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1. Information for WP Partners

Aim of the paper
This papers is meant to be a contribution to the deliverables and
milestones on “New Materials and Techniques”
It is intended to present a general overview to soil — bioengineering and
to exhibit a non-exhaustive summary of applications and technical
properties used on urban rivers. Drawings and figures shall be a vital
part of this contribution.
Information from general literature and rural uses is kept to a minimum
as several textbooks cover that.

Sources of information
Research on the Wien River with more details as submitted in WP2
Case study Alterbach, Salzburg (Brochure)
Recent papers and textbooks
WP2 Report (19.Jan. 2004) & me-descr02.doc, report 8-1 (9.Dec.2003)
Dictionary of soil bioengineering: English - Deutsch - Francgais —
Italiano. Matthias Oplatka et al. Verein fur Ingenieurbiologie (Ed.)-
Zurich: vdf , 1996 . - XXXVII, 249p.

Suggested ways of proceeding
| would be highly pleased to get some feedback on that paper as there
are some resources left to continue working on that contribution.
Please add good figures of urban soil bioengineering techniques if you
have or let me know. Maybe WP3 will provide some. Eventually I'd like
to replace some current figures.
Feel free to ad/complete experiences from your work.

Figures & property rights
| have not yet asked the figure owners for using their photos etc.

Rudolf Faber, 03-11-2004
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2. Abstract

In this paper, a summary from research on soil-bioengineering with particular
attention on the application on urban rivers is presented. Contributions to this
article represent findings on the test-flume on the Wien River and recent
developments on other water bodies. The test flume is a hydraulic model in
real scale, constructed in 1996 to evaluate and improve contemporary soil-
bioengineering measures that may be implemented within the revitalisation of
the urban Wien River and other municipal watercourses. Responsible for this
test-site are the Hydraulic Engineering Department of the Vienna City Council
(http://www.wien.gv.at/wasserbau/index.htm) and the federal Ministry as
clients and as the contractor, the University of Natural Resources and Applied
Life Sciences, Vienna, Institute of Soil Bioengineering and Landscape
Construction (http://www.boku.ac.at/iblb/englhome.html).
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3. Introduction
In a general classification of measures that improve stream morphology, soil-
bioengineering structures mostly represent lateral measures.

Table 3.1: Classification of measure to improve the stream morphology
(WP 2 —final report 040601, 26.1.2004, p.44)

Longitudinal measures Lateral measures Vertical mea  sures
Alignment and - Flood plains - Bed-forms
gradient - Channel side slopes

Biological continuity

Methods of soil-bioengineering play a central role in nature like slope
stabilisation and in river rehabilitation and revitalisation. Soil bioengineering
structures base on synergies of living plants and dead materials as stones,
timber or geotextiles and auxiliary objects. These structures aim on creating
stable native riparian vegetation, which sufficiently protects riverbanks and
improves the landscape’s aesthetics and ecology.

Working with living native plants in river regulation schemes has a long
tradition. The utilisation of tree spurs was documented in the Roman Empire.
Although none of today’s technical machinery and constructions existed the
middle ages, durable protection of waterways was achieved with natural and
living materials.

There is a number of important technical-biological plant properties:

Technical properties:
Erosion protection
Balancing soil moisture e.g. by evapotranspiration
Soil enhancement, e.g. humification
Rooting: Stabilisation
Elasticity and flexural strength
Pull-out resistance
Shear strength of rooted soils due to bond-effects, capillary-cohesion
and aggregate development

Biological properties
Regeneration after buckling or breaking
Adaptation to environmental conditions
Resisting inundations and material cover
Vegetative reproduction
Shoot-borne roots': Root development at the log
Local availability

Nowadays, the trend of river rehabilitation induces a renaissance of these
methods as exhibited in Figure 3.1. When there is enough space for urban

! German: Sprosswurzelbildung

URBEM
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river rehabilitation, soil-bioengineering methods developed for rural
watercourses may be implemented, but facing spatial and other typical urban
constraints, new innovative solutions are required. In order to avoid deficits in
practical implementation, increasing exchange of experience is demanded in
this field. As river regulations in mid Europe mainly focus on flood protection,
the performance of soil-bioengineering methods during floods is of particular
high interest.

HQlOU
N

Summer Mean
Water Level

Urban river regulation in former times

HQlOO

Summer Mean
Water Level
\/

Contemporary urban river regulation

Figure 3.1: Schematic urban river cross-sections in former times and
after contemporary rehabilitation (Salzburger
Landesregierung, 2002, p.13)

Soil-bioengineering methods are often combined and complemented with
materials of hard regulation, especially under the conditions of high physical
loads, pollution, uplifting forces due to groundwater flux or limited space.
Dead materials also play an important stabilizing role in the initial phase of a
structure. We have to keep in mind that soil-bioengineering will not completely
replace technical measures.

Remediation of damaged hard-regulated sites or correcting design biases with
soil-bio engineering methods may become problematic. Best results are
achieved, when both techniques are considered or combined from the
beginning of the planning phase.

A specific open question of this discipline is the lack of design concepts and
assured figures characterizing the resistance of particular soil-bioengineering
structures. Engineering requires such information, which is well known for
hard regulations for planning a sufficient reliable structure.

The second central question is how to apply these techniques.

3.1 Vegetation zones

In a simplified river cross-section in mid and lower altitudes of central Europe,
general zones of riparian vegetation types —related to the frequency of water

levels and to soil-bio engineering methods can be distinguished in Figure 3.2
(Schiechtl & Stern, 2001). This classification serves as a general guideline as
the zones are highly related to the selection of adequate materials and
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techniques. Nevertheless, natural and local conditions and constraints have to
be thoroughly accounted for in practical application. Other classifications
define zones of the river channel, the river bank and the upper bank.

+LJKHVW REVHUYHG IORRG OHYHO
$X[LOLDU\ FRPSOHPHQWDU\

6WUXFWXUHV 30DQWDWLRQV JORRG OHYHO JORRG JRQH +DUG ZRRG ]RQH
&RYHULQJ VWDELOL]LQJ FRPSRVLWH
6WUXFWXUHY RRG DQG VRGV 6XPPHU PHDQ ZDWHU OHNHEVLWLRQDO |RQIMW ZRRG JRQH

+DUG RU FRPSRVLWH PHDVXUHV
&DQH EUDNH VWUXFWXUHY FRYHULQJ vwuR3., ' QRACHKEPOHDQ ZDWHAEDRGHEUDNH  &DQH EUDNH

JRQH 6RGV
JORDWLQJ OHDI SODQWY DQG XQGHUZDWHU VRGV JORDWLQJ OHDI JRQH % XVKHYV

Figure 3.2: Schematic river section with possible soil-bioengineering
measures and zones of water management and riparian
vegetation (adapted from Schiechtl & Stern, 2001 p. 7)

The vegetation zones and their relevance to soil-bioengineering methods are:
Flood-zone of regularly to scarcely inundated areas.
Transitional zone below high water level. Governing for this zone’s
upper parts are erosion processes, waves or ice forces. Therefore
robust materials as grass-sods and elastic willows are preferred.
Cane brake zone below mean water level. For species selection, their
tolerance of varying water levels during the vegetation period is of
great importance. Considerations shall also cover potential
sedimentation and sufficient sunlight.
Floating leaf zone below low water level. Due to the sensitivity of
typical species, difficulties arise in organisation, transport and
implementation.

3.2 Structural safety

Concerning safety and risk of failure, hard regulations structures provide a
high level of reliability from completion on, which is slowly decreasing within
the construction’s lifetime. Soil-bioengineering methods may reach and
exceed the same level of safety after some time of intensive maintenance
(Stern, 1993). As indicated in Figure 3.3, maintenance activities and
vegetation development become the governing factor for the construction’s
performance.
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Level of With intensive maintenance
safety [

~ Soil -
bioengineering

Hard
constructions

Time

>

Figure 3.3: Level of safety and risk of different ¢ onstruction methods
over time (Adapted from Stern, 1993)

According to safety considerations, four states of plant development in soil-
bioengineering measures can be distinguished (Gerstgraser,1998b).

1. Initial Vegetation period. During the first months, sprouts have not
developed sufficiently and auxiliary materials are required for
preventing erosion.

2. Development from second to fifth year. This phase is characterised by
high plant density and a not fully developed root system. Auxiliary
materials are still required although flexible branches provide good
surface protection.

3. Transitional phase to tree-wood. Flexibility and the number of boles
decrease, so that plants do not bend during floods and rather act as
flow obstructions. Auxiliary materials may have been decomposed and
roots care for erosion protection.

4. Matured timber. Trees decay and loose stability causing risk if
appropriate maintenance activities are not conducted. Adequate means
instead help keeping a high level of safety over a long period.
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4. Operations in Soil-bioengineering

A number of considerations on planning and implementing soil-bioengineering
schemes is described for rural rivers in the relevant literature. When particular
constraints and requirements are met, they may be utilised for urban
waterways in an adapted way.

4.1 Living materials
A number of living materials can be implemented in soil-bioengineering
constructions. More information is presented in the relevant literature.
Seeds
Vegetative reproducible parts of wood and herbs
0 Live stakes (syn: cuttings): Parts of branches or sticks of 3 to 8
cm diameter and 40 to 100 cm length from vegetative
reproducible species, mainly cut during in the winter, v. Figure
6.8
o Cuttings: Branch parts with leaves from vegetative reproducible
species of 1 to 3 cm diameter and 10 to 20 cm length, cut in the
vegetative period.
o Rhizone cuttings? are runners or creeping shoots with 2 or more
buds placed horizontally in a 2 to 3 centimetres deep soil
o Sleeping buds®(?): Some grass or herb-species establish
sprout-borne roots that start growing after fallen on the ground
Living plants with roots
o Root-cuttings*(?): Parts of roots of 5 to 15 cm lengths and 1 to 2
cm diameter, cut in the cold season
Naturally or artificially grown composition of plants, roots and soil
possibly with grid, mesh...
Composite materials as fascines, mats...

4.1.1 Selection of species
A number of reflections shall govern the selection of appropriate species. Lists
of adequate species for Mid-Europe and their characteristic properties are
described e.g. in Schiechtl & Stern (2001) or in Pratt, Jurging & Kraus (2004).
Here, only basics are listed.
Aim of the scheme and framing conditions
Ecological considerations: Interaction of the scheme with the
environment, tolerance of species against varying conditions
(ecological amplitude), size and growing form, pioneer species,
symbiosis, soil enhancement, self purification...
Technical considerations as mechanical resistance, bearing of flooding
and sedimentation, vegetative reproduction, regeneration after damage
or cutting, ability to establishing roots from sprouts or floating roots, soil
stabilizing root systems, resistance against salt or pollution...
Native provenience of species in terms of region and altitude

2 German: Rhizomsteckling
® German: Brutknospen
* German: Wurzelsteckling
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4.1.2 Reproduction
Soil-bioengineering methods necessitate a high number of individual plants,
so material availability, possible specific reproduction methods and the
preferred season have to be considered in the planning phase. In general,
reproduction methods cover:

Yielding of natural growing species’ seed

Plant culture of single species or plant compositions

Excavating naturally grown plant-soil habitats

Vegetative reproduction of woods (cuttings)

4.2 Selection of construction method and type
River rehabilitation employs a large number of soil-bioengineering methods
and techniques. The selection of the most suitable types encompasses
several considerations:
Aim of the construction
Technical feasibility including financial and maintenance efforts
Avalilability of plants
Season, vegetation period

4.2.1 Limitations

Soil-bioengineering cannot fulfil all tasks in a rehabilitation scheme. In order to

obtain a satisfying result, the designer must be aware of restrictions:
Biological limits due to pollution, climate and site conditions
Technical limits due to flow velocity, shear force, stream forces,
turbulences or bank slopes etc.
Timing limitations due to vegetation season. Preferred period for
measures utilizing reproducible woods in Mid-Europe is October /
November to March / April if woods are not extracted and implemented
quickly.
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5. Effects and hydraulic impacts

Soil-bioengineering measures have several impacts on urban rivers, which
shall be considered thoroughly in the design, implementation and
maintenance phase.

Technical Bank protection from flowing water erosion
Slope protection from rain, wind or frost erosion
Increasing stability due to a soil-root bond

Ecological Enhancing habitat conditions by reducing extremes of
temperature and moisture

Improved soil water balance by drainage, detention and
evapotranspiration

Soil enhancement due to humus formation

Creation of Habitats

Protection from wind and radiation

Water purifications

Aesthetical Harmonization of technical regulations
Pronunciation of river shape
Increasing perceived value of the river

Economical Decreasing construction and maintenance efforts
Benefits for fishery, ecology and recreation

Table 5.1  Effects of soil bioengineering constructi ons (Adapted from
Schiechtl & Stern, 2001 p.14)

5.1 Hydraulic impacts

Whenever a hard-regulated urban river is rehabilitated, the engineer has to
demonstrate, that the project improves the current situation. This requires an
estimation of the hydraulic behaviour of the rehabilitated river and the soil-
bioengineering methods during different flow conditions. In hydraulic
engineering, the most common hydraulic effects are characterised in terms of
flow velocities and shear stresses. Several numerical and empirical studies
have investigated flow properties of planted channel profiles Although
research is still going on in this field, currently a number of calculation
methods are available.

The hydraulic behaviour of vegetated channels banks is of major interest.
As the vegetation cannot be practically modelled in detail, a simplified
conservative assumption is to regard all plants as rigid flow obstructions. On
the other hand, juvenile plants are flexible and cause no major flow barriers. A
rough classification of vegetation can be made according to the hydraulic flow
resistance as issued by Gerstgraser (1998b).
Flexible brush willow fringe (requiring continuous maintenance)
Rigid brushes and trees with branches below flood water surface
(particular care has to be taken for the growth-period)
Rigid brushes and trees without branches below flood water surface
Herbal vegetation

The density of brush vegetation plays a mayor role for morphological
development: Sedimentation is observed in strips of dense willow-brushes



Contribution to New Techniques. WP 8 URBEM

(Figure 5.1), whereas erosion is induced by solitaire tress without inundated
branches.

Vegetation

Mean water level - - Erosi
Sedimentation rosion

Erosion

Figure 5.1: Erosion and sedimentation caused by flo  oding on a river-
bank with willows (adapted from Hohmann, 1995, p.10  2)

Impacts on mean flow velocity and velocity distribution have to be considered
in planning and maintenance of the scheme. A very simple approach is
proposed by Felkel (1960), who uses a reduction-coefficient for adapting the
Manning-Strickler flow equation for the discharge Q due to wood cover:

Q = A kst (Lo/P) R¥? 312

Where A is the cross section area, kg the frictional coefficient, Lo is the
not wood-covered part of the wet perimeter P, R the hydraulic radius, J
the energy grade and h the maximum depth.

For estimating the shear stress, simplified equations are used for the mean
shear stress 7,

thn=rgRJ

and the maximum stress fmax, also applied for the bed shear stress in wide
rivers, where the channel width exceeds the 30fold of the Perimeter.

Imax=rghld

These formulae apply for regular trapezoid channels. In irregular re-
naturalized rivers, the actual shear stress varies widely, so the figures
represent barely rough estimates. As the actual energy grade J in a natural,
irregular channel is unknown, it is often approximated by the ground slope.

For the practical application, guiding values of material resistances are
available but moreover, understanding the local processes is indispensable.
Latter is of high importance when the results of well-established calculation
methods are compared. As an example, shear stress and resistance
equations are compared for the 1999 experiment in the Wien River test flume
as indicated in Table 5.2. The most appropriate shear stress figure will
probably be in the exhibited range, if no major irregularities exist in the
channel. Critical values in Table 5.2 describe the beginning of sediment

10
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erosion in gravel bed rivers. From the order of magnitude of stress and
resistance it appears that erosion presents a serious risk.

Formula t [N/m?]
tm=rgRJs Mean shear stress 53
tmax = r g hJs Maximum shear stress 110
tait = 0.06(rs - rw) g dso Resistance (Shields, 1936) 40
tait = 0.035(rs - ry)g dso | Resistance (Wilcock, 1993) 23

Table 5.2:  Shear stresses, re-calculated with diff  erent approaches for
the September 1999 experiment in the Wien River tes t flume
(Rauch, 1999, p.10)

5.2 Stability of soil-bioengineering methods
Stability of soil-bioengineering constructions rely on the interaction of water,
plants and soil. In particular, the resistance depends on:

Construction type

Plant age and density

Habitat properties, vitality, damages

Soil material

Maintenance

Time

Stress depends on:
Discharge
Duration
Bank inclination, unsteady shapes
Roughness differences
Fluid density, bed load transport
Bed material
Channel geometry in plain view and cross section

Soil-bioengineering methods are punctual, linear or areal structures. Punctual
measures may serve as initial plantings or in compound with other materials.
Due to the difficulty of exactly describing living materials’ behaviour under
load, little experience on the physical resistance of soil-bioengineering
methods is available, which refers to scientifically based insight.

In mid-Europe, willows (salix species) are very frequently utilised in different
ways. As some other species, juvenile plants can reversibly bend their
branches under hydraulic load, which reduces the risk of erosion —the
governing failure type. These advantages are:

Reduced exposed surface

Protection of soil surface by reducing flow velocity

Little reduction of flow area

11
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The most favourable mechanical property is flexibility, physically described in
terms of a relative low modulus of elasticity and low ultimate bending stress of
willows like the Golden Weeping Willow (salix alba), Goat Willow or Sallow
(salix caprea) and alder (alnus glutinosa) were exhibited in flexural laboratory
tests (Vollsinger, 2000). This indicates, that these tree species have a relative
high ability for soil protection by bending deformation.

5.2.1 Contraction

The mayor favourable property of juvenile willows and
other flexible plants is the contraction under load.
Contraction indicates the decreasing hight and widths
of plants by bending stem and branches due to higher
flow velocities. This reversible deformation is indicated
in Figure 5.2.

Scale tests with willows have revealed the importance
of the contracting ability and the magnitude of the
stream force on the loading capacity. Although leaves
may be ripped off during a flood, willows have the
ability to regenerate after some weeks.

Figure 5.2: Deformation of willows due to
different flow velocities (Oplatka, 1998
in Gerstgraser, 1998b p.39)

From the research on the bending and deformation of height and widths it
appears that the velocity of 1 m/s reduces the willow’s area normal to the flow
direction by 75 — 80 % and 4 m/s to 5 % of initial value (Oplatka, 1998;
Gerstgraser, 1998b). This contraction of submerged willows causes a linear
increase of the stream force with the flow velocity in comparison to not
submerged plants, where the stream force increases with the square of the
velocity. Due to this contraction, the soil protection of areal measures is
superior to linear or punctual methods.

Although exact numbers cannot be given, it is agreed that the reduction of
close to ground and mean flow velocities depends on several influences.
Age (and therefore flexibility, length, diameter, roots)
Plant density
Bank slope. Steep banks probably cause smaller velocity reductions
Transverse flows are largest at the transition from main flow area to
vegetated domains

Gerstgraser (1998b) stated a hypothesis on the influence of riparian
vegetation on the close-to-ground velocity and its dependence of the flow
depth, as indicated in Figure 5.3. This velocity decrease is caused by
turbulences.

12
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A Flow-
Depth

With plant cover
Without plant cover

Velocity

Figure 5.3: Idealised influence of plant coveront  he close-to-ground
velocity depending on the flow depth. (Gerstgraser, 1998b
p.141)

During the Wien River test flume experiments of 1999, the 3D Acoustic
Doppler Velocimeter measurements exhibit the velocity reduction of deformed
willows (Vollsinger, Meixner & Rauch 2002). Flow velocities in the range of 1
m/s were measured in 1 to 17 cm above ground in the 19-month-old
contracted willow-vegetation, whereas velocity maxima reached
approximately 3.8 m/s in the channel and 3 m/s above the bank.

Typical velocity distribution measured during the artificial flood experiment in
July 2001 exhibits Figure 5.4. It shows the reduction of flow velocities above
the 28 months old vegetated bank measured with an Acoustic Doppler Profiler
in comparison to velocities in the main channel. In the course of two years,
this experiment series shows a slight increase of water levels for given
discharges due to the denser and more rigid vegetation cover.

This decrease of the close-to ground velocities is the major reason for smaller
erosion risk.

Figure 5.4: Flow velocity
profiles over a
vegetated bank
(left 4 graphs) and
over the open
channel.
(Vollsinger,
Meixner & Rauch
2002, p.856)

5.2.2 Pull-out resistance

The pull-out resistance in flow direction is depending rather on the habitat
properties than on the plant’s volume, age or height. In comparison with
several other species, willows perform best. Still pull-out forces are much
higher than actual stream forces at 4 m/s, which indicates that pull-out failure
should not be the governing failure mode (Gerstgraser, 1998b).

5.2.3 Flexural strength

Flexural strength is depending on the species and on the diameter. From
mechanical considerations, the flexural strengthof a circular member
increases with the diameters forth potent. Experiments reveal a clearly

13
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reduced bending deformation of diameters larger than 40 mm (Weitzer,
Doppler, Florineth, 1998; Gerstgraser 1998b). This in turn has implications on
the scheme’s required maintenance activities.

14
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6. Techniques and constructions
Soil-bioengineering measures may be classified according to their main
function (Schiechtl & Stern, 2001). In practice, schemes combine several
elements and functions.
Covering structures are used on surface areas to stabilize, protect and
enhance soil. Usually, large numbers of plants are employed. These
surface-measures do not primarily transfer loads in deeper soil layers.
Stabilizing structures transfer forces by point- or linear elements into
deeper soil layers. Combinations with covering areal measures or
parallel applications of numerous linear units are possible.
Composite measures combine living and dead materials for gained
performance and life time
Auxiliary and complementary measures support initial state and
succession.

In the following passages, selected techniques and experiences for particular
urban applications are presented, without claiming exhaustiveness. Many of
these insights were made at the test-flume on the Wien River in Vienna. They
represent findings of several flood-scale tests and a natural flood of 50 — 100
years return period in 1997. According to the before mentioned classifications,
these techniques refer to covering, stabilizing and combined structures and
apply also to auxiliary materials.

Various authors describe these methods also in a slightly different way
without aiming on particular urban applications. Nevertheless, for more
details, the literature provides useful information on

Application, effects

Advantages, disadvantages

Costs

Structural material

Construction execution, preferred season

6.1 Willow-brush mattress

Construction

Bank slopes up to 2:3 are covered with an dense layer of long willow
branches transversely to the flow direction, fastened to the ground with
wooden poles and wire or coco-ropes and embedded into the subsoil. When
high hydraulic loads are expected, the distance between the poles shall be no
more than 1 — 1.2 meters. Coco-ropes can be used for fixation, but they
expand from moisture and can be damaged from bed load transport. The soll
layer upon the willow brushes shall not extend 3 - 4 cm in order to enable the
plants to also sprout vitally.

For water supply and stabilisation, the foot-ends of the branches are fixed
under the low water level and protected with riprap, fascines, a live-crib
structure (Krainer-wall) or a tree-spur. Higher species diversity is achieved by
utilising different kinds of willows and to implement some vegetative
reproducible poles of other leafed species.

15
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Conclusions

Brush mattresses are characterised by intensive vegetative growth and a
rapid protective functionality. Increasing diameters and lengths during the first
five years are documented in Figure 6.3 (Rauch, 2004), where the box
indicates the range 25 to the 75 % quartile. Maximum and minimum are
exhibited as well as outliers. This intensive growth induces on one hand a
concurrency situation, which reduces the individual plants per unit area and
on the other hand an increasing flow resistance due to higher plants of lower
flexibility, resulting in a increase of water levels. In the Wien River Test flume
for example, rating curves shifted in the range of 40 cm during a 4-year
vegetation period (Rauch, 2004).

The experience from the test flume revealed, that the density and flexibility of
three months old sprouts could highly protect the sandy gravel from flow
erosion, although lots of leaves were ripped off.

Figure 6.1: Willow-brush mattress with a live-crib footing at the Wien

River test flume (Source: Vollsinger, Meixner & Rau  ch,
2002 p.853)

Figure 6.2:Construction of a willow- brush mattress . (Source:
Gerstgraser, 1998b, p.175)

16
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Figure 6.3: Growth in diameter and length from 199 8 to 2002 at the
Wien River test flume, section 8 (Source: Rauch, 2 004,

p.7)

6.2 Fascines

Fascines are long bundles of branches, completely made of living brush as
‘live fascines’ or filled with rocks as ‘sink fascines’. These rolls are tied
together with wire or other cables in a spacing of approximately one meter.
Fascines are used in many different ways in soil-bioengineering.

Construction

Living fascines of 20 to 40 cm diameter and some meter length are
implemented in the bank foot at the summer mean water level and fixed with
wooden poles. Figure 6.4 exhibits an example for employing live fascines in
the cross section. Within some moth, flexible willow brush will develop from
the live branches.

Wooden pole

Bank

stabilisation
Summer Mean

Water Level
Live fascines

Figure 6.4: Schematic of implementing live fascine s in the river bank
(Source: Salzburger Landesregierung, 2002, p.26)

6.3 Fascine wall

Construction

Fascine walls are vertical structures implemented parallel to the flow direction,
protecting rather a very narrow strip of the riverbank. In the Wien River test
flume, vertical structures of 5 to 6 willow fascines were fastened with wire
behind poles. The lowest sink-fascine is made of rock and brush. The wall is
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refilled with sandy gravel and the inclining bank protected with a Geotextile,
which is fastened with iron hooks.

Conclusions

In this construction, sprouts grow mainly in the upper quarter as indicated in
Figure 6.6. Due to sufficient water supply and sunlight, the structure’s upper
edge develops vigorously, but it shadows the lower fascines, which may die
off, decay and cause side erosion.

The stability of the bank bases on two elements: First, the fascine wall itself,
which is mainly governed by the performance of the wooden poles and
second, the stability of the backfilled bank, which is not directly protected by
the vertical wall. In the Wien River test flume, the wall structure itself resisted
the artificial and the natural floods, but the upper bank, protected by a
Geotextile was completely eroded.

In practical application, this structure shall be used only when vertical walls
are imperative and when a temporarily limited lifetime can be accepted, as the
poles are not durable. Particular attention shall be paid for sufficient exposure
to sunlight. Therefore the heights over one meter and a north-side exposition
shall be avoided. Further, possible upper bank erosion must be considered
which may be intensified by changes in bed roughness due the willows
(Gerstgraser, 1998)

Figure 6.5: Newly constructed fascine wall atthe L iesing Brook, Vienna
(Vienna Municipal Hydraulic Engineering Department MA
45, http://www.life-liesingbach.at/)

Figure 6.6: Shootings in a
fascine wall of 15
months (Source:
Gerstgraser,
1998b, p.149)
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6.4 Fascines on brush layer

Construction

On the Wien River, sink-fascines and live-fascines are placed behind vertical
poles, fixed with wire and backfilled as shown in Figure 6.7. Upon the
fascines, a layer of 1 — 1.5-meter branches is laid, transversely to the flow
direction in a moderate inclination of 10 — 20 %. The brush layers are covered
with 10 cm of soil and a row of fascines fixed with wooden poles. This
sequence of brush layers and fascines forms a step of 15 — 60 cm widths.
Within several levels, 4 — 5 brush layers and 6 — 7 fascine rows were
constructed. The uppermost bank was covered with a geotextile.

Conclusions

After 15 months, the brush layers have developed much better than the
fascines due to their deeper soil contact. As the fascines are completely
shadowed by the brushes and may die off in the long time run, the structure
provides barely linear protection.

The 10 cm spacing between the branches could not prevent erosion of subsoil
compartments, which exposed the fascines to further erosion and drought.
This process increases the risk of structural failure, which was observed
during the natural flood in the test flume.

This work-intensive structure has not performed satisfactorily for the slope
2:3, so generally, it cannot be recommended. When a fascine is placed upon
a brush layer, it must be reassured, that no subsoil-erosion occurs and
sufficient moisture is available.

Figure 6.7: Schematic drawing of fascines on brush-  layer (Adapted from
Gerstgraser, 1998b p.84)

6.5 Live stakes

Cuttings from living branches of some 2 - 5 cm diameter minimum are
inserted into the ground, so that only a few centimetres protrude in the air.
Sufficient sunlight and water supply cause vital rooting and sprouting within
some months, which is shown in Figure 6.8.
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Figure 6.8: Live stakes before implementation, afte  r sprouting and after
some months (Source: Salzburger Landesregierung, 20 02,
p.28)

Live stakes are an alternative to planting rooted stock. These cuttings may be
combined with various living or dead materials as e.g. an existing rip-rap bank
protection as exhibited in Figure 6.9.

Upper bank stabilisation with
Live stakes

Live stakes placed
into the gaps
Summer Mean

. Water Level
Live stakes

Existing
rip-rap

Figure 6.9: Live stakes implemented in an existing rip-rap bank
stabilisation (Source: Salzburger Landesregierung, 2002,
p.28)

6.6 Geotextile and live stakes

Soil-bioengineering and geo-technique cover numerous applications of
degradable and durable geotextiles. On the Wien River test flume, 700 g/m?
coco-fibre mats and an effective mesh-widths of 0.5 -1 cm were used in
different ways. For other applications, 300 g/m*-mats were employed.

Construction

The inclining bank was covered with the geotextile. At its edge, a certain
length of the Geotextile is upending into the soil for the transfer of tensional
forces.

Live stakes (Figure 6.8) are living, unbranched, vegetative reproducible parts
of 3 — 8 cm diameter branches with a minimum length of 60 cm. Some
authors name smaller figures. They are driven or inserted with the thick end
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into the ground vertically or inclined. Growing roots and sprouts provide
erosion protection.

Conclusions

Below the geotextile mats, selective erosion of fine material and motion of
coarser material may take place during floods and bed load transport can
damage the fibres. Under smaller loads, point stabilisation with live stakes or
other dead auxiliary materials can reduce these negative effects. Due to
willow contraction, an effective surface erosion protection cannot be provided.
During the natural and artificial floods in the test flume, this construction was
completely destroyed in the Wien River Test flume (Gerstgraser, 1998b).
Geotextiles can therefore be used for mild bank slopes which are not exposed
to higher hydraulic forces or bed load transport. High rates of coarse material
reduce erosion risk. In general, degradable fibres shall not be exposed to
frequent moisture. Measures to stabilize points (e.g. with live-cuttings) or line-
reinforcements (e.g. with brush-lines) should be used in combination with
auxiliary materials if high stresses are expected. Geotextiles on steep banks
should be combined with sufficiently dense brushes or cuttings (Gerstgraser,
1998a).

The ends of the live stakes shall not protrude more than 3 — 8 cm in the air to
prevent solar radiation damage, which may cause desiccation and inhibit
sprouting.

Figure 6.10: Bank Stabilisation with fascine walla  nd Geotextile after an
artificial flood in the Wien River test flume. Conc  ave
geotextile shapes and pulled out iron hooks mark er osion
damages (Source: Gerstgraser, 1998b, p.97)

6.7 Geotextile on brush layer

Construction

Behind a row of vertical poles, sink fascines and live fascines are placed,
fixed with wire and backfilled with soil. Upon the fascines, a layer of 1 to 1.5-
meter long branches of 3 to 8 cm diameter are laid transversely to the flow
direction in a moderate inclination of 10 — 20 % as shown in Figure 6.11. The
brush layers are covered with 10 cm of soil on which a geotextile was placed,
reaching 1.6 m into the ground. The geotextile is used to envelope a 50 to 65
cm high sandy gravel body and fixed backwards with wooden poles. Again, a
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5 to 10 cm soil layer with brushes inside covers the geotextile elements. The
20 — 30 cm of branches protruding from the geotextile are covered with some
centimetres of soil for sun-protection, but no material should be placed directly
below, as it is exposed to erosion.

For that construction, non-cohesive material is preferred, and the bank slope
should not exceed the material’s natural slope angle. At the Wien River test
site, this alternating construction comprises three rows of brushes and three
geotextile elements.

Conclusions

The protective effects of willows act only on relative small strips and large
compartments are exposed to selective erosion since the geotextile is porous.
Further, bed load transport or the edges of the branches may damage the
geotextile, which decays over time.

The structure may be used on mild bank slopes of 1:3 up to the natural bank
inclination when larger hydraulic forces are not expected. In general,
geotextiles of natural fibres shall not be exposed to long-lasting moisture as it
looses strength.

On the Wien River Test flume, the entire structure was eroded during the
natural flood (Gerstgraser, 1998b)

Brush layer

Geotextile

\

Fine soil

Figure 6.11: Schematic drawing of a geotextile ona  brush layer used on
a moderate bank slope (I.) and a construction detai |
(Source: Gerstgraser, 1998b, p.189)

6.8 Wattle fence

Construction

Long, flexible branches of at least 3 cm diameter are alternating braided
around wooden poles of 1 to 1.2 m spacing. The construction is backfilled and
covered. For higher resistances, branches of 3 to 8 cm diameter are
recommended. Crack willows (salix fragilis) should not be used, as they may
easily break. For water supply, branches should not be implemented in
parallel to the river but with a slight inclination, thick stem-ends placed on the
lower bank side.

Conclusions

Vegetation develops similar to the fascine wall: The uppermost parts grow fast
due to good light and moisture-conditions and shadow the lower elements,
which may cease, so the height of this construction should not exceed 0.6 m.
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As long as leaves have not developed, branches on south-exposed sites may
suffer sunburn, so they may die of and the bank may fail.

During the tests and the natural flood in the Wien River, this construction
resisted. The wattle fence may be used on smaller brooks, where a linear
measure is sufficient. When the bank receives additional protection, it may
also be used, when higher floods and forces are expected.

Figure 6.12: Construction of a wattle fence (Source  : Gerstgraser, 1998b,
p.192

Figure 6.13: Wattle fence immediately after floodin g with branches
inclined in flow direction (Source: Gerstgraser, 19 98b,
p.103)

6.9 Fascine layer

Construction

On a foundation structure of fascines fixed behind vertical poles, rows of
fascines are placed on the inclining embankment. At the Wien River Test
flume, 6 rows of fascines were laid tight on the subsoil, each stabilised with
poles of 1 to 1.2 m spacing and covered with 5 to 10 cm of sandy gravel.
Fascines of 30 to 40 cm diameter are constructed using willow branches,
which were tied up with a wire cable each meter. The fascines are
implemented, with the branches’ thin ends in flow direction, embedded in the
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subsoil for water supply and covered with few centimetres of sandy gravel in
order to prevent desiccation.

Conclusions

As Fascines were closely fitting and had a sufficient moisture supply,
vegetation developed densely on the entire covered area. This causes a
reduction of flow velocities and the accumulation of sediments.

Water supply is the crucial point in planning fascine layers. Therefore slopes
shall not be steeper than 1:3 and not too high.

Generally, the structure resisted the artificial and natural floods and the
technique can be recommended for mild bank slopes and high hydraulic
loads. In Comparison to other structures, this technique provides immediate
protection from completion on. Among a number of tested techniques,
fascines perform very good on smooth banks due to the more stable sail
coverage and better conditions for developing roots (Gerstgraser, 1998a).

Figure 6.14: Construction of a fascine layer at the Wien River test flume
(Source: Gerstgraser, 1998b, p.90)

6.10 Row of tree stumps

Construction

Behind a 30 to 40 cm fascine, fixed to vertical poles of 1.1to 1.4 m spacing,
tree stumps are implemented into the smoothly inclining bank. They mainly
comprise of willows, poplars, few ash trees and ash-leaved maple (Acer
negundo). The stumps next to the water are fastened to the poles with steel
cables, whereas the other stumps were built in between larger rocks. Then
the bank is covered with sandy gravel, so the stumps protruded less than 20
to 50 cm from the ground.

Conclusions

Many sprouts develop in the height of 20 to 30 cm above the ground, which is
relative high above the surface so the protective effects concentrated to some
spots. Although a high number of sprouts developed, they grow rather point-
wise and do not provide an areal cover.

These highly structured features cause flow deviations and point-wise scours
during flood conditions, which was observed during the artificial and natural
events.
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Tree stumps have to be living, vegetative reproducible woods. Branches have
to be cut off, as they would dry out otherwise. For stability purposes, stumps
should not be higher than 20 cm, the subsoil should include large rocks and
stumps close to the river should be cabled to anchor structures.

This construction can be used on banks with minor inclination, where lower
loads are expected or small damages are accepted.

Figure 6.15: Row of tree stumps in the Wien Rivert  est flume two months
after (Source: Gerstgraser, 1998b p.90)

Figure 6.16: Row of tree stumps utilized as structu  re-giving elements on
mild embankment slopes (Source: Gerstgraser, 1998b p.90)
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7. Recommendations

7.1 General design recommendations

From the scale tests and the observed flood damages on different soil-

bioengineering constructions during the 1997 events in Vienna, several

lessons become evident (Gerstgraser, 1998b).
During extreme conditions, the reliability of the riverbank depends to a
large extent on an intact bed.
Three month after completion, the root systems were partly not able to
sufficiently strengthen the soil. Sufficient time and space are required
for obtaining a strong root system.
If the riverbed and the roots resist, the density and flexibility of
vegetation-mat are governing for bank protection. Worthwhile
mentioning is the strong reduction of flexibility of willow branches of
more than 40 mm diameter (Gerstgraser, 1998b, p.51).
Vertical bank structures in outer bends tend to face intensified bed
erosion and bank foot scouring, so an adequate bank foundation is
required. Soil-bioengineering measures with inclined banks, sufficient
deep foundations and a larger channel width may also withstand this
load situation.
Turbulences and higher stresses develop at the intersection of river-
bed and bank, where the channel geometry or the roughness changes
due to varying slopes, edges or materials.
Governing for plant growth and durable strength are sufficient water
supply and sunlight. Solitude, juvenile plants in particular may also
suffer damage from sunlight.
In the initial phase, auxiliary materials are useful for stabilizing banks.
Bed, banks and river morphology have to be considered as an entity.
The protection design shall cover the entire wetted perimeter probably
affected by an extreme flood

7.2 Critical design values

Technical standards for soil-bioengineering have to cover numerous different
construction types and load and resistance situations throughout their lifetime.
It takes no wonder that published numbers of critical limit states vary in wide
ranges, depending on many specific parameters. In a contemporary survey
and comparison, deviations up to 200 % were found in various sources.

Only a small number of researchers base their published figures on their own
scale tests or re-calculations. Due to the complexity of the problem and the
dynamically changing character of numerous parameters, there are no
generally valid calculation methods for determining actual forces. Owing to
many unknown parameters, it is recommended to consider ranges of # and v
as governing parameters, as well as the angel between main flow and bank
Gerstgraser (1998b).

For the practical application, guiding values are available, but understanding
the local processes is indispensable. Latter is of high importance when the
results of well-established calculation methods are compared (see Table 5.2).
A collection of published values of resistance limits of various soil-
bioengineering methods is exhibited in Table 7.1. These figures either stem
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from investigations with an underlying hydraulic calculation or from primal
publications of experiences and may therefore be assessed as representative,
as it is suspected that other authors have taken and copied these figures or
do not refer to an ultimate limit state (Gerstgraser, 1998b). The investigations
of LfU (1996) base on one and two-dimensional recalculations of a flood
event, two years after construction.

Technique Author £ [N/m?] v [m/s] Remarks
Willow brush mattress Florineth (1982) 195 -218 t=r gRJ Age: 15
256 — 298 t=r ghJ months
Florineth (1995) 309* t=rgRJ Age:7
465 t=r ghJ months
Wattle fence Steiger (1918) 50
Gerstgraser (1998b) 100-120 3.2-3.5
Dead Fascine LfU (1996) 70—-100 25-3.0
Fascine LfU (1996) 100-150 3.0-35
Row of fascines Gerstgraser (1998b) 150-200 3.3-3.8
Fascine wall Gerstgraser (1998b) 180-240 3.5-4.0
Fascine on brush layer Gerstgraser (1998b) 120 — 150* 2.0 —2.5*
Geotextile on brush layer Gerstgraser (1998b) 120 - 160* 3.0 — 3.5*
Geotextile with live stakes Gerstgraser (1998b) 80 —120* 2.2-2.8* Age: 15
months
Live willow stakes Witzig (1970) 165
LfU (1996) 100-150 3.0-35
Willow bushes Witzig (1970) 100
Rows of tree stumps Gerstgraser (1998b) 50 -80* 1.5-2.0*
Sods, lawn Witzig (1970) 50 — (100) Without intensive care
Witzig (1970) 80 -100 With intensive care, slope < 2:3
Grass seeding LfU (1996) 40 1.8
Sod slabs LfU (1996) > 60 >3.5
Gravel-lawn LfU (1996) 30 15

Table 7.1: Representative limit state values of so
measures. Structures with a * were damaged/destroye d
(from Gerstgraser, 1998c, p.184 & 2000, p.52; Rauch , 2000,

p.7)
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8. Maintenance

Within soil-bioengineering methods, the intended positive effects require
some time for vegetative development and an amount of regulating
interventions, particular in urban areas. Maintenance activities therefore cover
a number of operative measures during the structure’s lifetime. In general,
plants can only protect a river bank when they provide a dense and flexible
layer and where there is enough space to create a strong root mat
(Gerstgraser, 1998a). Solitaire, rigid plants instead may intensify erosion by
inducing turbulences similar to bridge piers. In small rivers of limited space,
the design flow capacity has to be maintained by keeping vegetation flexible.
This can be achieved by cutting larger branch diameters. Some interference
with natural succession has to be accepted in urban areas. Tight spatial
constraints require a higher the maintenance effort and to some extemd the
utilisation of auxiliary technical materials. For protecting young riparian
vegetation, wood and geotextiles from natural fibres are often assessed as
adequate materials as they immediately provide stability and decay, when the
plant system has enough strength.

Accurate planning intends on minimizing the maintenance effort in the course
of the scheme’s lifetime and to increase the intervals between maintenance
activities. Therefore, the interdependency of the river morphology and the
plant development have to be accounted for. Two mayor conditions frame the
mid to long term development goals:
The accepted plant development from the flood protection’s viewpoint.
This concerns the maximal tolerated vegetation.
The minimum vegetation is demanded from the ecological and
aesthetical viewpoint.

At the beginning of maintenance efforts, one should ask three questions:
Can we achieve the goals also without maintenance efforts? In some
cases, ho maintenance is the best maintenance (Geitz, 2004)

Why are maintenance efforts necessary, what are the causes?
How to minimize the efforts in the future?

Once the framing conditions are set and considerations on the aim of the
maintenance efforts are made, a number of individual measures may be
utilized. Here, they are classified according to the structure’s lifetime.

8.1 Completion care
Processes focus on developing a state, which satisfies conditions for the
formal act of technical approval.

Replacement of dead plants and not accreted parts

Re-seeding

Re-planting

8.2 Development care
These methods may comprise several actions to achieve the intended
impacts. A serviceable state can be developed after approximately two to five
seasons.

Fertilisation, depending on the soil properties
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Irrigation

Soil treatment

Removal of concurrents

Mulching

Mowing

Cutting woods

Staking and fixing logs/trunks

Application of herbicides and fungicides, protection from game animals

8.3 Conservation care
In a well designed scheme it takes no longer than 2 to 5 years of intensive
care to initiate a self-sustaining and regulating plant population. These
activities are best organized by establishing maintenance time plan.
Aims:
Durable vegetative associations for providing material for further soil-
bioengineering measures (periodically cutting branches...)
Durable vegetation for maintaining technical functions
Maintenance of a climax community

Short term methods include:
Fertilisation
Mowing, grazing
Solil treatment, scratching the soil surface
Regeneration felling
Other artificial regeneration measures
Remediation of fences, protection from game animals

Mid to long term methods include:
Development of a maintenance plan
Forestal measures

8.4 Maintenance Masterplan

A maintenance masterplan shall serve the efficiency of maintenance efforts.
The maintenance plan shall give guidance on the required works focussing on
the development goals and communicate information in a appealing way. It
shall inform about the flood protection’s requirements on the maximum
tolerated vegetation and on the landscape-ecological goals. These two
conditions exhibit the range of intended development. Experiences with these
management plans have shown, that their implementation often lacks
practical applicability and insufficient time of the maintenance stuff (Geitz,
2000). So particular attention has to be given be written for the practical
applicability for the working staff on site. As the maintenance works are mainly
undertaken during the cold season, a minimum botanical knowledge of
working stuff is required for identifying local species as various willows in the
leafless state.

As an example for communicating this information in a new way, the main

points of the maintenance - master plan of the German Enz River in the City
of Pforzheim are described briefly.
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Partition of the rehabilitated reach into divisions and further into typical
sections, for which maintenance plans were developed.
A3 format instead of large plan plots, hard cover
Site-plans M 1:1.000 for documenting accomplished operations
One page describing state, measures and goals (Figure 8.1).

0 Location in the reach
Photograph and brief description of the current situation
Sketch and explanation of the required maintenance measures
Schematic drawing and description of the development goal
Range of intended vegetation development exhibited by a
minimum and a maximum illustration. Flexible vegetation is
indicated in white and rigid trees and branches in black.

O O OO0

River Maintenance-Master plan
ENZ / Pforzheim
Maintenance division 5, left bank

Inventory 1999:

A mainly dense, multi-row wood fringe of brush-
willows and alder is predominantly found on the lef
bank. Fine sediments have accumulated in between
these dense woods. A second row of elms, ash, black
cherry trees was planted. The adjacent bank isredve
by extensive grassland.

Maintenance Measures:
In this division, the wood fringe of brush-willows
are regularly cut to the rootstock.
Individual trees of the wood fringe (mainly alder)
are to be developed as solitaire trees or treepgrou

Remove too dense woods

Regular mowing of the bank 2 x a year, leaving out
tall forbs in sections

Development goals:

Secondary woods shall predominate the charactyisof
division.

Solitaire trees and loose tree groups alternate wit
brush-willow groups and form a polymorphic age- and
habitat-structure. Some trees of the upper banéés t
groups are maintained with high branches, flexible
scrub is tolerated.

Minimum Maximum

Figure 8.1: River Maintenance-Masterplan of the reh  abilitated Enz River
in Pforzheim. (Adapted from Geitz, 2004)
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Another example is the brook maintenance concept in the Swiss City of
Zurich. Information for the working staff is summarized on an A4 page for
each section comprising a brief description, the development goals,
maintenance measures, intervals and the appropriate season as well as the
responsible agencies. It is planned to expand the maintenance concept to a
contemporary brook- management tool (Kari, 2004).
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