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EFFECT OF STEEL GRIDS ON THE DURABILITY OF THE ROADS

Introduction
A final draft of this report will be available in the Internet on page
www.tiehallinto.fi/thohje.

This is a summary of test report. The summary is based on the synthesis of the
test results with steel grids in test road constructions, so called STEELSYNT
project. The behaviour of the reinforcements has been studied in many re-
search projects. The test material for this synthesis has been: the  TPPT (Pa-
vement Structures Research Programme) test constructions, the European
reinforcement research programme called Reflex and some HVS test projects
(like 'Steep slope' or 'Frost test'). HVS (Heavy Vehicle Simulator) is a mobile
accelerated loading test facility. The aim of the synthesis was to define the
practical benefit of the usage of steel grids concerning following matters:
− permanent deformations (rutting)
− cracks caused by fatigue
− cracks caused by reflection
− cracks caused by frost heave
− longitudinal unevenness
− other matters.

1. Permanent deformations (rutting)

All test results both in laboratory and in field conditions showed that rutting (the
depth of the rut) can be remarkably reduced by using steel grids in bitumen
bound layers or unbound base. In average this reduction lies between 40 - 60
%. There are some tests that indicate even 60 % reduction of rut depths. The
effect of the steel grid is small in structures with thick bound layers or otherwise
good bearing capacity. The reduction of rut depth with 40 % - 60 % means that
the service life of a reinforced pavement is about 50 - 100 % longer than the
service life of an unreinforced pavement in respect to rutting.  The reinforced
structures had been reinforced mainly with steel grids.

The efficiency of the reinforcement depends on the conditions where it is used.
The reinforcement works best in the cases where the bearing capacity of the
pavement is low. If the bearing capacity of the pavement is high, reinforcement
does not reduce the rutting speed much (Fig. 1). In the tests the surface moduli
- which indicates bearing capacity - have been measured with fall weight de-
flectometer or with Benkelmann beam in the 'Frost test'.
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Figure 1. The ratio of rut depths of reinforced and unreinforced pavements in respect to
the surface modulus in different HVS tests.  The reinforcement works more effi-
ciently when the surface modulus is low.

Table 1 presents the efficiency of the reinforcement in different HVS tests in
figures. Both figure 1 and table 1 show that reinforcements work more effi-
ciently when the surface modulus is low.

Table 1. The efficiency of the reinforcement in different HVS tests.

Structures and tests
Frost test, tha-
wing subgrade
and thin layers

Reflex,
soft sub-

grade

Steep slope (slo-
peless ->1:1,5), thin
layers, soft subgra-

de

Steep slope
(1:1,5), thin
layers, soft
subgrade

Reflex, thick
bitumen

base

Surface modulus, MPa 40 100 136 138 290
Reduction of rut depth

with reinforcement 35 - 45 % 15 - 20 % 23 -31 % 55 - 60 % 15 - 25 %

Benefit of the reinfor-
cement to the service
life of the pavement

100 - 250 % 50 - 60 % 40 - 50 %* 130 - 190 %* 50 - 60 %

* According to the extrapolations to the rut depth of 15 mm

In some special cases it is possible that the benefit of the steel grid to prevent
rutting is not as great as described above. In the expanded polystyrene (EPS)
test series where steel grid was installed into the base course near the surface
of the EPS the benefit of the reinforcement to the service life of the pavement
was only 10 %.

In the 'Steep slope' test the efficiency of the rehabilitation methods were com-
pared. The structures have been tested in the 'Low-volume' road test where the
effect of slopes was studied by comparing slopeless (case 1), 1:3 (case 2) and
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1:1,5 (case 3) slopes. Structures rutted and cracked in the Low-volume tests
were levelled with asphalt concrete and the slopeless and 1:3 sections were
modified to sections with 1:1,5 slopes. Then two different steel grids and a
glass fibre reinforcement Polyfelt PGM-G100/100 were installed in the surface.
The used steel grids were B500H 5/6 - 200/150 and B500H 5/8 - 200/150 grids,
where the first numbers show the thickness of the rod and second numbers
show the pitch size in longitudinal and transversal direction accordingly. A new
40 mm thick asphalt concrete layer was laid over the test area. There were also
two unreinforced reference structures, which were otherwise identical. The rut-
ting of the structures in different loading situations were measured with laser
profilometer (Fig. 2). The test load was grown from 30 kN to 50 kN and the
water table were risen two times during the test (W1=in subgrade, W2 = on the
top of the subbase and W3 = in the middle of the base layer).
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Figure 2. The rutting of the 'Steep slope' test structures. In the case 1 the slopeless
structure was modified to a structure with 1:1,5 slope. In case 2 a 1:3 slope we-
re toughened to a 1:1,5 slope. In case 3 the slope was 1:1,5 in both tests. W2
and W3 stand for the different water tables. The structures with the same slope
history may be compared together directly with each other.

Case 3 is the structure where the steepness of the slope was 1:1,5 in both
tests. In the case 2 the slope 1:3 and in the case 1 slopeless were both modi-
fied to the steepness of slope 1:1,5. Case 3 shows that the rut depth of the
reinforced structure is about 0,4 times as deep as in the unreinforced structure
in all stages of the test. Case 2 shows that steel grid with 8 mm's rod works as
well as Polyfelt's grid does also when comparing to function of 6 mm's rod in
cases 1 and 3. The HVS test results indicate that different reinforcements wor-
ked all equally well.

According to the statistics (database of Finnish Road Administration) an overlay
with a steel grid seems to reduce rutting more effectively than an overlay wit-
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hout a grid, when the speed of the rutting was high before the rehabilitation.
The same applies for a grid in the unbound base.

2. Cracks caused by the fatigue

Test results show that steel grid delays fatigue to some extent. The test results
of Frost test show that the amount of cracks will be reduced by about 20
%...30% in structures with a steel grid in the unbound base when compared
with equal structure without a grid during thawing of subgrade. In the Reflex
tests, where the bearing capacity of the structure was originally better, a steel
grid with the pitch size of # 75 mm delayed fatigue only slightly and a steel grid
with the pitch size # 150 mm had no better performance than unreinforced pa-
vement.  The calculations in Reflex projects indicate some 5 %...10 % reduction
to the resilient strains in the reinforced pavement compared with unreinforced
pavement.

According to the statistics (database of Finnish Road Administration) an overlay
with a steel grid seems to reduce cracking slightly more effectively than an
overlay without a grid, when the speed of the cracking was high before the re-
habilitation. The same applies for a grid in the unbound base.

3. Cracks caused by the reflection

The Reflex project prognoses that reflection cracking of the cement bound gra-
vel base can be reduced 35 % by steel grids.

Some other unspecified research results indicate that cracking due to the wi-
dening of the road can be reduced by reinforcements. No amount of this reduc-
tion was presented.

4. Cracks caused by the frost heave

A steel grid prevents the development of longitudinal frost cracks in the reinfor-
ced area according to the TPPT test results and over twenty years of field ex-
perience with reinforced and unreinforced structures. The longitudinal cracks
usually move to the edges of the road where grid reinforcement ends. Steel grid
also mitigates the transverse frost cracking by curtailing the width of the cracks
and by preventing the development of small cracks.

The grid must be installed in the whole width of the road. No overlapping of the
steel grid is needed in longitudinal direction to prevent frost cracks. On the
contrary the space between adjacent grids can be up to 500 mm, if the frost
heave is less than 100 mm. If the frost heave is bigger than 100 mm, the grids
should be installed with edge joint (close to each other with no space between
them).

The TPPT test structures show that the frost heave differences in the cross
section can be levelled with steel grids. Reflex project recommends that at least
50 mm asphalt layer should be spread upon the steel grid. The used steel grid
can be quite light.

5. Longitudinal unevenness

The researches so far have not found that longitudinal unevenness could be
levelled with reinforcements.
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6. Design and installation

The typical dimensions of steel grids in Finland are:
− longitudinal rods 5 mm
− transversal rods 6 - 8 mm
− longitudinal pitch size 200 mm
− transversal pitch size 150 mm

Even though reinforcement clearly improves the performance of a pavement it
is difficult to proof this better performance with Falling Weight Deflectometer
measurements. This phenomenon was detected for both steel grids and glass
fibre reinforcements. The surface moduli of a reinforced pavement measured
with FWD are usually only slightly bigger than the moduli of an unreinforced
pavement, yet the difference between service lives can be twice. The possible
method to prove reinforced pavement's better performance could be the strain
gauges at the bottom of the asphalt or the use of plate load tests.

When a steel grid is used to prevent cracking caused by the frost or to reduce
rutting of a narrow road it should be installed in the whole width of road. If a
steel grid is used to reduce rutting of a wide road it should be installed in the
whole width of the lane.

It is recommended that steel grids should be installed in the unbound layers. It
is presumable, that grids operate as well in both unbound and bound layers.
Yet, the reason for this recommendation is that there have been some failures
with steel grids in bound layers. The failures relate to the techniques and safety
at work.

According to the Reflex project's results the steel grids should be installed in a
certain depth. The depth recommendations are following:
− If the rutting in the subgrade was to be reduced by a steel grid in unbound

layers, the grid should be installed to a depth of at least 200 mm.
− If the steel grid was planned to install into bound layers, the best depth

would be 80 mm.

The Reflex project's results are based on both laboratory tests and calculations.
The full scale model tests (HVS tests) do not confirm these recommendations
for installation depth.

HVS test results indicate that the binding between two asphalt layers with rein-
forcement in-between has a clear effect on the efficiency of the reinforcement.
Two nearly similar test structures were constructed in the Otaniemi test basin.
In the other structure the efficiency of the steel grid concerning the service life
of the structure was about 77 % and in the other it was over 200 %. There are
two matters that affected this difference. The first one was the fact that rehabi-
litated structures were in a little different state when the loading began. The se-
cond matter was detected when the structures were digged out. The asphalt
layers in the structure with lower efficiency had become detached from each
other during the test while in the other structure (with better efficiency) the
asphalt layers had stuck to each other better. It is obvious that the use of steel
grid makes the binding between asphalt layers worse than it would be without
grid. In the HVS tests the best binding was detected from the glass fibre rein-
forcement (Polyfelt PGM-G100/100), which had been glued with bitumen emul-
sion. That is why attention should be laid also to the installation of the reinfor-
cement. Before installation the surface of the asphalt must be cleaned up ca-
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refully, preferably with pressure cleaning or with sweeping machine. Reinfor-
cement can be installed to the cleaned surface. Before spreading the new
asphalt layer the surface can be warmed up or it can be treated with bitumen
emulsion.

According to test results it seems that the measures (like pitch size) of the steel
grid do not effect the rutting speed. However some calculations in Reflex show
that pitch size # 75 mm should be recommended instead of pitch size  #150
mm.

The steel grids are recommended to be installed in the way where the transver-
se steel rod is on upside. There are two reasons for this. One is because this
prevents the grid to protrude its upper layers during the next work stages. In the
bound layers the upper rod attaches better to the asphalt and also works better
even if the binding between old and new asphalt is only partial. Usually it is the
transverse rod, which operation is more important than the longitudinal rod's
operation. That is why transverse rod should be the upper rod.

7. Other matters

An important factor, that restricts the utilisation of steel grids, is the problems
with rehabilitation of the pavements with steel grids. There are difficulties in
both milling and stabilisation of these pavements.  Typically the problems are
with the breakdown of the machines but also some problems have been with
the safety at work. With other reinforcement materials (like glass fibre) this is
not a problem.

The experiences with utilisation of the reinforcements in pavements are quite
restricted.  So the estimation on the long term performance (like stability, cor-
rosion aso.) have some uncertainty.
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