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FOREWORD 
 

The purpose of the Highways for LIFE (HfL) pilot program is to accelerate the use of 

innovations that improve highway safety and quality while reducing congestion caused by 

construction. LIFE is an acronym for Longer-lasting highway infrastructure using Innovations 

to accomplish the Fast construction of Efficient and safe highways and bridges. 

 

Specifically, HfL focuses on speeding up the widespread adoption of proven innovations in the 

highway community. “Innovations” is an inclusive term used by HfL to encompass technologies, 

materials, tools, equipment, procedures, specifications, methodologies, processes, and practices 

used to finance, design, or construct highways. HfL is based on the recognition that innovations 

are available that, if widely and rapidly implemented, would result in significant benefits to road 

users and highway agencies.  

 

Although innovations themselves are important, HfL is as much about changing the highway 

community’s culture from one that considers innovation something that only adds to the 

workload, delays projects, raises costs, or increases risk to one that sees it as an opportunity to 

provide better highway transportation service. HfL is also an effort to change the way highway 

community decisionmakers and participants perceive their jobs and the service they provide.  

 

The HfL pilot program, described in Safe, Accountable, Flexible, Efficient Transportation Equity 

Act: A Legacy for Users (SAFETEA-LU) Section 1502, includes funding for demonstration 

construction projects. By providing incentives for projects, HfL promotes improvements in 

safety, construction-related congestion, and quality that can be achieved through the use of 

performance goals and innovations. This report documents one such HfL demonstration project.  

 

Additional information on the HfL program is at www.fhwa.dot.gov/hfl.  

 

NOTICE 
 

This document is disseminated under the sponsorship of the U.S. Department of Transportation 

in the interest of information exchange. The U.S. Government assumes no liability for its 

contents or use thereof. This report does not constitute a standard, specification, or regulation. 

 

The U.S. Government does not endorse products or manufacturers. Trade and manufacturers’ 

names appear in this report only because they are considered essential to the object of the 

document. 

 

QUALITY ASSURANCE STATEMENT  
 

The Federal Highway Administration (FHWA) provides high-quality information to serve 

Government, industry, and the public in a manner that promotes public understanding. Standards 

and policies are used to ensure and maximize the quality, objectivity, utility, and integrity of its 

information. FHWA periodically reviews quality issues and adjusts its programs and processes to 

ensure continuous quality improvement.

http://www.fhwa.dot.gov/hfl
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INTRODUCTION 
 

HIGHWAYS FOR LIFE DEMONSTRATION PROJECTS 

 

The Highways for LIFE (HfL) pilot program, the Federal Highway Administration’s (FHWA) 

initiative to accelerate innovation in the highway community provides incentive funding for 

demonstration construction projects. Through these projects, the HfL program promotes and 

documents improvements in safety, construction-related congestion, and quality that can be 

achieved by setting performance goals and adopting innovations.  

 

The HfL program—described in the Safe, Accountable, Flexible, Efficient Transportation Equity 

Act: A Legacy for Users (SAFETEA-LU)—may provide incentives to a maximum of 15 

demonstration projects a year. The funding amount may total up to 20 percent of the project cost, 

but not more than $5 million. Also, the Federal share for an HfL project may be up to 100 

percent, thus waiving the typical State-match portion. At the State’s request, a combination of 

funding and waived match may be applied to a project. 

 

To be considered for HfL funding, a project must involve constructing, reconstructing, or 

rehabilitating a route or connection on an eligible Federal-aid highway. It must use innovative 

technologies, manufacturing processes, financing, or contracting methods that improve safety, 

reduce construction congestion, and enhance quality and user satisfaction. To provide a target for 

each of these areas, HfL has established demonstration project performance goals. 

 

The performance goals emphasize the needs of highway users and reinforce the importance of 

addressing safety, congestion, user satisfaction, and quality in every project. The goals define the 

desired result while encouraging innovative solutions, raising the bar in highway transportation 

service and safety. User-based performance goals also serve as a new business model for how 

highway agencies can manage the highway project delivery process. 

 

HfL project promotion involves showing the highway community and the public how 

demonstration projects are designed and built and how they perform. Broadly promoting 

successes encourages more widespread application of performance goals and innovations in the 

future. 

 

Project Solicitation, Evaluation, and Selection 

 

FHWA has issued open solicitations for HfL project applications since fiscal year 2006. State 

highway agencies submitted applications through FHWA Divisions. The HfL team reviewed 

each application for completeness and clarity, and contacted applicants to discuss technical 

issues and obtain commitments on project issues. Documentation of these questions and 

comments was sent to applicants, who responded in writing. 

 

The project selection panel consisted of representatives of the FHWA offices of Infrastructure, 

Safety and Operations; the Resource Center Construction and Project Management team; the 

Division offices; and the HfL team. After evaluating and rating the applications and 
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supplemental information, panel members convened to reach a consensus on the projects to 

recommend for approval. The panel gave priority to projects that accomplish the following: 

 

 Address the HfL performance goals for safety, construction congestion, quality, and user 

satisfaction. 

 Use innovative technologies, manufacturing processes, financing, contracting practices, 

and performance measures that demonstrate substantial improvements in safety, 

congestion, quality, and cost-effectiveness. An innovation must be one the applicant State 

has never or rarely used, even if it is standard practice in other States. 

 Include innovations that will change administration of the State’s highway program to 

more quickly build long-lasting, high-quality, cost-effective projects that improve safety 

and reduce congestion. 

 Will be ready for construction within 1 year of approval of the project application. For 

the HfL program, FHWA considers a project ready for construction when the FHWA 

Division authorizes it. 

 Demonstrate the willingness of the State to participate in technology transfer and 

information dissemination activities associated with the project. 

 

HfL Project Performance Goals 

 

The HfL performance goals focus on the expressed needs and wants of highway users. They are 

set at a level that represents the best of what the highway community can do, not just the average 

of what has been done. States are encouraged to use all applicable goals on a project: 

 

 Safety 

o Work zone safety during construction—Work zone crash rate equal to or less than the 

preconstruction rate at the project location. 

o Worker safety during construction—Incident rate for worker injuries of less than 4.0, 

based on incidents reported via Occupational Safety and Health Administration 

(OSHA) Form 300. 

o Facility safety after construction—Twenty percent reduction in fatalities and injuries 

in 3-year average crash rates, using preconstruction rates as the baseline. 

 

 Construction Congestion 

o Faster construction—Fifty percent reduction in the time highway users are impacted, 

compared to traditional methods. 

o Trip time during construction—Less than 10 percent increase in trip time compared to 

the average preconstruction speed, using 100 percent sampling. 

o Queue length during construction—A moving queue length of less than 0.5 mile (mi) 

in a rural area or less than 1.5 mi in an urban area (in both cases at a travel speed 20 

percent less than the posted speed). 

 

 Quality 

o Smoothness—International Roughness Index measurement of less than 48 inches per 

mile. 
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o Noise—Tire-pavement noise measurement of less than 96.0 A-weighted decibels, 

using the onboard sound intensity test method. 

o User satisfaction—An assessment of how satisfied users are with the new facility 

compared to its previous condition and with the approach used to minimize disruption 

during construction. The goal is a measurement of 4-plus on a 7-point Likert scale. 

 

REPORT SCOPE AND ORGANIZATION 

 

This report documents accelerated bridge construction (ABC) techniques used to remove and 

replace the superstructures of two West Nursery Road bridges over northbound and southbound 

Baltimore-Washington Parkway (MD 295) over two consecutive weekends. The report presents 

project details relevant to the HfL program, including innovative construction highlights, rapid 

superstructure removal and replacement using self-propelled modular transporters (SPMT), HfL 

performance metrics measurement, and economic analysis. Technology transfer activities that 

took place during the project and lessons learned are also discussed.  

 

This report includes construction details of the bridge superstructures built in the median of MD 

295, just north of the existing bridges, on temporary abutments. It also discusses the use of 

SPMTs to remove each old superstructure and to replace it with a new one. Under conventional 

construction methods, the impact of this project on the traveling public was estimated at 7 

months, but with the use of accelerated construction techniques, the impact was reduced to two 

weekend nights for MD 295 northbound and southbound traffic and two weekends for West 

Nursery Road users. 
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PROJECT OVERVIEW AND LESSONS LEARNED 
 

PROJECT OVERVIEW 

 

West Nursery Road in Linthicum, MD, carries two bridges over Baltimore-Washington Parkway 

(MD 295), which has average daily traffic (ADT) estimated at 108,000. West Nursery Road, 

with ADT of 22,000, serves as an important access point for local businesses and residents in the 

area, commonly known as the BWI Hotel District. The project involved the removal and 

replacement of the superstructures of the bridges, which were built in 1949. Each replaced 

superstructure was a single span, about 70 feet (ft) long and 53 ft wide.  

 

Bridge No. 02014 over northbound MD 295 was structurally deficient, with patching over 13 

percent of the concrete deck and areas of steel beams experiencing section loss, especially at the 

joints. In addition, the substructure had numerous spalls and cracks. On a scale of 0 to 100, the 

sufficiency rating for the bridge was 61.9.  

 

Bridge No. 02217 over southbound MD 295 was also structurally deficient, with patching over 

more than 25 percent of the concrete deck and section loss, spalls, and cracks similar to Bridge 

No. 02014. Its sufficiency rating was 60.2.  

 

The Maryland State Highway Administration (MDSHA) addressed the deficiencies quickly and 

rehabilitated the two bridges using SPMTs. This innovative technique, used for the first time to 

remove and replace superstructures in the Mid-Atlantic region, was determined to be safer, 

significantly faster, and less obtrusive to the traveling public than traditional construction 

methods. 

 

Highlights of the project and MDSHA’s strategies for successful completion include the 

following: 

 

 Offsite construction of replacement superstructures for both bridges, including girders, 

deck, and parapets, took place in a staging area in the grass median of MD 295 just north 

of the bridges, with minimal impact on the traveling public. Each single-span 

replacement superstructure was 70 ft long and 59 ft wide—6 ft wider than the replaced 

superstructure. 

 Each new superstructure weighed about 500 tons.  

 Once the replacement superstructures were completed, SPMTs were used to remove the 

old superstructures and haul them to a previously erected temporary bent in the median 

area, where they were demolished away from traffic. 

 Bearing pedestals for two girders for each structure were installed between the removal 

of the existing superstructure and placement of the new superstructure, which could not 

be done in advance. 

 Each direction of MD 295 was closed for less than 8 hours on a Friday night during the 

old superstructure removal and transportation offsite. 

 SPMTs were used to transport the new superstructures and place them over new bearings. 

Each direction of MD 295 was closed for less than 8 hours on a Saturday night for 

transportation and placement of the new superstructures on their bearings. 
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 West Nursery Road was closed for 34 hours from Friday night to 8 a.m. on Sunday to 

accommodate removal and replacement of each superstructure. 

 Substructure rehabilitation and backwall work was performed in a manner that allowed 

four lanes of traffic on both bridges during peak travel times. 

 MDSHA used the lane rental concept to motivate the contractor to perform the 

superstructure move in the provided timeframe efficiently and safely. 

 

The innovations employed on the project represented many firsts for MDSHA, including the 

removal and replacement of two superstructures using SPMTs. Each operation took 34 hours or 

less and has significantly raised customers’ expectations for the delivery of future MDSHA 

highway projects.  

 

DATA COLLECTION 

 

Safety, construction congestion, quality, and user satisfaction data were collected before, during, 

and after construction to demonstrate that ABC technologies can be used to achieve the HfL 

performance goals in these areas.  

 

No worker injuries or motorist incidents were reported during construction, which means 

MDSHA exceeded the HfL requirements for worker and motorist safety. Segments of MD 295 

that included the West Nursery Road bridges and parts of pavements on either side of the 

structures were selected to determine the operational safety of the structures before construction. 

The 3-year crash histories revealed numerous crashes, but none that could be attributed directly 

to the structure that was replaced. No motorist incidents have been reported since the 

construction of the new bridge structure. 

 

Before SPMT use was considered for this project, an analysis of eight alternatives pointed to 

total superstructure replacement matching the existing bridge geometry. MDSHA explored 

multiphased construction of the bridges and a single-phase construction using a two-lane 

temporary bridge to channel West Nursery Road traffic and determined the latter was more 

practical for the conditions. This alternative also involved right-of-way acquisition, construction 

of a temporary roadway, reconfiguration of ramps, and a construction duration estimated at 12 

months. This alternative would have reduced lane capacity by 50 percent for about 7 months, 

requiring lane merging and shifting. Such disturbance to the traffic flow substantially increases 

the potential for crashes. 

 

This section of West Nursery Road serves as a business and hotel corridor. Besides other local 

impacts, construction work at the bridges would impact about 5,000 employees at Northrop 

Grumman, around-the-clock operations at a mail facility, and visitors to about 20 area hotels and 

a movie theater complex that attracts about 6,000 people on an average weekend. During the 

planning and construction of the West Nursery Road bridges, MDSHA implemented an 

aggressive, comprehensive communication effort with the communities and businesses in the 

affected zones. Through fliers, newsletters, e-mails, and MDSHA’s Web site, the public was kept 

aware of key project schedules. MDSHA officials met with the local business associations, 

Baltimore-Washington International Airport representatives, and individual businesses most 

affected by the project. On the Web site, a project summary page that included a webcam at the 
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site offered live updates of progress being made. The agency also prepared detour cards for 

visitors to area hotels, restaurants, and theaters.  

 

There were no complaints from local businesses or residents during the West Nursery Road 

closure periods. A postconstruction survey indicated that the businesses, commuters, and 

residents were very satisfied with the minimal impact of construction on travel delay. As a result, 

MDSHA exceeded the HfL customer satisfaction expectation.  

 

ECONOMIC ANALYSIS 

 

The benefits and costs of this innovative project approach were compared with those of a project 

using a traditional approach. MDSHA supplied most of the cost figures for the as-built project, 

and the cost assumptions for the traditional approach were determined from discussions with 

MDSHA, FHWA DelMar Division staff, and national literature.  

 

The economic analysis revealed that MDSHA’s approach realized a cost savings of at least 

$324,000, or 7 percent, over conventional construction practices. The cost savings were 

primarily due to reduced delay costs.  

 

LESSONS LEARNED 

 

Through this project, MDSHA gained valuable insights on the innovative processes deployed, 

both those that were successful and those that need improvement in future project delivery:  

 

 The closure periods for MD 295 and West Nursery Road were adequate. 

 The lane rental concept used on this project was effective. 

 Traffic analysis and predictions were confirmed by actual observations. 

 The owner, designer, contractor, and heavy lift subcontractor worked together as a team. 

 The new bridge was erected quickly, and traffic disruption was minimized. 

 The prime contractor is very dependent on the heavy lift subcontractor for the schedule. 

On projects with penalty delays, the contractor is exposed to greater risk over which it 

has little control. The subcontractor may or may not participate in the risk taking. 

 It is important for the project team to fully understand the capabilities of SPMT 

equipment and develop a detailed plan for the move with specific hold points that are 

approved by the owner, design team, and prime contractor. 

 Jacking the existing structure off the bearing seats before SPMT deployment worked 

well. 

 It is important to ensure that there is full bearing in bearing areas because even weld 

splatter can affect full contact. 

 The SPMT equipment is sophisticated. As with cranes, proper deployment depends on 

the skill set of the operator. 

 It is important to be thoroughly familiar with the staging area and thoroughly aware of all 

the grade changes and obstructions along each path of SPMT travel. 

 Consider the deck and SPMT as separate elements and not as one connected element. 

Give thought to how the two elements will be connected to ensure stability. Have a 
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detailed plan of strapping and rigging, if permitted, and ensure that loading implications 

are appropriately considered. 

 Provide adequate time for strapping the superstructure to the SPMT because it can be 

time-consuming. 

 Explore alternative methods of demolition, including demolition in place with 

appropriate shielding. Tying the existing superstructure to the SPMT on this project took 

a significant amount of time.  

 Although the contractor properly addressed the quality control and quality assurance 

(QC/QA) issues of the temporary support structures in the median using an outside 

source, the owner should specifically address QC/QA of temporary support structures on 

future contracts. 

 Give detailed thought to the curing of a deck that is above ground level, including how to 

keep it wet. 

 Have concrete test equipment at the worksite and a certified technician acceptable to the 

owner available to monitor testing.  

 

PUBLIC INVOLVEMENT  

 

MDSHA’s comprehensive public outreach efforts were very effective, with no complaints 

received on delays caused by the move. The approach to educate—and not just inform—is likely 

a model that can be used at other locations when innovative technology is deployed. MDSHA’s 

consideration of both local residents and visitors to the area was particularly effective. 

 

In addition to the benefits noted, the offsite construction enhanced motorist and worker safety 

and minimized traffic disruptions and related congestion. 

 

CONCLUSIONS 

 

From the standpoint of construction speed, motorist and user safety, cost, and quality, this project 

was a success and embodied the ideals of the HfL program. MDSHA learned that careful 

planning, coupled with aggressive public outreach and the use of ABC technologies, can result in 

projects that serve as watershed events in the way they are delivered to the public. A 

postconstruction stakeholder survey clearly indicated that local businesses, commuters, and 

residents did not experience major delays as a result of the bridge work and were satisfied with 

the project. 

 

Because of the success of this project, MDSHA plans to consider SPMT technology in the 

future. The SPMT option will be considered where an ample staging area is available and site 

conditions make SPMT deployment feasible. 
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PROJECT DETAILS 
 

BACKGROUND 

 

West Nursery Road in Linthicum, MD, is an important access point for local businesses and 

residents. The road carries two bridges over MD 295 and has an ADT of 22,000 vehicles. Bridge 

No. 02014 crosses over northbound MD 295, while Bridge No. 02217 crosses over southbound 

MD 295. A length of at-grade roadway built on fill is located between the two bridges. The two 

bridges were built in 1949.  

 

Before they were replaced, each superstructure was a single span about 70 ft long and 53 ft wide. 

The clear roadway width was 44 ft with a 4-ft sidewalk on each side. The exterior girders on 

both bridges were made of built-up steel sections that also served as barriers on the bridges. 

Single-strand metal rail and chain link fences were mounted on these through girders. 

 

Both bridges exhibited significantly deteriorated elements that required repair or replacement.  

 

Figure 1 shows the project location in relation to the Baltimore-Washington metropolitan area. 

Figure 2 shows the site’s proximity to I-195 and I-695. Figure 3 is an aerial view of the site, with 

the bridge staging area identified. Figures 2 and 3 were part of MDSHA’s public outreach 

documents. 

 

   
Figure 1. Project location in the Baltimore-Washington area. 

 

 

Project Location 
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Figure 2. Project location in relation to I-195 and I-695. 

 

 

 
Figure 3. Aerial view of bridges and staging area. 

 

Both bridges are simply supported, are on a 52-degree skew, and are supported on reinforced 

concrete abutments. Figures 4 and 5 show the bridge elevation from MD 295, and figures 6 

through 8 show typical conditions of the superstructures before replacement.  
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Figure 4. Elevation of Bridge No. 02014 (northbound). 

 

 

 

 
Figure 5. Elevation of Bridge No. 02217 (southbound). 
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Figure 6. Extensive patches in bridge deck. 

 

 

 

 
Figure 7. Sidewalk and deck deterioration. 
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Figure 8. Cracking on underside of bridge.  

 

MDSHA considered eight alternatives to address deteriorating conditions. The alternatives 

considered a variety of options, including just deck replacement or total structure replacement, 

same width or increased width, and single-stage construction or two-stage construction. The 

State’s decision was based on numerous factors, and the analysis pointed to the alternative of 

total superstructure replacement matching existing bridge geometry using a temporary bridge for 

maintaining two lanes of traffic in one phase of construction. The decision matrix is in Appendix 

A. Figure 9 illustrates each replacement structure’s typical section of an 11-ft travel lane, 11.5-ft 

passing lane, and 5-ft shoulder in each direction with an out-to-out deck width of 59 ft using this 

alternative. Figure 10 shows the engineering drawing comparing the new section to the section 

replaced, which was 53 ft out to out.  

 

 
Figure 9. Typical section of replacement superstructure. 
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Figure 10. Typical sections, existing and proposed. 

 

This alternative included the following challenges: 

 

 Acquisition of right-of-way for the temporary bridge. 

 Construction of a temporary road to the temporary bridge. 

 Reconfiguration of ramps. 

 Reduction in lane capacity of West Nursery Road by 50 percent (from four lanes to two, 

one in each direction) on the temporary bridge for 7 months. 

 

In summer 2010, MDSHA examined the possibility of using an SPMT, since it would eliminate 

the need for a temporary bridge and the attendant challenges listed above. It also would 

accomplish the following: 

 

 Reduce onsite construction time.  

 Reduce disruption to traffic. 

 Improve construction-related safety. 

 Improve quality because of construction in a controlled environment in the staging area 

with no construction time restrictions. 

 Reduce user costs. 
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These advantages had to be balanced against the high mobilization costs for the SPMT and the 

need for subcontractors that specialize in heavy lifting. It was estimated that the additional costs 

of SPMT deployment (e.g., mobilization, grading of the median, rebuilding of shoulders, and 

construction of temporary towers to support superstructures) would be about the same as the cost 

of a temporary bridge and its substructures, which was about $800,000.  

 

The following served as excellent reference sources: 

 

 Utah Department of Transportation (UDOT) SPMT Process Manual and Design Guide 

 FHWA Manual on Use of Self-Propelled Modular Transporters to Remove and Replace 

Bridges, June 2007 

 Fred Doehring, UDOT deputy structures engineer and deputy preconstruction engineer 

 

Preliminary analysis indicated that there was sufficient land area near both bridges on MD 295 

where new the superstructures could be built and the old ones demolished. The ground surface 

offered by MD 295 was relatively flat, making SPMT deployment feasible. The ground also 

provided sufficient bearing capacity with minor strengthening of the limited shoulder area. 

Furthermore, there were no challenging utility issues to contend with because the bridges did not 

carry any utilities.  

 

MDSHA applied for HfL funding for deployment of the innovative technology for the first time 

in the State. The State proposed building replacement superstructures for both bridges in the 

grass median of MD 295, immediately next to the existing bridges. Once complete, SPMTs 

would be used to remove the existing superstructures, which would be brought to previously 

erected falsework in the median area, where they could be demolished away from traffic. While 

the existing bridges were being transported offsite, the pedestals for two lines of girders, the 

bearing areas of which were inaccessible because of the proximity of the existing girders at these 

locations, would be constructed to accept the new superstructures. Next, the prefabricated 

superstructures would be transported and set in place using SPMTs. The plan was to complete 

removal and replacement of each superstructure over a weekend, with impacts on MD 295 traffic 

limited to Friday and Saturday nights. Substructure rehabilitation work would be conducted 

while superstructures were being fabricated in the median with minimal impacts to traffic. 

 

On August 17, 2011, FHWA announced an HfL discretionary grant of $600,000 for the project. 

 

Project Engineering 

 

The project engineering team successfully used a variety of software tools to model site 

conditions. The team was able to increase underclearance by 3 or 4 inches (in), where needed, to 

increase clearance to 16 ft by using thick webs (7/8 in), shallow plate girders (27 in deep), and 

thick flange plates. The sharp skew angle controlled the design, and the move itself impacted 

only the reinforcement in the deck and parapets.  
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The following are highlights of the design challenges and the remedies and actions taken (in 

parentheses): 

 

 Special design and analysis considered stress reversal because of differing support 

locations. The SPMT support was at 16 percent of the span, about 11 ft along skew from 

the end, or about 8 ft perpendicular to the abutment. (Additional reinforcing steel was 

used in the deck and parapets, girders were designed for negative bending, and 

diaphragms, connections, and stiffeners were designed for multiple loading conditions.)  

 Accommodation for stresses in deck and parapets was needed because of potential 

twisting of the deck caused by severe skew during the move and transfer on supports. 

(Additional reinforcing steel was placed in the decks and parapets.) 

 Dynamic effects of the move on the deck and girders were considered. (Fifteen percent 

was added to dead load, as recommended by the references listed in the previous section.) 

 Anticipated deflection during the move was considered. (Camber rebound of girders was 

calculated.) 

 

The design team tried to respace girders to the extent possible so that the bearing areas could be 

prepared before the move, but bearing areas for two central girders were inaccessible. The 

bearing pedestals for these girders were built after the existing central girders were removed and 

before the new structures were placed. The project team used high early strength, rapid-setting 

polymer concrete with a 2-hour strength requirement of 4,000 pounds per square inch (psi). 

 

Since there was a short time period between the removal and replacement of the superstructures, 

the project team prepared the existing substructure units to the fullest extent possible in advance 

of the move: 

 

 Removing sidewalks and fascia girders before the move to allow modification of pilasters 

and end posts at each corner to accommodate the move and the wider superstructure (see 

figures 11 through 14) 

 Holding anchor bolts for the steel bearing assembly in place against the underside of the 

bridge during the move, then lowering and grouting in abutments before restoring traffic 

(see Figure 15) 

 Providing 4-in-diameter oversized holes for the anchor bolts for the steel bearings,  in the 

abutments for grout placement and construction tolerances 
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Figure 11. Old structure, showing sidewalks and severe skew. 

 

 

 
Figure 12. Corner condition modification to accommodate replacement superstructure. 
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Figure 13. Modification of pilasters and end posts in process. 

 

 
Figure 14. View of bearing area preparation to accommodate wider structure. 
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Figure 15. View of anchor bolts. 

 

SPMT Deployment 

 

The SPMT is a platform vehicle that can move loads such as bridge systems weighing several 

thousand tons with precision within a fraction of an inch. The loads are supported by numerous 

pairs of independently steered wheels, each with its own hydraulic jack. Loaded SPMTs 

typically travel at 4 miles per hour (mi/h) or less, and on this project the SPMT moved at about 

0.5 mi/h. Figures 16 through 18 show SPMT deployment. 

 

Typically, the SPMT is computer-controlled. The person operating the computer manipulates the 

steering, lifting, driving, and braking. The SPMT can pivot 360 degrees, and the computer self 

levels units while driving. The unit used on this project had a 16- to 20-inch vertical stroke 

available for operational purposes and lifting items in place. 
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Figure 16. SPMT with multiple wheels supporting structure. 

 

 
Figure 17. SPMT supporting old superstructure. 
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Figure 18. SPMT supporting completed superstructure for bridge over MD 295 northbound. 

 

MDSHA coordinated with prequalified heavy lifters throughout the design phase and included 

special provisions on SPMT deployment in the contract proposal. Appendix B shows the special 

provisions, “Transporting Existing Bridge Superstructures and New Superstructures Using 

SPMT.” The provisions include requirements on design of the movement system, lifting system, 

and submittals. Each axle line was required to have a capacity of 25 tons for a maximum load of 

16 tons. Tolerances after setting were 0.5 in in the longitudinal and transverse direction and 

0.125 in in the vertical direction. The successful contractor for the project selected the SPMT 

subcontractor from one of the three that had been prequalified.  

 

The contractor provided details of the actual move, engineering of the temporary steel support 

substructures for the bridge assemblies, and calculations for SPMT trailer stability. The 

contractor also provided contingency plans, maximum wind speed during move, bridge 

monitoring system details, safety plans, and hazardous materials plans. MDSHA’s consultant on 

the project designed the superstructure in its final location and considered stress reversal and 

dynamic effects during lifting and moving.  

 

MDSHA’s public outreach plan included basic information on its Web site on the SPMT to 

explain the innovative approach to bridge construction to the public. Figure 19 shows a sample 

of the information provided, and Appendix C includes additional factsheets. 
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Figure 19. Sample factsheet from MDSHA Web site. 

 

 

Project Construction 

 

For this project, the MDSHA Web site updated visitors on progress during construction, using 

photographs and brief descriptions on the highlighted activities. Figures 20 through 35 and the 

accompanying quoted text show the information presented to the public on this project. 

Information in italics provides additional technical content. 
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Figure 20. Median with temporary steel supports. 

  
"June/July—The new bridge superstructures will be constructed in the MD 295 median on top of 

these temporary supports. Once completed, the new bridges will be carried into place by 

SPMTs." The contractor built three support bents—two for the two new superstructures and one 

for supporting the existing superstructure. This meant that the first existing superstructure 

removed had to be demolished in the period between the weekend removal and replacement 

activities to make room for the second existing superstructure.  

 

 
Figure 21. Progress on fabrication of new superstructures. 

 
"Mid-July—The new bridge superstructures are quickly taking shape in the MD 295 median." 

The contractor used a third-party source for QC/QA of the temporary substructures. 
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Figure 22. Superstructure in median before placement of deck concrete. 

 

"Mid-July—Metal deck pans have been installed on the beams of the new superstructures. In 

early August, the new concrete bridge decks will be formed on top of the deck pans." Work in 

the median allowed the contractor to perform these activities independent of onsite construction, 

away from traffic and with minimal time or shift constraints. It also enabled a compressed 

schedule with work being performed at the project site and staging area simultaneously. 

 

 
Figure 23. Existing superstructure with sidewalk, fence, and fascia beam. 

 

"July 17—This fascia beam just behind the fence is one of four exterior beams to be removed 

from the existing bridges. Over the next several days workers will take out the concrete walkway 

and fence in preparation for the beam removal." The sidewalks on the existing bridge and the 

fascia girders needed to be removed before the move to allow modification of pilasters and end 

posts at each corner to accommodate the move.  

 

 



 

 24 

 
Figure 24. Fascia beam ready for removal. 

 

"July 29—The fascia beam is nearly ready for removal. (Note safety barrier in place.)" 

 

 
 

Figure 25. Removal of fascia beam. 

 

"July 30—The first of four fascia beams is removed during the overnight hours of July 29-30. 

Removing the beams now will reduce bridge weight and facilitate removal of the existing bridge 

superstructures. The remaining beams will be removed during overnight hours to minimize 

traffic impacts." 
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Figure 26. Deck reinforcement. 

 

"August 10—Work continues on the new bridges in the MD 295 median. These reinforcing steel 

bars (rebar) are tied together across the entire bridge structure. Concrete will be placed in this 

area via a special pump." Additional reinforcing steel was placed in the deck to account for 

stress reversal because of differing support locations during the move. The SPMT support 

locations were about 11 ft along the skew from each end (16 percent of span length). 

 

 

 
Figure 27. Deck concrete pumping equipment. 

 

"August 10—A pumping truck is poised for the first bridge deck concrete placement. Shortly 

after 2 a.m. the concrete began flowing. Concrete trucks then arrived every 15 minutes to 

continuously supply the pumper, and the operation continued into the daylight hours." Unlike 

deck concrete placed at grade in conventional construction, the elevated superstructure required 

pumped concrete. 
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Figure 28. Deck concrete placement. 

 

"August 10—A worker guides the concrete pump tube around the new bridge deck area. 

Working throughout the night and early morning, crews placed and finished about 150 cubic 

yards of concrete. This process will be repeated within a few weeks for the second bridge." The 

compressive strength of the concrete was tested at a laboratory about 5 mi from the jobsite.  

 

 
Figure 29. Existing superstructure with fascia beams removed. 

 

"August 16—All four fascia beams were removed from the existing bridges by early August. 

This was necessary to reduce weight and facilitate removal of the existing structures in October. 

Crews also gained improved access to repair the existing walls." 
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Figure 30. Reinforcement and formwork for parapet construction. 

 

"September 4—Wood forms are being constructed for one of the concrete parapets (side walls). 

On the second bridge (background) you can see where one of the parapets has already been 

poured and the forms removed." Additional reinforcing steel was placed in the parapets to 

account for stress reversal because of differing support locations during the move and lifting. 

Because the deck was elevated, water had to be pumped and the wet concrete had to be properly 

covered to ensure adequate curing.  

 

 
Figure 31. One of two ends of the temporary structure to support removed superstructure. 

 

"October 12—This is one of the two temporary supports that will support the old bridges for 

demolition in the MD 295 median. SPMTs will remove the old bridges, carry them along MD 

295 to the median staging area, and lower them onto these supports. Crews will then demolish 

the old bridges and recycle much of the concrete and steel." 
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Figure 32. Completed new superstructure in median. 

 

"October 12—The new bridges are almost ready to be moved into place. The steel beams have 

been painted and the concrete decks have been grooved to improve traction and drainage. 

SPMTs will lift the bridges from the temporary support structures and move them down MD 295 

into place." 

 

 
Figure 33. New superstructure being maneuvered into place on abutment. 

 

"November 3—The new bridge over northbound MD 295 moves slowly into place between the 

West Nursery Road abutments as workers monitor alignment and clearance. Within 4 hours the 

new bridge was moved from the staging area down MD 295 and secured into place. Traffic was 

restored on all roads by early morning."  
 

On Friday, November 2, 2012, West Nursery Road was closed to traffic at 10 p.m. MD 295 

northbound was closed on Saturday at 12 a.m. and traffic was detoured to the exit and on ramps. 

The SPMT removed the old superstructure over the northbound lanes and placed it on the 

temporary supports in the median of MD 295 for future dismantling and demolition. The entire 
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operation took less than 6 hours, and MD 295 was reopened to traffic on Saturday at 6 a.m. 

During the day on Saturday, bearing seats for two central girders that were inaccessible before 

the move were cast between superstructure removal and replacement using a 100 percent 

reactive rapid-setting, solvent-free methyl methacrylate polymer concrete system with a 2-hour 

strength of 4,000 psi and a 1-hour maximum curing time. (West Nursery Road remained closed 

throughout the day). At about 12 a.m. on Sunday, November 4, MD 295 was closed and traffic 

detoured on the ramps again. The new replacement superstructure weighing about 500 tons was 

transported by SPMT and installed in less than 6 hours, and MD 295 northbound was opened to 

traffic. All four lanes of West Nursery Road (with steel plates placed over the backwall trench) 

were opened to traffic by 8 a.m. Sunday, within 34 hours after closure. 

 

 
Figure 34. New superstructure in place on abutment. 

 

"November 4—The first new bridge is in place and open to traffic over northbound MD 295." It 

is important to fully understand the capabilities of SPMT equipment and develop a very detailed 

plan for the move with specific hold points that are approved by the owner, design team, and  

prime contractor. It is also important to be thoroughly familiar with the staging area and be 

thoroughly aware of all the grade changes and obstructions along each path of SPMT travel.  
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Figure 35. Old superstructure on MD 295 southbound being moved into place in the median. 

 

"November 10—The old West Nursery Road Bridge over southbound MD 295 is carried by 

SPMTs to the median staging area for demolition." Removal and replacement of the 

superstructure was completed within the allowed closure period on both weekends. 

 

Traffic Management 

 

The West Nursery Road/MD 295 interchange is a diamond interchange, with West Nursery Road 

passing over MD 295 on two bridge structures. MD 295 is classified as an urban freeway with 

ADT of 108, 000 vehicles with about 5 percent trucks. The two lanes of traffic in each direction 

through the project area were expanded to three lanes in each direction before construction as 

part of an earlier highway improvement project. West Nursery Road is an arterial roadway 

maintained by Anne Arundel County that carries about 22,000 ADT and has two signals at the 

interchange. 

 

A maintenance of traffic analysis during construction showed the following: 

  

 Construction using an SPMT would likely result in shorter construction duration, less 

disruption to traffic flow, and lower user costs than the conventional alternative. 

 MDSHA uses a State-specific Lane Closure Analysis Program (LCAP) to estimate the 

impacts of lane closures and determine the best closure schedules. Using a work zone 

capacity of 1,760 vehicles per hour per lane and “acceptable” thresholds of freeway 

queuing of less than 1 mi (or up to 1.5 mi for peak periods not to exceed 2 hours), it was 

determined that reducing MD 295 from three lanes to two to perform abutment work both 

along the outside and inside shoulder would be acceptable. 

 The analysis allotted 6 hours for removing old structures and 8 hours for installing 

replacement structures. During these periods, traffic on MD 295 would exit the mainline 

at the West Nursery Road ramp, travel straight through the existing traffic signal on West 

Nursery Road, and rejoin MD 295 via the entrance ramp from West Nursery Road(Figure 

36 shows this detour).  The traffic on West Nursery Road was detoured (Figure 37). 
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Figure 36. MD 295 traffic movement during closure. 

 
Figure 37. West Nursery Road traffic detour during closure. 
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 Hourly traffic volumes on MD 295 indicated that midweek bridge removal and 

replacement would not meet the acceptable thresholds. However, weekend closures using 

a lane capacity of 1,170 vehicles per hour per lane (three lanes to one) starting Friday 

night would be acceptable. By 7 a.m. Saturday, queues approaching the lane drop would 

exceed 1 mi and would continue to worsen. By 9 a.m. Sunday a similar traffic impact 

would be encountered. 

 No congestion was anticipated on West Nursery Road until Monday morning. 

 

Road Rental 

 

To complete the removal and replacement of the bridge superstructures as quickly as possible 

and to minimize the amount of time MD 295 and West Nursery Road were closed and detours 

were in place, MDSHA included a special provision on road rental in the contract (see Appendix 

D). The road rental would apply during designated periods as follows: 

 

 MD 295 northbound—Midnight Friday to 6 a.m. Saturday for superstructure removal and 

restart at midnight Saturday to 8 a.m. Sunday for superstructure installation 

 MD 295 southbound—11 p.m. Friday to 6 a.m. Saturday for superstructure removal and 

restart at 11 p.m. Friday to 8 a.m. Sunday for superstructure installation 

 West Nursery Road—10 p.m. Friday to 8 a.m. Sunday for superstructure removal and 

installation for each bridge 

 

Table 1 shows the hourly rental rates, which were based on road user costs. 

 

Table 1. Hourly rental rates. 

Roadway Rental Rate (per 

hour, all lanes) 

MD 295 southbound $   175 

MD 295 northbound $   125 

West Nursery Road (both directions) $1,500 

 

Total road rental charges of $106,550 were calculated for the designated period based on the 

road rental rate. Table 2 shows the calculations.  

 

Table 2. Total road rental for designated period. 

Roadway Allowed 

Closure 

(hour) 

Road Rental 

Rate ($/hour) 

Total Rental 

Cost 

MD 295 southbound 16 $   175 $    2,800 

MD 295 northbound 14 $   125 $  17,500 

West Nursery Road (both directions) 68 $1,500 $102,000 

Total $106,550 

 

No direct payment would be made to the contractor for the road rental lump sum. The contractor 

would receive an incentive payment equal to the lump sum road rental amount minus the amount 

of the road rental assessments. 



 

 33 

 

Table 3 shows the road rental rate outside the designated period, based on Maryland SHA 

standard established rates, in the form of disincentive. 

 

Table 3. Road rental rates (assessed deductions) outside the designated period. 

Roadway Elapsed Time 

(minutes) 

Deduction 

MD 295 1–10 $2,000 

MD 295 >10 $1,000 per minute (in addition to the original 10-

minute deduction) 

West Nursery Road 1–10 $300 

West Nursery Road >10 $150 per minute (in addition to the original 10-

minute deduction) 

 

The contract specified that roadway rental times and assessed deductions would be evaluated 

independently for each weekend (i.e., rental times from each weekend would not be added 

together for determining assessed deductions). 

 

The actual experience of queuing during removal and replacement of the northbound 

superstructure during designated periods was less than the State’s thresholds and quite similar to 

projections. Furthermore, queuing was less during the southbound superstructure removal and 

replacement. Even in this instance, the queues were less than the State’s thresholds and similar to 

projections.  

 

Public Information and Outreach 

 

A public information and outreach plan is a key component of traffic management. Key goals of 

the plan include making stakeholders aware of the project, alerting them about potential impacts, 

modifying travel to reduce traffic congestion during project construction, and promoting project 

support. 

 

MDSHA personnel took the approach to “inform regionally and educate locally.” Planning 

began more than a year before the start of construction. Outreach personnel established a contact 

list and continuously updated it, and they held numerous face-to-face meetings with emergency 

organizations, businesses, hotels, and restaurants in the area.  

 

This section of West Nursery Road serves as a business and hotel corridor. Besides other local 

impacts, construction work at the bridges would impact about 5,000 employees at Northrop 

Grumman, around-the-clock operations at a mail facility, and visitors to about 20 area hotels and 

a movie theater complex that attracts about 6,000 people on an average weekend. During the 

planning and construction of the West Nursery Road bridges, MDSHA implemented an 

aggressive, comprehensive communication effort with the businesses in the affected zones. 

Through fliers, newsletters, e-mails, and MDSHA’s Web site, the public was kept aware of key 

project schedules. MDSHA officials met with local business associations, Baltimore- 

Washington International Airport representatives, and individual businesses most affected by the 

project. A Web site project summary page that included a webcam at the site offered live updates 
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of progress being made. The agency also prepared detour cards for visitors to area hotels, 

restaurants, and theaters (see appendix C).  

 

There were no complaints from local businesses or residents during the roadway closure periods. 

MDSHA’s approach to consider not only local residents but also the many visitors to the area in 

its outreach was particularly effective. 
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DATA ACQUISITION AND ANALYSIS 
 

Data collection on the MDSHA HfL project consisted of acquiring and comparing data on safety, 

construction congestion, quality, and user satisfaction before, during, and after construction. The 

primary objective of acquiring these types of data was to provide HfL with sufficient 

performance information to support the feasibility of the proposed innovations and to 

demonstrate that ABC technologies can be used to do the following:  

 

 Achieve a safer work environment for the traveling public and workers. 

 Reduce construction time and minimize traffic interruptions. 

 Produce greater user satisfaction. 

 

This section discusses how well the MDSHA project met the HfL performance goals related to 

these areas. 

 

SAFETY 

 

The use of SPMTs for this project provided several safety benefits. The SPMT technology 

enabled the superstructures to be fabricated in the median staging area, away from traffic and 

behind barriers. This improved the safety of the workers in the work zone as well as motorists, 

who were not exposed to typical work zone hazards. Also, work could be performed during the 

day without interruptions throughout the construction process. 

 

The HfL performance goals for safety include worker and motorist safety goals during 

construction. During the construction of the West Nursery Road project, no worker injuries were 

reported , which means MDSHA exceeded the HfL goal for worker safety (incident rate of less 

than 4.0 based on the rate reported on OSHA Form 300). 

 

A 2.38-mi segment of MD 295 between I-195 and I-695 was selected for the operational safety 

reporting before construction. This roadway segment included the West Nursery Road bridges 

and part of the pavement on either side of the structure. MDSHA’s 3-year crash history (2008–

2010) for the project area was as follows: 

 

 This roadway segment experienced 153 reported crashes, 41 percent of which were rear-

end collisions, the most common type in the project area. There was a heavier 

concentration of crashes near the I-195 and I-695 interchanges. 

 There were 67 personal injury crashes on this roadway segment. 

 There was one fatal crash (alcohol-related) near the I-695 overpass. 

 The crash rate on this roadway segment—66.0 crashes per 100 million vehicle miles—

was higher than the statewide average of 47.6 crashes per 100 million vehicle miles. 

 Twenty-six percent of crashes (less than the statewide average) occurred at night, 

suggesting that the lighting and delineation on this section of the highway is sufficient. 

 

The history at the two signalized intersections on West Nursery Road during the same 3-year 

period was as follows: 
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 There were 12 reported crashes, eight of which occurred at the intersection with the 

northbound ramps and four at the intersection with the southbound ramps.  

 Six of the crashes involved left-turning vehicles. Drivers were unable to make left turns 

when West Nursery Road was closed and the detour was implemented. 

 One crash occurred at night. 

 

Crash data at the interchange ramps for a 3-year period (2006–2008) showed four crashes, three 

of which occurred during wet conditions.  

 

No crashes were reported during construction of this project, meeting the HfL goal. 
 

Between the time the HfL project was completed and the date of this report, no motorist crashes 

were reported, so the goal of reduced motorist crash rates was achieved in the short term. This 

measure will be tracked for several years.  

 

CONSTRUCTION CONGESTION 

 

The HfL performance goal on construction congestion is a 50 percent reduction in the time 

highway users are impacted, compared to traditional construction.  

 

If a traditional approach had been used to remove and replace the bridge incrementally while 

maintaining traffic on a temporary bridge, MDSHA estimates that it would have taken 12 months 

to complete the project and that construction-related user impacts would have been felt for more 

than 7 months. The four lanes of traffic on the existing bridges on West Nursery Road would 

have been reduced to two lanes (one lane in each direction) that would have been maintained on 

the temporary bridge for 7 months. A road user cost analysis using MDSHA’s loss of public 

benefit (LOPB) methodology estimated user costs for the conventional option at $300,000 and 

impact on users for 7 months.  

 

In contrast, under the SPMT option, the construction duration for the project was about 7 

months, and removal and replacement of each structure impacted users of West Nursery Road 

for only 2 weekends (less than 36 hours each weekend). Therefore, construction impact on West 

Nursery Road users in terms of mobility was reduced from 7 months to less than 3 days. Users of 

MD 295 northbound were affected with only a diversion of traffic from the mainline to the ramps 

for only 2 nights, as were users of MD southbound, for a total of 4 weekend nights.  

 

Both the reduction in total construction time and impacts on motorists for this project far 

exceeded HfL performance goals.  

 

QUALITY 

 

This project involved bridge superstructure replacement that matched the existing roadway 

grades. The only roadway work was to tie the new construction to the existing approach 

roadways. Therefore, only minimal roadway work was planned. Also, each structure was only 

about 70 ft long. Because of the very limited length of improvement, it was decided not to make 
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any smoothness assessments. The new riding surfaces of the bridge decks, however, are a great 

improvement over the deficient, patched surfaces of the original bridges.  

 

SPMT use also enabled high-quality superstructure construction under controlled conditions in 

the median without the construction time restrictions of performing conventional onsite bridge 

construction, such as erecting beams and stay-in place forms, installing shear studs, tying deck 

reinforcement, placing and curing deck concrete, and removing temporary formwork. 

 

Advanced materials were not used on this project. The advancement on this project was the 

delivery of the material in an efficient manner without disrupting the traveling public.  

 

USER SATISFACTION 

 

During the planning and construction of the West Nursery Road project, MDSHA implemented 

an aggressive, comprehensive communication effort with residents and businesses in the affected 

zones to keep them informed of all activities. Before the project was advertised, public meetings 

were held and a project brochure was distributed in the communities. MDSHA officials met with 

local business associations, Baltimore-Washington International Airport representatives, and 

individual businesses most affected by the project. The goal was to educate the community on 

the need for the project, its timeline and innovative aspects, and how the innovation would 

compress the construction time and minimize impacts. 

 

MDSHA’s Web page for this project was continuously updated. The information provided 

included the following: 

 

 Project schedule, including special traffic messages 

 Project documents, including news releases, factsheets, traffic impacts, and information 

on detours and typical bridge sections 

 Project contacts 

 Maps 

 Media information showing project progress with photographs 

 Opportunity for Web site visitors to provide feedback  

 Answers to frequently asked questions 

 

The HfL requirement for user satisfaction includes a performance goal of 4-plus on a Likert scale 

of 1 to 7 for the following two questions: 

 

 How satisfied are you with the results of the new bridge compared to the condition of the 

previous bridge? 

 How satisfied are you with the approach MDSHA used (accelerated bridge construction) 

to construct the new bridge in terms of minimizing disruption? 

 

No complaints were received from businesses or residents during the weekend bridge structure 

moves. 
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MDSHA conducted a postconstruction stakeholder survey of businesses, commuters, and 

residences. A total of 16 responses were received out of a target population of 60, a response rate 

of 27 percent. The population consisted of the primary business outreach contact list for hotels, 

restaurants, and other employers along West Nursery Road and east of MD 295 in what is 

commonly known as the BWI Hotel District. Survey methods included e-mailing the survey as a 

fill-in form followed by e-mailing a link to the survey on the Survey Monkey® online tool. E-

mailing the document directly generated 13 responses and Survey Monkey generated three.  

 

The survey and comments provided by the respondents is in Appendix E.  

 

 Highlights of the survey responses are as follows: 

 

 None of the 16 respondents reported experiencing a major delay of more than 30 minutes 

in their commute as a result of bridge work. Eleven respondents (69 percent) experienced 

no delay at all. 

 Twelve respondents (75 percent) reported no impact or minor business impact. 

 Fourteen respondents (88 percent) affirmed that MDSHA's communication on closures 

and detours was "very effective." 

 Fourteen respondents (88 percent) affirmed awareness of the deployment of innovative 

technology on this project. 
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TECHNOLOGY TRANSFER 

 
By executing a precise, well-coordinated plan, MDSHA successfully removed and replaced the 

West Nursery Road bridges over MD 295 during two consecutive weekends in November 2012. 

MDSHA proved that ABC is a cost-effective solution, even for structures with challenging 

geometric constraints like a sharp skew.  

 

To accelerate adoption of this proven innovation nationwide and particularly in the Mid-Atlantic 

region, representatives of MDSHA and FHWA’s Delmar Division and HfL team developed and 

implemented a technology transfer plan that included a 4-hour Web conference on the afternoon 

of January 10, 2013. A total of 89 individuals participated, including representatives from other 

State highway agencies, FHWA, other government agencies, consulting firms, and academia. 

The participant list and Webinar agenda are in Appendix F.  

 

The Webinar included presentations on the project design, construction, SPMT, removal and 

replacement of the bridges, and public information and outreach efforts. Presenters included 

representatives of MDSHA, FHWA, the design consultant, and the contractor. Participants were 

offered the opportunity to submit questions to the presenters.  

 

FHWA’s Maryland Division area engineer served as the moderator, and FHWA’s bridge and 

tunnel construction engineer served as the facilitator. They ensured that the Webinar proceeded 

smoothly and that participants' questions were answered.  

 

The project manager presented an overview of the project, including the alternatives considered, 

the feasibility analysis for the use of SPMTs, and a comparison of costs between the SPMT 

alternative and the conventional alternative.   

 

The consultant made a presentation on the SPMT, including its description, advantages, and 

disadvantages, and pointed to the reference sources available for any agency considering 

deploying this innovative tool on projects. He discussed the feasibility analysis performed on the 

use of the SPMT, design impacts, and special provisions on the technology included in the 

contract proposal. 

 

The consultant also made a presentation on project engineering, including how the project team 

addressed design challenges of differing support locations during SPMT deployment, the impact 

of severe skew during the move and transfer to temporary supports, the dynamic effects of the 

move, and the accommodation of bearing replacement during the brief closure periods of 

superstructure removal and replacement. He also discussed how the underclearance was 

increased to MDSHA’s minimum goal of 16 ft. 

 

A senior traffic engineer with the consultant presented the traffic management plan for the 

project. It included closure periods and detours during superstructure removal and replacement 

for each bridge. He also discussed the road rental concept and the incentives and disincentives to 

complete the removal and replacement of structures during the designated closure periods. He 

concluded that, overall, the maintenance of traffic during project construction went well. 
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MDSHA District Community Liaison Robert Rager detailed the administration’s public outreach 

efforts. Eighty-eight percent of respondents to a user satisfaction survey indicated that MDSHA 

communicated road closure and detour information “very effectively.” 

  

Project team members outlined the lessons learned on the project. The participants submitted 

numerous questions on the challenges during construction, which the team ably answered. 

MDSHA’s assistant district engineer for construction for District 5 presented lessons learned 

from a construction perspective and presented changes that should be considered in future 

contracts of this type. 

 

The Webinar was a tremendous success. Participants from States, academia, and the consultant 

community learned about the ABC and SPMT concepts and their practical implementation on a 

successful project. 



 

 41 

ECONOMIC ANALYSIS 
 

A key aspect of HfL demonstration projects is quantifying, as much as possible, the value of the 

innovations deployed. This entails comparing the benefits and costs associated with the 

innovative project delivery approach adopted on an HfL project with those from a more 

traditional delivery approach on a project of similar size and scope. The latter type of project is 

referred to as a baseline case and is an important component of the economic analysis.  

 

For this economic analysis, MDSHA supplied most of the cost figures for the as-built project. 

The assumptions for the baseline case costs were determined from discussions with MDSHA and 

FHWA DelMar Division staff and national literature.  

 

CONSTRUCTION TIME 

 

MDSHA believes that, through the use of innovative construction technologies such as SPMTs 

and ABC, it was able to dramatically reduce the impact of this project’s construction on roadway 

users. For the as-built case, although the substructure and superstructure took 4 or 5 months to 

complete, the impact on users was minimal until the West Nursery Road bridges were ready to 

be removed and replaced.  

 

If a traditional approach had been used to remove and replace the bridge incrementally while 

maintaining traffic on a temporary bridge, MDSHA estimates that it would have taken 12 months 

to complete the project and that construction-related user impacts would have been felt for more 

than 7 months. In contrast, under the SPMT option, the construction duration for the project was 

7 months and removal and replacement of each structure impacted users of West Nursery Road 

for only 2 weekends. Users of MD 295 northbound were affected with only a diversion of traffic 

from the mainline to the ramps for 2 nights, as were users of MD 295 southbound. 

 

The following detours were in effect during the superstructure removal and replacement: 

 

 MD 295 northbound—Midnight Friday to 6 a.m. Saturday for superstructure removal and 

restart at midnight Saturday to 8 a.m. Sunday for superstructure installation 

 MD 295 southbound—11 p.m. Friday to 6 a.m. Saturday for superstructure removal and 

restart at 11 p.m. Friday to 8 a.m. Sunday for superstructure installation 

 West Nursery Road—10 p.m. Friday to 8 a.m. Sunday for superstructure removal and 

installation for each bridge 

 

CONSTRUCTION COSTS 

 

 

Table 4 presents construction costs related to the SPMT, including grading of the median area, 

construction of temporary towers to support the removed structure, and two replacement 

superstructures. Amounts shown are actual bid prices. 
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Table 4. Costs attributed to SPMT deployment. 

Item Cost 

Transporting superstructures $450,000 

Grading median $5,700 

Rebuilding shoulders $120,000 

Constructing temporary towers $290,000 

Total $865,700 

 

MDSHA estimated that the additional costs related to a temporary structure to manage West 

Nursery Road traffic for the conventional option was about $800,000. Also, this alternative 

required reconfiguring ramps, acquiring right-of-way, and constructing temporary approach 

roadways to the temporary bridge. A detailed analysis of the additional costs was not done 

because the agency had decided on the SPMT option based on the costs of the temporary bridge 

alone. The project manager estimated the additional costs at $100,000 to $200,000, indicating 

that the construction cost of SPMT deployment was about the same as the temporary bridge 

option.  

 

USER COSTS 

 

User costs are defined as added vehicle operating costs and delay costs to highway users due to 

construction activity. These costs are incurred because of extra travel distance using detours and 

when motorists are delayed by congestion in the work zone. The project team used MDSHA’s 

LOPB methodology to calculate user costs. The calculations showed the following: 

 

 User cost per night detouring MD 295 traffic using West Nursery Road Ramps = $7,000. 

 User cost for detouring West Nursery Road traffic due to closure during each weekend = 

$34,000. 

 User cost for each day of channeling traffic on to temporary bridge = $2,000. 

 

Using these figures, user costs for the SPMT option were calculated as follows: 

 

2 (superstructures) x 2 (nights) x $7,000 + 2 (weekends) x $34,000 = $96,000 

 

In comparison, user costs for the conventional option of using a temporary bridge for 7 months 

were calculated as follows: 

 

7 (months) x 30 (days per month) x $2,000 = $420,000 

 

Therefore, ABC techniques saved $324,000 in user costs.  

 

COST SUMMARY 

 

Traditional construction methods would have cost MDSHA about the same as accelerated 

construction using the SPMT. Traditional methods, however, would have generated $324,000 
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more in user costs. With the low bid on the project of $4,641,533.35, the savings in user costs 

were about 7 percent.  
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APPENDIX A: DECISION ANALYSIS MATRIX 

 
The Maryland State Highway Administration considered eight alternatives for the project. The 

table below shows objectives and the variety of factors that went into the decision-making.  
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APPENDIX B: SPMT SPECIAL PROVISION 
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APPENDIX C: FACTSHEETS 

 

 

 
Figure 38. Factsheet on bridge facts and technical data. 
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Figure 39. Factsheet on project. 
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Figure 40. Bridge move timeline. 
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Figure 41. Factsheet on use of SPMTs to remove existing superstructure. 
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Figure 42. Use of SPMTs to install new superstructure. 
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Figure 43. Detour card. 
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APPENDIX D: ROAD RENTAL SPECIAL PROVISION 
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APPENDIX E: USER SATISFACTION SURVEY 

 

 
 

WEST NURSERY ROAD BRIDGE REPLACEMENT PROJECT WRAP-UP 

AND SURVEY 

 
February 2013 

 

The replacement of two West Nursery Road bridges over MD 295 is complete except for minor 

landscaping, touch-up, and cleaning. The Maryland State Highway Administration’s (SHA’s) 

goal was to construct the new bridges in the MD 295 median and move them into place over two 

weekends, with as little impact on traffic and local businesses as possible. 

 

As a member of the SHA project e-mail list, you are receiving this survey. Your responses to a 

few questions will help SHA evaluate our efforts to communicate this work to area stakeholders, 

and will help guide future communication efforts. 

 

NOTE: SHA only replaced the two bridges over MD 295. A private developer constructed turn 

lane and signal improvements on West Nursery Road and that work was NOT related to the 

bridge replacements. This survey asks you to consider only the bridge replacement work and the 

weekend closures/detours on West Nursery Road and MD 295. 

 

This 15 question, multiple-choice survey should take about 3 minutes to complete. Use your 

mouse to check the appropriate boxes. Please SAVE this survey when completed and e-mail to 

rrager@sha.state.md.us. Thank you! 

 
1) Which one of these statements best describes you? 

8   I commute/work along West Nursery Road 

0   I own or manage a business along West Nursery Road 

2  I live near West Nursery Road 

2  I work in a customer service business along West Nursery Road (e.g., hotel,  

  restaurant) 

1  Other 

 
2) How did the bridge work affect your commute/driving? 

9  Not at all 

4  Minor delays (up to 30 minutes additional travel time) 

mailto:rrager@sha.state.md.us
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0  Major delays (more than 30 minutes additional travel time) 
3) How did the bridge work affect your business (if applicable)? 

3  Minor business impact 

2  Major business impact 

7  No impact 

 
4) If your business or employment was impacted by the bridge work, which of these best 

describes the impact? (Please check all that apply) 
0  Fewer customers 

0  Loss of sales 

3  Employees late for work 

1  Meetings postponed or cancelled 

4  Customers asking for directions 
  

5) If your work along or near West Nursery Road involves customer service, do you recall if 
any customers complained about the bridge work, road closures or detours? 
4  Yes, I heard a few complaints 

0  Yes, there were many complaints 

3  No, I was not aware of any complaints 

 
6) How did you first learn about this project? 

0  Radio or Television 

0  Newspaper 

1  Community newsletter 

2  Internet 

0  Social media (Twitter, Facebook) 

10  Personal contact with SHA representative 

 
7) Did you or your business receive any of the following materials from SHA regarding the 

bridge work? (Please check all that apply) 
5  Bridge project presentation video 

8  Detour card/map  

6  Project factsheet 

7  FAQ 

7  Project timeline 

 
8) Which of these resources was the MOST useful/helpful? 

5  Detour card/map 

1  Bridge project presentation video 

2  Project factsheet 

4  FAQ 

3  Project timeline 

2  SHA Web site (www.roads.maryland.gov) 

 
9) Overall, how useful was the detour card/information? 

6  Very useful 

4  Somewhat useful 

http://www.roads.maryland.gov/
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3  Not useful at all 
10) Overall, how useful was the SHA Web site in providing project, road closure, or detour 

information? 
6  Very useful 

5  Somewhat useful 

1  Not useful at all 

 
11) Overall, how effectively did SHA communicate the road closures and detours? 

12  Very effectively 

1  Somewhat effectively 

0  Not effectively at all 
 

12) Did you have direct contact with SHA staff during this project? If so, please rate your 
experience: 
8  Very positive 

3  Somewhat positive 

1  Neither positive or negative 

0  Somewhat negative 

0  Very negative 

 
13) What could SHA have done better in communicating road closure and detour 

information? 
(Please check all that apply) 
0  Use more/better direct contact with area residents and businesses 

0  Use more/better printed materials 

10  Nothing–good job 

2  Use more radio and television 

2  Put more information on the Internet 

0  Use more social media 

 
14) Were you aware that this project used special bridge moving technology (“self-propelled 

modular transporters”) to replace the bridges? 
12  Yes 
1  No 
 

15) Please include any additional comments here: 
See Below 

 

THANK YOU! 
Please save this completed survey and attach it to an e-mail to rrager@sha.state.md.us 

 
  

mailto:rrager@sha.state.md.us
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Comments 
 
I found the e-mail notifications very useful. For the scope of the work that was done, I must say 
that you did an awesome job with very little disruption to travelers. 

 
It seems that SHA's priority in choosing detour routes is to minimize the total impact on the 
neighboring roads. But my personal goal in choosing a detour route is how to get to and from 
work the fastest. These two goals were in direct conflict. Personally I would NEVER have chosen 
SHA's detour routes, nor recommended them to anyone else, simply because there were always 
better options, no matter which direction you were going from or coming to.  

 
Although you said contractors were responsible for lanes and lights, I have to say the turn 
arrows are not visible when coming up the ramp heading north on 295 and turning east on 
West Nursery. Many drivers are ignoring the NO TURN ON RED sign. In fact some are 
proceeding from the second and third turn lanes. I think larger no turn on red signs are needed 
and also adjustments on the turn arrow signals. 

 
Good job!  
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APPENDIX F: WEBINAR  

 

West Nursery Road Over MD 295/Baltimore-Washington Parkway Bridge 

Replacement  

 

AGENDA 

January 10, 2013 
  

 Moderator: Ian Cavanaugh, Area Engineer–FHWA Maryland Division 

 Facilitator: Tim Cupples, Bridge and Tunnel Construction Engineer–Federal Highway Administration 
 

12:30 p.m.–12:40 p.m.  Welcome     
 

12:40 p.m.–1:00p.m. Project Overview 
Jeff Robert, Senior Project Manager–MDSHA 

 

1:00 p.m.–1:40 p.m.  SPMT Presentation 
Donald Tusing, Senior Project Engineer–RK&K Consultants 

 

1:40 p.m.–2:05 p.m.  MOT/Lane Rentals 
Scott Crumley, Senior Traffic Engineer–RK&K Consultants 

 

 2:05 p.m.–2:35 p.m.   Public Outreach 

Robert Rager, District Community Liaison–MDSHA 

 

2:35 p.m.–2:45 p.m.  Break 
 

 

2:45 p.m.–3:30 p.m.  Project Engineering 
Donald Tusing, Senior Project Engineer–RK&K Consultants 

 

 3:30 p.m.–4:30 p.m.   Lesson Learned 
Todd Becker, Vice President of Operations–G.A. & F.C. Wagman, 

Inc. 

Jeff Robert, Senior Project Manager–MDSHA 

Donald Tusing, Senior Project Engineer–RK&K Consultants 
 

 4:30 p.m.    Adjourn 
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	HIGHWAYS FOR LIFE DEMONSTRATION PROJECTS 
	 
	The Highways for LIFE (HfL) pilot program, the Federal Highway Administration’s (FHWA) initiative to accelerate innovation in the highway community provides incentive funding for demonstration construction projects. Through these projects, the HfL program promotes and documents improvements in safety, construction-related congestion, and quality that can be achieved by setting performance goals and adopting innovations.  
	 
	The HfL program—described in the Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users (SAFETEA-LU)—may provide incentives to a maximum of 15 demonstration projects a year. The funding amount may total up to 20 percent of the project cost, but not more than $5 million. Also, the Federal share for an HfL project may be up to 100 percent, thus waiving the typical State-match portion. At the State’s request, a combination of funding and waived match may be applied to a project. 
	 
	To be considered for HfL funding, a project must involve constructing, reconstructing, or rehabilitating a route or connection on an eligible Federal-aid highway. It must use innovative technologies, manufacturing processes, financing, or contracting methods that improve safety, reduce construction congestion, and enhance quality and user satisfaction. To provide a target for each of these areas, HfL has established demonstration project performance goals. 
	 
	The performance goals emphasize the needs of highway users and reinforce the importance of addressing safety, congestion, user satisfaction, and quality in every project. The goals define the desired result while encouraging innovative solutions, raising the bar in highway transportation service and safety. User-based performance goals also serve as a new business model for how highway agencies can manage the highway project delivery process. 
	 
	HfL project promotion involves showing the highway community and the public how demonstration projects are designed and built and how they perform. Broadly promoting successes encourages more widespread application of performance goals and innovations in the future. 
	 
	Project Solicitation, Evaluation, and Selection 
	 
	FHWA has issued open solicitations for HfL project applications since fiscal year 2006. State highway agencies submitted applications through FHWA Divisions. The HfL team reviewed each application for completeness and clarity, and contacted applicants to discuss technical issues and obtain commitments on project issues. Documentation of these questions and comments was sent to applicants, who responded in writing. 
	 
	The project selection panel consisted of representatives of the FHWA offices of Infrastructure, Safety and Operations; the Resource Center Construction and Project Management team; the Division offices; and the HfL team. After evaluating and rating the applications and 
	supplemental information, panel members convened to reach a consensus on the projects to recommend for approval. The panel gave priority to projects that accomplish the following: 
	 
	 Address the HfL performance goals for safety, construction congestion, quality, and user satisfaction. 
	 Address the HfL performance goals for safety, construction congestion, quality, and user satisfaction. 
	 Address the HfL performance goals for safety, construction congestion, quality, and user satisfaction. 

	 Use innovative technologies, manufacturing processes, financing, contracting practices, and performance measures that demonstrate substantial improvements in safety, congestion, quality, and cost-effectiveness. An innovation must be one the applicant State has never or rarely used, even if it is standard practice in other States. 
	 Use innovative technologies, manufacturing processes, financing, contracting practices, and performance measures that demonstrate substantial improvements in safety, congestion, quality, and cost-effectiveness. An innovation must be one the applicant State has never or rarely used, even if it is standard practice in other States. 

	 Include innovations that will change administration of the State’s highway program to more quickly build long-lasting, high-quality, cost-effective projects that improve safety and reduce congestion. 
	 Include innovations that will change administration of the State’s highway program to more quickly build long-lasting, high-quality, cost-effective projects that improve safety and reduce congestion. 

	 Will be ready for construction within 1 year of approval of the project application. For the HfL program, FHWA considers a project ready for construction when the FHWA Division authorizes it. 
	 Will be ready for construction within 1 year of approval of the project application. For the HfL program, FHWA considers a project ready for construction when the FHWA Division authorizes it. 

	 Demonstrate the willingness of the State to participate in technology transfer and information dissemination activities associated with the project. 
	 Demonstrate the willingness of the State to participate in technology transfer and information dissemination activities associated with the project. 


	 
	HfL Project Performance Goals 
	 
	The HfL performance goals focus on the expressed needs and wants of highway users. They are set at a level that represents the best of what the highway community can do, not just the average of what has been done. States are encouraged to use all applicable goals on a project: 
	 
	 Safety 
	 Safety 
	 Safety 

	o Work zone safety during construction—Work zone crash rate equal to or less than the preconstruction rate at the project location. 
	o Work zone safety during construction—Work zone crash rate equal to or less than the preconstruction rate at the project location. 
	o Work zone safety during construction—Work zone crash rate equal to or less than the preconstruction rate at the project location. 

	o Worker safety during construction—Incident rate for worker injuries of less than 4.0, based on incidents reported via Occupational Safety and Health Administration (OSHA) Form 300. 
	o Worker safety during construction—Incident rate for worker injuries of less than 4.0, based on incidents reported via Occupational Safety and Health Administration (OSHA) Form 300. 

	o Facility safety after construction—Twenty percent reduction in fatalities and injuries in 3-year average crash rates, using preconstruction rates as the baseline. 
	o Facility safety after construction—Twenty percent reduction in fatalities and injuries in 3-year average crash rates, using preconstruction rates as the baseline. 



	 
	 Construction Congestion 
	 Construction Congestion 
	 Construction Congestion 

	o Faster construction—Fifty percent reduction in the time highway users are impacted, compared to traditional methods. 
	o Faster construction—Fifty percent reduction in the time highway users are impacted, compared to traditional methods. 
	o Faster construction—Fifty percent reduction in the time highway users are impacted, compared to traditional methods. 

	o Trip time during construction—Less than 10 percent increase in trip time compared to the average preconstruction speed, using 100 percent sampling. 
	o Trip time during construction—Less than 10 percent increase in trip time compared to the average preconstruction speed, using 100 percent sampling. 

	o Queue length during construction—A moving queue length of less than 0.5 mile (mi) in a rural area or less than 1.5 mi in an urban area (in both cases at a travel speed 20 percent less than the posted speed). 
	o Queue length during construction—A moving queue length of less than 0.5 mile (mi) in a rural area or less than 1.5 mi in an urban area (in both cases at a travel speed 20 percent less than the posted speed). 



	 
	 Quality 
	 Quality 
	 Quality 

	o Smoothness—International Roughness Index measurement of less than 48 inches per mile. 
	o Smoothness—International Roughness Index measurement of less than 48 inches per mile. 
	o Smoothness—International Roughness Index measurement of less than 48 inches per mile. 



	o Noise—Tire-pavement noise measurement of less than 96.0 A-weighted decibels, using the onboard sound intensity test method. 
	o Noise—Tire-pavement noise measurement of less than 96.0 A-weighted decibels, using the onboard sound intensity test method. 
	o Noise—Tire-pavement noise measurement of less than 96.0 A-weighted decibels, using the onboard sound intensity test method. 
	o Noise—Tire-pavement noise measurement of less than 96.0 A-weighted decibels, using the onboard sound intensity test method. 

	o User satisfaction—An assessment of how satisfied users are with the new facility compared to its previous condition and with the approach used to minimize disruption during construction. The goal is a measurement of 4-plus on a 7-point Likert scale. 
	o User satisfaction—An assessment of how satisfied users are with the new facility compared to its previous condition and with the approach used to minimize disruption during construction. The goal is a measurement of 4-plus on a 7-point Likert scale. 



	 
	REPORT SCOPE AND ORGANIZATION 
	 
	This report documents accelerated bridge construction (ABC) techniques used to remove and replace the superstructures of two West Nursery Road bridges over northbound and southbound Baltimore-Washington Parkway (MD 295) over two consecutive weekends. The report presents project details relevant to the HfL program, including innovative construction highlights, rapid superstructure removal and replacement using self-propelled modular transporters (SPMT), HfL performance metrics measurement, and economic analy
	 
	This report includes construction details of the bridge superstructures built in the median of MD 295, just north of the existing bridges, on temporary abutments. It also discusses the use of SPMTs to remove each old superstructure and to replace it with a new one. Under conventional construction methods, the impact of this project on the traveling public was estimated at 7 months, but with the use of accelerated construction techniques, the impact was reduced to two weekend nights for MD 295 northbound and
	 
	 
	 
	PROJECT OVERVIEW AND LESSONS LEARNED
	PROJECT OVERVIEW AND LESSONS LEARNED
	 

	 
	PROJECT OVERVIEW 
	 
	West Nursery Road in Linthicum, MD, carries two bridges over Baltimore-Washington Parkway (MD 295), which has average daily traffic (ADT) estimated at 108,000. West Nursery Road, with ADT of 22,000, serves as an important access point for local businesses and residents in the area, commonly known as the BWI Hotel District. The project involved the removal and replacement of the superstructures of the bridges, which were built in 1949. Each replaced superstructure was a single span, about 70 feet (ft) long a
	 
	Bridge No. 02014 over northbound MD 295 was structurally deficient, with patching over 13 percent of the concrete deck and areas of steel beams experiencing section loss, especially at the joints. In addition, the substructure had numerous spalls and cracks. On a scale of 0 to 100, the sufficiency rating for the bridge was 61.9.  
	 
	Bridge No. 02217 over southbound MD 295 was also structurally deficient, with patching over more than 25 percent of the concrete deck and section loss, spalls, and cracks similar to Bridge No. 02014. Its sufficiency rating was 60.2.  
	 
	The Maryland State Highway Administration (MDSHA) addressed the deficiencies quickly and rehabilitated the two bridges using SPMTs. This innovative technique, used for the first time to remove and replace superstructures in the Mid-Atlantic region, was determined to be safer, significantly faster, and less obtrusive to the traveling public than traditional construction methods. 
	 
	Highlights of the project and MDSHA’s strategies for successful completion include the following: 
	 
	 Offsite construction of replacement superstructures for both bridges, including girders, deck, and parapets, took place in a staging area in the grass median of MD 295 just north of the bridges, with minimal impact on the traveling public. Each single-span replacement superstructure was 70 ft long and 59 ft wide—6 ft wider than the replaced superstructure. 
	 Offsite construction of replacement superstructures for both bridges, including girders, deck, and parapets, took place in a staging area in the grass median of MD 295 just north of the bridges, with minimal impact on the traveling public. Each single-span replacement superstructure was 70 ft long and 59 ft wide—6 ft wider than the replaced superstructure. 
	 Offsite construction of replacement superstructures for both bridges, including girders, deck, and parapets, took place in a staging area in the grass median of MD 295 just north of the bridges, with minimal impact on the traveling public. Each single-span replacement superstructure was 70 ft long and 59 ft wide—6 ft wider than the replaced superstructure. 

	 Each new superstructure weighed about 500 tons.  
	 Each new superstructure weighed about 500 tons.  

	 Once the replacement superstructures were completed, SPMTs were used to remove the old superstructures and haul them to a previously erected temporary bent in the median area, where they were demolished away from traffic. 
	 Once the replacement superstructures were completed, SPMTs were used to remove the old superstructures and haul them to a previously erected temporary bent in the median area, where they were demolished away from traffic. 

	 Bearing pedestals for two girders for each structure were installed between the removal of the existing superstructure and placement of the new superstructure, which could not be done in advance. 
	 Bearing pedestals for two girders for each structure were installed between the removal of the existing superstructure and placement of the new superstructure, which could not be done in advance. 

	 Each direction of MD 295 was closed for less than 8 hours on a Friday night during the old superstructure removal and transportation offsite. 
	 Each direction of MD 295 was closed for less than 8 hours on a Friday night during the old superstructure removal and transportation offsite. 

	 SPMTs were used to transport the new superstructures and place them over new bearings. Each direction of MD 295 was closed for less than 8 hours on a Saturday night for transportation and placement of the new superstructures on their bearings. 
	 SPMTs were used to transport the new superstructures and place them over new bearings. Each direction of MD 295 was closed for less than 8 hours on a Saturday night for transportation and placement of the new superstructures on their bearings. 


	 West Nursery Road was closed for 34 hours from Friday night to 8 a.m. on Sunday to accommodate removal and replacement of each superstructure. 
	 West Nursery Road was closed for 34 hours from Friday night to 8 a.m. on Sunday to accommodate removal and replacement of each superstructure. 
	 West Nursery Road was closed for 34 hours from Friday night to 8 a.m. on Sunday to accommodate removal and replacement of each superstructure. 

	 Substructure rehabilitation and backwall work was performed in a manner that allowed four lanes of traffic on both bridges during peak travel times. 
	 Substructure rehabilitation and backwall work was performed in a manner that allowed four lanes of traffic on both bridges during peak travel times. 

	 MDSHA used the lane rental concept to motivate the contractor to perform the superstructure move in the provided timeframe efficiently and safely. 
	 MDSHA used the lane rental concept to motivate the contractor to perform the superstructure move in the provided timeframe efficiently and safely. 


	 
	The innovations employed on the project represented many firsts for MDSHA, including the removal and replacement of two superstructures using SPMTs. Each operation took 34 hours or less and has significantly raised customers’ expectations for the delivery of future MDSHA highway projects.  
	 
	DATA COLLECTION 
	 
	Safety, construction congestion, quality, and user satisfaction data were collected before, during, and after construction to demonstrate that ABC technologies can be used to achieve the HfL performance goals in these areas.  
	 
	No worker injuries or motorist incidents were reported during construction, which means MDSHA exceeded the HfL requirements for worker and motorist safety. Segments of MD 295 that included the West Nursery Road bridges and parts of pavements on either side of the structures were selected to determine the operational safety of the structures before construction. The 3-year crash histories revealed numerous crashes, but none that could be attributed directly to the structure that was replaced. No motorist inc
	 
	Before SPMT use was considered for this project, an analysis of eight alternatives pointed to total superstructure replacement matching the existing bridge geometry. MDSHA explored multiphased construction of the bridges and a single-phase construction using a two-lane temporary bridge to channel West Nursery Road traffic and determined the latter was more practical for the conditions. This alternative also involved right-of-way acquisition, construction of a temporary roadway, reconfiguration of ramps, and
	 
	This section of West Nursery Road serves as a business and hotel corridor. Besides other local impacts, construction work at the bridges would impact about 5,000 employees at Northrop Grumman, around-the-clock operations at a mail facility, and visitors to about 20 area hotels and a movie theater complex that attracts about 6,000 people on an average weekend. During the planning and construction of the West Nursery Road bridges, MDSHA implemented an aggressive, comprehensive communication effort with the co
	site offered live updates of progress being made. The agency also prepared detour cards for visitors to area hotels, restaurants, and theaters.  
	 
	There were no complaints from local businesses or residents during the West Nursery Road closure periods. A postconstruction survey indicated that the businesses, commuters, and residents were very satisfied with the minimal impact of construction on travel delay. As a result, MDSHA exceeded the HfL customer satisfaction expectation.  
	 
	ECONOMIC ANALYSIS 
	 
	The benefits and costs of this innovative project approach were compared with those of a project using a traditional approach. MDSHA supplied most of the cost figures for the as-built project, and the cost assumptions for the traditional approach were determined from discussions with MDSHA, FHWA DelMar Division staff, and national literature.  
	 
	The economic analysis revealed that MDSHA’s approach realized a cost savings of at least $324,000, or 7 percent, over conventional construction practices. The cost savings were primarily due to reduced delay costs.  
	 
	LESSONS LEARNED 
	 
	Through this project, MDSHA gained valuable insights on the innovative processes deployed, both those that were successful and those that need improvement in future project delivery:  
	 
	 The closure periods for MD 295 and West Nursery Road were adequate. 
	 The closure periods for MD 295 and West Nursery Road were adequate. 
	 The closure periods for MD 295 and West Nursery Road were adequate. 

	 The lane rental concept used on this project was effective. 
	 The lane rental concept used on this project was effective. 

	 Traffic analysis and predictions were confirmed by actual observations. 
	 Traffic analysis and predictions were confirmed by actual observations. 

	 The owner, designer, contractor, and heavy lift subcontractor worked together as a team. 
	 The owner, designer, contractor, and heavy lift subcontractor worked together as a team. 

	 The new bridge was erected quickly, and traffic disruption was minimized. 
	 The new bridge was erected quickly, and traffic disruption was minimized. 

	 The prime contractor is very dependent on the heavy lift subcontractor for the schedule. On projects with penalty delays, the contractor is exposed to greater risk over which it has little control. The subcontractor may or may not participate in the risk taking. 
	 The prime contractor is very dependent on the heavy lift subcontractor for the schedule. On projects with penalty delays, the contractor is exposed to greater risk over which it has little control. The subcontractor may or may not participate in the risk taking. 

	 It is important for the project team to fully understand the capabilities of SPMT equipment and develop a detailed plan for the move with specific hold points that are approved by the owner, design team, and prime contractor. 
	 It is important for the project team to fully understand the capabilities of SPMT equipment and develop a detailed plan for the move with specific hold points that are approved by the owner, design team, and prime contractor. 

	 Jacking the existing structure off the bearing seats before SPMT deployment worked well. 
	 Jacking the existing structure off the bearing seats before SPMT deployment worked well. 

	 It is important to ensure that there is full bearing in bearing areas because even weld splatter can affect full contact. 
	 It is important to ensure that there is full bearing in bearing areas because even weld splatter can affect full contact. 

	 The SPMT equipment is sophisticated. As with cranes, proper deployment depends on the skill set of the operator. 
	 The SPMT equipment is sophisticated. As with cranes, proper deployment depends on the skill set of the operator. 

	 It is important to be thoroughly familiar with the staging area and thoroughly aware of all the grade changes and obstructions along each path of SPMT travel. 
	 It is important to be thoroughly familiar with the staging area and thoroughly aware of all the grade changes and obstructions along each path of SPMT travel. 

	 Consider the deck and SPMT as separate elements and not as one connected element. Give thought to how the two elements will be connected to ensure stability. Have a 
	 Consider the deck and SPMT as separate elements and not as one connected element. Give thought to how the two elements will be connected to ensure stability. Have a 


	detailed plan of strapping and rigging, if permitted, and ensure that loading implications are appropriately considered. 
	detailed plan of strapping and rigging, if permitted, and ensure that loading implications are appropriately considered. 
	detailed plan of strapping and rigging, if permitted, and ensure that loading implications are appropriately considered. 

	 Provide adequate time for strapping the superstructure to the SPMT because it can be time-consuming. 
	 Provide adequate time for strapping the superstructure to the SPMT because it can be time-consuming. 

	 Explore alternative methods of demolition, including demolition in place with appropriate shielding. Tying the existing superstructure to the SPMT on this project took a significant amount of time.  
	 Explore alternative methods of demolition, including demolition in place with appropriate shielding. Tying the existing superstructure to the SPMT on this project took a significant amount of time.  

	 Although the contractor properly addressed the quality control and quality assurance (QC/QA) issues of the temporary support structures in the median using an outside source, the owner should specifically address QC/QA of temporary support structures on future contracts. 
	 Although the contractor properly addressed the quality control and quality assurance (QC/QA) issues of the temporary support structures in the median using an outside source, the owner should specifically address QC/QA of temporary support structures on future contracts. 

	 Give detailed thought to the curing of a deck that is above ground level, including how to keep it wet. 
	 Give detailed thought to the curing of a deck that is above ground level, including how to keep it wet. 

	 Have concrete test equipment at the worksite and a certified technician acceptable to the owner available to monitor testing.  
	 Have concrete test equipment at the worksite and a certified technician acceptable to the owner available to monitor testing.  


	 
	PUBLIC INVOLVEMENT  
	 
	MDSHA’s comprehensive public outreach efforts were very effective, with no complaints received on delays caused by the move. The approach to educate—and not just inform—is likely a model that can be used at other locations when innovative technology is deployed. MDSHA’s consideration of both local residents and visitors to the area was particularly effective. 
	 
	In addition to the benefits noted, the offsite construction enhanced motorist and worker safety and minimized traffic disruptions and related congestion. 
	 
	CONCLUSIONS 
	 
	From the standpoint of construction speed, motorist and user safety, cost, and quality, this project was a success and embodied the ideals of the HfL program. MDSHA learned that careful planning, coupled with aggressive public outreach and the use of ABC technologies, can result in projects that serve as watershed events in the way they are delivered to the public. A postconstruction stakeholder survey clearly indicated that local businesses, commuters, and residents did not experience major delays as a res
	 
	Because of the success of this project, MDSHA plans to consider SPMT technology in the future. The SPMT option will be considered where an ample staging area is available and site conditions make SPMT deployment feasible. 
	PROJECT DETAILS
	PROJECT DETAILS
	 

	 
	BACKGROUND 
	 
	West Nursery Road in Linthicum, MD, is an important access point for local businesses and residents. The road carries two bridges over MD 295 and has an ADT of 22,000 vehicles. Bridge No. 02014 crosses over northbound MD 295, while Bridge No. 02217 crosses over southbound MD 295. A length of at-grade roadway built on fill is located between the two bridges. The two bridges were built in 1949.  
	 
	Before they were replaced, each superstructure was a single span about 70 ft long and 53 ft wide. The clear roadway width was 44 ft with a 4-ft sidewalk on each side. The exterior girders on both bridges were made of built-up steel sections that also served as barriers on the bridges. Single-strand metal rail and chain link fences were mounted on these through girders. 
	 
	Both bridges exhibited significantly deteriorated elements that required repair or replacement.  
	 
	Figure 1
	Figure 1
	Figure 1

	 shows the project location in relation to the Baltimore-Washington metropolitan area. 
	Figure 2
	Figure 2

	 shows the site’s proximity to I-195 and I-695. 
	Figure 3
	Figure 3

	 is an aerial view of the site, with the bridge staging area identified. Figures 
	2
	2

	 and 
	3
	3

	 were part of MDSHA’s public outreach documents. 

	 
	   
	Project Location 
	Project Location 
	Figure

	Figure
	Figure
	Figure 1. Project location in the Baltimore-Washington area. 
	 
	 
	 
	Figure
	Figure 2. Project location in relation to I-195 and I-695. 
	 
	 
	 
	Figure
	Figure 3. Aerial view of bridges and staging area. 
	 
	Both bridges are simply supported, are on a 52-degree skew, and are supported on reinforced concrete abutments. Figures 
	Both bridges are simply supported, are on a 52-degree skew, and are supported on reinforced concrete abutments. Figures 
	4
	4

	 and 
	5
	5

	 show the bridge elevation from MD 295, and figures 
	6
	6

	 through 
	8
	8

	 show typical conditions of the superstructures before replacement.  

	 
	 
	 
	Figure
	Figure 4. Elevation of Bridge No. 02014 (northbound). 
	 
	 
	 
	 
	Figure
	Figure 5. Elevation of Bridge No. 02217 (southbound). 
	 
	 
	 
	Figure
	Figure 6. Extensive patches in bridge deck. 
	 
	 
	 
	 
	Figure
	Figure 7. Sidewalk and deck deterioration. 
	 
	 
	Figure
	Figure 8. Cracking on underside of bridge.  
	 
	MDSHA considered eight alternatives to address deteriorating conditions. The alternatives considered a variety of options, including just deck replacement or total structure replacement, same width or increased width, and single-stage construction or two-stage construction. The State’s decision was based on numerous factors, and the analysis pointed to the alternative of total superstructure replacement matching existing bridge geometry using a temporary bridge for maintaining two lanes of traffic in one ph
	MDSHA considered eight alternatives to address deteriorating conditions. The alternatives considered a variety of options, including just deck replacement or total structure replacement, same width or increased width, and single-stage construction or two-stage construction. The State’s decision was based on numerous factors, and the analysis pointed to the alternative of total superstructure replacement matching existing bridge geometry using a temporary bridge for maintaining two lanes of traffic in one ph
	Figure 9
	Figure 9

	 illustrates each replacement structure’s typical section of an 11-ft travel lane, 11.5-ft passing lane, and 5-ft shoulder in each direction with an out-to-out deck width of 59 ft using this alternative. 
	Figure 10
	Figure 10

	 shows the engineering drawing comparing the new section to the section replaced, which was 53 ft out to out.  

	 
	 
	Figure
	Figure 9. Typical section of replacement superstructure. 
	 
	 
	Figure
	Figure 10. Typical sections, existing and proposed. 
	 
	This alternative included the following challenges: 
	 
	 Acquisition of right-of-way for the temporary bridge. 
	 Acquisition of right-of-way for the temporary bridge. 
	 Acquisition of right-of-way for the temporary bridge. 

	 Construction of a temporary road to the temporary bridge. 
	 Construction of a temporary road to the temporary bridge. 

	 Reconfiguration of ramps. 
	 Reconfiguration of ramps. 

	 Reduction in lane capacity of West Nursery Road by 50 percent (from four lanes to two, one in each direction) on the temporary bridge for 7 months. 
	 Reduction in lane capacity of West Nursery Road by 50 percent (from four lanes to two, one in each direction) on the temporary bridge for 7 months. 


	 
	In summer 2010, MDSHA examined the possibility of using an SPMT, since it would eliminate the need for a temporary bridge and the attendant challenges listed above. It also would accomplish the following: 
	 
	 Reduce onsite construction time.  
	 Reduce onsite construction time.  
	 Reduce onsite construction time.  

	 Reduce disruption to traffic. 
	 Reduce disruption to traffic. 

	 Improve construction-related safety. 
	 Improve construction-related safety. 

	 Improve quality because of construction in a controlled environment in the staging area with no construction time restrictions. 
	 Improve quality because of construction in a controlled environment in the staging area with no construction time restrictions. 

	 Reduce user costs. 
	 Reduce user costs. 


	 
	These advantages had to be balanced against the high mobilization costs for the SPMT and the need for subcontractors that specialize in heavy lifting. It was estimated that the additional costs of SPMT deployment (e.g., mobilization, grading of the median, rebuilding of shoulders, and construction of temporary towers to support superstructures) would be about the same as the cost of a temporary bridge and its substructures, which was about $800,000.  
	 
	The following served as excellent reference sources: 
	 
	 Utah Department of Transportation (UDOT) SPMT Process Manual and Design Guide 
	 Utah Department of Transportation (UDOT) SPMT Process Manual and Design Guide 
	 Utah Department of Transportation (UDOT) SPMT Process Manual and Design Guide 

	 FHWA Manual on Use of Self-Propelled Modular Transporters to Remove and Replace Bridges, June 2007 
	 FHWA Manual on Use of Self-Propelled Modular Transporters to Remove and Replace Bridges, June 2007 

	 Fred Doehring, UDOT deputy structures engineer and deputy preconstruction engineer 
	 Fred Doehring, UDOT deputy structures engineer and deputy preconstruction engineer 


	 
	Preliminary analysis indicated that there was sufficient land area near both bridges on MD 295 where new the superstructures could be built and the old ones demolished. The ground surface offered by MD 295 was relatively flat, making SPMT deployment feasible. The ground also provided sufficient bearing capacity with minor strengthening of the limited shoulder area. Furthermore, there were no challenging utility issues to contend with because the bridges did not carry any utilities.  
	 
	MDSHA applied for HfL funding for deployment of the innovative technology for the first time in the State. The State proposed building replacement superstructures for both bridges in the grass median of MD 295, immediately next to the existing bridges. Once complete, SPMTs would be used to remove the existing superstructures, which would be brought to previously erected falsework in the median area, where they could be demolished away from traffic. While the existing bridges were being transported offsite, 
	 
	On August 17, 2011, FHWA announced an HfL discretionary grant of $600,000 for the project. 
	 
	Project Engineering 
	 
	The project engineering team successfully used a variety of software tools to model site conditions. The team was able to increase underclearance by 3 or 4 inches (in), where needed, to increase clearance to 16 ft by using thick webs (7/8 in), shallow plate girders (27 in deep), and thick flange plates. The sharp skew angle controlled the design, and the move itself impacted only the reinforcement in the deck and parapets.  
	 
	  
	The following are highlights of the design challenges and the remedies and actions taken (in parentheses): 
	 
	 Special design and analysis considered stress reversal because of differing support locations. The SPMT support was at 16 percent of the span, about 11 ft along skew from the end, or about 8 ft perpendicular to the abutment. (Additional reinforcing steel was used in the deck and parapets, girders were designed for negative bending, and diaphragms, connections, and stiffeners were designed for multiple loading conditions.)  
	 Special design and analysis considered stress reversal because of differing support locations. The SPMT support was at 16 percent of the span, about 11 ft along skew from the end, or about 8 ft perpendicular to the abutment. (Additional reinforcing steel was used in the deck and parapets, girders were designed for negative bending, and diaphragms, connections, and stiffeners were designed for multiple loading conditions.)  
	 Special design and analysis considered stress reversal because of differing support locations. The SPMT support was at 16 percent of the span, about 11 ft along skew from the end, or about 8 ft perpendicular to the abutment. (Additional reinforcing steel was used in the deck and parapets, girders were designed for negative bending, and diaphragms, connections, and stiffeners were designed for multiple loading conditions.)  

	 Accommodation for stresses in deck and parapets was needed because of potential twisting of the deck caused by severe skew during the move and transfer on supports. (Additional reinforcing steel was placed in the decks and parapets.) 
	 Accommodation for stresses in deck and parapets was needed because of potential twisting of the deck caused by severe skew during the move and transfer on supports. (Additional reinforcing steel was placed in the decks and parapets.) 

	 Dynamic effects of the move on the deck and girders were considered. (Fifteen percent was added to dead load, as recommended by the references listed in the previous section.) 
	 Dynamic effects of the move on the deck and girders were considered. (Fifteen percent was added to dead load, as recommended by the references listed in the previous section.) 

	 Anticipated deflection during the move was considered. (Camber rebound of girders was calculated.) 
	 Anticipated deflection during the move was considered. (Camber rebound of girders was calculated.) 


	 
	The design team tried to respace girders to the extent possible so that the bearing areas could be prepared before the move, but bearing areas for two central girders were inaccessible. The bearing pedestals for these girders were built after the existing central girders were removed and before the new structures were placed. The project team used high early strength, rapid-setting polymer concrete with a 2-hour strength requirement of 4,000 pounds per square inch (psi). 
	 
	Since there was a short time period between the removal and replacement of the superstructures, the project team prepared the existing substructure units to the fullest extent possible in advance of the move: 
	 
	 Removing sidewalks and fascia girders before the move to allow modification of pilasters and end posts at each corner to accommodate the move and the wider superstructure (see figures 
	 Removing sidewalks and fascia girders before the move to allow modification of pilasters and end posts at each corner to accommodate the move and the wider superstructure (see figures 
	 Removing sidewalks and fascia girders before the move to allow modification of pilasters and end posts at each corner to accommodate the move and the wider superstructure (see figures 
	 Removing sidewalks and fascia girders before the move to allow modification of pilasters and end posts at each corner to accommodate the move and the wider superstructure (see figures 
	11
	11

	 through 
	14
	14

	) 


	 Holding anchor bolts for the steel bearing assembly in place against the underside of the bridge during the move, then lowering and grouting in abutments before restoring traffic (see 
	 Holding anchor bolts for the steel bearing assembly in place against the underside of the bridge during the move, then lowering and grouting in abutments before restoring traffic (see 
	 Holding anchor bolts for the steel bearing assembly in place against the underside of the bridge during the move, then lowering and grouting in abutments before restoring traffic (see 
	Figure 15
	Figure 15

	) 


	 Providing 4-in-diameter oversized holes for the anchor bolts for the steel bearings,  in the abutments for grout placement and construction tolerances 
	 Providing 4-in-diameter oversized holes for the anchor bolts for the steel bearings,  in the abutments for grout placement and construction tolerances 


	  
	 
	Figure
	Figure 11. Old structure, showing sidewalks and severe skew. 
	 
	 
	 
	Figure
	Figure 12. Corner condition modification to accommodate replacement superstructure. 
	  
	 
	Figure
	Figure 13. Modification of pilasters and end posts in process. 
	 
	 
	Figure
	Figure 14. View of bearing area preparation to accommodate wider structure. 
	 
	 
	Figure
	Figure 15. View of anchor bolts. 
	 
	SPMT Deployment 
	 
	The SPMT is a platform vehicle that can move loads such as bridge systems weighing several thousand tons with precision within a fraction of an inch. The loads are supported by numerous pairs of independently steered wheels, each with its own hydraulic jack. Loaded SPMTs typically travel at 4 miles per hour (mi/h) or less, and on this project the SPMT moved at about 0.5 mi/h. Figures 
	The SPMT is a platform vehicle that can move loads such as bridge systems weighing several thousand tons with precision within a fraction of an inch. The loads are supported by numerous pairs of independently steered wheels, each with its own hydraulic jack. Loaded SPMTs typically travel at 4 miles per hour (mi/h) or less, and on this project the SPMT moved at about 0.5 mi/h. Figures 
	16
	16

	 through 
	18
	18

	 show SPMT deployment. 

	 
	Typically, the SPMT is computer-controlled. The person operating the computer manipulates the steering, lifting, driving, and braking. The SPMT can pivot 360 degrees, and the computer self levels units while driving. The unit used on this project had a 16- to 20-inch vertical stroke available for operational purposes and lifting items in place. 
	 
	 
	Figure
	Figure 16. SPMT with multiple wheels supporting structure. 
	 
	 
	Figure
	Figure 17. SPMT supporting old superstructure. 
	  
	 
	Figure
	Figure 18. SPMT supporting completed superstructure for bridge over MD 295 northbound. 
	 
	MDSHA coordinated with prequalified heavy lifters throughout the design phase and included special provisions on SPMT deployment in the contract proposal. Appendix B shows the special provisions, “Transporting Existing Bridge Superstructures and New Superstructures Using SPMT.” The provisions include requirements on design of the movement system, lifting system, and submittals. Each axle line was required to have a capacity of 25 tons for a maximum load of 16 tons. Tolerances after setting were 0.5 in in th
	 
	The contractor provided details of the actual move, engineering of the temporary steel support substructures for the bridge assemblies, and calculations for SPMT trailer stability. The contractor also provided contingency plans, maximum wind speed during move, bridge monitoring system details, safety plans, and hazardous materials plans. MDSHA’s consultant on the project designed the superstructure in its final location and considered stress reversal and dynamic effects during lifting and moving.  
	 
	MDSHA’s public outreach plan included basic information on its Web site on the SPMT to explain the innovative approach to bridge construction to the public. 
	MDSHA’s public outreach plan included basic information on its Web site on the SPMT to explain the innovative approach to bridge construction to the public. 
	Figure 19
	Figure 19

	 shows a sample of the information provided, and Appendix C includes additional factsheets. 

	  
	 
	Figure
	Figure 19. Sample factsheet from MDSHA Web site. 
	 
	 
	Project Construction 
	 
	For this project, the MDSHA Web site updated visitors on progress during construction, using photographs and brief descriptions on the highlighted activities. Figures 
	For this project, the MDSHA Web site updated visitors on progress during construction, using photographs and brief descriptions on the highlighted activities. Figures 
	20
	20

	 through 
	35
	35

	 and the accompanying quoted text show the information presented to the public on this project. Information in italics provides additional technical content. 

	 
	 
	Figure
	Figure 20. Median with temporary steel supports. 
	  
	"June/July—The new bridge superstructures will be constructed in the MD 295 median on top of these temporary supports. Once completed, the new bridges will be carried into place by SPMTs." The contractor built three support bents—two for the two new superstructures and one for supporting the existing superstructure. This meant that the first existing superstructure removed had to be demolished in the period between the weekend removal and replacement activities to make room for the second existing superstru
	 
	 
	Figure
	Figure 21. Progress on fabrication of new superstructures. 
	 
	"Mid-July—The new bridge superstructures are quickly taking shape in the MD 295 median." The contractor used a third-party source for QC/QA of the temporary substructures. 
	 
	 
	Figure
	Figure 22. Superstructure in median before placement of deck concrete. 
	 
	"Mid-July—Metal deck pans have been installed on the beams of the new superstructures. In early August, the new concrete bridge decks will be formed on top of the deck pans." Work in the median allowed the contractor to perform these activities independent of onsite construction, away from traffic and with minimal time or shift constraints. It also enabled a compressed schedule with work being performed at the project site and staging area simultaneously. 
	 
	 
	Figure
	Figure 23. Existing superstructure with sidewalk, fence, and fascia beam. 
	 
	"July 17—This fascia beam just behind the fence is one of four exterior beams to be removed from the existing bridges. Over the next several days workers will take out the concrete walkway and fence in preparation for the beam removal." The sidewalks on the existing bridge and the fascia girders needed to be removed before the move to allow modification of pilasters and end posts at each corner to accommodate the move.  
	 
	 
	 
	Figure
	Figure 24. Fascia beam ready for removal. 
	 
	"July 29—The fascia beam is nearly ready for removal. (Note safety barrier in place.)" 
	 
	 
	Figure
	 
	Figure 25. Removal of fascia beam. 
	 
	"July 30—The first of four fascia beams is removed during the overnight hours of July 29-30. Removing the beams now will reduce bridge weight and facilitate removal of the existing bridge superstructures. The remaining beams will be removed during overnight hours to minimize traffic impacts." 
	 
	 
	Figure
	Figure 26. Deck reinforcement. 
	 
	"August 10—Work continues on the new bridges in the MD 295 median. These reinforcing steel bars (rebar) are tied together across the entire bridge structure. Concrete will be placed in this area via a special pump." Additional reinforcing steel was placed in the deck to account for stress reversal because of differing support locations during the move. The SPMT support locations were about 11 ft along the skew from each end (16 percent of span length). 
	 
	 
	 
	Figure
	Figure 27. Deck concrete pumping equipment. 
	 
	"August 10—A pumping truck is poised for the first bridge deck concrete placement. Shortly after 2 a.m. the concrete began flowing. Concrete trucks then arrived every 15 minutes to continuously supply the pumper, and the operation continued into the daylight hours." Unlike deck concrete placed at grade in conventional construction, the elevated superstructure required pumped concrete. 
	 
	 
	Figure
	Figure 28. Deck concrete placement. 
	 
	"August 10—A worker guides the concrete pump tube around the new bridge deck area. Working throughout the night and early morning, crews placed and finished about 150 cubic yards of concrete. This process will be repeated within a few weeks for the second bridge." The compressive strength of the concrete was tested at a laboratory about 5 mi from the jobsite.  
	 
	 
	Figure
	Figure 29. Existing superstructure with fascia beams removed. 
	 
	"August 16—All four fascia beams were removed from the existing bridges by early August. This was necessary to reduce weight and facilitate removal of the existing structures in October. Crews also gained improved access to repair the existing walls." 
	 
	 
	Figure
	Figure 30. Reinforcement and formwork for parapet construction. 
	 
	"September 4—Wood forms are being constructed for one of the concrete parapets (side walls). On the second bridge (background) you can see where one of the parapets has already been poured and the forms removed." Additional reinforcing steel was placed in the parapets to account for stress reversal because of differing support locations during the move and lifting. Because the deck was elevated, water had to be pumped and the wet concrete had to be properly covered to ensure adequate curing.  
	 
	 
	Figure
	Figure 31. One of two ends of the temporary structure to support removed superstructure. 
	 
	"October 12—This is one of the two temporary supports that will support the old bridges for demolition in the MD 295 median. SPMTs will remove the old bridges, carry them along MD 295 to the median staging area, and lower them onto these supports. Crews will then demolish the old bridges and recycle much of the concrete and steel." 
	 
	 
	Figure
	Figure 32. Completed new superstructure in median. 
	 
	"October 12—The new bridges are almost ready to be moved into place. The steel beams have been painted and the concrete decks have been grooved to improve traction and drainage. SPMTs will lift the bridges from the temporary support structures and move them down MD 295 into place." 
	 
	 
	Figure
	Figure 33. New superstructure being maneuvered into place on abutment. 
	 
	"November 3—The new bridge over northbound MD 295 moves slowly into place between the West Nursery Road abutments as workers monitor alignment and clearance. Within 4 hours the new bridge was moved from the staging area down MD 295 and secured into place. Traffic was restored on all roads by early morning."  
	 
	On Friday, November 2, 2012, West Nursery Road was closed to traffic at 10 p.m. MD 295 northbound was closed on Saturday at 12 a.m. and traffic was detoured to the exit and on ramps. The SPMT removed the old superstructure over the northbound lanes and placed it on the temporary supports in the median of MD 295 for future dismantling and demolition. The entire 
	operation took less than 6 hours, and MD 295 was reopened to traffic on Saturday at 6 a.m. During the day on Saturday, bearing seats for two central girders that were inaccessible before the move were cast between superstructure removal and replacement using a 100 percent reactive rapid-setting, solvent-free methyl methacrylate polymer concrete system with a 2-hour strength of 4,000 psi and a 1-hour maximum curing time. (West Nursery Road remained closed throughout the day). At about 12 a.m. on Sunday, Nove
	 
	 
	Figure
	Figure 34. New superstructure in place on abutment. 
	 
	"November 4—The first new bridge is in place and open to traffic over northbound MD 295." It is important to fully understand the capabilities of SPMT equipment and develop a very detailed plan for the move with specific hold points that are approved by the owner, design team, and  prime contractor. It is also important to be thoroughly familiar with the staging area and be thoroughly aware of all the grade changes and obstructions along each path of SPMT travel.  
	 
	 
	Figure
	Figure 35. Old superstructure on MD 295 southbound being moved into place in the median. 
	 
	"November 10—The old West Nursery Road Bridge over southbound MD 295 is carried by SPMTs to the median staging area for demolition." Removal and replacement of the superstructure was completed within the allowed closure period on both weekends. 
	 
	Traffic Management 
	 
	The West Nursery Road/MD 295 interchange is a diamond interchange, with West Nursery Road passing over MD 295 on two bridge structures. MD 295 is classified as an urban freeway with ADT of 108, 000 vehicles with about 5 percent trucks. The two lanes of traffic in each direction through the project area were expanded to three lanes in each direction before construction as part of an earlier highway improvement project. West Nursery Road is an arterial roadway maintained by Anne Arundel County that carries ab
	 
	A maintenance of traffic analysis during construction showed the following:   
	 Construction using an SPMT would likely result in shorter construction duration, less disruption to traffic flow, and lower user costs than the conventional alternative. 
	 Construction using an SPMT would likely result in shorter construction duration, less disruption to traffic flow, and lower user costs than the conventional alternative. 
	 Construction using an SPMT would likely result in shorter construction duration, less disruption to traffic flow, and lower user costs than the conventional alternative. 

	 MDSHA uses a State-specific Lane Closure Analysis Program (LCAP) to estimate the impacts of lane closures and determine the best closure schedules. Using a work zone capacity of 1,760 vehicles per hour per lane and “acceptable” thresholds of freeway queuing of less than 1 mi (or up to 1.5 mi for peak periods not to exceed 2 hours), it was determined that reducing MD 295 from three lanes to two to perform abutment work both along the outside and inside shoulder would be acceptable. 
	 MDSHA uses a State-specific Lane Closure Analysis Program (LCAP) to estimate the impacts of lane closures and determine the best closure schedules. Using a work zone capacity of 1,760 vehicles per hour per lane and “acceptable” thresholds of freeway queuing of less than 1 mi (or up to 1.5 mi for peak periods not to exceed 2 hours), it was determined that reducing MD 295 from three lanes to two to perform abutment work both along the outside and inside shoulder would be acceptable. 

	 The analysis allotted 6 hours for removing old structures and 8 hours for installing replacement structures. During these periods, traffic on MD 295 would exit the mainline at the West Nursery Road ramp, travel straight through the existing traffic signal on West Nursery Road, and rejoin MD 295 via the entrance ramp from West Nursery Road(
	 The analysis allotted 6 hours for removing old structures and 8 hours for installing replacement structures. During these periods, traffic on MD 295 would exit the mainline at the West Nursery Road ramp, travel straight through the existing traffic signal on West Nursery Road, and rejoin MD 295 via the entrance ramp from West Nursery Road(
	 The analysis allotted 6 hours for removing old structures and 8 hours for installing replacement structures. During these periods, traffic on MD 295 would exit the mainline at the West Nursery Road ramp, travel straight through the existing traffic signal on West Nursery Road, and rejoin MD 295 via the entrance ramp from West Nursery Road(
	Figure 36
	Figure 36

	 shows this detour).  The traffic on West Nursery Road was detoured (
	Figure 37
	Figure 37

	). 



	 
	 
	Figure
	Figure 36. MD 295 traffic movement during closure. 
	 
	Figure
	Figure 37. West Nursery Road traffic detour during closure. 
	 
	 
	 Hourly traffic volumes on MD 295 indicated that midweek bridge removal and replacement would not meet the acceptable thresholds. However, weekend closures using a lane capacity of 1,170 vehicles per hour per lane (three lanes to one) starting Friday night would be acceptable. By 7 a.m. Saturday, queues approaching the lane drop would exceed 1 mi and would continue to worsen. By 9 a.m. Sunday a similar traffic impact would be encountered. 
	 Hourly traffic volumes on MD 295 indicated that midweek bridge removal and replacement would not meet the acceptable thresholds. However, weekend closures using a lane capacity of 1,170 vehicles per hour per lane (three lanes to one) starting Friday night would be acceptable. By 7 a.m. Saturday, queues approaching the lane drop would exceed 1 mi and would continue to worsen. By 9 a.m. Sunday a similar traffic impact would be encountered. 
	 Hourly traffic volumes on MD 295 indicated that midweek bridge removal and replacement would not meet the acceptable thresholds. However, weekend closures using a lane capacity of 1,170 vehicles per hour per lane (three lanes to one) starting Friday night would be acceptable. By 7 a.m. Saturday, queues approaching the lane drop would exceed 1 mi and would continue to worsen. By 9 a.m. Sunday a similar traffic impact would be encountered. 

	 No congestion was anticipated on West Nursery Road until Monday morning. 
	 No congestion was anticipated on West Nursery Road until Monday morning. 


	 
	Road Rental 
	 
	To complete the removal and replacement of the bridge superstructures as quickly as possible and to minimize the amount of time MD 295 and West Nursery Road were closed and detours were in place, MDSHA included a special provision on road rental in the contract (see Appendix D). The road rental would apply during designated periods as follows: 
	 
	 MD 295 northbound—Midnight Friday to 6 a.m. Saturday for superstructure removal and restart at midnight Saturday to 8 a.m. Sunday for superstructure installation 
	 MD 295 northbound—Midnight Friday to 6 a.m. Saturday for superstructure removal and restart at midnight Saturday to 8 a.m. Sunday for superstructure installation 
	 MD 295 northbound—Midnight Friday to 6 a.m. Saturday for superstructure removal and restart at midnight Saturday to 8 a.m. Sunday for superstructure installation 

	 MD 295 southbound—11 p.m. Friday to 6 a.m. Saturday for superstructure removal and restart at 11 p.m. Friday to 8 a.m. Sunday for superstructure installation 
	 MD 295 southbound—11 p.m. Friday to 6 a.m. Saturday for superstructure removal and restart at 11 p.m. Friday to 8 a.m. Sunday for superstructure installation 

	 West Nursery Road—10 p.m. Friday to 8 a.m. Sunday for superstructure removal and installation for each bridge 
	 West Nursery Road—10 p.m. Friday to 8 a.m. Sunday for superstructure removal and installation for each bridge 


	 
	Table 1
	Table 1
	Table 1

	 shows the hourly rental rates, which were based on road user costs. 

	 
	Table 1. Hourly rental rates. 
	Roadway 
	Roadway 
	Roadway 
	Roadway 

	Rental Rate (per hour, all lanes) 
	Rental Rate (per hour, all lanes) 

	Span

	MD 295 southbound 
	MD 295 southbound 
	MD 295 southbound 

	$   175 
	$   175 

	Span

	MD 295 northbound 
	MD 295 northbound 
	MD 295 northbound 

	$   125 
	$   125 

	Span

	West Nursery Road (both directions) 
	West Nursery Road (both directions) 
	West Nursery Road (both directions) 

	$1,500 
	$1,500 

	Span


	 
	Total road rental charges of $106,550 were calculated for the designated period based on the road rental rate. 
	Total road rental charges of $106,550 were calculated for the designated period based on the road rental rate. 
	Table 2
	Table 2

	 shows the calculations.  

	 
	Table 2. Total road rental for designated period. 
	Roadway 
	Roadway 
	Roadway 
	Roadway 

	Allowed Closure (hour) 
	Allowed Closure (hour) 

	Road Rental Rate ($/hour) 
	Road Rental Rate ($/hour) 

	Total Rental Cost 
	Total Rental Cost 

	Span

	MD 295 southbound 
	MD 295 southbound 
	MD 295 southbound 

	16 
	16 

	$   175 
	$   175 

	$    2,800 
	$    2,800 

	Span

	MD 295 northbound 
	MD 295 northbound 
	MD 295 northbound 

	14 
	14 

	$   125 
	$   125 

	$  17,500 
	$  17,500 

	Span

	West Nursery Road (both directions) 
	West Nursery Road (both directions) 
	West Nursery Road (both directions) 

	68 
	68 

	$1,500 
	$1,500 

	$102,000 
	$102,000 

	Span

	Total 
	Total 
	Total 

	$106,550 
	$106,550 

	Span


	 
	No direct payment would be made to the contractor for the road rental lump sum. The contractor would receive an incentive payment equal to the lump sum road rental amount minus the amount of the road rental assessments. 
	 
	Table 3
	Table 3
	Table 3

	 shows the road rental rate outside the designated period, based on Maryland SHA standard established rates, in the form of disincentive. 

	 
	Table 3. Road rental rates (assessed deductions) outside the designated period. 
	Roadway 
	Roadway 
	Roadway 
	Roadway 

	Elapsed Time (minutes) 
	Elapsed Time (minutes) 

	Deduction 
	Deduction 

	Span

	MD 295 
	MD 295 
	MD 295 

	1–10 
	1–10 

	$2,000 
	$2,000 

	Span

	MD 295 
	MD 295 
	MD 295 

	>10 
	>10 

	$1,000 per minute (in addition to the original 10-minute deduction) 
	$1,000 per minute (in addition to the original 10-minute deduction) 

	Span

	West Nursery Road 
	West Nursery Road 
	West Nursery Road 

	1–10 
	1–10 

	$300 
	$300 

	Span

	West Nursery Road 
	West Nursery Road 
	West Nursery Road 

	>10 
	>10 

	$150 per minute (in addition to the original 10-minute deduction) 
	$150 per minute (in addition to the original 10-minute deduction) 

	Span


	 
	The contract specified that roadway rental times and assessed deductions would be evaluated independently for each weekend (i.e., rental times from each weekend would not be added together for determining assessed deductions). 
	 
	The actual experience of queuing during removal and replacement of the northbound superstructure during designated periods was less than the State’s thresholds and quite similar to projections. Furthermore, queuing was less during the southbound superstructure removal and replacement. Even in this instance, the queues were less than the State’s thresholds and similar to projections.  
	 
	Public Information and Outreach 
	 
	A public information and outreach plan is a key component of traffic management. Key goals of the plan include making stakeholders aware of the project, alerting them about potential impacts, modifying travel to reduce traffic congestion during project construction, and promoting project support. 
	 
	MDSHA personnel took the approach to “inform regionally and educate locally.” Planning began more than a year before the start of construction. Outreach personnel established a contact list and continuously updated it, and they held numerous face-to-face meetings with emergency organizations, businesses, hotels, and restaurants in the area.  
	 
	This section of West Nursery Road serves as a business and hotel corridor. Besides other local impacts, construction work at the bridges would impact about 5,000 employees at Northrop Grumman, around-the-clock operations at a mail facility, and visitors to about 20 area hotels and a movie theater complex that attracts about 6,000 people on an average weekend. During the planning and construction of the West Nursery Road bridges, MDSHA implemented an aggressive, comprehensive communication effort with the bu
	of progress being made. The agency also prepared detour cards for visitors to area hotels, restaurants, and theaters (see appendix C).  
	 
	There were no complaints from local businesses or residents during the roadway closure periods. MDSHA’s approach to consider not only local residents but also the many visitors to the area in its outreach was particularly effective. 
	 
	 
	 
	DATA ACQUISITION AND ANALYSIS
	DATA ACQUISITION AND ANALYSIS
	 

	 
	Data collection on the MDSHA HfL project consisted of acquiring and comparing data on safety, construction congestion, quality, and user satisfaction before, during, and after construction. The primary objective of acquiring these types of data was to provide HfL with sufficient performance information to support the feasibility of the proposed innovations and to demonstrate that ABC technologies can be used to do the following:  
	 
	 Achieve a safer work environment for the traveling public and workers. 
	 Achieve a safer work environment for the traveling public and workers. 
	 Achieve a safer work environment for the traveling public and workers. 

	 Reduce construction time and minimize traffic interruptions. 
	 Reduce construction time and minimize traffic interruptions. 

	 Produce greater user satisfaction. 
	 Produce greater user satisfaction. 


	 
	This section discusses how well the MDSHA project met the HfL performance goals related to these areas. 
	 
	SAFETY 
	 
	The use of SPMTs for this project provided several safety benefits. The SPMT technology enabled the superstructures to be fabricated in the median staging area, away from traffic and behind barriers. This improved the safety of the workers in the work zone as well as motorists, who were not exposed to typical work zone hazards. Also, work could be performed during the day without interruptions throughout the construction process. 
	 
	The HfL performance goals for safety include worker and motorist safety goals during construction. During the construction of the West Nursery Road project, no worker injuries were reported , which means MDSHA exceeded the HfL goal for worker safety (incident rate of less than 4.0 based on the rate reported on OSHA Form 300). 
	 
	A 2.38-mi segment of MD 295 between I-195 and I-695 was selected for the operational safety reporting before construction. This roadway segment included the West Nursery Road bridges and part of the pavement on either side of the structure. MDSHA’s 3-year crash history (2008–2010) for the project area was as follows: 
	 
	 This roadway segment experienced 153 reported crashes, 41 percent of which were rear-end collisions, the most common type in the project area. There was a heavier concentration of crashes near the I-195 and I-695 interchanges. 
	 This roadway segment experienced 153 reported crashes, 41 percent of which were rear-end collisions, the most common type in the project area. There was a heavier concentration of crashes near the I-195 and I-695 interchanges. 
	 This roadway segment experienced 153 reported crashes, 41 percent of which were rear-end collisions, the most common type in the project area. There was a heavier concentration of crashes near the I-195 and I-695 interchanges. 

	 There were 67 personal injury crashes on this roadway segment. 
	 There were 67 personal injury crashes on this roadway segment. 

	 There was one fatal crash (alcohol-related) near the I-695 overpass. 
	 There was one fatal crash (alcohol-related) near the I-695 overpass. 

	 The crash rate on this roadway segment—66.0 crashes per 100 million vehicle miles—was higher than the statewide average of 47.6 crashes per 100 million vehicle miles. 
	 The crash rate on this roadway segment—66.0 crashes per 100 million vehicle miles—was higher than the statewide average of 47.6 crashes per 100 million vehicle miles. 

	 Twenty-six percent of crashes (less than the statewide average) occurred at night, suggesting that the lighting and delineation on this section of the highway is sufficient. 
	 Twenty-six percent of crashes (less than the statewide average) occurred at night, suggesting that the lighting and delineation on this section of the highway is sufficient. 


	 
	The history at the two signalized intersections on West Nursery Road during the same 3-year period was as follows: 
	 
	 There were 12 reported crashes, eight of which occurred at the intersection with the northbound ramps and four at the intersection with the southbound ramps.  
	 There were 12 reported crashes, eight of which occurred at the intersection with the northbound ramps and four at the intersection with the southbound ramps.  
	 There were 12 reported crashes, eight of which occurred at the intersection with the northbound ramps and four at the intersection with the southbound ramps.  

	 Six of the crashes involved left-turning vehicles. Drivers were unable to make left turns when West Nursery Road was closed and the detour was implemented. 
	 Six of the crashes involved left-turning vehicles. Drivers were unable to make left turns when West Nursery Road was closed and the detour was implemented. 

	 One crash occurred at night. 
	 One crash occurred at night. 


	 
	Crash data at the interchange ramps for a 3-year period (2006–2008) showed four crashes, three of which occurred during wet conditions.  
	 
	No crashes were reported during construction of this project, meeting the HfL goal. 
	 
	Between the time the HfL project was completed and the date of this report, no motorist crashes were reported, so the goal of reduced motorist crash rates was achieved in the short term. This measure will be tracked for several years.  
	 
	CONSTRUCTION CONGESTION 
	 
	The HfL performance goal on construction congestion is a 50 percent reduction in the time highway users are impacted, compared to traditional construction.  
	 
	If a traditional approach had been used to remove and replace the bridge incrementally while maintaining traffic on a temporary bridge, MDSHA estimates that it would have taken 12 months to complete the project and that construction-related user impacts would have been felt for more than 7 months. The four lanes of traffic on the existing bridges on West Nursery Road would have been reduced to two lanes (one lane in each direction) that would have been maintained on the temporary bridge for 7 months. A road
	 
	In contrast, under the SPMT option, the construction duration for the project was about 7 months, and removal and replacement of each structure impacted users of West Nursery Road for only 2 weekends (less than 36 hours each weekend). Therefore, construction impact on West Nursery Road users in terms of mobility was reduced from 7 months to less than 3 days. Users of MD 295 northbound were affected with only a diversion of traffic from the mainline to the ramps for only 2 nights, as were users of MD southbo
	 
	Both the reduction in total construction time and impacts on motorists for this project far exceeded HfL performance goals.  
	 
	QUALITY 
	 
	This project involved bridge superstructure replacement that matched the existing roadway grades. The only roadway work was to tie the new construction to the existing approach roadways. Therefore, only minimal roadway work was planned. Also, each structure was only about 70 ft long. Because of the very limited length of improvement, it was decided not to make 
	any smoothness assessments. The new riding surfaces of the bridge decks, however, are a great improvement over the deficient, patched surfaces of the original bridges.  
	 
	SPMT use also enabled high-quality superstructure construction under controlled conditions in the median without the construction time restrictions of performing conventional onsite bridge construction, such as erecting beams and stay-in place forms, installing shear studs, tying deck reinforcement, placing and curing deck concrete, and removing temporary formwork. 
	 
	Advanced materials were not used on this project. The advancement on this project was the delivery of the material in an efficient manner without disrupting the traveling public.  
	 
	USER SATISFACTION 
	 
	During the planning and construction of the West Nursery Road project, MDSHA implemented an aggressive, comprehensive communication effort with residents and businesses in the affected zones to keep them informed of all activities. Before the project was advertised, public meetings were held and a project brochure was distributed in the communities. MDSHA officials met with local business associations, Baltimore-Washington International Airport representatives, and individual businesses most affected by the
	 
	MDSHA’s Web page for this project was continuously updated. The information provided included the following: 
	 
	 Project schedule, including special traffic messages 
	 Project schedule, including special traffic messages 
	 Project schedule, including special traffic messages 

	 Project documents, including news releases, factsheets, traffic impacts, and information on detours and typical bridge sections 
	 Project documents, including news releases, factsheets, traffic impacts, and information on detours and typical bridge sections 

	 Project contacts 
	 Project contacts 

	 Maps 
	 Maps 

	 Media information showing project progress with photographs 
	 Media information showing project progress with photographs 

	 Opportunity for Web site visitors to provide feedback  
	 Opportunity for Web site visitors to provide feedback  

	 Answers to frequently asked questions 
	 Answers to frequently asked questions 


	 
	The HfL requirement for user satisfaction includes a performance goal of 4-plus on a Likert scale of 1 to 7 for the following two questions: 
	 
	 How satisfied are you with the results of the new bridge compared to the condition of the previous bridge? 
	 How satisfied are you with the results of the new bridge compared to the condition of the previous bridge? 
	 How satisfied are you with the results of the new bridge compared to the condition of the previous bridge? 

	 How satisfied are you with the approach MDSHA used (accelerated bridge construction) to construct the new bridge in terms of minimizing disruption? 
	 How satisfied are you with the approach MDSHA used (accelerated bridge construction) to construct the new bridge in terms of minimizing disruption? 


	 
	No complaints were received from businesses or residents during the weekend bridge structure moves. 
	 
	MDSHA conducted a postconstruction stakeholder survey of businesses, commuters, and residences. A total of 16 responses were received out of a target population of 60, a response rate of 27 percent. The population consisted of the primary business outreach contact list for hotels, restaurants, and other employers along West Nursery Road and east of MD 295 in what is commonly known as the BWI Hotel District. Survey methods included e-mailing the survey as a fill-in form followed by e-mailing a link to the su
	 
	The survey and comments provided by the respondents is in Appendix E.  
	 
	 Highlights of the survey responses are as follows: 
	 
	 None of the 16 respondents reported experiencing a major delay of more than 30 minutes in their commute as a result of bridge work. Eleven respondents (69 percent) experienced no delay at all. 
	 None of the 16 respondents reported experiencing a major delay of more than 30 minutes in their commute as a result of bridge work. Eleven respondents (69 percent) experienced no delay at all. 
	 None of the 16 respondents reported experiencing a major delay of more than 30 minutes in their commute as a result of bridge work. Eleven respondents (69 percent) experienced no delay at all. 

	 Twelve respondents (75 percent) reported no impact or minor business impact. 
	 Twelve respondents (75 percent) reported no impact or minor business impact. 

	 Fourteen respondents (88 percent) affirmed that MDSHA's communication on closures and detours was "very effective." 
	 Fourteen respondents (88 percent) affirmed that MDSHA's communication on closures and detours was "very effective." 

	 Fourteen respondents (88 percent) affirmed awareness of the deployment of innovative technology on this project. 
	 Fourteen respondents (88 percent) affirmed awareness of the deployment of innovative technology on this project. 


	 
	TECHNOLOGY TRANSFER
	TECHNOLOGY TRANSFER
	 

	 
	By executing a precise, well-coordinated plan, MDSHA successfully removed and replaced the West Nursery Road bridges over MD 295 during two consecutive weekends in November 2012. MDSHA proved that ABC is a cost-effective solution, even for structures with challenging geometric constraints like a sharp skew.  
	 
	To accelerate adoption of this proven innovation nationwide and particularly in the Mid-Atlantic region, representatives of MDSHA and FHWA’s Delmar Division and HfL team developed and implemented a technology transfer plan that included a 4-hour Web conference on the afternoon of January 10, 2013. A total of 89 individuals participated, including representatives from other State highway agencies, FHWA, other government agencies, consulting firms, and academia. The participant list and Webinar agenda are in 
	 
	The Webinar included presentations on the project design, construction, SPMT, removal and replacement of the bridges, and public information and outreach efforts. Presenters included representatives of MDSHA, FHWA, the design consultant, and the contractor. Participants were offered the opportunity to submit questions to the presenters.  
	 
	FHWA’s Maryland Division area engineer served as the moderator, and FHWA’s bridge and tunnel construction engineer served as the facilitator. They ensured that the Webinar proceeded smoothly and that participants' questions were answered.  
	 
	The project manager presented an overview of the project, including the alternatives considered, the feasibility analysis for the use of SPMTs, and a comparison of costs between the SPMT alternative and the conventional alternative.   
	 
	The consultant made a presentation on the SPMT, including its description, advantages, and disadvantages, and pointed to the reference sources available for any agency considering deploying this innovative tool on projects. He discussed the feasibility analysis performed on the use of the SPMT, design impacts, and special provisions on the technology included in the contract proposal. 
	 
	The consultant also made a presentation on project engineering, including how the project team addressed design challenges of differing support locations during SPMT deployment, the impact of severe skew during the move and transfer to temporary supports, the dynamic effects of the move, and the accommodation of bearing replacement during the brief closure periods of superstructure removal and replacement. He also discussed how the underclearance was increased to MDSHA’s minimum goal of 16 ft. 
	 
	A senior traffic engineer with the consultant presented the traffic management plan for the project. It included closure periods and detours during superstructure removal and replacement for each bridge. He also discussed the road rental concept and the incentives and disincentives to complete the removal and replacement of structures during the designated closure periods. He concluded that, overall, the maintenance of traffic during project construction went well. 
	 
	MDSHA District Community Liaison Robert Rager detailed the administration’s public outreach efforts. Eighty-eight percent of respondents to a user satisfaction survey indicated that MDSHA communicated road closure and detour information “very effectively.” 
	  
	Project team members outlined the lessons learned on the project. The participants submitted numerous questions on the challenges during construction, which the team ably answered. MDSHA’s assistant district engineer for construction for District 5 presented lessons learned from a construction perspective and presented changes that should be considered in future contracts of this type. 
	 
	The Webinar was a tremendous success. Participants from States, academia, and the consultant community learned about the ABC and SPMT concepts and their practical implementation on a successful project. 
	ECONOMIC ANALYSIS
	ECONOMIC ANALYSIS
	 

	 
	A key aspect of HfL demonstration projects is quantifying, as much as possible, the value of the innovations deployed. This entails comparing the benefits and costs associated with the innovative project delivery approach adopted on an HfL project with those from a more traditional delivery approach on a project of similar size and scope. The latter type of project is referred to as a baseline case and is an important component of the economic analysis.  
	 
	For this economic analysis, MDSHA supplied most of the cost figures for the as-built project. The assumptions for the baseline case costs were determined from discussions with MDSHA and FHWA DelMar Division staff and national literature.  
	 
	CONSTRUCTION TIME 
	 
	MDSHA believes that, through the use of innovative construction technologies such as SPMTs and ABC, it was able to dramatically reduce the impact of this project’s construction on roadway users. For the as-built case, although the substructure and superstructure took 4 or 5 months to complete, the impact on users was minimal until the West Nursery Road bridges were ready to be removed and replaced.  
	 
	If a traditional approach had been used to remove and replace the bridge incrementally while maintaining traffic on a temporary bridge, MDSHA estimates that it would have taken 12 months to complete the project and that construction-related user impacts would have been felt for more than 7 months. In contrast, under the SPMT option, the construction duration for the project was 7 months and removal and replacement of each structure impacted users of West Nursery Road for only 2 weekends. Users of MD 295 nor
	 
	The following detours were in effect during the superstructure removal and replacement: 
	 
	 MD 295 northbound—Midnight Friday to 6 a.m. Saturday for superstructure removal and restart at midnight Saturday to 8 a.m. Sunday for superstructure installation 
	 MD 295 northbound—Midnight Friday to 6 a.m. Saturday for superstructure removal and restart at midnight Saturday to 8 a.m. Sunday for superstructure installation 
	 MD 295 northbound—Midnight Friday to 6 a.m. Saturday for superstructure removal and restart at midnight Saturday to 8 a.m. Sunday for superstructure installation 

	 MD 295 southbound—11 p.m. Friday to 6 a.m. Saturday for superstructure removal and restart at 11 p.m. Friday to 8 a.m. Sunday for superstructure installation 
	 MD 295 southbound—11 p.m. Friday to 6 a.m. Saturday for superstructure removal and restart at 11 p.m. Friday to 8 a.m. Sunday for superstructure installation 

	 West Nursery Road—10 p.m. Friday to 8 a.m. Sunday for superstructure removal and installation for each bridge 
	 West Nursery Road—10 p.m. Friday to 8 a.m. Sunday for superstructure removal and installation for each bridge 


	 
	CONSTRUCTION COSTS 
	 
	 
	 


	 
	 

	Table 4
	Table 4
	 presents construction costs related to the SPMT, including grading of the median area, construction of temporary towers to support the removed structure, and two replacement superstructures. Amounts shown are actual bid prices. 

	 
	 
	Table 4. Costs attributed to SPMT deployment. 
	Item 
	Item 
	Item 
	Item 

	Cost 
	Cost 

	Span

	Transporting superstructures 
	Transporting superstructures 
	Transporting superstructures 

	$450,000 
	$450,000 

	Span

	Grading median 
	Grading median 
	Grading median 

	$5,700 
	$5,700 

	Span

	Rebuilding shoulders 
	Rebuilding shoulders 
	Rebuilding shoulders 

	$120,000 
	$120,000 

	Span

	Constructing temporary towers 
	Constructing temporary towers 
	Constructing temporary towers 

	$290,000 
	$290,000 

	Span

	Total 
	Total 
	Total 

	$865,700 
	$865,700 

	Span


	 
	MDSHA estimated that the additional costs related to a temporary structure to manage West Nursery Road traffic for the conventional option was about $800,000. Also, this alternative required reconfiguring ramps, acquiring right-of-way, and constructing temporary approach roadways to the temporary bridge. A detailed analysis of the additional costs was not done because the agency had decided on the SPMT option based on the costs of the temporary bridge alone. The project manager estimated the additional cost
	 
	USER COSTS 
	 
	User costs are defined as added vehicle operating costs and delay costs to highway users due to construction activity. These costs are incurred because of extra travel distance using detours and when motorists are delayed by congestion in the work zone. The project team used MDSHA’s LOPB methodology to calculate user costs. The calculations showed the following: 
	 
	 User cost per night detouring MD 295 traffic using West Nursery Road Ramps = $7,000. 
	 User cost per night detouring MD 295 traffic using West Nursery Road Ramps = $7,000. 
	 User cost per night detouring MD 295 traffic using West Nursery Road Ramps = $7,000. 

	 User cost for detouring West Nursery Road traffic due to closure during each weekend = $34,000. 
	 User cost for detouring West Nursery Road traffic due to closure during each weekend = $34,000. 

	 User cost for each day of channeling traffic on to temporary bridge = $2,000. 
	 User cost for each day of channeling traffic on to temporary bridge = $2,000. 


	 
	Using these figures, user costs for the SPMT option were calculated as follows: 
	 
	2 (superstructures) x 2 (nights) x $7,000 + 2 (weekends) x $34,000 = $96,000 
	 
	In comparison, user costs for the conventional option of using a temporary bridge for 7 months were calculated as follows: 
	 
	7 (months) x 30 (days per month) x $2,000 = $420,000 
	 
	Therefore, ABC techniques saved $324,000 in user costs.  
	 
	COST SUMMARY 
	 
	Traditional construction methods would have cost MDSHA about the same as accelerated construction using the SPMT. Traditional methods, however, would have generated $324,000 
	more in user costs. With the low bid on the project of $4,641,533.35, the savings in user costs were about 7 percent.  
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	APPENDIX A: DECISION ANALYSIS MATRIX
	 

	 
	The Maryland State Highway Administration considered eight alternatives for the project. The table below shows objectives and the variety of factors that went into the decision-making.  
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	Figure
	Figure 38. Factsheet on bridge facts and technical data. 
	 
	 
	Figure
	Figure 39. Factsheet on project. 
	 
	Figure
	Figure 40. Bridge move timeline. 
	 
	 
	 
	 
	Figure
	Figure 41. Factsheet on use of SPMTs to remove existing superstructure. 
	 
	Figure
	Figure 42. Use of SPMTs to install new superstructure. 
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	Figure 43. Detour card. 
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	WEST NURSERY ROAD BRIDGE REPLACEMENT PROJECT WRAP-UP AND SURVEY 
	 
	February 2013 
	 
	The replacement of two West Nursery Road bridges over MD 295 is complete except for minor landscaping, touch-up, and cleaning. The Maryland State Highway Administration’s (SHA’s) goal was to construct the new bridges in the MD 295 median and move them into place over two weekends, with as little impact on traffic and local businesses as possible. 
	 
	As a member of the SHA project e-mail list, you are receiving this survey. Your responses to a few questions will help SHA evaluate our efforts to communicate this work to area stakeholders, and will help guide future communication efforts. 
	 
	NOTE: SHA only replaced the two bridges over MD 295. A private developer constructed turn lane and signal improvements on West Nursery Road and that work was NOT related to the bridge replacements. This survey asks you to consider only the bridge replacement work and the weekend closures/detours on West Nursery Road and MD 295. 
	 
	This 15 question, multiple-choice survey should take about 3 minutes to complete. Use your mouse to check the appropriate boxes. Please SAVE this survey when completed and e-mail to 
	This 15 question, multiple-choice survey should take about 3 minutes to complete. Use your mouse to check the appropriate boxes. Please SAVE this survey when completed and e-mail to 
	rrager@sha.state.md.us
	rrager@sha.state.md.us

	. Thank you! 

	 
	1) Which one of these statements best describes you? 
	1) Which one of these statements best describes you? 
	1) Which one of these statements best describes you? 


	8   I commute/work along West Nursery Road 
	0   I own or manage a business along West Nursery Road 
	2  I live near West Nursery Road 
	2  I work in a customer service business along West Nursery Road (e.g., hotel,    restaurant) 
	1  Other 
	 
	2) How did the bridge work affect your commute/driving? 
	2) How did the bridge work affect your commute/driving? 
	2) How did the bridge work affect your commute/driving? 


	9  Not at all 
	4  Minor delays (up to 30 minutes additional travel time) 
	0  Major delays (more than 30 minutes additional travel time) 
	3) How did the bridge work affect your business (if applicable)? 
	3) How did the bridge work affect your business (if applicable)? 
	3) How did the bridge work affect your business (if applicable)? 


	3  Minor business impact 
	2  Major business impact 
	7  No impact 
	 
	4) If your business or employment was impacted by the bridge work, which of these best describes the impact? (Please check all that apply) 
	4) If your business or employment was impacted by the bridge work, which of these best describes the impact? (Please check all that apply) 
	4) If your business or employment was impacted by the bridge work, which of these best describes the impact? (Please check all that apply) 


	0  Fewer customers 
	0  Loss of sales 
	3  Employees late for work 
	1  Meetings postponed or cancelled 
	4  Customers asking for directions 
	  
	5) If your work along or near West Nursery Road involves customer service, do you recall if any customers complained about the bridge work, road closures or detours? 
	5) If your work along or near West Nursery Road involves customer service, do you recall if any customers complained about the bridge work, road closures or detours? 
	5) If your work along or near West Nursery Road involves customer service, do you recall if any customers complained about the bridge work, road closures or detours? 


	4  Yes, I heard a few complaints 
	0  Yes, there were many complaints 
	3  No, I was not aware of any complaints 
	 
	6) How did you first learn about this project? 
	6) How did you first learn about this project? 
	6) How did you first learn about this project? 


	0  Radio or Television 
	0  Newspaper 
	1  Community newsletter 
	2  Internet 
	0  Social media (Twitter, Facebook) 
	10  Personal contact with SHA representative 
	 
	7) Did you or your business receive any of the following materials from SHA regarding the bridge work? (Please check all that apply) 
	7) Did you or your business receive any of the following materials from SHA regarding the bridge work? (Please check all that apply) 
	7) Did you or your business receive any of the following materials from SHA regarding the bridge work? (Please check all that apply) 


	5  Bridge project presentation video 
	8  Detour card/map  
	6  Project factsheet 
	7  FAQ 
	7  Project timeline 
	 
	8) Which of these resources was the MOST useful/helpful? 
	8) Which of these resources was the MOST useful/helpful? 
	8) Which of these resources was the MOST useful/helpful? 


	5  Detour card/map 
	1  Bridge project presentation video 
	2  Project factsheet 
	4  FAQ 
	3  Project timeline 
	2  SHA Web site (
	2  SHA Web site (
	www.roads.maryland.gov
	www.roads.maryland.gov

	) 

	 
	9) Overall, how useful was the detour card/information? 
	9) Overall, how useful was the detour card/information? 
	9) Overall, how useful was the detour card/information? 


	6  Very useful 
	4  Somewhat useful 
	3  Not useful at all 
	10) Overall, how useful was the SHA Web site in providing project, road closure, or detour information? 
	10) Overall, how useful was the SHA Web site in providing project, road closure, or detour information? 
	10) Overall, how useful was the SHA Web site in providing project, road closure, or detour information? 


	6  Very useful 
	5  Somewhat useful 
	1  Not useful at all 
	 
	11) Overall, how effectively did SHA communicate the road closures and detours? 
	11) Overall, how effectively did SHA communicate the road closures and detours? 
	11) Overall, how effectively did SHA communicate the road closures and detours? 


	12  Very effectively 
	1  Somewhat effectively 
	0  Not effectively at all 
	 
	12) Did you have direct contact with SHA staff during this project? If so, please rate your experience: 
	12) Did you have direct contact with SHA staff during this project? If so, please rate your experience: 
	12) Did you have direct contact with SHA staff during this project? If so, please rate your experience: 


	8  Very positive 
	3  Somewhat positive 
	1  Neither positive or negative 
	0  Somewhat negative 
	0  Very negative 
	 
	13) What could SHA have done better in communicating road closure and detour information? (Please check all that apply) 
	13) What could SHA have done better in communicating road closure and detour information? (Please check all that apply) 
	13) What could SHA have done better in communicating road closure and detour information? (Please check all that apply) 


	0  Use more/better direct contact with area residents and businesses 
	0  Use more/better printed materials 
	10  Nothing–good job 
	2  Use more radio and television 
	2  Put more information on the Internet 
	0  Use more social media 
	 
	14) Were you aware that this project used special bridge moving technology (“self-propelled modular transporters”) to replace the bridges? 
	14) Were you aware that this project used special bridge moving technology (“self-propelled modular transporters”) to replace the bridges? 
	14) Were you aware that this project used special bridge moving technology (“self-propelled modular transporters”) to replace the bridges? 


	12  Yes 
	1  No 
	 
	15) Please include any additional comments here: 
	15) Please include any additional comments here: 
	15) Please include any additional comments here: 


	See Below 
	 
	THANK YOU! 
	Please save this completed survey and attach it to an e-mail to 
	Please save this completed survey and attach it to an e-mail to 
	rrager@sha.state.md.us
	rrager@sha.state.md.us

	 

	 
	  
	Comments 
	 
	I found the e-mail notifications very useful. For the scope of the work that was done, I must say that you did an awesome job with very little disruption to travelers. 
	 
	It seems that SHA's priority in choosing detour routes is to minimize the total impact on the neighboring roads. But my personal goal in choosing a detour route is how to get to and from work the fastest. These two goals were in direct conflict. Personally I would NEVER have chosen SHA's detour routes, nor recommended them to anyone else, simply because there were always better options, no matter which direction you were going from or coming to.  
	 
	Although you said contractors were responsible for lanes and lights, I have to say the turn arrows are not visible when coming up the ramp heading north on 295 and turning east on West Nursery. Many drivers are ignoring the NO TURN ON RED sign. In fact some are proceeding from the second and third turn lanes. I think larger no turn on red signs are needed and also adjustments on the turn arrow signals. 
	 
	Good job!  
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	West Nursery Road Over MD 295/Baltimore-Washington Parkway Bridge Replacement  
	 
	AGENDA 
	January 10, 2013 
	  
	 Moderator: Ian Cavanaugh, Area Engineer–FHWA Maryland Division 
	 Facilitator: Tim Cupples, Bridge and Tunnel Construction Engineer–Federal Highway Administration 
	 
	12:30 p.m.–12:40 p.m.  Welcome     
	 
	12:40 p.m.–1:00p.m. Project Overview 
	Jeff Robert, Senior Project Manager–MDSHA 
	 
	1:00 p.m.–1:40 p.m.  SPMT Presentation 
	Donald Tusing, Senior Project Engineer–RK&K Consultants 
	 
	1:40 p.m.–2:05 p.m.  MOT/Lane Rentals 
	Scott Crumley, Senior Traffic Engineer–RK&K Consultants 
	 
	 2:05 p.m.–2:35 p.m.   Public Outreach 
	Robert Rager, District Community Liaison–MDSHA 
	 
	2:35 p.m.–2:45 p.m.  Break 
	 
	 
	2:45 p.m.–3:30 p.m.  Project Engineering 
	Donald Tusing, Senior Project Engineer–RK&K Consultants 
	 
	 3:30 p.m.–4:30 p.m.   Lesson Learned 
	Todd Becker, Vice President of Operations–G.A. & F.C. Wagman, Inc. 
	Jeff Robert, Senior Project Manager–MDSHA 
	Donald Tusing, Senior Project Engineer–RK&K Consultants 
	 
	 4:30 p.m.    Adjourn 
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