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ABSTRACT 
 
In recent years, there has been a significant increase in the use of RAP for the 
construction and rehabilitation of flexible pavement structures. There are many 
advantages that are associated with the use of RAP, including economic benefits due to 
the reduction in virgin asphalt binder and new aggregates required, environmental benefits 
associated with the use of a recycled material, significant energy savings, and short-term 
performance benefits due to increased rutting resistance. However, field observations 
have raised some concerns in terms of the long-term performance of mixtures containing 
RAP compared to those of virgin mixes. 
 
In order to address these concerns, the authors used data from FHWA’s LTPP SPS-5 
experiment in Texas to quantify and compare the field performance of pavement sections 
containing RAP with those of those that do not contain RAP. Based on the SPS-5 data, 
simple performance models were developed for rutting and cracking of the pavement 
structure. The models are then used to statistically quantify the effect of RAP on each type 
of distress and to estimate the expected pavement life of a given overlay, with and without 
RAP. As expected, the results indicate that there is a significant gain in rutting resistance 
when using RAP. However, pavements containing RAP develop cracking earlier, and at a 
faster rate, so short-term savings may be offset by additional overlays later in the life of the 
pavement. This raised the following concern: are we saving today to pay later?  
 
The main objectives of this paper are: i) to make pavement designers aware that RAP may 
not be always the most economical solution, and that ii) life-cycle cost analysis (LCCA) is 
imperative to assess the real benefits and costs of the various alternatives.  
 
Based on the simple performance models developed, a basic LCCA analysis was 
performed in order to compare the economic advantages or shortcomings of using RAP in 
the HMA mix. The interim results indicate that, under particular scenarios, the use of RAP 
might not be the most economic choice. Where and how much RAP should be used 
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should be determined through a case-by-case analysis. In order to do this, accurate field 
performance data are necessary. While LTPP may provide some initial data, RAP 
technology has evolved since the inception of LTPP and the use of fractionated RAP is 
more prevalent now. Therefore, LTPP needs to be updated and new data sources may be 
needed.   
 
1 INTRODUCTION 

 
Many State DOTs currently allow considerable percentages of Reclaimed Asphalt 
Pavement (RAP) to be included in most of their surface and base mixtures. This is due to 
a continued increase in the cost of high-quality aggregates, asphalt binder and energy, a 
decline in the availability of aggregates meeting specification, strict project-specific 
requirements, and an overall increase in awareness of the environmental impact of 
improperly storing and disposing material generated when reconstructing asphalt 
pavements, This is the case at the Texas Department of Transportation (TxDOT), where 
up to 30% RAP is allowed on base mixtures and up to 20% RAP is allowed on surface 
mixtures (TxDOT, 2004).Furthermore, cost saving considerations and the incorporation of 
warm-mix asphalt (WMA) technologies are other influencing factors that are contributing to 
increasing RAP usage.  
 
Traditionally, because RAP contains a given percentage of aged asphalt binder, the 
amount of new asphalt that needs to be added to a mixture containing RAP is reduced. 
For example, as a rule of thumb, the Asphalt Institute suggests that using 20% RAP (with 
5% asphalt content) can be approximately translated to a savings of 1% of new asphalt 
binder. However, the use of RAP introduces an additional variable to the performance and 
deterioration of the pavement structure. Characterization and better understanding of the 
interactions between the aged binder and the new or virgin asphalt is required. Depending 
on the percentage of RAP to be incorporated into the mixture and, in order to obtain a 
target PG grade for the asphalt binder in the mixture with RAP, often the PG grade of the 
new asphalt binder needs to be “dumped” one grade to offset the effect of the aged binder 
in the RAP (McDaniel and Anderson, 2001; Newcomb et al., 2007). 
 
In addition to the initial economic benefits of using RAP (reduction in the requirement of 
new aggregate and asphalt binder), an improvement in the performance of the pavement 
structure can be expected in the initial service years of the pavement structure, particularly 
in terms of reduction in permanent deformation. This is due to increase in stiffness of the 
HMA mix resulting from the inclusion of RAP. Therefore, no one can argue with the 
numerous benefits of using RAP, particularly, when the performance during the early life of 
the pavement is critical.   
 
1.1 Performance of HMA mixes containing RAP 
 
As previously indicated, an additional argument for the use of RAP is the initial gain in 
resistance to permanent deformation of the HMA mix. However, it is still unclear how HMA 
mixes containing high percentages of RAP will perform in the long-term in term of 
durability and cracking. It has been identified that the initial rate of aging in mixes 
containing RAP is higher than that of virgin mixes. Therefore, it is important to determine 
what happens in the long run to the binder in mix containing RAP. If the rate of aging of the 
binder remains relatively constant, the HMA mix might become very stiff, resulting in other 
types of pavement deterioration such as cracking. 
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Abdulshafi et al. (2002) looked into the development of a simple test to assess the 
optimum RAP content based on the maximum percentage of absorbed energy level. The 
study showed that indirect tensile strength (ITS) tends to increase with RAP. This result 
limits the use of ITS to control the maximum percentage of RAP. In addition, this further 
supports the observation that initial durability of RAP mixes is higher than that of mixes 
with no RAP after construction. 
 
Ziari and Khabiri (2005) showed that the addition of RAP to a mixture increased the 
resilient modulus. For instance, at 77°F, adding 40% RAP to a control mixture resulted in a 
74% increase in stiffness. Similar results were obtained by Valdés et al. (2010), who 
showed that mixtures with high RAP content exhibit higher stiffness and modulus as 
compared to their lower RAP content counterparts. 
 
Watson et al. (2008) also demonstrated that the conditioned and unconditioned tensile 
strength of mixtures with RAP increased. However, the study also showed that the tensile 
strength ratio (TSR) did not increase significantly. Furthermore, the researchers indicated 
that, based on their experimental design (four aggregate sources and four RAP types, 
blended at four different contents: 0%, 10%, 20%, and 30%), it appears that RAP content 
did not have a significant impact on rutting performance and thermal cracking. But adding 
more RAP binder to the mixtures resulted in lower resistance to fatigue cracking; samples 
with 30% RAP exhibited half the fatigue life of the control samples with no RAP. 
 
Similarly, Sondag et al. (2002) found that there was very little difference in TSR value 
when RAP content was modified. However, it was found that the addition of RAP to the 
mix resulted on an increase in resilient modulus and dynamic modulus (E*), especially at 
higher testing temperatures. Inversely, the phase angle (δ) decreased with RAP content, 
indicating a decrease of the viscous component of the binder. Based on dynamic modulus 
and creep compliance testing, Lachance (2002) also showed that the addition of RAP to 
the mix increases stiffness. Therefore, creep flow time is also increased. Goh and You 
(2008) have reported that there are no significant differences in dynamic modulus between 
a control mix and mixes with 15% RAP. However, they also found that the 15% RAP 
significantly reduced rutting in the Asphalt Pavement Analyzer (APA). 
 
Based on observations at the NCAT test track, West et al. (2009) reported that all test 
sections (control, 20%, and 45% RAP) performed well in terms of rutting and raveling. 
However, low to moderate severity cracking has been recorded on the sections with RAP. 
Hajj et al. (2010) evaluated the performance of mixtures with RAP in several airport 
runways. The researchers highlighted that the use of RAP in the surface course showed a 
good resistance to cracking after eight years of service life. However, there was moderate 
severity transverse and longitudinal cracking in some sections. 
 
There seems to be consensus that the addition of RAP results in an improvement in rutting 
resistance, but the effects on cracking are not as clear. Tabakovíc et al. (2010) states that 
introduction of RAP to the HMA mix improved all the mechanical properties of the mix, 
especially in the case of fatigue cracking. It was found that mix containing 30% RAP 
developed higher relative fatigue resistance than that of the control mix. On the other 
hand, Hong and Chen (2009) found that for the case of overlays, the ones that incorporate 
RAP are more prone to transverse cracking than those containing only virgin asphalt. Due 
to the lack of consensus, we decided to look for medium- to long-term field performance 
data in an attempt to settle the discussion. 
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2 TEXAS SPS-5 SECTIONS 
 
The purpose of the present paper is to evaluate the performance benefits or drawbacks 
associated with the use of RAP in an HMA mix. In order to do so, it is imperative to have 
sufficient field performance history so that the deterioration trends of the mixes with RAP 
can be fully captured. A short observation period may result in the conclusion that the 
rutting behavior of the mix with RAP was improved because of the increased stiffness 
associated with using a given percentage of RAP in the mix. It is impossible, in a short 
time frame, to assess how other types of deterioration, such as cracking, will develop over 
the long-term. The use of Accelerated Pavement Testing (APT) is also no desirable 
because the effect of the environment (aging in particular) is not properly accounted for. 
 
Pavement sections with monitoring history of more than 10 years were identified in the 
State of Texas. The Long Term Pavement Performance (LTPP) SPS-5 sections have a 
recorded monitoring history of more than 15 years since their original rehabilitation. 
Therefore, these were selected as the candidate sections to analyze as part of the current 
study. 
 

 
Figure 1: Texas SPS-5 Pavement Structures. 

The LTPP SPS-5 experiment was designed to examine the effects of climatic region, 
existing pavement condition, and traffic on pavement sections incorporating different 
rehabilitation strategies. These strategies consisted of routine preventive maintenance or 
intensive preparation (cold milling). The experimental design also involved two types of 
asphalt overlay (virgin and recycled) and two overlay thicknesses (nominally, 2 in and 5 
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in). The experimental design resulted in eight different strategies. The following SPS-5 
sections (Figure 1) were built in Texas, in Kaufman County of Dallas District along US-175:  
A501 (Control, no treatment), A502 (Thin overlay – recycled HMA mix), A503 (Thick 
overlay– recycled HMA mix), A504 (Thick overlay, virgin mix), A505 (Thin overlay, virgin 
mix), A506 (Thin overlay, virgin mix, with milling), A507 (Thick overlay, virgin mix, with 
milling), A508 (Thick overlay, recycled mix, with milling), and A509 (Thin overlay, recycled 
mix, with milling). 
 
2.1 Performance of SPS-5 Sections 
 
The field performance of the Texas SPS-5 sections is shown in Figures 2 through 6. As 
expected, three of the sections containing RAP (thick overlay with and without milling, and 
thin with milling) outperform the sections with no RAP in terms of rutting resistance. 
However, it should be highlighted that the average difference in rutting between the 
sections with RAP and the sections with no RAP is only in the order of 0.07 in. 
Nonetheless, regardless the difference in rutting magnitude between the sections with 
RAP and no RAP, it can be noted that there is a statistically significant difference between 
the performance of the two types of mix.  
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Figure 2: Rutting of Texas SPS-5 Pavement Structures. 
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Figure 3: Fatigue Cracking of Texas SPS-5 Pavement Structures. 
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Figure 4: Longitudinal Cracking of Texas SPS-5 Pavement Structures. 
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Figure 5: Transverse Cracking of Texas SPS-5 Pavement Structures. 

 
Contrary to the case of rutting, it can be seen from Figures 3 through 5 that the pavement 
sections with RAP consistently exhibit earlier cracking initiation (alligator, longitudinal, and 
transverse cracking) plus a faster cracking progression rate, when compared to pavement 
sections where RAP was not included. In the case of fatigue cracking, two of the pavement 
sections with no RAP (thin overlay with and without milling) did not develop alligator 
cracking during the entire observation period. Similarly, in the case of transverse cracking 
three of the pavement sections with no RAP (thick overlay with and without milling, and 
thin with milling) have developed very few transverse cracks at a slower rate than the 
remaining pavement sections that include RAP. 
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Figure 6: Roughness of Texas SPS-5 Pavement Structures. 
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Figure 6 shows IRI for the analyzed pavement sections. It can be observed that most of 
the sections have exhibited very constant roughness during the analysis period. It can be 
concluded that the pavement sections with RAP have on average an IRI value of 
approximately 10 in/mi lower than that of the pavement sections with no RAP. The 
difference is due mainly to the pavement sections with no RAP, where no milling was 
performed prior to rehabilitation. Higher IRI on the pavement sections with no RAP was 
somewhat expected because of the significant effect that rutting has on the roughness of 
the pavement structure, thereby increasing the IRI values of the sections with no RAP. 
 
 
3 MODELING THE PERFORMANCE OF SPS-5 SECTIONS 
 
When performing economic comparisons and evaluations of HMA overlays with or without 
RAP, as well as other properties, it is necessary to develop models that can accurately 
predict the performance of the pavement structures. Two simple models were developed: 
a rutting model and a transverse cracking model. 
 
The rutting model that has been proposed in the current study is similar to that developed 
by Hong et al. (2010). The model corresponds to a rutting progression model that is 
intended to capture the incremental rutting after the initial observation (rutting at time t = 
0). The functional form of the model is as follows, 
 

 Eq. 1 
 
Where: 
Rut : rutting at time t = T (in) 
Rut0 :  rutting at time t = 0 (in) 
Mill : 1 if milling was performed, Mill = 0 otherwise 
TH : 1 if the overlay is thick, TH = 0 otherwise 
RAP : 1 is RAP was used in the HMA mix, RAP = 0 otherwise 
t :  time (years) 
β1-β5 :  regression parameters. 
 
The model parameters have been estimated by means of non-linear least squares (NLS) 
using Matlab based on the SPS-5 dataset. The model estimates are shown in the following 
table. 
 
Table 1: Rutting Model Parameter Estimates 

Parameter Mean Standard Error t - Statistic 
β1 0.124 0.0129 9.6 
β2 0.0096 0.0060 1.6 
β3 0.0176 0.0061 2.8 
β4 0.309 0.0419 7.4 
β5 -0.178 0.0199 -8.9 

 
From the model estimates it can be concluded that the effect of milling is not significant at 
the 95% level of confidence. The effect of the thickness of the overlay is significant, based 
on the previous level of confidence. However, based on the model estimates, the use of 
RAP has the highest effect on the rutting progression of the pavement structure. Figure 7 
shows a comparison of the average performance predicted by the model for all the 
pavement sections, with and without RAP. 
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Figure 7: Rutting Progression on a Pavement with a Thick Overlay 

(with Milling Prior to Overlaying). 
 
 
The transverse cracking model proposed for the present analysis is a Heckit-type model 
that consists of two separate models or components: a crack initiation model and a crack 
progression model. The functional form of the model is the following, 
 

 Eq. 2 
 

 Eq. 3 
 
Where: 
Crack?: 1 if transverse cracking has occurred, Crack? = 0 otherwise 

 : normal cumulative density function. 
Crack :  number of transverse cracks 
Mill : 1 if milling was performed, Mill = 0 otherwise 
TH : 1 if the overlay is thick, TH = 0 otherwise 
RAP : 1 is RAP was used in the HMA mix, RAP = 0 otherwise 
t :  time (years) 
α1-α5 : regression parameters 
γ1-γ5 :  regression parameters 
 
In the above model, Equation 3 or the amount of cracking is conditional on whether 
cracking has initiated or not, which is defined by Equation 2. Equation 2 represents the 
probability that a given pavement structure has cracked, and for the modeling specification 
has been assumed to follow a normal distribution. The previous type of joint model is 
usually referred to as a Heckit model. It is estimated in a two-step procedure which 
involves initially estimating the crack initiation model (Equation [2]), and then using 
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information from the initial estimation ( , where 
 and  is the normal density function) in the 

estimation of the crack progression model. For more details on the Heckit model, please 
refer to Heckman (1976).The estimation procedure was coded in Matlab and was used to 
estimate the model parameters shown in Table 2. 
 
 
Table 2: Transverse Cracking Model Parameter Estimates 

Crack Initiation Crack Progression 

Parameter Mean Standard 
Error 

t - 
Statistic Parameter Mean Standard 

Error 
t - 

Statistic 
α1 -45.8 12.2 -3.7 γ1 -2.68 1.09 -2.4 
α2 -21.3 6.37 -3.3 γ2 -3.90 1.47 -2.6 
α3 -27.9 6.04 -4.6 γ3 -1.23 0.772 -1.6 
α4 56.4 6.24 9.0 γ4 2.75 1.07 2.6 
α5 8.09 1.06 7.6 γ5 0.901 0.289 3.1 

 
From the model estimates it can be concluded that, for the case of crack initiation, both 
milling prior to overlaying and the thickness of the overlay have a significant positive effect 
(both of the previous factors decrease the probability that the pavement will crack at time 
t). Inversely, the use of RAP has the highest impact on the crack initiation of the pavement 
structure (using RAP highly increases the probability of cracking).  
 
Then, based on the estimates from cracking progression model, it can be concluded that 
milling prior to overlaying results in a lower number of transverse cracks, while adding 
RAP to the HMA mix increases the number of transverse cracks. Figure 8 shows a 
comparison of the performance predicted by the model for a pavement section with and 
without RAP. 
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Figure 8: Transverse Cracking Progression on a Pavement with a Thick Overlay(with 

Milling Prior to Overlaying). 
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3.1 Predicting Pavement Life 
 
In order to use the previous models to estimate pavement life, it is necessary to previously 
define what level of deterioration can be considered as failure. This is a fundamental 
requirement in estimating pavement life, which is very sensitive to changes in the selected 
failure threshold. 
 
In the case of rutting, the MEPDG recommendation of 0.20 in of rutting of the asphalt layer 
was adopted as rut depth failure level. Based on this criterion, a pavement structure, 
whose surface rutting has increased by 0.20 in since initial monitoring of the pavement 
section, will be considered as failed. With regards to transverse cracking, the criteria that 
will be selected to define failure is5 cracks per 100 ft station. This can be translated to 25 
cracks in a normal LTPP section that measures 500 ft. These two criteria have been 
selected somewhat arbitrarily but the results and analysis that follows is consistent when 
other reasonable failure levels are selected. Each agency should select failure according 
to their practice. 
 
Based on the previously defined deterioration models and failure criteria, the estimated life 
of the pavement sections of interest can be summarized in Figure 9. It can be observed 
that milling prior to overlaying increases the life expectancy of the pavement structure 
when no RAP is used in the mix. In the case where RAP is used, the effect of milling is 
reversed. Furthermore, the expected increasing trend of pavement life as a function of 
overlay thickness can be verified for the case of pavement where RAP was used. The 
reverse trend is observed in pavements with no RAP (However, this trend can be verified 
by observing the actual field cracking and rutting on the SPS-5 sections in Figures 2 
through 5.). 
 

 
Figure 9: Estimated Pavement Life of Analysis Pavement Sections. 
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4 ECONOMIC ANALYSIS 
 
In order to perform an economic evaluation of the effect of using RAP in HMA, a life-cycle 
cost analysis (LCCA) based on Federal Highway Administration recommendations (Walls 
and Smith, 1998) was performed. The LCCA analysis consists of estimating the net 
present value (NPV) of a given alternative as follows: 
 

 Eq. 4 
 
Where: 
i :  discount rate 
n :  year in which the given rehabilitation cost is incurred  
 
The present value of the construction and rehabilitation costs should consider both the 
agency cost and the user costs. The agency costs are directly related to the costs incurred 
by the agency over the service life of the pavement structure, ranging from the initial 
engineering design costs to the actual costs of constructing and maintaining the pavement 
structure. Because all the alternatives are considered mutually exclusive, only the costs 
that are different between alternatives are considered. There are additional costs that can 
be incurred by the agency at the end of the service life of the pavement structure, such as 
the salvage value of the pavement structure. This negative cost will be neglected in the 
current analysis. 
 
Under the assumption that the underlying structure of the pavements to be analyzed is the 
same, the only difference in material costs between the different alternatives will be due to 
the use of RAP on the overlay layer. Based on TxDOT average low bid unit price, a Type 
C HMA mix with RAP has been assumed to have a cost of approximately $49.60/ton 
(PG76-22 binder with RAP), while a Type C HMA mix with no RAP has been assumed to 
have a cost of approximately $57.42/ton (PG64-22 virgin binder) in 2010 US dollars. 
 
The user costs are costs that are directly incurred by and affect the user, such as vehicle 
operating costs (change in speed, number of stops, additional miles, and hours of idling), 
user delay costs, and crash costs (Walls and Smith, 1998). The differential user costs are 
estimated by multiplying the different user costs incurred due to a construction or 
maintenance / rehabilitation strategy by the unit cost of each of these components. 
Expressed in 2010 dollars, the following values of time have been assumed based on 
FHWA’s recommendations (Walls and Smith, 1998):  
• passenger vehicle: $17.72 
• single-unit truck: $28.37, and  
• combination truck: $34.13. 
 
Additionally, in order to estimate the remaining costs on the user, the following 
assumptions (Table 3) of free flow traffic and traffic under the work zone have been used 
based on Walls and Smith (1998). 
 
The comparison between the pavement sections to be analyzed has been performed for a 
20-year design period under the following two assumptions: 
• The initial cost of construction of the overlay is equal to the cost of the rehabilitation for 

a given pavement section. 
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• The deterioration rates of the subsequent rehabilitation strategies are equal to that of 
the initial overlay. 

 
 
Table 3: Traffic Inputs Required for the Estimation of User Costs  

Traffic Parameter Value 
AADT Construction Year (two-direction) 9,380 

Single Unit Trucks (%) 5.23 
Combination Trucks (%) 12,22 

Annual Growth Rate of Traffic (%) 3 
Speed Limit (mph) 65 

Lanes in each direction 2 
Free Flow Capacity (vphpl) 2,017 (*) 

Queue Dissipation Capacity (vphpl) 1,818 (*) 
(*) Based on Highway Capacity Manual recommendations. 
 
 
Finally, the NPV of the different alternatives has been estimated by means of FHWA’s 
RealCost software. The results are summarized in Figure 10. In the case of thick overlays, 
the long-term costs of using RAP in the mix appear to be similar to the costs when no RAP 
is included in the mix. However, in the case of the thin pavement structure there is a clear 
economic benefit for not using RAP in the long run. 
 

 
Figure 10: NPV of Total Costs for the Different Alternatives. 

 
5 CONCLUSIONS 
 
The intention of the paper is not to support the reduction in the use RAP in the 
construction and rehabilitation of pavements structures. It is clearly established in the 
literature that there are significant short-term advantages and environmental benefits, in 
addition, in many cases there are also significant economic advantages. However, we 
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need to better understand and consider the long-term implication of using RAP. In 
particular, we need to study its effect of pavement cracking.  
 
The authors wish to emphasize that pavement designers need to be cautious with the use 
of RAP and to take into consideration that pavement structures with RAP might deteriorate 
faster in the long run, mainly in cases where RAP is used in thin overlays. Increasing RAP 
percentages is not always the solution. Consequently, it is important that proper 
deterioration models be developed and calibrated for the different regions where RAP is 
used so that proper economic analysis is applied for determining whether or not to use 
RAP in each specific project. Pavement managers should consider that using RAP today 
may result in initial construction savings, but the long-term maintenance and rehabilitation 
costs might overshadow these initial benefits. 
 
Although we agree that this analysis was based on a relatively small sample, the authors 
have seen similar trends on other in-service pavements. With LTPP having reached its 20-
year milestone, there is now a large database available to perform similar analyses in 
other states. Let us use these data to develop stronger statistics and let us use lifecycle 
cost analysis to decide how much and when RAP should be really used. It should also be 
emphasized that RAP technology has significantly evolved since the inception of LTPP, 
therefore, more long-term performance data are needed to validate and verify these 
results with today’s RAP. In particular, attention should be paid to the use of higher 
percentages of RAP, the use of fractionated RAP and the use of recycled asphalt shingles 
(RAS).  
 
As previously mentioned, and as has been demonstrated in this paper, there are definite 
benefits of using RAP against rutting failure. This practice should be continued. However, 
there are reliable data indicating that pavements where RAP has been used exhibit shorter 
pavement lives in terms of cracking. Additionally, the LTPP SPS-5 data for the Texas 
sections also indicates that the rate of cracking is higher in pavements containing RAP. It 
is recommended that pavement designers exercise prudence in terms of using RAP while 
simultaneously lowering PG grades. 
 
REFERENCES 
 
Abdulshafi, O., Kedzierski, B., and Fitch, M.G. (2002).Determination of Recycled Asphalt 
Pavement (RAP) Content in Asphalt Mixes Based on Expected Mixture Durability. Final 
report submitted to the Ohio Department of Transportation. 
 
Goh, S.W., and You, Z. (2008).Properties of Asphalt Mixtures with RAP in the Mechanistic-
Empirical Pavement Design of Flexible Pavements: A Preliminary Investigation. 
Proceedings of the 2008 Airfield and Highway Pavements Conference 
 
Hajj, E.Y., Sebaaly, P., and Kandiah, P. (2010).Evaluation of the Use of Reclaimed 
Asphalt Pavement in Airfield HMA Pavements. Journal of Transportation Engineering, Vol. 
136, No. 3, pp. 181 – 189. 
 
Heckman, J. 1976.  The common structure of statistical models of truncation, sample 
selection, and limited dependent variables and a simple estimator for such models.  
Annals of Economic and Social Measurement, Vol. 5, pp. 475 – 492. 

14



Hong, F., and Chen, D.H. (2009).Effects of surface preparation, thickness, and material on 
asphalt pavement overlay transverse crack propagation. Canadian Journal of Civil 
Engineering, Volume 36, No. 9, pp. 1411 – 1420. 
 
Hong, F., Chen, D., and Mikhail, M. (2010).Long-term performance evaluation of recycled 
asphalt pavement based on Texas LTPP SPS5 test sections. Paper accepted for 
publication on the Transportation Research Record. 
 
Lachance, M.A. (2002). Properties of Asphalt Mixtures Containing RAP. Master’s Thesis. 
University of New Hampshire. 
 
McDaniel, R., and Anderson, R.M. (2001).Recommended Use of Reclaimed Asphalt 
Pavement in the Superpave Mix Design Method: Technician's Manual. National 
Cooperative Highway Research Program, NCHRP Report 452. Washington, DC. 
 
Newcomb, D.E., Brown, E.R., and Epps, J.A. (2007).Designing HMA Mixtures with High 
RAP Content. A Practical Guide. National Asphalt Pavement Association, NAPA Quality 
Improvement Series 124. Lanham, MD. 
 
Sondag, M.S., Chadbourn, B.A., and Drescher, A. (2002).Investigation of Recycled 
Asphalt Pavement (RAP) Mixtures. Minnesota Department of Transportation MN/RC – 
2002-15. 
 
Tabakovíc, A., Gibney, A., McNally, C., and Gilchrist, M.D. (2010).Influence of Recycled 
Asphalt Pavement on Fatigue Performance of Asphalt Concrete Base Courses. Journal of 
Materials in Civil Engineering, Vol. 22, No. 6, pp. 643 – 650. 
 
TxDOT (2004).Standard Specifications for Construction and Maintenance of Highways, 
Streets, and Bridges. Texas Department of Transportation. 
 
Valdés, G., Pérez, F., Miró, R., and Martínez, A. (2010).Experimental Study of Recycled 
Asphalt Mixtures with High Percentages of Reclaimed Asphalt Pavement 
(RAP).Proceedings of the Annual Meeting of the Transportation Research Board. 
Washington, DC. 
 
Walls III, J., and Smith, M. R. (1998). Life-Cycle Cost Analysis in Pavement Design – In 
Search of Better Investment Decisions. Federal Highway Administration Interim Technical 
Bulletin No.FHWA-SA-98-079. Washington, DC. 
 
Watson, D.E., Vargas-Nordcbeck, A., Moore, J., Jared, D., and Wu, P. (2008).Evaluation 
of the Use of Reclaimed Asphalt Pavement in Stone Matrix Asphalt Mixtures. 
Transportation Research Record No. 2051, pp. 64 – 70. 
 
West, R., Kvasnak, A., Tran, N., Powell, B., and Turner, P. Testing of Moderate and High 
Reclaimed Asphalt Pavement Content Mixes. Laboratory and Accelerated Field 
Performance Testing at the National Center for Asphalt Technology Test Track. 
Transportation Research Record No. 2126, pp. 100 – 108. 
 
Ziari, H., and Khabiri, M.M. (2005).Effect of Bitumen and RAP Content on Resilient 
Modulus of Asphalt Concrete. Proceedings of the International Symposium on Pavement 
Recycling. São Paulo, Brazil. 
 

15


	Search
	PLENARY PRESENTATIONS
	1A: AFRICA ON THE MOVE: THE PATH TO COP
	1B: INFRASTRUCTURE
	Quantification of the Rutting and Cracking Resistance of Asphalt Mixes with RAP using LTPP Data
	Public Private Partnerships (PPP) In Road Projects: Critical Success Factors in the Indian Context
	Laser-based Approach for Determining Flakiness Index of Aggregates used in Pavements
	Effect of Method of Curing on the Flexural Characteristics of a Cement Stabilised Material
	Determination of the Uncertainty of Measurement for Penetration Testing
	The Use of Longitudinal Roughness Data as a Tool for Effective Maintenance Management of Gravel Roads

	1C: RURAL TRANSPORT / CAPACITY BUILDING
	The Future of Transport in the Low Carbon Economy: Some thoughts on Requirements for Capacity Building
	Integrating Indigenous Knowledge Systems (IKS) in Improving Rural Accessibility and Mobility (in Support of the Comprehensive Rural Development Programme in South Africa)
	Improving Accessibility and Mobility in the Masia Traditional Council Area in Vhembe District Municipality, Limpopo: Application of Low-Cost Access and Mobility Technologies

	2A: URBAN TRANSPORT: POLICY AND PLANNING
	Location, Mobility, and Access to Work: A Qualitative Exploration in Low-Income Settlements
	Value Creation? Value Capture? An Assessment of Three Different Types of Transport Interchanges
	A GIS-based Context Sensitive Solution for Multimodal Road Planning
	Building the Foreshore Freeways: The Politics of a Freeway “Artifact”
	Municipal Public Transport in Cape Town: Institutional Arrangements
	A Methodology for Comparative Analysis of Public Transport Systems in African Cities
	Impact of a Transport System and Urban Form on the Population of a City
	Translating Ethekwini’s Vision of Compact City into Reality through Integrated Transportation and Land Use Planning
	Northern Urban Development Corridor: Integrated Level of Modeling
	KZN Department of Transport – Monitoring and Evaluation: Progress and Technical Challenges

	2B: BITUMEN-RUBBER WORKSHOP
	2C: TRAFFIC MANAGEMENT, SAFETY AND SECURITY
	Comparative Analysis and Prediction of Traffic Accidents in Sudan using Artificial Neural Networks and Statistical Methods
	Factors Contributing to High Frequency of Vulnerable Road user Fatalities in Dar es Salaam
	Africa on the Move but not too Fast
	Hazardous Road Safety Location Analysis: A Case Study of the Western Cape
	Pedestrian Crossing Behaviour along a Primary Access Corridor in Stellenbosch
	The Importance of Exposure Data for a Comprehensive Accident Database
	Road Injury Data in South Africa: An Assessment of the National Road Collision Database
	Managing Traffic Congestion in Gaborone: Prophylactic Treatment or an Application of Palliative Measures?
	A Comprehensive Analysis of the Effectiveness of Speed Camera Enforcement in Decreasing the Accident Rate in the Johannesburg Metropolitan Area
	The Scientific based Law Enforcement Quality Control Model to Monitor Barrier Lines Violation in the Limpopo Province

	2D: RAIL TRANSPORT, FREIGHT AND LOGISTICS
	Lessons Learned with the Implementation of the Gautrain Project - Reviewing Experience with the Phase 1 Operations
	Managing Performance and Maintenance Assurance of the Gautrain Project
	How to Get Value for Money through Private Sector Participation in Rail Passenger Service Delivery – International Evidence
	A High Speed Rail Model for South Africa – How ot can Work
	Integrating Rail Transport with other Transport Modes and Operations
	Exploring the Sustainability Impacts of the Contemporary South African Freight Transport Sector
	Planning for Public Transport and Road Freight Infrastructure Improvements at Local Municipal Level: Lessons Learnt through the City of Umhlathuze Public Transport Amenities Study
	Are Risks Associated with Energy Pipelines in South Africa Appreciated?
	A PPP “Paradigm” for Overload Control on Trade Corridors in Africa
	“Moving” Southern Africa Development Community: Some Transport Insights

	3A: URBAN TRANSPORT: MODES AND MARKETS
	Paratransit Operations and Institutions in Nairobi: A Concept Paper on Paratransit Strategy
	Paratransit Business Strategies A Bird’s Eye View of Matatus in Nairobi
	Paratransit Operations in Nairobi: Development of their Routes and Termini
	An Assessment of Factors affecting the Independent Mobility of Children in Dar Es Salaam
	Learner Travel Behaviour and Parent Attitudes towards the use of Non-Motorised Modes: Findings of School Travel Surveys in Cape Town
	A Challenge Shared: Is South Africa Ready for a Public Bicycle System?
	'Boda Boda' Bicycle Taxis and their Role in Urban Transport Systems: Case Studies of Kisumu and Nakuru, Kenya
	Sustainable Transport – The Pedicab Experience
	Travel Behaviour in Cape Town, Dar Es Salaam and Nairobi Cities
	Sensitivity Testing of Alternative Public Transport Passenger Satisfaction Analysis Techniques
	Measuring the Impacts of Rail-based Park-and-Ride Facilities on Commuting Behaviour in Cape Town: Findings and Methodological Lessons
	Developing the Integrated Rapid Public Transport Network (IRPTN) for the Ethekwini Municipal Area
	Providing Accessible Transport for People with Disabilities in the Ethekwini Municipal Area: Unpacking the Options
	Human Movement Behaviour in South African Railway Stations: Implications for Design
	The Brand War between Cars (SOV’s) and Public Transport: The Case for a Private Alternative Transport Network

	3B: BITUMEN-RUBBER TECHNICAL SESSION
	Rheological Analysis of Crumb Rubber Modified Binder
	Asphalt Rubber Interlayer Benefits on Reflective Crack Retardation of Flexible Pavement Overlays
	Bitumen Rubber Asphalt Mix Testing for South African Pavement Design Method
	Mechanistic - Empirical Pavement Design Guide Implementation and Pavement Preservation Strategies with Asphalt Rubber
	A Contractor's Perspective on Bitumen Rubber Asphalt Manufacture and Placement
	A Consultant’s Perspective on the use of Bitumen-Rubber in Especially Double Seals
	Bitumen Rubber Seal Behaviour Assessment
	Treatment Performance Capacity – Concept Validation
	New Research in Noise Reduction and Safety
	Developments in Transportation Infrastructure in Beijing

	3C: TRAFFIC ENGINEERING
	A Study into the Provision of a Management Information System for the South African Transportation Engineering Industry
	User Behaviour at a Four Way Stop
	Soccer World Cup 2010: Lessons Learnt from the Johannesburg Park & Ride System
	Using Cellular Telephones to Track Participants’ Movements to and from an Event

	4A: BRT WORKSHOP 
	STUDENT ESSAY COMPETITION
	Skills Shortage in Transportation Engineering - Education Perspective
	Africa on the Go

	Organising Committee
	Review Process and Reviewers
	Disclaimer
	Exit

