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appropriate percentages of portland cement
and supplementary cementitious materials.
All these evaluations that result in mixture
optimization helps lower the material cost
of a cubic yard of concrete. Having the cor-
rect water content in your mixture estab-
lishes the necessary input into the batching
and production process and provides an
idea of the possible impact to fresh concrete
properties such as strength and durabil-
ity. Getting the proper water slump in the
concrete is also important for more effec-
tive use of water-reducing admixtures and
to minimize problems like stickiness or
balling in the batch process. Getting the
correct slump out of the plant also reduces
the amount of time your CDPs (Concrete
Delivery Professionals) spend on the wash
rack adjusting their slump. Remember,
the quicker the CDPs leave the plant, the
quicker they reach the job site, creating
greater customer satisfaction.

Do not rely on the sand producer to
know the water demand. As a quality
control manager or engineer, you should
develop a water demand testing program
and update this information as often as
possible. A good rule of thumb would be
to perform these tests once every three
months or whenever you notice a dramatic
change in the appearance or sieve analysis
of the sand. Develop simple processes, like
the sand void content test, that will give
you an idea if the characteristics of the sand
have changed significantly to impact mix-
ing water demand.

In the second part of this article, we will
discuss the confirmation of the Type A and
F admixture’s ability to reduce the amount
of mix water. Knowing how effective your
water reducers are is another way of saving
money. Reducing the mixing water content
through the judicious use of these admix-
tures will help reduce cementitious materials
content that can cause increased shrinkage,
heat of hydration or otherwise increase the
potential for cracking. These “leaner” mix-
tures can be designed to perform as well as
or better than the reference mixture that you
started with. It all starts with a good estimate
of the water demand of your mixture! W

For more information, contact Mr. Rodriguez
at concretemechanics@gmail.com.
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ASSESSMENT OF PERVIOUS

Goncrete

Maintenance
Techniques

By Lev Khazanovich, Kevin MacDonald and Mary Vancura

INTRODUCTION

Impermeability is a distress common
to all pervious concrete pavements regard-
less of application or climate. Over time,
material such as tree leaves, sand, soil and
garbage becomes entrapped in the pervious
concrete’s interconnected voids and contrib-
utes to decreasing the permeability of water
through pervious concrete. Ideally, pervious
concrete is built away from sources of organic
matter and shielded from soil and sand par-
ticles. However, even pervious concrete that
is shielded from a constant source of fine and
organic material, still experiences a decrease
in permeability over time. Furthermore,
sometimes the purpose of installing pervi-
ous concrete is to capture fine and organic
material from stormwater runoff.

Pervious concrete is distressed when it
no longer infiltrates the amount of rainfall
or runoft that it was designed to infiltrate
because it is partially permeable or imperme-
able. The good news about impermeability is
that, in most instances, it is a distress that
can be remedied. Maintenance that periodi-
cally removes the entrapped fines from the
interconnected voids will typically maintain
acceptable permeability through the pervi-
ous concrete.

BACKGROUND

During inspection of 22 pervious con-
crete pavement sites, it was discovered that
the owners’ methods of maintaining their

pervious concretes’ permeability were deter-
mined by what was available in the utility
shed rather than by purchasing the ideal
instrument or machine. There was interest
among the some of the owners to compare the
efficiency with which the different machines
removed the entrapped fines from the inter-
connected voids in pervious concrete.

The machines compared were an 8-inch
vacuum hose attached to a vacuum truck
(Figure 1), a regenerative air street sweeper
(Figure 2) and a vacuum street sweeper
(Figure 3). The machines’ abilities to remove
clogging material from the pervious con-
crete were evaluated by taking core samples
of the pervious concrete before and after
maintenance by each machine. To ensure
that the entrapped fines did not get washed
out of the interconnected void areas during
the coring process, a non-viscous and clear
epoxy was placed in the pervious concrete
at least three hours prior to taking the cores
(Figure 4). Once the cores were extracted,
they were cut in half, polished and observed
with a stereomicroscope. The magnification
allowed observation of the location of the
fine and organic matter within the pervious
concretes’ interconnected voids before and

after maintenance.

Comparison of
Maintenance Techniques

Before and after photomicrographs of
the pervious concrete pavements on which



FIGURE 1. Vacuum truck with an 8-inch diameter hose nozzle used for maintenance of impermeable pervious concrete.

FIGURE 3. Vacuum street sweeper used to remediate
pervious concrete impermeability.

maintenance was performed with an 8-inch
diameter vacuum hose, a regenerative air
sweeper or a vacuum sweeper are shown
below. Letters represent a representative
sample of concrete matrix constituents
rather than all the constituents.

Key for Photomicrograph Labels
P = Paste

A = Aggregate

V = Interconnected void

E = Epoxy

D = Fine and organic material in void

Vacuum Truck with 8-inch
Diameter Hose Nozzle

In both the before and after photomicro-
graphs of pervious concrete that was main-
tained by an vacuum truck with an 8 in.
diameter hose (Figure 5), the consolidated,
entrapped fines reach a maximum depth of
Vi in. In the before photomicrograph, the
entrapped fines are almost flush with the
pervious concrete surface. The after pho-
tomicrograph shows that the 8 in. vacuum

FIGURE 4. Residual epoxy on the surface of pervious

concrete

hose removed approximately 1/16-1/8 in. of
the consolidated entrapped fines.

Regenerative Air Street Sweeper

Figure 6 shows the entrapped fines in
pervious concrete before and after mainte-
nance was performed with a regenerative
air sweeper. The before photomicrograph
shows that some entrapped fines had
migrated into the triangular void marked
by the letter D, but that the entrapped fines
had not consolidated in the area. A small
notch on the surface, marked with the
letter V, harbors no fines. The after pho-
tomicrograph shows a large void area that
is half-full with epoxy (marked by E) that
is accessible from the pervious concrete’s
surface. The regenerative air sweeper likely
removed the entrapped fines from within
the area occupied with epoxy. Consolidated
entrapped fines remain in this void below
1/8 to ¥4 in. A smaller void on the left side
of the photomicrograph was also acces-
sible from the surface. Either it harbored
no entrapped fines before maintenance or it

FIGURE 2. Regenerative air street cleaner used to
remediate pervious concrete.

maintenance with the 8-inch diameter hose nozzle
connected to a vacuum truck.

FIGURE 6. (L) Before and (R) after photomicrographs
of pervious concrete that had been maintained with a
regenerative air street sweeper.

FIGURE 7. (L) Before and (R) after photomicrographs of
pervious concrete maintained by a vacuum sweeper.

was cleared of entrapped fines by the regen-
erative air sweeper.

Vacuum Street Sweeper

The photomicrograph in Figure 7 shows
that before maintenance with the vacuum
street sweeper, a majority of the entrapped
fines were consolidated within the top 1/8
in. of the pervious concrete’s interconnected
voids, although a small tail of fines extends
to ¥ in. deep. The after photomicrograph
shows that the vacuum sweeper likely
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removed the entrapped fines from the top
1/8 in. of a ¥4 inch-deep void.

Other Photomicrographs from
After Maintenance

The photomicrographs in Figure 8 were
additional photos taken of pervious concrete
following maintenance by the 8 in. vacuum
hose, regenerative air sweeper, or vacuum
sweeper. The photos reinforce that the
entrapped fines were mostly concentrated in
the top % in. of the pervious concrete and,
regardless of the maintenance performed,
only the top 1/16-1/8 in. of entrapped fines
were removed.

FIGURE 8. Photomicrographs of pervious concrete
Jollowing maintenance by 8 in. vacuum hose, regenerative
air sweeper, or vacuum sweeper.

Coarse Sand Fines

While small fines and organic mat-
ter remained within the top % in. of the
interconnected void spaces and tended to
consolidate into tightly packed masses, the
larger fines such as coarse sand particles
were observed in interconnected voids
throughout the depth of the cores. Figure

9 shows an example of coarse sand particles

that migrated 3 in. into a pervious concrete
pavement.

FIGURE 9. Pervious concrete exposed to sand during the
winter and spring snow melt. Sand particles migrated
three inches into the pervious concrete voids.

CONCLUSION

Three possible methods of pervious con-
crete pavement maintenance were attempted,
and all were equally effective at removing the
top 1/8” of fine and organic material from the
pervious concrete pavements. The fine and
organic materials that were responsible for
the partial or total impermeability of the per-
vious concretes typically consolidated within
V4 in. of the concrete’s surface. Pervious con-
crete voids deeper than ¥ in. were rarely filled
by these materials. If fines were found in the
interconnected void areas beneath % in.,
these fines were typically larger sand particles
and did not appear to impede permeability of
the pervious concrete.

Entrapped fines were not entirely removed
during maintenance. Instead, the total thick-
ness of consolidated fines within a void space
was decreased and the remaining fines were
disturbed enough so that the pervious con-
crete was able to infiltrate water according to
design. The rate at which the voids were filled

with fine and organic matter depended on the
exposure of the pervious concrete to fine and
organic material, which varied by site.
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