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part I: introduction 



Environmental effects on 

pavement design and 

performance is a fundamental 

component of any Mechanistic-

Empirical Pavement Design 

procedure. 



However, current airfield design 

procedures do not consider the 

effects of groundwater table 

depth and the effect due to 

environmental conditions.  



There is a significant need to 

incorporate the influence of 

environmental site factors and 

the groundwater table depth 

upon flexible airfield pavement 

design and performance. 



A methodology and computer 

code has been developed at 

Arizona State University that 

allows for this analysis, including 

special considerations for 

unsaturated regions.  



part II: objective 



Provide a quantitative assessment 

of the potential benefits and 

savings in pavement design 

thickness that occur due to the 

inclusion of specific 

environmental site properties 

Environmental site properties analyzed included moisture, 

temperature and groundwater table depth 

http://www.state.gov/video/?videoid=60761567001


The study focuses upon the 

prediction of pavement thickness 

to guard against excessive shear 

deformations or rutting for asphalt 

pavements. 

Analysis is provided for a series of aircraft types, subgrade 

support values, different geographic locations across the US, 

and a range of GWT depths. 

http://www.state.gov/video/?videoid=60761567001


part III: the analysis 
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5 different climatic conditions 

3 subgrade soils 

6 groundwater table depths 

Experimental Matrix 

2 levels of design traffic 

3 aircraft types 



540 

simulations 



This study used the Limiting 

Subgrade Strain criteria 

developed for the newly revised 

USACE-b approach. 



The Limiting Subgrade Strain 

criteria is a performance criteria 

applicable to design for 

excessive shear deformations 

(rutting) of the pavement. 



The USACE limiting strain criteria 

is expressed as follows: 

 



Input Needed 



Material Properties and Structure 

Layer Number 1 2 3 4 

Material Type Asphalt Base  Subbase Subgrade 

Thickness (in) 6.0 14.0 Variable Semi-Infinite 
Poisson Ratio 0.35 0.40 0.45 0.45 
Elastic Modulus (ksi) 300 38 32 20 10 5 

AASHTO Classification -- A-1-b A-2-4 A-4 A-6 A-7-6 

Passing #200 (%) -- 17 22 60 70 80 
Plasticity Index , PI -- 1.5 4 6 14 28 
Specific Gravity, Gs -- 2.65 2.68 2.68 2.69 2.68 

 wopt % -- 8 14 12 15 20 

 γd max (pcf) -- 130 115 119 114 102 



ZAPMEDACA 
implementation 
modules 



Load Configuration 



Pavement Structure and Material Properties 



Traffic Input 



Environmental Effects 



Stress Analysis 



Stress Analysis 



Rutting Design Criteria 



Rutting Design Criteria 



Rutting Design Criteria 



part IV: the results 



Resulting subgrade modulus after considering the  

environmental effects for 5 cities 



Resulting subgrade modulus after considering the  

environmental effects for 5 cities 



Cost savings are 
proportional to 
savings of subbase 
thickness 



Subbase thickness (in) for selected aircrafts 



Required subbase thickness (in) for Boeing B737-600 



Required subbase thickness (in) for Airbus A300-C4 



Required subbase thickness (in) for Boeing B747-400 

N = 100,000 



Required subbase thickness (in) for Boeing B747-400 

N = 1’000,000 



part V: summary and 
conclusions 



ZAPMEDACA software/program 

is a powerful analytical tool that 

incorporates environmental 

effects in airfield design 



This has not been 

accomplished by any other 

airfield pavement design 

procedure used in the 

world!! 



Savings of subbase material 

up to 2.5 feet for lighter B-737 

aircraft to as much as 3 to 8 feet 

for heavier B-747 aircraft may 

occur when unsaturated soil 

mechanics / environmental 

conditions are incorporated in 

the pavement design process. 



Savings are obvious when 

design thicknesses are 

compared to those obtained with 

the classical assumption used in 

most pavement design methods 

that rely upon fully saturated 

evaluation of all unbound 

material layers. 



Results generated from this 

study provide quantitative 

evidence of the significant 

savings that may be accrued in 

the design, construction and 

rehabilitation of airfield 

pavements by using unsaturated 

soil mechanics principles in the 

design methodologies 



part VI: 
recommendations 



Several major additions need to 

be made to enhance 

ZAPMEDACA to consider a wider 

range of computational 

improvements, additional 

distress types and real time 

environmental model changes in 

unbound layers for flexible 

airfield pavement systems 



Controlled full-scale field tests to 

validate the results of 

ZAPMEDACA analysis are 

necessary and highly 

recommended 



Major US and International airfield 

pavement design agencies 

responsible for airfield operation 

should carefully re-evaluate the 

current state of the practice and 

move to  incorporate more precise 

and rational theories and 

methodologies 
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