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Abstract:

The earth pressure on deeply buried culverts isiS@antly affected by arching. Both the
magnitude and distribution of earth pressure onidédirculverts are known to depend on the
relative stiffness of the culvert and the soil. Boecalled induced trench method (also called
imperfect ditch) involves installing a compressilidéyer above the rigid culvert. As the
embankment is constructed, the soft zone compressesthan the surrounding fill, and thus
induces positive arching above the culvert.

Four instrumented field tests using EPS Geofoantofad reduction on buried rigid culverts are

performed in Norway. The culverts were built anstieamented in the period from 1988 to 1992.
The method involves installing a compressible sioli (EPS Geofoam) above rigid culverts in
order to reduce the vertical earth pressure. Thodethe field tests are concrete pipes with
granular backfill, and one field test is a cast ptace concrete box culvert with silty-clay

backfill.

The long-term observations of earth pressure andrdeation are presented, and compared
with a simplified design method.

INTRODUCTION

The problem of earth pressure on buried structireas a great practical importance in
constructing embankments over pipes and culvehs.€grth pressure on deeply buried culverts
is significantly affected by arching. Both the meagde and distribution of earth pressure on
buried culverts are known to depend on the relasivféness of the culvert and the soil. The
vertical earth pressure on a rigid culvert is gre#ttan the calculated overburden pressure above
the structure which, result in a negative archiffigot.

The so-called induced trench method (also calleghemiect ditch) involves installing a
compressible layer above the rigid culvert. As émebankment is constructed, the soft zone
compresses more than the surrounding fill, and ithdisces positive arching above the culvert.

Expanded Polystyrene (EPS) geofoam blocks have bsssh for load reduction on buried rigid
pipes under high fill since 1988 in Norway. The atefation in the EPS geofoam provides a
mobilization of shear strength in the fill and reds the expected vertical earth pressure. The
properties of soil-structure interaction in the ibdrculverts highly depend on the mechanical
properties of the backfill material and the sti§eeof the compressible material, the expanded
polystyrene (EPS) geofoam in this case. A betteletstanding of the arching effect of EPS on
buried culvers has been obtained from a field-bagedy using full-scale test measurements.
Terzaghi (1943) stated that the amount of archarg @nly be obtained by direct measurement
under field conditions. The instrumented field allsitions presented in this paper were built in



Norway in the period between 1988 and 1992. Fourgtierm measurements (three concrete
pipes with granular fill and one cast in place lobakvert with silty clay back fill) of deformation
and earth pressure on buried concrete pipes weateataut using hydraulic pressure cells.

In the later years, this method using geofoam timee earth pressure have also been used on
concrete culverts below high fills in China, Yartgaé (2005), Zhang et al. (2006) and McAffee
et al. (2008).

FIELD INSTALLATIONS

Four long-term measurements of deformation andhgadssure on buried concrete pipes were
carried out using hydraulic pressure cells. Thédfiastallations were carried out during the
period 1988 to 1992.To measure the vertical antztiotal earth pressures around the concrete
pipe, hydraulic earth pressure measuring cellsbleas installed as shown in the figures below.
Geometrical arrangements and registered resultprasented below for each case. Standard
expanded polystyrene (EPS) blocks 0.5 x 1.0 x 2Weme used as a compressible layer to create
positive arching. The compressive strength of tR& Bvas 100 kPa and density 20 kg/the
effect of the width of the compressible layer isigmificant with respect to vertical overburden
pressure on the pipe and therefore, not discusstds paper. Only the measured vertical earth
pressure and deformations are presented. Theergishorizontal pressure at the springline of
the pipe is not included in this paper. More dethitesult from instrumented field tests are
shown in Vaslestad et al. (2008).

1. Field installation- Eidanger, (1988)

The first field installation built in 1988 is a coete pipe with outer diameter 1.95 m beneath a
14 m high rock-fill embankment. The geometry of ilmstrumented cross section with the extent
of backfill zone is shown in figure 1 below.
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Figure 1 Locations of pressure cells and EPS genfalove the pipe

The pipe was placed after the in situ soil was eat=d to about 0.5 m below the culvert
elevation, down to bedrock, and replaced by 0-16 samdy gravel. The same material (0-16



mm sandy gravel) was used for backfill, with a cawtmpn requirement of 97 % Standard
Proctor. The backfill extended 1 m out from theirsgine and 0.5 m over the top of the pipe.
The remaining fill in the embankment was rock-filat was placed in 3 m thick layers, and
compacted to 95-9% Standard Proctor. The construction began in Aud@88 and was
completed in June 1989.

Results from the registered vertical pressuresedn2; are shown in the figure 2 below. The
earth pressure on cell 2 increased to 72 kPa iteBdger 1988 when the fill height was 8.3 m.
Further increase of fill height to 13.7 m did notriease the earth pressure. In the period between
January 1996 and January 2008, the earth pressutbeotop of the pipe was registered as
relatively constant around 66 - 68 kPa, which i926f the calculated overburden pressure.
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Figure 2 Vertical overburden pressures and deforamabf EPS geofoam block

The registered vertical compression of the EPSagenfis also shown in figure 2 above. The
vertical deformation stabilises around 140 mm. Tésult showed no further increase after
almost 12 years of measurements. The measuredhasfon is 28 % of the initial thickness of
the EPS block.

2. Field installation- Sveio, 1989

The second field installation was a concrete piplgert with inner diameter 1.4 m and outer
diameter 1.71 m. The embankment above the culveg & 15 m rock-fill. The in-situ soil
consisted of dense moraine. Well graded sandy bnaeethickness of 400 mm was used as the
bedding and backfill. The backfill was compacte@@hcm thick layers and nuclear field density
tests showed an average of 9%5Standard Proctor compaction. The backfill extentied out
from the springline and 0.5 m above the EPS. Theaneing fill in the embankment was rock
fill. The average unit weight of soil js= 20 kN/nT. The construction began in November 1989
and in February 1990 the embankment had reach@dmi&above the pipe. The remaining fill



was placed in the beginning of 1992. The pipe drel Wackfill were instrumented with 5
hydraulic earth pressure cells of B®etzl type Two settlement tubes were also installed on top
of the EPS to measure the vertical deformation. imsgumentation is shown in Figure 3.
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Figure 3Locations of pressure cells and EPS geofoam aliw/pipe

The measured earth pressure on cells no. 1 andsBown in figure 4. The registered earth
pressure on cell 1 at the top of the pipe is 75WPRan the fill has reached 15 m above the pipe.
In February 2008 the earth pressure was 74 kPa.i3125% of the calculated overburden. The
earth pressure on cell 2 is slightly larger.
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Figure 4 Vertical overburden pressures and deforomabf EPS geofoam block



The measured vertical compression of the EPS esiatduded in figure 4. The deformation is
65 mm at a fill height of 12 m. When the remainifig up to 15.0 m was placed, the
deformation increased to 149 mm. The next measureméhich was taken 15 years later,
shows that the deformation increased to 190 mns iBh88% of the initial thickness of 50 cm

of the EPS geofoam block.

3. Field installation- Hallumsdalen, 1989

A cast-in-place box culvert was also instrumentednhbnitor the long term performance of the
culvert as shown in figure 5. It is a continuousvert having a total length of 385 m and is
crossing a valley beneath an embankment of comgaictecrust clay up to 23 m in height. The
subsoil consists of over consolidated silty clayhwiater content 25-3% and undrained shear
strength 35-70 kPa. To investigate the time effentthe earth pressure in the cohesive fill in the
imperfect ditch method, expanded polystyrene wasgal above the culvert in a length of 20 m.

The instrumented section of the culvert is situatethe counter fill that is built up with silty
clay with unit weighty = 20 kN/nT. The EPS block was placed above the culvert asrstio
figure 5. This section (case a, in figure 5) wastriimented with two hydraulic earth pressure
cells of the Gloetzl type, cells 1 and 2. The defation of the EPS was measured using a
settlement plate. To compare the earth pressurehenimperfect ditch section with a
conventional section, one earth pressure cell wased above the culvert in a cross-section
without EPS, cell 3, see figure 5. The constructbthe embankment began in July 1989 and
was completed in February 1990
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Figure 5 Locations of pressure cells and EPS genfahove the culvert

At completion of the fill, the fill height was 10r8 above the cell level with overburden pressure
206 kPa. The measured earth pressure is 132 kHasatill height, which is 63 % of the
overburden. The earth pressure decreased to 123inkPgril 1991. The pressure further
decreased to 88 kPa in December 1991. This is lggsdue to stability problems and
movements in the counter fills that occurred iniAp®91. The earth pressure stabilised around



100 kPa in 1993. The last measurement carriednodily 2007 showed a value around 92 kPa.
This is about 45 % of the calculated overburdersguree. The vertical earth pressure measured
with cell 3, which is located on top of the culverta section without EPS, is shown in figure 6.
At completion of the fill in February 1990, thel fileight above the culvert was 9.8 m. Thus the
calculated overburden is 196 kPa. The registereith @aessure showed 244 kPa which is 1.24
times the overburden. Based on extensive finitanefe modelling, Tadros et al. (1989)
proposed an expression for calculating the eaglsure on concrete box culverts. For silty clay
soil, this expression gives an earth pressure valuk17 times the overburden on top of the
culvert. The registered earth pressure in July 20@45 kPa.

The measured deformation of the EPS was 60 mm abvanburden of 100 kPa, which
corresponds to the compressive strength of the ERSdeformation was 220 mm at completion
of the fill, when the overburden was 196 kPa. e next four years the deformation gradually
increased to 250 mm, which is 860 of the initial thickness of the EPS. The last measient
carried out in July 2007 shows an increase to 269 this is 54 % of the initial thickness. This
shows that the deformation of the EPS in cohesiVasfgreater than in granular fills. The
observed settlement of the culvert was betweemnd0140 mm in the instrumented sections for
the observation period.
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Figure 6 Vertical overburden pressures and deforamabf EPS geofoam block

4. Field installation — Tamtebekken, 1991

The last field installation built in 1991 is a coei® pipe culvert with inner diameter 1.4 m and
outer diameter 1.73 m. The embankment above theipgudes 0.5 m EPS geofoam inclusion
situated 0.3 m above the crown of the pipe andta teack-fill height of 22 m. The induced
trench installation was instrumented to monitor lthreg-term performance of the EPS geofoam
inclusion and the earth pressure history abovectiert for 17 years, figure 7. As shown in
figures 8 and 9, the registered vertical earthquesat the top of the pipe was increased to 80
kPa at fill-height 6 m. Afterwards, only slight meenent of the vertical earth pressure is



registered for further increase of fill-height astdbilised around 100 kPa at cell 1 and 150 kPa
at cell 2. The earth pressure registered by caldnly 23 % of the overburden pressure at the
end of construction. The vertical pressure at tteevao of the pipe remained fairly constant
afterwards. The filling was started in July 1991 amded in October 1992.
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Figure 8 Vertical overburden pressures and deforamabf EPS geofoam block

The measured vertical deformation of EPS geofoasiasvn in Figure 8. The deformation was
about 16 cm at the full fill height of the embankmedctober 1992, which is about 32 % of the
initial thickness of the EPS block. No significafitange of deformation was registered after the
end of the construction. The result shows the dedftion was about 38 % in 2007. Much of the



deformation occurred during the construction staigeg no settlement has been observed on the
existing road above the embankment. This instruetergtructure has been analysed with
PLAXIS FEM program, Vaslestad et al. (2009).

COMPARISON

The long-term measured vertical pressure abovecttwn of the pipe ranged from 23 % to
25 % of the overburden pressure for installatioith wranular backfill material and about 45 %
for the one with cohesive soil backfill. It has beeoticed that the performance of induced
arching is largely affected by the type of soil dise the embankment construction. The field
installations with granular fill reduced the vedigressure over the culvert more than the one
with silty-clay embankment. The result also shola the deformation of the EPS in cohesive
fill is greater than in granular fills. However,etmeasured earth pressure for the section of
culvert without induced trench installation showitft % of the overburden pressure. Figures 9
and 10 provide the quantitative comparison betvikercalculated overburden and the registered
vertical earth pressure values among all fieldaitetions discussed above. The resulting plot
clearly shows that the use of induced trench iledtah successfully reduced the vertical
pressure above the buried structure. The final cesgon of the EPS geofoam at the end of
embankment construction ranged from 27 % to 32 fwcdmcrete pipes with granular fill and
50 % for cast-in-situ box culvert with cohesivé. fil
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Figure 9 Measured vertical earth pressure vs therburden pressureH

DESIGN METHOD

It may also be interesting to compare the restih tie so callethe arching factorThe vertical
earth pressureg, on an imperfect ditch culvert can be found fromgMatad (1990) as:



g, =N,yH [KN/f

Where
N, = arching factor

y = unit weight of the soil [kN/fj
H = height of cover [m]

And N =1¢"  where A:ggﬂ and B = width of culvert [m]
AA B

The friction numberS, was used by Janbu (1976) to determine frictionitesp
S =|rtanpK,
Where tanp=f tanp = mobilized soil friction, f = degree of mobilization, (ranges from 0-1),
tang = Soil friction K= active earth pressure coefficient
1

[«/1+ tarf o + tano\/mJ2

The roughness rafio= (P *ctang)tand _ taw

A

tan .
<1/, wheretanp = 40’ ¢ = cohesion,

(patctang)tanp  tap I
p’'a = Active earth pressure, 6 = inclination of front wall
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Figure 10 Comparison of the measured vertical earssure with the calculated arching factors

CONCLUSION

The induced trench installations described wereessful in reducing the vertical loads on the
buried culverts. The pressure on buried structoaesbe reduced with the appropriate selection



of back-fill material with higher stiffness like ajmular material. The average measured earth
pressure above the crown of the pipe ranged frof28 25 % of the overburden pressure for
installations with granular backfill material andoait 45 % for the one with cohesive backfill
material. This shows the importance of using hgghlity well-compacted granular soil at the
sides of an imperfect ditch culvert. The verticaltk pressure on the section without EPS
geofoam block was measured as 1.24 times the owdabipressure. The long-term full scale
tests also showed that compression of the EPS @eofanged from 28 % to 38 % for concrete
pipes with granular fill and 54 % for cast-in-siiax culvert with cohesive fill.

Long term monitoring of the field installations indte no increased pressure or deformations on
the buried culverts compared to the situation rajtér construction. Much of the deformation in
the EPS block occurred during the construction @zl no problem has been observed on the
road surfaces due to the long-term settlement ef dkpanded polystyrene. The measured
vertical pressures are comparable with the desigthaal.
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