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1. Introduction

1.1 Traditional irrigation methods

Irrigation is a vital factor inevery part of the world. Inarid
regions affected by seasonal and violentrainfalls, themain
sources of irrigation water are short spate flows. In these
regions there is a need for better control of spate flows and
to improve traditional irrigation facilities.

Random tipped stone is commonly used: although easier
to place than any other system, it is highly susceptible to
erosion.

More expensive masonry and brickwork are now only
used in short lengths near bridges, culverts or other struc-
tures. They are rigid and may be ruptured by settlements.

Hydraulic works in arid regions mazinly employ locat
materials; farmers traditionally build an earthen bank or
“ogma” of wadi bed material across the low flow channel
ofthe waditodivertthe entire low stage of the spate flowto
their fields. During a large spate, the “ogma” is washed
away, often before its total command area has been wa-
tered. Water cannotbe diverted again to the fields until the
“ogma’ has been rebuilt, How soon will depend on subse-
quent wadi flows and availability of machines or animal
power. Occasionally the “ogma” cannot be rebuilt before
the ensuing spate.

Another local system is short spurs of earth projecting
into the wadis which deflect a portion of the spate flow.

The traditional systems are relatively cheap to build,
but usually very expensive to maintain. The initial capital
costoften equalstheannually recurrentmaintenance costs.
In small to medium size spates the “ogma” and spurs are
sweptaway to the seaor desert. Thus traditional methods,
although effective as an emergency solution, must be
considered as only temporary.

2. Gabion structures for wadi training
Gabions and Reno mattresses for wadi training and bank
protection can provide a more permanent solution.
Gabions have been used since the end of the last cen-
tury, mainly for hydraulic structures in river training works,
but also in protection works for roads, railways and land
rcclamaticn, They are particularly efficient in the pres-
ence of poor soil and under severe hydraulic conditions.'?
In arid regions, gabion structures can be built in the
complete ubsence of water and are mainly used for water
diversion and reservoirs.
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2.1 Gabion spurs and groynes

Gabion canalization and spurs (or groynes) are commonly
usedinwadistodivert water. Groyne systemsareeffective
to correct erosion and channel alignment, provided wadi
conditions allow. Beneficial reclamation will also result.

There are three types of groynes; straight, hammer
head and bayonet. The choice of shape and size are deter-
mined by the hydraulic and morphological characteristics
of the watercourse, the localenvirenmental conditions and
the desired results.

The length of a groyne mustnot be more than one-third
the width of the wadi. The height of the outer end should
not exceed the minimum average water level, whereasthe
height of the inner end must always be higher than maxi-
mum flood water level. The width of the base should be at
least equal to or greater than its height. The inner end
should be inserted well into the bank to avoid outflanking,
The groyne must be adequately protected against scouring
action. The offshore head is very vulherable and will
require a properly designed apron. The upstream side is
subject to undermining and needs similar attention, par-
ticularly at its centre.

The spacing between groynes should beapproximately
six times their projection along straight wadi reaches and
four times the projection on bends and at other points ex-
posed to severe erosion. The spacing can be reduced or
increased at the discretion of the designer.

The gabions’ flexibility allows.them 1o adjust to ex-
treme erosion provided they are properly designed, con-
structed and maintained.

2.2 Gabionweirs

Gabion weirs are widely used in river training works to
makereservoirsandcatchmentareas. There are three main
types, according to the shape of their downstream face at
the centre of the flow:

a) Vertical weirs: the simplest type, often used for
small structures, such as a series of weirs tocontrol a
stream reach or in rivers carrying heavy bed loads.

b)  Stepped weirs differ from vertical weirs only be-
cause the water flowing over the weir dissipates part
of its energy at each step of the weir face. They are
suitable only if the unit discharge is small, and no
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heavy bed load is carried by the water flow.

¢) Sloped Weirs are better, from static and hydraulic
points of view, totrain riverreaches having large dis-
charges,lightbed loads, and soils withapoor bearing
capacity. Itis advisable to protect the crest and the
downstream face by means of concrele,

Other types of weir, such as filtering weirs, have re-
cently been developed. Traditional weirs trap all the bed
Ioad and most of the suspended material. They last only
until the channel upstream has filled to the Ievel of thecill.
Filtering weirs haveacontinuousretaining capacity. They
can selectively pass altuvium during low discharges, but
stop larger objects such as boulders and logs. The finest
material is allowed to flow downstream to maintain equi-
librium which is particularly important in the middle reaches
of the water courses.

Gabion weirs offer a great advantage against rigid
ones: they canbeenlarged simply by building up orremov-
ing courses on the existing structure.

Thiscanbe very convenientwhen controf works are re-
quired urgentlyonriverswhere thercis hydrological infor-
mation. Onceinoperation, the shape of the structure can be
adjusted as required.

2.3 Design criteria for vertical or stepped weirs

The design of vertical or stepped weirs has been described
in detail.? Three types of vertical weirs may be identified
according to hydraulic behaviour:

1. Gabion weir with a counterweir: the nappe erodes
the soil to form a pool deep enough to dissipate the
energy of the water.

2. Gabion weir with stilling pool protection built at the
same levelas the riverbed: in the broad crested pool,
the counterweir prevents the flow conditions down-
stream from affecting the behaviour of the flow inthe
stilling pool.

3. Gabion weir with an apron protecting the stilling
pool bujlt below the river bed level, and with jump
controldownstream. The poolis at the same level as
the river bed as in the abrupt rise pool: its behaviour
is affected by sub-critical flow conditions down-
stream.

Gabion permeability is very high. Iminediately after
construction, gabion structures behave as drains. In sandy
and silty soils, a synthetic filter or an impermeable mem-
brane placed under and around the structure will prevent
fine particles from being washed through the gabions.

For larger structures, vertical cut-offs are recommended,
anchored to the most compact layers of the soil.

2.4 Resistance of gabion structures

To investighate the physical and mechanical character-
istsicsof gabionstructures,andthei: behaviourunderload,
a series of tests was carried out at “he Structural Science
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Figure 1 Simple cut test on single gabion

Laboratory, University of Bologna, Italy.

These tests involved compression and shear tests on
full siz¢ gabionsand on singlemesh panels. These showed
that gabion structures can generally withstand differential
settlements of 20 percent in uniaxial stress conditions,
With loads of less than about 10 kg/ecm?, settlement takes
place withoutany meshwirefailing; loads of 30-40kg/cm?
consistently broke the mesh. The breaking load in these
tests was taken as that which caused the first wire to frac-
ture.

2.75 Common problems
Experience has shown that the most common mistakes in
the construction of gabion weirs fall into two groups:

1)  designmistakesinclude inadequate foundationsand
side keying, improper use or lack of geotextile/
gravel filter under the gabions or mattresses, and a
lack of crest protection (when required).

2)  execution mistakes include the incorrect choice of
filling stones{intermsofresistance andsize),lack of
lacing in individual gabions and/or amongst adja-
cent gabions, and lack of maintenance.

3. Design criteria for canal linings and flood
protection with Reno mattresses

3.I Introduction

The Reno matiress is a special type of gabion witha large
arca/thickness ratio. Diaphragmsare usually fixed at 1.00
m centres to a continuous panel of mesh forming the base
and the sides of the unit.

Reno mattresses were introduced after World War I1,
and are now widely used for bank protection, canal lining,
earth dam reinforcement, and as flexible foundations for
groynes and longitudinal river works.

Two studies recently commissioned by Officine Mac-
caferri in Bologna can help in the design of Reno mat-
tresses.

The first,* conducted at Colorado State University by
Dr Daryl B. Simons, included a series of full-scale and
model tests to investigate what mattress thickness should
be used in conjunction with which flow patterns, and how
the mattresses performed whenrapid flows began to make
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Figure 2 Example of insufficient side keying

the stones within the mattresses move. These studiesledto
new design criteria for Reno mattress use under different
flow conditions.

The second study,’ carried outby Simons, Liand Asso-
ciates of Fort Collins, Colorado, assessed the probability
of a Reno mattress suffering damage in use.® The results
ledto aseries of parametersused in the design of thin Reno
mattress linings.

3.2 Reno mattresses under high flow conditions

An hydraulic testing programe was developed to provide
experimental dataon the performance of Renomattresses.
Maior tasks were:

1.  to review the existing design methodologies and
field application experiences of gabions and mat-
tresses;

2. todetermine the roughness of me ttresses;

3. toevaluate requirements of undezlying granular fil-
ters or filter cloth layers;

4.  to evaluate the stability of mattresses subjected to
various flow conditions; and

5. toanalysetestresults and developcriteriaapplicable
to mattress protection designs.

To evaluate mattress performance over a range of
hydraulic conditions, a two-section test scheme was car-
ried out. Indeveloping the test methodology, velocity was
assumed to be the major factor controlling matress stabil-
ity. Data obtained from full-scale testing at the required
velocity butreduced depth were supplemented with model
testing to determine the effect of depth on mattress stabil-
ity.

. Hydraulic tests of model mattresses were conducted
usingaflume 2.40m wide, 1.20 m deepand 60 m long; this
flumecould beraised orlowered toproduce slopesranging
from zero to about 2 percent. A minimum flow rate of
approximately 2.80 m3/sec could be achieved.

Anumber of major conclusions were drawn from these
studies. Tt was found, for example, that the roughnessof a
Reno mattresscould be approximated to thatof gravelona
river bed, and that the mesh has little effect on roughness.
Methods of predicting flow velocities over Reno mat-
tresses were developed and it was found that shear stress
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Figure 3 Example of lack of lacing amongst adjacent
gabions

was strongly dependent on velocity but only weakly de-
pendent on depth. Critical velocites—the velocities at
which the rocks inside the mattress begin to move—were
also determined inrelation to velocity and particle size, It
was found, however, that even when such movement be-
gan, it was often shortlived, and the mattress continued to
provide the protection for which it was designed. Finally,
a series of design precedures was developed for use with
Reno mattresses.

3.3 Risks in hydraulic design of bank protection

The purpose of erosion protection and channel stabiliza-
tion is, of course, to maintain a channel and its banks and/

Figure 4 Flume used for full-scale tests
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orbed inarelativélyﬁxedlocaﬁontoprotect buildingsand

structures from erosion related damage. Various types of

engineering analysis arerequired in developing an erosion
protection design. These include hydrology, hydraulics,
geomorphology, erosion and sediment transport. -
Too often the design of an erosion control structure
focuses ononly one or afew probable causes of failure and

* tends to ignore some other key problem. A numberof -

structures fail because one or more important aspects were
overlooked.

REFERENCES

1.  OfficineMaccaferriSpA.. 1879-1979,0ne hundredyears.
Bologna, 1979.

2.  OfficineMaccaferri SpA. MaccaferriGabions. Bologna,
1981.

3.  Agostini R., Bizzarri A., and Masetti, M. Flexible struc-
tures in river and stream training works. Section one:
weirs for river training and water supply. Officine Mac-
caferri SpA, Bologna, 1981. ‘ ,

4.  Simons, D.B., Chen, Y. H., and Swenson, J. Hydraulic
tests to develop design criteria for the use of Reno mat-
tresses. Engincering Research Center, Colorado State
University, Fort Collins, 1983.

5.  Simons, D.B., and Li & Associates, Inc. Consideration
on risk in hydraulic design of bank protection using Reno
mattresses and Rip-Rap. Fort Collins, Colorado, 1983,

6. Li,R.M. and Simons, D. B. Failure Probability of Rip-
Rap structures. ASCE Convention and Exposition, At-
lanta, October 23-25, 1979.

Technical Background Papers: International 8

131





