THE ACCELERATED DETERIORATION OF PAVEMENTS DUE TO 

UTILITY CUTS IN SAN FRANCISCO



By

GHASSAN TARAKJI1, PH.D., P.E.







Abstract.  In 1994, the Department of Public Works (DPW) at the City and County of San Francisco contracted with the Engineering Design Center at San Francisco State University to study the effects of utility cuts on the service life of the City's pavements.  Streets with special characteristics that could bias the ageing process were screened out. The remaining streets were grouped into five classes based on the pavement type and the traffic characteristics.  The five classes are local asphalt streets with and without heavy-vehicle traffic, asphalt arterial streets with and without heavy-vehicle traffic, and concrete streets. Linear regression analysis of  Pavement Condition Score (PCS) versus age was done for streets with less than 3 cuts, 3 to 9 cuts, and more than 9 cuts.  The results show clearly that the pavement ageing process manifested in lower pavement condition scores is accelerated by increased levels of utility cuts.  Streets with 3 to 9 utility cuts are expected to require re-surfacing every 18 years which represents a 30% reduction in service life relative to streets with less than 3 cuts. Similarly, streets with more than 9 cuts are expected to require re-surfacing every 13 years which represents a 50% reduction in service life relative to streets with less than 3 cuts.  The results demonstrated that the service life of the pavement is significantly reduced when the number of cuts is increased.  As expected, arterial streets with heavy-vehicle traffic exhibited the largest reduction in
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service life, from 26 years for streets with fewer than three cuts to 17 years for streets with three to nine cuts (35% reduction), to 12 years for streets with more than nine cuts (54% reduction). The City of that increased levels of pavement cuts cause acceleration in the pavement ageing San Francisco has stringent trench restoration requirements that are strictly enforced, and it has been demonstrated process in spite theses requirements. Therefore, it can be concluded that the accelerated deterioration of pavements due to pavements cuts is an inherent characteristic of  the pavement excavation and restoration process.



INTRODUCTION AND BACKGROUND



There are approximately 850 miles of City streets maintained by the City of San Francisco, comprising 12,500 street sections and 195 million square feet of pavements.  These pavements represent an investment in the City's infrastructure with a present worth of approximately $2 billion.  The annual cost of maintaining the City's streets in 1989 was $13.4 million [1], but the recent annual maintenance costs are expected to be considerably higher than that due to inflation and deferred maintenance in previous years.  To keep up with the needs for well maintained pavements at times of tight municipal budgets, the City has needs to study the ageing behavior of pavements, identify the factors that accelerate the ageing process, and quantify the contribution of these factors to the rate of pavement ageing.

 In 1984, the City and County of San Francisco developed a Pavement Management System (PMS) program to monitor the condition of the City's streets, to set maintenance priorities, and to aid in budgeting and forecasting fiscal needs. The street inventory contained in the PMS database includes, among other items, street identification number, type of surface, acceptance by the City for maintenance, street geometry, pavement age, cracking, ravelling, ride quality, number of cuts, and traffic index. The streets were classified into four traffic characteristic groups having the following traffic indices (TI):



TI 5: Local streets without heavy vehicles traffic

TI 6: Local streets with heavy vehicles traffic

TI 7: Arterial streets without heavy vehicles traffic

TI 8: Arterial streets with heavy vehicles traffic



The Pavement Condition Score is computed using a perfect score of 100 minus the deduction factors for ride quality (Table 1), cracking  (Table 2), and ravelling for asphalt pavements (Table 3), and only ride quality and cracking for concrete pavements.  Therefore, the maximum condition score is 100 and the minimum is 0 for concrete pavements and -31 for asphalt  pavements [2].





Table 1. Ride Quality Deduction Factors



CLASSIFICATION                DEDUCTION  FACTORS                                                                                                                                                   

Acceptable                                                      0

Tolerable                                                        25

Unacceptable                                                  60







	Table 2. Cracking Deduction Factors



DEDUCTION FACTORS

					EXTENT  (%age of Area)

SEVERITY 		None		1-25		26-50		>50

None			0 		0		0		0

Acceptable		0		5		10		15

Tolerable        		0		13		19		26

Unacceptable   	0		23		30              	40







    	Table 3.  Ravelling Deduction Factors



DEDUCTION FACTORS

					EXTENT  (%age of Area)

SEVERITY		None		1-25		26-50		>50

Acceptable		0             	4              	8           	12

Tolerable                  	0            	11            	16          	21

Unacceptable         	0            	18            	24          	31









LITERATURE SEARCH



A literature search was conducted to gather information about other studies dealing with the impact of utility cuts on the performance of pavements. While there is a broad interest in the subject, very little was published.

In "Effects of Utility Cut Patching on Pavement Performance and Rehabilitation Cost [3]," a 1984-85 study conducted in Burlington, Vermont, was presented.  The study involved paired analysis of the pavement condition of patched vs. non-patched pavements.  The study was conducted on randomly selected streets representing all ages and functional classifications.  The study involved both a visual survey to calculate the Pavement Condition Index (PCI) and a Falling Weight Deflectometer (FWD) to measure deflections corresponding to a simulated truck wheel load.  Three methods were used. The first method calculated the rate of deterioration (average loss in PCI per year) for both patched and non-patched pavement sections. The study has shown that patched sections have a much steeper deterioration rate than non-patched sections, especially for streets with a high terminal PCI.  For a terminal PCI of 70, the average life of patched sections was 11.6 years whereas the average life of unpatched sections was 20.1 years.  The second method used least square linear regression of PCI with respect to pavement age.  From this undertaking, it was found that on average patched sections reached PCI value of 70 at the age of 12.1 years whereas unpatched sections reached PCI value of 70 at the age of 19.8 years.  The third method used a third degree best fit curve to relate PCI to pavement age. The results obtained show that the average life of patched sections is 8.5 years whereas the average life of unpatched sections is 25.9 years.  The study did not present a quantitative measure of the goodness of the fit of the curves derived, and there was no discussion of the adequacy of the limited data used to provide statistically significant conclusions.  Despite these limitations, the three methods used in the study, although different, all pointed to one conclusion: Patched pavements require resurfacing much more frequently than unpatched pavements.

In "Pavement (Maintenance) Management Systems [4]," a good discussion of pavement performance and optimal maintenance strategies was presented. The study contains a frequently cited pavement life cycle curve showing the condition of the pavement versus time and the approximate cost of renovation at various condition levels. While the information illustrated in the curve makes sense and reflects the logical behavior of pavements, the study provided neither information on how the curve was derived nor justification for it.

In "Estimating the Life of Asphalt Overlays Using Long-Term Pavement Performance Data [5]," a mathematical model for predicting the performance of asphalt overlays was developed using overlay thickness, traffic volume, maintenance patching, and initial design life as independent variables. As far as utility cuts are concerned, the study differentiated between pavements without any cuts at all and pavements with cuts regardless of the magnitude of these cuts. 



METHODOLOGY OF STUDY



The following tasks were completed in the execution of this study: 



Overview of the PMS database: The data base was explored and examined for any irregularities that warrant additional investigation. These data entries were checked and verified by site visits to the streets' locations, and the database was refined accordingly. Additionally, the database contained a substantial number of streets that were not officially accepted by the City for maintenance. These streets were visited by members of the  research team and the DPW staff to determine their suitability  for acceptance; and the actions taken on these streets were  incorporated into the database.

Data Screening: Street sections with missing or old key data or characteristics that would bias the results were discarded.  Unaccepted  streets, streets with rail tracks, and streets older than 40 years were discarded because of the following reasons:

Unaccepted streets did not meet the City's design requirements, and are likely to deteriorate at rates different from streets that  meet the City's design requirements.

Streets with tracks will have ride quality scores different from identical  streets  without  tracks.   Moreover,  the presence of  tracks and the associated vehicular use of these tracks will probably  cause the pavements to deteriorate at rates different from streets similar in all respects but without racks. 



Some of the information pertaining to very old streets (older than 40 years) was judged to be questionable because it was believed that some records pertaining to  these streets were not updated as the status of the streets changed.  In particular, few pavements appeared  to be not as old as the records showed and were probably  resurfaced at a later date without an update of the  records.  The records for the rest of streets (40 years old or less) seemed to be much more accurate.

Streets that were slurry sealed (an inexpensive treatment  that enhances the pavement condition but does not restore it to reconstruction levels) were not used in this study  because these streets will deteriorate in a different  fashion than streets that were reconstructed.

Since there was plenty of reliable data available for the study, the study was strengthened by discarding a few data  entries that were either likely to cause bias or did not seem to be very reliable. 

Linear regression: Twelve scatter diagrams were prepared for asphalt streets representing all four traffic index classifications (5, 6, 7,  and 8) and three extents of cuts (few, some, and many cut).  For asphalt pavements, “few” represented fewer than three, “some” represented three to nine, and “many” represented ten or more cuts per street section. The sample size of the concrete streets in the final database was 128 entries. It was not possible to breakdown these streets into four TI classifications and three levels of cuts because that would have produced very small samples which would have been inadequate for regression analysis.  Instead, two scatter diagrams for concrete sections belonging to all four TIs were prepared: one for sections with few cuts (less than 5) and the other for sections with many cuts (5 or more). Linear regression analysis was done on the data of each scatter diagram, and fourteen linear equations relating condition score to age were derived for the following fourteen situations:

TI 5 Asphalt Pavements with few, some, and many cuts

TI 6 Asphalt Pavements with few, some, and many cuts

TI 7 Asphalt Pavements with few, some, and many cuts

TI 8 Asphalt Pavements with few, some, and many cuts

All TIs concrete Pavements with few and many cuts



Analysis of the Impact of Cuts on Performance:  For each traffic index (asphalt pavements), the three regression lines for few, some, and many cuts were plotted and compared. For concrete pavements, the regression lines for few and many cuts  were also plotted and compared.





ASSUMPTIONS & LIMITATIONS



The study did not analyse the deterioration as a function of time and the extent of cuts on a specific pavement. That approach would have been impractical because it would take 40 years to track the performance of a pavement over a 40 year period.

Age, dimensions (area and shape), and restoration techniques were not identified.  Although these factors would make a difference if the study examined the deterioration with time of specific pavements, they are insignificant when an over-all evaluation is conducted as was the case in this study.

 The study did not account for variations in the restoration  methods used.  However, it is believed that these variations  are quite minor since restoration must follow the City's     stringent standards.

 The study did not account for the characteristics of the soils supporting the pavement.  Again, this is not believed to be a serious limitation because the pavement design and the cut  restoration standards provide provisions to neutralise this factor.

The study was conducted using data pertaining to streets in the City and County of San Francisco. Although, the broad  conclusions are likely to agree with results in other    locations, the results obtained in this study are specific to San Francisco.

The scatter diagrams show that different diagrams have different concentration regions of the data points. Since the number of utility cuts per pavement section normally increases with time, the regression curves for each traffic index should be expected to have different data concentration regions.  The curves for pavements with few cuts usually reflect pavements with a large portion of recently paved surfaces, and the curves for pavements with many cuts normally reflect pavements with older surfaces.



RESULTS



The linear regression graphs are given in Figures 1 through 5.  For asphalt pavements, each graph shows each TI’s three regression lines for few cuts (less than 3), some cuts (3 to 9), and many cuts (more than 9).  For concrete pavements, because of the limited number of such streets in the city, it was possible to produce only one combined graph for all TIs which used two levels of cuts: few (less than 5) and many (5 or more). As shown in the regression results in Table 4, the coefficient of correlation, C, between age (independent variable) and the Pavement Condition Score (dependent variable) was around 0.5 for all 14 sets, with a minimum value of 0.39 and a maximum value of 0.71.  The correlation coefficient is a measure of how much variation in the dependent variable is attributed to the variation of the independent variable.  As shown in the condition deterioration graphs, there is a strong and consistent trend for pavements with cuts to deteriorate faster than similar pavements but with fewer cuts.  This trend applies without exception to all the five classes of street sections considered.

To demonstrate the impact of utility cuts on the ageing process of pavements, the average number of cuts for the data used for each regression line was calculated, and the number of years it would take a pavement of the same type and TI to reach a PCS level of 65 (the condition at which resurfacing is needed) were computed from the regression equations.  The results are given in ��







Table 4.   Summary of Linear Regression Results



		TI	Type		a		b		N	C

Few	5	Asphalt		92.6622	-0.99869	1375	0.44

Some	5	Asphalt		86.2193	-1.14950	1162	0.51

Many      	5 	Asphalt 	85.6693	-1.45735	1007	0.58

Few        	6 	Asphalt 	98.3662   	-1.51900 	306 	0.56

Some	6  	Asphalt    	92.0506           -1.56683   	283 	0.56

Many    	6 	Asphalt 	84.9040     	-1.62470    	187   	0.61

Few        	7 	Asphalt 	99.0357 	-1.18153	245 	0.50

Some	7 	Asphalt		95.1678	-1.52507	183 	0.59

Many      	7	Asphalt		88.5982	-1.55190	103	0.63

Few        	8	Asphalt		97.1029	-1.23308	729	0.39

Some	8	Asphalt 	89.7949	-1.49363	417	0.46

Many      	8	Asphalt 	82.1770	-1.43288 	167	0.60

Few	All	Concrete	89.4635	-0.94371	81	0.44

Many     	All	Concrete	87.1011	-1.51426	47 	0.71









TI: Traffic Index

Type: Type of Pavement Surface

a: Linear Regression Constant in " Y = a X + b "

b: Linear Regression Independent variable Coefficient

N: Number of Data Points Used in Regression Analysis

C: Correlation Coefficient

Few: Less than 3 cuts per section for asphalt pavements and

less than 5 cuts per section for concrete pavements.

Some: Between 3 and 9 cuts per section for asphalt pavements.

Many: 10 or more cuts per section for asphalt pavements and 5 or more cuts per section for concrete pavements.









			





Table 5.  For example, a TI-5 asphalt pavement will normally reach PCS 65 in 28 years if there were less than 3 cuts in the section. However, the age till PCS 65 will drop to 18  years for pavements with 3 to 9 cuts, and will drop to 14 years for pavements with more than 9 cuts per section.  It should be noted that the pavement age till PCS 65 shown in Table 5 are average values, and that some pavements will have longer lives than predicted by the models and other pavements will have shorter lives.

The results show uniform trends for all regression lines, and clearly indicate that streets with few cuts deteriorate more slowly than streets with some cuts, and streets with some cuts deteriorate more slowly than streets with many cuts for both concrete and asphalt pavements and for all TIs.  This trend is also in line with the engineers' expectation that streets with heavy-vehicle traffic will have lower lives than streets without heavy-vehicle traffic.





































      Figure 5.









The percentage reductions in service life for pavements with few cuts (3 to 9) and many cuts (more than 9) relative to pavements with less than 3 cuts are given in Table 6. For concrete streets, pavements with many cuts (5 or more) had a 42% reduction in service life relative to pavements with less than five cuts.



Table 5.  Projected Age of Pavements till PCI 65

          for the Shown Levels of Cuts



CUTS		TI	TYPE		AVERAGE	AGE TILL

						CUTS		PCI 65

Few					0.7418		28

Some		5	Asphalt		5.3754		18

Many					22.5527	14

Few					0.7386		22

Some		6	Asphalt		5.1590		17

Many					18.5562	12

Few					0.5714		29

Some		7	Asphalt		5.5191		20

Many					18.5048	15

Few					0.6433		26

Some		8	Asphalt		5.1271		17

Many					16.3353	12

Few		ALL	Concrete	1.3210		26

Many					12.9149	15



Average Cuts:  The average number of cuts for street sections in the corresponding category.



Age till PCI 65: Projected age of pavement when the pavement condition index reaches 65 using the derived regression equation.



PCI:  Pavement Condition Index











	Table 6.  Percentage Reduction in Life due to Cuts of Asphalt Pavements.



                Percent Reduction in Pavement Life Relative to Pavements with Less than 3 Cuts

      TI                                         3 to 9 Cuts        10 or More

      5                                                  33                     48

      6                                                  23                     45

      7                                                  31                     48

      8                                                  35                     54

    Average                                         30                     50





To demonstrate the over-all deterioration of asphalt pavements as a function of time, an over-all deterioration curve for all asphalt streets in the City was developed for each of the three levels of utility cuts. The curve is given in Fig. 6. The over-all regression coefficients were obtained by calculating the mean values of the regression coefficients of the four classes of streets studied. The useful life (Pavement Condition Score 65 - the condition at which re-surfacing is needed) for the three levels of cuts was calculated from the regression equation, and is given in Table 7.



Table 7. Useful Life of all Asphalt Streets.



  Streets with:                                     Useful Life

                                                                (years)

  Less than 3 Cuts                                          26

  Between 3 and 9 Cuts                                 18

  More than 9 Cuts                                        13







Lastly, it can be argued that the results obtained from this study are relatively conservative and may be underestimating the damage caused by utility cuts.  Street sections with many cuts are usually older streets with relatively minor traffic volumes that do not require more frequent surfacing.  Therefore, the extent of the damage might be under-exposed because the limited traffic on such streets will help slowdown the rate of ageing.

The trends observed in the representative curves shown in Figure 1 were consistent with the individual results of all the five classes of streets analysed.  The results of the five classes of streets, as well as the results of the combined asphalt streets, demonstrated that the service life of the pavement is significantly reduced when the number of cuts is increased.  As expected, arterial streets with heavy-vehicle traffic exhibited the largest reduction in service life, from 26 years for streets with fewer than three cuts to 17 years for streets with three to nine cuts (35% reduction) and to 12 years for streets with more than nine cuts (54% reduction).

The City and County of San Francisco has  a stringent trench restoration requirement.  Permits for street excavations are required; the permitted backfilling materials and procedures are prescribed; ��and there is a three year moratorium on excavation in newly surfaced or reconstructed streets.  Consequently, the reduction in the pavement service life due to utility cuts is a natural consequence of the excavation and backfilling process, and can not be eliminated by stringent excavation control. Utility cuts produce damage that propagates beyond the area excavated; even the highest restoration standards do not remedy all the damage.  Utility cuts cause the soil around the cut to be disturbed, cause the backfilled soil to be compacted to a different degree than the soil around the cut, and produce discontinuities in the soil and the wearing surface.  Therefore, the reduction in pavement service life due to utility cuts is an inherent consequence of the trenching process.



CONCLUSION



 The results clearly indicate that utility cuts do indeed cause pavements to age faster than pavements with no or fewer cuts, and require the streets to be resurfaced at more frequent intervals.  As shown in Table 7, the pavement ageing process manifested in lower pavement condition scores is accelerated for increased levels of utility cuts.  Asphalt streets with 3 to 9 utility cuts are expected to require surfacing every 18 years which represents a 30% reduction in service life relative to streets with less than 3 cuts.  Similarly, streets with more than 9 cuts are expected to require re-surfacing every 13 years which represent a 50% reduction in service life relative to streets with less than 3 cuts.
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