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Abstract
In every city, low volume road and parking loads are composed
of dense graded pavements that increase storm water runoff.
However, urban flooding problem can be prevented if a proper
pavement system is achieved. One of the solution to this
problem using permeable interlocking concrete pavement
(PICP), not only to carry traffic but also to manage runoff. In
this paper, permeable interlocking concrete pavement (PICP)
are tested in a purpose designed laboratory apparatus. In order
to obtain a general understanding of the hydraulic flow
conditions and the infiltration performance that occurred
within, two stretcher bond pattern with 5mm and 10mm spaces
between blocks are tested. An artificial rainfall that covered an
area of 1.5 m*1.0 m is constructed to study the relationship
between surface runoff and the infiltration volume from a
permeable pavement surface under different geometric design
parameters of roadway. Four slopes set at (0.0, 2.5, 5.0 and 7.5)
% in short direction, three slope set at (0.0, 2.5 and 5.0) in long
direction and three discharge as (25, 50 and 75) l/min are tested.
Result showed that 5% and lesser side slope is suitable for
permeable interlocking concrete pavement under most
longitudinal slope, whereas steeper side slopes increase runoff
and decrease infiltrated water.

INTRODUCTION
Pervious pavement represents an alternative to conventional
impervious hard surface such as asphalt and concrete (CIRIA,
2001; Luke & Beecham, 2011a). pervious pavement allows
water to percolate through the pavement surface into the
pavement base (District, 2005). When water percolates into the
base, there are three possibilities: it either infiltrates to the
subgrade, exfiltrates through a perforated drain pipe, or a
combination of the both (Matthew, 2010). Pervious pavements
can be defined as porous pavements or permeable pavements,
there are four types based on the surface type are: pervious
concrete, porous asphalt, permeable interlocking concrete
paver (PICP) and plastic or concrete grid system. Porous
pavements are normally constructed with pervious paver
materials where water can infiltrate through the entire surface

area such as pervious concrete pavement and porous asphalt
pavement. However, for permeable pavements, the paver
material is made out of impervious blocks while the spaces
between the paver blocks are filled with permeable aggregates
that allow water to freely enter the surface such as permeable
interlocking concrete paver (PICP) and plastic or concrete grid
system (Zhang, 2006). The advantage of the pervious pavement
is to reduce or control the amount of runoff from the
surrounding impermeable area and improving water quality by
removing pollutants, reduce or avoid downstream flooding and
recharge and maintain aquifers and the natural groundwater. In
additional, pervious pavement provides other benefits such as
noise reduction, improving safety measures for drivers,
reducing surface temperature and pedestrians due to reduced
spray during rain (CRWA, 2008). Disadvantages of such
paving systems may include: lack of technical experience,
clogging potential and potential risk of groundwater
contamination. The permeable interlocking concrete began to
stand out in Germany and has been used in Australia since
1997s because water infiltration is actively encouraged a wide
range of environmental benefits can be achieved (Shackel,
1996a, 1996b, 2005) but subsequently spread rapidly
throughout the UK and Europe, Australia, Japan, the Americas
and South Africa to become a viable option for sustainability
worldwide. The impact of impervious surfaces on stormwater
runoff and water quality has been studied by many scientists.
Pratt et al., 1999 indicated that the peak runoff rate from the
pervious pavement was 30 % of the conventional pavement.
The time to peak flow rate was 5 to 10 minutes compared to the
2 to 3 minutes from the conventional pavement resulting in
significant benefit. Almost all studies have concluded that
permeable pavements, when constructed well and when they
have received regular maintenance, will have the ability to
reduce peak Runoff flow rates and infiltrate a significant
fraction of runoff volume. These studies found that PICP
reduced peak flows by 21% ( Huang et al., 2012). Current study
examines how much the permeable interlocking concrete
pavement (PICP) is capable to reduce runoff quantity under
different rainfall storms with a wide combination of roadways
geometric design parameters.
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EXPERIMENTS SETUP
The apparatus shown in figures 1 and 2 designed to simulate
rainfall event and permeable interlocking concrete pavement
(PICP) which consist of four parts:
A- Steel box: it is of (1.5 * 1.0) m dimensions and used for
placing pavement layers.
B- Rainfall simulator: it is consisting of 16 PVC perforated
pipes with 9.75cm spacing, 1.25cm diameter and holes of 2mm
diameter is drilled uniformly along each pipes. This part used
for simulating the uniform rainfall event.

C- Water supplying system: it is consisting of pump, flowmeter
with range of flowrate (20 to 110) l/min and water supplying
pipe that used to supply water to rainfall simulator.
D- Collecting boxes: The infiltrated water is collected by a
mesh of boxes under pavement layers in part B above. This part
has 40 boxes of (12*15*20) cm dimensions and named for
recognition as shown in figure (2).
It is necessary to mark that rainfall simulator is designed be in
horizontal level at all experiments, rainfall is controlled by
flowmeter in part C and each experiment is checked using the
continuity concept.

Figure 1: Sketch of rainfall and PICP roadways simulator apparatus.

Figure 2: Rainfall and PICP roadways simulator apparatus.
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PAVEMENT STRUCTURAL
Figure 3 describe the cross section of a pavement structure. The
pavement consists of three layers, all their layers are freedraining, open graded aggregates comply with the requirement
of ASTM D448. Layers thicknesses are decided as shown in
table (1) to satisfy both structural and hydrologic design
(Carmen et al., 2011; Ferguson, 2005; AASHTO, 1993). The
thickness of concrete block pavers 80mm is used for the surface
noting, that each single square meter accommodates 50 block

units of 4.30 Kg/unit weight. The first layer beneath the
concrete block pavers are called the bedding layer that is 2 inch
(5cm) minimum thickness consist of open graded aggregate
size No. 8 stone, should be double washed and cleaned and free
from all fines to prevent clogging over time. The second layer
is base layer and its thickness is 4 inch (10cm), consist of open
graded aggregate size No. 57 stone. The third layer is subbase
layer (reservoir), consist of open graded aggregate size No. 2
stone (Smith, 2006), see tables (1) and (2).

Figure 3: Layers of the designed permeable pavement (PICP).

Table 1: Recommended minimum thickness for PICP (Tech Spec 8, 1999).
Traffic type

Minimum thickness ( mm)

Pedestrian applications

6

Vehicular applications

8

industrial pavements

1

Table 2: The aggregate gradation of layers inside steel box.
US standard
sieve size in/mm
3/75
2½/63
2/5
1½/37.5

ASTM D448
No. 2
1
9 -1
35-7
-15

ASTM D448
No. 8 stone
-

ASTM D448
No. 57 stone
1

1/25
¾/19
½/12.5
3/8/9.5
No.4/4.75
No.8/2.36
No.16/1.18

-5
-

1
85-1
1 -3
-1
-5

95-1
25-6
-1
-5
-

13612

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 18 (2018) pp. 13610-13621
© Research India Publications. http://www.ripublication.com
EXPERIMENTAL WORK
In present study, 72 experiments of different combinations of
hydraulic and roadway geometric conditions are done: three
flow rates (25, 50 and 75) l/min, four side slopes (0.0, 2.5, 5.0
and 7.5) %, three longitudinal slopes (0.0, 2.5 and 5) % and two
spaces between paving blocks (5 and 10) mm. The rainfall is
applied into 120 sec time period, the infiltrated water is
collected and measured into collecting boxes part, runoff
measured, if it appears, by a collecting box along the length of
the apparatus. The designer may consider using paving patterns

A- First layer.

D- Fill joints.

that suitable to machine installation for accelerated
construction. The laying pattern also affects the performance of
concrete segmental paving under traffic and does not affect the
thicknesses of base layer and subbase (reservoir) layer required.
However, it does affect resistance to horizontal creep PE01,
(2010). Alternative laying patterns may be considered as long
as they are functionally and structurally equivalent. In current
study, the stretcher bond pattern is considered. It is simple to
work, minimum complexity and low number of paver cuts.
Figure (4) shows the steps of PICP layers placing through the
experiments.

B-Second layer.

E- Sweeping of permeable pavement.

C- Third layer.

F- Finishing.

Figure 4: Steps PICP, layers placing in laboratory.

RESULTS AND DISCUSSION
The results are presented as they obtained in the laboratory,
figures (6) to (15) present the results obtained for the stretcher
bond distribution. Side slope denoted by the symbol (Sx) and
longitudinal slope denoted by the symbol (S L). For the low
rainfall intensities and zero slopes roadways (flow rate of 25
L/min at 0.0% side slope and 0.0% long slope) rainfall water is
at most infiltrated equally to infiltration boxes and low or
negligible runoff water is measured. At higher side slopes, the
last boxes (A1, A2, A3 and A4) in downstream end collected
higher quantities of infiltrated water that means the water move
through pavement layers beneath and above the concrete pavers
for a distance varied by approximately 0 to 20 cm before it falls
down into infiltration collection boxes. With increasing slope

to 2.5, the percentages of total volume in upstream decreasing
significantly and increasing in the other places. Most of the
volume is accumulated at apparatus downstream. It is clear in
these that when the longitudinal slope is equal to zero and
varying the side slope, the downstream boxes (A1, B1, C1, D1,
E1, F1, G1, H1, I1, J1) are filled with larger amount of water.
On the other hand, increasing both longitudinal and side slope
makes infiltrated water tend to concentrate at the region
surrounding box A1 depending on the value of Sx and SL. In
high side slopes (5.0% and 7.5%), the upstream boxes collected
zero or negligible quantities of water, box A1 collected the
largest amount of water in this case because of higher slopes
supplied falling rainfall water further gravity energy which
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makes water is easily to runoff than to infiltrate. It is also found
that increasing space between blocks from 5mm to 10mm
increases the slopes that caused runoff for all studied rainfall
intensities, where:
At 10mm spaces: from figure (10), in low side slopes (0.0 and
2.5) % the infiltration rate is 100% and there is no runoff. The
infiltration rate decreases and the runoff is start to appear and
increase with increasing the side slopes (5.0 and 7.5) % with
most longitudinal slope.

A- Flowmeter reading 75 L/min.

C- Runoff.

At 5mm spaces: from figure (15), when the rainfall intensities
are 25 L/min and 50 L/min, there is no runoff with the side
slopes 0.0%, 2.5% and 5.0% except for the combination when
Sx= 5.0% and SL= 5%, it is measured 0.375L for 25 L/min
surface runoff and 0.75L for 50 L/min.
The runoff is recognized at rainfall intensity 75 L/min with a
side slope of 5.0% and higher except that for the combination
Sx = 2.5% and SL = 5% where surface runoff is captured
as 0.75 L.

B- Rainfall simulator system.

D- Infiltration water.

Figure 5: Rainfall simulation system test at 75 l/min for (SX =5%, SL =0%).
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Figure 6: Infiltrated water volume for space = 10 mm, SX = 0 % at different longitudinal slopes.

Figure 7: Infiltrated water volume for space = 10 mm, SX = 2.5% at different longitudinal slopes.
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Figure 8: Infiltrated water volume for space = 10 mm, SX = 5% at different longitudinal slopes.

Figure 9: Infiltrated water volume for space = 10 mm, SX = 7.5%at different longitudinal slopes.
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Figure 10: Comparison between runoff water volume for different slopes combinations and 10 mm space.
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Figure 11: Infiltrated water volume for space = 5 mm, SX = 0% at different longitudinal slopes.

Figure 12: Infiltrated water volume for space = 5 mm, SX = 2.5% at different longitudinal slopes.

13618

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 18 (2018) pp. 13610-13621
© Research India Publications. http://www.ripublication.com

Figure 13: Infiltrated water volume for space = 5 mm, SX = 5% at different longitudinal slopes.

Figure 14: Infiltrated water volume for space = 5 mm, SX = 7.5% at different longitudinal slopes.
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Figure 15: Comparison between runoff water volume for different slopes combinations and 5mm space.
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Runoff and Restore Predevelopment Site Hydrology"
Thesis, Fort Collins, Colorado.

CONCLUSIONS
1- Permeable pavements increased infiltration and
decreased runoff depending on the corresponding
combinations of longitudinal and side slopes.
2- The permeable interlocking concrete pavement PICP
is suitable for slopes (< 5.0) % side slope with most
longitudinal slope.
3- Increasing spaces between blocks from 5mm to 10mm
increases the slopes that caused runoff for all studied
rainfall intensities.
4- Effect of side slope is more significant in compared
with longitudinal slope which is of slight effect.
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