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ABSTRACT

Based on the analysis of the deterioration of cement concrete pavement, this paper studies
the main problems in cement pavement structure; analyses the technical requirements for
the base course and the impact on load stress of the slab and intensity influenced by the
materials and thickness of the base course. Furthermore, an economic comparison of
different types of base course and cement pavement is made. Based on the above, a
suitable pavement structure of cement concrete pavement for Guangdong Province is
proposed, which has important implications for preventing early deterioration of cement
concrete pavement.

1. INTRODUCTION

Cement concrete pavement uses cement concrete as a surface material. This kind of
structure has the advantages of good rigidity, high stiffness, durability and a small routine
maintenance work load, etc. The Chinese design standard prescribes a 30-year life for
cement concrete pavement (Ministry of Communications of the People’s Republic of China,
2003) and some foreign countries standards prescribe 50 years. Since the 1970s, a great
deal of cement concrete pavement has been built in Guangdong Province, as shown in
Table 1: cement concrete pavement makes up more than 70% of the total pavement.
These cement concrete pavements are having an important effect on the economy of
Guangdong Province.

Table 1. Statistics on cement concrete pavement in Guangdong Province (2004).

Length (km) Order in China
Total highway 111 450 3
Cement concrete pavement 47 286 1
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However, many investigations on the usage have found that few cement concrete
pavements can achieve a 20 to 30 year life cycle, and even some serious problems occur
after being opened to traffic for 3 to 5 years. The main early destruction mechanisms are
faulting, slab cracks (corner breaks) and slab spalling. The maintenance costs increase
greatly because premature failure of the pavement puts a burden on maintenance and
service.

Therefore more attention to the design of cement concrete pavement has been paid in
recent years. A lean concrete material base course is built and the pavement life is
prolonged by increasing the total stiffness of the structure. Visual surveys of many cement
concrete pavement maintenance projects show that, compared with granular base courses,
the ratio of cracked slabs with a lean concrete base course does not decrease, while the
costs increase dramatically after three years.

Due to rain and high summer temperature conditions, serious rutting and water damage
restrict the building of asphalt pavement in Guangdong Province. At the same time, there
are abundant calcareousness resources in Guangdong Province, which offer advantages
and development possibilities for cement concrete pavement. Since the 1990s, cement
concrete pavement has developed very fast, with a paving speed of more than 2 000 km
per year. Therefore it is important to reconsider the structural design.

2. ANALYSIS OF THE DETERIORATION OF CEMENT CONCRETE PAVEMENT

The typical cement concrete pavement structure that has been used for many years in
Guangdong Province is shown in Figure 1. Investigations into the deterioration show that
the main causes are faulting, slab cracking (corner breaking) and slab spalling. Figure 2
shows these distresses. Core investigation and bearing capacity tests have shown that the
stiffness of most cement concrete pavement slabs are adequate and the bearing capacity
of the top of the base course is within normal parameters, whereas the load transferability
at slab joint is poor and the voids under the slab are a serious problem. These facts mean
that the main destructive problem in Guangdong Province is caused by uneven support of
the base course and poor load transfer. In general, the load transfer can be improved by
using dowels. However, improving the support condition of the pavement slab by
enhancing the stiffness of the base course (such as using a lean concrete base) does not
work well and is not economical. Furthermore, it may have some negative effects, such as
increasing the possibility of cracking, etc.

Cement concrete pavement (18~26 cm)

Cement stabilized base course
(coarse aggregate <50%, 15~25 cm)

Subbase course (optional)

Subgrade

Figure 1. Typical cement concrete pavement structure in Guangdong Province.

36



Figure 2a. Faulting destruction in Figure 2b. Corner break
cement concrete pavement. destruction in cement concrete
pavement

Figure 2c. Slab crack destruction Figure 2d. Spalling destruction in
in cement concrete pavement. cement concrete pavement

Figure 2. Main types of destruction of cement concrete pavement in Guangdong
Province

Uneven support is not only related to the fill of the subgrade and base course and uneven
compaction, but also to the invasion of water. The uneven distribution of underground water
results in uneven settlement of the weak subgrade. The dynamic water pressure by wheel
loads results in pumping which leads to voids under the slab. So the key problem of
improving the quality and prolonging the life of cement concrete pavement in Guangdong
Province has been how to improve the uneven support condition.

3. MAIN FUNCTION OF THE BASE COURSE IN CEMENT CONCRETE PAVEMENT

The theoretical formula of stress in cement concrete pavement slabs was put forward by
Westgaard in the 1920s (Mao-hong Yu, 2002). The formula showed that the subgrade
stiffness effects on stress produced by wheel loads are minor. However, the traffic volume
was small and the vehicles were lighter at that time, so the destructive phenomena were
not large. Therefore, it was not considered that a base course should be set under cement
pavement at that time. Since the 1940s, many countries have realised that most pavement
destruction is caused by the lack of stiffness of the base course or by an erodible base (Yao
zhu-kang, 2003). More and more attention has been paid to the base course. The main
technical requirements for the base course in cement concrete pavement are:
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® Adjusting the loading state between slab and subgrade so that the subgrade will not
be subjected to too great a cumulative distortion in its lifetime, then the normal
usage life of the pavement can be ensured by an even and stable support.

® Reducing the erosion of water and the influence of temperature change to prevent
washing out and blow-up, thus avoiding cracking or destruction of the slab.

® Enhancing the stiffness of the whole structure and improving the working condition
of the cement pavement slab.

® Improving construction conditions to ensure the construction quality of cement
pavement.

As we can see from the above, though the base course can increase the total stiffness of
cement pavement structure, it is not the main design function. The more important role of
base course is its functionality and not its structural forms. The thickness required for
functionality is not great The AASHTO test section built in the 1950s showed that a base
course with a thickness of 8 to 15 cm is enough to prevent pumping of the subgrade.
Research done in recent years also shows that the deterioration is the same for cement
concrete pavements with 8 to 23 cm thick base courses (AASHTO, 1986).

4. INFLUENCE OF THE BASE COURSE ON LOAD STRESS IN THE SLAB

Undoubtedly, higher stiffness of the base course can decrease the load stress in the slab
caused by wheel action to a certain degree. However, only when the degree of the
decreased load stress is considerable, can strengthening the base course be considered
as an effective way to decrease the thickness of the slab. In order to analyse the influence
of the stiffness of the base course on load stress within the slab, equation 1 recommended
by the Chinese highway concrete pavement design specification is used to calculate the
load stress in the slab under a standard axle load (100 kN). At the same time, the
commercial finite element software ANSYS is also used for checking the computed results.

0p,s=0.077r° h? (1)
where: 0,s= load stress produced by normal axle load near the free slab edge (MPa)
h = thickness of cement concrete pavement (m)
r = relative rigidity radius in pavement structure (m), r=0.537h(EJ/Ey)"">
E. = modulus of elasticity of cement concrete (MPa)
E= equivalent resilient modulus at the top of the base course (MPa)

In the calculating procedure, the elasticity modulus of cement concrete is evaluated as
3x10* MPa, and the standard axle load (100 KN) is adopted. The variables are the
equivalent resilient modulus at the top of base course or stiffness of the base course, and
the thickness of the slab. When the stiffness of the base course and the thickness of the
slab are variable, the load stress level in the slab becomes more complex. In order to make
the result more general, the values from a large range of equivalent resilient moduli at the
top of the base course and the thickness of the slab are considered. The calculated results
are shown in Table 2.
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Table 2. Calculated stress in the slab with different base course stiffness and slab
thickness under the standard axle load (MPa).

Equivalent Thickness of cement concrete slab (cm)

resilient modulus | 48 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 28 | 30

on the top of

base course

(MPa)
60 203 | 188 | 1.75 | 163 | 1.53 | 144 | 1.36 | 1.28 | 1.21 | 1.09 | 0.99
100 183 | 1.70 | 158 | 1.48 | 1.38 | 1.30 | 1.22 | 1.16 | 1.09 | 0.99 | 0.90
140 171 | 159 | 148 | 1.38 | 1.29 | 1.21 | 1.14 | 1.08 | 1.02 | 0.92 | 0.84
180 163 | 151 | 140 | 1.31 | 1.23 | 1.15| 1.09 | 1.03 | 0.97 | 0.88 | 0.80
220 156 | 145|135 | 126 | 1.18 | 1.11 | 1.05 | 0.99 | 0.93 | 0.84 | 0.76
260 151140 | 1.30 | 1.22 | 1.14 | 1.07 | 1.01 | 0.95 | 0.90 | 0.81 | 0.74
300 147 | 136 | 1.27 | 1.18 | 1.11 | 1.04 | 0.98 | 0.93 | 0.88 | 0.79 | 0.72

Figure 3. Verification of stress computations by the finite element method.

stress in the slab (MPa)

Figure 4a. Load stress in the slab affected by the
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Figure 4. Load stress in the slab affected by the stiffness of the base course and
thickness of the slab.
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As shown in Table 2 and Figure 4, the effect of the load stress in the slab from the stiffness
of the base course is far less than the effect of the thickness of the slab. For example, an
18 cm thick slab with 60 MPa equivalent resilient modulus on top of the base course, has a
load stress of 2.03 MPa under the standard axle load. If the stress is reduced to 1.5 MPa,
the goal can be achieved by increasing the base course or increasing the thickness of the
slab. If the thickness of the slab is invariable, the stiffness of the base course has to be
increased from 60 MPa to 260 to 300 MPa. If the stiffness of the base course is invariable,
the same effect can be obtained by increasing the thickness of slab by 4 cm.

Table 2 shows that when the slab is thinner, the influence of base stiffness on stress is
slightly greater. With increasing thickness of the slab, the influence of the base stiffness on
stress decreases. This fact has also been validated by the examination of the test section
built at Taizhou, China. When the thickness of the pavement slab exceeds 20 cm, the effect
of strengthening the base course is negligible (Wei Chun-hua, 2002). In the last ten years,
with the increase of the traffic volume, the level of the vehicle axle load also shows an
increasing tendency. Considering this situation, almost all highways have a slab thickness
greater than 20 cm. The slab thickness of most expressways exceeds 26 cm. If an
overloaded vehicle is taken into account in pavement design, the slab will be thicker. Thus
the effect of strengthening the base course will be very little.

Based on the calculation above, the most effective measure to decrease the load stress in
the slab is to increase the thickness of the slab, but not to strengthen the base course. In
actual pavement design, the equivalent resilient modulus at the top of the base course
could hardly exceed the variable range above 60 to 300 MPa. Hence any effect of
decreasing the load stress by strengthening the base course can be achieved by increasing
the thickness of the pavement slab.

5. INFLUENCE OF THE THICKNESS OF THE BASE AND SUBBASE COURSE ON
STRESS IN THE SLAB

It is known from the above calculation and analysis that increasing the thickness of the slab
is more effective in decreasing the load stress in the slab. However, both technical and
economical aspects should be considered together in pavement design because the unit
price of cement concrete is higher than that of base (subbase) materials. According to the
above analysis, the resilient modulus at the top of base course is used as a stiffness index
of the foundation and this stiffness index relies on the resilient modulus of the subgrade,
thickness of the base (and subbase) course as well as the stiffness of the materials. The
resilient modulus of the subgrade is related to the characteristics of the soil, the local
natural conditions and the hydrological conditions. For a highway, the optional parameters
of the stiffness of base (sub base) course are limited. In pavement design, most attention is
paid to the determination of the thickness of the base and subbase course and the choice
of local materials. For example, a quite often used base and subbase structure is analysed.
This is a subgrade with a 43 MPa resilient modulus, base course with a 600 MPa resilient
modulus and subbase with a 250 MPa resilient modulus. Taking different thicknesses of the
base and subbase course shows a change in the equivalent resilient modulus at the top of
the base course. A method recommended by existing specifications is applied to calculate
the equivalent resilient modulus at the top of the base course.
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Table 3. Influence of the thickness of the base and subbase course on the equivalent
resilient modulus at the top of the base course (MPa).

Thickness of subbase Thickness of base course (cm)
(cm) 0 5 10 15 20 25
0 43.0 64.5 86.3 108.3 130.4 152.5
5 53.8 77.5 101.6 126.0 150.3 174.8
10 64.8 90.3 116.3 142.4 168.7 195.0
15 75.8 102.8 130.2 157.9 185.6 213.4
20 86.9 115.0 143.6 172.4 201.3 230.3
25 98.0 127.0 156.5 186.2 216.0 2459

In this case, a value of 600 MPa is used as the resilient modulus of the base course
material, which means a semi-rigid material base course. The thickness of the semi-rigid
base course will commonly not exceed 25 cm. Thus the results in Table 3 are
representative. It can be seen from Table 3 that when the thickness of the base course
increases from 0 to 25 cm, the equivalent resilient modulus at the top of the base course
will increase from 130 to 150 MPa. Compared with the results in Table 2, this result will
decrease the load stress within the slab by 0.4 MPa under the standard axle load, which is
similar to the effect of increasing the slab thickness by 3 cm. It is obvious that strengthening
the base course is worse than increasing the thickness if economical and construction
factors are considered.

6. ECONOMICAL ANALYSES OF STRENGTHENING THE BASE COURSE AND
INCREASING SLAB THICKNESS

The unit price of cement concrete is higher than that of base course materials. In order to
understand the economical relationship between strengthening the base course and
increasing the slab thickness, some relative economical analyses are carried out in this
study. The basic price of the main types of base course, taken from Budget Ration for
Highway Engineering (Ministry of Communications, People’s Republic of China, 1992), are
listed in Table 4.

Table 4. Basic price of main types of base course for cement concrete pavement.

Type of base course
Cement concrete

Cement-stabilising | Asphalt-stabilising
Graded aggregate slab
aggregate aggregate

The price as the
thickness increases
1 cm/1 000 m?
(RMB: Yuan)

549 2141 400 1177

It is known from the above analysis that the effect of increasing the slab thickness by 3 cm
is the same as increasing the thickness of the base course by 25 cm. When the slab
thickness is increased by 3 cm, the cost increase per 1 000 square meters is 1,177x3 = 3
531 Chinese Yuan. When a cement-stabilised base course with a thickness of 25 cm is
used, the cost increase per 1 000 square meters is 549 x 25 = 13 725 Yuan. This means
that the cost increase will be almost four times as high. So it is feasible to decrease the
stress in the slab by increasing the thickness of the slab from the point of view economy.
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7. SUITABLE CONCRETE PAVEMENT STRUCTURES FOR GUANGDONG PROVINCE

The calculated results indicate that the effect of strengthening the base course is limited for
the bearing capacity of concrete pavement structure. The design of the base course is still
important because pumping of fines and resultant voids below the slab are the main causes
of deterioration of cement concrete pavements. Thus, preventing the fine grain part of the
base course from being washed out is the basic requirement for the design of base course
materials. Reducing the pore water pressure in the base course material should be the
main technological measure to prevent washing out and voids under the slab.

Studies in recent years point out that increasing the cement content in base course
materials can also prevent the fine grained part in base course from being washed out. The
greater the cement content, the better the effect will be. Lean concrete base course
material has an excellent effect. However, as seen from the analysis above, the
load-bearing capacity of the concrete pavement structure does not rely mainly on the
strength and stiffness of the base course materials. Adopting a high-cement-content in the
base course appears not to be economical.

Since the pore water pressure is the main cause of pumping and washing out in base
course material and results in voids under the slab, reducing the level of the pore water
pressure should be the most effective way. It is known from the solution of the
1-dimensional consolidation of the differential equation for saturated soil (equation 2) that
increasing the percentage of pores can effectively reduce the pore water pressure. So a
base course structure with a higher number of air voids is applied to prevent pumping and
washing out. When the air voids percentage in the material exceeds 15%, all of the voids
are connected and the pore water pressure is at its lowest level.

K o°u  du
NP,
a .822 ot @)
Yo
l+e

where: u = pore water pressure
z = coordinate variable along the depth direction of the subgrade
t = time variable
K = permeability coefficient of material

v, = density of water

a = compression coefficient of materials

e = voids ratio of materials
Based on the analysis and study above, recommended concrete pavement structure and
corresponding functions are as follows:
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Cement concrete Determine the thickness of the slab in accordance with axle load and number

pavement of axle load repetitions during pavement life
Base course with To decrease the pore water pressure, improve the thermal environment of the
porosity slab, prevent voids under the slab and reduce thermal stress in the slab

Semi-rigid base course To improve the uniformity of support of the slab by its stiffness and thickness

8.

Subgrade Strength, stability and uniformity

CONCLUSIONS

Premature deterioration of cement concrete pavements cause serious problems in
Guangdong Province. This paper presented a suitable concrete pavement structure for
Guangdong Province. The conclusions are as follows:

1)

(1]

(2]

[3]
[4]
[5]
[6]

[7]

The main reason for premature deterioration of concrete pavement in Guangdong
Province is the non-uniformity of the supporting environment of the pavement slab. The
non-uniformity is mostly caused by the non-uniformity of fill materials and voids under
the slab.

The contribution of a base course to the load bearing capacity of concrete pavement
structures is limited. It is uneconomical to attempt to increase the strength and thickness
of the base course to prolong the life of the pavement structure.

In cement concrete pavement structures, the main function of the base and subbase
course should be to improve the uniformity and environment.

A reasonable structure that suits Guangdong Province is concrete pavement slab +
base course with porosity + semi-rigid base course + subgrade.

. REFERENCES

AASHTO 1986. Guide for design of pavement structures. Vol. I. Joint Task Force on
Pavements, Highway Subcommittee on Design, Washington, D.C.

Mao-hong Yu. 2002. Advances in strength theories for materials under complex stress
state in the 20th Century. Applied Mechanics Reviews. Volume 55, Issue 3, pp.
169-218.

Ministry of Communications of the People’s Republic of China. 1992. Budget Ration for
Highway Engineering. No. 65, China.

Ministry of Communications, People’s Republic of China. 2003. Specifications of
Cement Concrete Pavement Design for Highways JTG D40-2002, China.

Wei Chun-hua. 2002. Influence of Base Course on the Design of Cement Concrete
Pavement. Science and Technology of Guangxi Communications.

Yao zhu-kang. 2003. Design Theory and Methods for Cement Concrete Pavement.
Beijing: China Communications Press, P104-107.

This project was sponsored by the Guangdong Provincial Communications
Department in 2005. Project name: Study of the Permeable Base Course in Cement
Concrete of Guangdong Province, Project number: 2005-33

43



	Plenary Presentations
	Seoul Transport Reform and Information Technology for Public
	Training – The Way to Success
	Mobility Management: Innovative Management Strategies to Tra

	Session 1A: Provincial and Municipal Transport Issues
	Creating a Positive Public Transport Legacy from the 2010 FI
	World Cup Initiatives in Johannesburg: Implementing the ITP
	World Cup Projects in Ethekwini Metropolitan Municipality
	World Cup Projects in Nelson Mandela Metropolitan Municipali

	Session 1B: Infrastructure Engineering
	Towards a Better Understanding of Soluble Absorbed Water Dis
	Quantifying Uncertainty in Road Pavement Design by Simulatio
	Recent Research on the Erodibility of Subbases under Concret
	Study of a Suitable Structure of Cement Concrete Pavement fo
	Study of the Concept of Porous Concrete for use on Airport R
	Assessment of Grouted Glass Fibre-Reinforced Polymer (GFRP) 
	Heavy Vehicle Simulator (HVS) Evaluation of Load Transfer Ef

	Session 1C: Public Transport
	The Potential of Electric Bicycles to Provide Low Cost Trans
	Towards a Safer Minibus Taxi Industry in South Africa
	The UCT Student and Staff Transport System: A Case Study
	Coping with Demand for Urban Passenger Transport in Zimbabwe
	The Improvement of Public Transport Operational Performance:
	Rural Public Transportation: An On-Board Survey of Transit u
	Developing the Gauteng Inter-Governmental Transport Charter:

	Session 1D: Aviation / Maritime
	The Strategies and Actions that the Air Traffic and Navigati
	The Aviation Security Challenges Facing South Africa in the 
	What South Africa Needs to do to Implement the Provisions of
	The Preparations that the Airports Company of South Africa (
	Maritime Transport in the Context of the Maritime Sector in 
	Capacity Building for Countries in Transition
	The Potential of Maritime Corridors in SADC
	Events Leading to, and the Implementation of Maritime Securi
	Regulatory and Implementation Challenges in Implementing Mar

	Session 2A Transport Planning
	Methodological Problems in the Analysis of Changing Habitual
	Evidence of ‘Churning’ Traffic Streams in Cape Town: Implica
	The N1 Corridor Cape Town: An Integrated Multimodal Transpor
	The Role of Transport Planning in the Quest for Sustainable 
	‘Transit Oriented Development’: A Strategic Instrument for S
	Unravelling Travel Costs: Towards Improved Data Collection a
	Harnessing Innovation in Passenger Transport Research in Afr

	Session 2B: Infrastructure Engineering
	Sustainability and Future of Swaziland’s Road Infrastructure
	Estimating Tools for Infrastructure Projects
	Performance of Labour-Based Surfacings
	Insights into Pavement Material Density and Strength
	Effects of the Structural Composition on the Performance of 
	A High-Accuracy Calibration Method for Thickness Measurement
	Experimental Study and Numerical Simulation Analysis of the 
	Commonwealth of Virginia’s (USA) Implementation of Stone Mat
	Study on the Quantificational and Correlation of Gradational
	Study of Microstructural Finite Element Modelling of Asphalt

	Session 2C: Capacity Building
	The Significance and Challenges of Building Research Capacit
	Challenges for Capacity Building in the Civil Engineering Pr
	Gender Dimensions in Capacity Building (in the Transport Sec
	Skills Audit Findings and Key Recommendations for Infrastruc
	Capacity Building in the Transport Sector – A NEPAD View
	ACSA: Gearing up for the 2010 Soccer World Cup
	CAA: Gearing up for the 2010 Soccer World Cup and beyond
	Counting Down to the 2010 World Soccer Cup: Fast-Tracking Ca
	Capacity Building and Development for Transport and Infrastr

	Session 2D: Traffic Engineering
	Roundabouts – An Updated International Perspective
	Right Turns at Intersections: Are there Safer Alternatives?
	Proposed Policy for Engineering Service Contributions to Mun
	Traffic Signal Master Plan for Ekurhuleni – A Practical Appr
	Flow Characteristics of South African Freeways
	Evaluating Parking Requirements in South Africa with Specifi

	Session 3A: Traffic Management and Safety
	Fatal Road Crashes, Contributory Factors and the Level of La
	An Accident Prevention and Emergency Rescue System for Expre
	AARTO – The Key to Ensuring Successful Road Safety Systems
	Project Prioritisation for Safer Journeys to School in the C
	2010 - The Need to Provide Safe and Secure Non-Motorized Tra
	The Urgent Need for Specialised Training in Motor Vehicle Ac
	Executive Coaching for Traffic Law Enforcement Officials
	Introducing Learner’s Licence Testing at Secondary School Le
	Ways of Reducing Accidents on South African Roads

	Session 3B: Rail and Transport Logistics
	Implementing the New National Freight Logistics Strategy for
	National and Regional Corridors
	Challenges of the New National Freight Logistics Strategy fo
	Ten Questions for South African Railway Stakeholders
	A Life Cycle Cost Analysis of the Gauteng to Durban Freight 
	Revisiting the Road versus Rail Debate
	South African Logistics Industry Update
	Trends in Warehousing and Distribution
	Supplier Parks for the Automotive Industry
	Research into a Risk Identification and Evaluation System fo

	Session 3C: 5th SA-China Transport Technology Forum
	Invited Speaker from China
	Invited Speaker from South Africa
	The Analysis and Proposal on Early Cracks of 13M Pre-Cast Re
	Integrated and Optimization Management of Multi-Category Tra
	Analysis on the Traffic Problems and Research on the Traffic
	Architecture Analysis of a Three-Dimensional Highway Real-Ti
	Architecture Design of Civil Infrastructure Management Syste
	Brief Analysis of Highway Construction and Environmental Pro
	Study on Bearing Performance of Large Diameter Bored Hollow 
	Effect of Girder Shrinkage and Creep on the Stresses in Deck
	Overview of Road Maintenance Technology in China
	Research on The Urban Traffic Problems Caused by Motorcycles
	Changjiu Highway Construction and Landscape Design

	Session 4A: SAICE Course
	ITE – Professional Traffic Operations Engineer (PTOE) No Doc

	Session 4B: CAEA Workshop and Site Visits
	CAEA Workshop and Site Visits No Documentation

	Committee
	Copyright & Disclaimer
	Referees
	Support
	Search
	Exit

	page0: 35
	page1: 36
	page2: 37
	page3: 38
	page4: 39
	page5: 40
	page6: 41
	page7: 42
	page8: 43


