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INTRODUCTION

Various road embankment reinforcements over an approx. 1.8 to 3.4 meter thick peat deposit have
been constructed in summer-autumn 2015 in the area of Kose-Vodbu in the northern part of Esto-
nia (Fig 1.1, 1.2 and 1.3).

The intent of the research is to validate technical and economic feasibility of different reinforcement
methods over designed road alignment (road E263). Test sections consist of six different road
embankments. Test sections consisted of: mass replacement, one- and two-layers georeinforce-
ment, geocell structure, light weight aggregate and EPS lightened embankment structures. To ac-
celerate the consolidation of the peat layer, reinforced test sections are loaded with surcharge.

The client of the test construction was Maanteeamet, geotechnical designer AS Geotechnica Insen-
eribliroo G.I.B and contractor Lemminkdinen Eesti AS. Site supervision was made by Skepast &
Puhkim AS, instrumentation and measurements by Tallinna Tehnikallikool, Teedeinstitut and re-
porting by Ramboll Finland Oy.

In addition to the VOobu test sections there is nearby a mass stabilisation test structure constructed
in 2009. The mass stabilised test structure is presented in the article "Mass stabilisation of E263
highway section Kose-Méo in Estonia”. (Forsman et al. 2009) and the long period observations of
that structure are presented in the report "Kose-M&o test stabilization 2009, compression tests
11/2015 (column penetration soundings, report)” (Forsman et al 2015b).
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Figure 1.1. Location of the test area in V60bu.
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Figure 1.2. Location of the test area of V66bu between Mustla and Vo6bu beside Tallinn-Tartu
road. (red box). Location of Kose-Mé&o mass stabilization test site is presented with yellow circle.

Figure 1.3. Location of the test structure in V66bu.
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SITE DESCRIPTION

The test area is a part of Kbrvemaa swamp area (Fig. 1.2 and 1.3). Based on the soundings and
ground penetrating radar (GPR) results the thickness of the peat layer is approx. 1.8-3.4 m at the
area of sections 1 to 5. The ground surface heights vary from +74.2 to +74.3 m above sea level.
Between the section 5 and 0 there is a shallow ditch where the ground level is lower. Underlying
the peat layer is clayey silt, fine sand and sand with gravel (moraine).

Before construction works the thickness of peat layer in test area was measured (June 2015) with
ground penetrating radar (GPR). The average measured dielectric constant was Er=44 which indi-
cates that peat has a high water content.

According to soundings and samples there are three different layers of peat (Figures 2.1 and 2.2).
The presented shear strength are unreduced and from initial conditions.

e z=0-0.5 m: low degree of decomposition, contains roots, branches and stumps

e z=0.5-1.5 m: medium to high degree of de-composition, wx400-600 %, t=9 kPa

e z=1.5-3.5 m: medium degree of decomposition, wx=700-900 %, t=4 kPa

Comprehensive odometer compression tests were conducted on samples from borehole no. 13
(Table 2.1 and Fig. 3.3). Tests were carried out according to standard CEN ISO/TS 17892-5.
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Figure 2.1. a) Longitudinal profile of test area. The red line is the designed level of the road sur-
face. The thickness of the surcharge is as designed before construction of the surcharge. b) Real-
ized level of the surcharge at 30.10.2015 (Ellmann 2016a).
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Figure 2.3. Location of soundings and boreholes. The spacing between 3 and 4 does not exist in
the final structure layout.

Table 2.1. Odometer compression test results for the peat samples from borehole no. 13. Used
loading steps were 0=10 (1 h); 25 (22 h); 50 (24 h); 75 (24 h); 100 kPa (24 h).

Depth | wy |w, | pa | Ce c,® o * @ Kx @ m, * ® e ®

[m] [%] | [%] |[t/m®]| [] [] [m?/a] [m*%s] [MPa™] []
0.85-095 | 910| 496 0.10| 6.65| -/0.31/0.47/0.16 | -/26.2/10.6/- | -/1250/56/- |-13.0/16/-| 152/86/7.1/6.7
1.35-1.45 | 1043| 423| 0.09| 7.50| -/0.39/0.38/0.11 | -/254/94/- |-/92/137/-|-/11/46/-| 172/88/75/6.8
2.15-225 | 8o0| 437| 0.11]5.70| -/032/038/012 | -/6.0/11.0/- | -/54/30/- |-/28/09/-| 128/7.4/64/57
2.75-2.85 | 630| 344| 0.14] 457|-/032/031/037 | -/286/26/- |-1136/69/-|-/15/08/-] 10.2/6.6/5.9/5.2

@ Loading 6=0/50/75/100 kPa

* Calculated 6 =25-50 kPa; o =50-7.




3.1

3.2

3.2.1

TEST SECTION STRUCTURES AND MATERIALS

Structures

Description of the structures and construction are presented more detail in cconstruction report
11/2015 (Forsman et. al 2015)

Section 0 consists of mass replacement (Appendix 1, Figure 1). Section 0 is a reference for other
structures and it will not be overloaded.

Section 1 consists of one layer of georeinforcement (600/50) on top of peat. In the edges of the
embankment georeinforcement was folded at least 5.7 m towards centre line (*wrap around an-
choring”). The cross-section 1 is presented in Appendix 1, Figure 2.

Section 2 consists of two layers georeinforcements. On top of the peat was used 400/50 kN/m and
upper inside the embankment 200/50 kN/m strength georeinforcement. In the edges of the em-
bankment georeinforcements were folded at least 5.0 m towards centre line. In the middle the
vertical distance between the georeinforcements is 0.5-0.8 m. The cross-section of test section 2
is presented in Appendix 1, Figure 3.

Section 3 consists of geocell reinforcement mattress. Before building the geocell mattress geogrid
(40/40) was placed on top of the subsoil (peat). The height of the geocell was 1 m and it was filled
with 0/64 mm limestone aggregate without compaction inside the geocell. The cross-section of test
section 3 is presented in Appendix 1, Figure 4.

Section 4 consists of georeinforcement and light weight aggregate (LWA). Before constructing em-
bankment georeinforcement (400/50) was installed on top of peat layer. At the edges of the em-
bankment was build 1 m thick aggregate barrier and the LWA was installed (1.0-1.5 m) between
the barriers. The used LWA was expanded clay aggregate with grain size distribution of 10/20 mm.
In the edges the minimum thickness of the LWA was 1 m. The cross-section of test section 4 is
presented in Appendix 1, Figure 5.

Section 5 consists of EPS-blocks. EPS-blocks were preliminary designed to be connected to each
other with metal rods but this was changed to PVC-pipes (¢ 25 mm) and plastic connectors at the
surface of the EPS-layer.

EPS-blocks were designed to be protected with 0.5 mm thick LLDPE-plastic membrane. EPS-block
layer was covered with 0.9 m thick aggregate layer. To get better bearing capacity for the final
road structure a geogrid (40/40) was designed to the aggregate layer.

The cross-section of test section 5 is presented in Appendix 1, Figure 6.

Materials

Descriptions of the materials used in test structures are presented more detail in construction
report 11/2015 (Forsman et. al 2015).

Long term water absorption of lightweight aggregate (LWA)
The Finnish Transport Agency guidelines give different design values for LWA depending on the
water level conditions. The design values for density are presented in table 3.1.

Table 3.1. Characteristic design values for LWA in different conditions (Leca 2016, Finnish
Transport Agency 2011).

Density Characteristic value
Dry, loose 3.0 kN/m3

Dry (w = 30 weight-%) 4.0 kN/m3
Periodically submerged 6.0 kN/m3
Permanently submerged 10.0 kN/m?3




3.2.2 Long term water absorption of EPS

EPS placed in the ground will absorb water in two ways. One is by water entering possible voids
between spheres due to water pressure or capillary rise. Since water vapor may diffuse through
the polystyrene when there is a temperature gradient, the water vapor will condense in the spheres
if there is a drop in temperature below the dew point. However, in an EPS block of 500 mm thick-
ness or an EPS fill of greater thickness the temperature difference over the block or fill will be very
small. Possible water absorption due to water vapor diffusion is therefore expected to be small.
(Norwegian public Roads Administration 2002)

Drained conditions:

The tests made to samples that have retrieved from EPS sites where is drained position i.e. blocks
are located above the highest groundwater or flood level, all show water contents below 1%. by
volume after more than 20 years in the ground. (Norwegian public Roads Administration 2002)

Periodically and permanently submerged conditions:

In blocks, which are periodically submerged, water contents of up to 4 % by volume have been
measured. In permanently submerged blocks measured water contents have reached values close
to 10 % by volume with some increase over the years. Further increases above 10 % by volume
are, however, not to be expected. The water content decreases rapidly above the water table and
show values for drained conditions only some 200 mm above the highest water level. (Norwegian
public Roads Administration 2002)




4.1

4.2

4.3

EXPLORATION METHODOLOGY

Soundings, sampling and laboratory tests

The soundings and samples at the test area were taken 17.-19.6.2016 with ground investigation
machine GM65. The locations for sounding and boreholes are presented in Figure 2.3. Soundings
included:

— Total of 13 boring holes

— Approximately 130 samples. The samples were taken with auger drilling method (110 mm).

— One vane shear test from each section (vane 150 mm x 75 mm, 0.5 vertical steps)

Water level have been measured beside test section 3 at both sides (Fig. 4.1) at level +74.1 -
+74.3 at period 10/2015 - 03/2016 (Forsman et al. 2016a).

Geophysical investigations

Before construction the peat layer thickness was measured (10.6.2015) from three survey lines
with ground penetrating radar (GPR). The used GPR antennas were 400 MHz and 100 MHz GSSI
antennas and also 500 Hz MALA antenna. The results were calibrated with borehole data. The
average measured dielectric constant was E- = 44 which indicates that peat has a high water
content. Because of the high water content only 100 MHz antenna data was used for the thickness
analysis. The more detailed description of methods and results are presented in GPR-report (Truu
& Tikas 2015).

Settlement measurements

Altogether 98 measurement points for settlement measurements were installed (locations are pre-
sented in the Fig. 4.1). The executive summary of mounting and monitoring of levelling bench-
marks is presented in report Ellmann 2015.

— 36 settlement plates were placed on top of the geotextile-covered peat layer ("R"” plates)

— 6 settlement plates on top of the upper layer of geotextile in section 2 (1 m above the peat)
- 1 settlement plate on top of the EPS layers, in the centre of Section 5

— 30+1 settlement plates on top of the uppermost (paved) road layer (*K” plates)

— 20 ceramic plates on top of the peat layer (1 m off from the lower edge of the road slope)

- 4 wooden plates on the Section 0 slopes.

The geometric levelling was conducted with precise digital instrument DiNi-03 and barcoded level-
ling staffs (Ellman 2015). The surface of the embankment has been measured by RPAS in several
phases (Remotely Piloted Aircraft System, see Julge 2015).

< North ® Peat rod ® Pavement benchmark & Peat plate
® water level station

Figure 4.1. Location of the levelling benchmarks. 0. mass replacement, 1. one layer and 2. two
layers of georeinforcement, 3. geocell mattress, 4. light weight aggregate and 5. EPS light
weight embankment structure. (Forsman et al. 2016a)



5.1

5.2

SETTLEMENT MEASUREMENT RESULTS

In this report is presented settlement measuring results from the construction and installation of
the settlement plates at summer and autumn 2015 until the end of September 2016.

Total settlement

In Figure 5.1 is presented the measured settlements of the peat and pavement benchmarks at the
centre line until 27.9.2016. The load presented does not take into account the effect of buoyancy
when the bottom of the embankment has settled below ground water.

Until 27.9.2016 the measured settlement is 900-1000 mm at sections 1 and 2, *1600-1800
mm at sections 3 and 4 and ®1100-1200 mm at section 5.

Adjusted settlement

In case the properties of the peat are homogenous and the width of the embankments is the same,
the settlement of peat layer is only dependent on the embankment load and the thickness of the
peat layer. The latest settlement measuring results are from September 2016 and according those
results under the sections 1 /2 / 3/ 4/ 5 the measured settlements of peat layer are 1004 / 969
/ 1750/ 1601 / 1172 mm and relative compressions 51 / 38 / 52 / 46 / 35 % (Tables 5.1 and 5.2
and Figure 5.1).

Table 5.1. Thickness of peat layer, embankment load, measured settlement, relative compres-
sion of the peat layer until 27.9.2016 and settlement speed at period 30.8.-27.9.2016. Relative
compression = (measured compression of the peat layer) / (original peat layer thickness). In the
point code the first number after "R” tells the number of the section (for example in code "R45”
means "4” section 4).

Point TZ:CC:;Z::S Embankment Settl.ement [mm] Relati've 53e (’;tcilge.r_rnze;r.l;sz%eleGd
load [kPa] * until 29.7.2016 | compression [%]
layer [m] [mm/month]
R1 1.96 97 1004 51 1.3
R24 2.53 76 969 38 1.9
R305 3.29 79 1754 53 3.5
R310 3.39 79 1743 51 2.9
R45 3.47 60 1601 46 3.3
R55 3.37 42 1172 35 2.7

* this load does not take into account the effect of buoyancy

Table 5.2. Measured and adjusted settlement. Peat thickness factor means for example at sec-
tion 1 = (peat thickness of section 1) / (peat thickness of section 5). Adjusted settlement = (peat
thickness factor) x (adjusted settlement).

Point Thickness of Peat thickness fac- | Measured settlement | Adjusted settlement

peat layer [m] tor [ -] [mm] until 29.7.2016 | [mm] until 29.7.2016
R1 1.96 1.77 1004 1777
R24 2.53 1.37 969 1329
R305 3.29 1.05 1754 1850
R310 3.39 1.02 1743 1785
R45 3.47 1.00 1601 1601
R55 3.37 1.03 1172 1207
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tells the number of the section (for example in code "R45” means "4” section 4).
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5.3

Settlement speed and estimation

The settlement behaviour of the point R44 (test section 4) is presented in Figure 5.2. The peat
under the embankment reacts clearly to loading and the primary and secondary settlement phases
of the peat layer are visible.

The fitted settlement curves and settlement observations are presented in Figure 5.3. The fitting
has been done on the basis of the observations of the last secondary settlement phase. It seems
that the secondary settlement phase has started at 12/2015. The settlement estimations based on
the current measurement results are presented in Table 5.3. In the estimations the surcharge
embankment is like it is as it’'s now and the removal of the surcharge has not been taken into
account in the estimations. In the Table the final settlements are estimated to be in range 20 to
40 mm for the final road alignment.

The settlement speed after surcharge loading 10/2015 is presented in Figure 5.4.The settlement
speed has decreased and at time period 30.8.-27.9.2016 it has been 1.3 to 3.5 mm/month. The
slowest settlement speed is in test sections 1 and 2 where the speed is 1.3 to 1.9 mm/month. In
sections 3, 4 and 5 where the peat thickness is over 3 m, the settlement speed is 2.9 to 3.5
mm/month. The settlement speed of sections 1 and 2 is small taking into account that both test
sections have approximately 1.6 m of surcharge loading that will be removed before construction
of the road structures. The removal of the surcharge will decrease the settlement speed of final
road.

1 10 Time [d] 100 1000

y =0.705In(x) - 0.6703
R? = 0.9894

0.4 \
0.6

£
=
S y=0.2119In(x) + 0.3243
£ 08 RZ =0.995
]
=)
L]
L 1
y =0.8144In(x)- 2.0158

y=0.074In(x) + 1.1515
1.4 AV R2=0.9463
16 S

1.8

Figure 5.2. Settlement in logarithmic scale and settlement fitting curves. Test section 4, point
R44.
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Figure 5.3. Measured secondary settlements of center line settlement plates. The secondary con-
solidation is estimated to start 12/2015 (=day 60 in Figure). The curve presented in the Figure
has been fitted in logarithmic scale (see Fig. 5.2). In the point code the first number after "R”
tells the number of the section (for example in code "R45” means "4” section 4).

Table 5.3. Estimated secondary settlement for the embankment centre line based on the curves
and equations presented in Figure 5.3. The estimation does not take into account the removal of
surcharge loading.

Time © ~ ) o o o o o ©

i i — i o [90] < N~ i

o o o o o o o o —

Settle. ] 8 | & & | &) &8 | 3| &

(@] (@] (qV] (@] N (@] [qV] [qV] [qV]

ment plate i i — i i i i i i
Settlement difference for secondary consolidation from starting date 12/2016

R1 0 7 11 14 17 19 20 22 23

R24 0 9 15 19 22 25 27 28 30

R305 0 15 24 30 35 39 42 45 48

R45 0 13 21 26 30 34 37 39 42

R55 0 13 21 26 31 34 37 40 42
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5.4

5.5

Surface layer settlement

In Figure 5.4 and in Table 5.4 is presented the current situation of the test sections pavement
surface and comparison to designed road alignment level. In test section 1 and 2 the surface layer
has settled 250 to 280 mm below designed road alignment and in test section 3 370 mm. In test
sections 4 and 5 the surface has settled 510 to 570 mm below designed road alignment.

Table 5.4. The current test section surface level to designed road alignment (Table data com-
piled from Ellmann 2016). In the point code the first number after "K” tells the number of the
section (for example in code "K45” means "4” section 4).

Surcharge Measured sur- | Surface dif- | Designed Surcharge
surface Designed sur- face level ference * surcharge | over red line
Location level face alignment 27.9.2016 [m] thickness [m] ** [m]
K12 +78.28 +76.43 +76.20 -0.23 1.85 1.62
K15 +78.28 +76.43 +76.15 -0.27 1.85 1.58
K22 +78.24 +76.49 +76.22 -0.27 1.76 1.49
K25 +78.24 +76.49 +76.19 -0.29 1.76 1.46
K32 +77.77 +76.52 +76.15 -0.36 1.25 0.89
K35 +77.77 +76.52 +76.14 -0.37 1.25 0.88
K42 +77.12 +76.53 +76.04 -0.49 0.59 0.11
K45 +77.12 +76.53 +75.99 -0.54 0.59 0.06
K52 +77.04 +76.54 +75.98 -0.56 0.51 -0.05
K55 +77.04 +76.54 +75.95 -0.58 0.51 -0.08

* measured level — designed level
** surcharge over designed road alignment surface (“red line”), situation in 27.9.2016

Test section ] 2 3 4

76.6

76.5 — ./=. .,1_.

—a

~J
o
S

/I\ 250 mm 280 mm 370 mm 510 mm 570 mm

~
@
w

Absolute height
&
%)

~
o
[y

~l
=2}

759

—li—Designed level Situation 27.9.2016

Figure 5.4. The current situation of the surface level compared to designed level of the road
alignment (red line).

Cross-sectional settlements

For the effective drainage of the road surface it is important that the inclination of the road surface
is remaining and the cross section shape of the road embankment and the surface is not flattening
during usage. In Appendix 1 is presented the settlement difference graphs for each test section.

Based on these measurement results on September 2016 it seems that the final road cross-section

profile is not settling unevenly. The surface settlement plates in the edges of the road embankment
have only small difference in settlements compared to centre alignment settlements. It seems that
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5.6

5.7

5.8

the edges of the embankment are settling more than the centre line. Therefore, the surface drain-
age to the edges of the road is possible to work in future.

Formation of moss on surface of section 4

In the report of Ellman (2016b) is presented photos from formation of moss due to moisture over
section 4 (Fig. 5.5a). The reason for that moisture is not known but in the 3D model of Julge (2015)
seems to be an anomaly area with exceptional coloured surface at the same area just after the
construction of the surcharge embankment. Maybe the properties of that sand are different (grain
size distribution, mineral composition, ...).

Figure 5.5. Section 4. a) Formation of moss (due to moisture) in the middle of Sections 4, a
screenshot from photo 27.9.2016 (Ellman 2016b). b) and c) A screenshot shot from the 3D
model of Julge (2015). Red circles are at the location of settlement plates presented in Figure “a”
and yellow circle at the area of anomaly coloured sand and formation of moss.

Compaction of the embankment fill

The total compaction (compression) of the embankment material is presented in Table 5.4. The
compaction of the embankment material has occurred shortly after construction of the surcharge
loading and will not be significant during road service time. Ellmann (2016) has presented the
embankment compaction results in more detail.

Table 5.5. Compaction (compression) of the embankment fill after surcharge loading 10/2015.

Section 1 2 3 4 5
Compaction 3-5mm 2-4mm 4 -8 mm 0-1mm 6-10 mm

Test sections left under new road alignment
Current test section can be left under construction of the road if need be. Please see further re-
quirements in Appendix 9.
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6.1

FINANCIAL FEASIBILITY STUDY

Test structures constructed in Kose-V6dbu

The construction material volumes of test sections 0 to 5 are calculated according pay items given
by Lemminkadinen AS. The costs of the pay items are estimated according to cost-calculation pro-
gram Rapal FORE (RAPAL). The unit prices for each pay item and calculation principles are pre-
sented in cost-comparison report 4/2016 (Forsman et al. 2016b). In Table 6.1 is presented the
cost comparison between the constructed test sections of Vodbu.

Also alternative options (6, 7, 8 and 9) have been costs calculated with assumption that the peat
layer thickness is 3 m and the constructed embankment is similar to constructed test section 1. In
test section 0 the peat layer thickness has been varied in order to compare it to other test sections.
The alternatives costs for mass replacement are calculated for cases where the average thickness
of the excavated peat layeris 1.8 m, 3.0 m (0*) and 4.0 m (0**).

A comparison of construction costs with different peat thicknesses is presented in Figure 6.1. The
true costs of different construction methods depend several multiple factors such as construction
timetable, embankment design (embankment height, allowable settlements, stability), availability
of aggregates, locations of peat "dumping” places, geology, geotechnical parameters etc. The most
suitable cost efficient design solution should be always designed case by case.

The cost estimations in Figures 6.1 and 6.2 are calculated for embankment height of 2.5 m above
initial peat level. The geometry of the standard simplified cross-section used in comparison calcu-
lations is presented in Figure 6.2. The embankment dimensions are similar that were constructed
in Kose-Voobu. The calculation does not include road superstructure layers. The material loss due
to settlement is estimated with the relative compression of the peat which is measured or calculated
based on measurement results. More detailed description of the calculated embankment is given
in feasibility report (Forsman et al. 2016b).

The calculations show that the cost for different reinforcement methods depends greatly on the
initial costs (=costs of the georeinforcement materials). The increase of the cost is mainly depended
of the peat layer thickness and by compression of the peat layer (= embankment material “loss”
due to the settlement).

Table 6.1. Cost comparison between different structures (€/m-road). Structures 0, 1, 2, 3, 4 and
5 are tested at V6obu. Structures 0*, 0**, 6, 7, 8 and 9 are theoretical.

Cost comparison Structure
between test 0 0* 0** 1 2 3 4 5 6 7 8 9
sections 1772€ | 2512€ | 3109€ | 1749€ | 1646€ | 2764€ | 2770€ | 3142€ | 3053€ | 8359€ | 3152€ | 2615€
0 1772¢€ -1337€| 23€ | 127€ | -991€ | -998¢€ |-1370€|-1281€|-6587€|-1380€| -843€
0* 2512€] 740€ 763€ | 866€ | -252€ | -258€ | -630€ | -541€ |-5847€| -640€ | -103€
0** 3109€| 1337€ | 597€ 1464€ | 346€ | 339€ -33€ 56€ |[-5250€| -43€ 494 €
1 1749€| -23€ -763€ |-1360€ -1014€]-1021€([-1393€|-1304€(-6610€|-1403€| -866€
wl|2  1646€| -127€ | -866€ |-1464€| -104€ -1118€|-1124€(-1497€|-1407€|-6713€[-1506 €| -969€
g 3 2764€| 991€ 252€ | -346€ | 1014€ | 1118€ -6€ -379€ | -289€ [-5595€| -388€ 149 €
g 4 2770€]| 998€ 258€ | -339€ | 1021€ | 1124€ 6€ -283€ |-5589€| -382€ 155 €
5 3142€| 1370€ | 630€ 33€ [ 1393€| 1497€| 379€ | 372¢€ 89 €
6 3053€| 1281€| 541€ -56€ | 1304€| 1407€ | 289€ | 283€ -89 €
7 8359€| 6587€ | 5847€ | 5250€ | 6610€ | 6713€ | 5595€ | 5589€ | 5217 €
8 3152€| 1380€ | 640€ 43€ | 1403€| 1506€ | 388€ | 382€ 10€
9 2615€| 843€ 103€ | -494€ 866 € 969€ | -149€ | -155€ | -527€
0 Peatexcavationdepth=1.8m  1one layer of georeinforcement 41LWA 7 Reinforced concrete slab with piling
0* Peat excavation depth=3m 2 two layer of georeinforcement 5EPS 8 Slag embankment

0 ** Peat excavation depth=4m

3 Geocell 6 Sand Columns
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1000

Peat thickness [m]
¢ Georeinforcement 1-layer (e = 55 %) M Georeinforcement 2-layer (=55 %) A Geocell (e =55 %)
X LWA (e=40%) CJEPS (e=30%) B Mass replacement [10 km]
O Mass replacement [0 km] Sand Columns Reinforced concrete slab with piling
+ Slag Embankment (g = 55 %) + Mass stabilization

£ = Compression of the peat layer
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¢ Georeinforcement 1-layer (€ = 55 %) M Georeinforcement 2-layer (g=55 %) A Geocell (€ =55 %)

X LWA (e=40%) OEPS (e=30%) W Mass replacement [10 km]

O Mass replacement [0 km] Sand Columns Reinforced concrete slab with piling
+ Slag Embankment (g = 55 %) + Mass stabilization € = Compression of the peat layer

Figure 6.1. Construction costs for different construction methods a) price range limited to
10 000 €/m-road b) price range limited to 4000 €/m-road. The final surface of the embankment

("red line”) is 2.5 m over peat level beside the road. The calculation does not include any road
superstructure layers.
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Figure 6.2. Simplified principle cross-section of cost comparison calculations (Figure 6.1) for dif-
ferent peat thicknesses.

1- and 2-layer georeinforcement
The reinforcement costs of the 1- and 2-layer georeinforcement structures will increase as a func-
tion of embankment height and peat layer thickness. Higher embankment and deeper peat layer
requires stronger georeinforcement in order to secure enough stability of the embankment. The
embankment material “loss” due to the settlement is also increasing as a function of embankment
height and peat layer thickness.

Geocell

In geocell structure the dominant cost are the initial cost of the geocell materials and the labor
costs of building the geocell honeycomb structure from Tensar-geogrids. The costs of geocell will
increase as a function of embankment height and peat layer thickness.

LWA and EPS

The high initial material costs increase the costs of the lightened structures. However, the increase
of the costs with the increase of the peat layer thickness can be smaller than in georeinforcement
structures, because the relative compression of the peat layer is smaller and because of that the
material loss is smaller.

Mass replacement

The cost of mass replacement is very sensitive for the unit price of the aggregate of the mass
replacement, peat layer thickness and the transportation distance and the disposing cost of the
peat.

Mass stabilization

The price of mass stabilization is very feasible in case of peat depth 2-3 m if it is compared to
structures tested in Voobu. In technical comparison with mass stabilization and Voobu test struc-
tures, it has to consider that the settlement of mass stabilization is minor or does not exist after
settlement during construction time but all test sections 1 to 5 are on un-stabilized peat and there
will be some settlement after preloading. The cost for 3 m depth mass stabilization is estimated to
be 78 465 €.

Even =70 % of the unit price of mass stabilization can be dependent of the price of binder. In case
the amount (kg/m?3) and unit price (€/kg) of the binder is low, the unit price of the mass stabiliza-
tion is lower and vice versa the price of mass stabilization is higher when the amount and the price
of binder is higher. The price of the binder can be lower for example in the case of fly ash based
binder and the price can be higher in the case of pure cement.
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6.2

Alternative solutions

Reinforced concrete slab with piling

In cost calculations the piles and concrete slab are dimensioned according to Finnish Transport
Agency guidelines and Eurocode (Appendix 6). The piles middle to middle distance is 2.1 m x 2.3
m and the thickness of the reinforced slab is 400 mm. In cost calculations the estimated pile length
is 6 m (3 m peat layer) and the piles are 300 mm x 300 mm concrete piles. Dimensions of the
concrete slab are 34 m x 30 m (1020 m2). The cost estimation for piles and concrete slab solution
is presented in table 6.3 and 6.4. The price estimation for reinforced concrete slab with piling is
approximately 250 000 €/section area.

Sand columns

In calculations is used diameter of 0.8 m stone columns and the middle to middle spacing on 2.0
m x 2.0 m. The dimensioning of sand columns is presented in Appendix 6. The total amount of
sand columns is 289 (area of 30 m x 34 m). The length of sand column is 3.5 m (3 m peat layer).
On top of the sand columns are installed 2-layers of reinforcements to distribute the loads from
embankment to piles (2 layers are needed because the reinforcement force is needed in both
directions).

The sand columns are constructed by displacement method (Figure 6.3). The metal casing is driven
to soil and vibrated out leaving filled sand columns with reinforcement encasement to the soil. The
price estimation for reinforced sand columns and basal reinforcement is approximately 86 000
€/section area (Appendix 7).

Pipe
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Pulling
pipe up
under
vibration
Filling
Ech-lase‘ment sand or
ngtrac
Tip closed ot | ravel
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F-21completed

Firm stratum ‘\/. ‘V

Figure 6.3. Displacement method of construction. (Alexiew et al. 2011)

Granulated blast furnace slag embankment:

The unit weight of granulated blast furnace slag (0/63-0/125) as compacted to structure is approx-
imately 16-19 kN/m3 which means that slag is not a light weight material. The unit weight depends
of the grain size distribution of the granulated slag. The dimensioning of slag embankment is similar
to sections 1 or 2 (see Figure 6.2, length of the section 30m). The friction angle and the modulus
of the slag is higher than the local sand used in embankments, but those properties don’t give any
benefits in dimensioning on reinforced embankment.

The better technical properties (E-modulus, friction angle and thermal conductivity) of the slag can
be utilized in the dimensioning of the superstructure. The better properties possibly reduce the
thicknesses of superstructures and asphalt layers.
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In the cost calculations the unit price for granulated blast furnace slag is quotation estimation from
SSAB Europe Oy (Table 6.2). The slag is calculated to be imported from Luled, Sweden to harbor
in Tallinn. The price for compacted granulated blast furnace slag (0/63-0/125) is approximately 25
€/m3. The price for slag is higher for finer grain size distributions. The price estimation for replacing
embankment material with granulated blast furnace slag is approximately 95 000 € (Appendix 7).

Table 6.2. Granulated blast furnace slag costs and density (SSAB Europe Oy).

Grain size Price [€/] Bulk Density [t/m?] Compacted density [t/m?]
0/31.5 15.5-18.5 1.35
0/45 145-175 1.35
0/63 14.2-17.2 1.35 16-1.9
0/90 13.4-16.4 1.32
0/125 13.0-16.0 1.30 15-1.8
0/250 12.6 - 15.6 1.28
0/350 11.25-14.25 1.20

Table 6.3. Estimated total construction cost for 3 m thick peat (embankment dimensions similar
as used in test sections)

Reinforced concrete slab Sand columns Slag embankment
250 771 € 91611 € 94 569 €

Table 6.4. Estimated construction cost for building one meter of highway on top of 3 m thick peat
layer (embankment dimensions similar as used in test sections)

Reinforced concrete slab Sand columns Slag embankment
8 359 € / m-road 3 054 € / m-road 3152 € / m-road

Cost estimations of alternative solutions in case of different peat thicknesses is presented in Fig-
ure 6.1.
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RECOMMENDATIONS FOR FURTHER RESEARCH

1. Settlement measurement

The timetable for the removing of the surcharge embankment is not known at the moment. The
measurements of settlement plates should continue until removing of the surcharge with 6 months
intervals. In case the removing is during 2018 or later, the measuring interval can be increased to
12 months.

When the surcharge will be removed, the measuring timetable will be: 1) before removing sur-
charge loading, 2) after removal of surcharge loading, 3) 1 month after removal of surcharge
loading, 4) 3 months, 5) 6 months, 6) 12 months, 7) 18 months, 8) 24 months, 9) 36 months,
10) 48 months, etc.

The measurement points (settlement plates) and program has to be evaluated again at the point
when new road alignment is going over the test sections. Then we have to decide what measure-
ment points we will keep and protect.

2. Vane shear tests

The true safety factor of the embankment is not possible to estimate without new vane shear tests
of peat layer under the embankment. The strength of the peat is a “function” of the compression
level and that “function” is not exactly known with the peat of V6dbu. The proposed vane shear
test and sampling program is presented in Figure 7.1.
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-vane shear tests (6 soundings)
- water content samples (1 pes. / 0.2 m)

Figure 7.1 Program for new vane tests and sampling (Ramboll 30.5.2016).

3. Mass stabilization test areas

Near Kose-V0dbu test section is located stabilization test field of Kose-Mao (Fig. 1.2). The soil
properties of the stabilization test site were quite similar to Kose-V6dbu (peat thickness of 2.5 to
3 m and water content 760-930 %) As a conclusion from the mass stabilization test site: mass
stabilization seems to be reasonably good soil improvement method for Kose-Mdo highway soft soil
areas aiming environmental safety, geotechnical advantages and cost savings in the project.

3.1 New mass stabilization test areas: In case mass stabilization will be used at deeper peat areas
(z = 3 to 7 m), further test stabilizations are needed and recommended. It seems that the water
content is higher at deeper peat layers which means more unfavorable water-cement ratio. With
larger mass stabilization volumes it is reasonable to optimize the binder mixture and amount “in
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situ”. Also the settlement of embankment at hardening time can be measured at real test sites and
that way get a realistic estimation for the extra embankment volume needed.

3.2 Kose-Mdo mass stabilization embankment heightening: There are settlement plates in Kose-
Méo test site. Those plates have been measured at 2009 and 2015. Some settlement measuring
results are confusing because some plates seem to rise instead of settling. To get more reliable
settlement measuring results, the heightening of the embankment is reasonable. The strength of
the mass stabilized peat of test site is known by the soundings made 11/2015 (Forsman et al.
2015). The modulus of the stabilized peat of that test site is not tested “in situ” but it could be
determined by heightening embankment and measuring existing settlement plates. That way the
modulus can be calculated on the basis of the embankment load and the settlement.

The area of the Kose-M&o test embankment is about 45 m x 35 m (A 1580 m?, Figure 7.2). In
case the raising of the embankment is 1.0 m, the volume of the embankment material is about
1500 m3. The volume of surcharge embankment of Vodbu sections 1 and 2 is roughly estimated
about 1500 m3 together. So it seems that the 1-1.5 m heightening of the Kose-Mdo embankment
is possible to do with the removed surcharge material of Vo0bu test embankment.
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Figure 7.2 Kose-M&o mass stabilization test site. a) Aerial photo, red circle = V66bu test area
and yellow circle = mass stabilization test site. b) Map of mass stabilization test site.
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4. Back-calculations

4.1. Back-calculations of mobilized georeinforcement forces with FEM-analyze: The mobilized ten-
sion force in the reinforcements is not measured. The deformations of the embankment are meas-
ured and initial soil parameters are determined. With FEM-analyzes the mobilized tension force in
georeinforcements can be estimated and with consolidation analysis and FEM-analysis it is possible
to estimate the development of the tension forces

4.2. Back-calculations and fitting of the peat consolidation parameters: The peat consolidation
parameters have been determined with peat samples from test site and other locations at the peat
area. With back calculations and parameter fitting to the settlement observations, there is possible
to get more realistic parameters than in laboratory test.

Back calculations is possible to carry out now or later when the observation period is longer. Back
calculations are possible to do as a thesis in technical university (e.g. Aalto university) on a basis
of a separate order.
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8.1

CONCLUSION

In peat areas the performance estimation of the designed road alignment should be done case by
case according to designed geometry, measured geology and realistic timetable. In the design
phase the settlement (and stability) calculations need several iterations that will adjust the em-
bankment and surcharge height (loading), embankment material (normal, light weight), need for
retaining or soil improving structures (reinforcements, mass stabilization) and construction (and
surcharge) timetable.

Methods that leave the peat in place can be split up to 5 groups of techniques where the peat layer
has been utilised as a load bearing layer (Figure 8.1). In Figure is marked with red quadrangle
methods which have been tested in Vodobu and Kose-Mao test sections. Additional to those methods
have been used mass replacement by excavation method in Voobu test area.

Peat left in
place
| |
| - |
S [_,oad . Reinforcement Ver_ncal Piling Stabilisation
Improvement| || Modification Drainage

Preloading | Profile lowering Geosynthetics
Surcharging | Pressure berms ‘_ Raft construction

Stage |__Slope reduction
construction
|_|Lightweight fill
__ Offloading

Figure 8.1. Peat left in place techniques (Munro 2004). With red quadrangle marked methods
have been tested in V66bu and Kose-Mé&o test embankments.

“'"Peat left in place” methods in Voobu

The total settlement is important when considering the realized height of the embankment and the
load affecting to peat layer, the amount of the aggregate needed and the stability of the structure
during construction and as final structure during usage. The peat under the embankment reacts
clearly to loading and in the settlement results peats primary and secondary settlement phases are
visible.

For the effective drainage of the road surface it is important that the inclination of the road surface
is remaining and the cross section shape of the road embankment and the surface is not flattening
during usage. Based on these measurement results on September 2016 the final road cross-section
profile seems not to settle unevenly. On the basis of the measured settlements the settlement
“profile” of the embankment cross-section has been formed during embankment construction
phase before surcharge loading. The surface settlement plates in the edges of the road embank-
ment have only small difference in settlements compared to centre alignment settlements. It seems
that the edges of the embankment are settling more than the centre line.
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After 1 year surcharge can come to preliminary conclusions:

Test section 1 and 2 (1- and 2- layer georeinforcements)

Georeinforcement structures are feasible options for construction roads in peat areas with moder-
ate peat depth. In VG0bu there was not found a clear benefit of two-layer georeinforcement. The
several layer georeinforcement should be considered if more embankment stability is needed in
construction or in road service phase.

The design of georeinforcement structure requires careful design for different construction phases.
The costs and challenges of georeinforcements structures will increase as a function of embank-
ment height and peat layer thickness. Higher embankment and deeper peat layer requires stronger
georeinforcement in order to secure enough stability of the embankment. Deeper peat layer means
also longer surcharge time and more risk of uneven settlements.

Test section 3 (geocell)

Geocell structure is labour intensive reinforcement method that requires plenty of georeinforce-
ments. The dominant cost is the initial cost of the geocell materials and the labor costs of building
the geocell honeycomb structure from geogrids.

Test section 4 and 5 (LWA and EPS)

The construction method of the light weight section was not the most optimal. The preloading was
constructed after construction of LWA and the result is that the LWA-layer is settled into the peat
layer under the ground water. In Figure 8.1 is presented estimation where the light weight struc-
tures have settled. More optimal is to construct first preloading embankment and after removing
of the preloading embankment, construct LWA-layer and superstructure. Recommended principle
for the constructing the lightweight structures are presented in Figure 8.2.

The total settlement of a peat layer under road embankment is a function of peat thickness and
properties and embankment thickness and width. To the settlement after construction of road su-
perstructure is affecting the same elements than to the total settlement, but the magnitude of the
settlement after construction is a function of the surcharge load, loading time and the long period
creep and decomposition of the peat. Surcharge loading needs the right load and time. The mag-
nitude of the surcharge is limited by the stability of the embankment. The needed surcharge time
is a function of the peat layer thickness and the properties of the peat. In cases where the thickness
of the peat layer, the properties of the peat and the load and width of the embankment are quite
homogenous, the dimensioning of the surcharge load and time is quite straightforward. When the
thickness and the properties of peat layer and the embankment load and width are varying, the
dimension and design of the surcharge load and time is very demanding and some uneven settle-
ment can be the final result.
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Figure 8.2. The recommend principles of the construction phases of lightened structures at peat
area. The load presented is "total load” and it does not take into account the effect of buoyancy

when the lower part of the embankment has settled below the ground water level.



8.2

8.3

Mass stabilization and mass replacement

Test section 0 (mass replacement)

Mass replacement has been used in section 0 of V60bu test area. The construction was easy be-
cause the peat depth was low and excavated peat was possible to left beside the replacement area.
The settlements of the replacement area are minor so the structure was successful. In cases of
deeper peat layers, the construction is more challenging, quality controlling difficult and uneven
settlements possible.

Kose-Mao test area (mass stabilization)

Mass stabilisation field test at road section Kose-Vodbu (at km =67.1) is made in January and
February 2009. The binder was pure cement or mixture of cement + oil shale ash. There have been
conducted quality control soundings at 2009 and 2015 to determine the shear strength of the mass
stabilized peat. The target shear strength was 50 kPa, which has been achieved in every test area
and in some areas the realised strength is 2 to 3 times over the target strength.

According to the quality controlling soundings 2009 and 2015 the average shear strengths of mass
stabilised peat layer have mainly increased even up to 120 % between 2009 and 2015. The
greatest increase has taken place at area 6 where the binder mixture is 70 kg/m3 cement and 100
kg/m3 oil shale ash.

According to the settlement measurement results, the stabilisation has not settled even though the
extra load was added in the end of 2009. Heave 0-14 cm (average 5 cm) was observed compared
to previous 2009 results.

Conclusion: Target strength has achieved and the settlement of the mass stabilised layer is minor
so it is showed that mass stabilisation is possible and suitable method at the area of Kose-Mao.

Feasibility of the test section (after one year observations)

Feasibility of the VO0bus test section 0 to 5 and Kose-Mé&o test mass stabilization is estimated
preliminary in the Table 8.1. The preliminary estimation is made on the basis of the technical and
economic considerations. The technical estimation of Vodbu test sections is made on the basis of
only one year observations and before the removing of the preloading embankment and vane shear
test through the embankment.

Table 8.1 Feasibility of the V66bu test sections 0 to 5 (preliminary estimation on the basis of one
year observations) and Kose-M&do mass stabilization test embankment.

Section Stability Settlement after re- Differential set- Costs €/m-road
moving of preload tlement in cross (when 3 m peat layer,
(period 1 to 30 years) section see Table 6.1)
Voobu 0 ok! xnNo ** no 3100
Voobu 1 ok? * <100 mm possibly? *** 1700
Voobu 2 ok? * <100 mm possibly? *** 1700
Voobu 3 ok? * <100 mm possibly? *** 2800
Voobu 4 ok? * <100 mm possibly? *** 2800
Voobu 5 ok? * < 100 mm possibly? *** 3100
Kose-Mao ok! xno ** no 2600
* The shear strength of the peat under the embankment is not determined with vane tests => the

real factor of the safety is not known
*ox No preloading
***  The edges of the road are settling more than central line during 1 year loading => good for drain-

age
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Figure 1. Cross-section of section 0 (mass replacement)
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Figure 2. Cross-section of section 1 (one layer of georeinforcement)
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Figure 4. Cross-section of test section 3. Geocell-structure (1m) on top of georeinforcement.
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Settlement difference from midline [m]

Section 1: Settlement compared to midline
Cross-section: South R1p - R1 - R1v North
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Settlement difference from midline [m]

Section 2: Settlement compared to midline
Cross-section: South R25 - R24 - R23 North
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Section 3: Settlement compared to midline
Cross-section: South R303 - R304 - R305 - R306 - R307 North
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Settlement difference from midline [m]

Section 4: Settlement compared to midline
Cross-section: South R43 - R44 - R45 - R46 - R47 North
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Settlement difference from midline [m]

Section 5: Settlement compared to midline
Cross-section: South R57 - R56 -R55 - R54 - R53 North
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3|Uhekordne pindamine; paskivikillustik fr 8/12 Surface 8/12
4|Paekivikillustikust tehnoloogiline kiht fr 2/64 15¢m Crushed limestone 2/64
5| Tagasitaide liiv- vai kruusliiv pinnasega; min f=0,5m/éop 150cm Sand or Gravel
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7|Geotekstiil; 600/50 Georeinforcement: &00/50
2|0lemasolev tasandatud pinnas Prepared subsail surface

22,10 min 5,70

TSOR HR) BOROK
'\ Geotekstiil ;
3 profiil
min 3,0m

Figure 2. Cross-section of section 1 (one layer of georeinforcement)
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11,55
11,05

' Geotekstiil|
“ 3 profiil
LUlekoormus Over loading
2|Geotekstiil; 1 profiil Mon-woven geotextile
2|Uhekordne pindamine; paekivikillustik fr 8/12 Surface 8/12
4 [Paekivikillustikust tehnoloogiline kiht fr 2/64 15cm  Crushed limestone 2/64
5 |Tagasitaide liiv- vdi kruusliiv pinnasega; min f=0,5m/dop 150cm  Sand or Gravel
&|Tagasitaide liiv- v&i kruusliiv pinnasega; min 50cm
7 |Geotekstiil; 200/50 Georeinforcement; 200/50
2|Tagasitaide liiv- v&i kruusliiv pinnasega; min 50cm = Sand or Gravel
2|Geotekstiil; 400/50 Georeinforcement; 400450
10|0lemasclev tasandatud pinnas Prepared subsoil surface
22,10 min 5,0 min 3,0m

Figure 3. Cross-section of section 2 (two layers of georeinforcements)
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Uhekordne pindamine; paekivikillustik fr 8/12 Surface &/12
4|Paekivikillustikust tehnoloogiline kiht fr 2/64 15cm Crushed limestone 2/64
5|Tagasitaide liiv- v&i kruusliiv pinnasega; min f=0,5m/66p 150cm Sand or gravel
&|Tagasitaide liiv- v&i kruusliiv pinnasega; vastavalt profiilile
7|Paekivikillustikuga 0/64 taidetud geokarg 100cm Geocell + 0/64 limestone aggregate
2|Geavork; 40/40 Georeinforcement; 40/40
3 |Geotekstiil; 3 profiil Non-woven gectextile

10|0lemasolev tasandatud pinnas Prepared subsoil suface

Figure 4. Cross-section of test section 3. Geocell-structure (1m) on top of georeinforcement.
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w o
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Figure 5. Cross-section of test section 4. Light weight aggregate reinforcement.
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a)

11,55 |
11,05 |

Geotekstill;
/3. profiil

Ulekoormus (Il etapp) Surcharge loading (in phase II)
Katte pind (Il etapp) Surface level (in phase IT)
Tagasitaide liiv- vdi kruusliiv pinnasega 50cm Sand or gravel
Geotekstiil; 400/50 Georeinforcement; 400/50
Olemasolev tasandatud pinnas Prepared subsoil surface
b)
11,55
11,05

Geotekstiil;
3. profil

3,00 450 4,70 082 3,00

: ]

zl
Ulekoormus
(Geotekstiil; 1 profiil Non-woven geotextile
Unekordne pindamine; paekivikillustik fr 8/12 Surface 8/12
Paekivikillustikust tehnoloogiline kiht fr 2/64 15¢gm  Crushed limestone 2764
Tzgasitaide liiv- vBi kruusliv pinnasega; min f=0,5m/60p  vastavalt profillile  Sand or Gravel
Geovirk; 40/40 Georeinforcement; 40/40
(Geotekstiil; 1. profii Georeinforcement: 1 profile
Ehituskils 0.5mm  Plastic membrane 0.5 mm
EPS 200 20cm EPS 200
EPS 200 20cm
EPS 200 52,5cm
EPs 120 52,5cm  EPs 120
Tagasitdide litv- vdi kruusliiv pinnasega S0cm  Sand or gravel
(Geotekstiil; 400/50 Georeinforcement; 400/50
(Olemasolev tasandatud pinnas Prepared subsoil surface

Figure 6. Cross-section of test section 5. EPS-block embankment. a) First phase and b) Second phase.
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Settlement difference from midline [m]

Section 1: Settlement compared to midline
Cross-section: South R1p - R1 - R1v North
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Settlement difference from midline [m]

Section 2: Settlement compared to midline
Cross-section: South R25 - R24 - R23 North

010
-0:-10

Positive values downwards

-15

=)
=
D

-10 -5 0 5 10

Distance from midline [m]

15

1.9

=}

2.10

2.30

2.50

2.70

2.90

3.10

3.30

3.50

Initial thickness of
the peat layer [m]

—=—12.8.2015
—&— 19.8.2015
—#—10.9.2015
—#&—7.10.2015
——15.10.2015
—%—30.11.2015
—8—29.12.2015

—+—16.2.2016

29.3.2016
27.9.2016

=@ =Peat

Settlement difference from midline [m]

Section 2: Settlement compared to midline
Cross-section: South K24 - K25 - K26 North

0.40
-040

=)
"
@

Positive|values downwards

=}

S
o

-15

-10 -5 0 5 10

Distance from midline [m]

15

1.90

2.10

2.30

2.50

2.70

2.90

3.10

3.30

3.50

Initial thickness of
the peat layer [m]

—#&—7.10.2015
——15.10.2015
—#—30.11.2015
—8—29.12.2015
—t—16.2.2016

29.3.2016
—t—27.9.2016
— = Peat

33



APPENDIX 2

Section 3: Settlement compared to midline
Cross-section: South R303 - R304 - R305 - R306 - R307 North
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Settlement difference from midline [m]

Section 4: Settlement compared to midline
Cross-section: South R43 - R44 - R45 - R46 - R47 North
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Settlement difference from midline [m]

Section 5: Settlement compared to midline
Cross-section: South R57 - R56 -R55 - R54 - R53 North
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1. Sissejuhatus

Ké&esolev aruanne kasitleb Maanteeameti (edaspidi Tellija) ning Ramboll Eesti AS (praeguse
nimetusega Skepast ja Puhkim OU) vahel 15.06.2015 s@lmitud teadus- ja arendustddde
toovotulepingu  nr 15-00248/008 ,,Mnt nr 2 Tallinn-Tartu-Voru-Luhamaa km 67-68 V6dbu
katsesektsioonide jalgimine ja teaduslik analiitis“ ja hilisema lisalepingu raames 2016 aasta Il ja Ill
kvartalis labi viidud geodeetilise monitooringu tulemusi.

Ajavahemikus 01.04.2016 kuni 27.09.2016 toimus (kord kalenderkuus) kokku kuus (6)
mo0dtetsuklit. 1gas mdotetsiklis viidi labi vaatlusreeperite ja -plaatide korgtédpne nivelleerimine.
Toode Iabiviimisel l&htuti spetsiaalselt selleks t6oks valjatootatud metoodikast, moédtmiste ja
andmetdotluse pdhimdtetest, mis on Uksikasjalikult Kirjeldatud todaruandes Ellmann (2015)
,Voobu katseldigu vaatlusreeperite paigaldamise ning korgusmidrangu aruanne.“ TTU
Teedeinstituut, 11/2015. Lisaks kirjeldavad 2015 a. IV kvartali ja 2016 a | kvartali geodeetilise
monitooringu tulemusi vastavalt aruanded Ellmann (2016) ,,Vodbu katseldigu vaatlusreeperite
2015-a IV kvartali monitooringu aruanne* ja Ellmann (2016) ,,V66bu katseldigu vaatlusreeperite
2016-a | kvartali monitooringu aruanne*.

Et kdesoleva aruande phirdhk on 2016. a 11 ja 111 kvartali mddtmistulemuste kirjeldamisele, siis on
siinkohal pudtud hoiduda eelnimetud aruannetes juba sisalduva informatsiooni asjatust
dubleerimisest.  Siiski parema llevaatlikkuse huvides kaasatakse kdesoleva aruande
vajumiepuiridele ka modtmistulemusi, mis jargnesid katseldigu Ulekoormuse paigaldamisele
2015.a. IV kvartalis. Nii keskendubki kaesolev aruanne Ulekoormusjargsete mdddistustulemuste
omavahelisele vordlusele ja saadud erinevustele.

Geodeetilised t66d korraldas TTU teedeinstituudi geodeesia Oppetooli juhataja professor Artu
Ellmann, kes koostas ka kéesoleva aruande. Aruandega kaasneb ka elektrooniline liides
Koormusjargsed vajumid 27092016.xIsx (lisatakse puhtandiversioonile). Kdesoleva aruande tabelite
pealkirjad ning jooniste selgitused on dubleeritud inglise keelde, hdlbustamaks antud teelbigu kohta
geotehniliste hinnangute koostamist.

2. Nivelleerimise tulemused

Kokku kordusnivelleeriti kdik 98 nivelleerimismérki ning veetasemed veemdddujaamades, sellest:
e 36 pikavardalist reeperit turbakihile laotatud geotekstiilile (edaspidi ,,turbareeper*)
e 6 pikavardalist reeperit 2. sektsiooni tlemisele tekstiilikihile
e 1 reeper EPS pealispinnale (5. sektsiooni keskpaik),
e 5x6 pikavardalist katendireeperit (1. kuni 5. sektsioon) ning 1 sepanaela thdpi reeper (0-
sektsioonis)
e 20 turbaplaati teemuldest 1 m kaugusel
e 4 vaatlusplaati 0-sektsiooni ndlvade nihke tuvastamiseks.
e Veetasemed teemulde pohja- ja Idunakiljel

Reeperitippude ning turba- ja ndlvaplaatide kdrgused maarati digitaalnivelliiri Trimble DiNi03 ja
ribakoodlattidega (vt. Ellmann (2015) tdé0aruannet) geodeetilise nivelleerimisega vahevaadete
meetodil. Ka niid tugineti kahele lahtepunktile - pinnasereeper (absoluutkdrgusega 74.197 m) ning
Tallinn-Tartu mnt paremasse teeserva paigaldatud asfaldinael (absoluutkérgusega 75.704 m), vt
Ellmann (2015) tédaruande jaotis 5.1. Reeperite stabiilsuse kontrolliks mdddeti aruandlusalusel
vaatlusperioodil paaril korral nende omavahelised kdrguskasvud. IImnesid vaid 2.8 millimeetriline
(pinnasereeperi kdrgusvaartus 74.19985 m asfaldinaela 7570 ,kataloogikorguse suhtes) erinevus
esialgsest (2015 a. suvel) kdrguskasvust, mistottu lahtereeperite vOimaliku ebastabiilsuse mdju
3



IBpptulemustele on Usna mootmistapsuse piires. Seetdttu erinevuste vOimalike pdhjuste
véljaselgitamisega pdhjalikumalt ei tegeldud (st. et ei selgitatud vélja kumb reeperitest on
stabiilsem). Pealegi jargiti kdikidel md6tmiskordadel sama mddteskeemi - nii kasutati asfaldinaela
vaatlusreeperite kdrgusméaaranguks, samas kui maareeper oli lahteks turba- ja ndlvaplaatide ning
veetaseme kdrgusmaarangul.

Nivelleerimisele kuulusid turba- ja katendireeperite tipud, ning turba- ning ndlvaplaatide
pealispinnad, vt asendiskeemi joonisel 1. Nivelleerimistulemuste salvestamisel ning
valimaterjalides juhinduti vaatlusreeperitele eelnevalt méératud numbritest, vt asendiskeemi (joonis
1) ja Ellmann (2015) t66aruande Tabeleid 1 kuni 3.

Valimdotmiste andmed vormistati andmetdotlusprogrammiga  Excel 16plikeks tulemusteks
(turbakihi ja katendi kdrgused ning tuvastatud vajumid). Et aga antud uuringu seisukohast on
huvipakkuvamad hoopis turbapinnase ning teekatendi kdrgused, siis reeperitippude nivelleeritud
kdrgused teisendati reeperivarraste kogupikkuste vaartuste abil, vt. tabel 1 teine veerg (allikaks
Ellmann (2015) t66aruande Tabelid 1 ja 3). Loplikud tulemused on esitatud tabelites 1 ja 2.

Korgtapsest nivelleerimisest ilmnes, et 2016.a 1l ja Il kvartalis on nii turba- kui katendireeperid
vajunud vahemikus 2 cm (1. ja 2. sektsioon) kuni 3,5 cm (3., 4. ja 5. sektsioon), vt joonised 2 kuni
4, aga ka tabelite 1 ja 2 eelviimane veerg. Alates llekoormuse paigaldamisest (15.10.2015)
varieeruvad koguvajumid alates 16 cm (1. ja 2. sektsioon) kuni 27 cm (4. ja 5. sektsioon), vt.
tabelite 1 ja 2 viimane veerg. Vajumid on toimunud sektsiooniti killaltki Ghtlaselt, seda hoolimata
ulekoormuse paksuste paarikordsest erinevusest (ndit. 5 sektsiooni iilekoormus on ,,vaid“ 0.6...1
m, kui 1. sektsioonis kulnib see 2.2 m). Reeperite vajumid pole veel stabiliseerunud, kuna vajumite
kiirus vaatlusperioodi I6pul (september 2016) on vahemikus 2 kuni 3 mm/kalenderkuus.
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Joonis 1. V606bu teelBigu vaatlusreeperite nummerdamine ja paigutus. Siniste sddridega on tahistatud veemdddutorude asukohad teemulde pdhja- ja Idunaservas.

Figure 1. Locations and numbering of the leveling benchmarks (red —peat rods, green —pavement benchmarks, black —peat plates, and also the 0-Section slope plates). The blue
circles denote locations of the water level stations.
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Joonis 2. Turbareeperite vajumid 2016.a. Il ja 111 kvartalis (alates 29.03.2016 kuni 27.09.2016).
Figure 2. Subsidence values (dates from 29.03.2016 until 27.09.2016) at the peat rod locations.
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Joonis 2A. Turbareeperite koguvajumid alates tilekoormuse paigaldamisest (alates 15.10.2015 kuni 27.09.2016).
Figure 2A. Total subsidence values (dates from 15.10.2015 until 27.09.2016) at the peat rod locations.
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Joonis 3. Katendireeperite vajumid 2016.a. Il ja Il kvartalis (alates 29.03.2015 kuni 27.09.2016).
Figure 3. Subsidence values (dates from 29.03 until 27.09.2016) at the locations of pavement benchmarks.
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Joonis 3A. Katendireeperite koguvajumid alates tilekoormuse paigaldamisest (alates 15.10.2015 kuni 27.09.2016).

Figure 3A. Total subsidence values (dates from 15.10.2015 until 27.09.2016) at the locations of pavement benchmarks.
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Joonis 4. Turba- ja katendireeperite vajumid 2016.a. 11 ja Il kvartalis (alates 29.03.2016 kuni 27.09.2016).

Figure 4. Subsidence (dates from 29.03.2016 until 27.09.2016) at the locations of peat rods and pavement benchmarks

Tabel 1. Turba- ja katendireeperite monitooringu tulemused (vt. ka elektroonilist liidest Koormusjargsed vajumid 27092016.xlIsx) 2016 a. Il ja Il kvartalis. Iga sektsiooni suurim
koguvajum on esile toodud rasvase fondiga. Reeperivarraste kogupikkuste allikaks on Ellmann (2015) t66aruande tabelid 1 ja 3.

Table 1. Peat rods and pavement benchmarks’ monitoring results (see the attached file Koormusjargsed vajumid 27092016.xlIsx) in the Il and Il quarters of 2016. The largest
subsidence values within each section are indicated in bold font.



Benchmark Lenght Sub- Total sub-
number of rod Absolute heights of the peat layer and the pavement sidence |sidence
Reeperi Reeprivarda
number pikkus Turba /katendi kdrgusvairtused Vajum Koguvajum
29.03.2016| 28.04.2016 31.05.2016 30.06.2016 28.07.2016 30.08.2016 27.09.2016(29.03-27.0915.10-27.09
Sektsioon 1
R1lv 4,933 73,221 73,217 73,215 73,212 73,208 73,205 73,203 0,018 0,165
R1 5,032 73,133 73,129 73,127 73,124 73,122 73,118 73,117 0,016 0,158
R1lp 5,018 73,111 73,108 73,105 73,103 73,099 73,095 73,093 0,018 0,163
K11 2,335 75,747 75,742 75,739 75,736 75,733 75,729 75,727 0,019 0,168
K12 1,935 76,212 76,209 76,206 76,203 76,201 76,197 76,196 0,017 0,162
K13 2,335 75,817 75,813 75,810 75,807 75,804 75,799 75,797 0,019 0,166
K14 2,335 75,764 75,760 75,756 75,753 75,750 75,745 75,742 0,021 0,169
K15 1,935 76,173 76,169 76,165 76,162 76,160 76,156 76,154 0,019 0,171
K16 2,335 75,694 75,690 75,686 75,683 75,680 75,675 75,673 0,021 0,176
Sektsioon 2
R21 3,943 74,114 74,110 74,106 74,102 74,099 74,094 74,092 0,022 0,176
R22 3,950 74,142 74,137 74,135 74,131 74,128 74,123 74,121 0,021 0,174
R23 4,050 74,017 74,013 74,009 74,004 74,001 73,996 73,994 0,023 0,183
R24 5,073 73,022 73,018 73,014 73,010 73,007 73,003 73,001 0,021 0,173
R25 3,909 74,178 74,174 74,171 74,167 74,164 74,159 74,156 0,021 0,179
R26 4,266 73,737 73,732 73,727 73,721 73,717 73,710 73,707 0,030 0,214
R27 4,244 73,751 73,745 73,739 73,733 73,728 73,722 73,718 0,033 0,230
K21 2,235 75,774 75,771 75,767 75,763 75,760 75,755 75,753 0,022 0,175
K22 1,835 76,237 76,233 76,230 76,226 76,224 76,220 76,218 0,019 0,167
K23 2,235 75,783 75,780 75,776 75,773 75,769 75,764 75,762 0,021 0,177
K24 2,235 75,801 75,798 75,795 75,790 75,787 75,782 75,780 0,022 0,180
K25 1,835 76,214 76,209 76,205 76,201 76,199 76,194 76,192 0,022 0,177
K26 2,235 75,794 75,790 75,786 75,781 75,778 75,773 75,770 0,024 0,185
Sektsioon 3
R301 3,985 72,865 72,861 72,853 72,848 72,844 72,832 72,832 0,033 0,218
R302 3,981 72,752 72,748 72,745 72,737 72,734 72,726 72,721 0,031 0,216
R303 4,001 72,673 72,666 72,671 72,662 72,659 72,649 72,649 0,024 0,198
R304 5,077 72,510 72,504 72,498 72,490 72,487 72,479 72,476 0,035 0,230
R305 5,027 72,554 72,547 72,540 72,533 72,529 72,521 72,518 0,036 0,236
R306 5,013 72,524 72,517 72,511 72,503 72,499 72,492 72,488 0,036 0,236
R307 3,971 72,714 72,711 72,703 72,696 72,693 72,686 72,682 0,032 0,205
R308 3,974 72,389 72,385 72,379 72,373 72,369 72,363 72,358 0,030 0,192
R309 5,068 72,473 72,467 72,462 72,455 72,452 72,444 72,442 0,032 0,225
R310 4,943 72,599 72,593 72,587 72,580 72,577 72,570 72,568 0,032 0,227
R311 5,097 72,500 72,491 72,489 72,482 72,479 72,472 72,469 0,031 0,217
R312 3,985 72,563 72,566 72,561 72,553 72,551 72,543 72,540 0,022 0,181
R313 3,964 72,535 72,534 72,530 72,522 72,521 72,514 72,512 0,023 0,174
R314 3,976 72,615 72,611 72,606 72,599 72,596 72,588 72,585 0,030 0,194
K31 1,735 75,754 75,749 75,743 75,735 75,731 75,723 75,719 0,034 0,231
K32 1,335 76,191 76,183 76,177 76,169 76,165 76,158 76,155 0,036 0,237
K33 1,735 75,718 75,712 75,706 75,699 75,695 75,687 75,683 0,034 0,226
K34 1,735 75,704 75,701 75,697 75,690 75,687 75,680 75,677 0,028 0,205
K35 1,335 76,175 76,169 76,163 76,156 76,152 76,145 76,143 0,033 0,229
K36 1,735 75,762 75,757 75,752 75,745 75,741 75,734 75,731 0,031 0,217
Sektsioon 4
R41 3,765 73,322 73,318 73,314 73,308 73,304 73,298 73,294 0,028 0,211
R42 3,778 73,192 73,189 73,183 73,177 73,174 73,167 73,164 0,028 0,199
R43 3,972 72,963 72,957 72,952 72,946 72,942 72,935 72,931 0,032 0,226
R44 4,085 72,733 72,728 72,721 72,714 72,711 72,704 72,701 0,032 0,244
R45 3,989 72,790 72,784 72,779 72,772 72,769 72,762 72,759 0,031 0,255
R46 3,779 72,952 72,946 72,941 72,933 72,930 72,923 72,920 0,032 0,256
R47 3,764 73,160 73,157 73,152 73,145 73,141 73,134 73,131 0,029 0,235
R48 3,782 73,056 73,051 73,045 73,038 73,034 73,026 73,020 0,036 0,247
R49 3,767 73,032 73,028 73,020 73,014 73,009 73,002 72,998 0,034 0,231
K41 0,985 75,771 75,766 75,760 75,753 75,749 75,743 75,740 0,032 0,255
K42 0,685 76,071 76,065 76,059 76,052 76,049 76,043 76,040 0,031 0,258
K43 0,985 75,788 75,782 75,776 75,769 75,766 75,759 75,755 0,033 0,247
K44 1,135 75,579 75,572 75,568 75,560 75,556 75,549 75,545 0,034 0,235
K45 0,685 76,021 76,015 76,009 76,001 75,998 75,992 75,989 0,032 0,262
K46 1,135 75,619 75,614 75,608 75,601 75,597 75,590 75,587 0,032 0,240
Sektsioon 5
R51 3,732 72,975 72,970 72,963 72,955 72,950 72,943 72,939 0,036 0,242
R52 3,893 72,799 72,795 72,788 72,780 72,775 72,769 72,764 0,035 0,248
R53 4,013 72,741 72,738 72,732 72,725 72,720 72,714 72,710 0,031 0,228
R54 3,633 73,005 73,000 72,994 72,986 72,983 72,977 72,974 0,031 0,250
R55 3,640 72,963 72,957 72,950 72,943 72,940 72,934 72,931 0,032 0,265
R60 1,250 75,221 75,217 75,210 75,202 75,199 75,193 75,190 0,031 0,268
R56 3,841 72,856 72,851 72,844 72,835 72,832 72,825 72,822 0,034 0,269
R57 3,885 72,873 72,870 72,863 72,855 72,850 72,842 72,838 0,035 0,257
R58 3,983 72,761 72,756 72,750 72,743 72,739 72,730 72,725 0,036 0,211
R59 3,743 72,994 72,991 72,985 72,978 72,974 72,967 72,963 0,031 0,193
K51 0,985 75,533 75,528 75,523 75,515 75,510 75,504 75,501 0,033 0,244
K52 0,585 76,011 76,005 75,999 75,998 75,988 75,982 75,980 0,031 0,260
K53 0,985 75,534 75,529 75,523 75,515 75,510 75,503 75,499 0,035 0,250
K54 0,835 75,686 75,680 75,674 75,666 75,662 75,655 75,652 0,034 0,272
K55 0,585 75,985 75,980 75,973 75,965 75,962 75,956 75,953 0,032 0,266
K56 0,835 75,703 75,697 75,691 75,683 75,679 75,673 75,670 0,032 0,250




Tabel 2. Turba- ja ndlvaplaatide monitooringu tulemused (vt. ka elektroonilist liidest Koormusjargsed vajumid
27092016.x1sx) 2016. a I1 ja 111 kvartalis.

Table 2. Peat and slope plates’ related monitoring results (see the attached file Koormusjargsed vajumid 27092016.xIsx)
in the 11 and 111 quarters of 2016.

Sub- Total sub-
Turbaplaadid Turba ja nélvaplaatide kdrgusvaartused sidence sidence
Peate plates Absolute heights of peat and slope plates Vajum Koguvajum
15.10.2015| 29.03.2016( 28.04.2016 31.05.2016 30.06.2016 28.07.2016 30.08.2016 27.09.2016|29.03-27.09 (15.10-27.09
S1 74,115|  74,15013 74,1028| 74,08372 74,089 74,083 74,0943  74,09361 -0,057 -0,021
S2 74,186 74,19438 74,15318 74,133 74,133 74,124 74,138 74,133 -0,061 -0,053
S3 74,261 74,26822| 74,23929 74,219 74,22025| 74,21437 74,230 74,224 -0,045 -0,038
S4 74,338| 74,32323| 74,30743 74,294 74,296|  74,28857 74,300 74,295 -0,029 -0,043
S5 74,240 74,21904 74,20109 74,186 74,185 74,181 74,187 74,181 -0,038 -0,059
S6 74,286 74,26498| 74,24714| 74,23104| 74,23302 74,226| 74,23832 74,232 -0,033 -0,055
S7 74,260 74,23947 74,22117 74,205 74,206 74,200 74,209 74,203 -0,036 -0,057
S8 74,236 74,23415 74,19152 74,169 74,175 74,164 74,175 74,167 -0,068 -0,069
S9 74,209| 74,19117| 74,18198 74,160 74,162 74,152 74,165 74,156 -0,035 -0,053
S10 74,181 74,18442 74,15603 74,133 74,138 74,127 74,147 74,142 -0,042 -0,039
N1 74,128 74,13791 74,120 74,122 74,121 74,128 74,12683|NA -0,001
N2 74,227| 74,23978 74,2245 74,211 74,209 74,208 74,227 74,22398 -0,016 -0,003
N3 74,430 74,42465 74,41612 74,404 74,405 74,395 74,415 74,407 -0,018 -0,023
N4 74,270 74,2762 74,26537 74,246 74,243 74,230 74,259 74,251 -0,025 -0,019
N5 74,205 74,18509 74,167 74,164 74,157 74,172 74,167[NA -0,038
N6 74,300 74,28006 74,27753 74,261 74,25345 74,25 74,26375 74,2588 -0,021 -0,041
N7 74,261 74,26575| 74,25405 74,234 74,231 74,219 74,237 74,230 -0,035 -0,031
N8 74,230 74,20719 74,190 74,187 74,175 74,193 74,189[NA -0,041
N9 74,247 74,26001 74,23176 74,198 74,208 74,178 74,213 74,202 -0,058 -0,045
N10 74,415| 74,44368| 74,38528 74,367 74,366 74,346 74,381 74,362 -0,082 -0,053
Sektsioon 0 ndlvaplaadid /slope plate
N11 75,009 75,00167| 75,00187| 75,00309| 75,00289 75,003| 75,00057| 75,00163 0,000 -0,008
N12 75,046 75,03759| 75,03676| 75,03807| 75,03748 75,038| 75,03472| 75,03612 -0,001 -0,010
S11 74,573 74,56936 74,56875 74,56977 74,56954 74,570 74,56709 74,56863 -0,001 -0,004
S12 74,879 74,86951| 74,86859| 74,87045( 74,87043 74,870|  74,86689 74,8686 -0,001 -0,011

Marka, et 29.03.2016 jaakatte all olnud turbaplaatidele (sellised on tabelis téhistatud mérkega ,,jaéds*) korguseid ei

madratud.

3. Vajumite graafikud sektsiooniti ja profiilidena

Alljargnevad joonised 5 kuni 14 kajastavad turba- voi katendikihi vajumeid epidridena ja
sektsiooniti. Parema Ulevaatlikusse huvides ning ajalise Ulekattuvuse saavutamiseks esitatakse ka
ulekoormuse paigaldamise jargsed vaatlustulemused (alates 15.10.2015). Jooniste koostamise
aluseks on kaesoleva aruande elektrooniline liides Koormusjargsed vajumid 27092016.xIsx.
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Joonis 5. Turbakihi vajumite graafik 1. sektsiooni reeperite ja 2. sektsiooni tsentraalreeperi asukohtades alates
15.10.2015 kuni 27.09.2016. Horisontaalteljel on kuupéevad, vertikaalteljel absoluutkdrgused.

Figure 5. Subsidence rates for the Section 1 benchmarks and the central peat rod in Section 2 since 15.10.2015 up to
27.09.2016. Vertical axis denotes the absolute heights, the horizontal axis refers to the calendar dates.
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Joonis 6. Teekatendi vajumite graafik 1. sektsiooni katendireeperite asukohtades alates 15.10.2015 kuni 27.09.2016.
Horisontaalteljel on kuupédevad (alates tlekoormuse paigaldamise I8pust), vertikaalteljel absoluutkdrgused.

Figure 6. Subsidence rates for the Section 1 pavement benchmarks since 15.10.2015 up to 27.09.2016. Vertical axis
denotes the absolute heights, the horizontal axis refers to the calendar dates.
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Joonis 7. Vajumite graafik 2. sektsiooni adrereeperite asukohtades alates 15.10.2015 kuni 27.09.2016. Horisontaalteljel
on kuupdevad (alates tlekoormuse paigaldamise 18pust), vertikaalteljel absoluutk&rgused.

Figure 7. Subsidence rates for the Section 2 side benchmarks since 15.10.2015 up to 27.09.2016. Vertical axis denotes
the absolute heights, the horizontal axis refers to the calendar dates.
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Joonis 8. Teekatendi vajumite graafik 2. sektsiooni katendireeperi asukohtades alates 15.10.2015 kuni 27.09.2016.
Horisontaalteljel on kuupédevad, vertikaalteljel absoluutkérgused.

Figure 8. Subsidence rates for the Section 2 pavement benchmarks since 15.10.2015 up to 27.09.2016. Vertical axis
denotes the absolute heights, the horizontal axis refers to the calendar dates.
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Joonis 9. Turbakihi vajumite graafik 3. sektsiooni turbareeperite asukohtades alates 15.10.2015 kuni 27.09.2016.
Horisontaalteljel on kuupdevad, vertikaalteljel absoluutkérgused.

Figure 9. Subsidence rates for the Section 3 peat rods since 15.10.2015 up to 27.09.2016. Vertical axis denotes the
absolute heights, the horizontal axis refers to the calendar dates.
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Joonis 10. Teekatendi vajumite graafik 3. sektsiooni katendireeperi asukohtades alates 15.10.2015 kuni 29.03.2016.
Horisontaalteljel on kuupédevad, vertikaalteljel absoluutkérgused.

Figure 10. Subsidence rates for the Section 3 pavement benchmarks since 15.10.2015 up to 29.03.2016. Vertical axis
denotes the absolute heights, the horizontal axis refers to the calendar dates.
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Joonis 11. Turbakihi vajumite graafik 4. sektsiooni turbareeperi asukohtades alates 15.10.2015 kuni 27.09.2016.
Horisontaalteljel on kuupdevad, vertikaalteljel absoluutkérgused.

Figure 11. Subsidence rates for the Section 4 peat rods since 15.10.2015 up to 27.09.2016. Vertical axis denotes the
absolute heights, the horizontal axis refers to the calendar dates.
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Joonis 12. Teekatendi vajumite graafik 4. sektsiooni katendireeperi asukohtades alates 15.10.2015 kuni 27.09.2016.
Horisontaalteljel on kuupdevad, vertikaalteljel absoluutkérgused.

Figure 12. Subsidence rates for the Section 4 pavement benchmarks since 15.10.2015 up to 27.09.2016. Vertical axis
denotes the absolute heights, the horizontal axis refers to the calendar dates.
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Joonis 13. Teekatendi vajumite graafik 5. sektsiooni turbareeperite asukohtades alates 15.10.2015 kuni 27.09.2016.
Horisontaalteljel on kuupdevad, vertikaalteljel absoluutkérgused.

Figure 13. Subsidence rates for the Section 5 peat rods since 15.10.2015 up to 27.09.2016. Vertical axis denotes the
absolute heights, the horizontal axis refers to the calendar dates.

76,25

76,15

76,05 -

75,95

75,85

75,75

75,65

75,55

75,45

Joonis 14. Teekatendi vajumite graafik 5. sektsiooni katendireeperite asukohtades alates 15.10.2015 kuni 27.09.2016.
Horisontaalteljel on kuupdevad, vertikaalteljel absoluutk6rgused. (K51 graafik on sarnaste kdrgusvéartuste tdttu
peitunud® K53 graafiku taha)

Figure 14. Subsidence rates for the Section 5 pavement benchmarks since 15.10.2015 up to 27.09.2016. Vertical axis
denotes the absolute heights, the horizontal axis refers to the calendar dates.

Kuna osa katendireepritest oli asetatud turbareeperi tipu vahetusse lahedusse (kaugusele 1 m, vt ka
joonised 1 kuni 4), siis voimaldab see uurida antud reeperipaari asukohas teemulde tihenemist
ulekoormuse mdjul. Tihenemine toimub juhul, kui reeperipaari katendireeper vajub rohkem kui
turbareeperist paariline. Joonistel 15 kuni 19 on toodud reeperipaaride vajumite erinevused
sektsiooniti, vt. ka k&esoleva aruande elektroonilises liideses toodud arvvéértuseid. Joonistel toodud
positiivsed vaartused valjendavad teemulde tihenemist, mis Glekoormuse mdjul (alates kevadest on
olnud stabiilsed) ning ei Uleta 1 cm. Esineb teatud varieerumist, tulenevalt sektsioonides mulde
rajamise tehnoloogiast, vt arutelu allpool.
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Joonis 15. Teemulde tihenemise graafik 1. sektsiooni reeperipaaride asukohtades alates 13.10.2015 kuni 27.09.2016.
Graafikute teravad sakid on tdené&oliselt pdhjustatud juhuslikest md6tmisvigadest. Horisontaalteljel on kuupdevad
(alates sektsiooni katendireeperite paigaldamisest), vertikaalteljel tihenemisvaartused meetrites.

Figure 15. Estimates of the road embankment compaction at the location of paired benchmarks in section 1 from
13.10.2015 up to 27.09.2016. Occurrence of sharp peaks may denote random errors. Vertical axis denotes the
compaction estimates, the horizontal axis refers to the calendar dates. Unit is meter.
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Joonis 16. Teemulde tihenemise graafik 2. sektsiooni reeperipaari asukohtades alates 13.10.2015 kuni 27.09.2016.
Graafikute teravad sakid on tdenédoliselt pdhjustatud juhuslikest md6tmisvigadest. Horisontaalteljel on kuupaevad
(alates sektsiooni katendireeperite paigaldamisest), vertikaalteljel tihenemisvaartused meetrites.

Figure 16. Estimates of the road embankment compaction at the location of paired benchmarks in section 2 from
13.10.2015 up to 27.09.2016. Occurrence of sharp peaks may denote random errors. Vertical axis denotes the
compaction estimates, the horizontal axis refers to the calendar dates. Unit is meter.
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Joonis 19. Teemulde tihenemise graafik 3. sektsiooni reeperipaaride asukohtades alates 05.10.2015 kuni 27.09.2016.
Horisontaalteljel on kuupdevad (alates sektsiooni katendireeperite paigaldamisest), vertikaalteljel tihenemisvaartused
meetrites.

Figure 19. Estimates of the road embankment compaction at the location of paired benchmarks in section 3 from
05.10.2015 up to 27.09.2016. Vertical axis denotes the compaction estimates, the horizontal axis refers to the calendar
dates. Unit is meter.
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Joonis 20. Teemulde tihenemise graafik 4. sektsiooni reeperipaaride asukohtades 2015.a. alates 05.10.2015 kuni
27.09.2016. Graafikute teravad sakid on tdendoliselt pdhjustatud juhuslikest mé6tmisvigadest. Horisontaalteljel on
kuupdevad (alates sektsiooni katendireeperite paigaldamisest), vertikaalteljel tihenemisvadrtused meetrites.

Figure 20. Estimates of the road embankment compaction at the location of paired benchmarks in section 4 from
05.10.2015 up to 27.09.2016. Occurrence of sharp peaks may denote random errors. Vertical axis denotes the
compaction estimates, the horizontal axis refers to the calendar dates. Unit is meter.
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Joonis 21. Teemulde tihenemise graafik 5. sektsiooni reeperipaaride asukohtades alates 02.10.2015 kuni 27.09.2016.
Graafikute teravad sakid on tdené&oliselt pdhjustatud juhuslikest md6tmisvigadest. Horisontaalteljel on kuupdevad
(alates sektsiooni katendireeperite paigaldamisest), vertikaalteljel tihenemisvaartused meetrites.

Figure 21. Estimates of the road embankment compaction at the location of paired benchmarks in section 5 from
02.10.2015 up to 27.09.2016. Occurrence of sharp peaks may denote random errors. Vertical axis denotes the
compaction estimates, the horizontal axis refers to the calendar dates. Unit is meter.

Marka, et eelnevate jooniste piigid ja negatiivsed arvvéartused vdivad olla tingitud nivelleerimise
juhuslikest vigadest. M®o6dtmiste tihedus ja aegridade pikkus on siiski piisavad teemulde
tihenemisvadrtuste madranguks. Tuleb markida, et aruandlusperioodil mulde olulist tihenemist ei
taheldatud. Seni on tihenemine sektsioonides 1 kuni 10 mm piires ja stabiliseerumas. Suurim on see
4. sektsioonis, mida ilmselt saab selgitada muldematerjaliks oleva kergkruusa tihenemisega
ulekoormuse esimestel kuudel, vt joonis 20. Samas 5. sektsiooni (EPS) reeperipaaride
mdotmistulemused teekatte edasist tihendamist ei naita. Arvatavalt on see tingitud asjaolust, et 5.
sektsiooni muldest moodustab pdhiosa EPS materjal. Seda kinnitab 5. sektsiooni tsentraalse
turbareeperi R55 lahikonda (ca 30 cm kaugusele) paigaldatud lisareeper R60, mille alus toetub EPS
pealispinnale. Selle reeperipaari k&rguste omavaheline vordlemine vdimaldab tuvastada EPS
materjali kokkusurumist, vt joonis 20. Nahtub, et teemulde pealmise kihi ja Glekoormuse lisamine
on senini pohjustanud EPS materjali kokkusurumise ca 7...8 mm vdrra, seda vaid mulde
ehitusperioodil. Ulekoormuse lisamine aga EPS edasist olulist kokkupressimist ei naita.
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Joonis 20. EPS materjali tihenemise graafik 5. sektsiooni keskkohas alates 28.09.2015 kuni 27.09.2016.
Miinusvéértusega ,,vonge* voib olla pdhjustatud ehitustehnika riivest katendieelse ehituse I6ppfaasis. Horisontaalteljel
on kuupdevad ( EPS-pealse reeperi paigaldamisest), vertikaalteljel tihenemisvéartused meetrites.

Fig. 20. Estimates of the EPS-material compaction at the location of the centrally paired benchmarks in section 5 from
28.09.2015 up to 27.09.2016. Vertical axis denotes the compaction estimates, the horizontal axis refers to the calendar
dates. Units in meters.
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Joonis 21 kujutab labi absoluutkGrguste vajumeid katseldigu pikiteljel katendireeperite asukohtades.
IImneb, et suurimate vajumitega sektsioonide 4 ja 5 keskosas on ulekoormuse pealispind
praeguseks (27.09.2016) pea samal nivoopinnal projektse “punase joonega” (vélja ehitatud
02.10.2015).
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Joonis 21. Absoluutkdrgused katselBigu pikiteljel katendireeperite asukohtades 27.09.2016 seisuga. Horisontaalteljel on
kaugused 1. sektsiooni Tartu poolsest otsast (piketaazivdédrtus 639+80.4, joonise parempoolsele servale vastab
piketaazivaartus 638+30.4)

Alljargnevatel joonistel 22 kuni 25 on kujutatud vajumeid sektsioonide keskel ristprofiilidena turba-
ja katendireeperite asukohtades. Jooniste parem pool kujutab olemasoleva Tallinn- Tartu maantee
poolsete reeperite (vt. ka reeperite plaanilisi asukohti joonisel 1). Nahtub, et reeglina on teemulde
pdhjapoolsem serv rohkem vajunud kui soopoolne serv. Selle vbib tingida asjaolu, et
ehitusperioodil liikus kogu ehitustehnika teisele (soopoolsele) poolele rajatud ajutisel teel, seega
tihendades toona rohkem antud teepoole alust pinnast. Samas vdib see olla tingitud turbakihi
paksuse varieerumisest, mille vaartuste kohta aruande koostajal andmed paraku puuduvad.

0 : : :
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0,15
—3é=27.09.2016
e \
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Joonis 22. 1. sektsiooni keskpaiga (piketaazivaartus 639+65.4) vajumid ristprofiilina turbareeperite asukohtades
09.10.2015 (ulekoormuse paigaldamise algus antud sektsioonis) mddtmiste suhtes. Joonise paremal poolel on
olemasoleva Tallinn-Tartu maantee poolne reeper R1v. Uhik on m.
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Sektsioonis 3. on paigaldatud ka ndlvareeperid (vt. joonis 1), st et seal on tlekoormuse kiht vaiksem
kui teekatendi kohal. Jooniselt 23 nahtub, et tulemusena on ndlvareeperite asukohtades kohati
vajumid vdiksemad. Tee keskosa esialgselt vaiksem vajumvéartus voib olla tingitud asjaolust, et
ulekoormuse kiht on seal dhem (ca 1/3 vdrra) kui teeservades (teekatendi pdikkalde, ca 4 cm 1 m
kohta, tottu), lisaks kulges vahetult selle kdrval ehitusaegne ajutine tee.
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Joonis 23. 3. sektsiooni keskpaiga (piketaazivaartus 639+05.4) vajumid ristprofiilina turbareeperite asukohtades
07.10.2015 (ulekoormuse paigaldamise algus antud sektsioonis) mda6tmiste suhtes. Joonise paremal poolel on
olemasoleva maantee poolne ndlvareeper R307. Vertikaaljooned tihistavad ndlva llemiste servade asukohti. Uhik on
m.
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Joonis 24. 4. sektsiooni keskpaiga (piketaazivaartus 638+75.4) vajumid ristprofiilina turbareeperite asukohtades
05.10.2015 (ulekoormuse paigaldamise algus antud sektsioonis) mddtmiste suhtes. Joonise paremal poolel on
olemasoleva maantee poolne reeper R47. Uhik on meeter.

Et 5. sektsioon ehitati viimasena, siis katend vajus tuntavalt ka veel enne tilekoormuse paigaldamist.
Realistliku pildi vajumite dinaamikast annab joonis 25, mis kujutab 5.sektsiooni vajumeid
02.10.2015 kuupdeva (katendi paigaldamine) suhtes.
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Joonis 25. 5. sektsiooni keskpaiga (piketaazivaartus 638+45.4) vajumid ristprofiilina turbareeperite asukohtades
02.10.2015 (katendi paigaldamine, 3 péeva enne tlekoormuse paigaldamise algust antud sektsioonis) mddtmiste suhtes.
Joonise paremal poolel on olemasoleva maantee poolne reeper R53. Uhik on meeter.

Reeperite punktandmed annavad siiski vaid osalise pildi vajumistest. Nimelt visuaalsel vaatlusel
tuvastati 27.09.2016 nii 4. ja 5 sektsiooni keskel Glekoormuse pealispinnas suur lohk, kuhu sadevesi
koguneb (sammalgi kohati kasvama hakanud), vt Lisa 1. Kuna sektsiooni &dred néikse olevat
kdrgemad, siis vesi jaab sinna lohku I6ksu. Maletamist mddda siluti tlekatte pealispind 2015 a
stigisel tisna tasaseks, aga ilmselt vahepealsed ebatihtlased vajumised on oma t606 teinud.

Seega oleks teedeformatsioonide ulatuse ning jaotise tapsustamiseks jargnevalt tarvis ikkagi Uritada
puhastatud teekatendit 3D laserskaneerida.

4. Veetaseme vaatlused ja tulemuste seos turbaplaatide
vertikaalliikkumistega

Veetaseme mddtmiseks oli 15.10.2015-ks paigaldatud teine-teisele poole teemullet (ndlva alumisest
servast ca 1,5 m kaugusele) 3. sektsiooni keskpaika veetaseme vaatlustorud. Veevaatlustoru servale
madrati nivelleerimisega igakordselt kdrgusvaartus. Veetaseme kdrgusvaartuse teadasaamiseks
lahutati toruservast mdddulatiga voi -lindiga méddetud vertikaalne vahemaa veetasemeni.

Veetaseme vadrtused on esitatud joonisel 26, mille koostamise aluseks on kaesoleva aruande
elektrooniline liides.
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Joonis 26. Veetasemed (absoluutkdrgustena) teemulde pbhja- ja I6unakiiljel alates 15.10.2015 kuni 27.09.2016.

Figure 26. Off-embankment water levels (absolute heights with respect to the sea level) from 15.10.2015 up to
27.09.2016.

IImneb, et teemulde pdhjakiljel (Tallinn-Tartu mnt. poolses servas) on veetase endiselt igas
mdotetsiiklis ca 2...4 cm kdrgem kui teemulde (soopoolsel) I6unakiiljel. Uhtlasi on ilmnenud
veetaseme muutuste seos teemulde kdrvale paigaldatud turbaplaatide vertikaalliikumistega.

Nimelt 2015/2016 talveperioodil labiviidud mddtmiste pdhjal tuvastati turbaplaatide
vertikaalliikumised (domineeriva Ules-suunaga). Toona jai ebaselgeks, kas tOusuvéaértused on
tingitud maapinna kilmumisest voi teemulde vajumissurve tottu kdrvalpinnase ulestdukumisest.
Kéesoleval aruandlusperioodil nivelleerimistulemustest tuletatud turbaplaatide vertikaalliikumiste
vOrdlus vdimaldas tuvastada seost veetaseme muuduga. Joonistel 27 ja 28 on toodud pGhja- ja
I[dunapoolsete turbaplaatide (vastavalt NO1...N10 kuni SO1...S10) korgusvadrtuste muudud algse
ajapunkti (15.10.2015) suhtes. Lisaks on jameda sinise joonega joonisele kantud koefitsiendiga 0.3
labi korrutatud veetaseme muut sama (15.10.2015) kuupéeva suhtes. Koefitsient 0.3 on leitud
visuaal-empiiriliselt. Alternatiivseks vdimaluseks oleks olnud leida korrelatsioon iga individuaalse
turbaplaadi vertikaalliikumise ja veetaseme muudu osas ning hiljem saadud tulemused keskmistada.
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Joonis 27. Teemulde pdhjakulje turbaplaatide kdrguste muutuste graafik ajavahemikus 15.10.2015 kuni 27.09.2016.
Jdmeda sinise joonega on tahistatud koefitsiendiga 0.3 labi korrutatud veetaseme muut samal ajaperioodil. Uhikud
meetrites.

Figure 27. Height changes of the peat plates in the northern side of the road embankment from 15.10.2015 to
27.09.2016. The bold blue line visualizes the waterlevel changes (multiplied by an empirical coefficient 0.3) during the
same time- period. Units in meters.
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Joonis 28. Teemulde I6unakulje turbaplaatide korguste muutuste graafik vahemikus 15.10.2015 kuni 27.09.2016.
Jdmeda sinise joonega on téhistatud koefitsiendiga 0.3 I&bi korrutatud veetaseme muut samal ajaperioodil. Uhikud
meetrites.

Figure 28. Height changes of the peat plates in the southern side of the road embankment from 15.10.2015 to
27.09.2016. The bold blue line visualizes the waterlevel changes (multiplied by an empirical coefficient 0.3) during the
same time- period. Units in meters.

Seega voiks arvata, et teemulde ndlva alumisest servast ca 1 m kaugusel olev turbapinnas ei ole
oluliselt m@justatud teemulde aluse maapinna ,,vajumislehtrist. Samas veetaseme hooajalistest
muutustest hoolimata on visuaalselt tuvastav Gldine (praegusesk mdne sentimeetrini ulatuv) ajaline
langustrend.

Tuleb nimetada, et mdned turbaplaadid olid jaékattest ning kiilmakerkest tingituna mdnevorra kaldu
vajunud (S08 ja S09), méned plaadid olid ka purunenud (NO2, NO05, NO06). Seet6ttu selliste
turbaplaatide kdrgusmadrangu tépsus on ca 5...7 mm.

5. 0-sektsiooni (massivahetus) deformatsioonid

Massivahetusega (ning ilma tlekoormuseta) 0-sektsioonis nivelleeriti ka ainukese katendireeperi
ning nelja nblvaplaadi k&rgused. Ilmneb, et kilmade perioodil olid ndlvareeperid mdjustatud
kilmakerkest, kuid vaatlusperioodi [6puks on ndlvareeperid (sarnaselt 0-sektsiooni
tsentraalreeperile K0) vaid pisut 2015 aasta siigisega vOrreldes vajunud. Tulemused on toodud
joonisel 29.
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Joonis 29. 0O-sektsiooni reeperite vajumid alates 15.10.2015 kuni 27.09.2016. Horisontaalteljel on Kkuupé&evad,
vertikaalteljel vajumivaértused.
Figure 29. Subsidence of the 0-th section benchmarks since 15.10.2015 up to 27.09.2016. Unit is meter.

Et vaatlusalused reeperid on vertikaalsuunaliselt liikunud véhe ja enam-vdhem Uhtlaselt, siis
ndlvade ,,libisemist* kdesoleval vaatlusperioodil ei taheldatud.

Aruandlusperioodil tehtud vahemaade mddétmiste (vt. joonis 30) tulemusena on ndlvaplaatide
kaugused tsentraalreeperi (KO) suhtes ja&nud praktiliselt samaks (mdotmistapsuse piirides)
algkaugustega (15.10.2015).

Joonis 30. 0-sektsiooni ndlvareeperite kaldkauguste (tahistatud siniste nooltega) mé6tmine katendireeperi suhtes.
Figure 30. Distance measurements in between the central bechmark and the slope plates in the 0-section

Lisaks varasemalt tuvastatud pragudele mitmeruutmeetrise ala vertikaalsuunalist (ca 3-4 cm)
vajumisele 0-sektsioonis, vt joonis 31 ning Ellmann (2016) aruannet, aruandlusperioodil uusi
pragusi teekatendis ei tuvastatud.
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Joonis 31. 0-sektsiooni pragude (t&histatud rohelisega) asukohad 29.12.2015 ja 27.09.2016 seisuga.

Figure 31. Location of cracks (denoted in green) in the 0- section by 29.12.2015 and 27.09.2016.

6. Uleantavad materijalid

Tellijale edastatakse:

e To0de teostamise aruanne, mis sisaldab t6dde teostamise kirjeldust ja saavutatud tulemusi
e elektrooniline liides Koormusjargsed vajumid 27092016.xlIsx

M6ddistuste toorandmed (nivelleerimise andmefailid) sailitatakse siistematiseerituna TTU
teedeinstituudi geodeesia dppetooli arvutites, osapooltel véimaldatakse nendele ligipaas.

25



Lisa 1. Fotod 4. ja 5. sektsiooni pealispinnast

Visuaalsel vaatlusel tuvastati 27.09.2016 nii 4. ja 5 sektsiooni keskel suur lohk, kuhu sadevesi koguneb (sammalgi kohati kasvama hakanud).

Foto. 1. 5. sektsiooni keskosa, vaade Tartu suunale. Taken in the middle of Section 5 (view towards Tartu)
26



Foto. 2. 4. sektsiooni keskosa, vaade Tartu suunale. Taken in the middle of Section 5 (view towards Tartu)
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Foto 3. Eelnimetatud kohtade niiskuse t6ttu sambla tekkimine. Formation of moss (due to moisture) in the middle of Sections 4 and 5




Kédesolevas aruandes on kakskimmend iiheksa (29) jarjestikku
nummerdatud lehekiilge.

06.10.2016
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Abstract. Various road embankment reinforcements on over a 2 to 4 meter thick peat deposit have been constructed in
summer to autumn 2015 in the area of Kose-Vddbu in the northern part of Estonia. The test sections consist of five
different reinforced road embankments: one layer of georeinforcement, two layers of georeinforcements, geocell mat-
tress, light weight aggregate (LWA) and expanded polystyrene (EPS) light weight embankment structures with geore-
inforcement. An additional test section is a mass replacement. To accelerate the consolidation of the peat, reinforced
test sections are loaded with surcharge. This paper presents information about peat field and laboratory tests, geodetic
monitoring, settlement predictions and preliminary evaluation of the structures. The settlements of each test section
are precisely measured with settlement plates installed over the peat layer, over e.g. EPS and LWA layers and surface
dressing (bituminous layer). In addition, the surface treatment layer has been mapped by high-resolution laser scan-
ning, also after surcharge removal the scanning will be conducted to obtain settlement profile due the surcharge. The
intent of this test construction is to validate technical and economic feasibility of different reinforcement methods over

designed road alignment (road E263).

Keywords: peat, reinforcement, light weight material, instrumentation, settlement, road construction.

Conference topic: Case histories.

Introduction

Various road embankment reinforcements on top of a 2
to 4 meter thick peat deposit have been constructed in
summer and autumn 2015 in the area of Kose-Vddbu in
Estonia. The test sections consist of six different road
embankments.

The layout of test structures and longitudinal pro-
file are presented in Figures 1-3. The test sections are
numbered as follows: 0. mass replacement, 1. one-layer
and, 2. two-layers of georeinforcement, 3. geocell mat-
tress, 4. light weight aggregate and 5. EPS light weight
embankment. The total length of test sections is =200 m
and the length of each section is =30 m (6 sections). The
width of the embankment is =30 m from toe to toe.

Site description and geology

The test site is located in Jarvamaa, Paide Region along-
side the road number E263 Tallinn—Tartu—Vdru—
Luhamaa road at km posts 67.076—67.256 (=67 km from
Tallinn). The test area is a part of Kdrvemaa swamp
area. Based on the soundings and ground penetrating
radar (GPR) results the thickness of the peat layer is
approx. 1.8-3.4 m at the test area. The variation of the
peat layer under the test sections are presented in Fig-
ures 1 and 2. The ground surface heights vary from
+74.2 to +74.3 m above sea level. Between the section 5

and 0 there is a shallow ditch where the ground level is
lower. Underlying the peat layer is clayey silt, fine sand
and sand with gravel (moraine). The ground water lev-
els vary from +74.1 to +74.3 beside test section 3.

Average water content [%]
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Fig. 1. Three peat layers and natural water content of peat in
the test sections 1 to 5

Most of the soundings and samples were taken in
June 2015 but some soundings are older. In total 13
boreholes and 6 vane shear test were carried out and

© 2016 The Authors. Published by VGTU Press. This is an open-access article distributed under the terms of the Creative Com-
mons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
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~130 disturbed and some undisturbed samples were
collected.

According to soundings and samples there are
three different layers of peat (Fig. 1). The presented
shear strength are unreduced and from initial conditions.

—z = 0-0.5 m: low degree of decomposition, con-
tains roots, branches and stumps.
—-7z=0.5-1.5m: medium to high degree of de-
composition, w = 400-600%, t = 9 kPa.
-z=1.5-3.5m: medium degree of decom-
position, w = 700-900%, T ~ 4 kPa.
Comprehensive oedometer compression tests were
conducted on test section 4 borehole (Table 1). Tests
were carried out according to standard CEN ISO/TS
17892-5.

Construction

Construction of the test structures took place from the
June 2015 to the middle of October 2015 starting from
the section 1 and ending with the construction of the
surcharge. The contractor was Lemminkdinen Eesti AS.
The structures and construction are presented more
comprehensive in the article and report of Forsman
etal (2016, 2015a, 2015b). Surcharge is estimated to
remain in place until autumn 2016. The construction is
presented in the time lapse video in the following link:
https://onedrive.live.com/redir?resid=30E9DBABB750
EB6F!183&authkey=!AJ7ke3VSUyp9s58&ithint=folde
r%2cdocx

Test structures

Section 1 consisted of one layer reinforcement (woven
polyester, strength 600/50 — warp/weft) on top of peat.
Section 2 consisted of 2-layer reinforcements. Bottom
geotextile on top of the peat was 400/50 and the upper
geotextile inside the embankment was 200/50. Vertical
distance between the reinforcements was 0.5-0.8 m.
Section 3 consisted of 1 m high geocell mattress. Before
installing the geocell mattress a nonwoven geotextile
and geogrid (40/40) were placed on top of the topsoil.
Geocell was filled with #0/64 mm limestone aggregate.
Section 4 consisted of light weight aggregate (LWA
#10/20 mm, leca) layer. Before installing the LWA a
woven reinforcement 400/50 was installed on top of
topsoil. At the edges of the embankment 1 m thick ag-
gregate barrier was build. LWA layer 1 to 1.5 m was
installed between the barriers (1 m layer in the edges).
Section 5 consisted of EPS-block layer. Before installa-
tion of the EPS-blocks the peat layer was preloaded 14
days with 0.5 m thick sand embankment over a woven
reinforcement 400/50 on top of topsoil. After preloading
the surface was levelled and the EPS-blocks were in-
stalled on the sand surface.

To accelerate the consolidation of the peat layer
the test sections were loaded with surcharge (pre and
over loading embankments).

Instrumentation

Altogether 98 measurement points for settlement meas-
urements were installed (locations are presented in the
Fig. 3). Of this figure:
—36 settlement plates were placed on top of the
geotextile-covered peat layer (“R” plates).
—6 settlement plates on top of the upper layer of
geotextile in section 2 (=1 m above the peat).
—1 settlement plate on top of the EPS layers, in

the centre of Section 5.

—30+1 settlement plates on top of the uppermost

(paved) road layer (“K” plates).

—20 ceramic plates on top of the peat layer (1 m
off from the lower edge of the road slope).
—4 wooden plates on the Section 0 slopes.

The geometric levelling was conducted with pre-
cise digital instrument DiNi-03 and barcoded levelling
staffs (Ellman 2015). The surface of the embankment
has been measured by RPAS in several phases (Remote-
ly Piloted Aircraft System, see Julge (2015)).

Settlement results (until 03/2016)

In the Figure 4 presented settlement points are located
in the test section center alignment. The Figure also
presents total load magnitude in each settlement point.
The load does not take into account the effect of buoy-
ancy when the embankment has settled below ground
water. In the settlement calculations the buoyance has
been taken into account. The loading magnitude is an
approximation based on construction site realised and
designed embankment height.

In case the properties of the peat layer are homog-
enous, the width of the embankments is the same and
the ratio (embankment width) / (peat layer thickness) is
big forming “an oedometer loading”, the settlement of
peat layer under the centre line of the embankment is
only dependent on the embankment load and the thick-
ness of the peat layer.

The latest settlement results are from March 2016.
Under the sections 1 /2 /3 /4 /5 the measured settle-
ments of peat layer are 990 / 950 / 1720 / 1570 / 1140
mm and relative compressions of the peat layer 50 / 40 /
58 /49 / 37%. The settlement results are also presented
in Table 2 and in Figure 2. Those settlement results can
be adjusted to the same “ficticious™ peat thickness by
“peat thickness factor” (PTF) in Eq. (1):

_ peat thickness of section n

peat thickness of section 5 M

That calculated PTF is 1.73 / 1.44 / 1.10 / 1.05 /

1.00 in sections 1 to 5. That way adjusted “ficticious”
settlements are 1708 / 1366 / 1884 / 1641 / 1140 mm.
The loading is clearly higher in the sections 1 to 3 than
in sections 4 to 5 put the adjusted settlement is quite
same. On the basis of that result it seems that the prop-
erties of the peat layer are not fully homogeneous but
the peat seems to be softer under the sections 3—5 than
under the sections 1-2. This is in line with the water-

303



Forsman, J.; Dettenborn, T.; Skepast, P.; Mets, M.; Olep, M.; Ellmann, A.; Vallas, I.; Tonts, T.; Kontson, K. 2016.
Road embankment test sections over soft peat layer, Voobu, Estonia

content profile presented in Figure 1 where the most
water layer 3 is much thinner in sections 1-2 than in
sections 3-5.

On the basis of the measured settlements the set-
tlement “profile” of the embankment cross-section has
been formed during embankment construction phase
before surcharge loading. The surface settlement plates

in the edges of the road embankment have only small
difference in settlements compared to centre alignment
settlements. It seems that the edges of the embankment
are settling more than the centre line. So the surface
drainage to the edges of the road is possible to work in
future.

Table 1. Oedometer compression test results for the peat samples from borehole no. 13

Depth wi |w| P | Cc C&(U oy ¥ ™ k= ® my ¥ ) e®

] | 126l |[%]| '] [ [ [’ /a] [ %s] [MPa™] [
0.85-0.95 910| 496| 0.10| 6.65] -/031/047/016 | -/262/106/- | -/250/56/-|-/30/16/-]| 152/86/7.1/6.7
1.35-1.45 1043| 423 0.09| 7.50| -/0.39/0.38/0.11 -/254/94/- -/92/137/-]-/11/46/-| 172/88/75/638
215225 800| 437 0.11| 5.70] -/0.32/038/0.12 -/60/11.0/- -/54/30/- |-/28/09/-]128/74/64/57
2.75- 285 630| 344| 0.14| 4.57| -/0.32/031/0.37 -/28.6/26/- |-/136/69/-]-/15/08/-| 102/66/59/52

Notes: (1) Loading and loading steps were ¢ = 10 (1 h); 25 (22 h); 50 (24 h); 75 (24 h); 100 kPa (24 h),

* Calculated o = 25-50 kPa and ¢ = 50-75 kPa.
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Fig. 2. Longitudinal profile of test sections 0—5 (March 2016 situation). The thin “red line” is the designed level of
the road surface. The top and bottom level of embankment is presented with thick dashed red and black lines. The location of
the mass replacement (MPR), EPS, LWA and Geocell are hatched to the profile. The original thicknesses of the peat before
construction are: Section 1 — peat thickness 1.9-2.3 m, Section 2 1.9 — 2.4 m, Section 3 — 3.0-3.2 m, Section 4 — 3.2-3.6 m and
Section 5 —3.4-3.5 m

«North ® Peat rod

® Pavement benchmark

S

T

& Peat plate O

Fig. 3. Location of the levelling benchmarks: 0. mass replacement: 1 — one layer and 2 —two layers of georeinforcement,
3 — geocell mattress, 4 — light weight aggregate and 5 — EPS light weight embankment structure (Ellmann 2015)
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Table 2. Construction periods, loadings and settlements of the test sections 1 to 5 until March 2016. The load presented in the
Table does not take into account the effect of buoyancy when the embankment has settled below ground water

Section | Construction time Load and measured set- Load with surcharge and Relative Settlement differ-
to “red line” level tlemet before surcharge measured settlement until | compression | ence between the
and to surcharce construction 10/2015 03/2016 of peat layer centre alignment
level until 03/16 and the edges
1 11/81 days ~50 kN/m?/0.77 m ~90 kN/m?/ 0.89-0.99 m ~50% 20-50 mm
2 17/76 days ~50 kN/m?/0.71 m ~86 kN/m?/ 0.95 m ~40% ~40 mm
3 16/63 days ~50 kN/m?/ 1.44 m ~75 kN/m?/ 1.72 m ~58% ~30-60 mm
4 5/52 days ~45 kN/m?/1.06-123 m | ~62 kN/m?/1.41-1.57 m ~49% ~10-40 mm
5 37/42 days ~35kN/m?/0.75-0.90 m | ~45 kN/m?/1.14-1.29 m ~37% ~0—40 mm
26.5.2015 15.7.2015 3.9.2015 23.10.2015 12.12.2015 31.1.2016 21.3.2016
V0 [ Load, Sec 1
=== =Load, Sec 2
100 annnnnnnmnmnnnnnnnnnnnn—nnnnnnnnnnn ------- Load, Sec 3
Load, Sec 4
a0 ' Load, Sec 5
? I :
i e — !
; [14] i I -
3 :..|. ........... PETTTTTPP PP
s i 1
E [} .
a0 o 1
] !
i :
] :
20 : ..... |
i
HI
Hl
3
0 ]
T &t Nl e [eeeee R1
o 4 b N TR R s | seseses K12
0,40 ———— R24
=-==a=K25
0680
= « =R305
_. 0.80
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§ 1.00
g R45
E=
% 120 . K42
S
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Fig. 4. Sections 1 to 5. Measured settlements of the peat and pavement benchmarks at the centre line (after Ellmann 2016). Meas-
urements are until March 2016. The load presented in the upper Figure does not take into account the effect of buoyancy when the
embankment has settled below ground water. Settlement plates R1 and K12 are at section 1, plates R24 and K25 are at section 2,
plates R305 and K32 are from section 3, plates R45 and K42 are from section 4 and plates R55 and K55 are from section 5. “R”

means that the plate is on the surface of the peat and “K” that the plate is on the level of red line
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Settlement estimations

Preliminary settlement calculations were made using
Novapoint GeoCalc 3.1-program (2013) with “Variable
permeability” method and “Compressibility index (Cc).
Ground water level was assumed to be at depth 0.3 m.
below ground surface.

Three peat layers were used for settlement calcula-
tions. The calculation has been made with adjusted pa-
rameters (Fig. 5) which are originally based on the la-
boratory test results. The parameters are adjusted ac-
cording to measured settlements of test section 4. The
test section 4 was chosen for parameter adjustments
because of the laboratory tests are conduct with soil
samples from the borehole 13 (which is located at the
area of section 4). Due to the consolidation of the peat

layer the road and surcharge embankment has settled
near to the road alignment (“red line”). The difference
between the top of surcharge load embankment and road
alignment at 29.3.2016 is about 60 mm.

The settlement estimations are presented in Fig-
ure 5. According to calculations the settlement of sec-
tion 4 after the surcharge removal is approximately
1530 mm. The settlement after 20 years is estimated to
be approximately 1590 mm. The calculation estimates
the settlements after removal of the surcharge loading to
be quite small (<100 mm).

Further analysis of the settlements and a compari-
son of the different test sections performance is planned
to be published during winter 2016 — summer 2017.

Time [d]
50 100 150 200 250 300 350 4
T Peat 1 2 3
+— Embankment ko 252 | 73 | 13
i [m/a] 6
T i«— Surcharge " (R44 5, | POP| NC | NC
= E + |R45 kZPO
c H [ a
g i 4 | R46 Cc 66 | 7 |45
1
% ! —<— Estimation E‘; ;‘r; 15 |11
L 1 .
& 'y T, 10.3
¢ [kN/m’]
L] .A“ A A a4 A&
"o s v e & i
Time [a]
0 5 10 15 2(
0 T
i
0.2 '
Foa ] i -
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]
£ 08 ]
2 i
£ 1 4
7] 4 H
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Fig. 5. Section 4. Measured (R44, R45, R46) and calculated settlements at period 0—1 year (upper Figure) and calculated
(estimated) settlement after removal of surcharge loading (time 20 years). Settlement calculation parameters for
Geocalc-program (Novapoint GeoCalc 2013) are presented on the right side. In the calculation the removing of

the surcharge embankment is 1 year after construction
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Conclusions

Analysis of measuring results and other observations
will provide valuable results which can be used in the
design of the road E263 (from Tallinn to Tartu) on its
new alignment at peat area at Voobu-Mio area. The
construction and field-monitoring of the test sections are
well documented and will aid further analysis of the test
section in future.

All of the test sections 0 to 5 have some technical
benefits and some technical or economical limitations.
Which method is most suitable in different construction
cases and place, must be considered case by case. All
the methods described can be applied to constructing
roads at peat areas.

The total settlement is important when considering
the realized height of the embankment and the load
affecting to peat layer, the amount of the aggregate
needed and the stability of the structure during construc-
tion and as final structure during usage.

Preliminary estimation based on the measuring re-
sults and calculations is that the settlements at the centre
line of the sections 1, 2, 3, 4 and 5 will be lower than
100 mm during 10 years after removing of surcharge
which is lower than required in the guidelines of Estoni-
an Road Administration.

For the effective drainage of the road surface it is
important that the inclination of the road surface is re-
maining and the cross section shape of the road em-
bankment and the surface is not flattening during usage.
Based on these measurement results on March 2016 the
final road cross-section profile will not settle unevenly.
On the basis of the measured settlements the settlement
“profile” of the embankment cross-section has been
formed during embankment construction phase before
surcharge loading. The surface settlement plates in the
edges of the road embankment have only small differ-
ence in settlements compared to centre alignment set-
tlements. It seems that the edges of the embankment are
settling more than the centre line. Therefore the surface
drainage to the edges of the road is possible to work in
future.

The true safety factor of the embankment is not
possible to estimate without new vane shear tests of peat
layer under the embankment. The strength of the peat is
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a “function” of the compression level and that “func-
tion” is not known with the peat of Voobu. Additional
vane soundings are designed to be done trough the em-
bankment during the autumn 2016.

The surcharge embankment is designed to be re-
moved during autumn 2016 and the settlement meas-
urements will be continuing.
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ABSTRACT

Various road embankment reinforcements on over of a 2 to 4 meter thick peat deposit have been
constructed in 2015 in the area of Kose-Vdobu in the northern part of Estonia. The test sections
consist of five different reinforced road embankments: one layer of georeinforcement, two layers
of georeinforcements, geocell mattress, light weight aggregate (LWA) and expanded polystyrene
(EPS) light-weight embankment structures with georeinforcement. An additional test section is a
traditional mass replacement. To accelerate the consolidation of the peat, reinforced test sections
are loaded with surcharge. This paper presents information about peat laboratory tests, construc-
tion and field monitoring. The settlements of each test section are precisely measured with settle-
ment plates installed over the peat layer, over e.g. EPS and LWA layers and surface dressing (bi-
tuminous layer). In addition, the surface treatment layer has been mapped by high-resolution laser
scanning, also after surcharge removal the scanning will be conducted to obtain settlement profile
due the surcharge. The intent of the research is to validate technical and economic feasibility of
different reinforcement methods over designed road alignment (road E263).

Keywords: test embankment, reinforcement, peat, instrumentation, light weight material

1 INTRODUCTION

Various road embankment reinforcements on
top of a 2 to 4 meter thick peat deposit have
been constructed in summer and autumn

2015 in the area of Kose-Vd6bu in Estonia @
(Fig. 1). The test sections consist of six dif- Pose
ferent road embankments. Test sections are
numbered as follows (Fig. 2):

Tallinn
@

Rakvere

Pérnu Viljandi Iaglu

mass replacement
one layer of georeinforcement ,

two layers of georeinforcements o ; \3\\\

geocell mattress v .
light weight aggregate and Valmers \kh P
EPS light-weight embankment.

orwbdPEO

Figure 1. Location of the VB6bu test area.
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Investigation, testing and monitoring

Some details of the project:

- total length of test sections: ~200 m

- number of test sections: 6 (sections 0 - 5)

- length of each section: 30 m

- width of embankment: 23 m (from toe to
toe) and

- 98 measurement points for determining
settlements.

To accelerate the consolidation of the peat
layer the test sections were loaded with sur-
charge (pre- and over-loading embankments).

2 SITE DESCRIPTION

2.1 Geology

The test site is located in Jarvamaa, Paide
Region alongside the Tallinn—Tartu—Véru—
Luhamaa road at km posts 67.076—67.256.
The test area is a part of Kérvemaa swamp
area. Based on the soundings and ground
penetrating radar (GPR) results the thickness
of the peat layer appeared to be 1.8-3.4 m at
the test area. The ground surface level varies
from +74.2 to +74.3. Between the section 5
and O there is a shallow ditch where the
ground level is lower. Underlying the peat
layer is clayey silt, fine sand and sand with
gravel (moraine).

2.2 Soundings and laboratory tests

The test area layout and the location of
sounding points are presented in Fig. 4. Most
of the soundings and samples were taken in
June 2015 but some soundings are older. In
total 13 boreholes and 6 vane shear test were
carried out and ~130 disturbed and some un-
disturbed samples were collected.

The thickness of the peat layer is approx. 1.8-
3.4 m. According to soundings and samplings
there are three different layers of peat (Fig 2).
The presented shear strength are unreduced
and from initial conditions.

- z=0-0.5 m: low degree of decomposition,
contains roots, branches and stumps

- z=0.5-1.5 m: medium to high degree of
decomposition, w~400-600 %, t~9 kPa

- z=1.5-3.5 m: medium degree of decom-
position, w~700-900 % t~4 kPa

NGM 2016 - Proceedings

Comprehensive oedometer compression tests
were conducted on samples from borehole
no. 13. Tests were carried out according to
standard CEN ISO/TS 17892-5.

The ground investigation results from bore-
hole no. 13 are presented in Fig. 2 and results
of oedometer tests in Table 1.

Table 1. Oedometer compression test results for
the peat samples from borehole no. 13. Used
loading steps were 6=10 (1 h); 25 (22 h); 50(24
h); 75 (24 h); 100 kPa (24 h).

Depth| o wl pg [C|C| e k * m* | e
[m] [[MPa]| [%] |[t/m’]| [-] | [-] [[m%/a]{Im™%/s]|[mPa™]| []
0 - - - - |152
085- 1005 | o | 010 66503 262 | 250 | 30 |86
0.95 |0.075 047| 10.64 | 56 16 |71
0.1 016 - - |67
0 - - - - (172
135- | 0. ) . : :
0.05 |, 12l 009 |750/039] 254 | 92 11 |88
145 |0.075 038 9.4 | 137 | 46 |75
0.1 0.11 6.8
0 - - - - |128
2.15-
5-1005 | ool 011 570032 60 | 54 28 |74
2.25 |0.075 038| 1.0 | 30 09 |64
0.1 012| - - |57
0 - - - - |102
2.75-
51005 | ool 014 l4s|0-32] 286 | 136 | 15 |66
2.85 |0.075 031 26 | 69 | 08 |59
0.1 037| - - - |52
* Calculated 0 =0.25-0.05 Mpa; o =0.05-0.075 MPa
(32]
2 GRAPH OF PEAT NATURAL WATER
Q.| CONTENT Wn (%)
= 1.7
74.00 = AL
O o 7
= 2.
73.00 -+
i Wn =400t600%
\| 5
- . :::::E—‘-'"--’ ''''' ]
]
A
72.00 e Wn=+700-800%
3.
CEE LD e 3T
71.00 —f T i
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Figure 2. Bore hole 13. Three peat layers and
natural water content of peat in two points.
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2.3 Ground penetrating radar (GPR)

Before construction works the thickness of
peat layer in test area was measured (June
2015) with ground penetrating radar (GPR).

The used GPR antennas were: 400 MHz and
100 MHz GSSI antennas and also 500 Hz
MALA antenna. The GPR-measurement re-
sults were calibrated with borehole data. The
average measured dielectric constant was
E=44 which indicates that peat has a high
water content. Because of the high water con-
tent only 100 MHz antenna data was used for
the thickness analysis.

3 CONSTRUCTION OF TEST SECTIONS

Construction of the test structures took place
from June to October 2015 starting from the
section 1 and ending with the construction of
the surcharge (surcharge is estimated to re-
main in place until autumn 2016).

The contractor was Lemmink&inen Eesti AS.
The construction is presented in the time
lapse construction video, presented in the
following link:
https://onedrive.live.com/redir?resid=30E9D
BABB750EB6F!183&authkey=!AJ7ke3VSU
yp9s58&ithint=folder%?2cdocx.

The longitudinal profile of test sections and
peat layer thickness is presented in Fig. 5.
The realized construction timetable for em-
bankment height and loading on the peat lay-
er is presented in Table 2.

This paper presents the designed heights of
the constructed embankments. The effect of
the settlements during construction and its
affect to embankment height and load magni-
tude of the peat layer will be analysed with
settlement follow-up measurements and re-
ported in later reports and articles during
2016-2017.

Figure 3. Test sections. 0. mass replacement, 1. one layer and 2. two layers of georeinforcements, 3. geo-
cell mattress, 4.light weight aggregate and 5. EPS light weight embankment structure. Tallinn is on the left.

Figure 4. Location of ground investigations points. Distance between posts 639+80 -637+83 is ~200 m.
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Figure 5. a) Longitudinal profile of test area. The red line is the designed level of the road surface. b)
soundings and georadar results from 3 lines (red dotted line is the interpreted bottom of the peat layer).
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Full scale reinforced road embankment test sections over soft peat layer in Estonia

3.1 Preparation works

The preparation works in the test area includ-
ing cutting the trees and milling the stumps,
sticks, small branches, grass etc. on top of
peat layer (Fig. 6). By milling, a uniform and
load-bearing working platform was created.

Typically, topsoil is removed before con-
struction. In this case, removal of the topsoil
would have exposed a very soft peat, which
would have been easily disturbed and the
construction site would had been hard or im-
possible to operate as a result.

p» ) A
e b5} s
1 1 W

- LA
;

Figure 6. Milling the topsoil (stumps, roots, small
sticks, grass etc.) for working platform.

3.2 Test section 0

Section 0 consisted of mass replacement. The
excavated peat was replaced with a sand and
gravel embankment. The top of embankment
(0.15 m) was constructed with crushed lime-
stone #2/64 mm and after that surfaced with a
layer of crushed limestone # 8/12 mm.

3.3 Test section 1 (Fig. 7, and 12)

The section 1 consisted of 1-layer reinforce-
ment (woven polyester strength 600/50 -
warp/weft) on top of peat. In the edges of the
embankment reinforcement was wrapped
around at least 5.7 m towards the centre line.
The designed height of final designed road
embankment was ~2.5 m (from red line to
initial peat surface). On top of the road em-
bankment the surcharge layer with thickness
of ~1.85 m was loaded. In total the designed
embankment height (including surcharge)
over the peat is ~4.35 m. However, due to the
settlements during construction works the
height of the constructed embankment is in
reality greater (=5 m).
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3.4 Test section 2 (Fig. 12)

The Section 2 consisted of 2-layer reinforce-
ments -bottom geotextile on top of the peat
was 400/50 and the upper geotextile inside
the embankment was 200/50. Vertical dis-
tance between the reinforcements was 0.5-0.8
m. In the edges of the embankment rein-
forcements were wrapped around at least 5.0
m towards centre line. The height of the final
designed road embankment was =2.5 m. In
total the designed embankment height (in-
cluding surcharge) over the peat is ~4.25 m
and in reality ~5 m.

3.5 Test section 3 (Fig. 7 and 12)

Section 3 consisted of geocell mattress. Be-
fore installing the geocell mattress a nonwo-
ven geotextile and geogrid (40/40) were
placed on top of the topsoil. The height of the
geocell was 1 m and it was filled with # 0/64
mm limestone aggregates. The filling was not
compacted inside the geocells. The height of
the final designed road embankment was
~2.5 m. On the top of the road embankment
was installed surcharge of ~1.25 m. In total
the designed embankment height (including
surcharge) over the peat is #3.75 m and in
reality ~5 m.

Table 2. Table presents time after beginning of
construction the section, loading magnitude of

the peat layer and designed heights of embank-
ment in each stage.

-é Load Height |Construction Type

S | [kN/m] [m] duration [d]

1 48 2.40 0-4 Embankment
1 51 2.55 11-13 Surface dres.
1 88 4.40 81-89 Surcharge

2 48 2.40 0-17 Embankment
2 51 2.55 26-28 Surface dres.
2 86 4.30 76-84 Surcharge

3 20 1.00 0-3 Geocell

3 51 2.55 15-16 Embankment
3 76 3.80 63-71 Surcharge

4 6 1.50 0-3 LWA

4 24 2.40 4-5 Embankment
4 36 2.99 52-60 Surcharge

5 10 0.50 0-2 Preload

5 16 1.95 17-30 EPS

5 34 2.85 37-42 Embankment
5 44 3.35 42-50 Surcharge
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3.6 Test section 4 (Fig. 8 and 12)

Section 4 consisted of light weight aggregate
(LWA #10/20 mm = “leca”) layer. Before
installing the LWA a geotextile reinforce-
ment 400/50 was installed on top of topsoil.
At the edges of the embankment a 1 m thick
aggregate barrier (Fig 12f) was built, and the
LWA layer 1 to 1.5 m was installed between
the barriers. At the edges the minimum
thickness of the LWA was 1.0 m. The final
height of the designed road embankment was
~2.5 m. On top of the embankment is the
surcharge of ~0.6 m. In total the designed
embankment height (including surcharge)
over the peat is =3.1 m.

3.7 Test section 5 (Fig. 9 and 12)

The section 5 consisted of EPS-block layer.
The EPS-blocks were connected to each oth-
er with PVC-pipes (=25 mm) and plastic
connectors at the surface of the EPS-layer.
The EPS-blocks were protected with 0.5 mm
thick linear low-density polyethylene-plastic
membrane (LLDPE). The EPS-layer was
covered with 0.9 m thick aggregate layer. To
obatin better bearing capacity for the final
road structure a geogrid (40/40) was installed
to the aggregate layer.

Section was constructed in following phases:

Road alignment (centre line)

embankment i i
il o T B R S . N
peat

S s e
/
y

Figure 7. Cross-section of test section 1. 1-layer
georeinforcement.

Road alignment (centre line)

e G
e O |

Embankment

Geocells i

Peat

Figure 8. Cross-section of test section 3. Geocell
mattress.
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1. installation of georeinforcement (400/50)
on top of peat layer,

2. preloading of the peat with 0.5 m thick
sand embankment for ~2 weeks,

3. levelling of the preloading embankment

and installation of the EPS-blocks,

installation of the membrane,

installation of the aggregate layers and

geogrid (40/40) and

6. paving of the embankment at the level of
red line (the thin paving was made for the
measuring of the surface of the embank-
ment before and after the overloading).

The total height of the embankment over peat

in section 5 is 2.5 m.

ok~

3.8 Geotechnical dimensioning calculations

Geotechnical calculations for sections 1 to 4
(stability and settlement) were made by Olep
(2015) and for Section 5 by Korkiala-Tanttu
et al. (2015). Stability calculations have been
completed with Novapoint GeoCalc 3.1-
geotechnical dimensioning program devel-
oped by ViaSys VDC Oy
(http://www.viasys.fi/).

Any back calculations have not been con-
ducted but they will be made later during
2016-2017.

1 = :
1Road alignment (centre line)

Figure 9. Cross-section of test section 4. Light weight
aggregate (LWA) layer.

IancI alignment (centre line)

R ;
mEmm—— L R SN =

EPS | T
—

i_w__.P_reIc_adi;n_g embankment 0.5 m__ o momnr s R T RS T

Peat

Figure 10. Cross-section of test section 8. EPS-block
layer.
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Figure 11. Locations of the leveling benchmarks (red —peat rods, green —pavement benchmarks, black —
peat plates, and also the Section 0 slope plates) (Ellmann 2015)

e) Construction of Geocell structure at sec 3. f) Construction of edge barrier at sec. 4. Peat rod in
(31.7.2015) bottom right corner. (12.8.2015)
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i) Inétallatioﬁ of EPS-blocks at sec. 5 (16.9.2015 J) Surface of the EPS-layer at ec. 5. Plastic
connectors on between EPS-blocks (24.9.2015)

k) Test sections 1-5 after surcharge loading (11.11.2015)
Figure 12. Photos from the construction of the test embankment.

Figure 13. 3D surface model created from the RPAS photos combined with aerial photos (Julge 2015).
Surface after construction of surcharge loading 5.11.2015 (RPAS=Remotely Piloted Aircraft System).

NGM 2016 - Proceedings 1286 IGS



Full scale reinforced road embankment test sections over soft peat layer in Estonia

Settlements for each section center point
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Figure 14. Test sections 1-5 settlement results for the test section center aligment peat rod.

4 INSTRUMENTATION OF THE TEST
EMBANKMENTS

4.1 Settlement plates

Altogether 98 measurement points were

mounted at the test site. Of this figure:

- 36 settlement plates were placed on top of
the geotextile-covered peat layer (Fig. 15)

- 6 settlement plates on top of the upper
layer of geotextile in Section 2 (=<1 m
above peat layer)

- 1 settlement plate on top of the EPS lay-
ers, in the centre of Section 5

- 30+1 settlement plates on top of the up-
permost (paved) road layer

- 20 ceramic plates on top of the peat layer
(1 m off from the lower edge of the road
slope)

- 4 wooden plates on the Section 0 slopes.

Locations of the instrumentations are pre-
sented in Fig. 11. The first installed settle-
ment plates were observed (within the time
period of 17.07.2015 until 15.10.2015) 30
times, the minimum amount (for the last in-
stalled peat sett. plates, 26.08.2015) of meas-
urements was 14, in average each peat rod
was levelled for 20 times. (Ellmann 2015).

4.2 Measured settlements

In test section 1 and 2 the thickness of the
peat layer is approximately 2.0-2.15 m and in
test sections 3, 4 and 5 from 3.0 to 3.5 m. The
test sections 1, 2 and 3 were constructed with
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natural aggregates and in test section 4 and 5
was used lightening of the embankment.

The settlement results for each test sections
centre line are presented in Fig. 14. During
first month after construction in test sections
1 and 2 roughly of 90 % of settlements had
occurred before installing surcharge loading.
Surcharge load to test section 1 and 2 was
installed approximately 3 months after start-
ing construction. The settlements 5-6 months
after construction were 880-930 mm.

In test section 3 the peat layer is thicker and
due to that settlements higher. In test section
3 settlements after 5 months were 1670 mm.
However, in test section 1, 2 and 3 the rela-
tive compression of the peat layer after 5 to 6
months is between 43-55 %.

g5_'¢—'-\#'. o ‘ : .":3 ; " L N':_“ - -' "_ AR
Figure 15. Peat roads placed in pre-designed
locations on top of the geotextile-covered peat
layer. (Ellmann 2015)
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The surface of the embankment has been
measured by RPAS in several phases. An
example of the result of the RPAS measure-
ment is presented in Fig. 13 where is com-
bined 3D surface model created from the
RPAS (Remotely Piloted Aircraft System)
photos and aerial photos by Julge (2015).

5 CONCLUSIONS

The test sections construction and field-
monitoring has provided valuable infor-
mation of construction at peat areas. The
construction and field-monitoring of the test
sections are well-documented and will aid
further analysis of the test section in future.
All of the methods have some technical bene-
fits and some (geo) technical or economic
limitations. Which method is most suitable in
different construction cases and places, must
be considered case by case.

Below are preliminary geotechnical conclu-
sions on the basis of experiments of test sec-
tion construction in VVodbu:

- All the methods described can be applied
to constructing roads on layers of peat.

- Test sections were constructed with suffi-
cient global stability (no failures).

- The milling of stumps, sticks, etc. and
leaving them to remain in place was a
success. Excavating and clearing the sur-
face layer would have otherwise dis-
turbed the soft peat layer and the con-
struction site would have almost impossi-
ble to operate.

- Installation of one reinforcement layer
instead of two is easier to construct. Pos-
sible technical advances of two rein-
forcement layers for the behaviour of the
structure have not been identified yet.

- Installation of geocell mattress is very
labour intensive and it’s not yet clear if it
is technically better than section with one
or two reinforcements (more measuring
time and analysing is needed).

- With a 2 m thick layer of peat, it seems
the best approach is the removal of the
peat layer altogether. When the layer is
thicker other solutions are recommended.

- The consolidation of the peat increases
the strength of peat significantly — even
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over two or three times the strength — this
phenomenon should be studied and uti-
lized in design and construction.

- In addition, construction of mass stabili-
zation is a considered to be a viable op-
tion for ground improvement method for
V00bu area (Forsman et al. 2009).

Analysis of measuring results and other ob-
servations will provide valuable results which
can be used in the design of the road E263
(from Tallinn to Tartu) on its new alignment
at peat area. Those analysed results are also a
valuable basis for the development of nation-
al (Estonian Road Administration) guide-
lines.

Further analysis of the settlements and com-
parison of the different test sections perfor-
mance is planned to be published during
2016-2017.
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APPENDIX 6

Dimensioning of sand column structure:

Dimensioning of the sand columns is made in two phases: 1.dimensioning of the sand column
and 2. dimensioning of the basal reinforcement over columns at the bottom of the embankment

Dimensioning of the sand columns for cost calculation has been made based on case study of
Bastion Wijfwall Houten, Netherland. This case study is presented in the Appendix 7.1 of report
“Embankment foundation structures over peat, literature and case study” (Forsman, J,
Dettenborn, T & Skepast, P. 2015).

On the basis on the experiences of the Bastion W.H. structure sand columns (¢ 0.8 m, cc =1.85
m and =90 kPa embankment load) seems reasonable to select ¢ 0.8 m and cc 2.0 m to cost
calculation. The strength of the peat is low (<<15 kPa) which means that sand column are not
possible without geosynthetic encased columns (georeinforcement sleeve around column, UTS
200 kN/m? in case of Bastion W.H.). Estimated settlement of that test structure was <0.4 m.

The strength of the basal reinforcement was 500 kN/m in case of Bastion W.H. The dimensioning
of the basal reinforcement for Vodbu case have been made according “Georeinforcement
handbook” (Geolujitetut maarakenteet 2012/2) of Finnish Transport Agency. On the basis of that
dimensioning (pages 1/11-11/11) the dimensioning strength of the basal reinforcement is 143
kN/m, which means UTS-strength =430 kN/m. A polyester reinforcement with UTS 500 kN/m
fulfills that requirement. Two layers of basal reinforcement is needed in two directions. Also a
wrap-around anchoring structure is needed in edge of the embankment.

78 m

y= 14 kN/im* /' = 17°/ c'= 2.5 kN/m*
Eqprer = 2000 KN/M® (p o= 100 kN/mv)




Geolujitettu paalutettu penger (DA2*)
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1. Rakenteen lahtotiedot
1.1 Geometria
Penkereen korkeus: H, =24m Penkereen leveys: Lpenger = 22m
Penkereen luiska- n=4
kaltevuus 1:n
Luiskan leveys: Lg=n-Hy,=96m
Paalujen k/k vali (sis.
Luiskan keskimaa- B = f_’_’l “12 toleranssin):
rainen korkeus: §7 4 T 44
Paaluhatun leveys: a = 0.8m
Pientareen leveys: Lpiennar = 0.5m Paaluhattujen vali: Spe—a=12m
1.2 Penkereen ja geovahvisteen parametrit
PR . -3
Pengemmateriaalin tilavuuspaino: Voenger= 20 kN m
Pengermateriaalin kriittisen tilan leikkauskestavyyskulma: Doy i = 32°
Pengermateriaalin ja lujitteen vélisen liukuvastuksen / ja a; =09

ulosvetovastuksen korjauskerroin:

Geovahvisteen alkumuodonmuutos:

€, = 0.04
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1.3 Liikennekuormat :

Muuttuva kuorma (ajokaistalla): gy = 25N m -
" |

Muuttuva kuorma (pientareella): dp = QdNm °
1.4 Taulukon A.3a(Fl) Kuormien {F) tai kuorman vaikutusten y(E)
osavarmuusluvut (STR/GEO, mitoitustapa DAZ*):

Yhtald 6.10a: Yhtals 6.10b:
Pysyva kuorma: Y6 g = 135 Y¢ p= 115
Maaradva muuttuva kuorma (tieliikennekuomma): Y0 a= 0 To b= 1.35
1.5 Geolujitteen osavarmuusluvut, NCCI7:
Lujitteen materiaali- kerroin: Tre = 1
Liukuminen lujitteen pintaa pitkin: ¥y = 1,1
Lujitteen ulosvetovastus (ankkuroituminen): Tp = 1.1
1.6 Aktiivimaanpainekerroin:
Coulombin kaava:
Aktiivi seinakitkakulma: — §_ = g, = 0.37 8, =2133°

s 2
ms(@cv.k)
Kod =
_ . 2
“”[d’cuk * IJ‘i.:z}''{"m{’:"4"'L::1-'_.I’c)
ms(éa}- 1+
c‘as{ﬁa)
2
B cos(32-°)
m(32-° + 0.37)-sin(32-° !
cos(037)-| 1 + sin(32-°+ 0.37)-5in(32 }I]
cos(0.37)

K, ;=028
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2. Laskentamallin sovelfuvuus tarkastelutapaukseen

2.1 Paalutetun penkereen paikallismurtumaehto:

Hy=24m 2 0T(sp—a) = 0.7-(2:m— 0.8:m) = 0.84m => 0K

2.2 Paalujen pinta-alan peittdvyysehto:

2 2
S 2. | > 0.10 => OK

skf {Z-m)z

3. Pystysuoran kuorman vastaan ottamiseen vaadittava
lujitevoima (T,,)

Figure 79  Variables used in determination of T,

1
lHHHH"‘t/%:ri

Fill @' o

=

|
2 ! a

-

Key
1 Embankment 3 Pilecap
2 Reinforcement 4  Pile

p 2
P, C.a
Ty Hy,

p’. on paaluhatulla vaikuttava pystysuora jannitys, kN/m?

o -, pengertaytteen pohjalla vaikuttava pystysuora jannitys, kN/m?
C_ holvaantumiskerroin

a paaluhatun leveys

g, f paalumateriaalista riippuvia kertoimia

Hiekkapaal ut:

e, =15  f =007
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3.2 Holvaantumiskerroin:

e - 4.
C, =2l g =222 0072443
a 0.8-m

3.3 Jannitysten suhde:
’ 2 5
P C. a RN
e ¢ _ (4.43 08m)"_, e
5 Hy 24m

3.4 Paaluhattujen vilinen tasainen kuorma (korkea penger):

H,=24m > 14-(s-a) = 14(2m—08m) = 1.68m

=> Liikennekuormalla ei ole vaikutusta paaluhattujen véliseen tasaiseen kuormaan

W

r Sk T2
k"

B 1'4'Tpeng&r"r"k.ﬂ:' (Skﬁf - ﬂ) [ S ’C]
2

2
Tkk =

i)
. 1-4'Tpenger'skk'(sk&_a] 2 o[ Cca
= WJ,. = 2 = .S'H{ — {1 -
s m
'I;.HI.’ i
| 7
14-20-kN-m ~-2-m-(2-m — 0.8-m 2 4.43-0.8mY"
_ 1420-kNm " 2:m(2:m - 08 }-[(z-m) _m*g_m}z_[ > ”
2m)® = (0.8:m)° Gl
kN
w, = 52.09-—
m
=
Yhtilé 6.10a: Yhtalé 6.10b:
52.09-kN kN 52.09-kN KN
o= w, = 138 0mee = 7032— | w, = w, = 1.15——— = 59.9.—
Wra= VG aVt o o o Sl - -
s




3.5 Kuormasta muodostuva lujitevoima:

Wlts—4)

Lo + —
P 2-a 6-&
Yhtalo 6.10a:
W oSk~ a) 1
T,. R L 1 4+ —
o8 2-a 6~€v
70.32-kN
M.(z.”’ — 0_8."1)
m |
= -1+
2:0.8:m 6-0.04
kN
Trp_a = 119.88-?
p
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Yhtalo 6.10b:
(i~ 9) i
B, jaseem—m—e——t 1] ¥
P 2-a 6-€,
9.9.-kN
2 (2:m—0.8m)
m 1
= 1+
2-0.8:m J 6-0.04
kN
T, =102.12.—
w b -

4. Vaakasuoran maanpaineen vastaan ottamiseen

vaadittava lujitevoima (T y)

Penger

Kuorma, Q6 + Qo

Tayttd: %, &,

Pehmea pohjamaa

Lujitteeseen maanpainekuorman vaikutuksesta mobilisoituva voima (pintakuorma ja maan paino




TdS(TG’TQ’ q) = Kaa'Hm'{U'S'TG'Tpenger'Hm + ’}'Q‘G‘]

Lujitteen ja pengermateriaalin valinen leikkauskestavyys luiskan alla

Ra’.r{"’ ’LB‘) = Tpenger h-a; "r‘m{‘ﬁcv.i’r} L

Lujitteen ja pengematenaalin valisen leikkauskestévyyden tulee t8yita3 ehto.

- Risi

das! =

5 7

Yht&l5t vhdistdmalla saadaan pienin tartuntapituus:
Tas s

Y penger hoay 'm"[écv.k}'

Le{rd.s'*h\] =

Tartuntapituuden tulee tayitaa reunaehto:

L :_:LF missé luiskan leveys L.=96m

4.1 Kuorma 9 kNfm?2 luiskan reunalla

4.1.1 Lujitteeseen maanpainekuorman vaikutuksesta mobilisoituva voima

Yhtdls 6.10a:

Tds al = Tds(TG_a‘TQ_a‘qp}

Hy Kog {‘?p'-’ Qat D'S’Hm'?pcrrgff"'rﬁ_a)

l
]

[¥
m

k=
Yhtalé &.10b:

Tds b1 = Tds(’YG_b~’YQ_b~‘?p)

= Hm'KaJ{‘?p"YQ_b * O'S'Hm"ypenger'?(;_b)

-

= 2.4-::1-0.28-(‘5‘-.&3‘-."-;1:_ 21354 0.524-m20-kN-m "
i

’ = N
z_a-m-oa-(g.wm 2.0 + 0.52.4-m-20-kN-m 3‘1_4] =214.— Tow ap™=

&
~l.15} = 2!:’:.251---&r T p1= 26.2.—
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4.1.2 Lujitteen pienin tartuntapituus ja reunaehdon téyttyminen, kun L, = G.6m

Yhtalé 6.10a:

Le_ai = Le[Td’s_aI : hs}

B Tds_ai Ty
heay Ypenger m”(d’cv,k}

D}
21.39-kN
e
_ it
1.2:m-0.9-20-kN-m_ 3-m(32-°}
Ly q7=174m

!Leveys' ] o="OK"

Yhtald 6.10b:
Ly b1 = LeTgs prohs)
_ Tgs bI7s
hyay Tpenger i@ "(d’cv. k)
26.24-EN Ll
12:m-0.9:20-kN-m ™ - tan(32-)
LE bl =2.14m
‘Leveys_; p = "OK"

4.2 Ajoneuvokuorma pientareen leveyden etdisyydelld luiskan reunasta

Kuorma sijaitsee pientareen leveyden etdisyydella luiskan reunasta.

4,21 Lujitteeseen maanpainekuorman vaikutuksesta mobilisoituva voima

Yht&lo 6.10a:

Tds_aZ = Tds(-f{?_a' Y0 a9 F)

Yhtalé 6.10b:

Tas b2 = Tas(T6 bY@ b91)

_ _ EN
2.4-43-[}.28-[25-4’1:?\?-}?1 2-0 + 0.5-2.4-m-20-kN-m 311_35) =2139.—

Mo Kag {‘?1 UG g U‘E'Hm'Tpeﬁger'TG_a]

m

= HyKaa (ql o bt D‘S'Hm"fpenger' TG_!:')

=l
!

= 2.4-m-(}.28-[25-kN-m_ 2-1.1’:5 + 0.5 2.4-m-20-kN-m 3-1.15] = 4(1.49.-—
m

kN

Tafs_a.z =214
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4.2.2 Lujitteen pienin tartuntapituus ja reunaehdon tayttyminen

Lujitteen ja pengermateriaalin vdlinen kestévyys pientareen osuudella:

Ry _piennar ~ Rds(Hm’Lpfﬁmar}

= HorLpiennar @1 Vpenger f‘m(‘ﬁcv_k}
- kN KN
5 = 240570620920 kN m = 135 Ry piemnar = 135
m m

Lujitteeseen pientareen osuudella mobilisoituva lujiteveima voi olla enintédéan:

T Rd.r_pfﬁnnar 2.4-m-0.5-m-D.GB-U.Q-EO-kN-m_3 12.27 KN
ds piennar = & =
7 % 1.1 i
&'ﬁiskan osuudelle mabilisoituva lujitevoima:
Tds_fur{rds] = Ty — Ts _piennar
Yhtalg 6.10a: Yhtéld 6.10b:
21.39kN  12.27-kN kv 40.49-kN  12.27-kN kN
T : = - =912.— | T ; = = =2822—
ds fui a2 " . i ds_lui b2 P 4 =
=
Le_aé‘ = ‘T‘e{Tds_fuf_a.E"ﬁsj Le_!}.? = Le{ Tdsr_.f:n'_b,?"a’s]
- Tds tui a2 Vs - Tds Iui b27s
hgay “fpenger'm”[‘ﬁcv.k) hgag ‘Tpenger"m"{‘#’cw.k)
28-kN
9.1-kN A
[ 1.1 —_—

n =

-3
g L g i 5 : L@
1.2:7:0.9-20-kN-m ™ ~-tan(32%) 1.2:m-0.9-20-kN-m "-tan(32:%)

LL’_IL? =0"Tdm LE_!}? =228m

Lel’eyﬁz = = erKII Peveyjz b = "DK"
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5. Tarvittava tartuntapituus ulosvetovoimalle:

Valitaan mitcittavaksi lujitevoimaksi suurempi kohdissa 4.1 ja 4.2 lasketuista voimista:

Ly>L, L,=112m

Yht&ld 6. 10a: Yhtalé 6.10b:

kN N

T . =2139— T = 40.49. —

ds_a_max - ds b max =
(Trp a* Tds n_max}'-fp [Tr'p_b"' Tds b mnx)"f,u

L o Ly b= .
B Vpenger s 'M”[- m'.k) Ypenger a"uj'm”(cﬁm'..-‘f}

212 L
119.88 kN 2139-kN ARV 8 T ™ [
+ 1.1 P
m m =

=3 2 o
20kN-m -1.2:m-0.9-tan(32-%) 20-kN-m " +1.2:m-0.9-tan(32-°)

Lb_ﬂ=]1'5lm Lb_b=]162m

Leveysy, ,="El RIITA" Leveysy, j, ="EI RIITA"

=> Lujitteen hantd on ankkuroitava "mutkalle” penkereeseen riittdvan tartuntapituuden saavuttam
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6. Murtorajatilassa lujitteeseen kohdistuva kokeonaislujitevoima
penkereen pysty- ja vaakakuormasta:

Yhtalé 6.10a:
Penkereen pituussuunnassa:

kN
T'_,Jr_.fﬁ = Tr‘p_a = 119.38-:

Penkereen poikkisuunnassa
(piennarkuormal:

Tq 20 = Trp_a ® Tds_af

119.88-&N . 21.39-kN

m m

N
T{f__?ﬂ = 14127;

Penkereen poikkisuunnassa
(ajoneuvokucrma):

Td 30 = Trp a* Tis a2

119.88-kN . 21.39-kN

i "

N
Td_jd‘ — 1412??

Yhtalo 6.10b:

kN
Lo e = T, 5= WO

Tg 2= Top b+ Tds b1

102.12.&N % 26.24-kN

] m

kN
T; op = 128.36-—
d_2b .

Ty 36 = Tp o * Tas b2

102.12-&N N 40,49 kN

m m

N
Td_j’b = ]4251;



7. Laskennan yhteenveto:

1. Lahtotiedot
Korkeus:

Penkereen |uiskakaltevuus:

Luiskan leveys (1:n):

Pientareen leveys:

Kriittisen tilan leikkauskestavyyskulma;

Pengermateriaalin tilavuuspaino:

Muuttuvat kuormat:

2. Lujitevoimat ja tartuntapituudet:

Ly=9.6m

L

‘piennar

Pey ke =32-°

Tpenger =

“p

=9 kPa

=05m

kN

m

APPENDIX 6

) =25kPa

Lujitevoima Ty

Tartuntapituus L.

[kN/m] [m] Lujite-
ituuden
Mwetova | Yhtsls | Yhtslo | Yhtals | vhtals | G S0
[kN/m] 6.10a | 6.10b | 6.10a | 6.10b
Vaakasuoran maan-
paineen vastaan- 9 21,4 26,2 1,74 2,14 oK
ottamiseen vaadittava
lujitevoima 25 21,4 40,5 0,74 2,28 oK
Pystysuoran kuorman
vastaanottamiseen
vaadittava lujitevoima 1199 102,1
pituus- Lujittean hant4 on
suunta | 1199 | 1021 ankkuroitava
Vetovoima lujitteessa w':(‘:r';:'lien
murtorajatilassa 9 141,3 | 1284 rittavan
ankkurfpltuud_en
25 141,3 | 1426 | 11,51 | 11,62 | Swmiseksi

8= Mitoituksen lopputulos:

Lujitteen mitoituslujuus :

¢ penkereen pituussuunnassa vahintdan fq  pit = 120

» penkereen poikkisuunnassa vahintaan f; = 143--';

W

m

Lujitteen ankkurointipituus luiskassa on vahintaan L, = 11.62m




Pile + concrete slab (1/3):

Summary of the dimension calculations are presented at this page.

Paalulaatan lihtotiedot
e pengerkorkeus + laatan paksuus 2,4 m
e liikennekuorma Livi:n ohjeiden mukaan

e paalujen pituus 7,5 m

Paalulaatan suunnittelun valinnat
e paalutustydluokka PLT2
e betonin lujuusluokka C30/37-2
* suojabetoni
e yldpinta 50 mm
e alapinta 100 mm
e |aatan paksuus 0,4 m
e pengertaytto 2,0 m
o penkereen tiheys 21 kN/m#3
e liikennekuorma 42 kN/m"2
¢ paalut TB300a (300x300)
e paalujako
e pituussuunta 2,1 m

e poikkisuunta 2,3 m

Laskentatulokset
¢ max. paalukuorma 590 kN

® raudoitus yla- ja alapinnassa kumpaankin suuntaan d16 k130
¢ raudoitusmaara betonikuutiossa 121 kg/mA3

e |avistysvoima 500 kN
e lavistyskestavyys 580 kN

APPENDIX 6
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Pile + concrete slab (2/3):

The punching capacity of concrete slab have been examined in the calculation of this
page (only page 1 is presented, the length of the examination is 6 pages).

HAII&uarvd:

Terasbetonilaatan lavistys
Nelidn muotoinen tuki

Alkuarvot

Laatan korkeus h = 400mm

Paalun sivumitta dp = 300mm

B.ﬁ.lkucu rvok

[*] Materiaali
Materiaalit
Betoni

Betonin lujuusiuckka |[:3[I'f3?5 v

fg= £4pMPa £ =30MPa

Toteutusiuckka 2w

Betonin osavarm uusluvut
c= 135 if tl=3 wc=1.5
15 if tl=2

“ca= 1.2 (onnettomuustilanne)

Puristusiujuuden kemoin oy, = 085
fq
Betonin puristuslujuuden mitoitusarvo  £,4:= %C_LL fog=17-MPa
"\tc-
. . i . f~:“1-:
Betonin puristuslujuuden mitoitusarvo f.:d_a = o f.:d_a = 21.25.MPa
onnettomuustilanteessa TCa
Keskimairdinen puristuslujuus (t=28) fom = fo + 8MPa fon=33-MPa
Keskimaardinen puristuslujuus
2
- 3
' f1:1-:
fotm = 1}.31}-| -MPa if f = 30MPa fotm = 2.896-MPa
\, MPa |
( fl:]:ll
2.12-111| 1+ MPa otherwize
\ 10MPa
Vetolujuuden 5% fraktiili foi g o5 = 0.7 foip fote 0. g5 = 2.028.MPa
Vetolujuuden 95% fraktili f0o5= 134 f.4 005 = 3.765-MPa
- =
Vetolujuuden mitoitusarno fid = fotk 0.05 f4g=1332-MPa

c




Pile + concrete slab (3/4):

The bending moment and shear capacity have examined at pages 3/4 and 4/4.

APPENDIX 6

IBetoni h (paksuus) 400 mm
Lujuusluckka| C30/37 Crom
Toteutusluokka 2 ylapinta 50 mm
ye 1,5 alapinta 100 mm
acc |Halkeilun rajoittaminen
fck 30 MFPa Weay raja mm
fem 38 MPa Whitka raja mm
fed 17 MPa K,
fotm 29 MPa Ky
fetk,0.05 2 MPa Ks
fictd 1,33 MPa Ky
Eem 33 GFa K tay
n 1 Kt pitks
A 038 a. = EJE., 6,061
£ 395 %10 Viruminen
|Raudoitus Sitkeysiuokka Jsementti tyyppi
Tyyppi B500B B RH o
Suunta| poikittais |ukona Ec[1vrk} 34,65 MPa
Vs 1,15 a 0
i 500 MPa t; 28,0 wk
fya 434 MPa a 0,94
Es GPa ay 0,98
£ 25 %10 Blf.rm) 273
Ac ., mm Blty) 0,49
Alug) Tuen yli Kentta MUUT MUUT
pituus poikittais pituus poikittais pituus poikittais pituus poikittais
ylapinta yldpinta alapinta alapinta yldpinta yladpinta alapinta alapinta
Mx (T) My (T) Mx(B) My (B) Mx (T) My (T) Mx(B) My (B)
Meord 71 76 31 32 0 0 0 N mvim
M, 40 43 17 18 1 1 ki mim
ik 38 41 16 17 1 1 1 kN*mim
kerros 1
Qg mm
Keq mm
Komind 130 130 130 130 130 130 130 130 mm
Prnax 16 16 16 16 16 16 16 16 mm
Crom (CminTACHey) 20 a0 100 100 50 50 100 100 mm
A minfAgp]  31.8% 20,0 % 26,9 % 20,0 % 31,8% 20,0 % 26,9 % 20,0 %
min.tarkistal OK OK 0K OK OK OK oK oK
A, nml 8000 8000 8000 8000 8000 8000 8000 8000 mm2
max.tarkistal OK OK oK OK oK OK oK OK
deq 326,0 342 276 292 326 342 276,0 292 mm
Komin_all 56 56 56 56 56 56 56 56 mm
I 585 585 410 410 585 585 410 410 mm
A 1165 1165 820 820 1165 1165 820 820 mm
Feva (ITI) 40 40 40 40 40 40 40 40 mm
Fein (PE3 195 195 195 195 195 195 195 195 mm
Wiay al 0,280 0,222 0,244 0,211 0,280 0,222 0,244 0,211 mm
Wit all 0,210 0,167 0,183 0,158 0,210 0,167 0,183 0,158 mm




Pile + concrete slab (4/4):

The bending moment and shear capacity have examined at pages 3/4 and 4/4.

APPENDIX 6

MRT |
Wl 0,039 0,038 0,024 0,022 0,000 0,000 0,000 0,000
w| 0,040 0,039 0,024 0,022 0,000 0,000 0,000 0,000
As_,.l 512 522 262 255 0 0 0 0 mm2
.‘.tl 39 39 39 39 39 39 39 39 mm
xl 49 49 49 49 49 49 49 49 mm
My, 5a KN*mim
Xbal 190 200 161 170 190 200 161 170 mm
A pal 152133 159600 128800 136267 152133 159600 128800 136267 |mm2
Fe bal 2586 2713 2190 2317 2586 2713 2190 2317 L
MpiRamsd 646 711 263 519 646 711 463 519 |kvemim
MmrlJI Mpl R
QK QK OK OK NA MNA MNA MNA
KRT - TAVALLINEN YHD.
IA—:(I_ 69 71 63 65 69 71 63 [55] mm
zI 303 318 255 270 303 318 255 270 mm
hee] 110 10 112 112 10 110 112 12 |mm
Ac.eﬂl 110212 109585 112278 111598 110212 109585 112278 111598 |mm2
p_peﬂl 0,014 0,014 0,014 0,014 0,014 0,014 0,014 0,014
o 85 a7 44 44 2 2 3 2 MPa
& ma 602 555 789 733 602 555 789 733 mm
Ae] 0,000256 0,000262 0,000132 0,000131 0,000006 0,000006 0,000008 0,000007 Jm/im
W] 0,154 0,146 0,104 0,096 0,004 0,003 0,006 0,005 mm
Mg d_m'l kN*m/m
wtmmm.alll
QK QK OK QK QK QK OK QK
[KRT - PITKAAIKAIS YHD.
hgl 400 400 400 400 400 400 400 400 mm
On 1,24 1,24 1,24 1,24 1,24 1,24 1,24 1,24
oy 1,65 1,65 1,65 1,65 1,65 1,65 1,65 1,65
1/(1+pg)] 0,378 0,378 0,378 0,378 0,378 0,378 0,378 0,378
E. 13,10 13,10 13,10 13,10 13,10 13,10 13,10 13,10 MPa
Gupss=EJEL] 153 15,3 15.3 153 153 15.3 15.3 153
b | 103 106 93 96 103 106 93 96 mm
ZI 292 307 245 260 292 307 245 260 mm
heed 99 %8 102 101 9 %8 102 o1 |mm
Ac_eﬂl 99103 98117 102343 101277 99103 98117 102343 101277 |mm2
p_peﬂl 0,016 0,016 0,015 0,015 0,016 0,016 0,015 0,015
o 84 86 43 43 2 2 3 2 MPa
Ae] 0000253 0,000259 0,000130 0,000128 0,000007 0,000006 0,000008 0,000007 Jm/m
Sr.max 563 515 754 696 563 515 754 696 mm
Wikl 0,142 0,134 0,098 0,089 0,004 0,003 0,006 0,005 mm
MRd.pim.':'I kN mim
Wpiuﬁpriﬂ‘;i.aul
QK QK OK QK QK QK OK QK
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[TAIVUTUSMOMENTIN TULOKSET

pituus poikittais pituus poikittais pituus poikittais pituus poikittais
yldpinta ylapinta alapinta alapinta ylapinta ylapinta alapinta alapinta
Mx (T} My (T) Mx(B) My (B} Mx (T) My (T) Mx(B) My (B)
Tuen yli Tuen yli Kenttd Kentta MUUT MUUT MUUT MUUT
Asp/Asr.minf 318 % 20,0 % 26,9 % 20,0 % 31,8 % 20,0 % 26,9 % 20,0 %
min.wrkist&l OK OK OK OK OK OK OK OK
ﬁspfASI_'I 33,1 % 33,8 % 16,9 % 16,9 % 0,0 % 0,0 % 0,0 % 0,0 %
hﬂl OK OK OK 0K NA NA NA NA
u\rfrqa‘wfr-ml 99,1 % 65,9 % 42,8 % 45,7 % 1.4 % 1,59 % 2.5 % 25%
KRT.freq] OK OK OK 0K OK OK OK OK
wqprwqp.aﬁl B67.7 % 80,1 % 53,5 % 56,6 % 1,8 % 20% 33 % 33 %
KRT.quasiI OK OK OK 0K OK OK OK OK
Kayttoaste 67,7 % 80,1 % 53,5 % 56,6 % 31,8 % 20,0 % 26,9 % 20,0 %
Yhteenveto OK OK OK OK OK OK OK OK
|CEIKKAUS (vain betoni)
Ved 160 [RN pl 0452%
Negy 0 kN K| 1,76
b, 1,000 m K, 0,15
Vetoterds| poikittais ylapinta Tuen yhi | Crae 0,1200
d 342 mm Vool 0449 |MPa
Asl 0.0015 m2 VRd,c. min| kN
A, 0,0004 m2 Vaadl 173 kN
O, 0 MPa Vea/Vrg
Voorm| _ OK




Appendix 7

Unit Amount Unit Price Total

Preparing worksite (milling) * m2 1332 0.57 € 759 €

30106.0 Excavation from soil extration area * m3 2 393 1.00 € 2393 €

Embankment and surcharge (excavation and

loading)

30106.1 Embankment material * m3 2 393 450 € 10 769 €

Material prices

30106.2 Embankment and surcharge material transport * m3 2393 427 € 10218 €
30 km
30402.1 Working platform for piling 0.5 m m3 510 1.93€ 984 €

Material, spreding, compacting (estimated to settle
0.5 m to peat layer)

30701a Geotextile profile 1 * m2 1020 0.94 € 959 €
30701a Reinforced concrete slab m3 408 380.00 € 155 040 €
30701a Concrete piles (300 mm x 300 mm) m 1248 35.00 € 43 680 €
30701a Piledriving into soil m 1248 11.50 € 14352 €
30701a Pile head cutting pcs 208 20.00 € 4160 €
30402.1 Embankment construction * m3 1883 1.93€ 3634 €

Material, spreding, compacting

40504 Base layer #2/64 h=15 cm * m3 100 19.64 € 1964 €

spread, level, compact

40504.1 Base layer transport * m3 100 427 € 427 €
30 km
44001 Gravel pavement * m2 663 2.16 € 1432€

#8/12


taavid
Typewritten Text
Appendix 7


30106.0

30106.1

30106.2

30402.1

30402.1

30701a

30701a

30701a

30701a

30701a

30402.1

40504

40504.1

44001

Preparing worksite (milling) *

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment material *

Material prices

Embankment and surcharge material transport *

30 km

Working platform for piling 0.5 m

Material, spreding, compacting (estimated to settle

0.5 m to peat layer)

Filling material of the sand columns (d=800, 3.5 m)

Filling of the columns

Geotextile profile 1 *

Geotextiles on top of sand columns (2-layers)

Sand columns geotextile material (d=800 mm)

Metal casing driving into soil and filling of the

columns

Metal casing vibrating up

Embankment construction *

Material, spreding, compacting

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

m2

m3

m3

m3

m3

m2

m2

m2

m3

m3

m3

m2

1332

2901

2901

2901

510

508

1332

2784

2542

1012

1012

1883

100

100

663

057 €

1.00€

450 €

4.27 €

1.93€

1.93€

094 €

550 €

750 €

1150 €

575 €

1.93€

19.64 €

4.27 €

216 €

759 €

2901 €

13055 €

12 387 €

984 €

980 €

1252€

15313 €

19065 €

11638 €

5819¢€

3634 €

1964 €

427 €

1432¢€



20201

30106.0

30106.1

30106.1

30106.2

30106.2

30402.1

30402.21

30402.22

30402.23

30402.24

Preparing worksite (milling) *

Excavation from soil extration area *

surcharge (excavation and loading)

Embankment (Slag)

Material prices

Surcharge material *

Material prices

Embankment (slag) transport

50 km

Surcharge material transport *

30 km

Embankment construction *

Material, spreding, compacting

Surcharge construction *

Material, spreding, compact

Surcharge removal *

Excavation, loading

Surcharge transport to next section *

Transport 2-3 km

Surcharge material benefit in next section *

Transported to final road embankment where is no
ground preparation operations (solid soil areas etc.)

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

1332

2564

1883

2564

1883

2564

1883

2564

2564

2564

2564

057€

1.00€

25.00 €

450€

7.12€

4.27€

1.93€

150€

1.00€

0.55 €

-9.77€

759 €

2564 €

47075 €

11538 €

13407 €

10948 €

3634 €

3846 €

2564 €

1410€

-25050 €



30402.25

30701a

30701b

30702

40504

40504.1

44001

Material settlement (excavation, material, transport,

construction) *

settlement = 0.94 m

Geotextile profile 1 *

Geotextile profile 3 *

Georeinforcement 600/50 *

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

m3

m2

m2

m2

m3

m3

m2

650

663

180

1350

100

100

663

11.70 €

0.94 €

141€

7.09 €

19.64 €

4.27 €

216 €

7605€

623 €

254 €

9568 €

1964 €

427 €

1432€
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1. vOOBU KATSELOIGU TOOMAHTUDE LOEND

SEKTSIOON 0
Artikli nr Toode kirjeldus MOoOGtiihik | Maht
1 2 3 4
30105(Turba kaevandamine; h;.4=1,80m m> 2 325
30106|Kaevamine karjaarist (muldkeha ehituseks juurdeveetav materjal + vedu) m> 3778
30402|Muldkeha ehitamine juurdeveetava liiv- vai kruusliiv pinnasega m> 3778
40504 |Paekivikillustikust tehnoloogiline kiht fr 2/64; h=15cm m? 663
44001|1x pindamine paekivikillustikuga fr 8/12 m’ 663
SEKTSIOON 1
Artikli nr Toode kirjeldus MOoOGtiihik | Maht
1 2 3 4
20201 |Raadamine, kdndude ja méataste freesimine m? 1332
30106 Ifaevamine karjaarist (muldkeha ehituseks juurdeveetav materjal + 03 4447
tlekoormus + vedu)
30402|Muldkeha ehitamine juurdeveetava liiv- vai kruusliiv pinnasega m> 1883
30701a|Geotekstiil; 1. profiil m? 663
30701b|Geotekstiil; 3. profiil m? 180
30702 |Geotekstiil; 600/50 m? 1350
40504 |Paekivikillustikust tehnoloogiline kiht fr 2/64; h=15cm m? 663
44001 1x pindamine paekivikillustikuga fr 8/12 m? 663
xxxxx|Ulekoormuse pinnase paigaldamine m> 2564
SEKTSIOON 2
Artikli nr Toode kirjeldus MOoOGtiihik | Maht
1 2 3 4
20201 |Raadamine, kdndude ja méataste freesimine m? 1129
30106 Ifaevamine karjaarist (muldkeha ehituseks juurdeveetav materjal + 03 4932
Ulekoormus + vedu)
30402|Muldkeha ehitamine juurdeveetava liiv- vai kruusliiv pinnasega m> 1752
30701a|Geotekstiil; 1. profiil m? 663
30701b|Geotekstiil; 3. profiil m? 180
30702a|Geotekstiil; 400/50 m’ 1295
30702b|Geotekstiil; 200/50 m? 1285
40504 |Paekivikillustikust tehnoloogiline kiht fr 2/64; h=15cm m? 663
44001|1x pindamine paekivikillustikuga fr 8/12 m’ 663
xxxxx|Ulekoormuse pinnase paigaldamine m> 2480
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1. vOOBU KATSELOIGU TOOMAHTUDE LOEND

SEKTSIOON 3
Artikli nr Toode kirjeldus MOoOGtiihik | Maht

1 2 3 4

20201|Raadamine, kdndude ja mataste freesimine m? 1142

30106 Ifaevamine karjaarist (muldkeha ehituseks juurdeveetav materjal + . 3957

Ulekoormus + vedu)

30402 Muldkeha ehitamine juurdeveetava liiv- voi kruusliiv pinnasega m> 764
30701a|Geotekstiil; 1. profiil m? 663
30701b|Geotekstiil; 3. profiil m? 1131

30703|Geovdrk 40/40 m? 1131

30706 (Paekivikillustikuga taidetud geokarg; h=1,0m m? 1015

40504 |Paekivikillustikust tehnoloogiline kiht fr 2/64; h=15cm m? 663

44001 1x pindamine paekivikillustikuga fr 8/12 m? 663

xxxxx|Ulekoormuse pinnase paigaldamine m> 2493
SEKTSIOON 4
Artikli nr Toode kirjeldus MOoOGtiihik | Maht

1 2 3 4

20201|Raadamine, kdndude ja méataste freesimine m? 1149

30106 Ifaevamine karjaarist (muldkeha ehituseks juurdeveetav materjal + 03 2 267

Ulekoormus + vedu)

30402|Muldkeha ehitamine juurdeveetava liiv- vai kruusliiv pinnasega m> 894
30701a|Geotekstiil; 1. profiil m? 663
30701b|Geotekstiil; 3. profiil m? 850

30702|Geotekstiil; 400/50 m’ 1147

40504 |Paekivikillustikust tehnoloogiline kiht fr 2/64; h=15cm m? 663

44001 1x pindamine paekivikillustikuga fr 8/12 m? 663

xxxxx|Ulekoormuse pinnase paigaldamine m> 1254
xxxxx|Fibo kergkruus 10-20; h=100cm m> 941
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1. vOOBU KATSELOIGU TOOMAHTUDE LOEND

SEKTSIOON 5
Artikli nr Toode kirjeldus MOoOGtiihik | Maht
1 2 3 4
20201|Raadamine, kdndude ja mataste freesimine m? 1168
30106 Ifaevamine karjaarist (muldkeha ehituseks juurdeveetav materjal + . 5 250
Ulekoormus + vedu)
304023 Muldkeha ehitamine juurdeveetava liiv- voi kruusliiv pinnasega; 03 550
(I etapp)
30402b|Muldkeha ehitamine juurdeveetava liiv- vGi kruusliiv pinnasega; Il etapp m> 1010
30701a|Geotekstiil pindamise peale; 1. profiil m? 663
30701b|Geotekstiil ehituskile peale; 1. profiil m’ 826
30701c|Geotekstiil ehituskile peale; 3. profiil m? 210
30702|Geotekstiil; 400/50 m? 1158
30703|Geovérk 40/40 m’ 826
40504 |Paekivikillustikust tehnoloogiline kiht fr 2/64; h=15cm m? 663
44001 1x pindamine paekivikillustikuga fr 8/12 m? 663
xxxxx|Ulekoormuse pinnase paigaldamine m> 690
xxxxX|ESP 120 geofoam; 6100x1240x525; esimene kiht m? 795
xxxxx|ESP 200 geofoam; 6100x1240x525; teine kiht m? 745
xxxxX|ESP 200 geofoam; 3000x1200x200; kolmas kiht m? 450
xxxxx|ESP 200 geofoam; 3000x1200x200; neljas kiht m? 180
xxxxx|Ehituskile; h=0,5mm m? 826
TEHNOLOOGILINE SEKTSIOON
Artikli nr Toode kirjeldus MOoOGtiihik | Maht
1 2 3 4
20201|Raadamine, kdndude ja mataste freesimine m? 565
30106|Kaevamine karjaarist (muldkeha ehituseks juurdeveetav materjal + vedu) m> 460
30107|Kraavide kaevamine m> 220
30402|Muldkeha ehitamine juurdeveetava liiv- vai kruusliiv pinnasega m> 460
30702 |Geotekstiil; 3. profiil m? 263
51001 (Plastiktruup; d=400mm m 19

Markused:
1. Esitatud to6demahud on teoreetilised, st need on méddetud jooniste alusel ehitustarindi geomeetrilistest

mootmetest lahtuvalt (materjalid on arvestatud paigaldatuna ja tihendatuna).

2. Geovorkude ja geotekstiilide mahtude puhul ei ole arvestatud lilekatete ja kadudega.

3. K&ik mahud tuleb toode kaigus tapsustada.

4. Koikide seadmete ja materjalide puhul on lubatud nende asendamine teiste vahemalt samavaarsete
toodetega juhul, kui asendamine kooskd&lastatakse Tellijaga.

5. T6dmahuloendi koostamisel on kasutatud 02.01.2015 teetoode tehnilise kirjelduse versiooni.
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Unit Prices

Pay item Unit Price

4000 Rakennustekniset rakennusosat

4900 Muut rakennusosat

44001 Gravel pavement m2 2.16 €
#8/12

20201 Preparing worksite (milling) m2 0.57 €

30105 Excavating peat m3 1.00 €
h=18m

30105.1 Peat transportation 30 km m3 1.42 €

30106.0 Excavation from soil extration area m3 1.00 €
Embankment and surcharge (excavation and loading)

30106.1 Embankment and surcharge material m3 450€
Material prices

30106.2 Embankment and surcharge material transport m3 427 €
30 km

30402.0 Preloading embankment (Phase 1) m3 1.93 €
Material, spreding, compact and leveling after preload

30402.1 Embankment construction m3 1.93€
Material, spreding, compacting

30402.21 Surcharge construction m3 1.50 €
Material, spreding, compact

30402.22 Surcharge removal m3 1.00 €
Excavation, loading

30402.23 Surcharge transport to next section m3 0.55 €
Transport 2-3 km

30402.24 Surcharge material benefit in next section m3 -9.77 €

Transported to final road embankment where is no ground
preparation operations (solid soil areas etc.)

30402.25 Material settlement (excavation, material, transport, m3 11.70 €
construction)

30701a Geotextile profile 1 m2 0.94 €

30701b Geotextile profile 3 m2 1.41€

30702 Georeinforcement 600/50 m2 7.09 €

30702a Georeinforcement 400/50 m2 537 €

30702b Georeinforcement 200/50 m2 3.47€

30703 Georeinforcement 40/40 m2 2.72 €

30706.1 Geocell, Vertical Tensar SR-grid m2 5.00 €

30706.2 Geocell, Horizontal TriAx-grid m2 5.00 €

30706.3 Geocell, additional cost for assembling kpl 1600.00 €
5 pax, 4 days, 10e/h

30706.4 Geocell filling #2/64 m3 19.64 €

40504 Base layer #2/64 h=15 cm m3 19.64 €
spread, level, compact

40504.1 Base layer transport m3 4.27 €
30 km

99999 LWA m3 45.65 €
Fibo LWA 10-20 (include transport 0-150km)

99999 EPS 120 m3 43.92 €
including transport

99999 Plastic membrane m2 2.00 €

99999 EPS 200 m3 57.05 €

including transport

Sivul/1l


taavid
Rectangle


Cost comparison calculations

Unit Amount Unit Price Total

30105 Excavating peat * m3 2325 1.00 € 2325€
h=18m

30105.1 Peat transportation * m3 2325 142 € 3302€
10 km

30106.0 Embankment and surcharge material transport * m3 3778 427 € 16 132 €
30 km

30106.0 Excavation from soil extration area * m3 3778 1.00 € 3778 €
Embankment and surcharge (excavation and
loading)

30106.0 Embankment and surcharge material * m3 3778 450 € 17001 €
Material prices

30402.1 Embankment construction * m3 3778 193 € 7292 €
Material, spreding, compacting

40504 Base layer #2/64 h=15 cm * m3 100 1481 € 1481 €
spread, level, compact

40504.1 Base layer transport * m3 100 427 € 427 €
30 km

44001 Gravel pavement * m2 663 216 € 1432€
#8/12

Sivu1l/16


taavid
Rectangle


20201

30106.0

30106.1

30106.2

30402.1

30402.21

30402.22

30402.23

30402.24

30402.25

30701a

Preparing worksite (milling) *

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment and surcharge material *

Material prices

Embankment and surcharge material transport *

30 km

Embankment construction *

Material, spreding, compacting

Surcharge construction *

Material, spreding, compact

Surcharge removal *

Excavation, loading

Surcharge transport to next section *

Transport 2-3 km

Surcharge material benefit in next section *

Transported to final road embankment where is no
ground preparation operations (solid soil areas etc.)

Material settlement (excavation, material, transport,

construction) *

settlement = 0.94 m

Geotextile profile 1 *

Sivu 2/16

m2

m3

m3

m3

m3

m3

m3

m3

m3

m3

m2

1332

4447

4447

4447

1883

2564

2564

2 564

2564

650

663

0.57 €

1.00 €

450 €

4.27 €

193 €

150 €

1.00 €

0.55€

-9.77 €

11.70 €

0.94 €

759 €

4447 €

20012 €

18989 €

3634 €

3846 €

2564 €

1410€

-25050 €

7605€

623 €



30701b

30702

40504

40504.1

44001

Geotextile profile 3 *

Georeinforcement 600/50 *

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

m2

m2

m3

m3

m2

Sivu 3/16

180

1350

100

100

663

141 €

7.09 €

19.64 €

4.27 €

216 €

254 €

9568 €

1964 €

427 €

1432¢€



20201

30106.0

30106.1

30106.2

30402.1

30402.21

30402.22

30402.23

30402.24

30402.25

30701a

Preparing worksite (milling) *

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment and surcharge material *

Material prices

Embankment and surcharge material transport *

30 km

Embankment construction *

Material, spreding, compacting

Surcharge construction *

Material, spreding, compact

Surcharge removal *

Excavation, loading

Surcharge transport to next section *

Transport 2-3 km

Surcharge material benefit in next section *

Transported to final road embankment where is no
ground preparation operations (solid soil areas etc.)

Material settlement (excavation, material, transport,

construction) *

settlement = 0.56 m

Geotextile profile 1 *

Sivu4/16

m2

m3

m3

m3

m3

m3

m3

m3

m3

m3

m2

1129

4232

4232

4232

1752

2480

2480

2480

2480

388

663

0.57 €

1.00 €

450 €

4.27 €

193 €

150 €

1.00 €

0.55€

-9.77 €

11.70 €

0.94 €

644 €

4232¢€

19044 €

18071 €

3381€

3720€

2480 €

1364 €

-24 230 €

4540 €

623 €



30701b

30702a

30702b

40504

40504.1

44001

Geotextile profile 3 *

Georeinforcement 400/50 *

Georeinforcement 200/50 *

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

m2

m2

m2

m3

m3

m2

Sivu5/16

180

1295

1285

100

100

663

141 €

537€

347 €

19.64 €

4.27 €

216 €

254 €

6958 €

4463 €

1964 €

427 €

1432¢€



20201

30106.0

30106.1

30106.2

30402.1

30402.21

30402.22

30402.23

30402.24

30402.25

30701a

Preparing worksite (milling) *

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment and surcharge material *

Material prices

Embankment and surcharge material transport *

30 km

Embankment construction *

Material, spreding, compacting

Surcharge construction *

Material, spreding, compact

Surcharge removal *

Excavation, loading

Surcharge transport to next section *

Transport 2-3 km

Surcharge material benefit in next section *

Transported to final road embankment where is no
ground preparation operations (solid soil areas etc.)

Material settlement (excavation, material, transport,

construction) *

settlement = 1.72 m

Geotextile profile 1 *

m2

m3

m3

m3

m3

m3

m3ktr

m3ktr

m3

m3

m2

Sivu 6/ 16

1142

3257

3257

3257

764

2493

2493

2493

2493

1191

663

0.57 €

1.00 €

450 €

4.27 €

193 €

150 €

1.00 €

0.55€

-9.77 €

11.70 €

0.94 €

651 €

3257€

14 657 €

13907 €

1475€

3740 €

2493 €

1371 €

-24 357 €

13935€

623 €



30701b

30703

30706.1

30706.2

30706.3

30706.4

40504

40504.1

44001

Geotextile profile 3 *

Georeinforcement 40/40 *

Geocell, Vertical Tensar SR-grid *

Geocell, Horizontal TriAx-grid *

Geocell, additional cost for assembling *

5 pax, 4 days, 10e/h

Geocell filling #2/64 *

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

m2

m2

m2

m2

m3

m3

m3

m2

Sivu7/16

1131

1131

2370

1015

1015

100

1105

663

141 €

272 €

5.00 €

5.00 €

1600.00 €

19.64 €

19.64 €

4.27 €

216 €

1595 €

3071€

11850 €

5075 €

1600 €

19935€

1964 €

4718 €

1432¢€



20201

30106.0

30106.1

30106.2

30402.1

30402.21

30402.22

30402.23

30402.24

30402.25

30701a

Preparing worksite (milling) *

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment and surcharge material *

Material prices

Embankment and surcharge material transport *

30 km

Embankment construction *

Material, spreding, compacting

Surcharge construction *

Material, spreding, compact

Surcharge removal *

Excavation, loading

Surcharge transport to next section *

Transport 2-3 km

Surcharge material benefit in next section *

Transported to final road embankment where is no
ground preparation operations (solid soil areas etc.)

Material settlement (excavation, material, transport,

construction) *

settlement = 1.51 m

Geotextile profile 1 *

Sivu 8/ 16

m2

m3

m3

m3

m3

m3

m3

m3

m3

m3

m2

1149

2267

2267

2267

894

1254

1254

1254

1254

1046

663

0.57 €

1.00 €

450 €

4.27 €

193 €

150 €

1.00 €

0.55€

-9.77 €

11.70 €

0.94 €

655 €

2267 €

10202 €

9680 €

1725€

1881¢€

1254 €

690 €

-12252 €

12238 €

623 €



30701b

30702a

40504

40504.1

44001

99999

Geotextile profile 3 *

Georeinforcement 400/50 *

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

LWA *

Fibo LWA 10-20 (include transport 0-150km)

m2

m2

m3

m3

m2

m3

Sivu 9/16

850

1147

100

100

663

941

141 €

537€

19.64 €

4.27 €

216 €

45.65 €

1199€

6163 €

1964 €

427 €

1432¢€

42 953 €



20201

30106.0

30106.1

30106.2

30402.0

30402.1

30402.21

30402.22

30402.23

30402.24

30402.25

Preparing worksite (milling) *

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment and surcharge material *

Material prices

Embankment and surcharge material transport *

30 km

Preloading embankment (Phase 1) *

Material, spreding, compact and leveling after

preload

Embankment construction *

Material, spreding, compacting

Surcharge construction *

Material, spreding, compact

Surcharge removal *

Excavation, loading

Surcharge transport to next section *

Transport 2-3 km

Surcharge material benefit in next section *

Transported to final road embankment where is no

ground preparation operations (solid soil areas etc.)

Material settlement (excavation, material, transport,
construction) *

Sivu 10/ 16

m2

m3

m3

m3

m3

m3

m3

m3

m3

m3

m3

1168

2250

2250

2250

550

1010

690

690

690

690

838

0.57 €

1.00 €

450 €

4.27 €

193 €

193 €

150 €

1.00 €

0.55€

-9.77 €

11.70 €

666 €

2250 €

10125 €

9608 €

1062 €

1949 €

1035€

690 €

380 €

-6 741 €

9805€



30701a

30701b

30702a

30703

40504

40504.1

44001

99999

99999

99999

settlement = 1.21 m

Geotextile profile 1 *

Geotextile profile 3 *

Georeinforcement 400/50 *

Georeinforcement 40/40 *

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

EPS 120 *

including transport

Plastic membrane *

EPS 200 *

including transport

m2

m2

m2

m2

m3

m3

m2

m3

m2

m3

Sivu 11/ 16

1489

210

1158

826

100

100

663

417

826

517

0.94 €

141 €

537€

272 €

19.64 €

4.27 €

216 €

43.92 €

2.00€

57.05 €

1400 €

296 €

6222 €

2243 €

1964 €

427 €

1432¢€

18316 €

1652 €

29 496 €



30105

30105.1

30106.0

30106.0

30106.0

30402.1

40504

40504.1

44001

Excavating peat *

Peat transportation *

10 km

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment and surcharge material *

Material prices

Embankment and surcharge material transport *

30 km

Embankment construction *

Material, spreding, compacting

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

20-25km

Gravel pavement *

#8/12

Sivu 12/ 16

m3

m3

m3

m3

m3

m3

m3

m3

m2

3875

3875

5328

5328

5328

5328

100

100

663

1.00 €

142¢€

1.00 €

450 €

4.27 €

193 €

14.81 €

7.32€

216 €

3875€

5503 €

5328 €

23976 €

22751€

10283 €

1481 €

732 €

1432¢€



30105

30105.1

30106.0

30106.0

30106.0

30402.1

40504

40504.1

44001

Excavating peat *

Peat transportation *

10 km

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment and surcharge material transport *

20-25 km

Embankment and surcharge material *

Material prices

Embankment construction *

Material, spreding, compacting

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

Sivu 13/ 16

m3

m3

m3

m3

m3

m3

m3

m3

m2

5160

5160

6 620

6 620

6 620

6 620

100

100

663

1.00 €

142¢€

1.00 €

4.27 €

4.50 €

193 €

14.81 €

4.27 €

216 €

5160 €

7327 €

6620 €

28 267 €

29790 €

12777 €

1481 €

427 €

1432¢€



XXXXX

30106.0

30106.0

30106.0

30402.1

40504

40504.1

44001

Mass stabilization

h=18m

Embankment (excavation and loading)

30 km

Excavation from soil extration area *

Embankment and surcharge (excavation and

loading)

Embankment and surcharge material *

Material prices

Embankment construction *

Material, spreding, compacting

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

m3

m3

m3

m3

m3

m3

m2

Sivu 14/ 16

2325

1453

1453

1453

1453

100

100

663

15.00 €

4.27 €

1.00 €

450 €

193 €

14.81 €

4.27 €

216 €

34875 €

6204 €

1453 €

6539 €

2804 €

1481 €

732 €

2168 €



XXXXX

30106.0

30106.0

30106.0

30402.1

40504

40504.1

44001

Mass stabilization

Excavation from soil extration area *

Embankment (excavation and loading)

Embankment and surcharge material *

Material prices

Embankment and surcharge material transport *

20-25 km

Embankment construction *

Material, spreding, compacting

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

Sivu 15/ 16

m3

m3

m3

m3

m3

m3

m3

m2

3875

1453

1453

1453

1453

100

100

663

15.00 €

1.00 €

450 €

4.27 €

193 €

14.81 €

4.27 €

216 €

58 125 €

1453 €

6539 €

6204 €

2804 €

1481 €

427 €

1432¢€



XXXXX

30106.0

30106.0

30106.0

30402.1

40504

40504.1

44001

Mass stabilization

Excavation from soil extration area *

Embankment (excavation and loading)

Embankment and surcharge material transport *

20-25 km

Embankment and surcharge material *

Material prices

Embankment construction *

Material, spreding, compacting

Base layer #2/64 h=15 cm *

spread, level, compact

Base layer transport *

30 km

Gravel pavement *

#8/12

Sivu 16 / 16

m3

m3

m3

m3

m3

m3

m3

m2

5160

1453

1453

1453

1453

100

100

663

15.00 €

1.00 €

4.27 €

450 €

193 €

14.81 €

4.27 €

216 €

77400 €

1453 €

6204 €

6539 €

2804 €

1481 €

427 €

1432¢€



APPENDIX 9

Test sections left under new road alignment

The issues with a road embankment at swamp area are: stability, settlement and bearing capacity of the
road structure.

Stability:
The true safety factor against slip line failure of the test section 0 is over required. At the moment the
safety against the ditch between section 5 and 0 is not ok!

The safety factor of the embankments 1 to 5 seems to be good, but the true safety factor of the sections
1, 2, 3, 4 and 5 is not possible to calculate without new vane shear tests of peat layer under the
embankment. The strength of the peat is a “function” of the consolidation (compression) level and that
“function” is not exactly known and researched with the peat of V6dbu. There is general information in
the guidebooks how the strength of the peat is increasing under loading because of the consolidation and
those general “rules” have been used in the preliminary design calculations for the test construction
design.

Our recommendation is to carry out vane tests through the test embankments to research the strength
increase of the peat during summer 2016 or at least after the cutting of the surcharge embankment. That
information about the strength increase of the peat is also needed in the design of the all road alignment
at peat area where will be left un-stabilized peat layer under the embankment.

Settlement:

On the basis of the settlement measurements and calculations, it seems that the settlement of every
embankment will be clearly lower than 300 mm in ten years. The estimated settlement during ten years
is calculated and estimated to be under 100 mm.

The settlement differences between the centre alignment and the edges seems to be minor and it seems
that the edges of the embankment are settling more than the centre line - it seems that the road
embankment cross section shape is not flattening. Because of that the surface drainage to the edges of
the road is possible to work in future.

Bearing capacity:
The bearing capacity is dependent on the superstructure layers which will be constructed over the

embankment after the removing of the surcharge and the layer needed for the superstructure. Sections
1, 2, 3 and 5 are normal embankment can be considered as an normal aggregate embankment for the
dimensioning of the superstructure (pavement, base course and sub base).

The dimensioning of the superstructure is a little more complicated because of the LWA and EPS. The
type and parameters for LWA/EPS and the distance between the upper surface of LWA/EPS and the road
surface (“red line”) are known so all needed information for the dimensioning of the superstructure exist
and that is possible to do as a normal design work of the road designer.

Ditch between sections 5 and 0:

The area of the ditch between section 5 and 0 is not constructed and some earth work is needed there.
On chance is to construct a drainage culvert in the middle of the section 0 and move the ditch there later.
After the moving of the ditch alignment, the area between sections 5 and 0 is possible to construct
according the design of the final road (geotechnical, road and drainage design). Maybe the solution can
be a combination of reinforcements, surcharge and light weight material with suitable transition
structures to sections 5 and 0. The design of that is not included to the task of Ramboll.




