitly value the reduction of societal disruption costs (Culmo, 2021).
7. CONCLUSIONS 
Accelerated Bridge Construction (ABC) has evolved from a novel concept into a proven and indispensable strategy for modern infrastructure renewal. Advances in high-performance materials, particularly UHPC and composite systems, have addressed key technical hurdles, enabling the construction of robust, durable, and rapidly assembled bridges. In parallel, system-level methods such as SPMTs and GRS-IBS have expanded the scale and applicability of ABC, making major replacements feasible with minimal disruption to the public. The center of gravity for obstacles has therefore shifted: the most pressing challenges are now systemic rather than technical, revolving around credible cost justification, design standardization, logistics and staging, and the adaptation of the workforce to factory-centric and digitally enabled delivery.
Looking ahead, research, practice, and policy must advance in concert. On the research front, priority should be given to sustainable, low-carbon ABC materials, the integration of robotics and automation in prefabrication and onsite assembly, and rigorous life-cycle performance modeling that quantifies long-term resilience and maintenance needs. In practice, project teams should emphasize the early and substantive involvement of contractors and fabricators to align detailing with means and methods from the outset. Every procurement should include comprehensive cost–benefit analyses that fully monetize user delay and safety externalities, not just agency expenditures. Policy frameworks should reinforce these shifts by expanding standardized designs and connection libraries for common PBES elements, and by modernizing procurement to move beyond lowest-bid capital cost toward whole-life and societal-value selection criteria. Taken together, these steps will accelerate responsible adoption, reduce delivery risk, and translate technical maturity into consistent field performance. The continued diffusion and refinement of ABC is not optional; it is essential for rebuilding transportation networks efficiently, safely, and sustainably.
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ABBREVIATIONS
[bookmark: _Hlk213930454]SCC: Self-Consolidating Concrete 
HSS: High-Strength Steel 
CFRP: concrete-filled FRP tubes 
GRS-IBS: Geosynthetic Reinforced Soil Integrated Bridge System 
SPMT: Self-Propelled Modular Transporter 
LCA: Life Cycle Assessment 
UHPC: ultra-high-performance concrete 
FRP: fiber-reinforced polymers
BIM: Building Information Modeling 
UAV: Uncrewed Aerial Vehicles
FHWA: Federal Highway Administration 
EDC: Everyday Counts
UDC: User Delay Costs 
AADT: Annual Average Daily Traffic
TPC: Total Project Cost 
SIBC: Slide-In Bridge 
SHM: Structural Health Monitoring 
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