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Abstract 
 
The purpose of this research is to evaluate the running surface of the main 

streets of downtown Lima, using the Pavement Condition Index (PCI), in 

addition to using the methodology called Pavement Management System 

(PMS), such as support for the calculation of costs related to the deterioration 

of the aforementioned routes. As a result of the investigation, around 1,600 

failures were found, of which approximately 60% were caused by human 

effects (anthropogenic failures), the main responsibility being the Public 

Service Companies, and, meaning the coffers municipalities in charge of road 

maintenance, an extra cost of more than 73% in the annual budget, even 

though age or weathering were not the cause of its deterioration. 

 

Keywords: Rolling surface, roads, pavement, Pavement Condition Index 

(PCI), Pavement Management System (PMS). 

 

1 Introduction 
 

 In recent years, the service sector has grown exponentially in Peru, 

bringing with it major changes in users, companies and the urban components 
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of cities, especially the capital, Lima. 

 Initially, these changes were promoted by the State, in order to modernize 

the sector and allow the demand to be met with quality services. 

Subsequently, the changes were aimed at laying the foundations for a 

competitive market that would be attractive to investors and at the same time 

would benefit users by allowing them access to a greater number of services at 

lower rates. In this context, companies have entered the market, which, by 

competing with each other, have made it possible for citizens to access a 

greater variety of services at ever lower costs. 

 Nevertheless, the necessary adjustments to the rules of the game that 

allowed the expansion, now disproportionate, have not been made, being the 

great harmed ones the routes of transport of the city, those by which daily we 

went to develop our habitual activities and the users of the transport service, 

who day to day do not remain more to endure the harshness of the streets and 

witness how they are destroyed, without anything being done to protect them 

to date. 

 The running surface of the roads located in the Downtown, all of which 

are local in nature, show evidence of deterioration that is not characteristic of 

naturally worn pavements, and it is possible to visually observe the existence 

of cracks both transversally and longitudinally in the existing roadways, 

generally converging in the covers of chambers and/or mailboxes of the 

various companies that offer public services, such as telephone, electricity, 

fibre optics, water, and water drainage, among others. 

 Likewise, the majority of the intersections of the streets that make up the 

Downtown, denote the presence of ditches that, despite the efforts made by 

the contractors in charge of their restoration, do not manage to maintain the 

monolithic characteristic of the asphalt pavement, due to the properties of this 

type of surface, generating as a consequence the detachment of granular 

material and the formation of potholes that cause an increase in the costs of 

vehicle operation and negative visual impact in the Historic Center of the city 

of Lima, capital of the country. Consequently, we observe blocks, which for 

methodological reasons in this research we call sections, with a visibly 

advanced degree of deterioration such as section 2 of Jiron 

 In addition, no evidence was found of the existence of a maintenance plan 

by the Metropolitan Municipality of Lima, which, through the use of 

engineering evaluation methods such as the PCI, would allow it to focus on 

failures and identify the most affected areas in such a way as to detect 

pavement deterioration early and carry out the corresponding corrective 

actions, thus substantially reducing the costs required for repair. 

 

2 Methodology 
 The present investigation has contemplated a non-experimental design, 

because, no matter how many studies and field observations have been made,  
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the research variables could not be manipulated, since each fault that could be 

found had a different source of origin. 

 

2.1 Study area 
   

 
 
 
 
 
 

 
 
 
 
 

 

Figure 1 Lima Downtown, 2019 

 
 The Downtown, at present has not changed its location, as can be seen in 

Figure 1 Over the years, some streets in the Downtown have changed their 

names. 

 
Table 1 Road Network of El Downtown. 

N° Street names Blocks 

(unid) 

Long 

(m) 

1  Rufino Torrico 7 821 

2  Cailloma 7 812 

3  

Cama

ná 

8 950 

4 Carabaya - Jr. de la Unión 8 927 

5 Lampa - Jr. Amazonas 9 1.3 

6 Azángaro - Jr. Ancash 9 1.1 

7 Conde de Superunda - Jr. Junín 5 982 

8 Callao - Jr. Huallaga 7 976 

9 Huancavelica - Jr. Miroquesada 7 1.0 

10 Emancipación - Jr. Cusco 9 1.3 

11 Moquegua - Jr. Puno 7 1.0 

12 Ocoña - Jr. Apurímac 6 904 

 Total 89 12.0 
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 Table 1 shows the current name of the streets that were part of this 

investigation. 

  Two methodologies were used in this research: 

 The PCI methodology, based on ASTM D6433-07, is that of the 

Pavement Condition Index (PCI). 

 SGP methodology, based on the PMS, Pavement Management System, 

(SGP), is designed for municipalities or local governments with low 

resources and which can be achieved to a greater sophistication. 

 
2.2 PCI methodology 

 
According to ASTM D6433, once failures are recorded according to type 

and severity, the total amount of each type of failure for each severity level is 

added up and recorded in the column called "Total". However, in view of the 

presence of anthropogenic faults, we will maintain its independence by 

seeking the least distortion in the calculation of the PCI. The units used 

depend on the type of fault. 

Next, the percentage density of each fault is calculated, the total amount is 

divided by the area of the sample unit, this result is then multiplied by 100. 

Using the deducted value curves, the percentage density and the severity level, 

the Deducted Value (DV) of each type of fault is determined. Then, with the 

calculated Deducted Values, the maximum Corrected Deducted Value (CDV) 

is determined , as follows: 

The deducted values are listed from lowest to highest, if from the total of 

these, none or only one exceeds two in value, they are all added together and 

the total becomes the maximum CDP. 

If the previous figure is not produced, the total of deducted values to be 

used must be restricted, for such purpose, ASTM D6433, establishes the 

following equation: 

𝐦 = [𝟏 + (𝟗/𝟗𝟖) ∗ (𝟏𝟎𝟎 − 𝐇𝐃𝐕)] ≤ 𝟏𝟎 

Where: 

m: Maximum number of VsDs to be considered 

HDV: Highest value of calculated deducted values 

 Finally, calculated m, only that amount of deducted values should be 

taken into account. If you have a number of deducted values less than m, all of 

these must be used. Determine the TDC value iteratively from TDC and q, 

using the correction graphs. 

As shown in the graph in figure 2, the maximum CSD is the highest. 

The PCI is as follows:  𝐏𝐂𝐈 = 𝟏𝟎𝟎 – 𝐂𝐃𝐕𝐦á𝐱 
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Figure 2 Correction of deducted values CSD vs CDT 

 

2.3 SGP methodology 
 

Table 2 Type of maintenance according to ICP category 

 

Status Index 

Rang 

Category / action Description 

 

 

100 to 85 

Excellent 

Preventive or 

Minimum 

Maintenance 

Pavement in very good condition; does not require 

immediate corrective maintenance actions; may 

occasionally require minimal preventive maintenance 

actions. 

 

85 to 

70 

Very Good 

Minor Corrective 

Maintenance 

Pavement in good condition, with incipient failures 

that require immediate and/or short-term corrective 

maintenance actions 
 

 

 

 

 

70 to 55 

Well 

 

Major or Intensive 

Corrective 

Maintenance. 

The pavement is in doubtful or regular condition, 

with obvious failures requiring frequent corrective 

maintenance actions and probably medium-term 

rehabilitation: 

1.Doubtful condition major corrective maintenance. 

2.The pavement is then sealed. 

3.The pavement is then stabilised with a stabilising 

agent. 

55 to 40 Regular They are considered to be left to deteriorate. 

 

 

40 to 25 

Poor 

Rehabilitation - 

Structural 

Reinforcement 

The pavement is in poor condition with failures in the 

process of generation, requiring rehabilitation in the 

short term to avoid the spread of irreversible damage. 

 

 

< 25 

Very Poor and 

Collapsed 

Rehabilitation - 

Reconstruction 

The pavement must be designed and constructed to 

withstand the stresses and strains imposed by the 

traffic, and must be capable of withstanding the stresses 

and strains imposed by the traffic. 
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 After calculating the ICP, we proceed to classify the entire system by 

adapting the scale of the ICP grade; for this purpose, we prepared Table 2, 

merging the very poor and collapsed classifications as one, and incorporating 

the definitions of category/action and description used by Carpio (2009), as 

follows. 

As shown in the table 2, the classification of the quality of the pavements, 

in which they are developed through ranges according to their state 
 

Determination of the areas of the study zone. 
 

 Determine the areas of the sections of the study zone, linked to the 

parameters of the ICP, then calculate the percentage incidences of the areas of 

each section, with respect to the total area of the study zone, see Table 3. 
 

Table 3 Areas of the study area 

 

 

 

 

 
 

 

 

 

Nº 

Roadway 

system 

Sectio Areas 

S. 1 S. 2 S. 3 S. 4 S. 5 S. 6 S. 7 S. 8 S. 9 Total (m2) 

1 Via a 282 786 798 714 792 768 786   4.926 

2 Via b 234 840 816 684 810 756 732   4.872 

3 Via c 288 810 822 696 786 762 756 780  5.700 

4 Via d 312 798 816 714 774 768 708 672  5.562 

5 Via e 384 750 816 732 756 774 756 738 1.998 7.704 

6 Via f 360 786 822 714 756 762 780 780 612 6.372 

7 Via g 810 1.452 2.220 708 702     5.892 

8 Via h 792 708 714 1.470 678 702 792   5.856 

9 Via i 696 708 738 1.458 714 678 1.014   6.006 

10 Via j 684 726 750 1.446 678 654 1.092 1.092 654 7.776 

11 Via k 654 726 708 1.452 702 630 1.194   6.066 

12 Via l 690 642 720 1.458 630 1.284    5.424 

 72.156 
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 Table 3 shows an example of the calculation of the areas by sections of a 

study zone. It also indicates the colour of the classification of each of the 

sections of the study zone. 
 

3. Results 
 

3.1 EIT resource estimate 
 

Calculate the area for each ICP condition of each road, and likewise 

determine its percentage, with respect to the total area of the study zone, and 

finally multiply it by the cost of maintaining each ICP condition. The sum of 

each ICP cost will result in the total maintenance cost of the study area. 

 
Table 4 Total economic impact of the study area 

Condition 

PCI 
Area (m2) % Unit. cost 

($/m2) 

Tot. cost 

($/m2) 

A 10.5 14,5 15,00 156.9 

B 25.3 35,0 25,00 631.7 

C 22.8 31,6 35,00 796.7 

D 12.4 17,2 50,00 621.0 

E 629 0,9 120,00 75.6 

F 613 0,8 160,00 97.9 

 72.2 100,00  2 379.9 

Table 4 shows the total economic impact of the study area, which considers 

the two types of failures: 1) Failures produced by anthropogenic effects (H), 

and, 2) Failures produced by natural effects (N). 

 

3.2 IEEFN resource estimate 
 

Calculate the maintenance area for each ICP condition of each road, in the 

same way determine its percentage, with respect to the total area of the study 

zone, and finally, multiply it by the maintenance cost of each ICP condition. 

The sum of each PCI cost will result in the total cost of maintenance due to 

natural faults in the study zone. 

Table 5 shows the economic impact produced by natural effects (N).  
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Table 5 Economic impact due to the effect of natural faults in the study area 

 

Condition PCI Area (m2) % Unit. cost 

($/m2) 

Total cost 

($/m2) 

A 49.0 67,9 15,00 735.300 

B 17.9 24,8 25,00 447.900 

C 4.6 6,4 35,00 161.280 

D 6.1 0,9 50,00 30.600 

E  0,00 120,00 0 

F  0,00 160,00 0 

 77.6 100,00  1 375.080 

 

3.3 Economic impact due to the effect of anthropogenic faults    
     (IEEFH) 

The economic impact by effect of anthropogenic failures (IEEFH), the 

economic impact by effect of anthropogenic failures (IEEFH), is calculated by 

applying equation. 

  

ITHTOTAL: US$ 2 379.870 

IEEFH: Economic Impact due to Anthropogenic Failures -H (US$). 

IEEFN: US$ 1 375.080 

 

For one simple difference, you have to: 

IEEFH = US$ 2 379,870 - US$ 1 375,080 

IEEFH =US$ 1 004,790 

In this example, if only the maintenance of the tracks had been due to 

normal wear and tear, US$ 1,375,080 would have been invested, but, due to 

the effect of the works carried out by the public service companies, an 

additional US$ 004,790 has been invested, which is equivalent to an 

unnecessary investment of 73.1 % (1,004,790 / 1,375,080 * 100). 

 

3.4 Economic impact on the preservation of the running surface 
 

As shown in figure 3, the cost of maintenance of the rolling surface of the 

Downtown, in a situation of natural wear of the pavement, amounts to $ 

1,375,000, however, due to the effects of the works carried out by the public 

utilities, this cost increases by 1,004,790, that is to say 73.1%, amounting to $ 

2,379,870, significantly affecting the amount of investment of the 

Metropolitan Municipality of Lima and consequently that of all citizens. 
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Figure 3 Maintenance cost overruns. 

 

4 Discussion 
 

Although the Pavement Condition Index (PCI) of the Pizarro Checkerboard 

is 69.6, it must be taken into account that this is a weighted value that graphs 

the situational state of the road network, and its sections, sections and/or units 

may have different values and to extremes. Such is the case of Section 9 of the 

Jr. Azángaro - Jr. Ancash section, its PCI is 16.8, however, the section that 

contains this section has a PCI of 55.2, exceeding in more than four points the 

PCI of the Jr. Ocoña - Jr. Apurímac, which is 51.1, and is the most critical of 

all the sections. 

The Callao - Huallaga section is in a different situation, as it has 81.4 ICP. 

However, it is in the Emancipation Avenue - Cuzco section, in where there are 

more sections in very good condition with PCIs of 100. 

The present investigation used the observation and determine that 60.73% 

of the faults observed were caused by works carried out by public service 

companies, and the Metropolitan Municipality of Lima was responsible for 

carrying out corrective work to minimize the 73.1% cost overrun represented 

by the appearance of this type of fault. 

 

5 Conclusions 
 

The pavement must be designed and constructed using the Pavement 

Condition Index (PCI) methodology. El Downtown has a total evaluated 

surface area of 72,156 square meters, a total length of 12,026 meters, 

consisting of 89 sections and 382 effective units. 

A total of 1,584 faults were detected on the rolling surface of the 

Downtown, of which 962 faults (60.73%) correspond to anthropogenic effects 

(public service works) and 622 faults (39.27%) are due to natural wear and 

tear on the  
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pavement, making public service works the main cause of rolling surface 

damage. 

The PCI of the Pizarro Checkerboard was obtained by averaging the PCIs 

of the evaluated sections resulting in 69.6, which means that the road network 

that comprises it has, in general, according to Carpio (2017), a rolling surface 

with evident failures that require corrective maintenance actions and probably 

a rehabilitation in the medium term. 

The Jr. Callao - Jr. Huallaga section, with a PCI of 81.4, is the one that, in 

general terms, presents the best condition of the road surface with the least 

amount of failures, 75 failures in total, of which 36 (48%) are of 

anthropogenic origin and 39 (52%) are produced by natural wear of the 

pavement, which is in line with the best value of the calculated PCI. 

The section with the lowest LCP, i.e. the one with the greatest damage to 

its road surface, is the Jr. Ocoña - Jr. Apurímac, which has LCP of 51.1 and 

127 failures in total, of which 107, i.e. (84.25%) are of anthropogenic origin 

and 20 (15.75%) were caused by the effects of natural wear of the pavement. 

The maintenance costs of the roads that make up the Downtown would 

amount to US$ 1,375,080.00. However, the presence of anthropogenic faults 

means that an additional US$ 1,004,790.00 has to be invested in road 

maintenance, which represents an increase of 73.1% in the budget that the 

Municipality of Lima allocates to this service. 

Section 9 of the Jr. Azángaro - Jr. Ancash section is the most deteriorated 

with a PCI of 16.8; likewise, sections 1, 2 and 3 of the section Emancipation 

Avenue - Jr. Cusco, as well as sections 7 and 8 of the section Jr. Carabaya - Jr. 

de la Union, have a PCI of 100, which means that no maintenance work is 

required on its surface. 
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