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Fig.1. Stripping Rate of Asphalt Mixtures at Different Water Levels. 
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Fig. 2. CBR of Subgrade and Base Materials at Different Water 
Levels. 
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Fig. 6. Change of Elastic Modulus of Subgrade in Experimental 
Pavements. 
 
Section A with Section D, Section A always deflected less than 
Section D irrespective of water level. The difference indicated that 
using recycled crushed stone in place of natural crushed stone in the 
subbase layer could compromise water resistance. 

As found in the laboratory tests, the behavior of the subgrade was 
significantly affected by the presence of groundwater. The elastic 
modulus of the subgrade in the experimental sections was obtained 
by backcalculation from the deflections to quantify this 
phenomenon. Fig. 6 presents the elastic modulus of the subgrade 
under FWD loading for each section. It can be seen that the modulus 
decreased as the pavement became submerged in water. The 
modulus dropped by 20-50% as the groundwater rose up to the 
subgrade surface from the not-submerged condition. Correspondingly, 
it was reasonably concluded that the CBR of subgrade would drop 
at the same rate as it was strongly related to the modulus. Thus, the 
design of the pavement structure must either ensure the basis for 
using the not-submerged CBR value by stabilizing the subgrade 

 
Fig. 4. FWD (Falling Weight Deflectometer). 
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Fig. 7. Pavement Structure Used for Runway C. 
───────────────────────────────────────────────────── 
 

 
Fig. 8. Evaluation System for Airport Pavement Management. 
 
or adopt the reduced strength exhibited in the submerged situation. 
 
Water Resistant Pavement Structure 
 
In accordance to the laboratory tests and experimental pavement 
study described above, a number of conclusions were drawn for 
designing a water resistant pavement.  
 An increase in thickness of the AC layer was the most effective 

countermeasure to prevent stripping of the asphalt mixture layer.  
 Cement stabilized material could achieve a higher strength when 

it was submerged in water.  
 Pavement structure using asphalt stabilizer materials as the base 

course was more water-resistant than one using a granular base. 

 To reflect the conditions experienced in practice, the reduced 
CBR obtained in the submerged conditions should be used rather  
than that measured under dry conditions.  

Following these findings, the pavement structure for runway C 
was designed to meet an expected traffic volume of 40,000 
coverages by a Boeing 747 over a 10-year service period [12, 13]. 
The results are presented in Fig. 7(a). Taking account of both 
economic and engineering viewpoints, the subgrade materials were 
not cement-stabilized; instead the CBR of the subgrade used was 
intentionally reduced using a value converted from its modulus 
back-calculated from the submerged condition. In contrast with a 
typical airport pavement structure (Section C in Fig. 3), the 
thickness of the AC layer was increased to 170mm, and 
asphalt-stabilized material was used as the base course. In addition, 
based on experience with a previous runway project, a filter system 
for lowering the water level was implemented around the pavement 
structure as shown in Fig. 7(b).  
 
Ten Years Performance of Runway C 
 
Runway C is 3,000m long and opened to traffic in 1996. Straight 
asphalt (60-80) was used in the asphalt mixture. All materials used 
satisfied the specifications for airport pavements [13]. Since coming 
into operation, the runway had accepted regular traffic and was 
continuously monitored for a period of 10 years. During the first 
few years, all sections performed equally well. Most deterioration 
occurred in the latter five years and is analyzed in the following 
sections.  
 
Method of Evaluating Airport Pavement Performance  
 
Performance data collected during the monitoring of runway C were 
evaluated using the routine method schematically shown in Fig. 8, 
with surface and structure evaluation included [14].   
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Fig. 9. Criteria for Maximum Deflection (D0). 
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Fig. 13. Change in Roughness of Runway C in the Latter Half of 
Service Period. 
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Fig. 14. Change in PRI of Runway C in the Latter Half of Service 
Period. 
 
as PRI category A fell to 47%, and other sections were still scored 
as B. Overall, runway C provided an acceptable surface condition 
for the full 10-year period since most sections were rated as PRI 
category A or B, so no immediate rehabilitation was required.  

Different sections of runway C behaved differently. Sections from 
0 to 500m (starting from the south end), were observed to have a 
higher rutting and cracking ratio, more evident with respect to 
cracking. The possible reason for this was an inefficient filter 
system, which resulted in a higher ground water table in this section 
and consequently led to more severe distresses. Roughness was 
evaluated poorer in sections from 1,800 to 2,800m as compared with 
other sections. This was perhaps attributed to the different 
settlements of the foundation.  

In addition, attention should be paid to the larger rutting suffered 
by runway C since a rutting depth of 15mm or larger was often a 
concern in practice though this degree of rutting was not rated poor 
in this paper. The main reason for this was the instability of asphalt  



D
m
/D

0

Location from south side (m)

 6th year

 7th year

 8th year

 9th year

 10th year

Service time:

Threshold line

Fig. 15. Change in Dm of Runway C in the Latter Half of Service 
Period. 
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Fig. 16. Change in εh of Runway C in the Latter Half of Service 
Period. 
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