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Abstract: Queensboro Bridge is one of the four East River crossings in New York City. Its 

5-span cantilever truss structure opened in 1909 and over the ensuing century has 

undergone several modifications. Today it carries 9 vehicular lanes and one pedestrian / 

bicycle lane on two levels, averaging 180 vehicles daily. The forthcoming replacement of 

the upper deck must accommodate the complex, and sometimes contradictory structural 

and logistical constraints of the structure and its essential service. The condition and 

capacity of the many fracture-critical details had to be determined by the most advanced 

non-destructive techniques available. The article describes highlights of these projects, 

essential to extending the useful life of the bridge into the 21
st
 century. 
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1. Introduction: design, construction, and management 

The Queensboro Bridge (QB) in New York City is a five-span cantilever truss, connecting 

the boroughs of Manhattan and Queens with two piers in Roosevelt (formerly Blackwell) 

Island. In 1899 Richard S. Buck submitted a design for a 36 m wide bridge on one level. In 

1903 Transportation Commissioner Gustav Lindenthal (1850 – 1935) assumed credit for 

modifying the design to two 20 m wide levels with 2 m wide lanes cantilevering outside 

the main trusses on the lower level. Figs. 1 and 2 illustrate a general view looking East and 

a summary of construction information.  

      On August 27, 1907 the Quebec cantilever truss bridge experienced the first of its two 

collapses during construction. Its main span, with a suspended portion between the 

cantilevers, was to have a record length of 550 m. There is no suspended span at the QB.  

Its five spans are 143 m, 361 m, 384 k, 300 m, and 140 m long, respectively. Despite the 

fundamental differences between the two bridges however, two investigations halted the 

Queensboro construction for a year. The results [1] were mostly favourable. Provisions for 

train and snow loads were increased. The bridge opened in 1909 with 2 subway and 4 

trolley lines, 3 vehicular lanes, and 2 pedestrian walkways. The trolley service included an 

elevator connecting to Blackwell Island. Figure 3 illustrates consecutive traffic 

modifications. By 1955 all rail tracks had been removed. A proposal for light rail on the 

South cantilever for access to the airports did not materialize in the 1990’s. That lane and 
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the 8 inner lanes carry an estimated average daily traffic (ADT) of 180,000 vehicles. The 

North cantilever currently serves pedestrians and bicycle riders. Fig. 4 illustrates the 

current cross section and service. 

   
 

Fig. 1. Queensboro Bridge (QB): General view 

          

    

Fig. 2. QB: Construction information 

 
 

Fig. 3. QB: Service history and number of users, two lanes closed for reconstruction 

     Downstream across East River, Manhattan Bridge is purely suspended, with four 

parallel-wire cables, each composed of roughly 10,000 high strength wires. It was designed 

by Ralph Modjeski (1861 – 1940) and Leon Moisseiff (1872 – 1943) and extended John 

Roebling’s (1806 - 1869) innovations at the adjacent Brooklyn Bridge into the 20
th

 

century. In perfect contrast with its contemporary neighbour, the Queensboro is dominated 

by Gustav Lindenthal’s trademark eye-bar chains, typical of 19
th

 century truss design at its 

peak. At the time of construction, the longest span in the world was the cantilever truss at 

the Firth of Forth in Scotland. By 1967 the use of eye-bar chains in long spans had long 

been discredited. Then, on Dec. 15, the 39 – year old Silver Bridge over the Ohio River at 

Point Pleasant, West Virginia, collapsed due to a brittle fracture of one eye-bar in the 

suspension chain. All eye-bars on the QB are in multiple parallel groups, providing greater 

redundancy, but the condition of any primary members with eye-bars will remain a 

primary concern.  

      The conversion of rail to vehicular traffic had reduced the live load, allowing the QB to 

perform without major incident through the 1980’s. Primarily due to the neglected 
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maintenance of the preceding decades however, by then its roadways were heavily 

deteriorated, and major capital expenditures became necessary.  The rehabilitation 

contracts executed on the structure since 1984 are enumerated in Table 1 [2]. The total cost 

adds up to an estimated total of $1.05 to $1.20 billion (not corrected for inflation). Two of 

the most recent tasks in Table 1 are briefly described herein. 

Table 1. Capital improvements on QB 1984 – 2025 (cost not adjusted for inflation)  

QUEENSBORO BRIDGE REHABILITATION ITEMS       TOTAL ESTIMATED COST  

SCOPE OF WORK                                                                                  YEAR MILLION $                                            

Repair lower outer roadways / reconstruct two ramps in lower Queens.   1984       18.80*  

Reconstruct south upper roadway, replace inspection platforms, lighting.1986       31.50*     

Interim rehabilitation, repairs to lower deck and main bridge approaches.1984        2.80*     

Interim rehabilitation, repairs to lower deck, main bridge,  

and new median barrier.                                                                              1985        3.00*     

Reconstruct north upper roadway and Queens approaches A & B,  

rehabilitate bearings at Queens approach.                                                   1989      50.00*     

Reconstruct ramps C & D (Queensboro only, not Thompson Avenue).     1988      10.40*     

Rehabilitate bridge bearings, pier tops, and truss lower chords.                 1989      18.00*     

Rehabilitate Queens approach trusses, lower inner roadways  

on the main span and approaches.                                                               1996    172.00*     

Rehabilitate lower outer roadways main span and approaches,  

(bikeway) cleaning and painting.                                                                 2001    227.05*     

Cleaning and painting main bridge upper trusses.                                       2009    168.24*    

Installation of aviation lighting                                                                    2010        1.76*  

Miscellaneous Items – Component Rehabilitation.                                     2016       43.88*     

Eye-bar investigation.                                                                                  2016        0.62***       

Replacement of Upper Roadways                                                    2020 150.00 - 250.00*** 

Seismic Retrofit.                                                                               2025 150.00 - 200.00***        

    TOTAL:                                                                                              1,048.05 - 1,198.05_       

 *  Complete; ** In Construction; *** In Design  

     As Table 1 indicates, the upper roadways were reconstructed in 1986 - 1989. They 

consisted of concrete filled grids, supported on the original steel stringers. During the 

1990’s, their wearing surfaces began delaminating, and their modular joints were 

malfunctioning. A new deck replacement was planned for 2020. As a first step, the 

condition and load-bearing capacity of the many fracture-critical elements had to be 

assessed accurately and realistically. 

 

2. Non-destructive investigation of eye-bars and pins 

2.1. Fabrication 

The upper chords of the main trusses at the QB consist of eye-bar chains.  In an innovative 
application for a long-span bridge, these members were fabricated of nickel steel [1], [3], 
[4]. That steel was about 70% stronger than carbon steel, allowing for slimmer, lighter 
members. The less highly stressed eye-bars in the tension diagonals are fabricated from the 
commonly used carbon steel. The QB is one of the few bridges where the nickel steel eye-
bars were forged. On later bridges, eye-bars are cut out of flat plates.   
     Originally the eye-bar heads at the pins were spaced at 3 mm. Over the years, corrosion 
fused them together.  Figure 5 illustrates a typical eye-bar configuration.  Interior eye-bars 
and pins are entirely inaccessible for visual inspection. Moreover, visual inspections of 
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such fracture-critical elements are inconclusive. Hence, an in-depth investigation by the 
most advanced non-destructive testing system available had to be conducted.   

 

Fig. 4. QB: Typical cross section (dimensions in ft) 

 

2.2. Ultrasonic testing 

Phased-array ultrasonic testing (PA-UT) was best suited for the purpose. In PA-UT, a 
transducer generates a range of ultrasonic search angles. Defects are detected by an 
automated dynamic control of the search properties. Corrosion can be mapped.  Edison 
Welding Institute (EWI) had developed this emerging ultrasonic technology. After a 
thorough selection process, NYCDOT retained EWI to perform ultrasonic testing of eye-
bars and pins at eleven representative panel points on the north truss of the bridge. Critical 
in the selection of PA-UT was the requirement to distinguish between an “indication” of a 
significant defect and insignificant surface irregularities. Since the eye-bars / pin details 
occur at over 350 panel points along the truss upper chords, the outcome of the scanning 
would have to demonstrate both the capability of the PA-UT technology and the adequacy 
of the sample size.   

The PA-UT process [5] and a typical scan result are shown schematically in Fig. 6.  The 
transducer is placed at the outside edge of the eye-bar and the ultrasonic energy is 
transmitted over a range of angles into the eye-bar head.  From a given position, the beams 
may be focused to various intensities for desired scanning resolution.  By repeating the 
scans at regular distance intervals around the perimeter of the eye-bar head, the entire eye-
bar head can be scanned.  The technology is still refined, however EWI was able to show 
good correlation between scan results and manufactured defects in a laboratory mock-up, 
even locating the root and tip of some cracks in the test samples.  The PA-UT could detect 
indications down to a minimum length of 6 mm in the laboratory.  
     In the pins, relevant indications were generally limited to mismatch in the 50 mm 
diameter bore hole down the longitudinal axis of the pin. One pin was found to have a 
significantly reduced diameter. Figure 5 shows a typical testing of a pin in progress. 

In eye-bars, the tests found “indications” of anomalous conditions suggesting potential 
flaws or defects at six of the eleven locations.  At one location, as many as three eye-bars 
showed “indications” less than 6 mm deep in the bore surface. Two pins showed signs of 
measurable corrosion and section loss, and one pin was reported as having a “relevant” 
indication, possibly a sharp notch. With very few exceptions, the “indications” found in the 
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eye-bars occurred at the interface between the eye-bar and pin very close to the centerline 
of the shaft of the eye-bar. Only three “indications” were found beyond 30 degrees from 
the head of the eye-bar. 

2.3. Analysis and further investigation 

The initial test findings pointed to a need for further investigation of those “indications”, 
which might be service-induced.  To that end, NYCDOT directed Weidlinger Associates, 
Inc. (WAI) and subconsultant Lucius Pitkin, Inc. (LPI) to study the stress environment of 
select bridge nodes in order to assess the rate of fatigue and to determine the possible 
effects of stress corrosion cracking (SCC). Because of their multiplicity, not all of the truss 
eye-bars are strictly fracture critical, whereas all pins are. Consequently, the study included 
analyses to determine whether flaws would propagate and at what rate.  The stresses at four 
panel points deemed to represent significant “indications” were investigated for possible 
fatigue and corrosion cracking by a testing program and analysis.   
    WAI analyzed the global response of the bridge using the three-dimensional SAP 2000 
(Computers and Structures, Inc.) model, illustrated in Fig. 7. The model includes the entire 
bridge from anchor pier to anchor pier.  Truss members and floor beams are modeled as 
frame elements.  The upper and lower roadway decks are modeled as shell elements.  
 

 
 

Fig. 5. Phased-array ultrasonic testing of a pin 

 
 

Fig. 6. PA-UT scan of an indication 
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Fig. 7. Global F.E. model of QB for static / dynamic analysis 
 
Global structural analysis was performed to estimate the forces in the eye-bars due to 

dead, live, wind and thermal loadings.  Finite element models were used to estimate the 
complex stress environment within the connection as forces flow through the eye-bar 
shank, into the head of the eye-bar and, ultimately, into the pin. The analysis included 
excursions in the plastic range. 

LPI performed short-term and long-term strain gage monitoring at strategic locations to 
record transient stresses in the eye-bars.  Armed with the strain gage data and model 
results, LPI performed a fitness-for-service assessment and estimates the remaining fatigue 
and SCC life.  By calculating the rate of crack growth according to fracture mechanics, LPI 
was able to estimate the expected useful life. 

  Very few gages registered peak stresses exceeding 70 kg/cm
2
.  The peak stresses in the 

eye-bars were compared to the stress levels predicted in the SAP 2000 global model for the 
AASHTO fatigue loading combination.  Low as they were, the measured transient stresses 
were higher than the model predicted.  In some cases, they exceeded 3-fold the AASHTO 
value. WAI has observed similar results in previous studies where strain gage 
measurements on the floor system of a suspension bridge indicated that the regular truck 
traffic was considerably heavier than the AASHTO fatigue truck. 

   The fatigue life of the investigated critical elements was estimated based on the 
findings.  Further investigations during subsequent projects were recommended, but no 
immediate remedial measures were deemed necessary. The results supplied the stress level 
and load-bearing capacity information needed for the design of the forthcoming upper deck 
replacement and the seismic retrofit.  
 

3. Upper level deck replacement 

3.1. Deck alternatives 

The new upper deck would have to be lighter, allow staged installation, and provide a 

minimum service life of 40 years. WAI developed the following four conceptual deck 

alternatives [6]:  
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Alternative 1: A full depth grid deck with half-filled light weight concrete and thin wearing 

surface, along with new lighter supporting steel stringers.  

Alternative 2: An open rib steel orthotropic deck with thin wearing surface, along with 

removal of existing steel stringers in selected locations in cantilever and anchor spans. 

Alternative 3: An aluminium isotropic deck with thin wearing surface, along with new 

lighter supporting steel stringers.  

Alternative 4: Replace in-kind the steel grid with full depth light weight concrete fill and 

thin wearing surface. 

        Alternatives 1, 2, and 3 are shown in Fig. 8. All the four conceptual alternatives 

exceed the minimum desired service life criteria.  Alternative 1 has a projected service life 

of over 50 years period. Alternatives 2 and 3 provide an expected 75 years of life. 

Alternative 4 is estimated to have an expected life of approximately 40 years. The 

estimated construction costs for all four alternatives are reasonably close, with Alternative 

1 being the most expensive. The life cycle costs for Alternatives 2 and 3 are about 20% 

lower than that of Alternative 1, primarily due to their longer service life. Alternative 2 – 

the orthotropic deck system, provides the most beneficial life cycle cost. Alternative 4 

provides the least expensive deck but has the highest life cycle costs, primarily since it has 

the shortest service life.  

      Among Alternatives 1 to 3, Alternative 1 reduces the dead load the least, by 0.74 t/m. 

Alternative 2 reduces dead load by about 1.6 t/m at locations where existing stringers will 

be removed, and provides almost no reduction elsewhere. Alternative 3 reduces the dead 

load most significantly, by 3.1 t /m, throughout the length of the main bridge. Furthermore, 

Alternative 3 can reduce tensions due to dead load by about 8% in top chords, and by 7% 

in diagonals. Alternative 2 reduces the same by 4% and 2%, respectively. Although the 

service life of eye-bars in the top chords and diagonals cannot be quantified at this time, 

the reduction in dead load tension should increase their service life, especially if the lower 

roadway grid deck is also replaced with a lighter deck in future contracts. Alternative 3 has 

the shortest construction duration, as it provides the simplest erection procedure. It also 

requires minimum maintenance since aluminium material does not require painting for 

corrosion protection. However, the aluminium deck is a proprietary system which may 

require a waiver for federal funding. 

 

1.  
 

Figs. 8. Replacement alternatives: 1. Steel grid with overlay 
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2.  

3.  
 

Figs. 8. Replacement alternatives: 

2. Open rib steel orthotropic deck; 3. Aluminium deck 

3.2. Recommendation 

The four deck alternatives were evaluated based on the following criteria: 

- Estimated construction and life cycle cost including fabrication, installation, floor system 

modifications and related incidental work such as deck joints & overlays in the main spans. 

- The weight reduction associated with each new deck systems (including deck, overlay, 

crossbeams, stringers, and barriers) will improve load rating of trusses and alleviate high 

local stresses in eye-bars. 
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- Expected performance including reliability/risks of the deck systems and maintenance 

considerations. 

  The total estimated costs associated with the four Alternatives are summarized in Table 2.   

Table 2. Cost estimates and construction schedule for the 4 alternatives ($ in millions) 

   

Option  

 

Main Bridge  

 

Approaches Total Cost 

(2018) 

Closed 

Lanes 

Deck, 

Support  

Struct. 

Removal  

Contin.

Closure 

Months 

Lanes 

Project 

Duration 

Months 

Lanes 

   2   1  2  1  2  1 

    1 Grid Deck 

with Overfill 

& Stringer 

Replacement 

Replace in 

Kind 

 233 273      84 16  26  32  44  

Repair 

(Overfill & 

Joint Rep.) 

 186 217      63 12 20 28 36 

    2 Steel 

orthotropic 

Deck & 

Remove 

Stringers in 

Select Spans 

Replace in 

Kind 

 220 259      75 16 26 32 44 

Repair 

(Overfill & 

Joint Rep.) 

 173 204      55 12 20 28 36 

Replace 

Orthotropic 

deck 

 225 264      79 16 26 32 44 

    3 Aluminium 

Deck & 

Stringer 

Replacement 

Replace in 

Kind 

 233 271      86 14 24 30 42 

Repair 

(Overfill & 

Joint Rep.) 

 186 215      66 11 18 26 33 

    4 Grid Deck 

Replacement 

in Kind & 

Maintain 

Exist. Floor 

System  

Replace in 

Kind 

 201 240      64 14 24 30 42 

Repair 

(Overfill & 

Joint Rep.) 

 159 190      44 12 20 28 36 

 

    The steel orthotropic deck system (Alternative 2) is recommended. Included is the 

removal of stringers in approximately 40 spans. The dead loads of the bridge and hence, 

the forces in the existing overloaded truss members are reduced. The aluminium deck 

reduces the weight more effectively, however, it is not recommended, due to the lack of 

comprehensive design guidelines and long-term records of performance on comparable 

long-span bridges.  Maintenance and repair information is almost entirely lacking.  

    The existing grid decks in the approach spans and ramps will be repaired in this contract 

to extend their service life until available funding is in place to replace them in the future. 

The deteriorated and failed concrete overfill and deck joints will be replaced. 

    In general, V or U shaped closed rib orthotropic decks are torsionally stiffer than open 

rib decks, leading to more effective lateral distribution of wheel loads. However, their 

fabrication requires technology and facilities not commonly available in the U.S. and the 

costs are significantly higher than for the open rib option. Despite its poor torsional 

stiffness, the open rib deck has the advantage of relatively easy fabrication by many 
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domestic manufacturers. It is taken into account that the deck carries mostly cars and 

sporadic buses.  

       The open rib deck fits best the existing geometry and has a simpler transverse 

diaphragm design (Fig. 8 – 2.). The bolted connections will utilize existing rivet holes. The 

open rib deck offers the same capability as the closed rib system and provides more 

flexibility to keep the deck depth shallow over the floorbeams. The critical vertical 

clearance could be compromised with a closed rib configuration.  

      The dead loads of the proposed deck alternatives were input into the finite element 

model (Fig. 7). All 4 proposed decks reduce the total number of overstressed truss 

members. Of the 65 over-stressed members per truss in the existing condition, the partially 

filled grid deck, the steel orthotropic, and the aluminium option eliminate 20, 36, and 54 

members, respectively. The steel orthotropic and the aluminium options offer more 

substantive reductions in overstressed members than the grid deck option. The aluminium 

deck results in 11 members with some overstress, although only one member per truss 

would have a Demand / Capacity ratio D/C > 1.05. No alternative eliminates overstress 

completely, because the deck of the upper roadway accounts for less than 9% of the 

superstructure weight of the bridge. Consequently, a 50% reduction of the upper deck 

weight reduces the dead load at the trusses by only 4.5%. To fully relieve the trusses from 

overload, a future rehabilitation contract should replace the lower deck with a light-weight 

alternative.   

3.3. Deck overlay alternatives 

Only thin overlays are considered in order to minimize the weight of the deck and to 

maximize the travel clearance above the wearing surface. Polyester polymer concrete and 

epoxy asphalt concrete are not considered due to their greater thickness and weight. Four 

thin overlay products are considered:  

A. Micro-Surfacing; B. Bridgemaster; C. Flexogrid; D. Flexolith  

A.  Micro-Surfacing  

      Micro Surfacing is a proportioned mixture of polymer modified emulsified asphalt, 

mineral aggregates, mineral fibre, and other additives. This system was installed on the 

grid decks of the Brooklyn Bridge in 2000, and was replaced in 2007 after some 

delamination occurred. It was also used on the North Upper, South Upper and Lower 

Roadways of Manhattan Bridge. On Manhattan Bridge the performance has been good, 

except on the South Upper Roadway where it was placed over a spray-on waterproofing 

membrane. Combining micro-surfacing and spray-on waterproofing membrane is not 

recommended. Overall, Micro-surfacing has performed well, however not particularly on 

steel orthotropic decks. 

B.  Bridgemaster  

      Bridgemaster is a fast curing, Methyl Methacrylate (MMA) resin-based screed 

combined with an aggregate over scatter and sealer. It has curing time of less than one hour 

to a dry surface restoring service at temperature below 32⁰F. Moreover, damage can be 

easily repaired throughout the life of the structure. At the Bronx-Whitestone Bridge 

Bridgemaster replaced the deteriorated Flexogrid in 2012, and at the RFK Triboro Bridge it 

replaced the deteriorated T-48 in 2011. The Triboro Bridge and Tunnel Authority (TBTA) 

reports good performance on both bridges.  

C.  Flexogrid  

     Flexogrid is a thin, impervious polymer overlay consisting of copolymer, formed by an 

epoxy and a urethane molecule. The urethane molecule keeps the copolymer flexible at 

low temperatures, resulting in better fatigue performance. The system is installed in two 

layers manually or by machine. Flexogrid was installed on the Bronx-Whitestone Bridge in 

2005. There were areas of widespread cracking, delamination, and loss of aggregates. 

Moreover, the material seems porous. In 2012, it was replaced by Bridgemaster.  
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D.  Flexolith  

      Flexolith is a low modulus, moisture insensitive, thermoset epoxy binder, combined 

with aggregates over scatter and sealer. It is normally used for rapid strength development, 

low temperature applications, and increased skid resistance of concrete and steel decks. It 

is on the polymer material approval list of NYSDOT, presumably after passing laboratory 

and field tests.   

3.4. Recommendation 

Bridgemaster overlay system is recommended for the steel orthotropic and concrete-filled 

grid decks, due to its good performance on similar decks in the New York City area. 

Flexolith overlay system is recommended for the aluminium decks, since it has performed 

well on them.   

 

            4. Conclusion  

 

Managing a critically important heavily used vehicular bridge in a major metropolis after 

110 years of service presents many unique challenges. Every such structure has specific 

needs and accommodates highly particular communities. The condition and operation of 

the Queensboro Bridge (recently re-named after the former Mayor of New York City, the 

late Ed Kotch), has received, and will continue to receive continuous attention by the 

managing engineers. The projects reported herein are steps in this perpetual process. As 

such, they are advancing the state of the art in two critical areas: Non-Destructive 

Structural Testing & Evaluation (NDT&E) and bridge rehabilitation with minimal service 

interruption. Conclusions are never final, but some are forming so far.  

     The Phased-array Ultrasonic Testing (PA-UT) is a powerful NDT technique, requiring 

highly specialized expertise. To the extent possible, it must be accompanied by alternative 

corroborating methods and by thorough analytic evaluation. Shor-term monitoring 

invariably falls short of satisfying all expectations. Sampling of test locations at a large 

bridge presents particular difficulties, because the measurement method and the measured 

conditions combine to different degrees the uncertainties attributable to randomness, 

ignorance, vagueness, and locally induced systematic errors. Thus, any such investigations 

must plan for adjustments along the way. Deliverables typically include recommendations 

for future (improved) measurements. The information gained in the NDT&E project was 

essential in the design for the replacement of the bridge upper deck. 

    Before the final selection, NYCDOT directed a Value Engineering (VE) team, 

consisting of experts from different consulting firms to evaluate alternatives 1, 2, and 3, 

and propose possible improvements in the following areas: bridge and deck durability and 

maintainability, constructability, construction impact, riding quality, cost, and schedule. 

The VE [7] team presented numerous ideas in the following alphabetically ordered groups: 

extend life; join sections, manage traffic, match profiles, prevent corrosion, reduce weight, 

stage construction, support drainage. The team confirmed the cost estimates. It revisited 

the grid options, including an open grid, and one half-filled with lightweight concrete, and 

a closed rib orthotropic deck, fabricated in the U.S., as well as repairing, rather than 

replacing the approaches. Many recommendations addressed construction scheduling and 

traffic management. 

     NYCDOT is taking into account the VE recommendations, and proceeding with 

Alternative 2 of the original proposal. The steel orthotropic deck alternative provides a 

long service life expectancy of more than 75 years. The alternative comparison shows also 

that the orthotropic deck is the preferred alternative resulting from the life cycle cost 

evaluation. It provides a smoother riding surface durable against de-icing salts. Welding of 

the deck panels allows for minimal joints reducing risk of water leakage and potential 
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under deck steel deterioration in comparison to the other alternatives especially the grid 

deck that requires concrete closure pours.  

    Overall, the steel orthotropic deck alternative offers the most competitive replacement 

deck scheme. However, this comparison does not intend to discredit the aluminium deck or 

the grid deck options since they are both proven deck systems and have comparable 

construction costs, and individual benefits noted within this report.  

     The alternative selection demonstrates again that spending a quarter of a billion dollars 

on a bridge upgrade with and expected life expected to exceeding half a century cannot be 

optimized rigorously by a numerical algorithm. The factors influencing the decision 

include material properties, some exactly measured, others estimated; the structural 

response based on field measurements and analytic models; fabrication and construction 

costs depending on variable economy and skills; and finally, the intangible costs to the 

users.  Many experts in numerous private entities and the public sector, along with input 

from the community contribute in order to arrive at a final choice, which will ultimately be 

the base line for further life-extension bridge management decisions. 
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