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BN INTRODUCTION

Concrete block paving (chp), if properly designed and
constructed, will last for decades with little or no
maintenance being necessary. However, as with all
types of pavenents and structures, there are certain
requirements regarding the design and construction,
which are important to the success of chp, This
publication covers some of these aspects, which are
eritical to the successiul long-tarm performance of
segmented paving. History of the design philosophy is
alsp covered.

The structural design of pavernents is concerned with
traffic, layerwork (foundations), materials, subgrade
soils, emwronrmental conditions, construction details
and econovmics. Essentially the pavement must carry
the traffic at an acceptable level of comfort and
safety and at an acceptable cost. This is achioved by
a layered structure where each layer has sufficient
strength to cope with the induced stresses without
distress such as rutbing, excessive settliement or
deflection. Figure 2 shows how the pressure exerted
by traffic dissipates under the road.

Although the surfacing is subjected to the highest
stresses, the effect of traffic [especially heavy traffic)
is felt deep into the pavermnent layers, sometimes

up to a metre deep. The strength of these layers is
&s important &o the langterm performance of the
pavernent as the surface itself.

Concrete paving bincks not only provide a durable
wearing surface, bul also provide a structural
component and hence contribute to the strength of
the pavernent. They reduce the stressas in the layars
befow. Not all pavement requirements are equal, and
every pavemeant should be designed and constructed to
suit the particular need,
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Figure 1: Key elements of paving.

2\ KEY ELEMENTS
B OF PAVING

The saven key elemeants of paving are:

The subgrade or natural earth material found on site

The subbase, a layer of road building material
imported when subgrade conditions are poor andSor
traffic conditions are heawy.

A thin layer of selectively graded bedding sand

The concrete paving blocks, which form the base
course as well as the surface wearing course

The jointing sand that fills the gaps between every
adjacent block

Edge restraints, positive support placed around the
perimeter of the paverment

Drainage, both surface and subsoil, preventing the
build-up of water in the pavement layers.

2.1 SUBGRADE

All structures-buildings, roads and other surfaced
areas-are uitimately supported by soi or rock. s

the designer’s responsibility to evaluate the behaviour
and performance reguirermnents of the structure to
gnsure such requirements are compatible with the sol
conditions prevailing on the site. Subgrade praparation
should extend to the rear face of all new edge
restraints.

Figure 2: Dissipation of traffic loading,

2.2 SUBBASE

Where the subgrade is of a low strength, or the traffic
is heawy, an imported subbase layer {or two or more
layers) may be required or treatment of the subgrade
eq stabilised. The principles of design of the pavement
layers are the same as for most flexible pavernents.
As the blocks parform a structural function, the
reguirements for the layerworks are less than for
asphalt. In many cases the subbase course can be
elimimated.

Where the subbase is an unbournd granular layer, it
may in some cases he adusable to seal the surface
if it is feit that, during the early life of the pavement,




a danger of water filtering through the joints and

imto the subgrade exists, Sealing can be achieved by
spraying a low-duraliity biturmen emulsion at a rate

of approximately 0.2€ /m?. This is generally anly a
termporary problem, since the joints between the units
eventually become clogged with road detritus and
imparmeable Lo water.

2.3 BEDDING SAND LAYER

This is a thin [25mm = 10mm after compaction]
layer usually of coarse river sand. The purpose of this
layer is to provide an aven bedding for the blocks. The
bedding sand is laid loose and the blocks compacted
into this layer with sand rising in the joinks between
blocks. This ensures that the blocks achieve an even
SUpport.

Generally. commercial clean river sand is satisfactory.
Crusher sand may be suitable but needs to be
evaluated for suitability.

The bedding sand pushed up into the joints betwean
the biocks ensures adequate joint width and results

in interlock when the joints are completely fited with
fointing sand. The bedding sand layer should be thin,
clean, free of sit and should not be used as a levelling
course to il voids in the subbase surface, This will
lead to subsequent settlement.

2.4 CONCRETE PAVING BLOCKS

There are a number of aspects of paving blocks
which should be considered during the design
stage, namely the strength, shape, thickness and
dimensional tolerance.

STRENGTH

Segmented paving blocks generally have an average
compressive strength of 25MPa wet strength (Class
28 SANS1058) . This is significantly higher than

the strength of bricks {7 MPa]. The reason for this is
to ensure that the blocks have adequate resistance

to traffic loading and to abrasion from traffic, both
vehicular and pedestrian. Research carried out by
CSIR Road Research @ shows that for strengths in
excess of 25 MPa, little structural advantage is gained
by increasing strength. It is also important to note that
although the required average strength is 25 MPa,
the mimmum strength for individual blocks is 20 MPa.
Very oftan it will be this lower figure that will dictats
the average strength for compliance with Class 25
blocks. Where the quality control is poor it is virtually
impossible to satisfy this latter requirement,

BLOCK SHAPE
Concrete paving blocks can be divided into three types
based on shape see Figures 3a, 3b and 3c).

Research shows that type 54 blocks develop the
best resistance to both vertical and horizontal creep
and are generally recommendad for all industrial and
heaw-duty applications. Type 58 and 5-C blocks are
generally selected for sesthebtic reasons.

THICKNESS

Paving block thicknesses vary between 50 — 80 mm.
The thicker the blocks the hetter the paverment will resist
vertical deformation and horizontal creep. However,
there is & cost implication and thickness selection should
be based on applhication. Generally for dormestic use,

90 — B0 mm blocks are adequate. For industrial use an

Block 1:.'|H.‘ 3-A

Figure 3a: Type SA: Those blocks which allow
geometrical interlock between all vertical or side faces
of adiacant Blocks.

Block e 5B

Figure 3b: Type S-B: Those blocks which allow geomet-
rical interlock between some faces of sdiacent Blocks.

|ﬂ|:||.‘|-: 1:.'|'u.' ?1- l"_

Figure 3c: Type 5C: Those blocks which aflaw no
geometrical interlock between adjacent blocks.




BOmm paver is recommended. Experience has shown
that very litthe benefit is gained from pavers which are
thicker than 80 mm. However, such pavers can be
manufactured for special apphcations,

DIMEMSIONAL TOLERANCE

It is important for blocks to be within the required
dimensional specifications [=2mm on plan
dimensions and +3mm on height]. This is to ensure
a smooth finished surface as well as good interlock
between pavers.

CHAMFER

Chamfering of blocks improves their service
performance and appearance, Most concrate paving
bloeks are chamferad,

LAYING PATTERNS

Fatterns are determined by performance and aesthetic
requirements. The three patterns shown [see Figures
da,qb and dec) are the basic patterns. Numerous
other patterns are also possible,

The hernnghone pattern ensures the best resistance
to both horizontal and vertical deformation and is
genarally recommended for industrial pavements,

The introduction of coloured blocks will add another
dimension to the visual effect created by concrete
block paving (see Book 1),

2.5 JOINTING SAND

The jominting sand plays an important role in the
performance of concrete block pavements. This sand
is distinctly different from the bedding sand [see Figure
5] and the same sand should not be used in both
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Figure da: Stretcher

Figure 4b; Harringbone
1 ] ] ]

—

] | I I
Figure dc: Basket Weave

cases. Coarse river sand is ideal for bedding, while a
finer plaster sand is necessary for jointing between the
paving bincks,

Joinding sand is swept into the joints once the initial
compaction of the blocks is complete. The jointing
sand should ideally contain a fittle clay or sit. This
helps seal the joints against waler ingress.

Cerment should not be added to the jointing sand
as this will lead to cracking and subsequent water
ingress. Cemented joints convert a flexible pavement
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into a more rigid pavement. This pavement cannot
accommaodate flexural or thermal movement stresses
without distress.

Furthermore, cement tends to discolpur the paving
and Is difficult to remove afterwardgs,

Where there is a concentration of water such as at
& dowrn-pipe or stormwater outlet, it s recomimended
Lo mix a little cement with the jointing sand in the
immediate vicinity. This will help prevent wash-out.
Joints in chp should be topped up when required,
typically three months after construction.

2.6 EDGE RESTRAINTS

Edge restraints are an important elerment of segrmented
paving. Edge restraints hoid the pavers in position

and prevent horizontal ereep and the opening of joints
under traffic with the subseguent loss of integrity of

the pavernent. AN cbp must have an edge restraint [for
detais see Book 3). Edge restraints may be cast in situ
or precast or could be the exsting structures,

2.7 DRAINAGE

Maost failures of pavements are due to ingress of water
into the pavernent layerwork. In order to obvste this
problem, attention shouwld be paid to surface drainage
and where necessary subsoil drainage.

Adequate longitudingl falls and no undulations are
necessary to prevent ponding and infiltration of water
into the layer-works particularly in the early hife of the
pavement. A minimurm fall of 2% in any direction is
generally required, It 15 also important to ensure that
the paving is laid proud of fie 5-10 mm higher than)]
stormwater structures or channels.

Where paving is laid on & slope, water penetrating
the paving can accurnulate in the bedding sand at the
low point. Where a high water Lable exists, subsoil
drainage should be instafled.

STRUCTURAL DESIGN

OF CBP

Under traffic, block pavements tend gradually Lo
accumulate rutting deformations. In this respact

the performance of block paving is similar to that of
conventional Aexible pavements. However, both the
amaunt and rate of accumulation of deformation of the
pavernent layers in block paving tends to be less than
in flexible pavernents of similar thickness.

The ahility of blocks to spread concantrated loads over
a8 wide area of earthworks layers s well documented.
This means that blocks do not merely act as a wearing
course, but, rather, form one of the loadbearing
courses. In other words the blocks have a significant

structural capacity when properly instalied. For axle
Inads such as those applied by trucks, the block
narmally provides the principal loadbearing course

in the entire paverment. The blocks themselves are
hardly affected by high surface stresses. In praclice,

it is found that, as the design load increases, block
pavamants can offer increasingly beneficial operational
and econormic advantages over other pavement types.

Block pavernents usually exhibit smaller parmanent
deformations under traffic than asphalt pavements,
However, & should be noted that the converse is

often true in the case of deflections. Because of the
arbiciulated nature of block paving, large deflections
{up to 2 mm ar more] have been abserved under
truck traffic. Such large elastic moverments would be
unacceptable in other types of pavement and would
cause cracking of the surfacing. Because concrete
block paving is dissected by a network of jaints,

large deflections can be tolerated and, except where
stabilised bases or subbases are used, areg not a
design consideration. For this reason the thickness of
unbound granular subbase needed in a block pavement
is normally less than that required in an asphalt-
surfaced pavement.

Linder traffic, concrete block pavements tend to
stiffen. In some cases this can lead to the pavements
achieving a8 quasieguilibrium ar Tockup” condition
beyvand wiich no further deformation occurs. Often
the increase in stiffness in the block layer that
accampanies lockup is substantial and it has been
reported that it may be possible thereaftar to increase
the loads applied to the pavernent withaut causing
damage. The development of lockup is contingent
wupon careful control of construction standards and
fayerworks quality. For exampla, it has been reported
that subbase layers of low bearing values do not
permit the development of interlock during the early
life of the pavement, Where conditions are favourable
for achieving interlock it can be allowed to develop
gradually under traffic or may be more rapidly induced
by proof-roling the pavemeant.

A brief summary of the methods of designing of
concrete block paving is given here,

The methods that are available to design block paving
roads can be divided into five categories.

Equivalant thickness concept
Cataiogue design method
Research-based design methods
Mechanistic design methods

Lockpave




3.1 EQUIVALENT THICKNESS
CONCEPT

Here it is assumed that the pavernent can be designed
by established flexible paverment design procedures
and that the blocks and bedding sand can substitute
an equivalent part of the conventional design. Table

T gives a summary of the various values of equivalent
subistitution used in Argentinag, Australia, UK and LISA,
Adopting the item of equivalency described above, it
becomes a simple matter to design 8 block pavemeant
using well established flaxible paverment design
procedures which incorporate measure of subgrade
strength such as Bearing Ratio.

The various design approaches discussed above
assume that block paving responds o traffic in

& manner which is similar to that exhibited by
conventional flexible pavernents and that, consequently,
thera is no impadimeant to the use of established
design procedures. However, this is nol strictly
correct. Consequently, a criticism of these design
methods is that they fail to recognise or exploit those
advantages peculiar to block pavng such as the
development of progressive stiffening and lockup, the
abifity to tolerate large transient deflections, and the
ability to spread the load, thus reducing the stress
below the bedding sand.

in South Africa we have three design manuals based
an catalogue dasign:

Oraft UTG2. Structural design of segmantal block
pavements for southern Africa?
Guidelines for the prowsion of engineering services
in residential townships®,

| TAH 4: Sructural design of inter-urban and rural
road pavements’,

Country Concrete block paving is equivalent to...

Argentina 2,5 times their thickness of
granular subbase,

Australia 2,1 — 2.8 vmes their thickness of
crushed rock base.
1.1 — 1.5 tmes dense graded
asphaltic concrete.

UsaA Corps | 165mm cover.

of Engineers| 2 — 2,85 times its thickness of
granular bass,

United 225 mm of sofl cement.

Kingdom 160 mm of ralfed asphalt.,

Table 1: Summary of various factors of equivalent substitution

3.2 CATALOGUE DESIGN METHOD

Here blocks and base thickness are selected on the
basis of experience of road construction on subgrades
simitar to that under consideration. VWhere the body
of experence is extensne, as in Europe, this simple
approach can yield satisfactory results. The design
proceduras are often presented as a design catalogue,
which encapsulates local knowledge but which tends
to make little distinchion bebween different subgrade
conditions or wheel! loads. Such methods are, in
general, only applicable to roads and not suitable for
the design of industrial pavements.

in all cases, the road is classified in terms of traffic
volume fas measured by cumulative EBOS), traffic

type (residential or industrial] and climatic conditions.,
Once the road has been classified, the catalogue

can be used to select the pavement design. (Figure

& is 5 typical design taken from UTGZ2.] The material
classes specified for the pavement design are as

per TRH 149, However, the catalogue method lacks
fMexibulity forly subgrade strength of CBR = 100or 15 is
accommodated] and will often yield a less than optimal
pavement design.

3.3 RESEARCH-BASED
DESIGN METHODS

Although many engineers have used tests of prototype
interlocking concrete pavernents to obtain materials
equivalencies or substitution ratios, only one design
method appears to be wholly based on accelerated
trafficking tests. This is the method developed by
Shackel at the Uiniversity of New South Wales for the
Cement and Concrete Association of Australia, This
method was first published in 1978, Subsequently,
following trafficking tests in South Africa designed, in
part, to verify the procedure, the method was slightly
revised in 1982, The method is restricted to block
pavernents sulbjected to highway loadings and which
incorporate unbound granular bases.

it has proved possible to use data gathered during
accelerated trafficking tests of fullscale prototype
block pavements to develop statistically-based
maodels to relate, for a given subgrade strength,

the block and base thickness to such measures

of performance as rut depth, These models have
been extended to cover the full range of subgrade
conditions using machanistic analyses. Typical dosign
curves are shown in Figure 7. This method has been
used successfully in a variety of cimates since the
late 1970s but has been replsced by mechanistic
procedures simifar to those describad balow.

3.4 MECHANISTIC DESIGN METHODS

Several mechanistic procedures for the design of
black pavements have been developed. The first was
developed in South Africa. Here the block pavements




R-roads

Climatic region Wet
Design traffic class EBOs/lane over structural design period
Road ER ED E1 E2 E3 Ea
category <0,8 x 1CF 02-08x 10F 08-3x 10F 2-12x 1F 12-80x 10F
ue — —
g E " et R - R 5e e
ue e I R (oo VR e ] | R —_ —

*CEA minimum 15%

** 58 or 50 may be used in some cases

Figure §: Typical catalogue design of chp pavermnent [UTE 2]

Sl W L . B
S Block thickness = E0mm 00

oy

E 450 |- 450

E 5 = Tolerable deformation [mm)

B 400 400

i

£

6 350 350

=

Ly 300

&

g 2500 250}

n

j“g' LY 2000

&

E 150 150
10 10}
Al I III!lrl f |||l A

2 4 6 % 10 20 H (b Bl TN
Subgrade CBR(%)

— Al

E I | ] | I ill L] L] L 'I-I

= oo |ﬂl=rL1hifk|:|-_-:ef.= Iill!mm

w51 L —

a R L

- 5 = Tolerable deformation (mm)

c 30 )

-

2

S 0 _

m

L)

£ 200 |

E]

150 -

[

=

= 100 5]

&
50 Tl W e | Ll

[£~]

4 [i]

B 10

Xl i)

Subgrade CBR(%:)

Gl 8B 100

Figure 7: Empinical Design Curves for Road Pavements

*#* 2 CBR minimum 105

NI BE | I

Block thickness = B0mm

5 = Tolerable deformation [mm)

3%

4 ]

& 10 20

" Subgrade CBR{%]

40 a6l #0100

TYPICAL TOLERAELE DEFORMATIONS
Tolerable deformation (mm)

Road Category

Residential streat

Rural road
Collector street
City street

Bus stop

1015
10
12
510




were analysed as homogenous isotrapic flexible mats
overlying a flexible subgrade whose strength was
defined in terms of CBR. The second mechanistic
analysis was reported in Britain in 1878, The method
was based on a threedayer linear elastic analysis of
the paverment and assurned that conventional criteria
for relating subgrade strain to the expected ife of an
asphaltic pavement could equally well be spplied to a
block paverment.

Recently a variety of mechanistic procedures utilising
the methodology of conventional flexible pavernent
design have been developed. Usually these analyses
are concerned with either:

Computing the tensile strains in a bound subbase
and theraby dafining the fatigue fe; or
Determining the vertical compressive strains in the
paverment or granular subbase and using these to
predict the rutting that will develop under traffic,

By trial, the thickness of the various pavement layers
may be chosen to achieve both an adequate fatigue life
and tolerable levels of rut deformation.

initially, the maost effective application of mechanistic
methods was in the design of block pavements
incorparating bound subbases such as lean concrete
or cement-stabilised granular materials. However, in
1885 Shackel published a comprehensive mechanistic
design methodology that was suited to both bound
and unbound subtbases. This procedure was designed
to be run, in an interactive mode, on micro-or min-
computers. This design method is now available as a
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Figure 8: Design Curves for Road
Pavernent [N= No. of Axles]

computer programme called “Lockpave”, discussed
below. The method s believed to be an advance

an earfier mechanistic procedures in so far that it
completely avoids the need to use concepts of axle
load equivalency but rather analyses and designs
each pavernent in terms of an sppropriate Spectrurm
of axfe lpads. This is of particular impartance in the
designing of industrial paverments, which often have
to accept a very wide range of wheel loads, vehicle
configurations and differing losd repetitions for each
vehicle type. Examples of design curves for both road
pavements and industrial hardstands proposed using
this methodology are given in Figures 8 and 9.

3.5 LOCKPAVE

The mecharnistic design method has also been
developed as a computer programme Lockpave,
Mechamstic paverment design involves the formulation
and solution of & boundsry valug problemn. This requires
the determination of the stresses and strains at
critical locations throughout the psvernent. These are
compared with the values that would, theoretically, be
predicted to cause failure of the pavement. As noted
abova, falure may be the result of either excessive
rutting in the case of granular material, or, in the
case of bound materials. of extensive cracking leading
to a loss of both strength and stiffness, Typically,

the critical stresses and strains occur either on or
near the vertical load axis at the bottormn of all bound
{brittle] layers and at the top of the subgrade [see
Figure 10). The fatigue kfe of the bound layers can

be related to the repeated tensile straing or stresses
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Figure 10 Strains within the pavement

whilst the permanent deformation or rutting of the
pavement is normally assuned to be a function of the
repeated vertical compressive strains at the top of the
subgrade. Provided the critical stresses and strains
can be calculated, and Young's modulus of elasticity
and Poisson's Ratio of the layerworks are known, it

i3 possible to predict the service life of the pavement:
Comversely. for a designated service life, it is possible
to calculate what values of stress and strain can be
tolerated and, by trigl and error, to determine what
combination of layer thicknesses are required if these
stresses and strains are not be exceeded.

Thus, mechanistic pavement design involves first

the analysis of the stress and strain distributions
caused by some designated loading and, secondly.

the progressive adjustrment of layer thickness until the
predicted stresses and strains can be deemed to be
insufficient to cause faiure within the required service
life of the pavernent. The adjustment of layer thickness
must be done iteratively. This implies that a large
number of calewlations will be necessary. Because

of this and becsuse of the mathematical complexity
of analysing layered systems, mechanistic analyses
normally require the use of computers.

Further information on the Lockpave programme can
be obtained fram the CMA.

S8PRELIMINARY DESIGN

CONSIDERATIONS

In planning a ebp project consideration should be given
to the following.

4.1 PRELIMINARY
CONSIDERATIONS

In planning, specifigng and designing a pavernent, the
following factors must be considered:

The intended usage of the area to be paved

The type of paving block to be used
finterfocking etc)

The expected service fife of the area
The degree of distress that can be tolerated

Maintenance

Once these have been specified, design of the
pavement may commence and the following factors
should receive attention:

The type of raffic expected

The imposed loads

in situ soil conditions and matarials
The availabifity of materials
Climatic conditions

Surface and sub-surface drainage

4.2 CONSTRUCTION

inv the construction of the paved area, it s essential
that the same eriteria of 'good practice’ in construction
and control be apphed to the subgrade, subbase and
drainage as would apply in the case of any other type
of paverment.

It must further be noted that segmented paving
requires adequate edge restraint to the paved

ares otherwise movernent of blocks and loss of
performance will occur, The nature of usage will
determine the appropriate edge restraint to be used.
For example, a pedestrian walkway may only need a
small precast concrete kerb or a premix infill, where
as in a high-traffic industrial area heavy duly concrete
karbs or a reinforced concrete ground beam may be
MECESSEry.

Should any of the above iterns not be properly designed
and constructed, excessive maintenance may be
required during the life of the pavement.

A particularly useful feature of concrete block paving is
that it s a forgiving’ pavement. Thus, where design ar
construction defects occur locally (such as at manholes,
etc) repairs are not usually difficult, time consuming

or costly. Segmented paving also permils easy access
to underground services since the paving blocks in the
area may be removed. The required work can then be
undertaken and the same blocks replaced,

5 SPECIAL APPLICATIONS

The method and procedure required to lay concrete
block paving for the majority of standard applications
is covered in Books 3 and 4. However, there are
certain apmlications where special requirements



and attantion to detaill are necessary. These spacial
aoplications arg givan below.

5.1 CONSTRUCTION OF
STEEP SLOPES

There are certain considerations that must be taken
into account during the design and construction of
concrete block pavers on steep slopas. Refer to CMA
tachnical notes on steep slopes and to SBook 3 for
factors to be included in the design of steep slopes.
These include an anchor beam at the bottom end of
the pavement as well as ab certain intervals depending
on the length and gradient of the slope. Also, special
attention must be given to the drainage of the bedding
sand layer at the lower end of the pavement against
the anchaor beam.

5.2 EMBANKMENTS

Concrete block paving is often used for erosion
protection of steep embankments, particularly bridge
abutrments. Although the slopes are generally too
steep for traffic and hence the underlying soil need
mat be wall compacted, a reasonable amount of
covmpaction is required to prevent settlement. This
is best achieved by constructing and compacting the
slope proud of the final line ard trimming back. (€

is also important that the top edge is protected to
prevent stormwater underrmining the paving.

5.3 INTERSECTIONS

Concrete block paving has been used successfully
in South Africa for the construction of intersections
primarily to reduce accidents. The reduction of
aceidents is due to a8 number of factars, namely:

Better skid-resistance in the wet and hence shorter
stopping distance

Higher luminance of the pavers

Difference in surface noise, alerting drvers to a

change in situation

Design of the pavement layers must take into
account the braking, accelerating and slewing action
gxperignced N INtersections.

5.4 AIRPORTS

Concrete block paving has been used for the
construction of taxivays and aprons at 8 number

af airports, notably Cairns in Australia, Luton in the
UK, and Fart Dallas in the USA. In areas where the
pavement is subjected to the immense pressure of the
jet thrust  which can result in the loss of jointing sand,
it is important that special attention is paid to the
sealing of the joints. In the UK, specialised polymers
are agvailable for sealing these joints.

5.5 ROOF DECKS

Often, concrete black paving is laid on top of &
concrete siab or other impermeable layer, This is
nat generally 8 problem. However, attention should
be given to drainage, both surface and subsurface.
The minimum required fall of 2% is still necessary
to remaove surface water. However, because of the
fow falls, this can resuit in an accumulation of water
in the bedding sand. The drainage details discussed
under the section “steep slopes” should be used in
the lower end of the paving. However, because of
the low falls, additional drainage may be required at
requiar intervals. A typical herringbone drainage layoul
is suggested. Alternatively, a coarse free-draining
bedding sand can be used.

As in all cases, chp must be contained by edge
restraints. Where a parapet wall is used as an
edge restraint care must be taken to ensure that
the parapet wall has adequate strength to act as a
suitable edge restraint. Special attention should also
be paid over movement joints in the slab and to how
movernent is to be accommaodated.

BAMAINTENANCE

Maintenance of a well-designed and constructed
segmented pavement normally involves the
replacement of jointing sand, the reatment of weeds
or other growth and the correction of surface levels
resuiting from localised construction defects.

6.1 JOINTING SAND

in areas exposed Lo high-speed traffic, or to wind
and water erosion, some of the jointing sand
hetween the individual biocks may be lost during the
first few months of the life of the pavement. This
problem is greatly reduced as the joints between
the blacks become clogged with the road detritus
and other materigl. This plugging of the joints is
usually well established after about three months of
pavement usage.

If there is a loss of jointing sand in the frst few months
the paving should be resanded. It is advisable for all
paving contracts to include a clause on resanding.

In areas subjected to concentrations of water, for
example at the outlet of a downpipe from a roof, it
is advisable that the jointing sand shouwld incorporate
about 10% cement by mass to increase arosion
resistance. This shouwld be mixed dry, brushed

dry into the joints, whrated, and then given a light
washing down with water to activate the cement.
Generally speaking, maintenance of sand in the joints
will be gresatly reduced if correctly graded sand is



used. The permeatility of the joints can be reduced
by the addition of 10% lime, or 8-7% bentonite or
sormne clay.

6.2 WEED GROWTH

A common fallacy is the assumption that weeds or
other vegetation growing in segmentad paving originate
in the sub grade or sub-soil areas. In fact ninety per
cent of vegetation growth in large paved areas is the
result of wind blown seeds, which have germinated in
the jointing sand between the blocks. This can easily
be proved by removing sorme of the vegetation and
ohserving where the stern ends and the roots begin. In
most cases this occurs just below the surface of the
blocks and hence in the jointing sand.

Where vegelation is likely to cause a maintenance
problem, eg Kikuyu grass growing from bencath the
blocks, a suitable herbicide may be mixed with the
jointing sand or sprayed over the completed paving,
Care should however be exercised since the injudicious
use of paisenous substances may result in extensive
damage to cultivaled areas. Herbicides, having no
residual effect are available to control both annual
and perennial weeds. They wil not contaminate water
supplies or damage other vagetation when distributed
by surface run-off during rainstorms. Expert advice on
the choice of herbicides should be sought- eg. from
the Dapartrnent of Agriculture and from reputable
manufacturers,

The use of plastic sheeting under paving blocks as an
intibitor of vegetation growth due to wind-blown seeds
in the foints is not recommendad,

6.3 ABRASION

With pavers subjected to intense trafficking, there

will be & degree of abrasion with time. The extent of
the abrasion will depend on the traffic, the type of
aggregates used, the cement content, the ratio of
coarse o fine aggregates, control in manufacture and
initral curing.

Provided the pavers are of adequate strength , the
abrasion does not affect the structural integrity of

the paving. Furthermore, the degree of abrasion
diminishes with time.

6.3 SETTLEMENT/SUBSIDENCE

From time to time, there is sattlement of the
pavement: surface. This is due to an inadequate
subbase or subgrade, the presence of subsoil water,
overloading the pavement or a bedding sand layer
which /s too thick. The benefit of cbp is that the
greas can be Wfted, the problem addressed, the level
reinstated and the pavers re-laid.

6.4 REINSTATEMENT OF TRENCHES

Feriadically, pavements have to be dug up to access
underground services. The advantage of chp is that
the blocks can be lifted, the trench dug, services
installed or repaired, the trench refilled and paving
reinstated. Details of this operation are covered

in Book 4.

6.5 EFFLORESCENCE

Effiorescence results when free lime in the cement
iz dissolved and carried by water to the surface of
the paver and is deposited there once the water
evaporates. Effforescence results in a whitish or light
colauring an the surface of the pavers. Efflorascence
[if it does occur] generally occurs in the early life of
pavers and particularly when water is present and it is
cald. Effiorescence is mastly a termporary effect and,
given time, usually disappears of its own accord. it is
purely superficial and does not affect the durability or
strength of the concrete paving units,

If immediate removal s required, the pavers can he
given an acid wash - see technical note.

6.7 OIL STAINS

Concrete block paving is frequently used for garage
forecourts, tax and bus termini and parking areas. As
a result the surface is often spoilc by oif stains. The
fact that cbp is not affected by this is very positive.
However, to remove these stains poses a problem.
There are proprietary products which have been
designed specifically for this purpose, If these are not
available then it is recommended that the paving be
scrubbed with a strong detergent and washed down

Good pavement management requires that the
condition of pavements be consistantly maintained
above a minimum level. Visual inspections are usually
satisfactory in determining this level for segmented
pavernents.

The degree and extent of maintenance will depend on
the standards and criteria required of the pavement.

Provided that proper design and construction
techniques are observed, and the possible probilem
areas discussed above are recogrised and treated,
a segmented concrete block pavernent s indeed
‘maintenance free’,
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SACASE STUDIES

The following pages contain & number of case studies
of the design of concrete block pavernents including
the traffic estimates. These studies are given as

a guide only and are not to be used for the design

of other projects. The case studies do not include
lightly-trafficked pavemeants as these are genarally not
designed by an engineer,

8.1 RICHARDS BAY HARBOUR

Fort pavements are typically constructed over weak
subgrades on reclaimed ground, which may be sulbject
to long term seltferment. However, the paverment

must be capable of withstanding the heaviest of wheel
loads as well as high concentrated point loads, without
significant permanent deformation or other distress.

In addition, the pavement should remain unaffected
by spillage of hydrawlic ol which is normally
associated with heavy materals handing eqguipment,
or by environmental effects such as high surface
temperatures.

In view of its proven track record in coping with

a8 combination of these circumstances, together

with both operational and life-cost advantages over
alternative pavements, it was decided to use concrete
bilock paving in the iron and timber product hanaling
termingl at Richards Bay.

The project managers were well aware, in making
this choice, that concrete block paving {chp) remains
serviceable, despite the oceurrence of sattlament,
Should the need arise, perodic correction of

Almm 5-4
20 mm Bedding sand
150 mum 1
) Mass 150 mm 22
Loncrete 150 e 23
Capping
170 mm G5
150 mm G5
150mm 5
LT

Figure 171 Typical section through pavement showing
sub base design at quay side.

settlerment is easily achisved by Nfting the block surface
and reprafiing the pavament substrata,

Moreover, maintenance costs for chp have in general
heen found to be significantly lower than for other
forms of flexible and rigid pavement.

8.2 PINETOWN TRAFFIC
INTERSECTION

INTRODUCTION

One of the perennial problerns faced by town councils,
municipalities and other local authonties countrywida
i5 the need to requiarly refurbish and maintain exsting
road surfaces in busy traffic intersections, A workable
solution is to replace the exsting conventional road
surfacing with concrete block paving.

BACKGROUND

Due to the on-going deterioration of the existing road
surface as well as increasing traffic flows, the Borough
of Pinetown found it had to upgrade the Anderson
Road/Old AMain Road traffic intersection during the
latter part of 1988, The scope of the project ncluded
road widemng in Anderson Road and Ofd Main

Hoad, reconstruction of Anderson Road South and
resurfacing of the entire intersection area.

Anderson Road forms the first intersection with Old
Main Road on the eastern side of the railway line,



bordering the central area of Finetown, and serves
the main Hill Street bus terrming! to the south and
residential and commercial areas to the north,

PROPOSAL

In September 1988 a proposal was put forward

by Grinaker Precast (Natal] (Pry] Ltd to pave the
intersection using interlocking concrete paving biocks.

As considerable success had already been achieved in
several similar projects carred out overseas, ane of
the primary olyeclives was to provide a local research
project to demonstrate the benefits associated with,
and anising from the use of concrete block paving [chp)
in & heavily used urban traffic intersection.

The severe conditions, due to a daily traffic fiow of over
J0 000 vehicles, (including 2000 huses), made this
an ideal test site.

Hawving accepted the proposal, the Council duly
instructed the consulting enginsers, De Leuw Cather
Inc, to incorporate it in their overall pianning.

STRUCTURAL DESIGN ASPECTS

Based on profiles taken from test pits dug in the
intersection area, it was found that the existing
premix layer was up to 230 mm thick in places,

and was supported on 8 primary subbase of
erusher-run material varying in thickness from 100
mm to 320 mm. The existing overall pavement depth
averaged 1100 rmm.

Had the cbp propasal not been made and accepted,
the existing road surface would have been overlaid with

a 40 mm premis layer,

A traffic survey undertaken by the consulting
enginears, together with estimates of EBD axle leads
over a 20hyear design period, led to the decision to opt
for & heavy duty class £4 pavernent design.

In areas of the intersection which were to be widened,
and whera new road construction was required, the
design was based on the catalogue of structural
design for segmental block pavernents for southern
Africa®, A B0 mm bitumen base was inchuded for

Bilmm 5-A P:'u.'lr[_q block
20w SN Bedding sand
60 mm BC Bitumen base

130 mim €3 Cement stabilised crusher run subbase

150 mm C4 Cement stabilised crusher run subbase
150 mm G7 Upper selected subgeade

130mm (Y Lower selected subgrade

Figure 12: Detail showing typical section through new
road construction.

purposes of levelling existing subbase layers and for
trafficking during staging of the construction work,
prior ta laying the blocks.

Where blocks were to be laid on top of the existing
road surface, and in order to accommodate original
kerl lines, the ewisting asphalt was milled by up to

100 mm to achieve desired levels. Houghly 40m? of
asphalt was removed from the intersection. Premix
was used as a levelling course to il low points and
achieve a constant crossfall, as well as baing used at
the approaches to the intersection to ensure a smooth
transition between the existing asphalt surface and the
new block paving.

SPECIFICATION OF CONCRETE BLOCK PAVERS
Concrete block paving is & system of indivicual, shaped
blocks arranged to form a continuous hard-wearing
surface. The specification called for 80 mm thick
blocks; shape 54 (providing positive geemetric interlock
along all vertical faces); elass 35 (having a rmimimum
compressve strength of 30 MPa) — manufactured in
accordance with the standard specification for concrete
paving biocks [SANS 1058F. For economic reasons the
colour specified was natural grey.

A herringbone laying pattern was chosen to ensure
optimal performance of the pavement under very
heavy traffic, with the added advantage of being
able to follow directional changes in the varying
road alignment without needing to break bond, The
interlocking block's shape combined with this laying
pattern facilitates even load distribution, and resists
rotation and lateral movermnment of individual blocks
in relation to one another, Oue to the pavement
becoming focked up' horizontal creep of the overall
paved surface is also reduced,

8.3 BELLVILLE GOODS YARD

Bellville Goods Yard is the central handling depat for
mast of Transnet cargo traffic belween Cape Town
and the hinterland. Typical daily raffic includes +
220 thirty-ton vehicles as well as 54 fork-lifes of 10,5
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and 14 tons. Besides the normal movements there
is statc loading under parked vehicles. The design
chosen to accommodate this traffic includes 150 mm
cement- stabiised crusher-un base with 80 mm grey
interlocking [type 5-4) concrete block pavers faid in
herringbone pattern (see Figure 13 for details)

36 500m? of paving was designed and installed during
18987-1988, To date, there has been no maintenance
and the paving has performed very well, as the
photograph shows,

B0 mm Type 5-A grev intetlock
20 rvm Sanud

150 mm Cement-stabilised crusher run
I situ matcrial

Figure 1.3: Pavernent design - Belville Goods Yard.

8.4 TRIDENT STEEL
MAXMEAD PINETOWN

The Trident Stee! site is situsted in the industrial
township of Masmead in Pinetown. The earthworks
on the 10 000 m*® area, consisted of an engingered
cut to fill of clay having a CBR of between 1% and 4%.
The in situ material was stabilised with ime to provide
a working platform and three imported layers, as
detailed, were constructed. The main structural stag!
buitding is faunded on augured friction piles to a depth
of between Bm and 12m.

A box culvert traversed the site 10 m below the final
surface to collect the natural stormwater run-off
From geotechnical testing it was established that
considerable settlerment in the order of 200 mm

was likely, With the high load and low subgrade
conditions, no cost-effective pavement could be
constructed to distribute the lnad further and hence
reduce settlements.

150 mm Crusher run compacted to

08% Mod AASHTO

m 150 mm Imporred G5 min CBR45 compacted
! 1 93% Mod AASHTO
?ﬂ 200 men Imported G7 min CBR15 compacted
o 3% Mod AASHTO
=i 200 mem Stabilised subgrade 4% lime compacred
ter 93% Mod AASHTO
In siru marenal CHR 14

.-. B0 mum Type 5-A 35 MPa
Himm Sand
—

Figure 14: Pavernent design Trident steel,

STATIC poidd vehieles with a
maximum load of 43 wns
per ruck amd 12 0 15

2memls x I m long, 18 tons
cach, max 162 tons per stack,
I NAMIC

Seeel coils delivered Ty

viehicles per day,

Figure 15: Static and dynamic loading on factory floor

8.5 JOHANNESBURG
NORTHERN WASTEWATER
TREATMENT WORKS

Concrete block paving was used to pave 90 O00m
£ gt the Johannesburg Northern Wastewater
Treatment Works. Roadways accounted

far 25000m?, terraces 40 000m? and the
embankments 25 000mE. The pavemeant design far
the various applications is given balow.




20w Bedding sand
125 mm Cement-stabilised laver

\m 130 mm CGranular soil eompacted to
] 937 Mod AASIHTO

Lk g . .
1 150 mim Crranular soil ;'rj|11]_1.,|c1_|_1l L

B 90% Mod AASHTO
Im situ material compacred o WEG Mod AASHTO

-.. ol mm Interlocking block (charcoal)
- |

il

Figure 16a; Pavement design — Hoadways

6l mm Recrangular blocks (grey)
20 mm Bedding Sand

125 mm Cement-seabilised lyer

150 mm Granular soil compacrted 1o
93% Mod AASHTO

150 mm Granular soil compacted o
S Mod AASHTO
In situw maierial L'l:-r[:p;[frr_'d o 0% Mod AASHTO

Figure 166: Pavernent design — Terraces

Glum Recrangular blocks {grev)

200 mm Bedding sand

150 mim Grranular soil ex npacted o
03% Mod AASHTO

le siru manerial compacted ro WG Mod AASHTO

Figure 16c: Pavement design — Embankments

8.5 PIETERSBURG TRAFFIC
INTERSECTION

BACKGROUND
The Prietersbury intersection of Hoof Street and lran
Avenue carries a high valume of heavy vehicle traffic.

. #
i

Traffic counts of the order of 21 000 vehicles per
T12-hour period have been recorded, of which over
2% are heavy vehicles. \With the expected increase
in traffic to Lowis Trichardt, Messina and Zimbabwe
it was critical that this intersection, as the principal

tharoughfare, should be able to withstand this

increase, particularly with regard to heavy vehicles.

TECHNICAL ASPECTS

Consideration of such factors as the importance of

the intersection, slow-moving heavy vehicle traffic and
slewing mavements, as well as the expected growth in
traffic volumes, led the consulting engineers to use the
layer design based on a B category road and E3 traffic
class. (See figure 17a] The total paved area of 4950 m?
was hand packed in a period of less than three weeks,

One of the most critical aspects of the construction

process was o ensure complete accurscy of
construction in the final earthworks layer. The

thickness of the bedding sand layer should not be
vaned bo make up for inaccuracies in the surface of

the layer below as such practices can lead to the

pavement sagging. A mixture of sand and cement was
used Lo correct any munor inaccuracies.

80 i 5-4 blocks

subbase: upper

subbase: lower

Figure 17b: Plan-view of intersection showing junction

with adjacent asphalt roads.

235 mm Bedding sand
150 mim C3-Cement-stabiised

e

P —
.

: - e -2
‘f‘J_TI'd""

150 mim C4-Cement-stahilisad

150 mm G7 — Selected layer




8.6 ANALYSIS OF A CONCRETE
SEGMENTAL ROAD PAVEMENT
CMA Lockpave Version 10.8

Oesign Aspects Manual
Cha
1000 sq m
John Cairns
4/7,1833
16:14:70
PAVEMENT ANALYSIS ASSUMPTIONS
Layer Thickness E Mu Materials
No | Imm] (MPa) | Type
1| &0 (3200 .3 Pavers
2 | 25 200 .35 Bedding sand
3 | 100 | 2300 | .35  Cementstahised hase
3 | ? | 850 | | Grave!
5 | Saminf EVies 4 Subgrade
Drainage Factor for unbound materials: .85
TRAFFIC DATA
Arterial
4800
3% PA
20 YEARS
50%
0%
2 263 371

PAVEMENT COMPRISES

HOmm Type 5-4 Pavers laid in herringbone

bond

28mm of hedding sand

Cement-stablised granular compacted to

86% modified MDD

Gravel compacted to 95% modified MDD
See Table below for Soaked CBR

values

Stated to be average — Subsoil drainage

should be considered

CBR %% Thickness of subbase mm
1 465
3 225
5 ' 130
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Structural design of segmental Block paverments
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6 Gudelines for road construction materials,
Pretoria; MITRA, CSIR, 1985, (Technical
Recommendations for Highways TRH 14,
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Shackel, B, Design and construction of interfacking

concrete block pavements, London: Elsevier,
1950,

SANS 12000J 1884, Standard specifications
for ciil engineering construction. Part MJ,

Segmented paving. Pretoria: South African Bureau
of Standards, 1984,



PAVING MEMBERS (MARCH 2010)

PRODUCER MEMBERS
Bafokeng Concor Technicrete 014 538 0818
Baybrick 035 792 5218
Bosun Brick Midrand 011 310 1176
Bosun Brick Brits 012 250 1711
Brick & Concrete Industries (Namibial 00264 61 321 3009
Brickcast Industries 031 507 5525
Brickbuild T/4 Panda [Botswana) 00287 244 2106
Cape Brick 021 511 2006
C.E.L. Paving Products 021 805 5998
Cast Industries 011 316 2375
Columbia DBL 021 805 16685
Conframat 016 887 3381
Corobrik 031 580 3811
Deranco Paving 041 933 2755
Inca Concrete Products 021 904 1620
Inca Masonry Products 043 745 1215
Infraset Gauceng 012 652 0000
Infraset KZN 031 568 6300
Kopano 016 363 0340
Kwena Concrete Products (Botswanal 00267 392 2850
Maobicast Mossel Bay 044 874 2268
MVYA Bricks 012 386 0050
Meat Contach 046 624 3377
Stanger Brick & Tile 032 457 0237
Stone Age Concepts 012 802 1496
Technicrete 011 674 6340
Vanstone Precast 012 541 2056
Watson Concrete 011 740 0910
West End Bricks 011 851 1828
ASSOCIATE MEMBERS
lnca [Capa] 021 804 16820
Smartstone 017 310 1161
CONTRACTOR MEMBERS
Damn [bnsﬂ‘ucf.ran 534 o585 1333
Ga!a.t}rpawng o111 815 1175
Mondo Paving & Retaining Walls 011 708 0800
PYW Paving 031 803 1736
Aoadstone Cvil & Pawing 011 683 7080
5 A Pawing (Gauteng) 0171 483 1350
Sun Paving 0371 705 5123
The Paving Creations 037 765 4083
Vesles Ciwls 012 662 3031
Vaical internations! 017 867 2471
Block D, Lone Creek. Waterfall Office Park, Bekker Road, bidrand,
GIJIGHETE PO Box 16B Halfway House 1885
n:sm:mnuu CTURERS  Tal +27 11 805 5742, Fax +27 B6 524 8218

Quality conk in vonerave g-mail main_nmaﬁ_ﬁgmaﬂlcﬂm wibsite: www cma, org. za
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