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ABSTRACT

Rv. 4 Roa — Gran grense is a 4.2-kilometer long motorway project that aims
to replace the existing two-lane highway with a four-lane motorway between
Roa and Gran grense in the southern part of Norway. The project includes the
construction of six bridges, one culvert, extensive rock and soil cuts, and sig-
nificant landfills. The ground conditions in the project area vary greatly, rang-
ing from peat and till to areas with quick clay, moraine, and thin layers of
gravel over bedrock.

Given the limited opportunities to adjust the road line, the complexity of the
ground conditions and the focus on minimizing the impact on the surrounding
area and climate, alternative solutions to conventional concrete bridges and
extensive mass replacement have been explored. As a result, an innovative
method has been developed to cross an area with peat over quick clay by sta-
bilizing these materials with cement. Calculations conducted by the Norwe-
gian Public Roads Administration have shown that this chosen solution leads
to a 30% reduction in CO. emissions compared to a traditional low bridge for
this specific case.

This method is considered an innovative approach to highway construction, as
there were no previous references found for its use on such a scale in Norway.

1. INTRODUCTION

As a part of the National transport plan 2014-2023 the road connection be-
tween Oslo and Trondheim was to be strengthened. As a part of the strength-
ening that Norwegian road directorate (Statens vegvesen) tendered the corri-
dor on Rv. 4 between Roa and Gran grense, where the current 2-lane road was
to be upgraded to a 2x2-lane highway system, thereby increasing road safety,
and accessibility.
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After tough competition, the construction companies Haehre Entreprengr and
Isachsen Anlegg, in a working community, together with the consulting com-
pany COWI, were chosen to perform a design and build contract for the road
construction.

The alignment of the new road crosses an area with significant variations in
the ground conditions, yield several challenges along the way.

One of the challenges was the crossing of an existing peat and soft soil area in
the southern part of the project. In this area, the subsoil condition comprised
an upper layer of peat with a thickness ranging from a few meters up to 10 m.
Beneath the peat, a layer of clay and quick clay was encountered with a thick-
ness of up to 17 m. Reference is given to Figure 1, which contains a longitudi-
nal section of the road.

It was decided to use a combination of mass stabilization and geotextiles to
ensure stability, settlement, and progress in the project.
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Figure 1: Sektion view of the entountered soil conditions, peat =
brown, clay/silty clay = green, sand/gravel/till = yellow.

2. PROJECT INFORMATION

The Rv. 4 Roa — Gran grense project is located outside the town of Roa in the
southern part of Norway, see Figure 2.
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Figure 2:Location of Rv. 4 Roa-Gran grense.

The soil conditions at the project site have been investigated on several occa-
sions in connection with previous assessments of the feasibility and zoning
plan for a new road alignment.

Geotechnical investigations indicate subsoil conditions consisting of an upper
layer of organic peat and gyttja, with a depth of up to 10 m, underlain by a
layer of clay. In some places, the clay layer is quick, with a thickness ranging
from 0 to 10 m.

In addition to the previously performed soil investigations, additional total
sounding, CPTu tests, and boreholes were conducted. An example of the en-
countered soil conditions is shown in Figure 3.
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Figure 3 Totalsounding and adjacent borehole.

Considering the limited opportunities to adjust the road alignment due to the
previously conducted zoning plan of the Statens vegvesen, the new road
needed to cross the marshland. Initially, several methods for crossing the area
were considered and discussed in the project team, including a low bridge,
full excavation and replacement, and pre-loading. The solution had to take
into account for the project's compressed time schedule, the need for the exist-
ing road to remain operational, and the requirement for a safe and cost-effec-
tive road. Furthermore, there was a general goal of reducing the project’s car-
bon footprint.

It was decided to stabilize the soft soil through a combination of cement piles,
pre-loading and a geotextile structure on top. This stabilization method was
chosen because it satisfied the aforementioned requirements. It enabled the
necessary work to be carried out without affecting the existing road. The sta-
bilization provided both settlement reduction (SLS) and stability for the future
road (ULS). Moreover, it allowed the surrounding area to be used as a fill area
for excess material from the project.

In Figure 5 the layout of the stabilize of the subsoil is presented. A cross sec-
tion of the proposed stabilization is presented in Figure 6.
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Figure 4 Layout of stabilization.
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Figure 5 Cross section of the stabilization.

As shown in Figure 6, different stabilization patterns were chosen depending
on the purpose of the areas. On the right side of the road, a pattern of inter-
locked rows of piles was selected to stabilize the noise barrier and land fill.
Beneath the road, a pattern of stand-alone piles was chosen to reduce settle-
ment. On the left side, a pattern of interlocked rows was placed to ensure sta-
bility. The size of the piles and the distance between rows and individual piles
were initially determined using the guidelines provided in references [1] and
[2].

Stabilization of clay and quick clay is well-documented in Norway, with es-
tablished guidelines regarding the required amounts of stabilization material,
achievable strength levels, and suitable methods. However, there is signifi-
cantly less experience with the stabilization of highly organic material. To re-
duce uncertainty and assess the appropriate method, quantity, and expected
strength levels, a test area on site was established before the production piles.

The test field

The test field consisted of both single piles and interlocked pile rows, utilizing
various pile diameters, amounts of material, and installation speeds. A sketch
of the test area is presented in Figure 6. A total of 95 piles were installed. To
evaluate the impact of the quantity of material used, pile diameter, installation
method, and the time elapsed between installation and testing, a test schedule
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was established. Strength tests were proposed to be conducted using FKPS,
and core drilling.

Figure 6 Test area for stabilization.

During the testing phase, it was observed that core drilling yielded poor
results, and as a result, only FKPS tests were utilized in the final de-
sign. Based on the test area outcomes and considering the expected soil
conditions, a material ratio was determined, with an allocation of 20-
30% more material for organic soils compared to clay and quick clay at
the site.

Furthermore, based on the results from the test piles regarding strength
development over time, a testing scheme was established for the pro-
duction piles. Approximately 1% of the installed production piles were
tested to evaluate the achieved strength.

Additionally, a monitoring scheme was implemented to track the settle-
ment of the newly stabilized areas.

Installation and testing

The installations of the cement and the FKPS testing were performed
by Soil Mixing Group AB (SMG), as can be seen in Figure 7.
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Figure 7 Soilmixing performed by SMG. Credit T. Bjg
Following the installation, a sandwich construction consisting of geo-
textiles and crushed rock was placed on top. This was then topped off
with a final layer of preloading. The size of the preloading was deter-
mined based on the strength results obtained from the test area and cal-

culations of the internal capacity of the piles. Settlement plates were
also installed within the preloading area.

A

rhusdal.

Monitoring and mitigating actions

Results of the FKPS test in the southern part of the area showed con-
sistent results as can be seen in Figure 9. The following monitoring
also found that the settlement curves in the course of 3 months where
starting to level out, as can be in Figure 8, with settlements ranging
from 0 — 12 cm.

Tid (Dato)
29-nov 19-dec 08-jan 28an 17-feb 09-mar 79-mar 18-apr
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Figure 8 Settlement of the southern part of the stabilized area.

In the northern part of the stabilized area, a significantly larger scatter
was observed in the achieved strength parameters, as depicted in Fig-
ure 9. Furthermore, it was noted that the attained strength parameters
did not meet the expected values. To address the lack of strength in cer-
tain piles, additional piles were added, and an extended period of pre-
loading was implemented. As shown in Figure 10, a wider range of
measured settlement, ranging from 2 cm to 25 cm after 2 months, was
observed.
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Figure 9 Measured strength distribution with depth including assed de-
sign profile.
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Figure 10 Settlement curves of the northern part of the stabilized area.
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The settlement development was continuously monitored in the follow-
ing months, and additional preloading was applied to expedite settle-
ment, thus reducing the remaining settlement when the preloading
would eventually be removed.

Findings and reflections

During the monitoring of the stabilized areas, a majority of the area ex-
hibited settlement within 2 to 4 months after the preloading was imple-
mented. However, there was a shorter stretch of approximately 50 me-

ters where the rate of settlement decreased over time but did not come

to a complete standstill.

Further examination of this area suggests several possible reasons, with
the most likely one being that this area had the thickest layer of organic
material, as well as the thickest layer of underlying clay. The increased
settlement levels observed in this area could be attributed to the shear
thickness of the stabilized material.

To minimize the final settlement of the road after completion, addi-
tional measures were taken in the form of a LWA (Lightweight Aggre-
gate) mass replacement in the area where the largest settlements were
encountered.

3. EFFECT ON SURROUNDING AREA

In addition to the geotechnical monitoring and mitigation measures, the
local river Vigga is being closely monitored to assess the potential ef-
fects of the stabilization on the surrounding area, such as material
washout or leaks. The surveillance conducted as of winter 2023 indi-
cates positive results in terms of the impact on the river and local wet-
lands, according to Statens Vegvesen (the Norwegian Public Roads Ad-
ministration). Furthermore, a continued test program will be imple-
mented to evaluate the pH levels and presence of heavy metals in the
area around the stabilization, in order to assess any long-term effects
over time.

4. CONCLUSIONS

In the Rv. 4 Roa — Gran grense project, it was concluded that stabilizing or-
ganic material with cement is a viable method for crossing areas with a signif-
icant amount of soft organic soil.
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The method was found to be versatile, particularly when stabilizing larger ar-
eas, as it effectively increased stability and reduced settlement. The flexibility
of this method allowed for adjustments in the amount of stabilization as
needed in specific areas. Traditional monitoring technigues, such as settle-
ment plates and pore pressure measurements, were employed to inform appro-
priate actions, fostering close collaboration between the contractor and client.

It is worth noting that this project has been carried out parallel to the innova-
tion partnership KlimaGrunn, and the experience and methods gained from
that collaboration have not been incorporated. However, the experience and
methods from KlimaGrunn can be advantageously utilized in future projects.
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