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• Rigid highway pavements are normally 
constructed of Portland cement concrete (PCC)

– may or may not have a base course

• When a base course is used, it is usually 
referred to as a subbase course.

• Concrete surface only is referred to as rigid 
pavement.
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• Rigid pavements have some flexural strength 
that permits them to sustain a beam like 
action 

– across minor irregularities in the underlying 
material

• Properly designed and constructed rigid 
pavements have:

①long service lives 

②less expensive to maintain than the flexible 
pavements
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• The Portland cement concrete consists of: 

1. Portland cement: 

• It is manufactured by crushing and 
pulverizing a carefully prepared mix of 
limestone, marl, and clay or shale. 

• The AASHTO specifications list five main 
types of Portland cements. 
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1. Portland cement: 
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2. Coarse aggregates: 

• They are inert materials that do not react 
with cement and are usually comprised of 
crushed gravel, stone, or blast furnace slag

• Major requirements is gradation 
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2. Coarse aggregates: 

• Well graded

• It must have the ability to resist abrasion 
(تآكل) and the soundness (متانة)

• Soundness: the ability of the aggregate to 
resist breaking up due to freezing and 
thawing.
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3. Fine Aggregates: 

• Sand is mainly used as the fine aggregate

• Soundness requirement: a maximum of 10 
percent weight loss is usually specified

• Cleanliness: the maximum amounts of 
different types of deleterious materials 
contained in the fine aggregates.

– It includes limitations in the presence of large 
amounts of organic material which may reduce 
the hardening properties of the cement,
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3. Fine Aggregates: 
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4. Water: 

• The water used should be suitable for 
drinking. 

– The quantity of organic matter, oil, acids, and 
alkalies should not be greater than the allowable 
amount in drinking water.
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5. Reinforcing steel: 

• Steel reinforcing may be used  to 

1. reduce and control the amount of cracking that 
occurs

Temperature steel

2. as a load transfer 

mechanism at joints

Dowel Bars

3. as a means of tying 

two slabs together

Tie Bars
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a. Temperature Steel: 

• Temperature steel does not prevent cracking 
of the slab, 

– It does control the crack widths because the 
steel acts as a tie holding the edges of the 
cracks together

– It maintains the shearing resistance of the 
pavement, thereby maintaining its capacity 
to carry traffic load, even though the flexural 
strength is not improved.
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a. Temperature Steel: 

• A bar mat or wire mesh consisting of 
longitudinal and transverse steel wires welded 
at regular intervals. 

• Mesh is placed about 3 in. below the surface

• Cross-sectional area of the steel per foot width 
of the slab depends on the size and spacing of 
the used steel wires
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a. Temperature Steel: 

• The amount of steel required depends on 

– Length of the pavement between expansion 
joints 

– Maximum stress desired in concrete 
pavement

– Thickness of the pavement

– Moduli of elasticity of the concrete and steel
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a. Temperature Steel: 

• General guidelines for the minimum cross 
sectional area of the temperature steel.

– At least equal to 0.1 percent of the cross-
sectional area of the slab

– Longitudinal wires should not be less than No. 2 
(0.258 in, 6.5 mm) gauge, spaced at a maximum 
distance of 6 in.

– Transverse wires should not be less than No. 4 
(0.2 in, 5.2 mm) gauge, spaced at a maximum 
distance of 12 in.
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b. Dowel Bars: 

• It is used as load-transfer mechanism across 
joints

• They provide flexural shearing and bearing 
resistance

• They must be of a much larger diameter than 
the wires used in temperature steel

• Diameters of 1 – 1.5 in and lengths of 2-3 ft 
spaced at 1ft centers across the slab width.
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b. Dowel Bars: 

• At least one end of the bar should be smooth 
and lubricated to facilitate free expansion
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c. Tie Bars: 

• Tie bars are used to tie two sections of the 
pavement together

– They should be either deformed bars or 
should contain hooks to facilitate the 
bonding of the two sections of the concrete 
pavement with the bar

• They much smaller in diameter (¾ in) than 
the dowel bars and are spaced at larger 
canters (3 ft).
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c. Tie Bars: 
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• Different types of joints are placed to:

– Limit the stress induced by temperature changes 

– Facilitate proper bonding of two adjacent sections 
of pavements when there is a time lapse between 
their construction

• These joints is divided into four categories 

– Expansion joints

– Contraction joints

– Hinge joints

– Construction joints
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1. Expansion joints: 

• They provide adequate space for the slab to 
expand 

– when concrete pavement is subjected to an 
increase in temperature, it will expand, resulting 
in an increase in length of the slab

– when the temperature is sufficiently high, the 
slab may buckle or "blow up"

• They are placed transversely, at regular 
intervals
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1. Expansion joints: 
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1. Expansion joints: 

• They are placed across the full width of the 
slab and are 3⁄4 to 1 in. wide

• The joint space is filled with a compressible 
filler material that permits the slab to expand.

• A smooth dowel bar is used as means of 
transferring the load across the joint space 

– Bars are lubricated on one side

– Expansion cap is installed to provide a space 
for the dowel to occupy during expansion
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1. Expansion joints: 

• Many countries no longer use it due to the 
inability of the load transfer mechanism to 
adequately transfer the load 
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2. Contraction joints: 

• They are placed transversely at regular intervals 
across the width of the pavement 

– to release some of the tensile stresses that are  
induced due to the contraction resulted from a 
decrease in temperature
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2. Contraction joints: 

• Load-transfer mechanism might be installed 
(dowel bar) when there is doubt about the 
ability of interlocking grains to transfer the load
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3. Hinge joints (keyed): 

• They are used mainly to reduce cracking along 
the center line of highway pavements.
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4. Construction joints (Butt) : 

• They are placed transversely across the 
pavement width to provide suitable transition 
between concrete laid at different times

• A keyed joint may also be used in the 
longitudinal direction when only a single lane is 
constructed at a time



35TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

• They can be divided into three general types:

1. Jointed Plain Concrete Pavements JPCP

• Used on low-volume highways or when 
cement-stabilized soils are used as subbase

• It has no temperature steel or dowels for 
load transfer

• Steel tie bars are often used to provide a 
hinge effect at longitudinal joints and to 
prevent the opening of these joints
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1. Jointed Plain Concrete Pavements JPCP

• Joints are placed at relatively shorter 
distances (3 to 6m) to reduce the amount of 
cracking

• The traverse joints are skewed about 1.2 to 
1.6 m in plan, such that only one wheel of a 
vehicle passes through the joint at a time

‒ This helps to provide a smoother ride
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2. Simply Reinforced Concrete Pavements 
SRCP

• They have dowels for the transfer of traffic 
loads across joints

• The joints spaced at larger distances, 
ranging from 10 to 33m

• Temperature steel is used throughout the 
slab

• Tie bars are also commonly used at 
longitudinal joints
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3. Continuously Reinforced Concrete 
Pavements  CRCP

• They have no transverse joints

‒ except construction joints or expansion 
joints when they are necessary

• They have a relatively high percentage of 
steel, with the minimum usually at 0.6% of 
the cross section of the slab. 
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• Pumping is an important phenomenon 
associated with rigid pavements

• Pumping: the discharge of water and subgrade
(or subbase) material through joints, cracks, 
and along the pavement edges

• It is primarily caused by the repeated 
deflection of the pavement slab in the 
presence of accumulated water beneath it
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• Visual manifestations of pumping include:

– Discharge of water from cracks and joints

– Spalling  near the centerline of the pavement (تفتت)
and a transverse crack or joint

– Mud boils at the edge of the pavement

– Pavement surface discoloration (caused by the 
subgrade soil)

– Breaking of pavement at the corners
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• Design consideration for preventing pumping:

– Reduction or elimination of expansion joints, 
since pumping is usually associated with these 
joints

» This is the main reason why current design limit 
the number of expansion joints to a minimum

– Replace soils that are susceptible to pumping with 
a nominal thickness of granular or sandy soils, or 
to improve them by stabilization

» Since pumping is associated with fine-grained soils
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• Stresses are developed as the result of:

– Traffic wheel loads

– Expansion and contraction of 
temperature changes

– Yielding of the subbase or subgrade

– Volumetric changes
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• The combination of these stresses make the 
problem complex, thus the following 
assumptions are made:

– Concrete pavement slabs are considered as 
unreinforced concrete beams

– The combination of flexural and direct tensile 
stresses will surely result in transverse and 
longitudinal cracks

– The supporting subbase and/or subgrade
layer acts as an elastic material
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1. Stresses induced by bending:

– The ability to sustain a beam-like action 
across irregularities in the underlying 
materials suggests that the theory of 
bending is fundamental to the analysis of 
stresses in such pavements
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1. Stresses induced by bending:

– The following figure shows the deformation 
sustained by a beam on an elastic 
foundation when it is loaded externally
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2. Stresses due to traffic wheel loads:

– Westergaard Equation

– There are three critical locations of the 
wheel load on the concrete pavement:
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2. Stresses due to traffic wheel loads:

– Case A: the wheel load is applied at the 
intersection of the pavement edge and a 
transverse joint

– Case B: Load is applied at the interior of the slab

– Case C: Load is applied at the edge of the slab at 
considerable distance away from any corner
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3. Stresses due to temperature effects:

– The tendency of the slab edges to curl 
downward during the day and upward 
during the night as a result of temperature 
gradients 

» This is resisted by the weight of the slab itself

» This resistance tends to keep the slab in its 
original position, resulting in stresses being 
induced in the pavement

Temperature Shrinking
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3. Stresses due to temperature effects:

– The curling stresses may be high enough to 

» cause cracking of the pavement

» reduce the subgrade support beneath some 
sections

– Studies have shown that curling stresses can be 
higher than 200 lb/in2 for 10 ft slabs and much 
higher for wider slabs.
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• Objective: determine the thickness of the 
concrete slab that will be adequate to carry 
the projected traffic load for the design period

• Two design methods are used extensively: 

– AASHTO Method

– American Concrete Pavement method

• AASHTO Method: based on the results 
obtained from the AASHTO road test

– It provides the determination of the pavement 
thickness and the amount of steel reinforcement 
if used, as well as the design of joints
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• Design considerations
– Factors considered in the AASHTO 

procedure in the 1993 guide are: 

1. Pavement performance

2. Subbase strength

3. Subgrade strength

4. Traffic

5. Concrete properties

6. Drainage

7. Reliability
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1. Pavement performance 

– The same as flexible pavement

– Pi may be taken as 4.5, and Pt may also be 
selected by the designer

2. Subbase strength

– Graded granular materials or suitably 
stabilized materials

– If  the pavement may be subjected to frost 
action, the percentage of fines should be 
reduced to a minimum.
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2. Subbase strength

– Thickness is usually not less than 6 in

– It should be extended 1 to 3 ft outside the 
edge of the pavement structure
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3. Subgrade strength

– It is given in terms of the Westergaard
modulus of subgrade reaction k

The load in lb/in2 on a loaded area, divided 
by the deformation in inches

Obtained by conducting a plate-bearing test

– Figure 20.8 shows an approximate 
interrelationship of soil classification and 
bearing values
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3. Subgrade strength

– The effective modulus of subgrade
reaction k is determined considering:

a. Seasonal effect on the resilient 
modulus of the subgrade

b. Type and thickness of subbase material 

c. Whether bedrock lies within 10 ft of 
the subgrade surface

d. Effect of potential erosion of subbase
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a. Seasonal effect on the resilient modulus of 
the subgrade

– Procedure is similar to flexible pavement

– Relative damage u from Figure 20.12

b. Type and thickness of subbase material

– The composite modulus of subgrade
reaction (kᴔ)depends on:

» Subbase elastic modulus ESB

» Roadbed resilient modulus

» Subbase thickness
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Figure 20.9
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c. Whether bedrock lies within 10 ft of the 
subgrade surface

– If this bedrock extends over a significant 
length along  the highway alignment

» Overall modulus of subgrade reaction may 
increase

– This effect is taken into consideration by 
adjusting the effective modulus subgrade
using the chart in Figure 20.11



Figure 20.11 Chart to Modify 

Modulus of Subgrade Reaction to 

Consider Effects of Rigid 

Foundation Near Surface (within 

10 ft)



62TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

d. Effect of potential erosion of subbase

– This effect is included by the use the factor 
loss of support (LS)

– Using Table 20.5 and Figure 20.10



63TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

d. Effect of potential erosion of subbase
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3. Subgrade strength
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3. Subgrade strength
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4. Traffic

– It is similar to that presented for flexible 
pavements

– It is necessary to assume the thickness of 
the slab at the start of the computation

» Trial and error

Table 20.7 and 
Table  20.8
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5. Concrete properties

– Concrete property is given in terms of its 
flexural strength (modulus of rupture) at 
28 days

6. Drainage

– Drainage quality of the pavement is 
considered by using Cd factor

– Use Table 19.5 and Table 20.9



71TRANSPORTATION SYSTEM ENGINEERING 1 , 10601360

6. Drainage
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7. Reliability

– Reliability considerations for rigid 
pavement are similar to those for flexible 
pavement.
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• The basic equation developed in the 1986 
AASHTO design guide for the pavement 
thickness is:
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• The design equation can be solved by using 
either a computer program or the two charts 
in Figures 20.13 and 20.14
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Figure 20.14
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