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Introduction 
 
1.1  History 
 
The Michigan Department of Transportation (MDOT) has been designing and applying 
overlays to bridge decks dating back to the early 1970s.  The majority of the overlays 
during this time were considered to be shallow as compared to deep.  The difference 
between the overlays is how much material is removed and replaced within the previous 
deck.  A shallow overlay is typically 1 ¾ inch thick removing only ¾ of an inch off the 
top of the previous deck.   A deep overlay is typically 4 inches thick and the previous 
deck is removed down to ¾ of an inch below the top of steel rebar.  Steel rebar is 
typically found within 2 to 3 inches below the top of the deck surface depending on the 
concrete design.  Originally the mix design of a concrete overlay contained the addition 
of latex, resulting in a latex modified concrete overlay.  In the mid 1990s silica fume was 
introduced to the concrete mix design, this design was generally only used with deep 
overlays.  The application of an overlay is implemented with respect to the most current 
bridge deck preservation matrix (Appendix Fig 5-14).  According to the most current 
preservation matrix, both shallow and deep concrete overlays should be applied to a 
bridge deck with a surface rating of 4 or 5 and deficiencies in the range of 10% to 25%.  
A deep concrete overlay should be applied when the deck bottom surface rating is equal 
to a 5 or 6 and deficiencies are less than or equal to 10%.  A shallow overlay should be 
applied with a deck bottom surface rating of 4 and a deficiency of 10% to 25%.  
Therefore, according to the bridge deck preservation matrix, a deep and shallow overlay 
application is determined by the condition of the bottom surface of the deck.  
Furthermore the expected service life of a deep overlay is stated to be 25 to 30 years, 
while a shallow overlay is only expected to service for 10 to 15 years. 
 
 
1.2  Objectives 
 
The objectives of this study are as follows: 
 

• Estimate service life of deep overlays. 

• Estimate service life of shallow overlays. 

• Compare the service lives of the two overlays. 

 
The ultimate objective of this study is to accurately predict the service life of deep and 
shallow overlays separately.  Currently a deep overlay has an expected service life of 25 
to 30 years, while a shallow overlay is only expected to last 10 to 15 years.  Expected 
service life is the time until “poor condition”.  Poor condition of a deck surface is defined 
as a 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 these 
overlays then future overlays and preventive maintenance can be planned and budgeted 
accordingly.   
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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 deck 
is currently located.  Therefore, the past performance of a bridge deck has no impact on 
the predicted rate of change in future performance [1].  This report reviews Markov 
transition probabilities for deck surface condition ratings for concrete bridge decks 
containing deep and shallow overlays.  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 bridge deck 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. 
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Results 
 
2.1 Data Set 
 
A data set of 506 bridges was selected for use within this study.  Out of this sample, 333 
were bridge decks containing a shallow overlay and 173 were bridge decks containing a 
deep overlay.  The data set was composed from the Q88 database which contains 
structural ID, type of work done, and a date that the work was completed.  The type of 
work done prior to 1990s is only noted as an overlay, rather than what type of overlay 
was applied, therefore reviewing the work plans would be the only way to determine a 
shallow from deep overlay for this time period.   
 
From 1991 to 2000 latex modified overlays were entered as their own entity under work 
type.  This population was further examined by reviewing work plans.  After reviewing a 
random sample of 20 bridges, all were found to have a shallow overlay applied.  
Therefore it is assumed that most if not all of the overlays labeled as latex modified are 
considered as a shallow overlay.  175 bridges were added to the shallow overlay data set 
based on the condition that the work type was a latex modified overlay between 1991 and 
2000. 
 
Another coded work type was concrete overlay and the dates of these overlays range 
from 1998 to 2005.  A random sample of 25 was taken and the work plans were reviewed 
to determine a shallow or deep overlay.  Of the 25 samples, 23 were found to be shallow 
and only 2 were found to be deep.  This resulted in 92% bridge decks containing shallow 
overlays and only 8% containing deep overlays.  158 bridges that were labeled having a 
concrete overlay were added to the shallow overlay data set, neglecting that nearly 10% 
were deep overlays as a simplification. 
 
Silica fume overlay was also coded as its own entity in the Q88 database and the dates 
range from 1999 to 2005.  A random sample of 52 was taken from this data set and 
evaluated further by examining work plans.  Of the sample of 52, 45 were found to be 
deep overlay while the other 7 were found to be shallow, resulting in 86% and 14% 
respectively.  173 bridges were added to the deep overlay data set, neglecting that nearly 
15% were shallow overlays as a simplification. 
 
The age of overlays used in this data set can be found within the following figures.  
Figure 2-1 represents the population of shallow overlays with respect to their age.  Notice 
that there are few overlays over the age of 20 years; this is because the Q88 database did 
not separate overlays prior to 20 years ago making it difficult and very time consuming to 
evaluate the work plans on each bridge.  Figure 2-2 represents the population of deep 
overlays with respect to their age.  In this figure the majority of overlays fall between 0 
and 10 years old, again this is because the coding for silica fume modified only began 10 
years ago, limiting the data set. 
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Figure 2-1: Shallow Overlay Data Set 
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Figure 2-2: Deep Overlay Data Set 
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2.2 Transition Probabilities and Deterioration Curves 
 
 
Transition probabilities were calculated using bridge deck surface 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 121 bridge decks containing a shallow 
overlay held a rating of a 7, in 2005 117 remained a rating of a 7 while the other 4 bridge 
decks lowered to a rating of a 6.  The transition probability is 97% that a bridge deck will 
remain at a 7 and a 3% chance that a bridge deck will lower to a 6.  This was done for 
each deck surface 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 5-12).  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 5-12). 
 
 
2.2.1 Shallow Overlay 
 
 
Table 2-1 displays the average transition probability from 2004-2010 for bridge decks 
containing a shallow overlay.  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 
49% chance that a 9 will remain a 9 the following year, 31% chance to decrease to an 8, 
and a 19% chance to decrease to a 7.  Deterioration rates are in bold and highlighted light 
green. 
 
 

Table 2-1: Transition Probability Matrix for Shallow Overlay 
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Figure 2-3 displays the deck surface ratings plotted against deterioration rates calculated 
in Table 2-1.  According to Figure 2-3; on average a bridge deck containing a shallow 
overlay will take 19 years to attain a rating of 5 and 32 years to reach a rating of 4, a 4 
being equivalent to poor condition.   
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Figure 2-3: Shallow Overlay Bridge Deck Deterioration Curve 

 
 

 
2.2.2 Deep Overlay 
 
 
Table 2-2 displays the average transition probability from 2004-2010 for bridge decks 
containing a deep overlay.  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 Deep Overlay 
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Figure 2-4 displays the deck surface ratings plotted against deterioration rates calculated 
in Table 2-2.  According to Figure 2-4; on average a bridge deck containing a deep 
overlay will take 21 years to attain a rating of 5 and 24 years to reach a rating of 4.  This 
value of 24 years to reach a rating of 4 seems to be inaccurate as it only takes 3 years to 
reduce from a rating of a 5 to a 4.  A line of best fit has been drawn excluding the 
outlying data point.  Following the line of best fit it will take approximately 32 years for a 
deep overlay to become poor.   
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Figure 2-4: Deep Overlay Bridge Deck Deterioration Curve 
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Discussion 
 

 
3.1  Expected Service Life of Overlays 
 
 
3.1.1 Shallow Overlay 
 
 
A sample size of 333 bridge decks was used in calculating the transition probabilities for 
shallow overlays.  A more complete deterioration curve can be drawn due to a higher 
sample size and a larger variation in age of the overlays.  Figure 2-3 shows 19 years for a 
shallow overlay to reach a rating of 5, and 32 years to reach a rating of 4.  The current 
bridge deck preservation matrix of a shallow overlay anticipates an expected life of 10 to 
15 years.  The results from this study expect a shallow overlay to last 2 to 3 times of that 
stated in the bridge deck preservation matrix.  
 
 
3.1.2 Deep Overlay 
 
 
The data available for deep overlay analysis was very limited with a sample of only 173 
bridge decks and about a hundred of them within 5 years of age.  This is more than likely 
the cause of the outlier found, 24 years with a condition rating of 4, within the 
deterioration curve (Figure 2-4).  To avoid this outlier altering the data a line of best fit 
was drawn excluding the point (24, 4).  With the presence of a line of best fit the 
approximate age to reach poor condition is 32 years.  Also note that the deterioration 
curve displays 21 years to reach a rating of 5.  The most current bridge deck preservation 
matrix anticipates poor condition of a deep concrete overlay to occur in 25 to 30 years 
(Appendix Fig 5-13).  The results from this study seem to be accurate as compared to the 
bridge deck preservation matrix.   
 
 
3.1.3 Comparison 
 
 
The two deterioration curves found for shallow and deep overlays are nearly identical to 
each other.  The approximate age of a deep overlay to attain a rating of a 5 is 21 years as 
compared to 19 years for a shallow overlay.  The difference in deterioration between the 
overlays is only 2 years at a deck surface rating of 5.  The approximate age for both deep 
and shallow overlays to attain a rating of 4 is 32 years.  According to the deterioration 
curves both deep and shallow overlays have nearly the exact same deterioration rates. 
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3.2  Errors and Uncertainties 
 
 
The data set used within this study was limited due to the lack of coding separation 
between overlays.  The shallow overlay data set contained 175 bridges labeled latex 
modified overlay and most if not all should contain a shallow overlay.  Bridges labeled as 
having a concrete overlay were also added to this set with approximately 92% containing 
a shallow overlay and only 8% containing a deep overlay.  158 bridges were added from 
this sample, resulting in the possibility of 12 contain a deep overlay.  With a total sample 
size of 333 and the probability that 12 are inaccurate, an error of 3.6% is found.  The 
sample size for deep overlays consisted of 173 bridges containing 14% shallow overlays.  
This results in a 14% error and the probability that 24 of the bridge decks actually contain 
a shallow overlay.  Also, 60% of the data population for deep overlay contained bridge 
decks with an age of overlay between 6 and 10 years.  A broader range of overlay ages is 
more ideal but simplifications were implemented.  These simplifications were made due 
to the fact that the only other way to determine the type of overlay is by examining the 
corresponding work plans for each individual bridge.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9



Conclusion 
 
 
The study has yielded the following conclusions: 
 

• The service life of a deep overlay is estimated to be 32 years. 

• The service life of a shallow overlay is estimated to be 32 years. 

• There appears to be minimal difference in the deterioration rates between deep 

and shallow overlays. 
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