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  number L6 

     
 

STRUCTURAL DESIGN OF VEHICULAR PAVER SYSTEMS 

(Last Updated August 27, 2018) 
     

 
When preparing a structural design of a pavement system using interlocking concrete 

pavers, there are two major items to consider namely: 

1. The ability of the base system to support the pavers over the existing 

subgrade. 

2. The ability of the pavers to avoid breaking or cracking under the given traffic 

and use conditions. 

This tech note outlines what is involved in designing for each of these factors, and 

provides a summary of where each of our paver products can be safely used. 

 

1. BASE SYSTEM DESIGN 

a. Aggregate Base 

ASCE 58-18 (shown adjacent) was created to establish 

structural design standards for interlocking concrete 

pavements over aggregate materials, including typical 

granular, asphalt treated and cement treated systems.  

Included in the standards are design charts listing the 

recommended thickness of aggregate bases and subbases 

over a range of native soil types and according to various 

traffic conditions. 

 

This standard was based on the 1993 AASHTO Guide for 

Design of Pavement Structures, which calculates the required thickness of the road 

base/subbase, subject to the bearing capacity 

(strength) of the native soils, needed to 

accommodate the weight and quantity of traffic 

over the pavements lifespan; the key is to make the 

base/subbase thick enough to stop the subgrade 

from failing, which would in turn cause the 

overlying base/subbase to sink into it and the 

pavers to potentially shift or even break.  ESALs 

(Equivalent Single Axle Loads) express the 

equivalent damage created by each type of vehicle 

as compared to an 18,000-pound axle load.  

Passenger cars have a Vehicle Load Factor (VLF) of 0.0004 (it would take 2,500 cars 

to create the same damage as one ESAL), while delivery trucks can be as much as 1.8 

and full fire trucks range as much as 6.87.   
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Although it is evident from the VLFs that delivery and fire trucks can exert high ESALs 

on the pavement surface, it is important to note that parking lots are designed around 

thousands to tens of thousands of ESALS, while roads are up to a million ESALS, so 

the impact of the occasional fire truck is actually marginal.  The greatest damage 

occurs when fire trucks drive over areas designated as pedestrian only (e.g. 

pedestrian plazas), which is why Oaks created the Emergency & Maintenance Access 

Routes pavement classification (see Part 3 of this Tech Note). 

 

b. Concrete Base 

When pavers are installed over a concrete base (e.g. on a bridge deck or over an 

underground parking garage), the structural contribution provided by the pavers and 

bedding layer are typically not considered; the concrete base is designed to 

accommodate the entire traffic load, as well as the weight of the pavers themselves.  

This is because pavers, like asphalt, are a flexible pavement system while concrete is 

a rigid pavement system.  In other words, two different design methodologies are 

involved so it is easier for designers to only deal with the more prevalent one, which 

in this case is the concrete base.   

 

2. PAVER SUITABILITY  

a. Degree of Interlock 

Interlock is the inability of a paver to move independently from its neighbours, and is 

critical to the structural performance of an interlocking concrete pavement.  When 

considering design and construction, three types of interlock (illustrated below) must 

be achieved: vertical, rotational, and horizontal interlock.  Vertical interlock is 

achieved by shear transfer of loads to the surrounding units through sand in the 

joints.  Horizontal interlock is primarily achieved through the use of laying patterns 

that disperse forces from braking, turning and accelerating vehicles; herringbone 

patterns are the most effective laying patterns for maintaining interlock.  Rotational 

interlock is maintained by the pavers being of sufficient thickness, meeting the 

recommended plan and aspect ratios, placed closely together, and restrained around 

the perimeter by curbs, buildings, etc.   
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To resist rotational movement, minimum 60mm (2 -3/8”) thick pavers with a 

maximum aspect ratio of 5:1 is recommended for residential driveways.  Pavements 

subject to occasional vehicular traffic, such as maintenance or emergency vehicles 

should use minimum 70mm (2-3/4”) thick pavers with a maximum aspect ratio of 

3.4:1.  Pavements subject to regular vehicular traffic, typically require 80mm (3-1/8”) 

thick pavers, with a maximum aspect ratio of 4:1 for parking lots and 3:1 for roads.  

Some heavy duty commercial pavements use minimum 10mm (4”) thick units.  The 

paver summary towards the end of this Tech Note is based largely on these criteria.  

  

b. Vehicle Weights – Flexural  

Due to market demands, pavers are 

continuously getting larger, and 

unfortunately the previous 

recommendations no longer realistically 

apply; it is not economically feasible to 

make a 600mm (24”) wide paver 200mm 

(8”) thick for use in roads.  Therefore, the 

Interlocking Concrete Pavement Institute (ICPI) commissioned a study entitled 

Segmental Concrete Paving Finite Element Modelling and Design Charts to determine 

loads limits for these larger sized units.  Finite 

element analysis calculated the load conditions 

(maximum principle stresses) created by a dual 

set of truck tires passing over the unit.  The results 

of the analysis identified the acceptable traffic 

limits for each paver size and thickness.  The 

paver summary towards the end of this Tech Note 

was in part based on the results of this study. 

 

c. Vehicle Weights - Compression 

Any concrete paver manufactured in Canada by 

Oaks is made in accordance with CSA A231.2-14 – 

Precast Concrete Pavers, which calls for an average 

compressive strength of 50MPa (7,251 psi) with 

no individual unit less than 45 MPa (6,526 psi) 

after 28 days.   

 

The adjacent chart shows typical vehicle types.  A 

fire truck is a Class 7 vehicle (up to 33,000 lbs or 

15 tonne); assuming three axles minimum the 

weight on each tire could be as much as 5,500 lbs.  

Each tire has a footprint of roughly 50 square 

inches, making the actual pressure exerted by the 

tire on the paver 110 psi.  As this equates to only 
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1.5% of the compressive strength of the paver, it is highly unlikely that a paver will 

be crushed by the weight of a vehicle.  

 

When the stabilizer outriggers for a firetruck are in place, a point load of as much as 

20,000 kg (45,000 pounds) can be applied to the pavement surface.  Although 

significant, when distributed over an “unfactored” stabilizer plate surface area of 0.97 

square feet (area of 10x14 inches), this equates to a surface pressure of 322 psi, which 

again is well within the compressive strength capabilities of paver. 

 

d. Point Loads  

The following formula is used to calculate the maximum load that can be applied to a 

suspended concrete element of a known length, width and thickness that will not 

exceed the allowable flexural strength of the unit.   It is important to note that paver 

systems in vehicular applications are typically installed on a fully supportive base 

(see Section 1 of this Tech Note), and are in no way suspended over an opening into 

which they can collapse, therefore flexural design practices typically do not apply.  

However, we still use the same design methodology to determine the risk of pavers 

cracking due to point loads. 

 

P = (2WRT^2)/(3L) 

 

Where 

P = Failing load of the paver 

(Newtons).  
W = width of paver (mm) 

L = length of paver (mm) 

T = thickness of paver (mm) 

R = the minimum allowable flexural strength of the paver (4.0 MPa per CSA 

A231-14 – Precast Concrete Paving Slabs / Precast Concrete Pavers). 

 

Using the Enviro Midori random bundle as an example, the largest unit (and in turn 

the one at highest risk of cracking) measures 360mm x 240mm with a thickness of 

80mm.  Using the above equation, the failing load of this unit is 12.8 kN (1306kg or 

2873 lbs).  This is not to say that a vehicle which has a tire weight in excess of 2873 

lbs will crack a unit; the entire weight on the tire has to be applied over a very small 

area (much smaller than the tire footprint) directly in the middle of the paver unit.  

Examples where this could occur include:  

1. A Class 3 vehicle (weighing 12,000 lbs) has a large stone caught in its tire 

treads that causes the full 3,000 lbs on that tire to be exerted on a very small 

point area of the paver.  

2. A Class 7 vehicle drives over a steel pipe or 2x2 piece of wood that focuses the 

weight on that tire over the length of the pipe/wood. 

These are instances that, although possible, are remote enough to not be the basis for 

design. 
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3. PAVEMENT CLASSIFICATIONS 

 

To more easily determine where each of our paver products can be used, Oaks has 

identified six primary commercial pavement classifications covering various traffic 

and/or vehicle weight scenarios.   

 

 
 

Each product in the following Paver Summary (taken from our Designer Resources 

Guide – V2.5) have been clearly marked with Recommended Application icons that 

coincide with these classifications.  These recommendations are based on the product 

being installed on an aggregate base; please consult with Oaks staff on how these 

classifications can change when pavers are installed on a concrete base. 
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