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Synopsis:  

The current publication focuses on Integral Life Cycle Analysis merging major components of structural assessment 

(Visual Inspection, Design Code Considerations and Structural Health Monitoring).  

 

The paper represents the authors contribution to the US Long-Term Bridge Performance Program based on an 

individual case study (reference bridge NEW JERSEY) in 2010. 

 

The developed methodology for the management of infrastructure is based on 20 years of experience in structural 

assessment – linking research and consulting purposes by means of a constant and synergetic approach. The 

following major aspects are covered: 

 

 The determination/estimation of the DESIGN LIFE OF THE INVESTIGATED structures 

 The determination/estimation of the RESIDUAL LIFE OF THE INVESTIGATED structures 

 Assessment criteria whether the REAL DEGRADATION PROCESS corresponds with the assumed and 

applied life cycle model in order to take corrective measures in cases of accelerated ageing  

 MAINTENANCE INSTRUCTIONS to guarantee the original design life and operability 
 

The elaborated approach delivers all necessary measures to guarantee the functional capability of structures during 

the overall design life, considering even individual characteristics of each structural member. The chosen 

categorisation reflects the common composition of available inspection reports making it coherent with civil 

engineering practice all over the world. 
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INTRODUCTION 

 

A representative composite bridge has been selected by the Federal Highway Administration (FHWA) for the international 

collaboration between the Long Term Bridge Performance Project (LTBP) initiated in the U.S. and the FP7 Project IRIS in 

Europe. Various teams from the U.S., Japan, Korea, UK and EU have performed separate assessment routines including 

dynamic monitoring and system identification. The various approaches were compared and harmonised in order to achieve a 

standard model for this type of bridge, representing more than 40% of the bridge stock in the FHWA network. This 

comprises a total of about 240,000 bridges which could be tested subsequently and assessed following a standard procedure. 

For reasons of a consistent documentation of the field of investigations of each working group and the corresponding 

results, the present publication covers only those parts of expertise provided by the authors (VCE - Vienna Consulting 

Engineers). 

 

Structural information 

The bridge object 1618-150 (Rerference Bridge New Jersey) is part of the highway US 202 & NJ 23, leading across US 202 

(Mountain View Boulevard), the Ramps M & N and the Norfolk Southern Railroad in Wayne, New Jersey. The structure 

consists of two separate load bearing structures – one for each driving direction. The bridge (Figure 1 and Figure 2) 

comprises four spans of simply supported composite welded steel plate girders and has a total length of 130.64 m (428.6 ft). 

The total width is 37.64 m (123.5 ft). Every load bearing structure consists of three lanes and a shoulder. 

 

The Southbound Structure was opened to traffic in 1983, the Northbound Structure in 1984. 

 

 he bridge sho s numerous fatigue crac s  bearing problems   oint performance problems  flexibility  ibration problems  

extensi e dec  crac ing and mo ements  [1]. The overall condition rating (D.O.T. Bridge inspection   as fair – due to the 

superstructure  [2]   [3].  

 

 

 

 

 

 

 

Figure 1– (a) Plan View, (b) Elevation View and (c) section view of Reference Bridge New Jersey 

(a) Plan View 

(b) Elevation View 

(c) Section View 



 

    

Figure 2– Photo documentation Reference Bridge New Jersey – (a) Bottom View and (b) Eastern Elevation 

 

Critical questions 

The demand on lifecycle assessment is driven by the following desire of the bridge owners: 

 To receive expertise on the expected remaining lifetime of the structure 

 To receive a tool that allows the optimization of mitigation measures 

 To perform a financial optimization exercise 

 

The critical questions that need to be answered in the course of dealing with the present structural issues for Life Cycle 

Analysis are amongst others [4]: 

 Does this bridge have any strength/capacity issues? If so, what are they? 

 How can technology be used to identify, quantify and understand these issues? Structural Health Monitoring? 

 What, if any, retrofits or interventions would you recommend? 

 Maintenance and repair options for a 75-year lifecycle? 

 

 

 

APPLIED LIFE CYCLE METHODOLOGY  
 

Background 

VCE has been working in the field of structural evaluation for more than 50 years and has gained more than 20 years of 

experience in structural health monitoring. In general the assessment of structures has been done first and foremost by 

compulsory visual inspections, for critical cases in-depth studies are initiated - mostly in terms of numerical simulations or 

structural health monitoring. Indeed, up to now these investigations have been done with regard to the further service life of 

the assessed structures but have not explicitly implied a life cycle analysis. 

 

In order to merge the results from all individual investigations and to obtain a more detailed picture of structural health over 

the entire service life a theoretical lifecycle model (Figure 3) for bridge structures has been developed, which dynamically 

considers any new information gathered from inspections, the design code, monitoring campaigns or non-destructive 

testing. The procedure starts by deriving an accumulated health index from visual inspection of structural elements 

expressed in terms of structural condition. To represent common practice in bridge engineering the set of ratings according 

to the national guideline for visual inspections is utilised. Usually these ratings are available for every bridge component 

(superstructure, substructure, expansion joints, bearings, pavement, edge beam, guard rail and railings, dewatering and 

miscellaneous facilities). After being put into operation  each member’s range of ratings represents the a ailable (total  

capacity, which is consumed over time during the entire service life. Due to that idea these ratings are converted into so-

called health indices [ 5]. The corresponding element performance curves are weighted and incorporated into a semi-

probabilistic global lifeline model to cover occurring uncertainties during structural service life.  

 

The applied ageing models are benchmark values on service life in bridge components based on literature, guidelines, 

bridge owner databases of structures and Vienna Consulting Engineers’ (VCE) 50 years of experience in the field of bridge 

(a) Bottom View (b) Eastern Elevation 



 

inspections and structural health monitoring and are about to be standardizes [ 5]. The deterioration curves are adapted for 

every individual structure and every structural member regarding the structural type, the particular age, the condition and 

the applied standard (design code) - relevant at the time of construction. Additional to a mean life expectancy upper and 

lower bounds are derived based on probabilistic methods. The correlation of deterioration curves and their proper threshold 

limits (end of service life) enables to schedule time frames to be expected for necessary retrofit measures to ensure the 

functional requirements. 

 

Figure 3– From individual investigations to an integrated life cycle assessment 



 

General description 

In order to clearly address the stated problems the approach described below has been developed and standardized by the 

authors [ 6]. The multi-level procedure is based on the entire lifecycle of the structure and considers certain structural 

characteristics gained from the following investigations:  

 

 Visual inspection of the critical elements with detailed assessment following the Austrian RVS 13.03.11 directive 

that regulates quality assurance for structural maintenance, surveillance, checking and assessment of bridges and 

tunnels [7] 

 Design loading and specifications 

 Capturing the dynamic characteristic of the structure using BRIMOS
®
 Structural Health Monitoring. BRIMOS

®
 - 

standing for BRIdge Monitoring System - is an assessment methodology, which enables accurate observation and 

evaluation of structural condition and damage detection in relevant infrastructure. The technology was developed 

by VCE and is constantly modified and optimised in order to support the decision process of infrastructure owners 

in the course of maintenance and cost planning. [ 8] 

 Identification of the bridge behaviour on expert level to create the basis for an understanding of the observed 

damages and physical properties 

 

All relevant results of the listed components are incorporated into a probabilistic lifecycle model (Figure 4). Furthermore 

additional parameter studies enable to provide explicit answers to the stated critical questions.  

 

 

Figure 4– Conceptual Scheme of the probabilistic lifecycle model 

 

Based on the calculated structural life expectancy tailored maintenance and repair options are recommended to extend 

service life and to ensure the safety and operability of the structure. Different maintenance strategies, their effects on the 

structural service life and their costs can be compared to derive the most suitable maintenance concept in order to preserve 

the structure in the demanded condition (Figure 5). 

 

 

Figure 5– Tailored maintenance schedule and the cost involved 



 

Assessment Procedure 

 

The BRIMOS
®
 Life Cycle Methodology is based on a multi-level approach (Figure 6). The basic model gives a rough 

estimation of expected structural service life in general. The adapted model already considers certain structural information 

and utilizes them for proper lifeline progressions.  

The next step is to provide an update of this life cycle curve based on performance-specific information.  

 

The latter refers to three main categories of evaluation: 

 Visual Inspection 

 Design Safety according to the applied code 

 Other investigations (Structural Health Monitoring, Non Destructive Testing) 

 

From these  ey parameters the structure’s Condition Index is calculated  hich is used as reference point to calculate the life 

expectancy. The final progression of the lifecycle curve is determined by means of multiple, consecutive matrix 

calculations.  
 

 

Figure 6– Calculation of the Condition Index for Lifecycle Analysis by means of matrix calculations 

 

The more complete the information about the structural condition is the better are the results. Thus, for the determination of 

this methodically refined prediction of the lifecycle curve any additional information which is able to contribute to a better 

understanding of a structure will be used.  

 

 

These are: 

 Original static calculation (structural design) 

 Possible reduction of safety level reflecting a paradigm change from previous binding codes to the current ones 

 Judgment/Rating from bridge inspections (reports) 

 Performed monitoring campaigns 

Maintenance & Repair Options and its affection on Residual Service Life

Multi-Level Approach by means of

Visual Inspection 
Indicator

Structural Health Monitoring 
Indicator

Loading
Indicator

CONDITION Index 
Weighting process consisting of as much composite components as possible



 

 History of already performed maintenance and rehabilitation measures 

 Loading history (historical traffic data) 

 Material tests (chloride intrusion / compressive strength, carbonatisation etc.) 

 Data on the environmental conditions 

 

The more precise this information is the better are the results in terms of remaining service service-life prognosis. 

Depending on the quality of information received a confidence level is introduced to determine the upper and lower bound 

of the theoretical performance curve. Under normal circumstances a confidence level of 0.95 is applied. This procedure 

allows a computation of the actual status which might be better or worse than the theoretical value. 

All those sources of information are incorporated in a weighted composite Health Index (Figure 7).  

 

 

 

Figure 7– Transformation of individual structural characteristics into a composite Health Index 

 

 

CASE STUDY – BRIDGE OBJECT NO. 1618-150 
 

Basic Lifecycle Model 

 

The developed lifecycle approach starts from a basic model reflecting the expected analytical global service life. This very 

general, initial assumption states the average life expectancy with 90 years, a lower bound of 45 years and an upper bound 

of 120 years for the primary load bearing structure and leads to a residual lifetime and the estimated end of service life listed 

in Table 1. The typical deterioration process of a structure starts slowly but accelerates over time.  

 

 

Table 1– End of Service Life and Residual Life Expectancy – Basic Model 

 Basic Model 

Residual Life 

Expectancy 

[Years] 

End of 

Service Life 

[Date] 

Lower bound 18 2028 

Mean 63 2073 

Upper bound 93 2103 
Reference Year: 2010 
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Adapted Lifecycle Model 

Primary Load Bearing Structure – In the next step a theoretical curve is computed as a mean result 

derived from benchmark data calibrated from an infrastructure database including a large number of structures [ 9]. It is 

composed on the following information: 

 Year of construction considering the periodic quality changes 

 Character of the cross section considering redundancies  

 Character of the structural system considering eventual redundancies 

 Type of material used 

 

It already sets limits to a realistic range of service life – to be expected. This information is broadened by means of 

theoretical upper and lower bounds for probabilistic life expectancy. 

 

Considering the input parameters stated below (Table 2) the mean life expectancy of the structure No. 1618-150 is reduced 

to 77 years with a lower bound of 38 and an upper bound of 103 years (Figure 8). The corresponding end of service life and 

the residual life expectancy are listed in Table 3.  

 

 

Table 2– Input Parameters for the adapted lifecycle model [6] 

 

Year of construction k1  Static system k3 

<1970 0.667  Vault 1.2 

1971-1985 0.9  Frames and arches 1.05 

>1986 1  Girder/beam, slab, other 1 

     

Cross section design k2  Material k4 

Solid cross section 1.05  Stone 1.2 

Box girder 1  Concrete and reinforced concrete 1.1 

T-beam, composite section etc. 0.95  
Prestressed concrete,  
steel-concrete composite 

1 

Corrugated profile 0.8  Wood 0.8 

 



 

 

 

Figure 8– Theoretical global life cycle curve for the bridge – Initial and Adapted Curve 

 

 

Table 3– End of Service Life and Residual Life Expectancy – Adapted Model 

 

 Basic Model Adapted Model 

Residual Life 

Expectancy 

[Years] 

End of 

Service Life 

[Date] 

Residual Life 

Expectancy 

[Years] 

End of 

Service Life 

[Date] 

Lower bound 18 2028 11 2021 

Mean 63 2073 50 2060 

Upper bound 93 2103 76 2086 
Reference Year: 2010   

 

 

 

Secondary Load Bearing Structure – A bridge structure usually consists of a number of components which 

interact. Thus not only for the primary load bearing structure but also each of the components individual performance 

curves are to be determined (Figure 9). The structural lifecycle curve is the superposition of the individual curves of its 

components and elements. The following categories are considered: 

 Superstructure  

 Substructure  

 Expansion joints  

 Bearings 

 Pavement 

 Edge beam 

 Railings and guiderail 

 Other bridge equipment 

 Drainage and dewatering system 

The deterioration curves and their corresponding threshold limits (end of service life) serve as initial assumption for 

expected time frames concerning necessary retrofit measures to ensure the functional requirements with regard to traffic 

safety, structural safety and durability. 

Bridge Object 1618-150 

Global Life Cycle Curve (Safety Level regarding ULS)

ADAPTED MODEL =>  Range of Life Expectancy 38 / 77 / 103 Years
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Exemplary target values for the life expectancy (replacement intervals) are provided in subsequent tables and figures (Table 

4, Figure 9) below.  

 

Table 4– Influence of average daily truck traffic on the mean value of certain structural members’ lifetime [6] 

 

Average daily truck traffic Pavement  Expansion joint 

> 7,000 7.5 years 9 years 

≤ 7,000 > 4,000 10 years 12 years 

≤ 4,000 > 1,000 15 years 18 years 

≤ 1,000 20 years 24 years 

 

Due to the latest survey report of the Bridge Structure No. 1618-150 the average daily traffic is 93,400 and the proportion of 

average daily truck traffic is 4% or 3,736 trucks per day. Thus, the life expectancy is to be assumed to be 15 years for the 

pavement and 18 years for the expansion joints. 

 

 

Figure 9– Individual deterioration curves for members of the secondary load bearing structure – a) bearings, b) guiderails, 

c) Sealing and d) Expansion Joints 

 

 

 

 

  

a) Deterioration Curve Bearings 

b) Deterioration Curve Guiderails 

c) Deterioration Curve Sealing 

d) Deterioration Curve Expansion Joints 



 

 

 

 “To-be” Maintenance Schedule  – Based on the adapted lifecycle model and the given information about 

global and local structural condition a comprehensive maintenance plan for the bridge object 1618-150 was developed. 

Figure 10 shows the maintenance concept by means of a time schedule of maintenance interventions proposed for the bridge 

object 1618-150. The maintenance schedule starts from the year of construction and considers the entire service life. This 

schedule can be understood as an elaboration stage in terms of an expected (theoretical) maintenance plan according to 

common practice.  

 

 

 

 

Figure 10– Expected (theoretical) maintenance plan in terms of a time schedule over the whole service life 

 

 

In the next step related costs for replacement & heavy maintenance (Table 5) - for every single intended retrofit measure 

are estimated and linked to the calculated points of intervention. Based on the time schedule a cost schedule over the whole 

service life is provided (Figure 11). The maintenance costs were mainly derived as a percentage of the total replacement 

costs. 

 

 

 

 

Standard

Interval 1983 1988 1993 1998 2003 2008 2013 2018 2023 2028 2033 2038 2043 2048 2053 2058 2063 2068 2073 2078 2083 2088 2093 2098 2103

SUPERSTRUCTURE CONCRETE

REPLACEMENT 90 2028 2073 2103

LOWER BOUND 45

UPPER BOUND 120

MAINTENANCE 20 2003 2023 2043 2063

SUPERSTRUCTURE STEEL

REPLACEMENT 90 2028 2073 2103

LOWER BOUND 45

UPPER BOUND 120

MAINTENANCE  15/10/20 1998 2008 2028 2043 2053

SUBSTRUCTURE

REPLACEMENT 90 2073

MAINTENANCE 20 2003 2023 2043 2063

BEARING

REPLACEMENT 36 1998 2019 2038 2070 2091 2110

LOWER BOUND 15 2034 2055 2074

UPPER BOUND 55

MAINTENANCE 12 1995 2007 2031 2043 2067 2079

PAVEMENT and SEALING

REPLACEMENT 15 1990 1998 2005 2020 2028 2035 2050 2058 2065 2080 2088 2095

LOWER BOUND 7 2005 2013 2020 2035 2043 2050 2065 2073 2080

UPPER BOUND 22

MAINTENANCE 10 1993 2008 2023 2038 2053 2068 2083 2098

DECK JOINT

REPLACEMENT 18 1995 2001 2006 2013 2019 2024 2031 2037 2042 2049 2055 2060 2067 2073 2078 2085 2091 2096

LOWER BOUND 12

UPPER BOUND 23

MAINTENANCE 9 1992 2010 2028 2046 2064 2082

EDGE BEAM

REPLACEMENT 30 1999 2013 2026 2059 2073 2086

LOWER BOUND 16 2029 2043 2056

UPPER BOUND 43

MAINTENANCE 20 2003 2033 2063 2093

GUIDE RAIL

REPLACEMENT 30 1999 2013 2026 2059 2073 2086

LOWER BOUND 16 2029 2043 2056

UPPER BOUND 43

MAINTENANCE 20 2003 2033 2063 2093

PARAPETS

REPLACEMENT 30 1999 2013 2026 2059 2073 2086

LOWER BOUND 16 2029 2043 2056

UPPER BOUND 43

MAINTENANCE 20 2003 2033 2063 2093

DRAINS AND SCUPPERS

REPLACEMENT 50 2033

MAINTENANCE 11 1994 2005 2016 2027 2044 2055 2066 2077
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0

1983 1988 1993 1998 2003 2008 2013 2018 2023 2028 2033 2038 2043 2048 2053 2058 2063 2068 2073 2078 2083 2088 2093 2098 2103

R
at

in
g

Time [year]Lifeline Structural Members

Bearing Edge Beam, Guide Rail, Parapets

Pavement and Sealing Deck Joint

0,000

30,000

1983 1988 1993 1998 2003 2008 2013 2018 2023 2028 2033 2038 2043 2048 2053 2058 2063 2068 2073 2078 2083 2088 2093 2098 2103

0

30

1983 2103

Bridge Object 1618-150 Southbound Structure 
Global Lifeline (Safety Level regarding ULS)

Deterioration due to Rating 2010



 

Table 5– Estimated replacements costs 

 

 

 
 

 

Figure 11– Maintenance cost schedule during service life in terms of single (red) and accumulated costs (green) Procedure 

for refined Lifecycle Analysis 

Maintenance Costs

[%] [€] [$] [%]

Total Replacement Cost 2400 €/m² 100 6,246,456 8,289,672

Total Top View Area 2603 m²

Superstructure 42 2,623,512 3,481,662

Bearings 5 312 414

Expansion Joint 3 187 249 50

Substructure 30 1,873,937 2,486,902 30

Pavement and Sealing 6 375 497

Edge Beam 10 625 829

Guide Rail 1 62 83

Parapets 1 62 83

Drains and Scuppers 2 125 166 20

Sum 100 6,246,456 8,289,672

[%] [€] [$] [%]

Total Replacement Cost 2400 €/m² 100 5,654,544 7,504,145

Total Top View Area 2356 m²

Superstructure 42 2,374,908 3,151,741

Bearings 5 283 375

Expansion Joint 3 170 225 50

Substructure 30 1,696,363 2,251,244 30

Pavement and Sealing 6 339 450

Edge Beam 10 565 750

Guide Rail 1 57 75

Parapets 1 57 75

Drains and Scuppers 2 113 150 20

Sum 100 5,654,544 7,504,145

Relation Replacement - Maintenance:

%

Replacement 90

Maintenance 10

The assumed costs are referred to the reference year 2010 (real value). 

The price adjustment over time is not considered (inflation versus discounting). 

Currency translation: yearly average currency rate 2010

Southbound Structure

Northbound Structure



 

Major Input for Refined LC-Analysis 

Visual Inspection Indicator  – The Austrian Guideline on bridge inspection RVS 13.03.    [ 7] specifies 

that every bridge has to be surveyed at least every 6 years following a given procedure. The detailed results are combined to 

a bridge rating which is used for decision making.  

 

In case of the bridge object 1618-150 a selective inspection has been carried out based on the information provided by the 

documentation material received in advance. Even if it was decided to concentrate on the critical issues only, the inspection 

has been complete enough to allow integral assessment and rating of all necessary elements of the structure (Figure 12).  

For detailed results of the visual inspection see [8]. 

 

 

Figure 12– Rating scheme according RVS 13.03.11 for the surveyed Bridge in New Jersey  

 

The rating from the visual inspection is transferred into the overall assessment procedure by means of the Visual Inspection 

Indicator of 18 out of 25 (see Figure 13). 

 

Loading Indicator  – The design of the Bridge Object No. 1618-150 followed the regulations stated below: 

Design specification: 

1977 AASHTO Standard specifications for highway bridges including interim 1979 with N.J.D.O.T., modifications dated 

June 1, 1978; revised Feb. 29, 1980 [1]. 

Design loading: 

AASHTO HS 20 - 44 + 10% or an alternate military loading of two axles, four feet apart each axle weighing 24,000 LBS., 

whichever produces greater stress [1]. 

These design specifications lead to a Loading Indicator of 1.5 implemented into the overall assessment procedure ( see 

Figure 13). 

 

 

 



 

Monitoring Indicator  – A detailed dynamic measurement with BRIMOS
®
 11.02 was carried out on the 21

st
 

and the 22
nd

 of June in 2010.  

The objective of the monitoring campaign was to identify the key performance indicators of the structure with regard to 

their relevance for civil engineering issues [ 10]: 

  he bridge structure’s rele ant eigenfrequencies and corresponding mode-shapes: 

Load bearing capacity and operability 

Evaluation of the bearings 

Distribution of the global and local dynamic structural stiffness in the bridge’s lengthwise and transversal 

direction 

 Sensitivity analysis to investigate the progression, the character, the stability and probable changes in the energy 

content of the relevant eigenfrequencies: 

Load bearing capacity and operability 

  Energy dissipation path in the structure’s length ise direction: 

Dissipation of the induced vibration energy, localization of problematic sections  

 Vibration intensity at the entire bridge deck: 

Localization of weak points with regard to fatigue threat 

 Comparison of measured values with the results of the finite element model: 

Reference to the undamaged initial condition 

 

For detailed results of the dynamic monitoring campaign see [ 11]. All the key performance indicators derived for the 

reference bridge were evaluated by means of ratings from 1 (excellent condition) to 5 (critical condition). The individual 

ratings were weighted and incorporated into the Monitoring Indicator.  

In case of the bridge object no. 1618-150 the dynamic monitoring leads to a Monitoring Indicator of 6.55 

implemented into the overall assessment procedure (see Figure 13). 

 

 

 
 

Figure 13– Successively conducted Life Cycle Analysis (supposing “do-nothing maintenance strategy” after e aluation  for 

Bridge Object 1618-150 

 

BRIDGE OBJECT: 1618-150 NEW JERSEY
Construction year 1983 Reference year 2010

Visual Inspection (RVS) LOADING INDICATOR BRIMOS® 

CURRENT

RATING

AFTER 

RETROFIT
INITIAL CURRENT

CURRENT

RATING

AFTER 

RETROFIT

SUBSTRUCTURE 3 3 Design Code Safety 1 Eigenfrequencies 1,30 1,3

SUPERSTRUCTURE 3 3 Level of operational 100 Mode Shapes 1,30 1,3

BEARINGS 2 2 loads [%] Vibration Intensity 3,60 3,6

EXPANSION JOINTS 4 4 Adapted Traffic Scenario no Dissipation Path 2,10 2,1

ROAD SURFACE 2 2 Trend of Integrity 1,30 1,3

WATERPROOFING, DRAINAGE 4 4 BRIMOS® RATING 2,00 2

EDGE BEAM 1 1

MISCELLANEOUS FACILITIES 1 1

TOTAL RATING 4 4

Visual Inspection Indicator 18 18 Loading Indicator 1,50 1 Monitoring Indicator 6,550 7

REMAINING

LIFE

16

COSTS 

Retrofit

476,040 €

631,753 $

Replacement

119,010,000 €

15,794,000 $

1983 2003 2023 2043 2063 2083 2103

0

30
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Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS)
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a  … lower bound life expectancy              a'  … adapted lower bound life expectancy                a''  … enhanced prognosis lower bound life expectancy

m … average life expectancy                     m' … adapted average life expectancy                       m'' ... enhanced prognosis average life expectancy
e  … upper bound life expectancy              e'  … adapted upper bound life expectancy               e''  ... enhanced prognosis upper bound life expectancy



 

Statement on Residual Lifetime  

Based on the available findings of the visual inspection, the corresponding rating, the complementary parameters from the 

project documentation and results of the dynamic measurements an enhanced Life Cycle Curve is generated. The three 

major sources of evaluation are already implemented at this stage: Visual Inspection Indicator, Design Code Safety 

Indicator and Structural Health Monitoring Indicator. This final composition for an integral lifetime prognosis is to be 

updated during the entire life. 

By means of Figure 13 and Table 6 it is shown that according to the current knowledge the remaining lifetime is 16 years. 

In 2026 years the theoretical end of service life for this structure is reached. The calculated, corresponding retrofit costs 

include a minimum of routine maintenance activities within the stated remaining lifetime. This result meets the expectation 

that without any retrofit the lifetime of the structure is very limited.  

 

Table 6– Prognoses on the remaining life time corresponding with Figure 13  

 

 Basic Model Adapted Model Enhanced Prediction 

Residual Life 

Expectancy 

[Years] 

End of 

Service Life 

[Date] 

Residual Life 

Expectancy 

[Years] 

End of 

Service Life 

[Date] 

Residual Life 

Expectancy 

[Years] 

End of 

Service Life 

[Date] 

Lower 

bound 
18 2028 11 2021 11 2021 

Mean 63 2073 50 2060 16 2026 

Upper 

bound 
93 2103 76 2086 21 2031 

Reference Year: 2010     

 

 

PARAMETER STUDY ON RELEVANT RETROFIT MEASURES AND 

THEIR EFFECT ON RESIDUAL LIFETIME 
 

To extend the remaining lifetime of the Bridge Structure 1618-150 – based on the overall rating composed from visual 

inspection, the current code requirements and the results of the dynamic monitoring campaign – several retrofit measures 

are recommended addressing the findings of all the investigations. In the following a parameter study by the variation of 

single elements was carried out to analyse the effect of the suggested measures on the residual lifetime. The exchange of 

damaged structural members will improve the overall bridge rating significantly. Furthermore it will also support a more 

vital progression of the overall ageing function of the structure. In other words these improvements have a positive impact 

on the damage index and consequently extend service life expectation.  

 he unrestricted deterioration of the structure (“do-nothing”-strategy) and the corresponding remaining life time of 16 years 

serve as reference for this parameter study (Figure 13). 

 

 

Recommended Retrofit Measures 

 

Superstructure:  

Renewal of corrosion protection,  

Repair of the concrete surface and the corroded stringers,  

Repair of fatigue cracks,  

Replacement of the wind bracings 

 

Substructure: 

Renewal of corrosion protection, 

Repair of spallings, holes and concrete pockets  

Removal of contamination of the concrete surface,  

Deep injection of cracks 

Bridge Supports:  

Proper replacement of the bearings 

 

Dewatering: 

Establishing of an effective drainage concept 

 

Expansion Joints: 

Proper detailing & design  

Full replacement (abutment area) or  

Partial replacement (at least seals above the piers) 

 



 

 

Possible Maintenance Strategies 

A tailored maintenance concept (Table 7) was elaborated. A stepwise proposal on the corresponding treatment strategies is 

given in the following:  

Table 7– Correlation of Maintenance Strategies and related Treatments  

 Recommended Treatments  

Strategy 
Sub-

structure 
Dewatering 

Expansion 
Joints 

Super-
structure  

Bearings 

1 x x    

2 x x x   

3 x x x x  

4 x x x x x 

 

 

Strategy 1 

In case that the bridge receives the proposed retrofit the rating of the substructure and the waterproofing would be upgraded 

in the course of a subsequent visual inspection. Furthermore the proposed measures of heavy maintenance can be assumed 

to be also already beneficial for the dynamic behaviour (=>reduction of the vibration intensities). With that investment the 

expected remaining lifetime of the structure can be extended to 19 years (Figure 14). 

 he corresponding estimated in estment costs of € 922,000.-- ($ 1,224,000) are not based on deep knowledge of the local 

market prices.  

 

Strategy 2 

In case that the bridge receives the proposed retrofit - in addition to the rating of the substructure and the waterproofing - the 

rating of the expansion joints would be upgraded in the course of a subsequent visual inspection. Furthermore the proposed 

measures of heavy maintenance can be assumed to be strongly beneficial for the dynamic behaviour (=> considerable 

reduction of the vibration intensities and proper progressions of the energy dissipation paths). With that investment the 

expected remaining lifetime of the structure can be extended to 25 years (Figure 15). 

 he corresponding estimated in estment costs of €  ,160,000.- - ($ 1,539,000) are not based on deep knowledge of the local 

market prices.  

 

Strategy 3 

In case that the bridge receives the proposed retrofit - in addition to the rating of the substructure, the waterproofing and the 

expansion joints - the rating of the superstructure would be upgraded in the course of a subsequent visual inspection. 

Furthermore the proposed measures of heavy maintenance can be assumed to be strongly beneficial for the dynamic 

behaviour (=> further considerable reduction of the vibration intensities and proper progressions of the energy dissipation 

paths). With that investment the expected remaining lifetime of the structure can be extended to 32 years (Figure 16). 

 he corresponding estimated in estment costs of €  ,868,000.- - ($ 2,479,000)  are not based on deep knowledge of the 

local market prices.  

 

Strategy 4 

In case that the bridge receives the proposed retrofit - in addition to the rating of the substructure, the waterproofing, the 

expansion joints and the superstructure - the rating of the bearings would be upgraded in the course of a subsequent visual 

inspection. Furthermore the proposed measures of heavy maintenance can be assumed to be strongly beneficial for the 

dynamic behaviour (=> further considerable reduction of the vibration intensities and proper progressions of the energy 

dissipation paths of certain bearings). With that investment the expected remaining lifetime of the structure can be extended 

to 41 years (Figure 17). 

 he corresponding estimated in estment costs of € 2,335,000.-- are not based on deep knowledge of the local market prices.  

 



 

 

Figure 14– Life Cycle Analysis – Strategy 1 

 

 

Figure 15– Life Cycle Analysis – Strategy 2 

 

 

BRIDGE OBJECT: 1618-150 NEW JERSEY
Construction year 1983 Reference year 2010

Visual Inspection (RVS) LOADING INDICATOR BRIMOS® 

CURRENT

RATING

AFTER 

RETROFIT
INITIAL CURRENT

CURRENT

RATING

AFTER 

RETROFIT

SUBSTRUCTURE 3 1 Design Code Safety 1 Eigenfrequencies 1,30 1,30

SUPERSTRUCTURE 3 3 Level of operational 100 Mode Shapes 1,30 1,30

BEARINGS 2 2 loads [%] Vibration Intensity 3,60 2,95

EXPANSION JOINTS 4 4 Adapted Traffic Scenario no Dissipation Path 2,10 2,10

ROAD SURFACE 2 2 Trend of Integrity 1,30 1,30

WATERPROOFING, DRAINAGE 4 1 BRIMOS® RATING 2,00 2,00

EDGE BEAM 1 1

MISCELLANEOUS FACILITIES 1 1

TOTAL RATING 4 3

Visual Inspection Indicator 18 14 Loading Indicator 1,50 1,50 Monitoring Indicator 6,550 5,250

REMAINING

LIFE

19

COSTS 

Retrofit

922,000 €

1,224,000 $

Replacement

11,901,000 €

15,794,000 $

1983 2003 2023 2043 2063 2083 2103

0

30

1983 2103

Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS)

BRIDGE OBJECT: 1618-150 NEW JERSEY
Construction year 1983 Reference year 2010

Visual Inspection (RVS) LOADING INDICATOR BRIMOS® 

CURRENT

RATING

AFTER 

RETROFIT
INITIAL CURRENT

CURRENT

RATING

AFTER 

RETROFIT
SUBSTRUCTURE 3 1 Design Code Safety 1 Eigenfrequencies 1,30 1,30

SUPERSTRUCTURE 3 3 Level of operational 100 Mode Shapes 1,30 1,30

BEARINGS 2 2 loads [%] Vibration Intensity 3,60 1,70

EXPANSION JOINTS 4 1 Adapted Traffic Scenario no Dissipation Path 2,10 1,80

ROAD SURFACE 2 2 Trend of Integrity 1,30 1,30

WATERPROOFING, DRAINAGE 4 1 BRIMOS® RATING 2,00 1,00

EDGE BEAM 1 1

MISCELLANEOUS FACILITIES 1 1

TOTAL RATING 4 3

Visual Inspection Indicator 18 9 Loading Indicator 1,50 1,50 Monitoring Indicator 6,550 2,950

REMAINING

LIFE

25

COSTS 

Retrofit

1,160,000 €

1,540,000 $

Replacement

11,901,000 €

15,794,000 $

1983 2003 2023 2043 2063 2083 2103

0

30

1983 2103

Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS)



 

 

Figure 16– Life Cycle Analysis – Strategy 3 

 

 

 

Figure 17– Life Cycle Analysis – Strategy 4 

 

BRIDGE OBJECT: 1618-150 NEW JERSEY
Construction year 1983 Reference year 2010

Visual Inspection (RVS) LOADING INDICATOR BRIMOS® 

CURRENT

RATING

AFTER 

RETROFIT
INITIAL CURRENT

CURRENT

RATING

AFTER 

RETROFIT
SUBSTRUCTURE 3 1 Design Code Safety 1 Eigenfrequencies 1,30 1,30

SUPERSTRUCTURE 3 1 Level of operational 100 Mode Shapes 1,30 1,30

BEARINGS 2 2 loads [%] Vibration Intensity 3,60 1,40

EXPANSION JOINTS 4 1 Adapted Traffic Scenario no Dissipation Path 2,10 1,80

ROAD SURFACE 2 2 Trend of Integrity 1,30 1,30

WATERPROOFING, DRAINAGE 4 1 BRIMOS® RATING 2,00 1,00

EDGE BEAM 1 1

MISCELLANEOUS FACILITIES 1 1

TOTAL RATING 4 1

Visual Inspection Indicator 18 2 Loading Indicator 1,50 1,50 Monitoring Indicator 6,550 2,950

REMAINING

LIFE

32

COSTS 

Retrofit

1,868,000 €

2,480,000 $

Replacement

11,901,000 €

15,794,000 $

1983 2003 2023 2043 2063 2083 2103

0

30

1983 2103

Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS)

BRIDGE OBJECT: 1618-150 NEW JERSEY
Construction year 1983 Reference year 2010

Visual Inspection (RVS) LOADING INDICATOR BRIMOS® 

CURRENT

RATING

AFTER 

RETROFIT
INITIAL CURRENT

CURRENT

RATING

AFTER 

RETROFIT
SUBSTRUCTURE 3 1 Design Code Safety 1 Eigenfrequencies 1,30 1,30

SUPERSTRUCTURE 3 1 Level of operational 100 Mode Shapes 1,30 1,30

BEARINGS 2 1 loads [%] Vibration Intensity 3,60 1,30

EXPANSION JOINTS 4 1 Adapted Traffic Scenario no Dissipation Path 2,10 1,30

ROAD SURFACE 2 2 Trend of Integrity 1,30 1,30

WATERPROOFING, DRAINAGE 4 1 BRIMOS® RATING 2,00 1,00

EDGE BEAM 1 1

MISCELLANEOUS FACILITIES 1 1

TOTAL RATING 4 1

Visual Inspection Indicator 18 0 Loading Indicator 1,50 1,50 Monitoring Indicator 6,550 2,950

REMAINING

LIFETIME

41

COSTS 

Retrofit

2,335,000 €

3,098,000 $

Replacement

11,901,000 €

15,794,000 $

1983 2003 2023 2043 2063 2083 2103

0

30

1983 2103

Bridge Object 1618-150 - Global Lifeline (Safety Level regarding ULS)



 

CONCLUDING REMARKS 
 

 The present in-situ assessment indicates that the structure’s load-bearing capacity and its operability are available to a 

satisfactory extent at the time of investigation.  

 The current visual inspection and a monitoring-based dynamic analysis with BRIMOS
® 

revealed the main deficiencies 

of the bridge object 1618-150 leading to an accelerated consumption of the global lifetime. 

 Based on the available findings from visual inspection, the corresponding rating, the complementary parameters from 

the project documentation and results of the dynamic measurements an enhanced Life Cycle Analysis was conducted.  

 The three major sources of evaluation (Visual Inspection Indicator, Design Code Safety Indicator and Structural 

Health Monitoring Indicator) state the remaining lifetime to be 17 years. In 2026 years the theoretical end of service 

life for this structure is reached.  

 This result meets the expectation that without any retrofit the lifetime of the structure is very limited => a proper 

maintenance concept was elaborated. 

 In the course of a detailed life cycle parameter study the effect of recommended maintenance measures on the residual 

lifetime was analysed. Starting from the most demanding tasks heavy maintenance measures were implemented in the 

course of certain treatment strategies – step wisely extending the resulting life expectancy. 

  he determined lifecycle cur es represent an estimation based on the structure’s current condition and ha e to be 

confirmed and – if necessary - adjusted in the course of routine surveys in accordance with the given maintenance 

concept. 

 Prospective changes of the relevant codes and particularly increasing loading (e.g. rising of the permitted total weight 

of freight traffic) can lead to considerable changes in the deterioration curve.  
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