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Abutments of a wooden bridge made of textile reinforcing earth
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ABSTRACT: This article describes the construction of a wooden bridge over the river Ilm in the park of the
health-resort of Bad Sulza. The abutments of the bridge were manufactured on the textile reinforcing earth with
ashlar facing. One presents the details of the supports, of the ashlar facing integration and the fabrication of the

underwashing-proof (scouring-proof) abutments.

DISCUSSION

Several pedestrian bridges span the river Ilm and its
artificially laid out reaches in the park of the town of
Bad Sulza in Thuringia. These bridges were replaced
by the newly built ones in 1993/1994. The old
pedestrian bridge over the river Ilm with a steel
superstructure and the abutments of rubble masonry
work was replaced by a wooden construction with a
span of 16 m. From the creative point of view the
new abutments had to get an ashlar facing.

The location of this bridge is surrounded by water
meadow loams, which are shaped soft or stiff up to
ca. 3 m below the river bed. The old abutments
already were heavily damaged by settlements, which
indicated an insufficient foundation. The planned
new foundation would require a groundwork depth >
3,5 ... 4,0 m, and what is more, the foundation work
would have to be carried out with the protection of a
water-proof lining. On these marginal conditions it
was obvious to choose an abutment construction of
textile reinforcing earth which offers a number of
crucial advantages:

- Foundation work can be carried out without
holding back of water and deep excavation.

- The abutment wall can be fabricated with the
same inclination as the natural bank slopes.

- The protection of the external surface of the
reinforcing earth can be carried out with an anyway
desired ahlar facing.
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DESIGN AND PRACTICE

The planning put into effect is presented on
illustration 1. One of the manufactured abutments
with the bridge superstructure is shown on
illustration 2. In accordance with the geometric
marginal conditions the inclination of the external
surface B = 53,6° was chosen. The verttical distance
of the reinforcement layers was fixed on 25 cm. As a
result of static calculations a required tensile force
(dimensioning or design value) of individual
reinforcing layer Fp = 24,3 kN/m was determined,

FD=F[(/A]-A2-A3-A4-’Y ([)

Including reduction factors for the time stability and
creeping Ay, built-in damages A,, manufacturing A,
invironmental influences A4 and the partial safety
factor y the required textile strength Fx was
determined. In the dimensioning was set

(A1 Ay-As- Ay y)=6,00 (2)
min Fx 2 Fp - 6 = 145,8 kN/m 3

A polyester fabric was chosen, characteristic values
to compare on table I. As a scouring protection a
number of larch wood piles was driven in and a rip-
rapping was set right at the start of the building work.
A mechanically stiffened fleece as a separation
element was put on the excavation bottom and on the



slope surface, their characteristic values to compare
on table 1.

Concrete gravelly sand 0/32 was used as filling
medium (¢ = 35°, y = 21 kN/m®). To build in the
planned ashlar facing in a stable way, an abutment
consisting of 3 ferroconcrete prefabricated units was
manufactured, see illustration 1. Holding iron units
were built in additionally between the individual
reinforcing layers at intervals of 50 cm for the
individual quarry stone layers, see illustration 1.

Table 1: Material characteristic values of geotextiles

Separation element,

Material / use Reinfc / inf
fabric mechanically stiffened

fleece
Raw material [ - ] Polyester Polypropylene
Maximum longitudinal 150,0 9,8
tensile force [(kN/m]
Maximum transverse 45,0 235
tensile force [kN/m]
Maximum Jongitudinal 9,0 48,0
tensile force strain [%
Maximum transverse 20,0 57,0
lensile force strain [%]
Surface mass [g/m’] 365.0 206,0

Atstond 50 cm
vinbauen

Travertinslewn -

Halteeisen FL 621
Y2A.in jeder Schichl,

Owing to a short width of approx. 3 m a slope
template could be erected on both sides of the
reinforcing earth construction, and the single bulk
layers could be refilled with the required inclination
against a ,,sliding shuttering®.

The majority of civil engineering companies still
doesn’t contain the system of construction of the
reinforcing earth in their service offer. No bidder
answered the first advertisement for this structure.
Only by way of a repeated advertisement a gardening

Picture 1: Abutment and bridge
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Tllustration 1: Crosssection of the abutment
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contraction company could be found for the
construction of the abutments. This contractor didn’t
have any experience of the construction of
reinforcing earth structures before. After a short
instruction on the spot the contractor has
independently carried out the work. Both of the
abutments were erected within a construction period
of altogether 3 weeks, having constructed the support
beds for the superstructure as ferroconcrete
prefabricated units as well. After the bridge had
almost completely been finished, it turned out that
the contractor had used, obviously out of ignorance,
as a reinforcing material the mechanically hardened
fleece, which was planned as a separation element.
The comparison of the mechanical parameter on table
1 shows that the tensile strength of the fleece is
clearly lower than the one of the originally planned
reinforcing material. Therefore it had to be decided,
whether to demount the abutments, or whether a still
sufficient stability could be proved. As a furthering
has proved itself the circumstance, that the contractor
had laid the fleece in such a way that the cross
direction of the fabrication coincided with the
principal stress in the structure. The short-time
strength Fx of the fleece as well as the one of the
fabric with the summary factor 6 was admitted for
the repeated calculation

The internal static stability was examined with this
dimensioning value. The planning data are valid for
the layer distance and the length of the reinforcement
according to illustration 1.

The computing result on illustration 2 shows that the
structure is still sufficiently stable also for the fleece
with a clearly lower tensile strength (safety factor n =
1,53 2 required n = 1,4). Within the calculation
polygonal fracture surfaces were examined in
accordance with Janbu, compare illustration 2.The
fracture surfaces determined for fleece and fabric can
be plausibly interpreted. The potential fracture
surface runs for the less strong in tension fleece
almost parallel to the outer skin up to behind the
support bed - a fracture figure as known from load
tests. The decisive fracture figure for the
reinforcement with fabric runs nearly at the end of
the reinforcements. Fracture of reinforcement is not
decisive - the reinforcing earth structure behaves as a
rigid body. As the calculating safety factor n = 3.08
demonstrates, there is an overdimension in the use of
fabric. The fact is actually notable that the decisive
sliding circle of the proof of the exterior static
stability with m = 1,58 runs just after the decisive
fracture figure of the internal static stability, which
was determined for the reinforcement with fabric.

Foeceey = Fk/(A1A2A3A4Y) =23,5/6 =4 kKN/m . (4)
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Tllustration 2: Computing results of internal stability
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CONCLUSIONS

On these conditions the abutments could be opened.
The structure is until today - after several floods - in
a flawless condition. It is undisputed that the
construction of abutments made of textile reinforcing
earth in this case is technically and economically an
advantageous solution. The building costs of the
substructures are ca. 60 % compared with a massive
construction.
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