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Introduction to Traffic Loads

■ Traffic loads refer to 
the forces applied to 
pavement by vehicles 
in motion.
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Definition

Traffic Loads

■ Pavement deterioration is caused by 
the interacting damaging effects of 
traffic and the environment. 

■ Traffic loads, primarily those from 
heavy trucks, cause stresses/strains in 
pavement structures, whose effects 
accumulate over time, resulting in 
pavement deterioration, Such 
as rutting
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Impact  
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Rutting 
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Permanent deformation !! 
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Before loading

After X Repetitions  of loading
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Traffic Loads
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Quantification criteria 

Traffic Loads

Pavement Damage depends on weight 
distribution  

Truck traffic loads and their impact on 
pavements are Quantify using  :

1. Vehicle/axle speed

2. Number of truck axles

3. Configuration of these axles

4. Their load magnitude

5. Tire inflation pressure 

Quantification criteria 
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Vehicle/axle speed
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Static loading 
■ The two basic types of loads are static and 

dynamic

■ Static loading 
 implies a sustained loading of the structure over a 

period of time. 
 Generally, static loads are slowly applied such 

that no shock or vibration is generated in the 
structure. 

 Once applied, the static load may remain in place 
or be removed slowly. 

 Loads that remain in place for an extended period 
of time are called sustained (dead) loads.

Image source: https://www.open.edu/openlearn/science-maths-technology/science/chemistry/introduction-polymers/content-section-5.2.1

Vehicle/axle speed
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Dynamic loads
■ Dynamic loads

 implies Loads that generate a shock 
or vibration `

■ Dynamic loads can be classified as 
 Periodic : such as a harmonic or 

sinusoidal load repeats itself with 
time

 Random : the load pattern never 
repeats, such as that produced by 
earthquakes

 Transient load : is an impulse load 
that is applied over a short time 
interval, after which the vibrations 
decay until the system returns to a 
rest condition

Image source: https://www.open.edu/openlearn/science-maths-technology/science/chemistry/introduction-polymers/content-section-5.2.1

Types of dynamic loads: (a) periodic, (b) random, and (c) transient
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Tire inflation pressure 
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Axle and Tire
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Configuration
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Axle Configuration
■ Axle configuration is defined by the number of

■ Axles sharing the same suspension system 
■the number of tires in each axle

Single Axle Configuration
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Tandem Axle Configuration

Tridem Axle Configuration
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Quad Axle Configuration

Tire Configuration

■ Typical Load per Tire: 20 - 50 kN
Single Tire
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Tire Configuration

■ Typical Load per Tire: 40 - 100 kN
Dual Tire

Tire Configuration

■ Description: Extra wide 
tire designed to replace 
duals for weight savings.

■ Typical Load per Tire: 60 
- 100 kN

Wide Base Tire
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Traffic Load
Typical Axle and Tire Configuration

Single Axle Single Tires 

Single Axle Dual Tires 

Traffic Load
Typical Axle and Tire Configuration

Tandem Axle Single Tires

Tandem Axle Dual Tires 
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Axle Configuration

Single Axle 
with Single 
Tire

Single Axle with 
Dual Tires

Tandem Axles 
with Dual Tires

Tridem Axles 
with Dual Tires

What do you think? 
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What do you think? 
Axle Tire Configuration

Measurement of Traffic Loads Technology
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Weigh-in-motion (WIM) systems

28

29



14

Weigh-in-motion (WIM) systems
■ Definition 
Weigh-In-Motion (WIM) is a technology 

used to measure the weight of vehicles as 
they pass over a sensor at highway speeds, 
without requiring them to stop.

■ Main Components:
1.Sensors: Detect and measure the load of 

vehicles.
2.Data Processing Unit: Analyzes the 

collected data.
3.Communication System: Transmits the 

data to central servers
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Weigh-in-motion (WIM) systems

31https://www.youtube.com/watch?v=hQSIOqDGecg
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Weigh-in-motion (WIM) systems

32https://www.youtube.com/watch?v=104BicZa-9s

FHWA vehicle classification 
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FHWA vehicle Weigh class

Example of report on traffic classification
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Vehicle, Axle and Tire
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Load distribution 

Vehicle, Axle and Tire weight 

■ The axle load distribution depends on 
the vehicle gross weight and spacing 
between axles. 
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Axle Load distribution 

■ Tridem axle carries more 
load with an average 
weight of when compared 
with tandem and single 
axle configurations,

■ Tandem axle carries more 
load than single axle. 
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Vehicle weight distribution.

■ Axle Configuration:

• Front axle: Single tire (1 tire total)

• Second axle: Single axle with double tires (2 
tires total)

• Tandem axles: Dual tires (4 tires per axle, 8 
tires total)
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Axle loads Vehicle weight

Load per Tire 
(Tones)

Number of 
Tires

Axle Load 
(Tonnes)

Axle Type

4.514.5Front Axle (Single Tire)

1.523.0Second Axle (Double 
Tires)

1.5625812.5Tandem Axles (Dual Tires)
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Vertical stress Distribution

40

Vertical stress distribution

41https://www.researchgate.net/publication/326057581_The_study_of_stresses_on_soil_from_roadways_using_plaxis_to_generate_potential_energy_with_piezoelectric
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Vertical stress distribution

42
https://www.researchgate.net/publication/355650209_Impact_of_introducing_longer_and_heavier_vehicles_on_the_bearing_capacity_of_pavement_subgrades

Vertical stress distribution

43
https://www.researchgate.net/publication/355650209_Impact_of_introducing_longer_and_heavier_vehicles_on_the_bearing_capacity_of_pavement_subgrades

Distance 
between 
the axles 
[m]

Distance 
between 
the wheels 
[cm]

Tire 
pressure 
[kPa]

Number of 
sub-axles

Axle load
[kN]

Load case

-358001115Single axle

1.4358002190Tandem 
axle

1.4358003240Triple axle
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Vertical stress distribution

44
https://www.researchgate.net/publication/355650209_Impact_of_introducing_longer_and_heavier_vehicles_on_the_bearing_capacity_of_pavement_subgrades

Traffic Data for
Pavement Design Input
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■ The collected traffic data must be summarized in a format that is 
suitable for direct input into the pavement design process, ensuring 
accurate traffic loading estimates for long-term pavement 
performance analysis.

■ Available Approaches: 
ESALs appraoch (AASHTO 1986/1993 Pavement Design Approach )
Load spectra ( NCHRP 1-37A Pavement Design Approach)
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Equivalent Single Axle Load (ESAL)
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Equivalent Single Axle Load (ESAL)

■ Traffic with different axle loads is simplified by converting them into 
an equivalent number of standard axles.

Typically, this standard is a single axle with dual tires that has a weight of 18,000 lb (80 KN)
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Idea

Each repetition of this  
Standard Axle Load (SAL)  
will cause a specific 
damage to the pavement 

Equivalent Single Axle Loads (ESALs)
■ Convert wheel loads of various magnitudes and repetitions (“mixed traffic”) to 

an equivalent number of “standard” or “equivalent” loads based on the 
amount the damage they do to the pavement 

Damage from Mixed Traffic
[Different axles and tires 

combination  

= X × [Damage from SAL]

1 ESAL = Damage caused by one SAL
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Equivalent Single Axle Loads (ESALs)

◦ Tandem axle (24,000 lb) =0.23 × [Damage from SAL]

ESALs=0.23

https://www.penndot.pa.gov/ProjectAndPrograms/PostedBondedRoadway/Documents/ESAL-BASED%20COSTS.pdf

Equivalent Single Axle Loads (ESALs)

Damage from this vehicle [All 
axles\ tire combinations]

=X × [Damage from SAL]

ESAL= 0.218\Veh

https://www.in.gov/indot/files/Multimodal_OverweightLoadsRule_12262013.pdf ESALs for entire truck = sum of ESALs for each axle
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Equivalent Single Axle Loads (ESALs)

Damage from this vehicle [All 
axles\ tire combinations]

=1.179 × [Damage from SAL]

ESALs=1.179

Equivalent Single Axle Loads (ESALs)

Damage from this vehicle [All 
axles\ tire combinations]

=0.004 × [Damage from SAL]

ESAL= 0.004 \Veh
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https://www.penndot.pa.gov/ProjectAndPrograms/PostedBondedRoadway/Documents/ESAL-BASED%20COSTS.pdf

https://www.penndot.pa.gov/ProjectAndPrograms/PostedBondedRoadway/Documents/ESAL-BASED%20COSTS.pdf

Class 7 (Triaxle) = 4.50 ESALs

54

55



27

https://www.penndot.pa.gov/ProjectAndPrograms/PostedBondedRoadway/Documents/ESAL-BASED%20COSTS.pdf

Class 9 (Tractor Trailer) = 1.00 ESAL

Pavement Response to Traffic Loads
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Pavement Response to Traffic Loads

■ Load is distributed layer by layer, 
starting from the surface and spreading 
through the granular layers below. 

■ The stress diminishes with depth, as 
each layer contributes to spreading the 
load over a larger area.

■ Key Features:
Load distribution depends on the 

characteristics of each layer, with 
the subgrade being a critical factor.
Flexible pavements exhibit higher 

deflection under load, as the layers 
work together to distribute the load.
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Flexible Pavements

Vertical stress distribution
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Flexible Pavements

Distance 
between 
the axles 
[m]

Distance 
between 
the wheels 
[cm]

Tire 
pressure 
[kPa]

Number of 
sub-axles

Axle load
[kN]

Load case

-358001115Single axle

1.4358002190Tandem 
axle

1.4358003240Triple axle

https://www.researchgate.net/publication/355650209_Impact_of_introducing_longer_and_heavier_vehicles_on_the_bearing_capacity_of_pavement_subgrades

58

59



29

Pavement Response to Traffic Loads

■ Load is distributed primarily by the concrete 
slab itself. 

■ The slab's stiffness allows it to spread loads 
over a wide area, minimizing stress on the 
layers below.

■ Key Features:
The concrete slab carries most of the 

load, with little reliance on the 
underlying layers.
Rigid pavements exhibit less deflection 

under load, offering greater structural 
resilience
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Rigid Pavements

Pavement Response to Traffic Loads

61https://www.researchgate.net/publication/273017771_COMPARISON_OF_PAVEMENT_STRUCTURES_IN_TUNNELS
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Asphalt Mixture design
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