
Transportation System Engineering 1 , 10601360 

Chapter 7, Part 1

Flexible Pavement Design

TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

AN-NAJAH NATIONAL UNIVERSITY

NABLUS, PALESTINE



2

7.1  Flexible Pavement Design

7.2 Rigid Pavement Design
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• Highway pavements are divided into two main 
categories:

– Rigid -Portland cement concrete-

– Flexible -Bituminous materials-

• Flexible pavements usually consist of a bituminous 
surface under laid with 

– a layer of granular material and 

– a layer of a suitable mixture of coarse and fine 
materials.
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• Traffic loads are transferred by the wearing 
surface to the underlying supporting materials 
through:
– Interlocking of aggregates

– Frictional effect of granular materials

– Cohesion of fine materials

• Flexible pavements are divided into:
– High-type pavements 

» They have wearing surfaces that adequately 
support the expected traffic load 

» without visible distress due to fatigue and are not 
susceptible to weather conditions.
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– Intermediate-type pavements 

» They have wearing surface that range from surface 
treated to those within qualities just below that of 
the high-type pavements.

– Low-type pavements 

» They are used mainly for low-cost roads 

» They have wearing surface that range from 
untreated to loose natural materials to surface-
treated earth.
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• The components of a flexible pavement:

1. Subgrade (Prepared Road Bed)

– It is usually the natural material located along the 
horizontal alignment of the pavement and serves as the 
foundation of the pavement structure.

– It may be necessary to treat the subgrade material to 
achieve certain strength properties.
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• The components of a flexible pavement:

2. Subbase Course 

– It consists of material of a superior quality to that which 
is generally used for subgrade construction

– The requirements usually are given in terms of the 
gradation, plastic characteristics, and strength

– Subbase may be omitted if it can be replaced by subgrade

– Soil Stabilization can be used
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• The components of a flexible pavement:

3. Base Course

– It consists of granular materials such as crushed stone, 
crushed or uncrushed slag, crushed or uncrushed gravel, 
and sand

– Higher specification compared to subbase

– Stabilization using Portland cement, asphalt or lime is 
used if available material don’t meet the requirements
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• The components of a flexible pavement:

4. Surface Course

– A mixture of mineral aggregates and asphalt

– It should be capable of:

» Withstanding high tire pressures, 

» Resisting abrasive forces due to traffic, 

» Providing a skid resistant driving surface, 

» Preventing water penetration
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• The components of a flexible pavement:

4. Surface Course

– A mixture of mineral aggregates and asphalt

– It should be capable of:

» Withstanding high tire pressures, 

» Resisting abrasive forces due to traffic, 

» Providing a skid resistant driving surface, 

» Preventing water penetration

The thickness varies 
from 2 in. to more 

than 6 in.
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• It is the treatment of natural soil to improve its 
engineering properties.

• It can be divided into two categories:

– Mechanical: is the blending of different grades of 
soils to obtain a required grade. 

– Chemical: is the blending of the natural soil with 
chemical agents. Three main types:

» Cement Stabilization

» Asphalt Stabilization

» Lime Stabilization
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• It involves the addition of 5 to 14 percent 
Portland cement by volume of the compacted 
mixture to the soil being stabilized

• Mainly to obtain base course materials

• Portland Cement Association: nearly all types of 
soil can be stabilized with cement
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• Procedure for cement stabilization:

– Pulverizing the soil

– Mixing the required quantity of cement with the 
pulverized soil

– Adding water and compacting the soil cement 
mixture (footsheep)

– Curing the compacted layer
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Preparation

Cement Spread

Final Compaction
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• Asphalt stabilization is to achieve one or both of 
the following:

a. Waterproofing of natural materials

» It provides a membrane that impedes the 
penetration of water, thereby reducing the 
effect of any surface water that may enter the 
soil. 

» In addition, surface water is prevented from 
seeping into the subgrade, 

• which protects the subgrade from failing due 
to increase in moisture content.
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• Asphalt stabilization is to achieve one or both of 
the following:

b. Binding of natural materials

» It improves the durability of the natural soil by 
providing an adhesive characteristic, increasing 
cohesion.
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• Requirements  for soil to be stabilized by asphalt:

– Less than 25 percent of the material passes the No. 
200 sieve. 

» Smaller soil particles have large surface areas per 
unit volume which require a large amount of 
bituminous material for the soil surfaces to be 
adequately coated.

– A plasticity index (PI) less than 10, 

» Difficulty may be encountered in mixing soils with 
a high PI, which may result in the plastic fines 
swelling and thereby losing strength.
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• It is one of the oldest processes of improving 
the engineering properties of soils 

• Used for base and subbase materials

• Most commonly used materials are calcium 
hydroxide Ca(OH)2 and dolomite 
Ca(OH)2+MgO.

• Clayey materials are most suitable for lime 
stabilization
– PI values less than 10

• Most fine-grained soil can be stabilized with 3 to 
10% lime, based on the dry weight of the soil
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7.1 Flexible Pavement Design
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• Pavement structure usually is considered as a 
multilayered elastic system, with the material 
in each layer characterized by certain physical 
properties such as:

– Modulus of elasticity

– Resilient modulus

– Poisson ratio
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• It is assumed that 

– Subgrade layer is infinite in both the horizontal 
and vertical directions

– Other layers are finite in the vertical direction 
and infinite in the horizontal direction

• The application of a wheel load causes a 
vertical and horizontal stresses and strains
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When the load and pavement thickness 
are within certain ranges
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• The design of the pavement is generally based 
on strain criteria. It limits both the horizontal 
and vertical strains 

– below those that will cause excessive cracking 
and excessive permanent deformation.

• Strain Criteria: are considered in terms of 
repeated load applications 

– It is important to the development of cracks 
and permanent deformation of the pavement
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• It is based primarily on the results of AASHO
road test that was conducted in Illinois.

– Tests were conducted on short-span bridges and 
test sections of flexible and rigid pavements 
constructed on A-6 subgrade material. 

– The pavement test sections consisted of two small 
and four larger loops (four-lane divided highway)

– The tangent sections consisted of a successive set 
of pavement lengths of different designs, each 
length being at least 33m.
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– Single-axle and tandem-
axle vehicles were 
driven until several 
thousand load repetition 
had been made. 

– Data were collected on 
the pavement condition 
which formed the basis 
of the AASHTO method
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• Design considerations
– Factors considered in the AASHTO 

procedure in the 1993 guide are: 

1. Pavement performance

2. Traffic and Loading

3. Roadbed soils (subgrade material)

4. Materials of construction

5. Environment

6. Drainage

7. Reliability
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1. Pavement performance: Primary factors are : 

– Structural performance is related to the 
physical condition of the pavement with 
respect to factors that have a negative impact 
on the pavement

» Cracking, faulting, raveling and so forth.

– Functional performance is an indication of 
how effectively the pavement serves the user.

» The main factor considered is riding comfort
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1. Pavement performance 

– To measure the pavement performance, 
the serviceability performance concept is 
developed

» Present serviceability index PSI (0 – 5)

– PSI is based on the pavement roughness 
and distress, 

» measured in terms of cracking, patching, and 
rut depth for flexible pavements

» Based on the ratings of experienced engineers
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1. Pavement performance 

– Two serviceability indices are used:

» Initial serviceability index (pi), which is  
the serviceability index after the 
construction of the pavement
• Value of 4.2 is used for pi

» Terminal serviceability index (pt), which 
is the minimum acceptable value before 
resurfacing or reconstruction is necessary
• 2.5 - 3.0 for major highways and 2.0 for 

lower classification ones
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1. Pavement performance 
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1. Pavement performance 
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2. Traffic: 
Axle Load
Axles are: single, tandem, or tridem
Tires are single, dual, 3 
Need a unified unit
– Equivalent Single-Axle Load (ESAL): number of 

repetitions of an 18,000-lb (80 kilo Newton (kN)) single-
axle load applied to the pavement on two sets of dual 
tires
» It corresponds to a contact pressure of 70 lb/in

– Experiments have shown that the effect of any 
load on the pavement performance can be 
represented in terms of number of single 
applications of an 18,000-lb single axle (ESALs)
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2. Traffic: 

– Equivalent Single-Axle Load (ESAL):

Passenger cars may therefore be omitted 
when computing ESAL values.
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2. Traffic: 

– Load Equivalent factors (FEi ) are based on the 
terminal serviceability index to be used in the 
design and the structural number

– Table 19.3a and Table 19.3b

– To determine the ESAL, the number of 
different types of vehicles expected to use the 
facility during its lifetime must be known.
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2. Traffic: 

– The total ESAL during the design period 
depends on:

» Design period: number of years the pavement will 
effectively continue to carry the traffic load 
without requiring an overlay

• Flexible pavements are designed for a 20-years

» Traffic growth factors: Since traffic volume does 
not remain constant over the design period, it is 
essential that the rate of growth be determined
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2. Traffic: 
» Traffic growth factors Grn: Since traffic volume 

does not remain constant over the design period, 
it is essential that the rate of growth be 
determined

• Grn can be obtained from regional planning 
agencies or from state highway departments

• In the United States, overall Grn is between 3 and 
5% per year (up to 10% for interstate highways)

If annual growth is 
zero, growth factor =  

design period
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2. Traffic: 
» Traffic 

growth 
factors Grn
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2. Traffic
» Design Lane Factor (fd): The portion of the total 

ESAL acting on the design lane. determined

‒ Two-lane highways: Either lane

‒ Multilane highways: Outside lane

• The identification of the design lane is 
important because:

‒ More trucks might travel in one direction

‒ Trucks may travel heavily loaded in one direction 
and empty in the other direction.
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Total ESAL = 0.3874 x 106 + 2.6343 x 106
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2. Traffic: 

– The equivalent 18,000-lb load can also be 
determined from the vehicle type, if the axle 
load is unknown, by using a truck factor for 
that vehicle type. 

» Truck factor:  number of 18,000-lb single-load 
applications caused by a single passage of a 
vehicle.

FactorGrowth *Factor Truck  *Factor LaneDesign  *365 * AADTESAL 
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2. Traffic: 

– Difference between Truck Factor and ESAL
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2. Traffic: 

– Truck factor:



52TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

3. Roadbed Soils (Subgrade Material)

– Resilient modulus (Mr) of the soil is used to 
define its property.

» CBR or R value of the soil can be converted to an 
equivalent Mr value using the following conversion 
factors:
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4. Materials of Construction

– The materials used for construction can be 
classified into:

①Surface construction material

②Base construction material

③Subbase construction material
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• Structural Design
– Structural Number (SN)
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4. Materials of Construction

①Surface course construction material

» Most commonly-used material is a hot plant mix 
of asphalt cement and dense-graded aggregates 
with a maximum size of 1 inch.

» The quality of the material used is determined 

in terms of the layer coefficient (a1)

Figure 19.5

111SN Da
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4. Materials of Construction
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4. Materials of 
Construction
② Base course 

construction 
material

» The quality of the 
material used is 
determined in 
terms of the 
layer coefficient 

(a2)
Figure 19.4

222112SN mDaDa 



58TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

4. Materials of Construction

③ Subbase construction material

» The quality of the material used is determined in 

terms of the layer coefficient (a3)

• It is used to convert actual 
thickness of subbase to an 
equivalent SN

» Layer coefficients are 
usually assigned, based 
on the description of the 
material used.

Figure 19.3333222113SN mDamDaDa 
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Figure 19.3



60TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

5. Environment

– Main environmental factors used in the 
AASHTO method:

» Temperature:  stresses induced by thermal action, 
changes in the creep properties, and the effect of 
freezing and thawing of the subgrade soil.

» Rainfall: penetration of the surface water into 
the underlying material. (presented later under 
“Drainage”)
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5. Environment

– Temperature:

» Weakening of underlying material during the 
thaw period, is a major factor in determining 
the strength of the underlying materials.

• Normal modulus (modulus during summer and fall 
seasons) of materials susceptible to frost action 
can reduce by 50 percent to 80 percent.

» Effective Annual Roadbed Soil Resilient 
Modulus: It take into consideration the 
variation during the year in the resilient 
modulus
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» Effective Annual Roadbed Soil Resilient Modulus: 

• It is equivalent to the combined effect of 
different seasonal moduli during the year

» According to AASHTO,  the effective modulus is 
estimated as follows:

a. Relationship between moisture content and the 
resilient modulus using laboratory tests.

b. Resilient modulus is estimated or each season 
based on the estimated in site moisture content 
during the season being considered.

c. Resilient modulus is estimated for the whole year
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d. Using Figure 19.6, 
relative damage uf for 
each time period is 
determined

e. The mean relative 
damage  uf is then 
computed

f. Find the effective 
subgrade resilient 
modulus corresponding 
to the mean uf
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» Effective Annual Roadbed Soil Resilient Modulus: 
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» Effective Annual 
Roadbed Soil 
Resilient Modulus: 

• Relative Damage, uf

uf = 1.18 x 108 MR
-2.32
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6. Drainage

– Water has effects on the strength of the base 
material and roadbed soil. 

– Provide a suitable drainage layer for the rapid 
drainage of the free water (noncapillary) from 
the pavement structure
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6. Drainage
– The modification is done by adding a factor 
mi for the base and subbase layer 
coefficients (a2 and a3). 

–mi is based on:

» Percentage of time during which the 
pavement structure will be nearly 
saturated

» Quality of drainage, which is dependent on 
the time it takes to drain the base layer to 
50 percent of saturation
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6. Reliability

– AASHTO method is based on the assumed 
growth rates which may not be accurate

– Reliability factor FR% : It considers the 
possible uncertainties in traffic prediction 
and performance prediction

S0
2  accounts for the chance variation in the traffic forecast and  

in actual pavement performance for a given design period
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• Structural Design
– AASHTO Method aims at determining a 

flexible pavement Structural Number (SN) 
adequate to carry the projected design ESAL.

– The designer select the type of surface used 
which can be either:

» asphalt concrete,

» single surface and

» double surface treatment

It is used for ESALs 
greater than 50,000 for 
the performance period
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• Structural Design
– Structural Number (SN)
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• Structural Design
– Structural Number (SN): The basic design 

equation given in AASHTO 1993 guide is: 
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From Fig. 19.3

From Figure 19.4 
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• Determine a suitable pavement structure, 

Mr of subgrade =  6 x 1500 lb/in2 = 9000 lb/in2.
– Reliability level (R) = 99% (range is 85 to 99.9 from Table 19.7)

– Standard deviation (S) = 0.49 (range is 0.4 to 0.5)

– Initial serviceability index pi = 4.5

– Terminal serviceability index pt = 2.5

• The nomograph in Figure 19.8 is used to determine the design SN.

• SN1 = 2.6 ; a1 = 0.44 (Fig. 19.5)

• SN2 = 3.8 ; a2 = 0.14 (Fig. 19.4) ; m2 = 0.8 (Tables 19.5 & 19.6)

• SN3 = 4.4 ; a3 = 0.10 (Fig. 19.3) ; m3 = 0.8 (Tables 19.5 & 19.6)
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– It uses empirical relationships between 
cumulative damage and pavement distress 
to determine the adequacy of a pavement 
structure to carry the expected traffic load.

– It is iterative process:

» The designer first selects a trial design

• considering site conditions that include 
traffic, climate, and subgrade

» Evaluates it for adequacy with certain 
performance criteria and reliability values 

• based on predicted distresses and 
smoothness of the pavement
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