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DETERIORATION MODEL FOR BITUMINOUS PAVEMENTS OF LOW-
VOLUME ROADS IN NEPAL 

 
INTRODUCTION 

 
Background 
 

Nepal is a mountainous country with 83% of the total area as mid-hills and mountains. 
The hills are geologically very young and active and have rugged topography. Any type of 
construction and the maintenance of the basic infrastructures are extremely challenging and at the 
same time costly too. But roads are still the vital mode of transport in the country and it always 
remains vital. Roads are the principal means for the mass transport system in Nepal and their 
contribution towards the economic and social development is enormous. 

 
The roads development history in Nepal is not very long and the first motor able road 

was constructed in the capital in 1924. However, the first road link of 115 kilometers to 
Kathmandu from Terai was opened to traffic in 1956 under the Indian Government’s Assistance 
and is a pioneering effort in the road development. Road development history is illustrated in 
Figure 1. 

 

 

Figure 1 Road developments over the last 5 decades 
Source: Nepal road statistics 2000 
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In Nepal, road classification is primarily based on functional and administrative 
requirements rather than on the flow of traffic and the application of a particular standard of 
construction or maintenance was not envisioned in it. In order to address the functional 
importance of the roads and to actualize the network planning concept, roads are now classified 
into four types of network as: National Highways, Feeder Roads, District Roads and Urban 
Roads. Now the development and maintenance of the Strategic Road Network (SRN) alone, 
comprising national highways and the feeder roads is the responsibility of the Department of 
Roads (DoR) and SRN data as of 2000 is illustrated in figure 2.  

 
Data of National and Feeder Roads
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Figure 2 Data on Strategic Road Network 

Source: PIP Report, Nepal Road Statistic (1998) and HMIS (2000) 

 
According to the 2001 National Transport Policy, the principal objectives set are as “to 

develop a reliable, cost effective, safe facility oriented and sustainable transport system that 
promotes and sustains the economic, social, cultural and tourism development of the kingdom of 
Nepal as a whole.” 

 
The road sub-sector goal has been introduced in the eighth- five-year plan (1992~1997) 

and the concept of this goal is to reduce user cost by keeping the total transport cost to a 
minimum. Since the introduction of road sub-sector goal, an appropriate budget has been 
allocated for the development and maintenance of roads in Nepal as presented in the Table 1. 
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Table 1 Roads sub-sector budgets 1990/91 to 1999/00 (in million NRs.) 

 Budget Item 
1990/

91 
1991/

92 
1992/

93 
1993/

94 
1994/

95 
1995/

96 
1996/

97 
1997/

98 
1998/

99 
1999/

00 
Total Roads Budget 1,739 2,505 2,919 2,763 3,168 4,046 4,698 4,774 5,298 5,350 
         % of National 
Budget 9% 9% 9% 8% 8% 8% 9% 8% 8% 7% 
   HMG/N contribution 733 1,246 1,126 947 1,012 1,725 1,663 1,667 1,703 1,982
         % contribution 42% 50% 39% 34% 32% 43% 35% 35% 32% 37% 
Development Budget 1,613 2,400 2,812 2,657 3,065 3,887 4,547 4,618 5,137 5,188 
         % of total roads 
budget 93% 96% 96% 96% 97% 96% 97% 97% 97% 97% 
   Road 
construction/reconstructi
on 1,445 2,054 2,530 2,219 2,132 2,875 3,452 3,436 4,079 3,899
         % of total roads 
budget 83% 82% 87% 80% 67% 71% 73% 72% 77% 73% 
   Bridge and culvert 
works 91 226 152 232 363 410 442 535 459 720
         % of total roads 
budget 5% 9% 5% 8% 11% 10% 9% 11% 9% 13% 
   Recurrent/periodic 
maintenance 77 120 130 206 570 602 653 647 599 569
         % of total roads 
budget 4% 5% 4% 7% 18% 15% 14% 14% 11% 11% 
Regular Budget 126 105 107 107 103 159 151 156 161 162 
         % of total roads 
budget 7% 4% 4% 4% 3% 4% 3% 3% 3% 3% 
   Routine maintenance 50 50 30 30 40 39 40 40 40 30
         % of total roads 
budget 3% 2% 1% 1% 1% 1% 1% 1% 1% 1% 
   Overheads 76 55 77 77 63 120 111 116 121 132
         % of total roads 
budget 4% 2% 3% 3% 2% 3% 2% 2% 2% 2% 
Source: HMG/N Budget Statements 
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 With the increase in budget allocation, there have been the persistent efforts in the 
efficient and effective maintenance of road network; as a result, most of the road network is 
brought back into the maintainable condition by the end of fiscal year 2000/01 as presented in the 
Figure 3. 
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Figure 3 Strategic road network conditions 

The performance of the existing pavement conditions and predictions of their future 
conditions are most essential for effective road maintenance management. Proper timing of the 
maintenance has a great effect towards pavement deterioration process. If maintenance and 
rehabilitation are performed during early stages of deterioration, over 50% of repair costs can be 
saved (Shahin, 1994). However, the specified maintenance activities that are required to be taken 
can not be identified by the prediction models (Haas et al., 1994). Selecting the most cost-
effective maintenance actions requires the combination of network and project level management. 
Various models have been produced by many road authorities around the world that suit to their 
road conditions. It is strongly recommended that the models are developed based on the local data 
collection process and the local environment (Haas et al., 1994).  

Statement of Problem 
 

Until now the Department of Roads (DoR) has not developed a pavement deterioration 
models for its road pavement management. Therefore, in the absence of the pavement 
deterioration models, the available information on road roughness and distress are used to monitor 
road deterioration and, in particular, to indicate the need for periodic maintenance (resealing) of 
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bituminous roads. Surface distress information can also be used to determine if a particular road 
section exceeds established distress levels (SDI equal to 3.0) for implementing planned 
maintenance actions or for rehabilitation or/reconstruction. Therefore, to determine the resealing 
and rehabilitation or/reconstruction needs, the distress survey need to be done every year in all the 
road sections, which is very time consuming and costly. Planning and budgeting future year’s 
workload is based on the presently available SDI values, which is not very precise as one could 
obtain from the pavement deterioration models, because the accurate models allow for predicting 
the future evolution of pavement performance more correctly. 
 
Objectives 
 

As per the literature, the results from the pavement deterioration models can be useful in 
budget allocation of MR&R actions and in addition, the accurate models allow the road agencies 
to obtain significant budget savings through timely intervention and accurate planning in advance. 
Therefore, the objective in this study is: 
 

To develop pavement deterioration models for low-volume roads in Nepal. The models 
account for different types of pavement, levels of traffic, and geographic characteristics. 
 
Scope of the Study 
 
This study mainly focuses on one aspect of the pavement management system (PMS), which is 
the pavement deterioration model. The pavement deterioration model will be developed for the 
bituminous and low-volume roads in Nepal. In this study the models are to be developed so that 
all bitumen road types, geography and the traffic levels are taken into account. The models will be 
developed from the available data that the DoR is maintaining at its database in Highway 
Management Information System (HMIS). The presently available distress data is the cumulative 
index called the Surface Distress Index (SDI). The available data limits the pavement 
deterioration model development on pavements prior to the resealing only.  
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LITERATURE REVIEW 
 

 This chapter outlines the pavement management system (PMS), classes and the uses of 
pavement management data, pavement conditions and performances, concepts on deterioration 
and deterioration models, factors affecting pavement deterioration, types of deterioration models, 
basic techniques in the model development, and existing pavement deterioration models. 
 
Pavement Management System (PMS) 
 

Pavement management system (PMS) is a broad-based system that consists of set of 
engineering tools for performing pavement condition surveys and condition prediction, and 
developing work plans with the objective of optimizing the spending (Ghassan Abu- Lebdeh et 
al., 2003). According to AASHTO, pavement management system is designed to provide 
objective information and useful data for analysis so that highway managers can make more 
consistent, cost – effective and defensible decisions related to the preservation of a pavement 
network. The Federal Highway Administration (FHWA) more clearly defines PMS as “a set of 
tools or methods that (can) assist decision makers in finding cost-effective strategies for 
providing, evaluating and maintaining pavements in a serviceable conditions” (Shahin, 1994). In 
general, PMS is used for three W’s; 

 
1. What: Rehabilitation needs in terms of the amount of equivalent asphalt concrete 

overlay 
2. Where: The selection of pavement segments for rehabilitation is based on pavement 

structural conditions 
3. When: The determination of when to rehabilitate a specific pavement segments based 

on age performance curves or equations 
 

Pavement Management is not at all a new concept within the road agencies in Nepal 
since management decisions are made as a part of everyday operations. However, good pavement 
management is not business as usual and it requires an organized and systematic approach to the 
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way we think and in the way we do our business. The important ideas behind a Pavement 
Management System (PMS) are: 

1. To improve the efficiency of decision making  

2. To expand its scope 

3. To provide feedback as to the consequences of decisions 

4. To ensure the consistency of decisions made at different levels of the road agencies 

A good PMS enables people to think and accordingly act to information and make 
rational decisions in a logical, effective and coordinated manner. Modern Pavement Management 
System has been introduced during the last two decades and its main focus is to provide 
systematic procedures to select Maintenance and Rehabilitation and Reconstruction (MR&R) 
needs, set priorities and determine the optimal maintenance time intervals. In the broader sense, 
PMS comprises all the activities involved in planning and programming, design, construction, 
maintenance and rehabilitation of the roads. 

 
Pavement Management involves the identification of optimum strategies at various 

management levels as well as the implementation of these strategies. It is the process covering the 
activities involved in providing and maintaining the pavements at an adequate and acceptable 
level of service as defined by the concerned road agencies. 
 

Figure 4 represents the major components of PMS (Haas et al., 1994). It is clear from the 
figure that data base is the most important issue regarding the PMS at network and project Level. 
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Figure 4 Major components of PM 
 

The nature of the PMS is a broad–based process that includes preservation of the existing 
pavements through effective and efficient maintenance. The Maintenance procedure consists of 
the following four steps called the “building blocks” as illustrated in figure 5 (IRRD No. 292813). 

 
 1. data acquisition 
 2. models / analysis 
 3. criteria / optimization 
 4. consequences / implementation 
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Figure 5 Basic building blocks in Pavement management process 
 

The purpose and benefits of PMS could be economical, technical and/ or administrative. 
As per International Road Research Documentation (IRRD No. 292813); economically, an 
appropriate PMS should be able to work towards maximizing net benefits subject to constraints 
and includes: 

 
 1. Manage the budget by determining the most appropriate funding level; 
 2. Plan network improvements according to budget requests; 
 3. Determine the effects of deferring maintenance on owner’s (highway authority) and 
road users’ costs; 
 4. Determine the effects on users’ cost of raising/lowering the quality standard of road 
pavement; and 

5. Assure cost effectiveness through prioritization based as comparison of costs and 
benefits of alternatives. 

 
  Technically, an appropriate PMS should: 

BUILDING BLOCKS 

- Necessary funding level 
- Schedule of maintenance work 

- Min. functional conditions of pavement 
- Min. structural conditions of pavement 
- Min. overall costs or max. net benefits 

- Performance prediction of pavements 
- Distress prediction of pavements 
- Alternative/strategies of maintenance provisions 
- Costs & benefits of traffic operation 
- Costs and benefits of pavement operations 

- Structural conditions of pavements 
- Functional conditions of pavements 
- Traffic condition (flow & axle loads) 
- Costs and benefits (users, social) 
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 1. Constitute a comprehensive and efficient data base; 
2. Learn from past and present facts and figures and improve construction and 

maintenance techniques; 
 3. Select the best maintenance methods; 
 4. Define problems (defects) and find objective answers to solve these problems; 

5. Contain an appropriate performance prediction model of pavement to control future 
performance and evaluate costs / benefits of PMS; and 
 6. Generate meaningful decision criteria (desirable level, warning level, intervention 
level of pavement condition). 

 
 Administratively, an appropriate PMS should be able to: 
 
 1. Define the state of road network rationally; 
 2. Plan or program maintenance activities of present and future workloads; 
 3. Establish the most efficient monitoring method; 

4. Determine consequences of different levels of funding on pavement conditions; and 
 5. Provide an objective base for political decisions. 

 
Pavement evaluation is tied up to all phases of PMS and without this it is not possible to 

operate effectively. The degree of detail and frequency of measurement necessary for pavement 
evaluation depends upon the situation and the particular requirement of the individual road 
agency. 
 
Classes and Uses of Pavement Management Data 
 

As explained earlier the objective of the pavement management system is to coordinate 
all activities required for keeping the pavement structure in the most cost-effective order with the 
users’ satisfaction of the facility. To support these activities, broad data base is essential and the 
data base should include pavement condition and performance, among the various items. The 
existing pavement management system (PMS) focuses on condition and performance of the 
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pavement surface and the structure. However, a comprehensive PMS requires data from a variety 
of sources. The Figure 6 lists the classes of data and their uses (Haas, 1991). 

 

 
Figure 6 Major classes and component types of pavement data [Haas, 1991] 

R: data primarily for rehabilitation  R+M: data for both cases 
M: data primarily for maintenance 
 

 Data are used at the network and project levels of the pavement management. The 
network level data is used in program prioritizing, budgeting and finance planning, whereas, the 
project level data is used for the engineering related aspects of the road sections or a project.  
 

The measurement of pavement characteristics and evaluation of the data required has the 
following three objectives (Roads and Transportation Association of Canada, 1977). 

 
1. To check whether the intended function and expected performance are being achieved; 

 2. To provide information for planning rehabilitation for existing pavement; and 
3. To provide information for improving the technology of design, construction and 

maintenance. 

Section Description      R      

Performance Related Data   
- Roughness                           R 
- Surface distress                   R+M 
- Deflection                           R 
- Friction                               R+M 
- Layer material property      R 

History Related Data   
- Maintenance history           R+M 
- Construction history           R+M 
- Traffic                 R+M 
- Accidents R+M

Policy Related Data 
- Budget                 R+M 
- Available alternatives         R+M 

(Maintenance & rehabilitation) 

Geometry Related Data 
- Section dimensions              R 
- Curvature                      R 
- Cross slope                           R 
- Grade                                    R 
- Shoulder/curb                  R+M 

Environment Related Data 
- Drainage                  R+M 
- Climate       R 

(Temperature, rainfall, freezing) 

Cost Related Data 
- Construction cost                 R 
- Maintenance cost                   R+M 
- Rehabilitation cost                R 
- User cost     R 
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The evaluation of pavement for the above listed objectives can involve one or more of 
the following (RTA Canada, 1977). 

 
 1. Structural capacity; 
 2. Physical deterioration or distress; 
 3. User-related factors such as riding comfort, safety and appearance; and 

4. User-related costs and benefits associated with varying serviceability and with various 
rehabilitation measures. 

 
Thus having the capability to perform a comprehensive pavement evaluation that 

considers condition rating, deterioration rate, structural capacity and previous maintenance allows 
rational determination of maintenance and rehabilitation requirements and avoids over- or under- 
maintenance of the pavement (Shahin, 1979). 

 
Concepts of Deterioration 
 
 All road pavements deteriorate over time irrespective of their design and construction 
standards. Deterioration is progressive and is influenced by the various factors grouped hereunder 
into three main headings. 
 
 1. Environmental – terrain, climate and local parameters 
 2. Traffic – volume and axle load 

3. Construction – design and construction standards and material and workmanship 
quality 

 
The deterioration starts when the pavement is opened to the traffic and increases with the 

time. The deterioration is due to pavement components such as sub-base, base, wearing course 
being exposed to loads applied on them, and Mother Nature, such as rain, snow, freeze-thaw 
cycle, and so on. Factors responsible for deterioration are included in the subsequent section. 
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 The condition and /or performance of the pavement are continually deteriorated by 
several factors. A deterioration curve shows relationship between the response (dependent) and 
the predictor (independent) variables. These factors which cause deterioration are used as 
independent variable in modeling deterioration curve. Hajek and Haas (1987) defined the 
important reasons for pavement damage in Ontario, Canada as a traffic loads, temperature 
changes, moisture effects and construction flaws due to materials and construction techniques. 
 

 Other researchers have described a variety of factors affecting deterioration. George 
et.al., (1989) described the factor that affect the rate of deterioration, which include traffic loads, 
pavement layer thickness, material, sub-grade strength, environmental factors and construction 
techniques. 

Haas et al., (1994) defined the factors that affect pavement performance such as 
pavement type, pavement thickness, traffic volumes or loads, sub-grade type or strength, 
environmental and regional effects. 

 
Pavement deterioration models play an important role in PMS. Shahin (1994) has 

described that, “an important feature of a pavement management system (PMS) is the ability both 
to determine the current condition of a pavement network and to predict its future condition”. 
Projection of future condition requires the ability to measure condition on a repeatable scale. Not 
only the best MR&R alternative will be selected, but the optimal time of application is also 
determined (Haas et al., 1994). 

 
It is mentioned that good materials evaluation and good mechanistic modeling of 

pavement structure are essential to pavement management (Shahin, 1994). Therefore, an effort 
has been directed toward developing prediction models in order to relate pavement serviceability, 
pavement age history and its performance (Haas et al., 1994). 

 
The deterioration model always allows the road authorities to prioritize and plan the 

maintenance and rehabilitation of their pavements. It also provides the following useful 
information for rehabilitation and maintenance management. 



 

14 

 1. Rate of Deterioration – provides a number of deterioration in the unit of time. If the 
rate is high, it is an alarming signal for immediate attention. If nothing is done at that moment, 
condition of a pavement rapidly deteriorates so the cost for repair becomes higher and the 
condition becomes below the minimum acceptable. 

 
 2. Future Condition – it is important in the pavement management system. Knowing the 
future condition will assist in planning the future maintenance or rehabilitation plan appropriately 
and this allows the cost-effective alternative selection so that the pavement conditions are 
normally superior. 
 
Pavement Condition and Performance 
 

Normally any infrastructure just after construction is in the perfectly excellent condition 
or has the excellent performance. The condition is the potential to reach failure or the state in 
which a facility no longer performs its functions; whereas, the performance is measured by the 
comfort of facility users or the potential of a facility to work potentially. For the different types of 
infrastructures, the parameter measures for condition and performance are also different. A road 
pavement normally starts to deteriorate continuously under the vehicular loading and the exposed 
environment. The performance of the road pavement is therefore the ability to satisfy the traffic 
demand and the environment over its entire design life. Pavement performance therefore, 
indicates the condition and serviceability level of the pavement. Performance is defined as its 
ability to meet the requirements for which it has been designed (Ramaswamy, 1989). Pavement 
performance can also be defined as the ability of pavement to carry the traffic with an acceptable 
level (Paisalwattana, 2000). Therefore, in a complete sense, a good pavement rides well, carries 
traffic satisfactory, provides a safe tire interface for both rolling and stopping, and looks pleasing 
to the “pavement manager” and the “user” (Haas and Hudson, 1978). 

 
Pavement evaluation must precede the maintenance strategies. Many methods are in use 

to evaluate pavement such as individual distress characteristics and condition index. Evaluation of 
Performance involves the functional behavior of pavement (Haas et al., 1994). Roughness is an 
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indicator of pavement riding quality. Various methods such as visual inspection/survey, condition 
rating based on distress severity, and non-destructive testing are available to evaluate the 
pavement performance and this is the first step towards modeling the pavement deterioration. 
Figure 7 illustrates a typical performance curve relating the pavement condition rating to the age 
of the pavement. 

 

 
Figure 7 Performance curve 
 
 The most commonly applicable indicators of pavement performances are; cracking, 
rutting, riding quality and skid resistance. In general there are two types of performance indexes; 
one type of index (Type I) represents raw data for only one pavement condition parameters 
(examples are distress, roughness, deflection, skid resistance, etc.) and the other type of index 
(Type II) represents a combination of more than one pavement condition parameters. This method 
consists of combining all or some of the ratings so as to constitute a global (or serviceability) 
index representing the pavement conditions (IRRD No 292813). The Table 2 lists some of the 
unique indexes used by different highway administrations. Therefore, only some of the widely 
used pavement performance indexes are described below and these indexes are used in 
formulating the prediction model in general. 
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 1. Distress Type – Distress is visible imperfection of the road pavement that directly 
represents the pavement performance. The general distress types are cracking and rutting and they 
are measured in terms of their density (percentage or area). 
Cracking – Cracking includes alligator, block, longitudinal and transverse cracking. Pavement 
deterioration is measured by cracking area. HDM III involves the cracking model. In deterioration 
model, crack initiation and progression are forecasted [Haas et al., 1994 
Rutting – Rutting is a depression normally in the wheel paths and it may be associated with 
shoving of the adjacent sides. Rutting begins with a permanent deformation of sub-grade. 
Significant rutting leads pavement to a major structural failure.  

 
 2. International Roughness Index (IRI) – roughness is an important aspect and it presents 
riding comfort and safety of the road users. According to the American Society for Testing and 
Materials (ASTM, specification E867-82A) road roughness is defined as “the deviations of a 
pavement surface from a true planar surface with characteristic dimensions that affect vehicle 
dynamics, ride quality, dynamic pavement loads and pavement drainage”. Roughness increases 
the wear on vehicle parts and rolling resistance and has appreciable impacts on VOC and the 
safety, comfort and speed of vehicle. Some agencies combine roughness condition index with 
other pavement condition index such as distress to formulate a composite index (Type II) in the 
management activities. 

 
 3. Present Serviceability Index (PSI) – PSI was developed in the early 1960s and 
constituted the first comprehensive effort to establish performance standards based upon 
considerations of riding quality (Carey and Irick, 1960; Highway Research Board, 1962). 
A panel of highway users from different backgrounds evaluated 74 pavement sections and rated 
them on a five-point discrete scale (0 for poor; 5 for excellent). The rating was averaged for each 
section converting the discrete rating into a continuous rating referred to as the Present 
Serviceability Rating (PSR). The PSR was found to correlate highly with longitudinal profile 
variation in the wheel path (slope variance) and it was found to correlate to a lesser extend with 
rut depth, cracking, and patching.  Ninety five percent of the change of the PSR could be 
explained by the variation of the slope variance (Haas et al., 1994). Therefore, an empirical 
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equation was developed to determine serviceability as a function of surface slope variance, 
cracking, rutting and patching measured in the pavements. The serviceability value estimated with 
this equation was called the Present Serviceability Index (PSI) and it became the first objective 
measure of pavement performance based upon the consideration of riding quality. PSI ranges in 
integer scale from 0 (completely disintegrated) to 100 (newly constructed or resurfaced).  

 
 4. Pavement Condition Index (PCI) – It is developed by US Army Corps of Engineers for 
the PAVER maintenance management system (Shahin and Kohn, 1981). It measures in a scale of 
0 to 100 (new pavement). It covers larger number of damage types than PSI. Nineteen damage 
types with three severity levels for each distress are used in calculating PCI. 

 
 5. Pavement Condition Rating (PCR) – It is the specific performance index that is 
developed by (George et al., 1989). It is similar to PCI since they both have indexes on a scale 
from 0 to 100. It is composite index derived from monitoring data pavement roughness or 
roughness rating (RR) and distress rating (DR) in accordance with the following equation. 

 
   PCR = RR0.6 DR0.4          (1) 

 
Table 2 List of pavement performance indexes 
 
Name of Index Index Equation Index 

Type 
Condition parameters accounted for 

Alaska 
Surface Condition Index 

 
SCI = 1.38R2 + 0.01(A+P) 

 
I 

 
Rutting (R), Alligator cracking (A), Full width 
patching (P) 

Alberta 
Pavement Quality Index 

 
PQI=(1.1607+0.0596*RCI*VCI
+ 0.5264*RCI log SAI) 

 
II 

 
Structural Adequacy Index (SAI), Riding Comfort 
Index (RCI), Visual Condition Index (VCI) 

Denmark 
Present Serviceability 
Rating 

 
PSR = 12.5 -4.25 lgt (BMT) 

 
I 

 
Bump integrator Measurement (BMI) 
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Table 2 Cont’d    
Name of Index Index Equation Index 

Type 
Condition parameters accounted for 
 

    
Florida 
Ride Rating 
Defect Rating 
 
Basic Rating 
Adjusted Basic Rating 
Engineering Rating 
 

 
RR = a + bx 
DR = 100 - ∑ (defect points) 
 
BR = RR * DR 
SR = f (ADT, BR) 
ER = OR* SR 

 
I 
I 
 

II 
II 
II 

 
Roughness from Mays Meter (x) 
Distress (defect points) which includes cracking, 
rutting and patching 
Roughness (RR), Distress (DR) 
Roughness and distress (BR), traffic (ADT) 
Roughness, distress, traffic (BR, ADT); ability of 
road to handle traffic (OR) 

New South Wales 
Maintenance Index 
 
 
Safety Index 
 

 
MI = 0.25 (roughness rating)+ 
0.25 (visual assessment rating) + 
0.50 (deflection rating) 
SI = 0.75 (scrim rating) + 0.25 
(roughness rating) 

 
II 
 
 

II 

 
Self – explanatory 
 
 
Self - explanatory 

New York State 
Present Readability Index 
 
Pavement Surface Rating 
Base Rating 
Maintenance Index 
 
Structural Rating 

 
PRI = f (roughness meter data, 
subjective rating) 
PSR = Subjective, 0-10 
BR = Subjective, 0-10 
MI = Subjective, 0-10 
 
STR. R. = 3(PSR) + 4(BR) + 
3(MI) 

 
 
I 
I 
I 
I 
 

II 

 
 
Roughness 
Distress 
Structural 
Indication of maintenance performed in the past 
years 
Distress, structural adequacy, maintenance 
performed during the past year 

Ohio 
Present Serviceability 
Index 
 
Pavement Condition 
Rating 

 
PSI = 4.18-0.007(RC)0.658-0.01 C 
+ P-1.34(RD)2 
PCR = 100 - ∑

−

n

i
iDeduct

1

 

 
II 
 
I 
 
 

 
Roughness (RC), Distress (C, P, RD): AASHO 
equation 
Distress, where Deduct i = (weight for distress) * 
(weight for severity) * (weight for extent) 

Utah 
Distress Index 

 

DI = 
36

)22( TLMA +++  

 
I 

 
Distress [Alligator (A), Map (M), Longitudinal 
(L) and Transverse cracking (T)] 
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Table 2 Cont’d 

Name of Index Index Equation Index 
Type 

Condition parameters accounted for 
 

 
Washington State 
Pavement Rating 
Ride Rating 
 
Pavement Condition 
Rating 

 
 
PAV’T RT. = 100 -∑D 
RIDE RT.=1.0 – 0.3 

)5000(
)( 2CPM  

PCR = (PAV’T RT. * RIDE 
RT.) 

 
 
I 
I 
 

II 

 
 
Distress (D = weighted deduct points) 
Roughness (CPM) 
 
Distress, roughness 
 

Source: IRRD No. 292813 
 
Types and Techniques of Deterioration Modeling 
  

 There are various types of deterioration model in practice. Haas et al., (1994) has 
classified the prediction models into four basic types, for operational purposes as follows: 

 
 1. Purely mechanistic – Mechanistic models are based on a physical representation of the 
pavement deterioration process. Purely mechanistic model is based on the structural behavior 
parameters such as stress, strain, or deflection. This approach at the present is considered to be 
less feasible due to the complexity of the road deterioration process. Those deterioration models 
rely on the use of material behavior and pavement response models, which are believed to 
represent the actual behavior of the pavement structure under the combined actions of traffic and 
the environment. These behavior and response models are used to estimate strains, stress and 
deflections at various pavement structure locations. The critical responses are then used to predict 
pavement performance in terms of surface deformation and crack propagation.  Until today, a 
comprehensive and reliable model that is purely mechanistic is not developed. However, material 
behavior and pavement response models presently in usages are very simplistic and only 
represent material and structural responses under the restricted conditions. 
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 2. Mechanical – Empirical – where a response parameter is related to measures structural 
or functional deterioration, such as distress or roughness, through regression equation. These 
models use material characterization (usually laboratory testing) and pavement response models 
(usually linear elastic or finite element type models) to determine pavement response. This part 
constitutes the mechanistic component. The calculated pavement response (critical strain, stress 
or deflection) is correlated with pavement performance and finally calibrated to an actual 
pavement structure. Pavement test sections are used for this purpose as well as in-service 
pavement sections. This part constitutes the empirical component. 
 
 3. Regression/Empirical – The dependent variables in the empirical models is pavement 
performance indicator of interest. Both aggregate indicators of performance (such as PSI, RCI 
and PCI), and the individual performance indicators (such as rutting, cracking, IRI, and skid 
resistance) have been used as dependent variable. These dependent variables are regressed to one 
or more explanatory variables representing pavement structural strength, traffic loading, and 
environment conditions. However, most of the specifications available in the literature are just 
linear association of the variables. The criterion typically used to select the best fit of the data is 
the coefficient of determination, R2. 
 
 4. Subjective – where experience is captured in a formalized or structural way using 
transition process model to develop deterioration model such as Markov model 

 
 Empirical and mechanistic – empirical models are currently the most widely used 
deterioration models for the road pavements. Empirical models based on regression analysis have 
been used for many years and constitute some of the most widely used models. But during the 
past 20 years, there is more inclination towards developing the mechanistic-empirical models. 
 
 Pavement evaluation is a key part of PMS which is used to measuring and assessing the 
outputs of the pavement. Figure 8 is a schematic representation of the major types of pavement 
outputs versus time. 
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Figure 8 Major types of pavement models 
 

The most satisfactory method for an appropriate optimal mix and timing of maintenance 
and rehabilitation could be the development of the Pavement Deterioration Model/Curve because 
it provides the rate of deterioration and the future conditions of the pavement. 

 
The deterioration model developed must suit the local condition of a particular country 

and it should incorporate the inspection data being currently in use by them. Data collection is 
always the most vital issue for deterioration mode. Due to constrained resources, it is always 
important that the deterioration model must be an effective tool used in proposing the appropriate 
maintenance strategy. Figure 9 represents an example of the prediction models for pavement 
deterioration (Haas et al., 1994). This curve shows relationship between pavement condition, 
measured in PSI and time and axle loads. 
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Figure 9 Prediction models for pavement deterioration  
Source: (Haas et al., 1994) 

 
Figure 9 is also a schematic illustration for how a deterioration model is used to predict 

future deterioration of an existing pavement, and rehabilitation alternative constructed in the 
needs year. The basic requirements for any prediction model have been described by (Darter 80) 
and they include the following: 

 
 1. An adequate data base 
 2. Inclusion of all significant variables affecting deterioration 

3. Careful selection of the functional form of the model to represent the physical, real-
world situation 
 4. Criteria to asses the precision of the model 
  
 Various forms of mathematical formulas are used in the model formulation. Many 
techniques are available for formulating the pavement deterioration models. Shahin, (1994) has 
described seven techniques straight-line extrapolation, regression (empirical), mechanistic-
empirical, polynomial constrained least square, s-shaped curve, probability distribution, and 
Markovian. Some techniques are described in the following sub-headings. 
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 Straight-line technique 
 
 Straight-line technique is the simplest technique and the main assumption of this 
technique is a deterioration rate has the straight-line relationship. This technique requires two 
points of data but the accuracy of prediction may be questionable. According to Shahin (1994), 
this technique can not be used to predict the rate of deterioration of a relatively new pavement or 
a pavement that has recently received major rehabilitation. This technique underestimates the 
pavement condition at the earlier stage and overestimates at the later stage. 
 
 Regression (Empirical) Techniques 
 
 Regression technique is used to generate an empirical relationship between two or more 
variables. Each variable is described in term of its mean and variance. Though there are various 
forms of regression analysis, two most common forms are linear regression and non-linear 
regression. 
 Linear Regression – is the simplest form of regression analysis. For predicting a model 
there are two variables, dependent and independent variables are associated in the model 
formulation. 

Model is described as, 
 
   Yi = a + bXi + ei            (2) 

 where  
   Yi = dependent variable  

    Xi = independent variable  
   a ,b = regression parameters 
   ei = prediction error 

 Non-linear Regression – when the two variables are not reasonably associated in linear 
regression form, non-linear regression is used as a model. 

 
    E (Y) = a + b f(x)         (3) 
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   where 
    f(x) = function of x, such as x2 or ln x 

One of the most widely used forms is hyperbolic curve based on a long-term 
infrastructure data base as; 

 
   C = C0 - aTb           (4) 
 
  where  
   C = Present condition index 
   C0= initial condition index (100 assumed in PCR) 
   a = slope coefficient of the curve 
   b = constant which controls the shape 

 
 Mechanistic-Empirical Model 
 
 Mechanistic-empirical combines two approaches; a pure mechanistic approach and a 
regression (empirical) technique. Pure mechanistic approach is applicable to calculate pavement 
response (stress, strain, or deflection) and the response is caused by traffic, climate or a 
combination of the two. The calculated stress and strain from pure mechanistic approach can be 
used as a response variable to a regression prediction model. An example of mechanistic-
empirical model is expressed below and the model is used to predict asphalt pavement fatigue life 
(N). 
    N = A*(1/e)B           (5)   
   where   
    N = asphalt pavement fatigue life 
    A, B = coefficients of regression 

e = strain from wheel loading (calculated by mechanistic       
approach) 
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 Polynomial Constrained Least Square 
 
 Polynomial constrained least square is most efficient technique for predicting the change 
in dependent variable, Y (PCI, Roughness) as a function of another independent variable, X (Age 
or Traffic). This method consists of three steps:    
 1. Inspect the pavement condition for collecting data 
    (Xi , Yi)  i = 1, 2, …., n 
   where    
    Xi = age of sample i 
    Yi = pavement condition of sample i 

2. Establish the polynomial equation of degree n  
 

    Y(X) = a0 + a1X + a2X2 + …… +anXn        (6) 
 
 3. Ensure that the deterioration model corresponds to the two constrained need by 

minimizing the sum of [Yi – Y(Xi)]2. The constraints are; 
    a0 = value equal to the excellent pavement condition value 

Y’(X) ≤  0, to ensure a non-positive slope, condition of 
pavement from the prediction would not be better as the age or 
traffic increases. 
 

 S-shaped Curve 
 
 Similar to the polynomial constrained least square, the S-shaped curve fitting technique is 
useful when predicting the change in a variable, Y as a function of one variable, X (Shahin, 
1994). The S-shaped curve equation developed by Smith, 1986 for predicting PCI to pavement 
age is given by; 
 

    PCI =100 - βα
ρ

/1)ln()ln( Age−
        (7) 
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where  
βρ , and α are constant and which can be determined by 

regression analysis. 
 
Existing Pavement Deterioration Models 
 
 After the development of the first pavement performance index, namely PSI in 1960s, the 
development of the pavement deterioration models initiated. The first of the models, which is the 
linear models based on experimental data, was developed based on data provided by the AASHO 
Road Test in Illinois (HRB, 1962). The AASHO equation estimates pavement deterioration based 
on the definition of dimensionless parameter g referred to as damage. The damage parameter was 
defined as the loss in the value of the PSI at any given time as: 
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   where 
    tg = dimensionless damage parameter, 
    tP = serviceability at time t (in PSI units), 
    0P = initial serviceability at time t = 0, 
    fP = terminal serviceability, 

tN = cumulative number of equivalent 80 KN single axle loads 
applied until time t, and 

 w,ρ = regression parameters 
 
 The data from AASHO Road Test provided little information on long-term 
environmental effects and no direct information on pavement response and performance under 
actual highway traffic. The parameters ρ and w  were obtained for each test section by applying 
equation (8) in a step-wise linear regression approach and when the values of ρ and w  were 
estimated, the estimated values were expressed as a function of design and load variables, and 
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two new linear regressions were carried out. The assumed relationship between w  and these 
variables was (HRB, 1962): 
 

    w  = 3
24332211

210
0 1

2

)(
)(

β
β

β

β

LaDaDaDa
LL

w
+++

+
+      (9) 

  

   where 
    L1= axle load, 
    L2=1 for single axle vehicles, 2 for tandem axle vehicles, 
    0w = a minimum value assigned to w , 
    0β to 3β = regression parameters, 

1a to 4a = regression parameters that were obtained by 
performing analyses of  variance, and 

 1D to 3D = thickness of the surface, base, and sub base layers 
 
 
 The specification form for the relationship between ρ and the design and load variables 
was the following (HRB, 1962): 
 

    ρ = 
2

31

)( 21

20
β

βββ

LL

LD

+
      (10) 

  
   where 

 D = 4332211 aDaDaDa +++ , represents the structural 
number (SN), and 

1β to 3β = regression parameters (not necessarily the same as 
in Equation 2.10) 

 
 Equation 8 (or a modification of it) has been used as the basis for pavement design for 
approximately 50 years (AASHTO, 1981, 1993). 
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 Linear models based on field data were developed from the study conducted by the 
Transportation Road Research Laboratory of the U.K. (TRRL) on in-service road pavement in 
Kenya. This provided the additional data needed to update the AASHO models to establish the 
relationship between pavement riding quality, pavement strengths and actual highway traffic 
(Hodges et al., 1975; Parsley and Robinson, 1980). This improved model incorporated mixed 
traffic loading, different pavement structures over different sub grades, and a variety of pavement 
ages. Actual measurements of roughness in terms of IRI were used instead of serviceability as a 
measure of riding quality in the models as: 
 
    tR  = tNSNfR )(0 +        (11) 
 
   where 
    tR = roughness at time t, 
    0R = initial roughness at time t = 0, 
    f(SN) = a function of structural number, SN, 

 SN = structural number developed during the AASHO Road 
Test (denoted by D in Equation 2.11 above) and, 

 tN = cumulative number of equivalent 80 KN (18,000 lbs) 
single axle loads applied until time t. 

 
 A study of ten-year time series data by Way and Eisenberg (1980) failed to identify the 
effect of traffic loading or pavement strength and the developed model related roughness to time 
and pavement age only in the State of Arizona. The incremental model developed is in the form: 
 
    tR∆  = 21 ββ −∆ ttR         (12) 
 
   where 
    tR∆ = change in roughness level at time t, 
    t∆ = time increment, and 
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21 ,ββ = regression parameters that depend on the 
environmental variables 

 
 The parameters 1β and 2β  were estimated by grouping the data into categories 
according to environmental conditions such as rainfall, elevation, freeze-thaw cycles and 
temperature. 
 
 Karan (1983) developed a model in Alberta with the data available in their pavement 
management system (PMS) database. The data consisted observation of riding quality, surface 
distress and deflections for 25 years. 
 
 tRCI = tRCItttRCI ∆++++++ 5043

2
2010 )ln()1ln()ln( ββββββ     (13) 

 where 
  tRCI = riding comfort index (scale 0 to 10) at any age t, 
  0RCI = initial RCI at t = 0, 
  t  = age in years, 
  t∆ = years between observation, and 
  1β to 5β = regression parameters 
 
 The Department of Transportation of the State of Washington has developed a set of 
regression equations based on their long-term pavement performance database (Kay et al., 1993). 
The model has the general form of: 
 
    PCR = 2

1100 ββ t−         (14)   
 

where 
    PCR = Pavement Condition Rating (scale 0 to 100) 
    t  = pavement age, and 
    21 ,ββ = regression parameters 
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 The regression parameter values are estimated for Western Washington and are 
dependent on the type of construction and the surface type of the pavements. 
 

Queiroz (1983) developed linear model based on field data and empirical-mechanistic 
principles. Multi-layer linear-elastic theory has been adopted in formulating the model. The 
responses calculated are surface deflection, horizontal tensile stress, strain and strain energy at the 
bottom of the surface asphalt layer, and vertical compressive strain at the top of the sub-grade 
material. The specified equation for the prediction of roughness is as: 
 
   )( tQILog = tNSENDSTt log413210 βββββ ++++   (15) 
  where 

 tQI = roughness at time t as measured by the quarter car index in    
counts/km, 

 t  = pavement age in years, 
 ST = dummy variable (0 for original surface and 1 for overlaid surface), 
 1D = thickness of the asphalt layer, 
 SEN = strain energy at the bottom of the asphalt, 
 tN = cumulative equivalent single axle loads up to time t, and 
 1β to 4β = regression parameters 

 
 The above mentioned existing models are compiled from J. A. Prozzi (2001). 
 
 A. I. Al-Mansour and K. C. Sinha developed a empirical model for Indiana Department 
of Transportation (INDOT) in the form as given in equation: 
 
    PSI = Ageba *+         (16) 
 
   where 
    PSI = Present Serviceability Index (scale 0 to 100), 
    Age = pavement age in years, and 
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    ba, = regression parameters 
 
 A. I. Al-Mansour (1999) developed a model for Riyadh street network in Saudi Arabia in 
the following form: 
    
    UDI = DRdADTcAgeba n *** +++    (17) 
 
   where 
    UDI = Urban Distress Index. 
    ADT= annual daily traffic (0 for low traffic and 1 for high), and 
    DR= Drainage (0 for without and 1 for with drainage) 
 
 A. I. Al-Mansour (2004) developed an empirical model for the city of Riyadh, Saudi 
Arabia in which non-linear transformation function was used to improve the fit and the ability to 
predict future performance. The model equation is in the form: 
  
    DEN = bTae         (18) 
 
   where 
    DEN = distress density in percentage, 
    T = time in years, and 
    ba, = regression coefficients 
 
 G. A. Lebdeh et al., (2003) developed an empirical model for the Michigan Department 
of Transportation (MDOT). In this modeling, the random variable is the Distress Index (DI) for a 
given project and the associated variable is the previous DI value (the previous DI is the DI value 
2 years earlier – called the “first lag”). In the regression, DI is regressed on its first lag and the age 
that corresponds to the first lag. 
 
   DI(t+1) = f[DI(t), Age(t)]       (19) 
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 However, MDOT is currently using the empirical model in the form of logistic function 
with the chronological age (time) as the independent variable and is given in the form: 
 
   DI(t) = 

])()/1[(
1

10
tbbu +

        (20) 

 
Overview of Road Maintenance Practice in Nepal 
 

This section gives the overview of the road maintenance practice in Nepal and includes 
background information on pavement maintenance, strategy used by Department of Roads (DoR), 
pavement distresses, maintenance types, SDI measurement procedures, and ranking and 
prioritization of the periodic maintenance candidates based on SDI data of the road sections. 
 

Background Information and DoR’s Strategy 
 
 Over the years, Nepal has added a greater length of roads into its network. As illustrated 
in Figure 1.1, the road length has grown from a meager 376 kilometers in the year 1950 to 15,905 
kilometers in the year 2000. Nearly 30% of the total length is blacktopped roads. His Majesty’s 
Government of Nepal (HMG/N) has accorded high priority to road transport development and 
accordingly the roads sub-sector is receiving a large chunk of public investment.  
 
 Before 1990s’ more roads were built as per the aspiration and demand of the people and 
less priority was put towards up keeping of the existing roads. During that period the roads were 
depreciated at a loss rate of 5 kilometers for each 100 kilometers of roads. By the end of 1992 
more than 50% of the major roads were in poor condition, urgently requiring the reconstruction. 
Therefore the government introduced a road sub-sector goal in the eighth- five- year plan 
(1992~1997) and since this time more focus has been made towards road maintenance and asset 
preservation. More and more emphasis was given in the planned maintenance practices in order to 
bring back the road network into the maintainable condition. Furthermore, in order to build 
reliability in financing the maintenance activities the HMG/N has enacted the Road Fund Board 
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Act 2002. Nepal Roads Board (NRB) has been established and is authorized to collect service 
charge as well as fuel levy independent of the government revenue basket. 
 
 DoR’s Strategy - Periodic maintenance is an essential element of planned maintenance 
and comprises re-gravelling of gravel roads and cyclic resealing of bitumen roads. In particular, 
cyclic resealing is considered to be the single most cost effective operation to improve the 
serviceability of bitumen roads in Nepal. It involves applying a seal to all roads in a maintainable 
condition at a fixed interval of 5-8 years depending on environment and traffic. All resealing has 
a high economic rate of return; the principle of cyclic resealing is therefore to reseal 12 months 
early rather than one day late. With the present road network and traffic levels, the intervention 
approach using economic models such as HDM III is not appropriate for developing a resealing 
programme for Nepal and could be counter-productive. For the time being, prioritizing in the 
selection of the roads for resealing will be limited to the consideration of the four parameters 
namely road age, visual survey rating, traffic and strategic importance. 
 
 The aim of the DoR Strategy in adopting cyclic resealing is to build-up a programme of 
400 km of resealing annually which can be undertaken as a straightforward management exercise 
and with predictable funding needs. Such a programme will, in addition, provide an on-going 
source of work for the local contracting industry. Resealing is not structural; it slows down the 
rate of deterioration by renewing the water proofing properties of the pavement. Types of 
resealing include double and single seal surface dressing, slurry seals and cape seals using 
straight-run bitumen or bitumen emulsion. 
 

Pavement Distresses 
 
 Road pavement will deteriorate over time, no matter what the design and construction 
standards have been adopted. Deterioration is a continuous process and influenced by various 
factors that has been mentioned earlier. 
 But Nepal in particular, has a difficult environment for road construction and since the 
traffic levels are normally low outside the urban areas (maximum ADT 2,200), the environment is 
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the main cause of pavement damage/deterioration. Surface distress is importance to the 
maintenance work since it provides the first visual indication of the damages. The following are 
the forms of deterioration that is recorded for the planned maintenance purposes. 
 
Cracks – are in the form of narrow interconnected, longitudinal and transverse, sealed crack, and 
wide interconnected (major) and the causes could be one or more of the followings: 
 
  1. Fatigue damage of AC or stabilized base 
  2. AC being too stiff for the climate 
  3. AC mix subjected to low traffic volume may not be densified sufficiently and may 
become brittle 
  4. Brittle due to mixed too long, mixed too hot, or stored too long 
  5. Inadequate compaction at the edges of longitudinal paving lane, reflection, crack in 
stabilized base, application of heavy loads or high tire pressure in rutted wheel paths. 

 
Potholes – various form of cracks progresses to the potholes first at the locations where the 
underlying base and sub-grade material are the weakest. 
 
Texture defects – are in the form of stripping, bleeding and raveling and weathering. It may pose 
a safety hazard. The causes could be the following: 
For AC raveling is due to loss of bond between aggregate and binder due to insufficient binder 
content, poor adhesion of binder with aggregate, hardening of asphalt cement or segregation or 
inadequate compaction. 
For surface treated roads 
 
  1. Poor adhesion of the binder with aggregate 
  2. Aggregate applied on the cooled binder 
  3. Insufficient compaction 
  4. Dusty aggregate and breakage 
  5. Excess binder or inadequate binder 
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  6. Road surface temperature low 
 

Exposed base – considered as a major defect and is due to deterioration of the top pavement layer 
(pothole, loss of aggregate) 
 
Edge break – considered major or minor depending on its magnitude. The causes are inadequate 
lateral support, inadequate compaction at the edge. 
 
Depression and humps – form of corrugations and may be due to foundation movement (frost 
heave, swelling soil) or localized consolidation (example is bridge and culvert approaches). It 
imparts riding discomfort and safety hazard. Like wise, high or low shoulder is another defect of 
the shoulder and it posses the safety hazard due to drivers being unable to recover from them. It 
also accelerates the edge breakage of the pavement. 
 
 Repair Methods 
 

Maintenance activities are carried out both on and off the carriageway. 
 

  1. On-road maintenance – activities designed to keep the road open and serviceable 
throughout the year. Planned maintenance decreases the rate of deterioration and thus defers the 
need for rehabilitation and reconstruction. 
 
  2. Road –side support maintenance – deals with protecting hill slopes against land-sliding 
and erosion 

 
  For the purpose of road management, DoR has classified maintenance activities in terms 
of their frequencies as follows: 
 
 1. Routine Maintenance – required continually on every road because of environmental 
degradation whatever its engineering characteristics or traffic volume. Main works include grass 
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cutting, drain cleaning and repairing, re-cutting ditches, bridge and culvert maintenance, road 
furniture maintenance etc. 

 
  2. Recurrent Maintenance – required at varying intervals during the year with a 
frequency that depends mostly on the volume of traffic using the road. Work activities included 
are repairing pot-holes, patching, repairing edges and shoulders, sealing cracks. 

 
 3. Periodic Maintenance – required only at intervals of several years. Work activities 
include resealing (surface dressing, slurry sealing, fog spray etc), re-gravelling shoulders, road 
surface marking, and painting of the steel structures. 
 
  4. Emergency Maintenance – needed to deal with emergencies and problems calling for 
immediate action when a road is threatened or close. Works include removal of debris and other 
obstacles, placement of warning signs and diversion works. 

 
 5. Preventative Maintenance – required adapting the road to the changing nature of the 
slopes and streams (i.e. to the geophysical environment). Works include slope netting, trimming, 
scale-off rock faces, masonry wall and revetments, cascade, gabion walls, prop walls, check 
dams, river training and bank protection and bio-engineering etc. 
 
 Measurement of Surface Distress Index (SDI) 
 
 The method adopted by the DoR is a simplified procedure suiting the particular 
conditions in Nepal and the need of DoR. The method in use is a “drive and walk” survey and is 
manual. Surface distress comprises cracking, disintegration (potholes), deformation, texture 
deficiency, pavement edge defaults and maintenance work (patchwork). The above distresses are 
visually assessed using a 10% sampling procedure and recorded using a cumulative index called a 
“Surface Distress Index (SDI)”. The SDI is a six level rating index from 0 to 5. The rating 0 
indicates a perfect pavement that is without any defects and rating 5 indicates a maximum 
possible deterioration. The distress elements are divided into two groups; major defects and minor 
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defects. Among the different defect types, cracking, raveling and potholes are generally 
characterized by extent and severity while for rut depth, being continuous in nature, only severity 
of the deformation is noted.  
 
 The Tables 3 and 4 shows the scoring system for the various distresses and categories of 
defects and distress code and Figure 10 is the sample of SDI survey done in the DoR. 
 
Table 3 Pavement Distress Score 
 

Scores Incidence of Minor Defects Incidence of Major Defects 
0 None None 
1 1 to 20 sq.m. per 100 m. 1 Occurrence 
2 <50% of the area 2 to 4 occurrence 
3 = 50% < 30% of area 
4  = 30% or potholes and base exposed < 20% of the 

area 
5  Potholes and exposed base = 20% of the area 
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Table 4 Categories of Defects and Distress Code 
 
Defects Code Minor Code Major 
Cracking CN 

 
CL 

 
M 

Narrow interconnected cracks (1-3 
mm width) 
Line cracks (Longitudinal or 
Transverse) 
Sealed cracks 

CW Wide interconnected cracks (> 3.0 
mm) 

Maintenance Patch M Patch   
Texture RA 

 
S 
 

S 

Shallow raveling  
or scabbing (< 20 mm) 
Slickness (Texture depth < 1 mm) 
Bleeding 

V 
 
 

Scabbing (> 20 mm) 

Rutting   RL Rut depth > 15 mm 
Potholes   P Potholes (> 30 mm depth, > 150 

mm dia.) 
Exposed base   G Exposed base or sub-base or gravel 
Edge break ES Short edge break (> 100 mm, < 5 m 

long) 
EL Long edge break (> 100 mm, > 5 m 

long) 
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SDI is averaged over each road link or section under consideration and can only be used to 
provide an objective assessment of pavement condition and to indicate the need for periodic 
maintenance, rehabilitation or reconstruction. To assess the pavement condition the terms “good”, 
“fair” and “poor” are used based on averaged SDI for a particular road links. 
 
Table 5 Categories of pavement conditions 
 
Surface Distress Index (SDI) Value Pavement Condition 
0 – 1.7 Good 
1.8 – 3.0 Fair 
3.1 – 5.0 Poor 
  

Planned maintenance can be carried out on the roads which are in the good to fair 
conditions only. Rehabilitation or reconstruction is needed for the road section with poor 
conditions. 
 

Ranking and Prioritization of Resealing Candidates 
 
 Periodic maintenance within the context of planned maintenance procedure refers to a 
planned cyclic maintenance strategy for resealing bituminous surfaced roads, and takes into 
account their present condition (SDI), age, geographic location, traffic and their strategic 
importance. But presently, prioritizing in the selection of the roads for resealing will be limited to 
the consideration of the four parameters; road age, visual survey ratings, traffic, and strategic 
importance. Current DoR policy states that all roads in a maintainable condition are to be resealed 
every 5 – 8 years depending on environment and traffic. 
 

The following procedures and guidelines on periodic maintenance planning have been 
developed by the Strengthened Maintenance Divisions Programme (SMDP). 
Step 1: Determine T in years from Table 6 – Nominate which roads (links or sections) are to be 
resurfaced every 5, 6, 7 and 8 years based upon traffic volume and terrain. 
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Table 6 Nominated Maintenance Cycle 
 

Traffic volume – vehicles per day 
 Low < 250 vpd Moderate 250 – 1500 vpd High >1500 vpd 
Terrain    
Plains 8 7 6 
Rolling 7 7 6 
Hills 6 6 5 
 
Step 2: Determine Age of the surfacing A in years – first determine the date when each road link 
or sections was surfaced, or last resurface. This will lead to the age of the surfacing. The age may 
be corrected depending upon the present surface condition (SDI), using the values in Table 7. 
 
Table 7 Age Correction Information 
 
 Road Condition – Surface Distress Index (SDI) 
 0 – 1.7 1.8 – 3.0 3.1 – 5.0 
 Good Fair Poor 
Age correction factor Plus 2 zero Minus 2 
 
Step 3: The time/year for each road to be resealed is calculated by deducting the corrected age of 
the road from the Table 7 (T minus A corrected). If the time for resealing calculated is negative, 
then the road is due for resealing now – year 0. If the corrected time is greater than 8 years, then 
use 8 years as a maximum to comply with the DoR Policy. 
 
Step 4: Prepare budget costs for roads that require resealing now; these are determined using DoR 
Norms for resealing work. 

Surface life can only be extended by periodic maintenance if the underlying pavement is 
sound. There are three ways of screening to test this; 
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1. Visual Screening: If the road section is free of rutting, extensive deformation and/or 
dense cracking, it may be deemed to be a suitable candidate for resealing. 

 
2. Estimated Remaining Pavement Life: If the pavement design axle loading and traffic 

history is known or can be reasonably be inferred, a residual pavement life can be obtained. This 
may be modified by a visual pavement condition assessment. 
 

3. Pavement Deflection Survey: Benkelman Beam survey is used to measure the 
pavement deflection of the road section for the screening test. 

 
 Once the unsuitable roads sections for resealing have been screened out using the above 
guidelines, the remaining road links or the sections are periodic maintenance candidates for the 
year under consideration that is for this year. 
 

Resealing Project Selection 
 
 Normally the initial screening, ranking and prioritization are carried out at the regional 
level. As mentioned in the preceding sections, resealing will be limited to the consideration of 
four parameters. However, the age of the road had already been taken into account in determining 
which year the road is due for resealing. So for the remaining 3 parameters; namely visual survey 
ratings, traffic and strategic importance, index values (between zero and one) can be developed 
for different situations. 
 
Table 8 Traffic Group Index (TG) 
 
 Traffic Group – vehicles per day 
 < 250 vpd 250 – 1500 vpd > 1500 vpd 
Index Value (TG) 0.15 0.50 0.90 
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Traffic Index – traffic groups based upon the same grouping as before. A measure of 
traffic volume relates to optimized economic efficiency. So maintaining the roads with high 
traffic levels will have greater economic benefits 
 
Table 9 Road Condition Index 
 
 Road Condition – Surface Distress Index (SDI) 
 0 – 1.7 1.8 – 3.0 3.1 – 5.0 
 Good Fair Poor 
Index Value (RC) 0.02 0.30 1.00 
 
 Improvement to road condition by resealing relates to asset preservation. The Table 9 is 
used to find the Road Condition Index value (RC). 
 
Table 10 Strategic Importance Indices 
 
 Strategic Importance 
 Low Importance Medium Importance High Importance 
Index Value (SI) 0 0.30 0.60 
  
 Indices have been developed for strategic importance as given in Table 10 above. If the 
same weighting is given to all three indices, then a ranking index can be obtained by the addition 
of the three indices; Traffic Group (TG) plus Road Condition (RC) plus Strategic Importance 
(SI). For example: A road with traffic > 1500 vpd, in poor condition and of high strategic 
importance will have the highest score possible. That is the Ranking Index = 0.9+1.0+0.6 = 2.50 
 
 Finally the road links or sections in each yearly – cyclic groups (year 0, year 1, …) can 
now be ranked according to their Ranking Index. The highest RI value being at the top of the 
priority in order to ranking and prioritizing the road candidate for resealing now. Until now this 
method is found to be popular and manageable within the department of roads and its staff. 
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MATERIALS AND METHODS 
 
 In this chapter, methods of data collection, pavement data composition, data 
manipulation and filtration, observation and discussion on data, various forms of regression-based 
modeling, and model validation are provided in the following sub-headings. 
 
Data Collection 
 
 Data collection is the first step for the analysis and the pavement deterioration model 
development. The source of data is the extensive database on pavement SDI that the Department 
of Roads (DoR) maintains within its Highway Management and Information System (HMIS) unit. 
The data available in HMIS are SDI and Annual Average Daily Traffic (AADT) for each road 
links. As discussed in the previous chapter, the distresses are visually assessed using the 10% 
sampling procedure and are recorded using a cumulative index called SDI. In this study the SDI 
data available for use are from the year 1995-96 to 2004-05. But within this period, there were no 
SDI measurement done for the years 2001-02 and 2003-04, which could be due to delay in the 
administrative and procurement procedures since those surveys are conducted by the private 
consultants. There are also no SDI data available for many of the road links in the said period 
which were either due to the security reasons or due to some of the road links undergoing 
reconstruction or rehabilitations. 
 
 The important data required for this study is the pavement construction history, and this 
could not be readily available in HMIS. Therefore this information is collected through the 
project completion reports and from the inputs from the 25 divisional road offices around the 
country. The pavement history is required to figure out the pavement’s age corresponding to the 
each years SDI value. The Table 11 illustrates the road lengths and links in each road category 
consisting of the SDI data required for the deterioration model. 
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Table 11 Road Length and Link under Study 
 

Category Roads 
(Nos.) 

Total Road 
Length 
(km) 

Study 
Roads 
(Nos.) 

Study Road 
Lengths 
(km) 

Study Road 
Links 
(Nos.) 

National Highways 
(NH) 

15 3,594 15 2,301 165 

Feeder Roads (FR) 51 1,909 38 732 71 
Total 66 5,503 53 3,033 236 

 
 According to Table 11, the length of the National Highways (NH) under this study is 
2,301 km as compared to total length of 3,594 km; this is due to some of the road lengths are still 
gravel surfaced and some are still under construction. Similarly only 38 feeder roads out of 51 
have bituminous surfacing and that also partly only. Most of the road length under FR are either 
earthen or gravel. Like wise the bituminous road links within the municipal boundaries are 
excluded from the analysis and model development. This is necessitated due to these roads having 
the deteriorating phenomena different from other road sections under the study. The other 
information collected from the Department of Roads (DoR), Nepal includes traffic volume, 
terrain types, and surfacing type of each of the road links, and they are presented in the Appendix 
A. 
 
 Deterioration model development requires a considerable amount of effort in data 
observation, manipulation and filtration and the modeling technique, model analysis, and model 
validation. Figure 11 illustrates the working structure of this study. 
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Figure 11 Working structure of the study 
 
Data Preparation 
 
 The data collected from HMIS must be observed prior to analysis and this observation is 
necessary to identify the unreliable data before analysis. Not all the road links or sections for 
which SDI data is available are used in the analysis and model development. The presence of the 
unusual data may cause errors and mislead the model development. Therefore, the road links or 
sections with unexplained decline in the SDI value need to be eliminated from the analysis. But 
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there are cases where pavement may have actually shown a decline in SDI over time even without 
resealing or rehabilitation. This would be the case if the first SDI reading was taken during cold 
weather and the later reading was taken during the relatively higher temperature time. However, 
no information is available to discern this type of phenomenon, all roads with a decline in SDI but 
no rehabilitation or resealing was not used in the model development. 
 
 Therefore, there are large numbers of road links that are eliminated for analysis due to 
non availability of the respective pavement construction/rehabilitation history. Also many of the 
SDI values within the road links are also eliminated due to their declining nature without any 
justification of the pavement history. The road link list and the SDI values and other relevant 
information that are acquired from HMIS and the data used in analysis and model development 
are included in the Tables A1 through A8 and Tables A9 through A16 in the Appendix A. 
 
 Data outliers are the values in a data set which appear to deviate markedly from other 
members of the same sample in which it occurs, and has low statistical probability of belonging to 
the same population were also randomly checked. Outliers indicate mistakes, blunders, or 
malfunctions of the measurement process, and may indicate that corrective actions need to be 
taken to improve the system. Many procedures are used to identify outliers. The Rule of Huge 
Error, the Dixon Test, and the Grubbs Test are available for this purpose. However, the rule of 
huge error alone is considered for the rejection or retention of a suspected outlier in this study. 
The Rule of Huge Error – If one has a reasonable idea (even an informed guess) as to what the 
standard deviation might be, then if the suspected point deviates from the mean by some 
predetermined multiple of it, it may be considered to be an outlier. 
 

   M = 
deviationStd

meanSuspect
.

−          (21) 

 
If M is greater than 4, then the suspect may be considered to be an outlier. The suspect is 
excluded and sample mean is calculated. The difference of a suspect from the mean is compared 
with the sample mean to calculate the value of M. The decision to reject depends on a value of M 
> 4  
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Classification of Pavement Family 
 
 The pavement SDI for the purpose of analysis and model development is first divided 
into two large groups; pavement in hills and pavement in plains. Each of these two groups is 
further divided into categories according to the types of the pavement surfacing; asphaltic 
pavement surface and the surface treated surface. Furthermore each pavement surfacing types are 
grouped according to the traffic level on them; low traffic (< 250 vpd), moderate (250- 1500 vpd) 
and high (> 1500 vpd). SDI data is thus organized as shown in the Figure 12. 
 

 
 
Figure 12 Pavement Family Definitions 
 
 The SDI data is thus grouped into twelve families. A “Family” is a group of road links or 
sections that exhibit a similar surface distress index trend. The idea of grouping the roads into the 
above mentioned families is to isolate projects with similar SDI behavior and thereby, reducing or 
eliminating the unexplained variability within the SDI data. The various pavement deteriorating 
factors such as construction methodology, road gradient, road geometry, vehicle speed, rainfall 
and temperature variation and land use pattern; all are not the same for the roads in different 
regions. Therefore grouping of the pavements into different families is an indirect way to 
account/control for variables that impact the SDI and when their specific information is not 

Strategic Road Network (SRN) 
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available. Now 12 pavement families are identified as shown in the Figure 12 and further details 
of the each family is presented in the Table 12 below. 
 
Table 12 Length and Link Details of Pavement Families 
 
Family Description Road Length 

(km) 
Road Links 
(Nos.) 

Remarks 

1 Low traffic asphalted road in hills 0 0 No modeling 
2 Moderate traffic asphalted road in hills 11.11 3 No modeling 
3 High traffic asphalted road in hills 114.42 9 Modeled 
4 Low traffic ST road in hills 239.38 13 Modeled 
5 Moderate traffic ST road in hills 1,029.11 66 Modeled 
6 High traffic ST road in hills 77.886 9 Modeled 
7 Low traffic asphalted road in plains 0 0 No modeling 
8 Moderate traffic asphalted road in plains 107.97 8 Modeled 
9 High traffic asphalted road in plains 95.77 11 Modeled 
10 Low traffic ST road in plains 0 0 No modeling 
11 Moderate traffic ST road in plains 1,052.52 92 Modeled 
12 High traffic ST road in plains 305.45 25 Modeled 
Total  3,033.68 236  
 
 
Observation and Discussion of Data 
 
 Initial screening and diagnostics of SDI data revealed some trends and characteristics that 
are significant for the model development. Initial examination of the SDI for the individual road 
links or sections within the pavement family has revealed significant variation in the SDI among 
the different links for the same age. This variability is illustrated in the Figure 13 for pavement 
family 5: Surface treated pavement in hills with moderate traffic. 
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Variability of SDI in Pavement Family 5 at
 age 2

0.00

0.50

1.00

1.50

2.00

2.50

3.00

H
01

65
H

02
05

H
03

10
U

H
03

11
H

03
12

H
04

08
H

04
10

H
07

05
H

08
08

H
09

02
H

09
03

A
H

12
05

H
12

06
F1

50
1

F3
60

2
F4

20
3

F4
20

4
F4

20
5

Road Links

SD
I

 

Variability of SDI in Pavement Family 5 at age 3
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Variability of SDI in Pavement Family 5 at age 4
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Variablity of SDI in Pavement Family 5 at age 5
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Figure 13 Variability of SDI data  
 

The Figure 13 above clearly suggests, among other things, that pavement chronological 
age alone is unable to determine the SDI value even after controlling for pavement through 
different families. A “Family” is a group of road links or sections that exhibit similar SDI trend. 
The main idea to grouping of road sections is to isolate road sections with similar SDI behavior 
and thereby, reducing the unexplained variability. However, there is still a large variability in the 
SDI values indicating the deterioration rate of road links within the families is still significantly 
different. It indicated that the other important factors are missing to account for the deterioration 
process.  
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Those “other” factors should be considered in projecting SDI values for the future years. 
There are two possible ways to account for the other factors that influence the SDI; direct, and 
indirect. The direct way is to simply determine which factors are important and inventory 
information on those factors could be used in the model development directly. Since, we do not 
have those information available to model the deterioration, the indirect way involving the use of 
appropriate “surrogate” measures could work well (provided those surrogate measures could be 
identified). The surrogate measure should capture the after effects of the “other” factors without 
having to deal with those factors explicitly. Therefore, this indirect way could be used in the 
regression-based modeling. 
 
Identifying Independent Variables 
 
 Independent variables are basically the factors that cause deterioration of the pavement 
and are used in modeling the pavement deterioration models. As explained earlier, the important 
factors that influence the deterioration are grouped under the three broad headings; namely 
environment, traffic and construction. The terrain, climate and local parameters under the 
environment, traffic volume and axle load under the traffic and design and construction standards, 
materials and workmanship quality under the construction are the most widely applicable 
independent variables used in the model development. In general, the deterioration functions 
indicate the impacts of different independent variables and could be represented as: 
 
   D = f[C0,C,A,L,W,T,e]      (22) 
 
  where 
   D = deterioration function 
   C0 = initial condition 
   C = present condition 
   A = rehabilitation performed in the past 
   L = load applied on the pavement 
   W = climate and environment factors (or locations) 
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   T = time since construction of last rehabilitation 
   E = errors 
 
 However, in our study pavement chronological age is an independent variable available 
from the HMIS. But as discussed earlier, the previous year’s SDI is equally an important 
independent variable to be considered in the model development. Since the information relating to 
traffic and environment for model development is not available, selecting the previous year’s SDI 
as an independent variable is an indirect way in developing the model and this variable should 
capture the various pavement deteriorating factors without having to deal with those factors 
explicitly. Therefore, in our study there are two independent variables identified: namely 
pavement age and the previous year’s SDI that could be used to formulate the pavement 
deterioration models. 
 
Modeling Deterioration Function 
 
 The data are first collected for the initiation of the model formulation as mentioned 
earlier. The data are then carefully observed and filtered so that the reliable data values are only 
incorporated into the analysis and model development. Also, the data values are randomly 
checked for the outliers. The road pavements were also grouped into different families in order to 
isolate the road links or sections with similar deterioration rate and thereby to reduce the 
unexplained variability. The trend and the characteristics of data within each family are valuable 
for the model development and this revealed that there is significant variation in the SDI of 
different road sections for the same age within each families. Four forms of regression –based 
modeling are performed to develop an appropriate and correct model for the pavement 
deterioration. 
 
 SDI as a Function of Previous Year’s SDI and Pavement Age (Form 1 Function) 
 

The first form of the regression-based modeling is the multiple variable regressions. In 
this form, the present SDI is regressed against its previous year’s SDI value and the 
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corresponding pavement age. As mentioned in the preceding sections, there are important factors 
missing to address the pavement deterioration process and the chronological pavement age alone 
is unable to determine the SDI value even after controlling for pavement through different 
families. So as an indirect way to capture those missing factors, SDI value of the earlier year is 
considered to be one of the independent variables for multiple variable regressions and the 
function for this regression is given as follows: 
 

SDI (t+1) = f[SDI (t) , Age (t)]      (23)  
 
where  
 

 SDI (t) is the SDI value at age t. 
 
 In this method, the value of a dependent variable is estimated given that the value of an 
associated variable is known. The dependent variable is the SDI for a given pavement family and 
the associated variable is the previous year’s SDI value. The summarized results of multiple 
variable regressions for all pavement families under form 1 function will be presented in the 
Table B1 of the Appendix B. 
 

 SDI as a Function of Previous Year’s SDI (Form 2 Function) 
 

For the enhancement of the model’s predicting ability, form 2 function (Equation 24) is 
considered in the regression-based modeling with the following five methods/formulas 
(Equations 25 through 29) for each pavement families. 
 
    SDI (t+1) = f[SDI (t)]      (24) 
 Linear   SDI (t+1) = b0 + b1*SDI (t)    (25) 
 S   SDI (t+1) = e^[b0 +[b1/SDI(t)]]    (26) 
 Exponent  SDI (t+1) = b0*[e^[b1*SDI(t)]]     (27) 
 Power   SDI (t+1) = b0*[SDI (t)^b1]     (28) 
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 Logistic   SDI (t+1) = 1/[1/u+[b0*[b1^SDI (t)]]]   (29) 
 
 The dependent variable, SDI for given pavement family and the associated variable, the 
previous SDI value (the previous SDI value is SDI value 1 year earlier) are regressed. Like in the 
first form, SDI (1 year earlier) is only the independent variable that takes account of the missing 
important “other” factors into the regression. The summarized results of this form 2 function will 
be presented in the Table B2 through B9 in the Appendix B. 
 

SDI as a Function of Pavement Age ( Form 3 Function) 
 

In general, the pavement deterioration increases as the age of the pavement increases. 
Therefore, form 3 functions as shown in Equation 30 and the different methods (formulas) as 
shown in Equations 31 through 41 are performed in the regression-based modeling for each 
pavement families. The dependent variable, observed SDI is regressed with the pavement’s 
chronological age, independent variable. The methods also incorporate the non – linear 
transformation functions such as power and exponent methods. The transformed functions could 
enhance the regression results.  
 
    SDI (t) = f[Age (t)]      (30) 
 Linear   SDI (t) = b0 +b1*Age (t)      (31) 
 Quadratic  SDI (t) = b0 +b1*Age(t) +b2*Age(t)^2   (32) 
 Compound  SDI (t) = b0 *b1^Age(t)      (33) 
 Growth   SDI (t) =e^[ b0 +[b1*Age(t)]]    (34) 
 Log   SDI (t) = b0 +[b1*ln[Age(t)]]    (35) 
 Cubic   SDI (t) = b0 +[b1*Age(t)] +[b2*[Age(t)^2] 

+[b3*Age(t)^3]      (36)  
 S   SDI (t) =e^[ b0 +[b1/Age(t)]]    (37) 
 Exponent  SDI (t) = b0 *[e^[b1*Age(t)]]    (38) 
 Inverse   SDI (t) = b0 +[b1/Age(t)]      (39) 
 Power   SDI (t) = b0 * [Age^b1]     (40) 
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 Logistic   SDI (t) = 1/[1/u +[b0*[b1^Age(t)]]]   (41) 
 
 The summarized results of this form 3 function will be presented in the Tables B10 
through B17 in the Appendix B. 
 

SDI as a Function of Previous Year’s SDI and this Year’s Pavement Age (Form 4 
Function) 

 
The form 4 function shown in Equation 42 is the multiple variable regressions. In this 

form, the present SDI is regressed against its previous year’s SDI value and the present pavement 
age as independent variables. This functional form is considered into regression analysis to check 
whether or not this form could deliver better regression outputs.  
 
   SDI (t+1) = f[SDI (t), Age (t+1)]      (42) 
 
 The results from the form 4 function will be presented in the Table B18 in the Appendix 
B. Therefore, the process of building the pavement deterioration model that is the SDI prediction 
model from the collected data included running the regression analysis for each of the pavement 
families. The best functional equation or the deterioration models from each deterioration 
function forms discussed above will then be considered in selecting the best prediction model of 
each pavement family and that will be discussed in the next chapter. 
 
Model Selection Criteria 
 
 Model accuracy is the most important aspect of the prediction model development and it 
is essential to ensure that: 
 

1. The developed deterioration models fit well with the information that were used to 
produce the models 
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All the models that are formulated are analyzed statistically to ensure their accuracy towards 
their predicting ability. The criterion typically used to select the best fit of the data is the 
coefficient of determination, R2. In addition to the accuracy of models, the significance of 
independent variables is determined using the t statistical test. 
 

We want to know how powerful an explanation (or prediction) our regression model 
provides. A preliminary judgment could be done by a visual inspection of the scatter plot, the 
closer the regression line to the data points, the better the equation fits the data. Though such a 
‘eyeballing’ is an essential first step, we further need a formal measure to determine the 
“goodness of fit” and the coefficient of determination or coefficient of multiple determination R2

 

gives this to us. One of the best ways of interpreting a correlation coefficient (R) is to look at the 
square of the coefficient (R –squared). R-squared can be interpreted as the proportion of variance 
in one of the variables that can be explained by variation in the other variable. 

For a particular value of X1, the regression line predicts the dependent (response) variable 
equal to 1̂Y . The regression line manages to account for some of the deviation of this observation 
from the mean; specifically, it explains the proportion 1̂Y  –Y . However our prediction line is not 
perfect, but rather off by the quantity, Y1 - 1̂Y ; this deviation is left unexplained by the regression 
equation. So the deviation of Y1 from the mean can be grouped into the following components; 
 
   (Y1 – Y ) = Total deviation of Y1 from the mean, Y  
   ( 1̂Y   – Y ) = Explained deviation of Y1 from Y  
   (Y1 – 1̂Y ) = Unexplained deviation of Y1 from Y  
 

If we now square the deviations for each observation in our study and then sum, we 
obtain the complete components of variation for the response variable. 
 
   ∑( Yi – Y )2 = Total Sum of Squared deviations (TSS) 

∑( 1̂Y   – Y )2 = Regression (explained) Sum of Squared deviations 
(RSS) or model Sum of Squares 
∑( Yi – 1̂Y  )2 = Error (unexplained) Sum of Squared deviation (ESS) 
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Therefore,  
   TSS = RSS + ESS      (43) 
 

TSS indicates the total variation in the response variable that we want to explain. This 
total variation can be divided into two parts; the part accounted for by the regression equation 
(RSS) and the part the regression equation can not account for, ESS. It is important to note that 
the Least Squares procedures guarantees that this error component is at the minimum. It is now 
clear that larger RSS relative to TSS the better the fit of the model. This forms the basis of the R2 
measure. 

 
   R2 = RSS / TSS       (44) 
 

So, larger RSS means smaller the ESS, the unexplained error sum of squared deviations. 
When ESS is equal to zero, R2 is equal to its maximum value of 1, all the data points pass through 
the regression/model line. When R2 is equal to zero, independent variables account for no 
variation in the dependent variable and the slope of the line equals to zero. Another thing to be 
noted is that when the data points are clustered more tightly around the regression line, the model 
fits much better. 

 
In the case of multiple regressions, R2 is referred to as the coefficient of multiple 

determinations. 
 

   R2 = 
∑
∑

−

−
2

2

)(
)ˆ(

YY
YY

i

i       (45) 

 
R2 in the multiple regression equation indicates the proportion of variation in Y explained 

by all the independent variables used in modeling. 
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Normally the deviation about the regression line (error mean square) is compared to the 
deviation between the predicted values and the mean (model mean square) to see the goodness of 
the regression line.  
To compare Mean Squares (MS), the ratio is formed, 
 
   F = Mean Square Model / Mean Square Error   (46) 
 

The larger the ratio, the better is the fit for the given number of data values. Significance 
F is the probability of obtaining F value this large or larger by chance alone. If this probability is 
large (> 0.05) then our linear model is not doing good job in describing the relationship or 
association between the variables. 
 

T values and the associated probabilities Prob > |T| tests the Hypothesis that the 
parameter is actually zero i.e. if the true slope and the intercept were zero, what would be the 
probability be of obtaining by chance alone, a value as large as or larger than the one actually 
obtained. 

 
Formally we have two basic hypotheses: 
Null Hypothesis: It states that X is not associated with Y; therefore the slope is zero in the 
population. 
An Alternative Hypothesis: It states that X is associated with Y; therefore, the slope is not zero in 
the population. 
   H0: β = 0 (null hypothesis) 
   H1: β ≠ 0 (alternative hypothesis) 
 

Smaller p-value indicates that the parameter estimates are significantly different from 
zero. Generally, if a p-value is less than 0.05 it is thought that the chance of the null hypothesis 
holding true is so unlikely that the null hypothesis is rejected in favor of the alternative 
hypothesis. 
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Maintainable Pavement Age Prediction 
 
  The road pavements are maintainable until certain deterioration levels only and in Nepal, 
roads are considered to be in the maintainable condition when the SDI value is equal to or less 
than 3.0. Therefore, an approach by which the maintainable pavement age is predicted using the 
pavement deterioration model may be termed as maintainable pavement age prediction. The 
maintainable age prediction will depend on the form of functions of pavement deterioration that 
will be selected in the pavement deterioration models. The four forms of the pavement 
deterioration have been already presented in the previous section. There could be two possible 
cases for this age prediction; one is when the deterioration is the function of previous year’s 
observed SDI; and another is when the deterioration is the function of the pavement age alone. 
 
 In the first case, the maintainable pavement age prediction is a step-wise process and 
could be easily programmed in a spreadsheet. In this case the previous year’s SDI is an associated 
variable (independent) so model equation will calculate this year’s SDI value using the previous 
year’s observed SDI value and similarly the next year’s value is calculated from the calculated 
SDI value for this year and so on. This step-wise process is continued until we get our predefined 
SDI threshold (SDI = 3.0). 
 
 Whereas, in the second case when the deterioration function is the pavement age alone; 
we simply need to plug the pavement age values in the model equation to get the predefined SDI 
threshold. The results and discussion regarding the maintainable pavement age prediction will be 
included in the next chapter. 
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RESULTS AND DISCUSSION 
 

 Four forms of regression-based modeling are initially evaluated and their corresponding 
results are summarized in the Tables B1 through B18 in the Appendix B. Two forms of modeling 
approaches are based on multivariable regressions and the remaining two forms are based on bi-
variable regressions. In the multivariable regressions, the Equations 23 and 42 are used as the 
general form of deterioration for analysis, whereas, in bi-variable regressions, Equations 24 and 
30 are the general form of deterioration for regression analysis. Results from the above four form 
of deterioration in the analysis are discussed in the following sub-headings. 
 
SDI as a Function of Previous Year’s SDI and Pavement Age (Form 1 Function) 
 

In the first forms of the regression – based modeling, the present SDI is regressed against 
its previous year’s SDI and the corresponding pavement age. The general equation for this form 
of regression is as: 

 
   SDI (t+1) = f[SDI (t), Age (t)]      (47) 
 
The summarized results for each pavement groups (families) with general form of deterioration as 
in Equation 47 is presented in the Table 13 and the table shows R2 value, Standard error, F value, 
Significance F, T Statistics and Significance T (P value). The R2 values ranges from 0.5740 to 
0.9526, which is considerably satisfactory. Standard errors are in the range of 0.2332 to 0.4959 
and the Significance F is less than 0.05 levels for all pavements. If this Significance F value is 
greater than 0.05, the model is considered not to describe the relationships of the variables quite 
well.  However, the P-value for SDI parameter estimates are 0.4905 (pavement family 4), 0.8325 
(pavement family 8), 0.0633 (pavement family 12); all P values are higher than the maximum 
allowable limit of 0.05. Likewise, P –values for age parameter estimates are 0.3838 (pavement 
family 3), 0.1169 (pavement family 5), 0.6047 (pavement family 6), and 0.1985 (pavement family 
11); all values are greater than 0.05. But for pavement family 9, P-values for SDI and age 
parameter estimates are 0.0892 and 0.0606 both being higher than 0.05. Those higher P –values 



 

61 

indicate that the parameter estimates are significantly not different from zero and there is always a 
high chance of the Null Hypothesis being true. The pavement deterioration model equations under 
this form of deterioration are presented in the Table 14. 
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Table 14 Pavement deterioration models 
 

Pavement 
Family Pavement Deterioration Model 

3 SDI(t+1) = 0.8128 + 0.6239*SDI(t) +0.1136*Age(t) 

4 SDI(t+1) = 0.3118 + 0.1527*SDI(t) +0.4339*Age(t) 

5 SDI(t+1) = 0.8263 + 0.5930*SDI(t) +0.0917*Age(t) 

6 SDI(t+1) = 0.9685 + 0.8299*SDI(t) +0.0916*Age(t) 

8 SDI(t+1) = 0.6379 + 0.0809*SDI(t) +0.3891*Age(t) 

9 SDI(t+1) = 0.3681 + 0.4427*SDI(t) +0.2302*Age(t) 

11 SDI(t+1) = 0.6299 + 0.7003*SDI(t) +0.0603*Age(t) 

12 SDI(t+1) = 0.1691 + 0.4612*SDI(t) +0.2096*Age(t) 
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SDI as a Function of Previous Year’s SDI (Form 2 Function) 
 

In the second form of regression–based modeling, present SDI is regressed against its 
previous year’s SDI. Equation 48 is the general form of deterioration function for analysis. Five 
methods (formulas) are used under for regression analysis and they are presented in the Equations 
49 through 53. The summarized regression results from Equations 49 through 53 for each 
pavement groups (families) are presented in Tables B2 through B9 in the Appendix B. 

 
    SDI (t+1) = f[SDI (t)]      (48) 
 Linear   SDI (t+1) = b0 + b1*SDI (t)    (49) 
 S   SDI (t+1) = e^[b0 +[b1/SDI(t)]]    (50) 
 Exponent  SDI (t+1) = b0*[e^[b1*SDI(t)]]     (51) 
 Power   SDI (t+1) = b0*[SDI (t)^b1]     (52)
 Logistic   SDI (t+1) = 1/[1/u+[b0*[b1^SDI (t)]]]   (53) 
 
 The selection criteria are based on the value of coefficient of determination, R2. 

Therefore, only the best results from the above five formulas of each pavement families are 
considered in discussion and are presented in Table 15. According to Table 15, R2 of all pavement 
families range from 0.4718 to 0.9121 and Standard errors from 0.2038 to 0.6257. Similarly 
Significance F and P – values for SDI parameter estimates are nearly equal to zero for all the 
pavement families. The selected pavement deterioration model equations under this form of 
deterioration are presented in the Table 16. 
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Table 16 Pavement deterioration models 
 

Pavement 
Family Formula Pavement Deterioration Model 

3 Logistic SDI(t+1) = 1/[1/4+[0.9306*[0.3747^SDI(t)]]] 

4 Linear SDI(t+1) = 0.9109 + 0.8468*SDI(t) 

5 Logistic SDI(t+1) = 1/[1/4.2+[0.7985*[0.4681^SDI(t)]]] 

6 Logistic SDI(t+1) = 1/[1/4+[0.8736*[0.4413^SDI(t)]]] 

8 Power SDI(t+1) = 1.5164*[SDI(t)^0.6482] 

9 Linear SDI(t+1) = 0.5765 + 0.8634*SDI(t) 

11 Linear SDI(t+1) = 0.6827 + 0.8207*SDI(t) 

12 Logistic SDI(t+1) = 1/[1/4+[0.1.1722*[0.3918^SDI(t)]]] 
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SDI as a Function of Pavement Age (Form 3 Function) 
 

In the third form of regression-based modeling, observed SDI as a dependent variable is 
regressed against the pavement chronological age as an independent variable. The general 
deterioration function for the regression analysis is presented in the Equation 54. Various forms 
of mathematical equations (methods) as given in Equations 55 through 65 are used under the 
regression in this deterioration form. The summarized regression results for each pavement 
families are presented in the Tables B10 through B17 in the Appendix B 

 
    SDI (t) = f[Age (t)]      (54) 
 Linear   SDI (t) = b0 +b1*Age (t)      (55) 
 Quadratic  SDI (t) = b0 +b1*Age(t) +b2*Age(t)^2   (56) 
 Compound  SDI (t) = b0 *b1^Age(t)      (57) 
 Growth   SDI (t) =e^[ b0 +[b1*Age(t)]]    (58) 
 Log   SDI (t) = b0 +[b1*ln[Age(t)]]    (59) 
 Cubic   SDI (t) = b0 +[b1*Age(t)] +[b2*[Age(t)^2] 

+[b3*Age(t)^3]      (60)  
 S   SDI (t) =e^[ b0 +[b1/Age(t)]]    (61) 
 Exponent  SDI (t) = b0 *[e^[b1*Age(t)]]    (62) 
 Inverse   SDI (t) = b0 +[b1/Age(t)]      (63) 
 Power   SDI (t) = b0 * [Age^b1]     (64) 
 Logistic   SDI (t) = 1/[1/u +[b0*[b1^Age(t)]]]   (65) 
 
 Since 11 equations are used to formulate the deterioration model under the deterioration 
function in Equation 54 for each pavement families, only the best results amongst above formulas 
are considered for discussion. The best results are selected based on the R2 values. The regression 
results thus obtained for each pavement families are presented in the Table 17. According to the 
Table 17, the R2 values range from 0.5676 to 0.8858 and the Standard errors range from 0.1598 to 
0.3882. The F significance and the P – values for parameter estimates are all zero indicating the 
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suitability of the models for future pavement performance predictions. The selected pavement 
deterioration model equations under this form of deterioration are presented in the Table 18. 
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Table 18 Pavement deterioration models 
 

Pavement 
Family Formula Pavement Deterioration Model 

3 S SDI(t) = e^[1.8794 +[-4.4608/Age(t)] 

4 Linear SDI(t) = -0.2831 + 0.5066*Age(t) 

5 Power SDI(t) = 0.6119*[Age(t)^0.7184] 

6 S SDI(t) = e^[1.2778 +[-2.1442/Age(t)] 

8 Power SDI(t) = 0.5411*[Age(t)^0.9041] 

9 Exponent SDI(t) = 0.5824*[e^[0.2396*Age(t)]] 

11 S SDI(t) = e^[1.5267 +[-4.0848/Age(t)] 

12 Exponent SDI(t) = 0.5353*[e^[0.2048*Age(t)]] 
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SDI as a Function of Previous Year’s SDI and this Year’s Pavement Age (Form 4 Function) 
 

In the fourth form of the regression – based modeling, the present SDI is regressed 
against its previous year’s SDI and the present pavement age. The general deterioration functional 
equation for this form of regression is as: 
 
   SDI (t+1) = f[SDI (t), Age (t+1)]      (66) 
 
The summarized results for each pavement groups (families) with general form of deterioration as 
in Equation 66 is presented in the Table 19 and the table shows R2 value, Standard error, F value, 
Significance F, T Statistics and Significance T (P value). According the Table 19, R2 values for 
all pavement families ranges from 0.5740 to 0.9526; the values being same as that obtained from 
the Equation 47, and is considerably satisfactory. Standard errors are in the range of 0.2332 to 
0.4960 and the Significance F is less than 0.05 levels for all pavements. However, the P-value for 
SDI parameter estimates are 0.4905 (pavement family 4), 0.8326 (pavement family 8), 0.0634 
(pavement family 12); all P values are higher than the maximum allowable limit of 0.05. 
Likewise, P –values for age parameter estimates are 0.3839 (pavement family 3), 0.1169 
(pavement family 5), 0.6047 (pavement family 6), and 0.1986 (pavement family 11); all values 
are greater than 0.05. But for pavement family 9, P-values for SDI and age parameter estimates 
are 0.0892 and 0.0606 both being higher than 0.05. The results from this form of deterioration 
function are virtually unchanged to that from the deterioration function in Equation 47. Those 
higher P –values indicate that the parameter estimates are significantly not different from zero and 
there is always a high chance of the Null Hypothesis being true. The selected pavement 
deterioration model equations under this form of deterioration are presented in the Table 20. 
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Table 20 Pavement deterioration models 
 

Pavement 
Family Pavement Deterioration Model 

3 SDI(t+1) = 0.6991 + 0.6239*SDI(t) +0.1136*Age(t+1) 

4 SDI(t+1) = -0.1221 + 0.1527*SDI(t) +0.4340*Age(t+1) 

5 SDI(t+1) = 0.7346 + 0.5930*SDI(t) +0.0917*Age(t+1) 

6 SDI(t+1) = 1.0602 + 0.8299*SDI(t) - 0.0916*Age(t+1) 

8 SDI(t+1) = 0.24879 + 0.0810*SDI(t) +0.3891*Age(t+1) 

9 SDI(t+1) = 0.1379 + 0.4427*SDI(t) +0.2302*Age(t+1) 

11 SDI(t+1) = 0.5697 + 0.7003*SDI(t) +0.0603*Age(t+1) 

12 SDI(t+1) = - 0.0405 + 0.4612*SDI(t) +0.2096*Age(t+1) 
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Selected Pavement Deterioration Models 
 

As explained earlier, four forms of the deterioration functions were selected in the 
formulation of pavement deterioration models. The summarized results for four forms were 
presented in Tables 13, 15, 17, and 19 and accordingly discussed in the previous sections. The 
accuracy of the models is determined based on the value of R2 and the significance in the 
relationships is determined by the p-values. So based on the R2 and p-values the pavement 
deterioration models are selected for each of the pavement families. In the pavement deterioration 
functions presented in Equations 47 and 66 (form 1 and 4 functions), the p-values for parameter 
estimates are greater than 0.05.  Those higher p-values indicate that the parameter estimates are 
significantly not different from zero and there is always a high chance of the Null Hypothesis 
becoming true. Therefore, the pavement deterioration models are not selected from those two 
forms of the deterioration functions as summarized in the Tables 13 and 19.  

 
The final selection of pavement deterioration models are limited to the deterioration 

functional Equations 48 and 54 only and the pavement deterioration model equations are 
presented in the Table 22. The complete summarized results for eight pavement families are 
presented in the Table 21 and the discussion regarding them are presented in the following 
paragraphs. 

 
The curve fit plots are presented in the Figures 14 through 21; it also includes the values 

of R2 and standard error and the deterioration model equation. The curve fit plots have the 
dependent variable in y-axis and the independent variable in x-axis with the best fit curves of 
different mathematical functions. The Statistical Package for Social Science (SPSS) has been 
used in the regression analysis and in the curve plots. 
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Table 22 Selected pavement deterioration models 
 

Pavement Family Formula Pavement Deterioration Model Independe
nt Variable 

Asphaltic roads in hills with high 
traffic (Family 3) S SDI(t) = e^[1.8794 + 

[-4.4608/Age(t)] Age 

Surface treated roads in hills with 
low traffic (Family 4) Linear SDI(t+1) = 0.9109 + 0.8468*SDI(t) Previous 

year's SDI 

Surface treated roads in hills with 
moderate traffic (Family 5) Logistic SDI(t+1) = 

1/[1/4.2+[0.7985*[0.4681^SDI(t)]]] 
Previous 
year's SDI 

Surface treated roads in hills with 
high traffic (Family 6) Logistic SDI(t+1) = 

1/[1/4+[0.8736*[0.4413^SDI(t)]]] 
Previous 
year's SDI 

Asphaltic roads in plains with 
moderate traffic (Family 8) Power SDI(t) = 0.5411*[Age(t)^0.9041] Age 

Asphaltic roads in plains with 
high traffic (Family 9) Exponent SDI(t) = 0.5824*[e^[0.2396*Age(t)]] Age 

Surface treated roads in plains 
with moderate traffic (Family 11) Linear SDI(t+1) = 0.6827 + 0.8207*SDI(t) Previous 

year's SDI 

Surface treated roads in plains 
with high traffic (Family 12) Exponent SDI(t) = 0.5353*[e^[0.2048*Age(t)]] Age 
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Figure 14 Curve fit plot for Family 3- Asphalted pavement in hills with high traffic 
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Figure 15 Curve fit plot for Family 4- Surface treated pavement in hills with low traffic 

R2 = 0.8847 
Standard Error = 0.3383 

SDI (t) = e^[1.8794 +[-4.4608/Age(t)]] 

R2 = 0.9121 
Standard Error = 0.3060 

SDI (t+1) = 0.9109 + 0.8468*SDI (t) 
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Figure 16 Curve fit plot for Family 5- Surface treated pavement in hills with Moderate traffic 
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Figure 17 Curve fit plot for Family 6- Surface treated pavement in hills with High traffic 

R2 = 0.6208 
Standard Error = 0.3757 

SDI (t+1) = 1/[1/4.2+[.7895*[0.4681^SDI(t)]]] 

R2 = 0.7042 
Standard Error = 0.5051 

SDI (t+1) = 1/[1/4.0+[0.8736*[0.4413^SDI(t)]]] 
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Figure 18 Curve fit plot for Family 8- Asphalted pavement in plains with moderate traffic 
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 Figure 19 Curve fit plot for Family 9- Asphalted pavement in plains with high traffic 

R2 = 0.8146 
Standard Error = 0.1598 

SDI (t) = 0.5411*[Age (t)^0.9041] 

R2 = 0.8148 
Standard Error = 0.1581 

SDI (t) = 0.5824*[e^[0.2396*Age(t)]] 
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Figure 20 Curve fit plot for Family 11- Surface treated pavement in plains with moderate traffic 
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Figure 21 Curve fit plot for Family 12- Surface treated pavement in plains with high traffic 
 
 

R2 = 0.7914 
Standard Error = 0.2531 

SDI (t+1) = 0.6827 + 0.8207*SDI (t) 

R2 = 0.7025 
Standard Error = 0.1943 

SDI (t) = 0.5353*[e^[0.2048*Age (t)]] 
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Discussion on Selected Models 
 

1. The pavements are grouped broadly into hill and plain pavements and they are each 
further divided into two depending on the pavement surfacing; asphaltic and surface treated. Each 
group formed above is further divided into three groups depending on the traffic volume on them; 
they are low, moderate and high traffic levels. Therefore there is a formation of 12 pavement 
families under this study and out of which only 8 families are considered into modeling. From the 
summarized results in Table 22, it is clear that all the pavement families with asphaltic surfacing 
exhibit the best model equations when present SDI is regressed against the chronological 
pavement age alone. Pavement families namely; asphalted pavement in hills with high traffic 
(family 3), asphalted pavement in plains with moderate traffic (family 8) and asphalted pavement 
in plains with high traffic (family 9) have the significant relationship with the pavement age as an 
independent variable..  How ever, the methods (formulas) presenting the best results on those 
families are S – method, Power method and the Exponent method respectively; all methods are 
the non – linear transformation. 
 

2. The pavement families with surface treated surfacing namely; surface treated 
pavement in hills with low traffic (family 4), surface treated pavement in hills with moderate 
traffic (family 5), surface treated pavement in hills with high traffic (family 6) and surface treated 
pavement in plains with moderate traffic (family 11) exhibit the best regression – based models 
when present SDI is regressed against the associated variable, SDI (1 year earlier) as an 
independent variable.  
 

3. It has been seen in the previous chapters that the chronological age alone is not 
sufficient to determine the SDI values, even after controlling pavement through the grouping into 
different families. Figure 13 illustrates that there is a high variability in the SDI values in different 
road sections within the families having the surface treated surfacing. So it could be concluded 
that there are some important “other” factors missing for the model development and therefore, 
regression of the dependent variable, SDI with the associated variable, the SDI (1 year earlier) 
could well capture the most important “other” factors that has considerable influence in the 
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deterioration. The results of the surface treated pavements justify the assumptions of missing 
“other” important factors. 
 

4. However, the surface treated pavement in plains with high traffic (family 12) exhibits 
the exceptional results, where the selected model is obtained when the present SDI is regressed 
against the chronological age of the pavement as an independent variable. But the results obtained 
in the first form of regression – based modeling; where the present SDI is regressed against the 
associated SDI (1 year earlier) and the corresponding pavement age is equally good. Only the 
difference is that the R2 obtained for the selected model is 0.7025 as against R2 of 0.6653 for the 
regression under form one. Also the P–value for SDI parameter estimate is 0.06, which is slightly 
higher than the maximum acceptable value of 0.05. 

 
5. There may be some limitations in the regression models for family 4, 5, 6, and 11 

where the present SDI is regressed against the associated SDI variable 1 year earlier: it is less 
used for forecasting beyond its range of experience. Though we can plug any values for its 
independent variables and produce a prediction for Y, however the worth of the forecast 
diminishes as this independent variable values depart from the actual range of variable values in 
the data used for modeling. The maintainable pavement age prediction using these forms of 
models is presented in the next section. 
 

6. The pavement’s maintainable life is presented in the last column of Table 21. The 
pavement’s maintainable life for the asphalted pavement in hills with high traffic (family 3) is 
approximately 6 years which is comparatively less than the maintainable life of asphalted 
pavement in plains with high traffic (family 9). This is due to family 3 pavements are subjected to 
the very high level of traffic (> 3000 vpd); mostly heavily loaded and the road sections have 
higher geometric radius and gradients.  

 
7. Similarly, the pavement’s maintainable life for the surface treated pavements in hills 

with low traffic (family 4,< 250 vpd) is 6 to 7 years only whereas, the surface treated pavements 
in plains with high traffic (> 1500 vpd, family 12) has this life of about 8 years. The low 
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trafficked surface treated roads in hills are mainly in the harsh topographic area and at the higher 
altitudes where the climatic variation is very high and the geology is very fragile; all this 
justifying its shorter maintainable pavement life as compared with other surface treated roads 
with high or moderate traffic. 
 

8. The entire asphaltic surfaced pavement in plains have the similar pavement 
maintainable life; this justifying that the pavement’s deterioration is more dependent in the 
environment rather than in the level of traffic because the level of traffic is not that high to cause 
pavements to deteriorate. The pavement age is believed to capture the various “other” missing 
important deteriorating factors in the model equation. 

 
Maintainable Pavement Age Prediction 
 
 The methodology for predicting the maintainable pavement age has been described in the 
previous chapter. The maintainable pavement age for all road pavement families is included in the 
last column of the Table 21 as per the selected pavement deterioration model equations. However, 
only four pavement families 4, 5, 6, and 11 have their model equations selected from the general 
deterioration functional Equation 48 and their maintainable pavement age prediction is presented 
in the tabular form in Tables 23 through 26. For other pavement families 3, 8, 9, and 12, the 
model equations have been selected from the general deterioration functional Equation 54 where 
the associated variable (independent) is pavement age. Maintainable pavement age prediction 
based on the associated variable (independent) as previous year’s SDI could be equally useful for 
those pavement families even though their selected model equation is based on the functional 
Equation 5.8.  
 
 Therefore, the maintainable pavement age prediction for pavement families3, 8, 9, and 12 
are presented in Tables 27 through 30. The tables are arranged to be used as follows: For the 
given pavement family, the present age and present SDI values, the cells show the age at which 
the SDI will reach 3.0 (SDI of 3.0 is threshold when rehabilitation or reconstruction becomes 
necessary). For example, in Table 24 if the present age of the pavement is 3 years and the present 
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SDI is 1.5 then that pavement will reach a SDI of 2.99 at age 7 years. In other words, that 
pavement in example has about 4 more years of useful life in terms of maintainable condition. 
 
Table 23 Predicted pavement age when SDI = 3.0, given the present SDI 
 
Family 4: Surface treated pavement in hills with low traffic 
               SDI(t+1) = 0.9109 + 0.8468*SDI(t) 

P-Age 1 P-Age 2 P-Age 3 P-Age 4 P-Age 5 P-Age 6 P-SDI 
SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE

0.10 2.91 5                     
0.25 3.02 5 3.02 6                 
0.50 3.15 5 3.15 6 3.15 7 3.15 8 3.15 9     
0.75 3.27 5 3.27 6 3.27 7 3.27 8 3.27 9     
1.00 2.94 4 2.94 5 2.94 6 2.94 7 2.94 8 2.94 9
1.25 3.09 4 3.09 5 3.09 6 3.09 7 3.09 8 3.09 9
1.50     3.25 5 3.25 6 3.25 7 3.25 8 2.76 8
1.75         2.94 5 2.94 6 2.94 7 2.94 8
2.00         3.12 5 3.12 6 3.12 7 3.12 8
2.25                 2.82 6 2.82 7
2.50                 3.03 6 3.03 7
2.75                         
3.00                         

 
 
Table 24 Predicted pavement age when SDI = 3.0, given the present SDI 
 
Family 5: Surface treated pavement in hills with moderate traffic 
               SDI(t+1) = 1/[1/4.2+[0.7985*[0.4681^SDI(t)]]] 

P-Age 1 P-Age 2 P-Age 3 P-Age 4 P-Age 5 P-Age 6 P-SDI 
SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE

0.10 3.04 7                     
0.25 3.06 7 3.06 8                 
0.50 3.09 7 2.93 7 2.93 8 2.93 9 2.93 10     
0.75 2.98 6 2.98 7 2.98 8 2.98 9 2.98 10     
1.00 3.04 6 3.04 7 3.04 8 3.04 9 3.04 10 3.04 11
1.25 3.08 6 3.08 7 3.08 8 3.08 9 3.08 10 3.08 11
1.50     2.99 6 2.99 7 2.99 8 2.99 9 2.99 10
1.75         3.06 7 3.06 8 3.06 9 3.06 10
2.00         2.98 6 2.98 7 2.98 8 2.98 9
2.25             3.07 7 3.07 8 3.07 9
2.50                 3.01 7 3.01 8
2.75                     2.98 7
3.00                         
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Table 25 Predicted pavement age when SDI = 3.0, given the present SDI 
 
Family 6: Surface treated pavement in hills with high traffic 
               SDI(t+1) = 1/[1/4+[0.8736*[0.4413^SDI(t)]]] 

P-Age 1 P-Age 2 P-Age 3 P-Age 4 P-Age 5 P-Age 6 P-SDI 
SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE

0.10 3.00 8                     
0.25 3.01 8 3.01 9                 
0.50 3.04 8 3.04 9 3.04 10 3.04 11 3.04 12     
0.75 2.97 7 2.97 8 2.97 9 2.97 10 2.97 11     
1.00 3.01 7 3.01 8 3.01 9 3.01 10 3.01 11 3.01 12
1.25 3.04 7 3.04 8 3.04 9 3.04 10 3.04 11 3.04 12
1.50     2.99 7 2.99 8 2.99 9 2.99 10 2.99 11
1.75         3.04 8 3.04 9 3.04 10 3.04 11
2.00         3.00 7 3.00 8 3.00 9 3.00 10
2.25             2.96 7 2.96 8 2.96 9
2.50                 3.03 8 3.03 9
2.75                     3.03 8
3.00                         

 
 
 
Table 26 Predicted pavement age when SDI = 3.0, given the present SDI 
 
Family 11: Surface treated pavement in plains with moderate traffic 
                 SDI(t+1) = 0.6827 + 0.8207*SDI(t) 

P-Age 1 P-Age 2 P-Age 3 P-Age 4 P-Age 5 P-Age 6 P-SDI 
SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE

0.10 3.04 9                     
0.25 3.08 9 3.08 10                 
0.50 2.98 8 2.98 9 2.98 10 2.98 11 2.98 12     
0.75 3.04 8 3.04 9 3.04 10 3.04 11 3.04 12     
1.00 2.95 7 2.95 8 2.95 9 2.95 10 2.95 11 2.95 12
1.25 3.03 7 3.03 8 3.03 9 3.03 10 3.03 11 3.03 12
1.50 2.95 6 2.95 7 2.95 8 2.95 9 2.95 10 2.95 11
1.75         3.04 8 3.04 9 3.04 10 3.04 11
2.00         2.99 7 2.99 8 2.99 9 2.99 10
2.25             2.95 7 2.95 8 2.95 9
2.50                 3.08 8 2.93 8
2.75                     2.94 7
3.00                         
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Table 27 Predicted pavement age when SDI = 3.0, given the present SDI 
 
Family 3: Asphaltic pavement in hills with high traffic  
               SDI(t+1) = 1/[1/4+[0.9306*[0.3747^SDI(t)]]] 

P-Age 1 P-Age 2 P-Age 3 P-Age 4 P-Age 5 P-Age 6 P-SDI 
SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE

0.10 3.02 5                     
0.25 3.11 5                     
0.50 3.26 5 3.26 6                 
0.75 2.87 4 2.87 5                 
1.00 3.08 4 3.08 5 3.08 6 3.08 7         
1.25     3.27 5 3.27 6 3.27 7         
1.50     2.91 4 2.91 5 2.91 6 2.91 7 2.91 8
1.75         3.12 5 3.12 6 3.12 7 3.12 8
2.00         3.30 5 3.30 6 3.30 7 3.30 8
2.25             2.94 5 2.94 6 2.94 7
2.50                 3.14 6 3.14 7
2.75                         
3.00                         

 
 
 
Table 28 Predicted pavement age when SDI = 3.0, given the present SDI 
 
Family 8: Asphaltic pavement in plains with moderate traffic 
               SDI(t+1) = 1.5164*[SDI(t)^0.6482] 

P-Age 1 P-Age 2 P-Age 3 P-Age 4 P-Age 5 P-Age 6 P-SDI 
SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE

0.10                         
0.25 3.01 9                     
0.50 2.98 8 2.98 9                 
0.75 3.04 8 3.04 9                 
1.00 2.99 7 2.99 8 2.99 9             
1.25     3.04 8 3.04 9 3.04 10         
1.50         2.99 8 2.99 9 2.99 10     
1.75         3.04 8 3.04 9 3.04 10 3.04 11
2.00             2.99 8 2.99 9 2.99 10
2.25                 2.95 8 2.95 9
2.50                 3.04 8 3.04 9
2.75                     3.04 8
3.00                         
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Table 29 Predicted pavement age when SDI = 3.0, given the present SDI 
 
Family 9: Asphaltic pavement in plains with high traffic 
               SDI(t+1) = 0.5765 + 0.8634*SDI(t) 

P-Age 1 P-Age 2 P-Age 3 P-Age 4 P-Age 5 P-Age 6 P-SDI 
SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE

0.10                         
0.25 2.99 9                     
0.50 3.07 9 3.07 10                 
0.75 2.98 8 2.98 9 2.98 10             
1.00 3.07 8 3.07 9 3.07 10 3.07 11         
1.25 2.99 7 2.99 8 2.99 9 2.99 10         
1.50     3.09 8 3.09 9 3.09 10 2.92 10     
1.75         3.04 8 3.04 9 3.04 10 3.04 11
2.00         2.99 7 2.99 8 2.99 9 2.99 10
2.25                 2.95 8 2.95 9
2.50                 2.94 7 2.94 8
2.75                     2.95 7
3.00                         

             

 
Table 30 Predicted pavement age when SDI = 3.0, given the present SDI 
 
Family 12: Surface Treated pavement in plains with high traffic 
                 SDI(t+1) = 1/[1/4+[0.1.1722*[0.3918^SDI(t)]]] 

P-Age 1 P-Age 2 P-Age 3 P-Age 4 P-Age 5 P-Age 6 P-SDI 
SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE SDI AGE

0.10                         
0.25 3.02 9                     
0.50 3.07 9 3.07 10                 
0.75 2.99 8 2.99 8 2.99 10             
1.00 3.06 8 3.06 9 3.06 10 3.06 11 3.06 12     
1.25     3.01 8 3.01 9 3.01 10 3.01 11 3.01 12
1.50         2.96 8 2.96 9 2.96 10 2.96 11
1.75         3.06 8 3.06 9 3.06 10 3.06 11
2.00                 3.02 9 3.02 10
2.25                     2.98 9
2.50                         
2.75                         
3.00                         

 
P-SDI: Present SDI 
P-Age: Present Age 
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Model Accuracy Discussion 
 

The selected deterioration prediction models must be validated and verified to ensure 
their predicting ability and accuracy. The validation is carried out by determining the coefficient 
of determination, R2 as mentioned earlier. Similarly the significance of the relationship is 
determined by the P-value for the parameter estimate in the model. The R2 values of the selected 
models are in the range from 0.6208 to 0.9121; this indicating the strong associations in between 
the variables considered in modeling. Similarly, the P-value of the parameter estimates are all 
zero indicating that the parameter estimates are significantly different from zero and therefore the 
chance of Null Hypothesis holding true in all models are totally unlikely and the relationships are 
significant. 
 

As an alternative, the comparison of predicted maintainable pavement age could be 
compared with the DoR’s nominated maintenance cycle of resealing presented in the Table 6. 
Maintainable pavement life is the pavement’s life within which the pavement could be maintained 
by resealing the surface. The DoR has considered the pavement whose SDI value is less or equal 
to 3.0 as the maintainable pavement. Therefore, for the comparison, the threshold SDI value equal 
to 3.0 is first calculated by the model equation and comparison made with the existing resealing 
cycle. This approach to some extent can ensure the model’s age predicting ability.  The predicted 
maintainable pavement age is presented in the Table 21. The comparison is made between those 
two ages in the Table 31. 

 
Table 31 DoR’s nominate maintenance cycle and predicted maintainable pavement age 
 
 Low traffic < 250 vpd Moderate traffic 250 to 1500 vpd High traffic > 1500 vpd 

 

Maintenance 
cycle 

Predicted 
age 

Maintenance 
cycle Predicted age Maintenance 

cycle 
Predicted 
age 

Terrain       
Plains 8 NA 7 6~10 6 6~8 
Hills 6 6~7 6 6~9 5 6 
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 According to the Table 31, there is not much variation between the DoR’ nominate 
maintenance cycle and the predicted maintainable pavement age from the selected pavement 
deterioration models. 
 

In addition to the above mentioned validation approaches, predicted SDI values are 
compared with the measured values of SDI in the different pavement sections under each 
pavement families. However, part of the collected data could not be reserved for model 
validation, which is due to very limited data available for modeling. Therefore, the data of the 
pavement sections that have been used into model formulation are used to make this comparison. 
The percent difference between predicted values and observed values should be reasonable in 
order to accept the models’ predicting ability. Families 4, 5, 6 and 11 (mainly surface treated 
pavements) have the best results when present SDI is regressed against the associated SDI 1 year 
earlier and they show the percent difference of 2 – 25% between predicted and observed SDI 
values. Similarly other remaining pavement families (asphaltic surfacing) have this percent 
difference of 1 - 30%. In both pavement types the percent difference between the predicted and 
observed SDI values are in the reasonable range. To visualize these, graphical plots in Figures C1 
through C8 are presented in the Appendix C. 
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CONCLUSIONS AND RECOMMENDATIONS 
 
 It is evident that the pavement performance and the maintenance affect the total 
transportation cost significantly. This is particularly more relevant in Nepal where the 
geographical and climatic environments, construction methods and technologies and traffic 
characteristics are more diverse. Therefore, the pavement performance guided by the pavement 
deterioration models are of greater use in planning of maintenance and budgets for the road 
pavements. Database is the key in any kind of pavement management system (PMS), including 
the formulation of model, hence accuracy and reliability in data should be the foremost requisite 
for the road agencies. 
 
Conclusions 
 
 Based on the analysis and the regression – based modeling results presented in the 
previous chapter, the following conclusions may be drawn. 
 

1. The presently developed models are the first of this kind in Nepal for the pavements 
and they represent only for the bituminous pavements which are newly constructed, rehabilitated, 
or reconstructed. The model is unable to predict the performances for the pavements which have 
received the resealing on them; this is due to insufficient data available for formulating the 
models on such cases. 

 
2. Based on the value of R2, developed prediction models can predict the future 

performances under the eight pavement groups (families) with reasonable accuracy. So those 
models are useful to plan and budget the maintenance actions for future. 
 

3. Pavement chronological age by itself does not seem sufficient to predict the changes in 
SDI values, particularly for the surface treated pavements. This is evidenced by a very wide 
variation in SDI values that correspond to the same age in each pavement under surface treated 
families. It clearly indicates that the other factors need to be identified for the modeling. Since we 
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do not have those factors conveniently available at present, the use of the associated SDI, 1 year 
earlier as an independent variable captures the other missing important factors. So the best models 
obtained for the surface treated pavements have been found when the present SDI variable is 
regressed against the associated SDI value of 1 year earlier. 

 
4. The most accurate models for the asphalted pavements are found from the regression – 

based modeling when the observed SDI is regressed against the pavement chronological age. The 
non-linear transformation function such as exponent and power enhanced the model’s predicting 
accuracy. Since the traffic level in the asphalted pavements are small as it should be, except the 
asphalted pavement in hills with high traffic, where traffic is larger than 3,000 vpd. This indicates 
that traffic is not the main factor for the deterioration process in asphalted roads. The other casual 
factors are believed to be well captured by the chronological age alone for asphalted roads. 

 
5. The projections of SDI values obtained from the models will have to be compared to 

actual future SDI values when those become available. This will further aid in determining the 
accuracy of the models. This, however, is true for any modeling process. 
 
Recommendations 

 
 The following recommendations seem to be an appropriate for the future modeling works 
since the modeling process is always a dynamic in nature. 
 

1. The model developing technique is the dynamic one, so they need to be further refined 
as more SDI values become available in the years to come 

 
2. To enhance the predicting ability of the model in the future, it might be a worthwhile 

effort to start acquiring the other casual factors that affect the deterioration process. Other factors 
may include: environment (temperature, precipitation), truck volumes, and pavement cross-
sections. 
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3. It is recommended that DoR puts more efforts in maintaining the reliable and accurate 
database. For instance, in the large road projects with long project durations, different road links 
or sections in the project are completed and opened to the traffic in different times. However, the 
reports available normally mention the date on which the entire project is completed; this makes it 
difficult or virtually impossible for the analyst to find the chronological pavement age for the 
different road sections within the project when they are completed and handed over to the 
concerned road agencies. 

 
4. It is also recommended that the on-going road projects maintain the types of pavement 

works that have been done in each road links. For example, there are many instances when some 
of the road links are just repaired and resealed under the rehabilitation or reconstruction road 
projects and are not reported. This gives the impression that the entire road length has been 
rehabilitated or reconstructed. 
 

5. It is recommended to have the consistency in SDI measurements. The present records 
in database shows that there are many road sections that have the declining SDI values without 
any resealing or rehabilitation on them. 
 

6. The SDI survey needs to be conducted always within one particular period of the year 
only. Otherwise there is tendency of declining SDI values, when first survey is done in the winter 
and the subsequent survey in the hot climates. 
 

7. It is also recommended that the DoR initiates to acquire the pavement construction 
history (dates) of each road links that are first blacktopped followed by the subsequent resealing, 
rehabilitation and reconstruction. This information could be included in the “Road Statistics” that 
is periodically published by the department. 
 

8. It is further recommended that the models need to be developed for the pavements 
after resealing. This is possible when more information is available in the future. The information 
should comprise of pavement conditions at the time of resealing and the subsequent pavement 
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conditions after resealing for some years. The model thus developed could be useful to verify the 
extended pavement life by resealing. 
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Appendix Table A9 Family 3 - Asphalted pavement in 
hills with high traffic 
 

  
Appendix Table A10 Family 4 - ST pavement 
in hills with low traffic 
 

SDI 
(t+1) SDI (t) AGE 

(t) 
AGE 
(t+1) SDI AGE  SDI 

(t+1) 
SDI 
(t) 

AGE 
(t) 

AGE 
(t+1) SDI AGE 

1.78 1.00 2 3 1.00 2  1.56 0.52 2 3 1.35 3 
3.30 1.78 3 4 1.78 3  1.00 0.58 2 3 2.16 5 
3.30 3.30 4 5 3.30 4  1.09 0.81 2 3 1.29 3 
3.85 3.30 5 6 3.30 5  1.23 0.67 2 3 2.00 5 
1.00 1.00 3 4 3.85 6  2.12 1.16 4 5 0.52 2 
2.80 1.00 4 5 1.25 2  3.04 2.12 5 6 1.56 3 
0.91 0.09 1 2 1.00 3  3.73 3.04 6 7 2.28 5 
1.36 0.91 2 3 1.00 4  4.00 3.73 7 8 1.57 2 
1.91 1.36 3 4 2.80 5  2.16 0.96 4 5 3.00 5 
2.00 1.00 2 3 2.80 6  2.88 2.16 5 6 0.58 2 
2.00 2.00 3 4 0.09 1  3.36 2.88 6 7 1.00 3 
0.67 0.03 1 2 0.91 2  3.60 3.36 7 8 1.73 5 
2.40 0.67 2 3 1.36 3  2.57 1.71 4 5 0.81 2 
2.70 2.40 3 4 1.91 4  2.73 2.57 5 6 1.09 3 
1.91 1.50 3 4 1.00 2  3.46 2.73 6 7 1.86 5 
1.91 1.91 4 5 2.00 3  3.53 3.46 7 8 0.67 2 
2.32 1.91 5 6 2.00 4          1.23 3 
2.86 2.32 6 7 0.03 1          1.93 5 
2.95 2.62 5 6 0.67 2          1.16 4 
1.33 1.04 2 3 2.40 3          2.12 5 
1.54 1.33 3 4 2.70 4          3.04 6 
2.46 1.54 4 5 1.50 3          3.73 7 
2.71 2.46 5 6 1.91 4          4.00 8 

        1.91 5          0.96 4 
        2.32 6          2.16 5 
        2.86 7          2.88 6 
        2.62 5          3.36 7 
        2.95 6          3.60 8 
        1.04 2          1.71 4 
        1.33 3          2.57 5 
        1.54 4          2.73 6 
        2.46 5          3.46 7 
        2.71 6          3.53 8 

                    1.00 2 

               2.00 4 
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Appendix Table A11 Family 5  - Pavement  in 
Hills, Surface Treated with Moderate Traffic 
 

 
Appendix Table A12 Family 6 Data -Surface 
Treated Pavement in Hills with High Traffic 
 

SDI 
(t+1) 

SDI 
(t) 

AGE 
(t) 

Age 
(t+1) SDI AGE  SDI 

(t+1) 
SDI 
(t) 

AGE 
(t) 

AGE 
(t+1) SDI AGE 

1.14 1.00 2 3 1.00 2  1.31 1.31 2 3 1.31 2 
1.25 1.00 2 3 1.14 3  1.41 1.31 3 4 1.31 3 
2.16 1.50 2 3 1.07 4  2.23 1.41 4 5 1.41 4 
2.83 2.16 3 4 2.04 6  2.41 2.23 5 6 2.23 5 
2.50 2.20 5 6 1.00 2  1.00 0.50 2 3 2.41 6 
2.15 0.69 2 3 1.25 3  1.34 1.21 2 3 0.50 2 
2.80 2.11 4 5 1.00 4  1.00 0.34 1 2 1.00 3 
2.93 2.80 5 6 2.00 6  2.33 0.57 1 2 2.50 5 
2.41 0.67 2 3 2.75 8  2.62 2.13 2 3 1.21 2 
2.10 2.00 4 5 1.50 2  3.12 2.62 3 4 1.34 3 
1.14 1.07 2 3 2.16 3  3.13 3.12 4 5 3.10 5 
1.29 1.14 3 4 2.83 4          0.34 1 
1.60 1.14 2 3 2.20 5          1.00 2 
1.76 1.06 3 4 2.50 6          1.33 4 
2.00 1.64 5 6 0.69 2          2.33 6 
1.58 0.90 4 5 2.15 3          0.57 1 
1.83 1.58 5 6 2.11 4          2.33 2 
2.25 1.10 5 6 2.80 5          2.43 4 
2.44 1.88 7 8 2.93 6          3.44 6 
2.00 1.00 5 6 0.67 2          2.13 2 
2.75 2.00 6 7 2.41 3          2.62 3 
3.00 2.75 7 8 2.00 4          3.12 4 
1.08 0.77 1 2 2.10 5          3.13 5 
1.65 1.08 2 3 1.07 2         
1.57 1.21 2 3 1.14 3         
1.05 0.53 2 3 1.29 4         
1.32 0.74 2 3 2.00 6         
2.19 1.24 3 4 1.14 2         
2.24 2.19 4 5 1.60 3         
1.83 1.17 3 4 1.32 4         
2.80 1.83 4 5 2.50 6         
1.80 1.60 3 4 1.06 3         
2.60 1.80 4 5 1.76 4         
2.80 2.60 5 6 1.64 5         

        2.00 6         
        0.90 4         
        1.58 5         
        1.83 6         
        1.10 5         
        2.25 6         
        1.88 7         
        2.44 8         
        1.00 5         
        2.00 6         
        2.75 7         
        3.00 8         
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Appendix Table A11 Cont’d 
 

SDI 
(t+1) 

SDI 
(t) 

AGE 
(t) 

Age 
(t+1) SDI AGE        

        0.77 1         
        1.08 2         
        1.65 3         
        2.46 5         
        1.21 2         
        1.57 3         
        2.17 5         
        2.67 7         
        0.53 2         
        1.05 3         
        1.50 5         
        2.20 7         
        0.74 2         
        1.32 3         
        2.79 5         
        2.68 7         
        1.24 3         
        2.19 4         
        2.24 5         
        1.17 3         
        1.83 4         
        2.80 5         
        1.60 3         
        1.80 4         
        2.60 5         
        2.80 6         
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Appendix Table A13 Family 8 Data - Asphaltic 
Pavement in Plains with Moderate Traffic 
 

 
Appendix Table A14 Family 9 Data - Asphaltic 
Pavement in Plains with High Traffic 
 

SDI 
(t+1) 

SDI 
(t) 

AGE 
(t) 

AGE 
(t+1) SDI AGE  SDI 

(t+1) 
SDI 
(t) 

AGE 
(t) 

AGE 
(t+1) SDI AGE 

1.75 1.05 2 3 1.05 2  1.00 1.00 2 3 1.00 2 
1.75 1.75 3 4 1.75 3  1.86 1.00 3 4 1.00 3 
2.75 1.75 4 5 1.75 4  2.00 1.86 4 5 1.86 4 
1.20 1.00 2 3 2.75 5  1.41 1.04 3 4 2.00 5 
1.40 1.20 3 4 1.00 2  2.07 1.41 4 5 1.04 3 
3.00 1.40 4 5 1.20 3  2.11 2.07 5 6 1.41 4 
1.74 1.00 2 3 1.40 4  1.20 1.00 2 3 2.07 5 
1.97 1.74 3 4 3.00 5  1.45 1.20 3 4 2.11 6 
2.35 1.97 4 5 1.00 2  1.73 1.45 4 5 1.00 2 
1.71 1.00 2 3 1.74 3  2.09 1.73 5 6 1.20 3 
2.00 1.71 3 4 1.97 4  1.27 1.00 2 3 1.45 4 
2.76 2.00 4 5 2.35 5  1.56 1.27 3 4 1.73 5 
1.80 1.00 2 3 1.00 2  2.50 1.56 4 5 2.09 6 
1.83 1.80 3 4 1.71 3  2.56 2.50 5 6 1.00 2 
2.33 1.83 4 5 2.00 4  1.33 1.00 2 3 1.27 3 
1.05 1.00 2 3 2.76 5  1.50 1.33 3 4 1.56 4 
1.60 1.05 3 4 1.00 2  1.75 1.50 4 5 2.50 5 
2.10 1.60 4 5 1.80 3  2.00 1.75 5 6 2.56 6 
2.25 2.10 5 6 1.83 4  1.50 0.80 3 4 1.00 2 

        2.33 5  2.67 1.50 4 5 1.33 3 
        1.00 2  3.00 2.67 5 6 1.50 4 
        1.05 3          1.75 5 
        1.60 4          2.00 6 
        2.10 5          0.80 3 
        2.25 6          1.50 4 
                     2.67 5 
                     3.00 6 
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Appendix Table A15 Family 11 Data - Surface 
Treated Pavement in Plains with Moderate Traffic 
 

 
Appendix Table A16 Family 12 Data - Surface 
Treated Pavement in Plains with High Traffic 
 

SDI 
(t+1) 

SDI 
(t) 

AGE 
(t) 

AGE 
(t+1) SDI AGE   SDI 

(t+1) 
SDI 
(t) 

AGE 
(t) 

AGE 
(t+1) SDI AGE 

0.75 0.42 2 3 0.42 2   1.60 1.34 3 4 1.34 3 
1.00 0.75 3 4 0.75 3   2.05 1.60 4 5 1.60 4 
1.16 1.00 2 3 1.00 4   1.86 2.05 5 6 2.05 5 
1.17 1.16 3 4 2.00 6   2.05 1.86 6 7 1.86 6 
2.00 1.17 4 5 1.00 2   2.31 2.05 7 8 2.05 7 
1.42 1.00 2 3 1.16 3   1.07 1.00 4 5 2.31 8 
1.57 1.42 3 4 1.17 4   2.13 1.07 5 6 1.00 4 
1.11 0.70 2 3 2.00 5   2.65 2.13 6 7 1.07 5 
1.67 1.11 3 4 1.00 2   3.00 2.65 7 8 2.13 6 
1.71 1.67 4 5 1.42 3   1.40 1.24 4 5 2.65 7 
1.00 0.50 2 3 1.57 4   2.36 1.40 5 6 3.00 8 
1.50 1.00 3 4 0.70 2   1.25 1.00 4 5 1.24 4 
2.00 1.50 4 5 1.11 3   1.25 1.25 5 6 1.40 5 
1.00 0.38 2 3 1.67 4   2.25 1.25 6 7 2.36 6 
1.75 1.00 3 4 1.71 5   1.15 0.90 3 4 1.00 4 
2.37 1.75 4 5 0.50 2   1.46 1.15 4 5 1.25 5 
1.05 0.24 2 3 1.00 3   1.54 1.46 5 6 1.25 6 
1.41 1.05 3 4 1.50 4   1.20 1.00 3 4 2.25 7 
1.88 1.41 4 5 2.00 5   1.33 1.20 4 5 0.90 3 
2.17 1.88 5 6 0.38 2   2.00 1.33 5 6 1.15 4 
1.07 0.62 2 3 1.00 3   1.58 0.80 3 4 1.46 5 
1.35 1.07 3 4 1.75 4   1.58 1.58 4 5 1.54 6 
1.93 1.35 4 5 2.37 5   2.42 1.58 5 6 1.00 3 
2.14 1.93 5 6 0.24 2           1.20 4 
1.14 0.56 2 3 1.05 3           1.33 5 
1.43 1.14 3 4 1.41 4           2.00 6 
2.14 1.43 4 5 1.88 5           0.80 3 
2.21 2.14 5 6 2.17 6           1.58 4 
1.07 0.62 2 3 0.62 2           1.58 5 
1.69 1.07 3 4 1.07 3           2.42 6 
2.31 1.69 4 5 1.35 4         
2.38 2.31 5 6 1.93 5         
1.21 0.64 2 3 2.14 6         
2.12 1.21 3 4 0.56 2         
2.71 2.12 4 5 1.14 3         
1.67 1.60 5 6 1.43 4         
2.27 1.67 6 7 2.14 5         
2.93 2.27 7 8 2.21 6         
2.00 1.84 4 5 0.62 2         
2.35 2.00 5 6 1.07 3         
2.63 2.35 6 7 1.69 4         
3.00 2.63 7 8 2.31 5         
1.36 1.30 3 4 2.38 6         
2.30 1.89 6 7 0.64 2         
1.62 1.50 3 4 1.21 3         
2.22 1.93 6 7 2.12 4         
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Appendix Table A15 Cont’d 
 

SDI 
(t+1) 

SDI 
(t) 

AGE 
(t) 

AGE 
(t+1) SDI AGE        

2.33 1.17 2 3 2.71 5         
2.60 2.33 3 4 1.87 4         
1.53 0.69 2 3 1.60 5         
2.08 1.53 3 4 1.67 6         
1.90 1.00 3 4 2.27 7         
1.90 1.90 4 5 2.93 8         
2.38 1.90 5 6 1.84 4         
2.45 2.38 6 7 2.00 5         
1.71 0.82 3 4 2.35 6         
1.67 1.50 3 4 2.63 7         
1.00 0.75 2 3 3.00 8         
1.17 0.34 2 3 1.30 3         
1.33 1.00 3 4 1.36 4         
1.95 1.09 3 4 1.89 6         

        2.30 7         
        1.50 3         
        1.62 4         
        1.93 6         
        2.22 7         
        1.17 2         
        2.33 3         
        2.60 4         
        3.50 6         
        0.69 2         
        1.53 3         
        2.08 4         
        3.00 6         
        1.00 3         
        1.90 4         
        1.90 5         
        2.38 6         
        2.45 7         
        0.82 3         
        1.71 4         
        3.38 6         
        1.50 3         
        1.67 4         
        3.00 6         
        0.75 2         
        1.00 3         
        1.75 5         
        0.34 2         
        1.17 3         
        1.57 5         
        1.00 3         
        1.33 4         
        3.67 6         
        1.09 3         
        1.95 4         



 

113 

Appendix Table A15 Cont’d 
 

SDI 
(t+1) 

SDI 
(t) 

AGE 
(t) 

AGE 
(t+1) SDI AGE        

        3.32 7         
        1.00 3         
        2.17 5         
        2.67 7         
        1.06 2         
        1.71 4         
        2.78 6         
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Family 3: Predicted vs Link H02013 Observed SDI
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Family 3: Predicted vs Link H0403 Observed SDI
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Appendix Figure C1 Comparison of predicted with observed values for family 3 pavements 
 
 
 

Family 4: Predicted vs Link H1502 Observed SDI
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Family 4: Predicted vs Link H1503U Observed SDI
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Appendix Figure C2 Comparison of predicted with observed values for family 4 pavements 
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Family 5: Predicted vs Link H0311 Observed SDI
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Family 5: Predicted vs Link H0207 Observed SDI
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Appendix Figure C3 Comparison of predicted with observed values for family 5 pavements 
 
 
 
 

Family 6: Predicted vs Link F2402 Observed SDI
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Family 6: Predicted vs Link H0404 Observed SDI
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Appendix Figure C4 Comparison of predicted with observed values for family 6 pavements 
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Family 8: Predicted vs Link H0114 Observed SDI
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Family 8: Predicted vs Link H0117 Observed SDI
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Appendix Figure C5 Comparison of predicted with observed values for family 8 pavements 
 
 
 
 

Family 9: Predicted vs Link H0107 Observed SDI
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Family 9: Predicted vs Link H0110U Observed SDI
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Appendix Figure C6 Comparison of predicted with observed values for family 9 pavements 
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Family 11: Predicted vs Link H0127 Observed SDI
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Family 11: Predicted vs Link H0150 Observed SDI

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4 5 6 7 8

Pavement Age

SD
I V

al
ue

s

Predicted SDI

Observed SDI

 
Appendix Figure C7 Comparison of predicted with observed values for family 11 pavements 
 
 
 

Family 12: Predicted vs Link H0801U Observed SDI
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Family 12: Predicted vs Link H0139 Observed SDI
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Appendix Figure C8 Comparison of predicted with observed values for family 12 pavements 




