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Introduction 
 
1.1  History 
 
Beams designed for a bridge superstructure are typically constructed with either steel or 
concrete.  Concrete beams are typically prestressed, meaning that the steel rebar within 
the concrete is put into tension before the concrete is poured into the fixture.  This 
strengthens the concrete’s ability to resist tension through the rebar.  Prestressed concrete 
is typically known to be more cost effective and has a higher speed of erection as 
compared to steel beams.  Also, concrete doesn’t need a paint system for protection, 
reducing maintenance costs.  Steel beams also have advantages over concrete, including 
less susceptibility to freeze thaw conditions.  Steel performs much better than concrete in 
tension and there is also much less variability in the failure properties of steel.  Currently 
service lives are unknown for either steel or prestressed concrete beams and will be 
evaluated further within this study using transition probabilities and deterioration curves.   
 
 
1.2  Objectives 
 
The objectives of this study are as follows: 
 

• Estimate service life of steel beams. 

• Estimate service life of prestressed beams. 

• Estimate service life of prestressed box beams. 

• Estimate service life of prestressed I-beams. 

 
The ultimate objective of this study is to accurately predict and compare the service life 
of steel and prestressed beams separately.  Expected service life is the time until “poor 
condition”.  Poor condition is defined as a superstructure rating of 4 or below on the 
Bridge Safety Inspection Report (BSIR), and indicates the need for rehabilitation.  If a 
known approximate service life was available for different superstructures then future 
rehabilitations and preventive maintenance can be planned and budgeted accordingly.   
 
 
1.3  Markov Model 
 
Markov models use transition matrices that describe the probability that a bridge element 
in a known condition state at a known time will change to some other condition state in 
the next time period.  This process assumes that the probability of changing from one 
state to another is a function only of the condition state and time period in which the 
superstructure is currently located.  Therefore, the past performance of a superstructure 
has no impact on the predicted rate of change in future performance [1].  This report 
reviews Markov transition probabilities for superstructure condition ratings for bridges 
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containing steel and prestressed beam superstructures.  The transition probabilities are 
then  converted to a deterioration rate using the following equation: 
 
 

 
)log(
)5.0log(

T
n =    [2] 

 
where; T = Transition Probability 

     n = average # of years to reach next condition state. 
 
 
Deterioration rates can help predict the time for a superstructure to reach a specific 
condition state.  With multiple year transition probabilities and deterioration rates 
calculated, averages from each one step transition can be averaged resulting in the most 
accurate results as possible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2



Results 
 
2.1 Data Set 
 
Data was pulled containing the following information: Bridge ID, NBI superstructure 
rating, and bridge type.  Bridge type notes the type of superstructure for the given bridge.  
Steel, prestressed, box beams, and I-beams are all noted under bridge type allowing for 
uncomplicated data separation.  The bridge types were then separated and resulted in the 
following: 
 

• Steel Beams:   2,647 bridges. 
• Prestressed Beams:   1,198 bridges 
• Prestressed Box Beams: 390 bridges 
• Prestressed I-Beams:  800 bridges 

 
 

 
2.2 Transition Probabilities and Deterioration Curves 
 
Transition probabilities were calculated using NBI superstructure ratings from 2004 to 
2010.  These ratings were analyzed from year to year intervals, resulting in a transition 
probability for each year.  For instance; in 2004, 941 bridges containing a steel beam 
superstructure held a rating of a 7, in 2005 856 remained a 7, 67 fell to a 6, and 17 
lowered to a 5.  The transition probabilities result a 91% probability that a steel beam 
superstructure will remain at a 7, 7% will lower to a 6, and 2% will lower to a 5.  This 
was done for each superstructure rating, creating a transition probability matrix.  This 
process was then repeated for 2005-2006, 06-07, 07-08, 08-09, and 09-10 resulting in six 
different probability matrices (Appendix Tables 5-1 thru 5-24).  The probabilities were 
then averaged based on the six different matrices, resulting in an average transition 
probability matrix.  Deterioration rates were calculated using the equation previously 
mentioned (Section 1.3).  The deterioration rates were then plotted along the x-axis with 
deck surface ratings assigned to the y-axis (Appendix Fig 5-1 thru 5-24). 
 
 
2.2.1 Steel Beams 
 
Table 2-1 displays the average transition probability from 2004-2010 for bridges 
containing a steel beam superstructure.  The numbers located along the left side and 
highlighted in bright green represent the previous year deck surface rating.  The numbers 
located along the top and highlighted in bright green represent the following year deck 
surface ratings and highlighted in blue are the average transition probabilities.  For 
instance; there is a 69% chance that a 9 will remain a 9 the following year, 22% chance to 
decrease to an 8, and a 8% chance to decrease to a 7.  Deterioration rates are in bold and 
highlighted light green. 
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Table 2-1: Transition Probability Matrix for Steel Beams 

 
 
 
 
Figure 2-1 displays the NBI superstructure ratings plotted against deterioration rates 
calculated in Table 2-1.  According to Figure 2-1; on average a steel beam will take 32 
years to reach a rating of 5 and 47 years to attain a rating of 4, a 4 being equivalent to 
poor condition.   
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Figure 2-1: Steel Beam Deterioration Curve 
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2.2.2 Prestressed Beams 
 
 

Table 2-2 displays the average transition probability from 2004-2010 for prestressed 
beam superstructures.  Again, transition probabilities are highlighted in blue and the 
deterioration rates are in bold and highlighted light green. 
 

 
Table 2-2: Transition Probability Matrix for Prestressed Beams 

 
 
 
Figure 2-2 displays the NBI superstructure ratings plotted against deterioration rates 
calculated in Table 2-2.  According to Figure 2-2; on average a prestressed beam will 
take 32 years to attain a rating of a 5 and 45 years to reach a rating of 4, equivalent to 
poor condition. 
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Figure 2-2: Prestressed Beam Deterioration Curve 
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2.2.3 Prestressed Box Beams 
 
 

Table 2-3 displays the average transition probability from 2004-2010 for prestressed box 
beam superstructures.  Again, transition probabilities are highlighted in blue and the 
deterioration rates are in bold and highlighted light green. 
 

 
Table 2-3: Transition Probability Matrix for Prestressed Box Beams 

 
 
 
Figure 2-3 displays the NBI superstructure ratings plotted against deterioration rates 
calculated in Table 2-3.  According to Figure 2-3; on average a prestressed box beam will 
take 27 years to attain a rating of a 5 and 35 years to reach a rating of 4, equivalent to 
poor condition. 
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Figure 2-3: Prestressed Box Beam Deterioration Curve 
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2.2.4 Prestressed I-Beams 
 
 
Table 2-4 displays the average transition probability from 2004-2010 for prestressed I-
beam superstructures.  Again, transition probabilities are highlighted in blue and the 
deterioration rates are in bold and highlighted light green. 
 
 

Table 2-4: Transition Probability Matrix for Prestressed I-Beams 

 
 
 
Figure 2-4 displays the NBI superstructure ratings plotted against deterioration rates 
calculated in Table 2-4.  According to Figure 2-4; on average a prestressed I-beam will 
take 34 years to attain a rating of a 5 and 52 years to reach a rating of 4, equivalent to 
poor condition. 
 

 

Deterioration Curve Prestressed I-Beams
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Figure 2-4: Prestressed I-Beam Deterioration Curve 
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2.3 Comparing Deterioration Curves 
 
 
 

Prestressed Beam vs. Steel Beam
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Figure 2-5: Prestressed Beams vs. Steel Beams Deterioration Curves 

 
 
 
Figure 2-5 displays the deterioration curves of both prestressed beams and steel beams 
within the same plot.  Notice how similar the deterioration curves are until poor condition 
is reached. 
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Box Beam vs. I-Beam
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Figure 2-6: Box Beams vs. I-Beams Deterioration Curves 

 
 
 

Figure 2-6 displays the deterioration curves of both prestressed box beams and 
prestressed I-beams within the same plot.  
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Discussion 
 

 
3.1  Expected Service Life of Beams 
 
Sample sizes for the data were fairly large (800+) with the exception of prestressed box 
beams (390).  Larger sample sizes resulted in more accurate and complete transition 
probability matrices.  In return, more complete matrices produced a more consistent 
deterioration curve.  The data set and sample sizes used within this study seem to be more 
than efficient for producing the probability matrices and deterioration curves. 
 
 
3.1.1 Steel vs. Prestressed Beams 
 
Figures 2-1 and 2-2 show the deterioration rates for steel beams and prestressed beams 
separate.  According to Figure 2-1, steel beams reach poor condition at 47 years.  Figure 
2-2 shows that prestressed beams reach poor condition in 45 years.  The difference in the 
expected service life between the two beams is only 2 years.  Both steel and prestressed 
beam deterioration curves are shown within Figure 2-5.  It appears as if the deterioration 
curves for both types of beams are nearly identical until poor condition is reached. 
 
 
3.1.2 Prestressed Box Beams vs. Prestressed I-Beams 
 
Prestressed beams were separated by box beams and I-beams to evaluate their 
performance individually.  Figure 2-3 shows that box beams reach poor condition at 35 
years.  Figure 2-4 shows that prestressed I-beams reach poor condition at 52 years.  
Figure 2-6 displays both deterioration curves within the same plot.  Notice how the box 
beam deterioration curve is almost linear as compared to all the other deterioration 
curves.  Typically an element will deteriorate more rapidly at first and then slow down as 
time moved forward.  Unlike the other curves, box beams appear to deteriorate at an 
almost constant rate.  Overall prestressed I-beams deteriorate significantly slower as 
compared to prestressed box beams. 
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Conclusion 
 
 
The study has yielded the following conclusions: 
 

• The service life of a steel beam is estimated to be 47 years. 

• The service life of a prestressed beam is estimated to be 45 years. 

• The service life of a prestressed box beam is estimated to be 35 years. 

• The service life of a prestressed I-beam is estimated to be 52 years. 

 

 

Prestressed I-beams appear to have the longest service life of the group.  Prestressed box 

beams service life is approximately 17 years less than that of prestressed I-beams.  Steel 

beams and prestressed beams deteriorate almost identically and have an overall service 

life of 45 to 47 years. 
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5.1  Steel Beam Transition Probability Matrices & Deterioration Curves
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