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Dear Chairman, Members of the Organizing Committee of the
3rd International Workshop Labyrinth and Piano Key Weir
Following the decision of the organizing committee to dedicate a special session to
honor the University of Biskra and Professor Ahmed Ouamane, let us offer you our
sincere thanks for the honors that have been reserved for us. I would like to take
this opportunity to inform you that the University of Biskra is ready to establish
close cooperative relations between our various institutions (our cooperation with
Hydrocoop is a typical example of success). I take also this opportunity to invite
you to Biskra and we hope that the next workshop to be hold at the University of
Biskra.
With our most cordial greetings.

The Rector of the University of Biskra : Pr Belkacem SELATNIA

Mohamed Khider University of BISKRA – AlgeriaLaboratory of Hydraulic Planning and Environment

3nd International Workshop on Labyrinth and Piano Key Weirs
Quy Nhon - Vietnam
22-24 Fevrier 2017

Twenty years of research in Biskra University
for Labyrinths, Piano Key Weirs and
associated Fuse plugs
Presented by: Ahmed Ouamane

Within the 34 000 students of the Biskra University, four hundred attend hydraulic
studies.

Each year, some of Master and PhD students chose to do their Theses on hydraulics
of spillways.
and since over twenty years, a team of research works on the hydraulic of spillways.

These twenty years have been marked by three research phases.
• In the first phase, 1996-2000, several research projects were conducted on the shaft spillway
and in particular the labyrinth weir in order to optimize its hydraulic efficiency.

• The second period of 2000-2003, was the subject of intensive research for development of a
new type of labyrinth weir (PK-Weir). The group of researchers has been deeply associated
with Hydrocoop. The more theoretical point of view and the permanent experimental
platform of research laboratory are associated with the practical approach of HydroCoop to
tackle problems related to shapes optimization. Some specific tests coordinated by
HydroCoop in France, China, India and Vietnam have used to validate the permanent tests in
Biskra.

• The last phase, 2003-2016, has been focused in particular on the optimization of
PK-Weir and any study of the Fuse plugs.
• Since about 10 years, Hydrocoop has proposed a new solution of very simple
concrete fuse plugs which are overtopped by usual floods and may tilt for
exceptional flood. Biskra University has been deeply associated with the
optimization of these solutions by theoretical studies and physical model tests.
• A very interesting solution has been studied recently by theory and tests: the
association of PK-Weirs along half of a spillway length and of fuse plugs along the
other half. Tests demonstrate that it is possible to discharge fivefold the discharge
of a traditional Creager weir.

Experimental devices 1996- 2004

Experimental devices 2004- 2017

LABYRINTH STUDIES
During the 1996-2000 period, several research projects were conducted on the labyrinth
weir in order to optimize its hydraulic efficiency.
These studies focused in particular on the geometry of labyrinth weirs (curvilinear weir,
arrangement of the cycles and influence of the corner on the flow of the labyrinth weir …)
and on the approach flow conditions.

These studies had as themes:
- Contribution to the study of labyrinth spillways (1996).
- Contribution to the study of curvilinear spillways (1996).
- Study of the hydraulic jump in a suddenly enlarged circular gallery (1996).
- Study of the labyrinth weir of the Fontaine des Gazelles dam, Algeria (1997).

- Study of the influence of the corner on the flow of a triangular labyrinth weir (1998).
- Influence of the approach conditions on the flow of the labyrinth weir. (1999).
- Experimental study of the geometry of the tulip of a shaft spillway (1997).
- Effect of the geometric parameters on the performance of a trapezoidal labyrinth weir (2000).
- Study of the effect of the number of cycles on the flow of a labyrinth weir (2001).

As reported by the literature, the labyrinth weir is an economical solution as the specific
discharge is less than 50 m3/s/m. Beyond this value the labyrinth weir requires great
height walls which implies a greater thickness of walls and greater reinforcement.
It is possible that the design of the labyrinth weir with a partial filling of the alveoli by
ordinary concrete leads to a reduction of the additional cost , this implies a reduction in
the free part of the wall height and thus provides a low wall thickness and therefore a
small reinforcement of the structure.
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Schematic of labyrinth weir with entrance
profiled and alveoli partially filled

Usually the labyrinth weirs are designed with vertical walls. This arrangement requires a
substantial length of the side walls to achieve effective performance.
This limits the application of the labyrinth weir and does not allow its installation on most
crests of concrete dams.
It is possible to reduce the length of the base of the side walls without affecting the length of
the sill of labyrinth weir.
This is feasible by using a part of the length of the side walls in overhang.
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PK-WEIR BASIC DESIGN

The second period (2000-2003) has been the subject of intensive study for the
development of a new type of labyrinth weir.
The basic purpose was to improve the cost efficiency of traditional labyrinths and to reduce
the basis of the structure for placing it on existing spillways. This favoured a rectangular
layout of easier design than a trapezoidal layout if associated with hangovers.

These principles of research were easily agreed between the Biskra University and
Hydrocoop but the key problem was to optimize the choice between a great numbers of
parameters for a same specific discharge: width and overall length of elements, length
and slopes of the two hangovers, i.e. seven parameters for various nappe depths. Over 90
tests were made worldwide ( at this period) of which 80 tests were made in University of
Biskra. These tests associated with theoretical analysis of their results were the basis of
the innovation of the Piano Key Weirs (PK-Weir) presented in 2003 in International
Journal on Hydropower & Dams (Lempérière & Ouamane, 2003) and in 2006 in the
symposium and congress of ICOLD 2006 in Barcelona, Spain (Ouamane & Lempérière,
2006c).

Beyond hangovers and rectangular layout the models presented in 2003 included three
main improvements as compared with traditional labyrinths:
 An optimized L/W ratio, in the range of 4 or 5 for most sites,
 A much less expensive ratio L/H, in the range of half of the existing labyrinths ratio,
 A different width for inlet and outlet.
These improvements have been used in most of the existing PK-Weirs.

PK-Weir (Model A)

PK-Weir (Model B)

OPTIMIZATION OF THE LABYRINTH AND PK-WEIR AFTER 2003
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• After the innovation
and design of the first
shape of PK-Weir in
2003, a third phase of
complementary work
was initiated to
optimize the PK-Weir
and the traditional
labyrinth weir. This
work is underway to
this day.

The analysis of existing labyrinths, the results of PK-Weirs tests, and the
analysis of cost efficiency demonstrated the possibility of improving the
shape and performance of the labyrinth weir. These various improvements
have been studied in Biskra theoretically as well as with model tests.
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The profiled shape of the entrance and the inclination of part of the slab of the upstream
alveoli can improve the flow conditions at the entrance of the labyrinth; therefore the
weir becomes more efficient.

Several studies related to the labyrinth and PK-Weir have been the subject of magister thesis
themes such as the study of the PK-Weir model B (Noui, 2008), the optimization of the
labyrinth weir (Ben Said, 2008), the effect of downstream flow conditions on the
performance of the PK-Weir (Belaabed, 2011), impact of the approach conditions on the
performance of the PK-Weir (Bouredji, 2012), Experimental and numerical analysis of PKWeir (Athmani, 2014).

FUSE PLUGS
Since about 10 years, Hydrocoop has proposed a new solution of very simple concrete
fuse plugs which are overtopped by usual floods and may tilt for exceptional flood.
Biskra University has been deeply associated with the optimization of these solutions
by theoretical studies and physical model tests (Sekkour, 2015)

A surprising and very interesting solution has
been studied recently by theory and tests: the
association of PK-Weirs along half of a spillway
length and of fuse plugs along the other half.
Biskra tests demonstrate that it is possible to
discharge fivefold the discharge of a traditional
Creager spillway for the same maximum level in
the upstream reservoir. Theoretical studies and
tests have been made in Biskra and results will
be presented in the Hydro Africa 2017 meeting.
Wedbila dam (Burkina Faso)

Increasing plug height above this limit would of course increase the discharge after tilting
(for instance a plug height P = 3h would allow a discharge after tilting of all plugs eightfold
the discharge before the first tilting), but it appears that in most cases there is no utility to
do so: If the extreme flood is about threefold the flood of probability 1/100 and if plugs are
designed to discharge the flood of probability 1/100 before the first tilting, then there is no
need to discharge more than threefold the flood discharged before the first tilting. But this
possibility may be used when plugs are associated with PK-Weirs.

Curve type flow discharged from a freestanding weir
(width of a tested weir W=1m)

CONCLUSION: WHICH FUTURE?

It seems to be a great future for PK-Weirs, labyrinths and fuse
plugs for 3 reasons:
• The huge improvement provided by these solutions
compared to more traditional spillways
• The increasing discharge of spillways foreseen in the future
• The risk of gates jamming for controlled spillways.
This future may apply as well to very large and small spillways,
existing of futures ones.

• Most or all of the floods discharge is done by a single spillway for most
existing dams. In the future it will be usually safer and cost effective to
associate PK-Weirs with gates or fuse plugs. However this may be wrongly
prevented by traditional design criteria or even by official rules.
• For low dams with huge discharge, PK-Weirs may be cost effective and
possibly associated with gates (as in Vietnam). But if there is no rock as
foundation, it may be less expensive for long dams to discharge a small
nappe depth along hundreds meters of lined embankment.

Thank you

For your attention

