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PIANC — Report n°106 (2009)
“Innovations in Navigation Lock Design”

In 1986, PIANC produced a comprehensive
report on Locks. For about 20 years this report was
considered as a world reference guideline, bug w
becoming outdated. Today PIANC is publishing a
new report (PIANC Report 106, done by INCOM
WG29, 200 pages and a DVD).

The new report focuses on new design techniques
and concepts that were not reported in the former
report. It covers all the aspects of the desigra of
lock but does not duplicate the material included i
the former report. Innovations and changes since
1986 are the main target of the present report.

The report includes more than 50 project reviews
of existing locks (or lock projects under
development) which describe the projects and their
innovative aspects.

The core of the report has three major parts. The
first part presents an exhaustive list of desigalgo
associated with locks. This section is particularly

important for decision makers who have to launch a
new project.

The second part reviews the design principles
that must be considered by lock designers. This
section is methodology oriented.

The third part is technically oriented. All the
technical aspects (hydraulics, structures,
foundations, etc.) are reviewed, focussing on
changes and innovations occurring since 1986.
Perspectives and trends for the future are alsedlis
When appropriate, recommendations are listed.

Major changes since 1986 concern maintenance
and exploitation aspects, and more specifically how
to consider these criteria as goals for the comedpt
and design stages of a lock. Renovation and
rehabilitation of existing locks will be a key isstor
the future.
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PIANC BELGIUM - PIANC Workshop

INNOVATIONS IN NAVIGATION LOCK

DESIGN
15" - 17" October 2009 - Brussels - Belgium

In the framework of the PIANC Report n°106 - INCOMWG29

The workshop is a 2-days event to launch and preriat new PIANC Report n° 106 on
Innovations in Navigation Lock Design(published by PIANC in August 2009).

For the PIANC Belgian Section it is also an oppoitiuto combine the workshop with
the 24" Anniversary of the PIANC Belgium Section at Temmr(in the close vicinity of
Brussels). So the workshop participants may alemdtthe celebration and dinner organised by
the Belgian Sectioméed registration).

AGENDA for the PIANC WORKSHOP - 15™ -17" October 2009 on LOCKS

Workshop Titlednnovations in Navigation Lock Design

15" October 2009(Thursday)

8:30: Arrival and registration - PIANC HeadquarBzussels
9:00 to 12:30Workshop Part 1

12:30: Lunch

14:00: Transfer to Tervuren (in the close vicirofyBrussels)

(by Car, Bus —Subway or Taxi — cost not included)

15:00-18:00: 25th Anniversary of Belgium Section at TERVURENat Royal African
Museum

18:00-19:00: Cocktail

19:00-22:00: PIANC Dinner, TERVUREN at Royal African Museum

16" October 2009(Friday)

8:45: Arrival - PIANC Headquarter Brussels —
9:00 to 12:30Workshop Part 2
12:30: Lunch

14:00:1700: Workshop Part 3

17" October 2009(Saturday)
8:00 — 13:00Technical visit at the Van Cauwelaert
and Berendrecht Locksin Antwerp.

Departure time and location will be confirmed dgrihe
conference
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WORKSHOP — TECHNICAL AGENDA
Location: PIANC Headquarter, Brussels

15" October 2009(Thursday)

8:30 Arrival and registration - PIANC HeadquarmBzussels
8:50 Welcomeby Ph. RIGO, WORKSHOP CHAIRMAN

9:00- 10:00 INNOVATIONS IN NAVIGATION LOCK DESIGN —
Presentation of the PIANC Report n°106 on Locks

By E.PECHTOLD (RWS, NL) — Project review
P.HUNTER (HR Wallingford, UK) — Design Methodology ,...
J.BOEDEFELD (BAW, D) — Lock Structure and foundation
Ph.RIGO, WG Chairman (Univ. of Liege, BE)

at the name of the 16 PIANC-Lock-Report authors
10:00 — 10:45 THE LOCKS OF THE SEINE NORD EUROPE CANAL
(Chairs: C Thorenz - Ph Rigo)
Key note speaker
Benoit DELEU (Voies Navigables de France - VNF)

10:45 - 11:15 Break

11:15-12:30 INNOVATIONS IN LOCK FILLING AND EMPTYING SYSTEMS
(Chairs: J-M Hiver and J Clarkson)

State of art bylerry WEBB (Corps of Engineering, USA)
DiscusserWu PENG (Planning and Design Institute for W.R., China)

12:30-14:00 Lunch

15:00 - 18:00 25" Anniversary of Belgium Section— TERVUREN (with 2 technical
presentations)

19:00 - 22:00 Dinner — TERVUREN (Organised by PIANC Belgium Section)
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16th October, at Graaf Ferraris, Brussels - PIANC leadquarter

8:45 - 9:00
9:00- 10:00

10:00 — 10:45 SALT WATER INTRUSION AND NAVIGATION LOCK &

10:45 - 11:15
11:15-12:15

12:15-12:30

Welcomeby Ph RIGO, PIANC INCOM WG29 Chairman

THE NEW LOCKS OF THE PANAMA CANAL
(Chairs: P.HUNTER and Olli HOLM)

Key note speaker:
Juan WONG (ACP, Panama)

Asi funcionan las tinas

MOORING FORCES AND SHIP BEHAVIOUR
(Chairs: AHIJDRA and D. MILLER)

State of art by :
Marc SAS (IMDC, Belgium)
Tom DE MULDER (FHR, Belgium)

DiscusserV. FAIVRE (Sogreah, France)
Break

MOORING FORCES AND SHIP BEHAVIOUR (IN LOCKS)

Panel Discussion

ChairmanA. HIJDRA (Rijkwaterstaat, NL)

Panel of expertst DE MULDER (BE), V. FAIVRE (Fr), D.MILLER (USA),
W. MOLENAAR (NL) andM. SAS (BE)

Mr. VAN DEN EEDE E , PIANC, President
Mr. STELMASZCZYK , Head of Unit B.3 DG TREN (European Commission)

12:30 —13:45 Lunch

14:00- 14:30

14:30- 15:00

15:00- 15:30

15:30 - 16:00
16:00 - 17:00

17:00- 17:15

CONSTRUCTION METHODS - IN-THE-WET — STATE OF ART
(Chairs: O. HOLM and R. SARGHIUTA)

by J. CLARKSON (Corps of Engineering, USA) and
S. YAO(Ben Gerwick Inc, USA)

LOCK GATES — SHIP IMPACT — STATE OF ART
(Chairs: R. THOMAS and FERNANDEZ JL)

by Ph. RIGO andT. GERNAY (Univ. of Liege - ANAST, Belgium)

COMPUTATIONAL FLUID DYNAMICS (CFD) IN LOCK DESIGN -
STATE OF ART
(Chairs J-M HIVER and M. TARPEY)

by C. THORENZ (BAW, Germany)
Break

NUMERICAL SIMULATIONS AND EXPERIMENTAL MODELS: HOW

TO CHOOSE?

Panel Discussion:

ChairmanJ-M HIVER (SPW, Belgium)

Panel of expertD. CAZAILLET (Fr), S. ROUX (Fr), M. TARPEY (USA)
andC. THORENZ (D)

CONCLUSION:
E. VAN DEN EEDE, PIANC President, and
Ph. RIGO, Chairman of INCOM WG29 (Report 106 on Locks)
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PIANC BELGIUM - PIANC Workshop
INNOVATIONS IN NAVIGATION LOCK DESIGN

TABLE OF CONTENTS
1- PRESENTATION OF THE PIANC REPORT N°106 ON LOCKS
by Ph. RIGO, WG Chairman (Univ. of Liege, BE)

2- PROJECT REVIEW S
by E.E.M. PECHTOLD (RWS, NL)

3- NAVIGATION LOCKS: DEVELOPMENTS IN DESIGN OBJECTIVES AND
METHODS

by P.HUNTER (HR Wallingford, UK)

4- SEINE NORD EUROPE CANAL — HYDRAULIC DESIGN OF LOCKS
by Benoit DELEU (Voies Navigables de France - VNF)
J.N. Maillet (EDF, France)

5- INNOVATIONS IN LOCK FILLING AND EMPTYING SYSTEMS (P ARTS A & B)
by Jerry WEBB (Corps of Engineers, USA)
Wu PENG (Planning and Design Institute for W.R., China)

6- THE PANAMA CANAL'S THIRD SET OF LOCKS PROJECT
by Juan WONG H. (Panama Canal Authority, Panama)

7- MOORING FORCES AND SHIP BEHAVIOUR IN NAVIGATION LOC KS
by Marc SAS (IMDC, Belgium) and
Tom DE MULDER (FHR, Belgium)

8- IN-THE-WET CONSTRUCTION
by S. YAO (Ben Gerwick Inc, USA) and
J.D. CLARKSON (Corps of Engineers, USA)

9- LOCK GATES —PART A: INNOVATIVE CONCEPTS — PART B: S HIP IMPACT
by Ph. RIGO andT. GERNAY (Univ. of Liege - ANAST, Belgium)

10-COMPUTATIONAL FLUID DYNAMICS IN LOCK DESIGN - STATE OF THE
ART

by C. THORENZ (BAW, Germany)

11-NUMERICAL SIMULATIONS AND EXPERIMENTAL MODELS: HOW  TO
CHOOSE?

by J-M HIVER (SPW, Belgium)

The FULL PRESENTATIONS - including the Powerpointr( Pdf format ) -
will be available on the web site of the BelgiamANC Section
http://www.pianc-aipcn.be/
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“Innovations in Navigation Lock Design”
International Workshop, PIANC — Brussels, 15-17.Q609

Paper 1 - Presentation of the PIANC Report n°106auks

Ph. Rigo
Chairman of INCOM WG29, Prof. ULG-ANAST, Belgium

J. Bédefeld, J. Bos, J. Clarkson, F. Daly, J.LnBadez, A. Hijdra,
J-M Hiver, O. Holm, P. Hunter, D. Miller, E. PechttpN. Pichon, S. Poligot-Pitsch,
R. Sarghiuta, C. Thorenz, M. Tarpey, J. Wong, WigPe

Members of the INCOM WG29

ABSTRACT: This introductive paper of the Brusseitelnational Workshop (Oct 2009) on “Innovations in
Navigation Lock Design” introduces the report 1@fbished by PIANC in August 2009. Main objectives
and issues are highlighted in this paper. Thisntdpas been achieved by the INCOM Working GroupR9
PIANC from 2006 to 2009.

1 INTRODUCTION methodology oriented. The third part (Section 5) is

Locks are key structures for the development %c?chnically oriented. All main technical aspects

the navigation in canals and in natural rivers w&he hyplraullcs, structures, foundations, 'etc.) are
eviewed, focussing on changes and innovations

weirs regulate water levels to enable navigatioFl. : . h
They may also be strategic infrastructure for po gurring since 1986. Eerspectlves and trendén'&)rt
uture are also Ilisted. When appropriate,,

development. ) ;
P r{gcommendatlons are listed.

In lower elevation regions, such as New Orlea Major changes since 1986 concern maintenance
and the Netherlands, locks are structures in dikes J 9

and also have an important task in flood defence. and operational aspects, and more specifically how
In 1986, PIANC produced a comprehensiv&o consider these criteria as goals for the comedpt

report of 445 pages on Locks (PIANC, 1986). l:oqnd design stages of a lock. Renovation and

about twenty years this report has been considel.rg@ab'“f[at'on. of existing locks will - be an
creasingly important topic for the future.

as a world reference guideline, but it now need@l wral ri lock I atedwit
updating to include new design techniques and n rt])? ura rlrvers,ngc_r? are us;ula yrassom?he fIWId
concepts. PIANC decided in 2006 to launch a neyCvabie WEIrs, and in coastal aréas wi 00

: tection structures. In 2006 PIANC published the
Working Group (WG) to update the report, and thid'© ) . :
present report is the result.. The new report rbast InCom-WG26 report “Design of Movable Weirs and

considered more as a complement to the 1986 rep%"?rm Surge _Barrlers” (PIANC 20(.)6)' That report
be considered as a companion report to the

than a replacement version, and focuses on n : )
design techniques and concepts that were JRygsent report as locks and weirs have many design

reported in the former report. It covers all th Spects in common. Some design aspects are not

- . discussed in this report since they have alreaéy be
aspects of the design of a lock but does not dafelic developed in the INnCom WG26 report on weirs (for

the material included in the former report. ¢ - multi-criter 0 f ixio
Innovations and changes that have occurred sirfjfgtance. multi-Criteria assessment for compareson

1986 are the main target of the present report. esign glternativeg, ). :
The core of this report has three major parts TI%%SGC“O” 2 of this report also includes more than
first part (Section 3) presents an exhaustivedist 20 ProJect reviews of existing (or lock projectsien

design goals associated with locks. This section _qsvelopment) which describe the projects and their

particularly important for decision makers who havitinovative aspects. Some purel'y innovative and
tested concepts are also mentioned as references

to launch a new project. The second part (Sectjon ) -~
reviews the design principles that must béﬂhough with no guarantee of validity.
considered by designers. This section is

PIANC - Brussels Paper 1 - Page 1/2



“Innovations in Navigation Lock Design”

International Workshop, PIANC — Brussels, 15-17.Q609

2 AIMS OF THE INCOM-WG29 AND TERMS This DVD includes the following directories:
OF REFERENCE - Al: The Project Reviews of 56 lock projects.

. - A2: PIANC'2009 Lock Report (pdf)
The objectives of the InCom-WG29 have been A3: PIANC'1986 Lock Report (pdf) — in French and

defined by the Terms of Reference (ToR) proposed gpgjish

by the Inland Navigation Commission (InCom) and  a4: PIANC Dictionary on Locks & Waterways
approved by the PIANC Executive Committee AS5: LIST of LOCKS (Worldwide list)

(ExCom) in late 2005. These PIANC committees

required establishing a comprehensive review of Additional information to various sections of this
modern technologies and research results used to report (Directories B) such as:

design and build navigation locks. A clear ©

commitment was that only concepts and 0 B4.6.5: 3D Video Modelling of Construction
technologies not discussed in the previous PIANC Prf’cess : . .
1986 report were to be considered and reported in 0 B5.2:Hydraulic (Manoeuvring, Fendering, ...)
: 0 B5.5: Gates and Valves
this new r_epo_rt. . . o B5.7: Lock Equipment
So, topics investigated here include: o B5.8.5: Lubricants and Bio Oils
a) Design objectives and optimization goals for
locks - Various technical guidelines (Directories C) :
; ; 0 Cl1- Estoril'2006 - PIANC Congress Papers
b) Innovative lock design concepts o  C2- Beijing2008 - AGA-2008 Papers.
¢) Innovative technical solutions. 0 C3- Navigation Lock - Ecluse de Navigation
Recent lock projects of interest are listed, (by N.M Dehousse, 1985) in French
reviewed and analyzed. Detailéoject Reviews 0 C4- Corps of Engineering, USA - Reports on
are provided on the DVD attached to the report. o 'é‘goz’:?]ti'ggse Codes
Recommendations for studies needed at the i oo
conceptual and design stages of a lock are © CB-French Guidelines - Lubaqua (CETMEF)
: 0 C7- Fish Passage In Lock
establlshe(_j._ . : o C8- Corrosion Protection
In addition, maintenance and operational 0o C9- Planning of Lock Maintenance (example)
requirements are discussed and listed. o C10- European Code For Inland Waterways
A relevant reference list has been prepared. (CEVNI)
Documents were analysed and compared by the WG o C11- Ship Impact
to give engineers, designers and authorites a o C12- Seismic Impact of Lock Gates
reference list allowing them to access relevant o C13- ISPS Code 2003 - IMO (Safety and
information to solve their problems. Security of Ship and Port)
To assist continuity and to avoid duplication of © C14- Panama Third Lock Lane
existing PIANC material the former 1986 PIANC ~© C15- Seine Nord Europe Canal (France)
Report on Locks is included on the attached DvD ©  G16- Three Gorges Locks, China
0 C17- Specifications for Lock Design (Lanaye

(Directory A3). In addition, its Table of Contenss
given in Annex | of the present document. These

B4.6.1: Salt Water Intrusion

Lock, Belgium)

should be used as support to this report and as a Sponsor Company’s References (Directory D):

baseline of standard practice.

3 WG29's DVD

Due to publishing constraints the number of
pages of the INnCom-WG29’s hardcopy report was
limited. Therefore additional information has been o
saved on a companion DVD (attached to this PIANC
hardcopy report). Care should always be taken&o us o
the current versions of standards and other o

(0}
(0]
(0]

|

[elNelNelNe]

o

publications that might supersede the versionsen t
DVD.

Bureau GREISCH (B)

IMDC (B)

TECHNUM (B)

Planning and Design Institute for Water
Transportation (PDI), China

Guanxi Xijiang Navigation Construction Co. Ltd.
(China)

Compagnie Nationale du Rhéne (CNR, France)
Grontmij / BGS Ingenieurgesellschaft mbH (D)
Delta Marine Consultants (NL)

Rijkswaterstaat (NL)

ISPH (Romania)

IDOM (Spain)

Ben C. Gerwick, Inc. (USA)

nCom WG29 meeting pictures, (Directory E)
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Paper 2 - Project Reviews

E.E.M. Pechtold
Rijkswater staat, Ministry of Transport, Public Works and Water Management, The Netherlands

Each project was reviewed and the innovative

1 INTRODUCTION features applied to that project are described.

An important feature of Report 106 is thquees=s
availability of many detailed project reviews irgs
which the practical use of innovations is presented

These innovative features were ranked into five
general classifications. Those innovations andr thei
classifications are shown in Table 2.1 in the repor

Representative samples of each lock tyg Hydraulics 0 &N
included in this document are summarized in chapt
2 of the report. Case studies (57 in total!) ofreat
these locks are included on the attached WG 1(

CD-Rom (Directory Al). Project Reviews £ 1% |2,
The case studies include a more comple ; = ; EXN-
description of the locks, foundations, gate type e ElEE
1-01 Kallo Sea Lock PT

hydraulic systems, construction methods and, whef 1 :

. 2  1-03 Seli-Propelled Floating Lock
available, cost. Photographs and select{ 3 t.0a High-Rise Navigation Lock
4

engineering drawings are also presented for manyj—2—-25 yan Sasweast Lock o

the locks. Figure 1. Layout of table 2.1 in the report

i

Asi funcionan las tinas 2 LOCK INNOVATIONS

The selected project reviews included are not
meant to cover all different aspects, but
representative for the innovations currently in ase
in the phase of research or design.

Members of WG 106 selected projects for which
they or their associates have experience in thie loc
design or construction. Many of the projects fall
under multiple categories in their areas of
innovation.

PIANC — Brussels Paper 2 - page 1/2
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A NEW CONCEPT is a concept that has been
validated by a client and is in design. Construct®
currently scheduled or will be as funding becomes
available.

An ADVANCED CONCEPT is one that is
currently in research. A prototype may have been
built to establish proof of the concept but it mex

In order to show what these areas are in Y§t been accepted for construction or for regular
systematic way, five major categories an@Perations.
appropriate subcategories were created as follows:

1. Hydraulics

2. Operation and Maintenance

3. Environmental

4. Design / Construction

5. Miscellaneous

Because each review may represent multiple
innovations the project reviews have not been
categorized by innovation. They are organized
alphabetically by country.

Short summaries of each project review are
included in Section 2.3 of the report. Detailed
reviews and contact information for each projeet ar
included on the WG 106-CD-Rom.

Each project summary includes a table to allow'
comparison of innovations by project. The
innovations were categorized to indicate the stafus_..
the innovations. The following definitions were_ s
used.

A PROVEN INNOVATION is one which has
been researched, designed and constructed. lers b
in service for a number of years and has possi
been constructed at multiple locations.

An UNPROVEN CONCERPT is one that has beesss.
recently constructed and as such the viabilityhef t B
concept has not been validated by time a
sufficient use for potential shortcomings or needes
modifications to become apparent.

PIANC — Brussels Paper 2 - page 2/2
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Paper 3 - Navigation Locks: Developments in DeSippectives and
Methods

P. Hunter
(HR Wallingford, U.K)

ABSTRACT: This abstract reviews the main changesmin the new PIANC Report No.106 regarding the
objectives dominating the planning and design ofigeion locks that have developed since the 1986
PIANC Report on locks.

1 INTRODUCTION both on the waterway and in the surrounding
waterfront land areas.

The comprehensive 1986 PIANC report on Locks Financial objectives depend on the type of
(PIANC, 1986) provides a mass of detailed data afgveloper. While a public sector developer might
recommendations for the planning and design BPt need to raise revenue directly from users, a
locks.  Since then there have been marjivate sector project such as a marina may require

developments in design methods, concepts afYenues from users to fund the project directly.

materials, and even more importantly there hawe2 Environmental Objectives

been various changes in the priorities and objestiv This i has b ¢ iding | ¢
of the design process. The new PIANC report IS ISSU€ has become ot overriding Importance

(PIANC, 2009) covers the new techniques witho nce the 1986 PIANC report, and often governs the

attempting to duplicate the material included ie th eg's'on whlether_ a prOJetctI ShOUIdt gofaf;lead. ‘I:_tocal
former report. This paper focuses on new areas regional environmental impacts of all aspetts o

design objectives that have become more importacmnstructlon and operation now have to be

since 1986. eyaluated, to assess whether the project complies
with statutory requirements.
2 GENERAL PROJECT OBJECTIVES 2.3 Priorities

The objectives and priorities of planning and The design approach can have four different
design vary depending on the viewpoint of thgriorities:

assessor, but they can usually be grouped into . Design for lowest initial (construction)cost
financial, economic and environmental categories. ., Design for minimum maintenance.

Safety is a theme running through all these . | gyest whole life cost, which is a logical
categories. They all require detailed evaluation t combination of the two previous approaches

allow logical decisions when selecting optimum , gagt performance (fastest operation, least
solutions or deciding whether to proceed with a

d oroi down-time).
proposed project. The selection of priorities depends on the
2.1 Economic and Financial Objectives objectives of the owner/developer of a project.

There can be more than one reason f%r MAIN DESIGN OBJECTIVES
constructing a new lock or waterway. It might be t

reduce maintenance costs, or to allow larger sioips  The following are the main design objectives for
reduce overall transport costs and to increakck design, and many of these were relatively low
capacity of a canal. Alternatively a waterwayriority at the time of the previous repgfi ANC,
project may be justified because it brings incrdasd986, numbered asin that report)

economic activity in the form of tourism and lelsur 32 Reliapility and proven technology
3.3  Reiablelock operations

PIANC - Brussels Paper 3 - Page 1/2



“Innovations in Navigation Lock Design”
International Workshop, PIANC — Brussels, 15-17.Q609

34  Life Cycle Management for each project), and more efficient maintenance.
3.5  Lock navigation cycle This does not mean less inspection and survey or
3.6  Water motions inducing ship displacement less maintenance.

and mooring forces
3.7  Water resource problems:

 Water shortage 5 SAFETY
o Saltwater intrusion . . ,
38  Minimizing energy use Safety has pecome another mcreasmgly |rr.1por.tant
39  Environmental impacts aspect of design forllocks. As well as hlghllggtln
3.10  Minimizing impacts of construction many areas of (_jeS|g_n that can lead to mcrea_sed
311  Security and Safety safety (e.g. mooring, lighting, signs, channel gesi

and gate protection), the report (PIANC, 2009) also
Of course the first of these conflicts with the US€provides a classification of different types of arat
of innovation, and a major reason for adopting  edge structure and gives guidelines for suitable

innovative concepts and materials is to achieve  safety treatment for each type. This is shown in
improved performance or reduced costs. Table 1 below.

4 LIFE CYCLE MANAGEMENT (LCM) REFERENCES

LCM is a management approach to infrastructumANC, 1986, Final Report of the International Coission
construction to achieve optimum quality and for the Study of Locks, PIANC, Brussels. _
minimum Whole Life Cost (WLC). For locks aPIANC, 2009, Report N0.106, Innovations in Navigatiock

. . ! Design, PIANC, Brussels.
reduced WLC should imply optimum levels of
reliability (which must be determined specifically

Description Typical Treatment

Class 1

¢ Water less than 0.5 m depth, providing ornamental function * No balustrade, litebuoy, ladder or warning sign

* Solid well-defined edge, e.g. coping stone

= Minimal height above water.The edge may be stepped,
allowing a gradual approach to the water

* Site unlikely to be accessible to young unaccompanied

children

Class 2

* Water depth between about 0.5 mand 1.5 m * Post-and-chain balustrades at least 1m high

* Solid well-defined edge not more than about 2 m above the | * Exit routes from water; fixed ladders or sloping or
waler stepped waterfront structures

* Presence of people, walking or seated
* Site unlikely to be accessible to young unaccompanied
children

Class 3

* Water more than about 1.5 m deep * Post-and-chain handrails

* Solid well-defined edge not more than about 2 m above the | ¢ Grab chains on wall
water * Wall ladders

* Unlikely to be near dwellings, bridges, weirs or locks ¢ Lifebuoys

* Site unlikely to be accessible to young unaccompanied | = Warning signs (“Danger Deep Water™ and “No
children Swimming™)

Class 4

* Water more than about 1.5 m deep plus one or more additional | ¢ Exclusion of general public and/or the following -
hazards as below * Vertical-rail balustrades at least 1.1 m high (or

* More than 2 m above water similar alternatives, without horizontal footholds,

* Fast-flowing water that are difficult to climb)

= Presence of vulnerable groups such as children * Hazard waming signs (*Danger Deep Water™ and

* Presence of dwellings, schools etc “No Swimming™)

* Ladders, lifebuoys, grab chains unless water
conditions make these impractical (noting that
“exclusion™ can also prevent easy access by
would-be rescuers)

Table 1 - Safety features classification (propdsg&®IANC WG 106
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Paper 4 - Seine Nord Europe canal — Hydraulic aesidocks

B.Deleu
VNF, Béthune, France

J.N.Malillet
EDF,Grenoble, France

ABSTRACT: hydraulic operation of a lock with sep@ravater-saving basins and introduction of water
through the chamber bottom, adopted as the refersolcition during the preliminary design studieshaf
Seine Nord Europe Canal, has been studied usingmeathand physical models.

These studies were used to size the chamber waiplyssystem and define the most suitable design fo
the gate chamber controlling flows between the wsdwing basins and the lock chamber.

The 1:25 scale model built for the lock with thegkst drop height (30m) enabled the numerical
simulation results to be validated and fine-turaad] certain operating parameters to be optimised.

1 INTRODUCTION - water-saving basin filling and emptying
procedures
The Seine Nord Europe canal will operate by

recycling lockage water. Recycling is planned fbra -~ the lockage wave in the downstream reach

locks, in other words the lock in the Oise valley, - forces on boat moorings during filling and
with a drop height of just 6.4 m, and the six locks emptying operations, for different boat types:
with large drop heights (19.6 m, 15.5 m, 30 m, 22.5 boats 110 m long with a 3 m draught, 85 m
m, 20 m and 25 m) between Noyon and the Dunkirk- long with a 2.5 m draught, and 10 m long
Scheldt canal. (pleasure boats).

In order to limit discharges and thus the pumping The model

. ; rat ith Fr imilit
costs at the locks, the locks with large drop hBIghconditions with Zpt?rr?ei(s—ljvzvé) ando\;Jecli((jcitSI sl::arede
are fitted with "water-saving basins". The advasata ' - y

05_ 5_
of these basins, situated on the sides of the |0qu()\ =1/5 and a flow rate scale bf°=1/3125.

chambers (integrated into the side walls or buslt a

separate structures) is that they recover parhef t 7
lockage water for a descending boat (going from the | |
upstream reach to the downstream reach) and restore

it at the following lockage for an ascending boat
(from the downstream reach to the upstream reach).

2 SCALE-MODEL STUDY

A 1:25 scale model was built in order to study the
following aspects of operation of a lock, which laas
drop height of 30 m:

- the total filling and emptying times

- the change in water level and longitudinal Figure 1. General view of the scale model.
slope of the chamber water surface during ) _
filling and emptying Levels are measured continuously at a high

frequency at 6 points in the lock chamber and
upstream and downstream reaches, as well as in a
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water-saving basin. Forces are measur@R Results obtained in downgraded mode
simultaneously on the two mooring lines of one of

Two downgraded modes were studied for the
the boats.

entire duration of chamber emptying of filling:

2.1 Results obtained in normal operation - failure of the lower water-saving basin to
operate during chamber filling of emptying
(shut-down for maintenance, failure of the
gates to open, for example), thus doubling
the load when emptying each water-saving
basin and in the final stage of filling via the
upstream headworks,
only one of the two gates in the downstream
headworks opens during chamber emptying.

These downgraded operating modes do not

roduce any modification in the longitudinal slopes

'é)served in comparison with normal operation.

When the lowest water-saving basin is not in

: - ervice, the downstream lockage wave is 0.35 m

In spite of the necessary streamlining of th igh at the most (0.30 m on average). There is no

angles of the stoplog wells, a short-duration ed i t the lock h |
occasionally occurs at the end of emptying th gravation of the lockage wave when only one
wnstream gates operates.

water-saving basins (the existence of these stop %Maximum forces on the moorings are observed at

wells in the basins, reserved for the stoplogshef t e end of chamber emptying, owing to the greater

duct gates, and not represented during the init . .
tests, considerably reduced the initiation an sturbance (basin out of service or one downstream

development of this eddy phenomenon). There isgglte out of use? but thedm(zjmmu_m Pormal_operatlng
possibility that this eddy could entrain air infeet alues are rarely exceeded (a single maximum case

distribution chamber in the case of the lowestrbasi of 6.4 1f observed with the 105 m_boat).
The downstream lockage wave remains less than "¢ downgraded modes studied do not therefore

0.27 m high (0.23 m on average). aggravate conditions in the lock chamber. Only the

The mooring lines of the 105 m boat are main:g_‘amber emptying wave in the event of a water-

laced under strain during chamber/water-savi ving basin being out of service is i_ncreased QWir.'
P g {0 the fact that the peak flow rate is greater.sThi

basin transfers, when the amplitude of slop bl ; iqation in th h or for th ;
variations on half of the chamber is greatest. TiRkoblem for navigation in the reach or for the safe
boats moored in the waiting area, can be solved

maximum forces measured during all the tests w%y lengthening the end of emptying via the

The filling time is of the order of 13 min to 13
min 30 sec and the emptying time is of the order of
13 min 15 s to 14 min.

The longitudinal slope in the lock chamber
remains at 1%o. or less during filling and emptying.
The slope over half of the chamber reaches valties o
the order of 0.8%. during filling and 3%. during
emptying.

A wave with a maximum amplitude of 1.15 m is
observed in the water-saving basins during fillin
The wave is gradually damped in the basin. T
period is of the order of 26 s.

5.1 tf during chamber emptying. Chamber emptyi

puts more strain on mooring lines, in a more jer ownstream gates.

manner, in the case of a loaded 105 m_boat. TgeOPTIMISATION OF THE HYDRAULIC

maximum forces reached on the mooring lines of t STEM

85 m boat remain lower (< 3 tf). The maximum

forces on the boat mooring lines, loaded to produce With the hydraulic concept studied here, there is

maximum squat, are shown in the table below f@otential for optimising the lockage durations.

the case of the 110 m boat. No significant variatio For structures of identical height, a reduction in

in mooring line forces was observed when two bodfckage duration would make it possible to improve

are in the lock chamber simultaneously, regardledf¥ flow capacity of the traffic using the systewn,

of their size and position upstream or downstream.for an identical traffic flow capacity, it would be

possible to increase the maximum lift of the locks,

Table 1. Maximum forces acting on mooring lines thereby providing an opportunity to optimise the

Maximum forces (tf) Emptiying earthworks for the canal by raising the level & th
Upstream mooring line 3.76 watershed reach, hence reducing excess excavation.
Downstram mooring line 5.08

Maximum forces (tf) Filling

Upstream mooring line 1.29

Downstram mooring line 1.28
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There are two main possibilities for optimising The exploratory calculations carried out show a

the system: potential gain by increasing the flow rate from
- Optimising gate operation in the water72 ni/s to 108 m¥s (maximum velocity in the
saving basins, running section of the reaches increasing from 0.35

- Modifying the criterion of maximum m/s to 0.55 m/s). The time required for the laggst
discharge into or removal from the adjacerdf emptying would thus drop from 370 s to 310 s.
reaches. The maximum velocities in the water ducts would

also drop from 4 m/s to 6 m/s, which remains low in

The limitation on the rate at which water iomparison with the permissible velocities curngntl

discharged into or taken from the adjacent reathesdopted in the USA and China, for example (10 m/s
a very severe constraint on lockage time. Fand over).
example, for a lock with a drop height of 30 m &d It may be possible to reduce even further or even
water-saving basins, this limitation currently mgarremove the requirement concerning the flow rate for
that about half the total lockage time is requited filling or emptying the first or last layer of watby
empty or fill the unsaved fraction, which representreating additional basins that would temporarily
only 2/7ths of the total volume. A more detailedtore some or all of the quantities not saved at
study of the effects of the surge wave, its diggdpa present (2/7ths of the chamber for a lock with a30
and the impact of currents on navigability maljift). The manner in which these communicate with
enable the intake or discharge rates authorisélaein the adjacent reaches would be designed in such a
reaches to be increased and hence the lockage tinay as to stagger the flow taken from or discharged
to be reduced. into the canal (by spreading and lowering the peak
flow rate).
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Paper 5, part A - Innovations in Lock Filling anthftying Systems

J. Webb
US Army Corps of Engineers (Washington D.C., USA)

ABSTRACT: Hydraulic systems for filling and emptginocks can be divided into two main types. One is
the filling and emptying “through the heads”; ame tother is the “through longitudinal culverts” t&yms.
Within these filling and emptying systems, the ‘@nhamber Longitudinal Culvert System” (ILCS) and
“Pressure Chamber under the Floor System” are pp@stdeveloped after 1986. In recent years sooks lo
in Germany have been equipped with a filling systeémch uses a pressure chamber beneath the fldus.
type of filling system has proven to be very e#iti especially in combination with water savingibgs In
general the ILCS system could be used for interatedift locks. Under specific conditions, suchias
rock, a large saving in lock wall construction sosbuld be realized if the lock filling and emptyioulverts
were located inside the lock chamber rather thahimvithe lock walls. This paper and the accompanyin
presentation review these systems, previous impi&atiens, guidelines for the selection of a system,
utilization in combination with other methods swshwater saving basins, and optimization of théegys.

1 TYPES OF HYDRAULIC SYSTEMS Systems with asymmetric distribution of flow

- .- . along the length of lock chamber include wall
The hydraulic systems for filling and emptyin . N
locks canybe divide)é into two main%ypes. Ong é tgaulvert side port systems, In Chamber Longitudinal

filing and emptying “through the heads”: and th ulvert Systems (ILCS), wall culvert bottom lateral

other is the “through longitudinal culverts” system systems, wall culvert bottom longitudinal systems,
and longitudinal culverts under the lock floor.

1.1 Through the Heads Systems Systems with symmetric distribution of flow

The use of the “through the heads” systems m&Png the length of lock chamber include
induce potentially ~dangerous  currents andynamically balanced lock filling systems and
considerable waves in the lock during filling andréssure chamber systems.
emptying.

To avoid these problems, several measures are2 NEW HYDRAULIC SYSTEM CONCEPTS
possible: the lock can be operated with a very slow Within the filing and emptying systems
valve schedule, the lock can be equipped with amentioned the “In Chamber Longitudinal Culvert
energy dissipation system to reduce the current aBgstem” and “Pressure Chamber under the Floor
waves, or the lock can be monitored continuously ®ystem” are new types developed after 1986. The
avoid safety hazards, so that a lock keeper cBMANC, 2009 Report (PIANC, 2009) addresses
bypass the automated filling/emptying mode undénese new concepts.

certain conditions. 2.1 Pressure Chamber System

1.2 Through Longitudinal Culverts Systems In recent years some locks in Germany have been

“Through longitudinal culvert’systems are a equipped with a filling system which uses pressure
more sophisticated method of filling compared t® thchambers beneath the floors. This type of filling
methods described above. The “longitudinal culversystem has proven to be very efficient, especially
systems can be subdivided into two categoriesmbination with water saving basins.
according to the way the water goes into the lock The pressure chamber is connected to the main
chamber. chamber through arrays of nozzles. This type of

filling system results in a very smooth filling tfe
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chamber even for high lifts, combined with a short As a general guideline, it is important to maintain
filling time. Additionally water saving basins canthe symmetry of the filling system with respect to
easily be attached to the pressure chamber, sath#te water surface if filling times are to be minnexd
smooth operation is possible for filling and emptyi without creating excessive ship forces.

through the culverts and the saving basins. The traditional way to achieve this is based on the
lock lift height (H). As discussed in the PIANC’86
Report (PIANC, 1986), locks can be classified

The design philosophy for the ILCS was teiccording to the lift height as follows: low lifefght
develop a system that performed almost gl < 10m), intermediate lift (10m < H < 15m), and
efficiently as the side-port filling and emptyingnigh lift height (H>15m). It must be pointed ousth
system. In recent years the investigations of thigis classification was derived for inland waterway
ILCS were carried out in the United States (Hite davigation and is not valid for seagoing vessel$ an
2003). In general the ILCS system could be used f&a locks.
intermediate lift locks, but it has been used inAUS  For “low lift locks” a through the heads system or
for low lift. With the ILCS the culverts are takemnt simple longitudinal culvert system can be usedeNot
of the wall and moved to the floor of the chambethat a short culvert system may require advanced
which allows for alternative lock wall constructiorenergy dissipation chamber if a short filling tilsea
such as RCC or in-the-wet construction. requirement. In any case, the filling process i no

Under specific conditions, such as in rock, a larggalanced along the chamber length.
saving in lock wall construction costs could be For “intermediate lift locks” wall culvert side gor
realized if the lock filling and emptying culvertssystems and simple longitudinal culvert systems
were located inside the lock chamber rather thiﬂﬁlay be suitable. Here, the filling process is ddvet
within the lock walls. balanced along the chamber length. We can mention

2.3 Guidelines for the Selection of the Hydraulit? this category: wall culvert side port systemsd a
System and its Layout Iontglglttudlnal culverts under the floor with sidetop

outlets.

In the selection of a filling and emptying system, «Hign |ift locks” require a more complex culvert
the following factors should be taken intasysiem. It is necessary that the filling procesass
consideration: lift height, time for filling or symmetric in relation to the chamber as possible.
emptying the lock, lock chamber sizes, permissiblé A second selection approach is based on the M
investments for the lock, and maximal forces on th@efficient (Eq. 1), as proposed by the (Chinese

2.2 In-Chamber Longitudinal Culvert System

vessel. _ o ~Code, 2002) for filling and emptying system of ship
The following principles should be used ingcks.
selecting a filling and emptying system: the fifjin M=T/H 2 (Eqg. 1)

time should be as short as possible (based on the ) _ . i
specified capacity and construction costs), water Where,H(mjis the lift height of lock and (min)

movement and turbulence in the chamber must K¢ time to fill the chamber. The value of M coblel
limited, the forces on the vessels and thus in ti&€d to choose the relevant types of the hydraulic
hawsers must not exceed established critersysStem. These values have to be based on reference

entrapment of large air bubbles in the filling syst values based on allowable ship forces during the

must be avoided, cavitation should be avoided !fcking process. - _
economically possible or adequate protective N the first approach, the lodkit height (H) is
measures must be taken, and currents in lotle only faqtor involved in the selection of thidirig
approaches should be reduced to a minimum so tREfl €mMptying system. In the second approach, the
there will be no adverse effect on vessels waiting US€ of the M coefficient allows considering botk th
lock or maneuvering in the approaches. lift height (H) and the locking time (T)

There are several ways to select the hydrauffmultaneously. Thedmissible ship forces must be
system. Generally, the admissible forces on thegarded separately and will influence the decision
vessel and the filling time govern the choice @ thProcess. Therefore, for seagoing vessels, the
system. As these parameters are difficult to ass€8gfficient M must be considered differently.

during initial design phase, simple approaches areFinally it should be noted that these approaches
often used. Two will be discussed here. can be a helpful estimate if enough experience is
available. Theses guidelines are not one-sizesfits-
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approaches, as neither the admissible ship foraes n If leveling is not carried out uniformly over the
the chamber dimensions are regarded directigntire length of the lock chamber, longitudinaldsa
Another key parameter for the selection of theill also act on the ships. With wall culverts and
relevant hydraulic system is thi#ow variation even with longitudinal culverts, the discharge @ n
(“how fast is the flow velocity changing during theuniformly distributed along the lock length. Unifor
locking”). Such variations tend to lead to waves idistribution can be enhanced by using bigger
the chamber. Obviously a slow variation is betsr, culverts and even more by using symmetric systems
a faster variation requires a more complex andile the dynamically balanced lock filling systemmrs
expensive hydraulic system or the locking times pressure chamber system. The dimensioning of the
have to be increased. culverts is additionally influenced by the need to

If water enters only through the lock heads (shdriit cavitation and wear in the culverts. In many
culverts or through the gates), translation wavesuntries, limitations on the average flow speed in
occur in the longitudinal direction of the lockthe culverts are used for this purpose (12m/s in
chamber and will be reflected against the ships a@dhina and 6-10m/s in Europe). It should be pointed
the opposite lock gate head. out, that the flow speed is not a sufficient craay

If water-jets coming out of the lock chambers cavitation is largely influence by the pressure
inlets act directly on the ship hull, the momentaim field and the shape of the hydraulic system.
these jets directly produces forces on the hutl, ian For locks with a deep and perforated bottom, flow
addition the water level in the chamber will benters in the chamber vertically by small holethm
locally affected. This phenomenon induces unsteatlgor. If there is a great volume of water undee th
longitudinal loads to the moored ships and eveperforated floor and a great number of holes
some transversal forces. This can be avoided if thistributed regularly in the surface of the floagter
lock chamber is deep enough and if the flow is transferred uniformly by the bottom of the lock
passing below the ship hull (Fig. 1). chamber into or out of the lock chamber. With this
kind of system, only very small waves are generated
even if the rate of flow strongly varies during the
locking. Then, the moored ships are not heavily
loaded in the longitudinal and transverse direction

Fig. 1: Impact of the Culvert Side Port System Thus, the choice of the lock hydraulic system

depends not only on the lift height (H), the tinfe o

From the users’ point of view transverse forcdscking, the presence of WSBs, the lock dimensions
can be a major problem. The main reasons fand the available budget, but also on the variatfon
transverse forces are: asymmetric filling systemthe discharge (translation waves in the lock chambe
operation, asymmetric position of the vessel, @tsl j and in the adjacent reaches) and the allowables$orc
which directly touch the hull. on the mooring cables of vessels.

With a wall culvert side port system direct flow
acting on the ship side (if the outlet ports ar¢ no 3 WATER SAVNG CONCEPTS
deep enough beneath the vessel) can induce3 1 petermination of Saving Needs and Selection
significant transverse forces (Fig. 1). In addmdn of the Water Saving System
the culverts are not fed perfectly symmetrically to _ _ _
the centre of the lock (along the length of thekjopc ~ The water saving needs are defined during the
additional forces occur. studies of water resources management, taking into

There are different practices concerning th@ccount the assumed traffic, evaporation, infilorat
positions of the outlet ports in the lock chambefanal water tightness and climate changes. From
Practice in USA and China is to Stagger the pom“othese StUQIeS the eXpeCted water Consumptlon of the
of the outlet ports so that the jets from one sitle lock itselfis assessed. _
the lock do not directly collide with the jets fratme ~ The global water saving system of the lock is a
other side. In some European countries, such @ynbination or choice of different systems:
Belgium, it is usual to arrange the ports faceacef PUmMping, WSBs, intermediate gate inside the

to force the energy dissipation to occur at loedlis Chamber, twin SynChronized |OCkS,.and lock |addQI’S.
points. In order to select the best option, these various

systems/devices have to be designed and optimized
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simultaneously by a technical and economis required. In this case, half basins can be place
assessment in relation to the existing lift heightl symmetrically on both sides of the lock.

the energy cost. The main choice criteria are: It is better to have multiple culverts between a
construction cost, operating cost, energy savirdy abasin and the chamber for reliability reasons and t
environmental cost, filling time and traffic, aale avoid a high degradation of performance during the
space, and the influence on water level in the upp®eaintenance of a valve or a culvert. With multiple
and lower reaches. culverts per basin the water distribution along the

The intermediate gate, twin lock or lock laddeaxis can be enhanced and thus faster filling can be
can lead to considerable water saving. Neverthelesshieved (for a higher building cost).
they can be very expensive and are the best sofutio The choice of the hydraulic filling system must
only in specific cases. Twin synchronized locks cdre done considering the real water lift height
be accepted only if they are economically justifiedetween 2 basins. However, when the use of WSBs
by the traffic, and an intermediate gate may beis economically relevant, that also means that the
good solution if a significant number of lockages alock lift height is rather important and that auedd
to be made with small boats. The shortcoming offéling time is expected. This is why an advanced
lock ladder instead of a single lock is to incredee and performing hydraulic system (longitudinal
number of gates and ship operations (mooring,,etclverts) is generally needed (no matter what the
therefore the traffic capacity is lower. value of the M coefficient).

The water saving basin solution has some The M equation (1) must be evaluated differently
shortcomings too: high initial investment (comparefibr locks with WSBs, because the hydraulic situatio
to pumping station), more complex structurds not exactly the same than without WSB. It is
numerous gates and a slightly longer fillinghecessary to consider the lift height and thenfilli
/emptying time. time of each single WSB (and the residual filling)

Nevertheless, because of reasons of life cydeparately to achieve a multitude of M values. Then
cost, energy saving and environmental cost, thise smallest M value governs the choice of the
solution will be probably the best one where thieydraulic system.
ne.e.d for water saving .iS permanent and larger #han 3.3 High Rise Navigation Lock Using WSBs
minimum value (specific to each case).

Due to the uncertainties linked to traffic evolutio ~ Traditionally the maximum lift height of a lock is
and energy cost a possibility is to build the Ifickt considered as being limited at 25, 30 or 40 m due t

without WSB but with pre-connection for futurehydraulic aspects, mainly cavitation. If WSBs are
WSBs to be eventually built in the future. used there is no limit for the lock height. LocKs o
. . 100 or 150 m height can be considered if the §llin
3.2 Water Saving Basins (WSBs) and emptying of each WSB is studied to avoid
Recent examples of locks with saving basins acavitation. This means that cavitation limits the
described in project reviews. height of the saving basins but not their number an
In the Panama 3rd lane project, a triple lift lockherefore the total lift height of a lock (Dehousse
has been designed combined with 9 saving basinsl@35, Dehousse et al., 1989 and 1993). For instance
basins for each lock chamber) allowing a very high lock of 100m lift height with 6 water saving basi
saving rate (87%) when compared to a single li similar for cavitation and hydraulic aspectsato
lock without WSBs . series of four locks of 25m lift height.
A lock with WSBs better fits to a filling/emptying
system with longitudinal culverts and inlets on thREFERENCES
sidewalls or even distributed through the floosianc, 1986: tLocks”, Final Report of the International
because the successive openings/closures of valveSommission for the Study of LocR$ANC, Brussels
induce significant discharge and therefore highEllA\'/\leCréiggozgo:t;mg?sztci:o?r?Cigrwwgaggn Lock DesigrFinal
risk of dISturban.Ce of the water level on the IOCgite, J., 2003: fh-chamber Longitudinal Culvert Design for
chamber (balancing waves along the lock chamber). | ock Filling and Emptying Technical Report HL-946
Division into symmetrical half saving-basins to U.S. Army Engineer Research and Development Center,
facilitate the maintenance and reduce the impact in_ViCkSl(D:Ufgy Mz%bzwe o Code for Fill N
H H Inese Code, Sign Coae 1or Filling an m n
case of problem (closure of ¥z basin versus 1 b_asﬁﬁ‘ System of ShiplocksTg 306.2001 (20029;’ 20p. ptying
That may be a useful solution if a short fillinghe
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Paper 5, part B - Innovations in Traditional Fdjiand Emptying
Systems

Wu Peng
Planning and Design Institute for Water Transportation, Beijing, P.R. China

ABSTRACT: Energy dissipation is a major problemfiling and emptying systems. For a specific fiin
and emptying system, you can raise the hydrauficieficy of the system (or shorten the filling tiyrey
optimizing the energy dissipation measures. Soraengles are introduced here.

1 INTRODUCTION 2 PARTIAL DISTRIBUTED SYSTEM
The objectives to choose a proper filling and
emptying system are to get a proper filling/empgyin
time (not as short as possible) and to get a lawst
with the proper filling time.
In general the simpler the filling and emptyin
system is, the lower the lock cost as shown iretabl

Through the head system is a very simple and low
cost system. But it can be only used for locks with
very low lift height.

Based on the principle that distributed
gtlongitudinal culvert) filling and emptying system
could improve the operation efficiency of locks, a

Table 1: Complexity categories of hydraulic systems pa'rti'al distributed system could be used to raise t
Complexity Hydraulic systems Lock cost|  efficiency and reduce the cost. The short culvefts
- Through the head the system were extended into chamber walls with
_ system _ bottom lateral branch culverts (Fig.1).
1. Simple | - Wall culvert side port L
ow
systems | system
- In Chamber longitudinal ATSS

culvert system (ILCS)

- Wall culvert bottom
lateral system

- Longitudinal culverts

fc'm'\f °|rei under the lock floor Higher | o r ;b“éo“ ' o
S stgms - Wall culvert bottom J NG B s g . j ﬂi i E 1
y longitudinal system B R /
- Longitudinal culverts
under the lock floor ) S -
- Dynamically balanced Figure 1 Partial distributed filling system
3. Very lock filli
complex ockfilling system Highest
svstems | - Pressure chamber under
Y the floor 3 DOUBLE DITCHES ENERGY DISSIPATION

SYSTEM
For a specific filling and emptying system, if you

can raise the efficiency of the system (or shothen To avoid dangerous currents at the outlets of

filing time) you can make the lock cost lower (of!iNg @nd emptying system, measures should be
save monney). taken for energy dissipation. Double ditches are

Following are some examples to improve theffective system for energy dissipation. Figure 2
effciency of filling and emptying systems. shows the doubl_e ditches used in bottom lateral
system and Figure 3 wused in In-chamber

Longitudinal Culvert System (ILCS). Compared

with one ditch system the filling time was shortgne
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Figure 5 Flow Distribution without Deflectors

Orifice: Average Q=0.111m/s

0.4 mis
—

Figure 3 Double ditches used in ILCS system

4 ENERGY DISSIPATION FOR SIDE PORT %0
SYSTEM

For side port system enough submergence is
required to prevent direct action of the port jets
against the bottom of the vessel. But in many cases f
little more submergence will lead to much cost.

Tests have shown that if port deflectors was °
arranged in chamber (Figure 4) the jet into the
chamber was spread by the deflectors evenly and the
hydraulic condition was improved. So the minimum ) .
submergence could be reduced. The height of the deflectors and the distance

between the deflectors and the port should be
decided carefully.

Figure 6 Flow Distribution with Deflectors

Figure 4 Side Port System with Port Deflectors

Figure 5 and figure 6 are results of numerical
tests of port jet without and with deflectors.
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Paper 6 - The Panama Canal’s Third Set of Lockgéro

Juan Wong H.
Panama Canal Authority, Panama, Republic of Panama

ABSTRACT: One of the world’s greatest engineeraofjievements, the Panama Canal plays a vital mole i
world shipping. But even though at the time of tleginstruction the dimensions of the existing los&sthe
standard that defined the ‘Panamax’ size contashgs and bulk carriers, today’s locks are neatimair
maximum throughput capacity in spite of all therastructure improvements of past decades. To
accommodate growing traffic demand, particularlydmptainerships in the route between Northeast Asia
and ports on the US East Coast, and also to accdatmpost-Panamax ships, the Panama Canal haistart
executing its ambitious expansion plan, which teesitiled for completion by 2014.

The Panama Canal conducted more than 120 studiesvéne analyzed and integrated into the decision
making process to select the most suitable, efficigffective alternatives that would enable therojzation
of the Third Set of Locks Project. The studies fioe Panama Canal Capacity Expansion Program are
described in full in the Panama Canal Master PRO62025 and in the Proposal for the Canal Expansio
approved on October 22, 2006 through national eeftum. The Master Plan and summaries of many of the
relevant studies can be founchétip://www.pancanal.com/eng/plan/index.html

The Panama Canal Expansion Program involves sir prajects, mainly: 1) the construction of two set
of locks at the Atlantic and Pacific ends of then@la2) the dry excavation of an access channeat@cting
the Gaillard (Culebra) Cut to the new Pacific lac&sdredging of the existing navigational chanraishe
Atlantic Ocean entrance; 4) dredging of the exgstmavigational channels Pacific Ocean entrance, 5)
dredging the Gatun Lake and Gaillard Cut fresh watigational channels; and 6) raising the level o
Gatun lake by 45 cm through modifications to ergtiand based infrastructure. Overall the actisibéthe
Expansion Program will span over the 80 kilometérhe Panama Canal.

One set of locks will raise/lower vessels on théawtic end of the Canal, east of the existing Gatun
Locks, and the other set of locks will raise/lowessels on the Pacific end, southwest of the egsti
Miraflores Locks. Each facility will be comprisedthree consecutive lock chambers, which will usevigy
to lift the vessels from one ocean to an averagghhef 26 meters at lake level and lower them bick
ocean level on the opposite end. Each chambeb@iiccompanied by three lateral water-saving bdsins
a total of nine water-saving basins per lock. ctElmck chamber will be 427 m to 458 m long, 55 mdev
and 18.3 m deep as a minimum, to allow the trafsressels up to 49 meters in beam, and overaitheof
up to 366 meters and a draft up to 15.2 metersopidal fresh water, which corresponds to a 12,0680
nominal capacity containership loaded with 19 cotiarows across deck.

GUPC L. ocks Design

Pacific L ocks
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Paper 7 - Mooring forces and ship behaviour in gaton locks

T. De Mulder
Flemish Authorities - Mobility and Public Works Repment
Flanders Hydraulics Research - Waterbouwkundig atmyium
Berchemlei 115, B-2140 Antwerp, Belgium
Tom.DeMulder@mow.vlaanderen.be

ABSTRACT: This contribution reflects upon the issofemooring line forces and ship behaviour during
filling/emptying of inland and maritime navigatiéecks. The philosophy behind the so-called havicee
criterion and the classical approach to deal withn idesign studies, is described first. Secondbme
innovations in the definition, verification and \gation of the design criteria are highlighted.

1 INTRODUCTION 2.2Criterion

The hydraulic design of a lock filling/emptying The appreciation of safety and comfort during a
system aims at (among other issues) minimization lotkage contains both objective (e.g. forces on the
the filling/emptying time, constrained by the sovessel, forces in the mooring lines, slope of the
called hawser force criterion. The latter critaris water surface, slope of the vessel, displacement of
meant to guarantee a certain degree of safety ahd vessel) and subjective elements (e.g. feeling o

comfort to a moored vessel during lockage. the captain, pilot, lockmaster).

The hawser force criterion sets an upper bound
2 HAWSER FORCE CRITERION (i.e. a threshold) to an objective element (i.e.
2.1 Philosophy definition of the criterion). To assess whether a

o _given filling/emptying system meets the defined
The hawser force criterion attempts to quantifiyriterion, a_verificatiortool should be available. In
the necessary limitation of ‘turbulence’ (in thedei rger to assess that the adopted definition and its

sense) generated by the lock filling/emptying, igssociated verification tool lead to both safe and
order to limit the displacement of the vessel &1 tcomfortable as well as economic lockages,

associated forces in the vessel-positioning syst&midationefforts should be carried out.
(e.g. mooring lines). Notice that the water fldivwe

lock (chamber and filling/emptying system), the&-3 Classical approach
vessel and its positioning system mutually interact The ‘classical’ approach consists of a hawser

see Figure 1. force criterion being defined in terms of the
hydrodynamic force on the vessel. This force sthoul
Water = ————— " Lock not exceed a given threshold value, expressed in
fective: absolute terms or in relative terms (as a fractbn
displacements,forces,slopes,... the vessel’'s displacement weight).
Subjective: ‘ A scale model is used as a verification tool. To
captain,pilot,lockmaster,... avoid a complicated measurement set-up, no attempt
e e is (usually) made to represent the real vessel-
Vessel — Positioning positioning system (consisting of e.g. mooring $ine
system winches, bollards) in the scale model.

Figure 1. Constituting elements of a hawser force criterion
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Note that the selected definition and verificatio®.4.2 In situ measurements for validation purposes
tool of the classical approach on purpose aim at rhanks to evolutions in measuring and data-

me\t/h?goltgglcgl S|m.p:|C|ty.t' ted t theri . _acquisition equipment, in situ measurements of
alidation 1s mainly restricted to gathering (in Ayater surface slopes are feasible (albeit sometimes
often unsystematic way and often triggered

o : ith a limited accuracy, especially in the transatr
|nC|detrrllts)| feke_dback frt(_)m tlhe authorized PErSONNirection of the lock chamber). Water surface stop
once the lock Is operational. are representative for the hydrostatic component of
2.4 Innovations the hydrodynamic force on the vessel, which isrofte

Several innovations can be distinguished Hi‘gut not always !) the dominant force component.

‘modern’ design studies, see PIANC (2009). So ven measurements of the ship motion itself have
of these will be briefly presented in this sectfand . ecome feasible nowadays .(bOth during  sailing
in/out of the lock as well as during lockage).

in section 3). The overview is inevitably biased b Direct t of i line f d
the specific working experience of the author ar‘tc):l Irect measurement of mooring fin€ forces wou
e most interesting for gaining insight but is less

does not aim at completeness. ) . .
P practical to set-up (without perturbating the lock
2.4.1 Definition of threshold values according to operations).
vessel-positioning system characteristics Based on several measurement campaigns of
Originally, the threshold value for theWater surface slopes by FHR (in both maritime and

hydrodynamic force of a vessel used to be specififjand navigation locks and with different types of
as a (often country-specific) constant (dependifffing/emptying systems) it turns out that hawser
somewhat on the vessel size). Later on, it wiRrce threshold values published in literature séem

attempted to define the threshold as a functiothef be rather conservative, i.e. the measurements show

characteristics of the vessel-positioning system. that in reality the moored vessels are subjected to
Focusing on inland navigation, Partenscky (198&)79€r slopes than could be expected from the

and Vrijourcht (1994) developed a methodology tBUPlished threshold values.

account for the mooring line characteristic2. 4.3 Application of numerical models as

Dynamic effects are accounted for by consideringrification tools

the ship and its mooring lines as an (idealized3sna

spring system, for which the relation between a Thanks to the enormous increase of

given external force F and the (maximum) reactio(hom'Dljtat'onaI power, numerllcal models O.f different
fypes (and physical/numerical complexity) have

force R in the spring is known (by means of a ' . .
called dynamic magnification factor Whicﬁbecome avallable to predict hydrodynamic (or

represents the ratio R/F). Application of thigyc!][.OSttat'C)t folr;;esthonha shlg's huII,_t h_ence as a
methodology resulted in differentiated threshol?ﬂer(')'Ca lon 0.3 orf tﬁ awser .or?e cn derllon. ¢
values by Rijkswaterstaat (2000) for filling n oné side or the numerical model spectrum,

operations of inland navigation locks with fixed vsthere are 1D or 2D models solving the shallow water

floating bollards equations (SWE) for the water flow in a lock in the

The above-mentioned methodology was aldyesence of a (schematized) ship’s hull. On the

: ther side of the spectrum, there are 3D
explored by De Mulder (2007) during the conceptu : ) : ’ .
degign stugies for the Tf‘lil‘d sc)et of Pgnama IoclggJ (e omputational Fluid Dynamics (.CFD) codes salving
for the 12,000 TEU container design vessel). Fije Reynolds-averaged Navier-Stokes  (RANS)
large ocean-going vessels, however, anothgauations in the filling/emptying system and in the

particular methodology was developed earlier 4 ck chamber around a (realistic) ship's hull. The

Vrijer (1974, 1977), accounting for mooring linedan tttertmoqletls catr] optllto.nally zvtenkaccmtjr?ttfor .ﬂli'd
winch characteristics.  The latter methodolog ructure interaction. It is good to know that migk

resulted in a set of threshold values (for th ot all) CFD codes were or_iginally_deyeloped for
hydrodynamic forces and moments), depending Hhternal flows, hence applications which involvedr

- L .~ surface flow still might cause some extra problems.
line type, pre-tension in the cables and vessel siz
ype. p Whereas the SWE based models are

computationally cheap and within reach of all
consulting engineers, the RANS based models still
require huge computational resources which are not
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readily available. Moreover, they require skilled In any case, the above-mentioned modeling
operators. The consequence is that - especiadfforts require the specification of many input
during conceptual design studies (but actually alparameters, some of which are only roughly known
during further design) - the number ofduring the design studies. Yet, it turns out titet
filling/emptying scenario’s and layouts that can beesulting ship motion is sometimes very sensitve t
studied with the CFD tools is limited. Yet, CFDthe particular choice of some parameters and to the
codes are certainly helpful in detailed designatg assumed mooring line (and winch) handling
of the filling/emptying system. strategy.

In general terms, it can be s'tated that ngmerlc&\_l CONCLUSIONS
models are capable of predicting the longitudinal

component of the hydrodynamic (hydrostatic) force ngpwithstanding numerous innovations, the issue
with sufficient (engineering) accuracy (althougle thy¢ mooring line forces and ship behaviour in
parametrization of the effect of direct filling $eis  ayigation locks is still not fully understood. No
still a challenge), but the performance is stilaén  matter how sophisticated methodologies and tools
the transversal direction. o have become, more efforts should be made to carry
Summarizing, numerical modeling is a valuablgyt i sjtu observations and measurements, for

tool in the (conceptual) design studies. Yet, @esc ygjigation purposes and (above all) to gain insight
model to finalize the design is still to be advecht
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A dynamic modeling of the complete system panamax.
should ideally be carried out in a fully coupledywaVrijer, A. (1974). Hawser force criteria of ocean-going ships
(,e. with one integrated computer model). in locks (in Dutch: Troskrachtcriteria van zeeschepen in
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Altema‘tlvely’ a chain of One'V\"r’ly'COl"pled\/rijer, A. (1977). Criteria for the mooring forces of ocean-
independent models can be used (e.g. one model fogoing ships in locksProceedings of the 17th Congress of
predicting the time history of the water flow, whic  the International Association for Hydraulic Res&ardol.
is used as input for a model which predicts theetim 4 P-127-134
history of the ship’s motion and the mooring line
forces). The latter methodology has been apphed b
Vantorre (Ghent University) and De Mulder (FHR,
2007) during the conceptual design for the new
Panama locks.

Notice that the aforementioned methodologies
result in time histories of the mooring line foraesl
the ship motion, which allows to directly assess th
degree of safety during a lockage (by comparison to
the mooring line strength characteristics and ® th

available space in the lock chamber).
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Paper 8 - In-the-Wet Construction

Sam X. Yao
Ben Gerwick INC. (San Francisco, CA, USA)

J. D. Clarkson
USArmy Corps of Engineers (Huntington, WV, USA)

ABSTRACT: The in-the-wet method has been recenglgliad to construction of locks and dams. This
innovative method demonstrates several advantagestite conventional construction method, becalse t
prefabrication can be performed in a well-contileEnvironment, the quality of the construction dsn
better ensured with this method than with castlat@ concrete construction. This technique can als
provide greater flexibility to the construction pess to adapt to varying needs of the site and the
community, such as accommodation of off-season vaoik easy access of personnel and materials. As a
result it can substantially reduce the constructiore, helps to reduce adverse environmental impadt
construction risks. In general, the method requilitde shutdown of navigation, and can provide
considerable cost saving. This paper and the goaowing presentation present these methods, their
respective advantages and disadvantages in compavith conventional methods, and case studies.

1 INTRODUCTION method ig preferably made in the early design phase
. . _ because it affects the structural concept and layou
In-the-wet construction techniques were first use | Float-1n Method

in the offshore oil industry before evolving intoet
immersed tunnel and bridge building industry and Float-in construction entails transportation of
are a recent development in the construction dddocprefabricated modules from their fabrication yard o
and dams. This innovative method prefabricateaitfitting site to the project site by flotatiompgsibly
precast concrete or steel modules on land andglagsing compressed air or buoyancy tanks. The
them in rivers as the in-situ form into whichmodules for float-in construction are usually thin-
underwater concrete and mass concrete are plaseéll floating structures with internal ballasting
directly. The tremie and mass concrete is desigmedcompartments.
work in composite structural action with the Once the float-in modules are transported to and
prefabricated modules. Therefore, a lock or a dapmecisely positioned over the site, they are lodere
may be constructed without use of a cofferdam. down to a prepared foundation by means of
ballasting. In comparison with the lift-in methdbde
2 METHODS float-in method has several advantages: it avoids
Selection of a proper erection method fopeavy Iif_t equip_ment which s_ometimes represents a
transporting and placing prefabricated modulesis guPstantial portion of the project cost, and tioat
important design decision. The erection method c4hmodules can be made as large as practical withou
be generally categorized into the float-in methnd a @1y concern for equipment capacity. Use of large
the lift-in method. Each method has its speCiH‘Odmes generally leads to shorter constructiom tim

implications on project cost, construction schegulednd lower cost. _
river traffic, and level of construction risks. In The float-in method does, however, have its

general, a thorough evaluation of the erectidfnitations: the float-in constructability is seedy
limited by river conditions such as the river flow
velocity and available river depth at the site and
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along the tow route. It requires a large castingl yashould be designed with due consideration of the
and a launching system for loading out the float-irequirements for heavy lift equipment and
modules from the casting yard into riverconstruction process, including (1) availabilitytbé
Availability of the casting yard and the launchingift equipment in the local area and commercial
system may sometimes become a significant costirket; (2) the meteorological and hydrological
factor. On-site installation of a large float-irriver conditions on site for the anticipated lifork
module, either with a flotation bottom slab owindow (e.g., river flow velocity, water elevation,
equipped with air cushion system, requires draft limitation, etc); (3) logistics of positiorgnthe
sophisticated positioning system and relativelyft equipment and lift-in modules at the site,
complex set-down process. The positioning and setaneuverability and productivity of the heavy lift
down process entails intensive on-site coordinati@yuipment for intended operations; (4) the abftiy
of several operations, such as surveying, opemtidifit equipment to position lift-in modules within
of ballast systems, operations of positioning guidequired tolerance; (5) cost of the equipment and
systems, and, at times, diving inspection. Surveguipment utilization rate; and (6) requirements fo
tasks carried out during the placement operatiolis apparatus such as lift frames, which must be
will require a high degree of accuracy for verticahccommodated by the lift-in module configuration.
and horizontal positioning of the precast shell®s guideline for these design and construction
Details on some useful positioning and set-dowsonsiderations is provided by Gerwick etc (2001).
systems for float-in construction of locks and dams Joining multiple lift-in modules under water is
are provided by Yao etc (2002). one of the most complex operations of in-the-wet
In general, the float-in method is used effectivelgonstruction. In order to minimize the marine work
where the environmental constraints are not t@md risks, designers generally prefer large lift-in
severe, and the size and configurations of a strect modules. However, large lift-in modules may have
are favorable for use of large float-in modules. significant cost implication. In the U.S. inland
2 2 Lift-In Method waterways, for _example, many marine contractors
own or can easily rent floating cranes with the lif
In lift-in construction, the prefabricated modulegapacity up to approximately 500 tons. Heavy lift
themselves do not float. Barges and/or liigquipment with even high capacities, such as those
equipment are used to transport the modules fragged in offshore industry, may not be available due
their fabrication site to project sites. to various constraints of the inland waterwayshsuc
Installation of lift-in modules generally requiresas bridge headroom clearance, river draft, and the
large cranes, and auxiliary guiding systems afgck size en route. For installation of very latife
frequently needed in order to position and indt&l in modules, therefore, special heavy lift equipment
modules within acceptable tolerance. Lift-ifmay have to be manufactured for a project.
construction is largely independent of river lexmlt
is somewhat constrained by river flow velocity, lwit
a normal upper limit of 2 to 3 meters per second. Pneumatic sinking of locks, also referred to as the
Since the lift-in modules are not required to floataisson method, has proved to be a useful altgenati
over water, their fabrication is substantially slexp construction method when an insufficient work area
than the float-in modules. In general, the lift-ins available around the construction site or when
method is usually efficient when a large number @nvironmental impacts such as noise and vibration
prefabricated modules have to be installed onasite have to be minimized.
where environmental conditions impose restrictions In short, this technique involves the construction
on the float-in method. of the lock or the lock head at ground level, after
Design plans and specifications generallwhich it is immersed to its final position by
prescribe only the desired end result of thexcavating the soil underneath. The method has been
construction. With the lift-in method, howeverused in the Netherlands for lock heads as welbas f
construction quality and productivity can be complete recreational lock.
signif_icantly improved, if t_he design is optimizéal . 2.4 Advantages of In-The-Wet Construction
take into account of anticipated general constoncti

procedures, timing, and sequencing. For example,severaj navigation lock projects in the' United
the weight, size and configuration of lift-in modsl States have demonstrated advantages of in-the-wet

2.3 Pneumatic Caisson Method
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technology.  One advantage is its ability tplaced to tie the structure to the shafts foundatio
maximize offsite fabrication on land. Because thend to fill the float-in modules. The piers andegat
prefabrication can be performed in a well contibllewere constructed in the dry condition. This
environment, the quality of the construction can kmiccessful project demonstrated the technical
better ensured with this method than with cast-ifieasibility and advantages of in-the-wet constarcti
place concrete construction. In-the-wet constamcti of navigation structures, including favorable
provides greater flexibility to the constructiorconstruction logistics, shorter construction schedu
process and to adapt to varying needs of the sde aost saving, and reduced river risks such as flood
the community, such as accommodation of offbvertopping and scour.

season work and easy access of personnel .

materials. As result, it can substantially reduce t%ng Chickamauga Lock, USA (PR 11-03)

construction time. The construction requires regith  This new navigation lock is being constructed to
cofferdam nor blockage of the river during théeplace an existing and smaller lock that has been
construction and reduces adverse environmenpihgued with alkali-aggregates reactions in coecret
impact and construction risks such as scour ad@ie¢ new lock is located downstream of the dam
flooding. Without a costly cofferdam and with &pillways and adjacent to the existing lock. The
shortened  construction  schedule, in-the-wépmplex geologic site conditions require large
construction often provides considerably coofferdam for stability, but there is a very lindte
saving. In-the-wet construction minimizes maringpace adjacent to the existing lock. In-the-wet
work in the river. In general, it requires little no construction is found to be the optimum method to
shut down of the navigation through the constructicdddress the unique project challenges. The
site. In some projects, it is unacceptable to tans innovative cofferdam consists of 16 lift-in precast
a cofferdam that occupies large spaces. In suepncrete box modules. They were installed on pre-
cases, the in-the-wet construction alleviates sitestalled drilled shaft foundations with lift frame

congestion and improves construction logistics. ~ and hydraulic jacks. The lift-in concrete boxes aver
then filled with tremie concrete, thereby lockirget

precast cofferdam to the rock surface and theedrill
In-the-wet technology is relatively new so it lackshafts. This concrete lift-in concrete structureves
many “rules of thumb” of past experience. Many divo purposes: it first functions as a cofferdam to
the new details have to be developed by tlalow dewatering of the main lock site, and it is
designers or contractors; may require a steemorporated into the final lock wall and thereby
learning curve for the first time users. There rbay provides a significant proportion of the stabilftyr
limited pool of available contractors. In-the-Wethe permanent lock wall. This successful project
technology may have less flexibility duringshows that in-the-wet method can be combined with
construction. the conventional cofferdam method to take
Particular attention needs to be made to tlelvantages of both methods and address various
connection between pre-constructed elements amgks and complexity of a lock construction project
tolerances between each pre-constructed element i
critical for success of the project. Since a aoféen 5% Greenup, USA (PR 11-04)
is not used the substructures or foundations are no The Greenup plan of improvement includes a 183

2.5 Disadvantages of In-The-Wet Construction

visible. m extension of the existing 183 m auxiliary lock to
provide an overall length of 366 m. This also
3 CASE STUDIES includes an extension of the lock approach walls,

3.1 Braddock Lock and Dam, USA (PR 11-01) filing and emptying system improvements,
installation of a miter gate quick change out syste
The replacement of the lock and dam wa®r faster repairs to the gates, and environmental
completed by means of the float-in method. Twaitigation. Extension of the auxiliary lock will be
precast concrete modules, each being approximatgabtomplished by lengthening the lock chamber with
100-m long and 33-m wide, are prefabricated in fivat-in concrete sections. This technique williné
twe-level casting basin and outfitted while flogtin a dry dock at R.C. Byrd Locks and Dam to construct
The modules were towed 46 km to the project sitg concrete shell base raft. After the base raft is

and ballasted down onto drilled shafts. Higlkomplete, the raft will be floated to a fit-out arat
performance grout and mass tremie concrete were
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Greenup Locks and Dam where the walls amgeighing up to approximately 5000 ton, are to be
constructed on the base raft. The structure is thieansported and set down on prepared river bed by a
transported, positioned, and ballasted so thatilit wcatamaran crane barge. High performance tremie
sink to its final position. concrete is then placed to tie the dam segmenks wit

3.4 J.T. Meyers, USA (PR 11-07) pre-driven piles foundation.

This project extends an existing lock from 34 nef -7 Lith Lock, The Netherlands (PR 7-02)

to 366 m using float-in construction for the apmtwa A new lock chamber has been build to replace a
walls and supplemental thru sill filling system fosmall existing lock using the pneumatic caisson
newly extended chamber. method.

3.5 Kentucky Lock Addition, USA (PR 11-08) 5 CONCLUSION

This project adds a new 366.0 m chamber
adjacent to an existing 183.0 m chambe&e
Construction utilizes two innovative float-in
cofferdam segments that are later incorporated i
the river wall of the final lock. The float-in segmis

are to be prefabricated on barges and launched fr . : , :
the existing adjacent lock. The float-in cofferd&an Eriﬁésrequwe a steep learning curve for the firsteti

a reinforced concrete shell structure with open top Recent experience demonstrates that in-the-wet
and bottom. Install_lng airtight lids on each_ of tr."tatonstruction of navigation locks and dams is
compartments provides a seal to allow flotatiorhwi echnically feasible. An important lesson learned

gompretshseclj ar. Itn order to f[lr?at"n the tsegTe m the experience is that a large and complex in-
uring the fow water season, the compartments gt et construction project must give high priprit

an accurate assessment of the market conditions

attached to the sides of the segments to incre%%% orovide  sufficient accommodation for

transverse stability during launch, transport aet Santi(:ipated construction risks. Prior to the final

dowr). The ba”aﬁt system for each float-in S.egr.n?&ésign a thorough assessment should be made
consists of four independent compressed air pipin ardi’ng construction  schedule and  cost
systems. Each .system provides compregsed ar toé structability and risks, suitability of river ,
compartments in one quarter (.)f the float-in Se.gme%nditions, effects on navigation and environment.
The ballast system will be designed to level amd tr

i i Il as to adiust ¢ draft. T In general, both the conventional cofferdam
€ Segments as well as o adjust segment drag. Qonstruction and innovative in-the-wet construction
cofferdam serves two purposes:

terdam to allow d teri fih Ilt sker\./tes Hats h8ve their own merits and limits. The conventional
cofierdam 1o allow dewatering ot the 10ck SIte, WUt o164 s pest suited for some lock projects while

's also tied to the completed river wall and becom@, o i the et construction is best suited for the

part Of. the river wall, p'TOV'd'“g a SIgmf'c"’mtothers. In some case, it is advantageous to combine
proportion of the lock walls final stability. the conventional method and the innovative method
3.6 Olmstead Lock and Dam, USA (PR 11-11) in the same project and take advantage of both
mri18ethods to deal with the risks and complexity in
rious parts of the project.

In-the-wet technology is innovative and cannot
pend on “rules of thumb” of past experience.
any engineering solutions have to be identified,
9aluated, and carefully developed from concepts to
details. Therefore, the application of this tecloggl

Expensive and deep foundations, high seis
design loads, large water level fluctuations ant
hea\(y bed Io.ads provided an impetus to deveIODREEFERENCES
floating solution for the Olmsted Approach walls. _

Because of the high seismic forces, it was desrafsterwick, B"tY?,?’ Sé'aBeTﬁ{' E-'uiaﬂ?en?'tagfrllfeggﬁ
to r(_educe the ma,SS of any structure prowded.. A Construction of Navigvgtion Struc?urgs, U.S. Army Corps of
floating structure, isolated from the ground motion Engineers Publication, ERDC/GSL TR-00-2

by the river provides the greatest possible redoctivao, S. and Gerwick, B., 200Positioning and Guiding
in mass. A structure that floats would also newer b Systems for Float-in and Lift-in Construction in Inland
submerged; thus eliminating the requirement to Waterways, U.S. Army Corps of Engineers ERDC/GSL
wash mud from the structure. Publication, TR-02-22

The Olmsted Dam is being constructed with the
lift-in method. Very large precast concrete modules
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Paper 9, part A - LOCK GATES — INNOVATIVE CONCEPTS

Philippe Rigo — V. Herbillon — A. Thiry
University of Liege, ANAST , Belgium

ABSTRACT: This paper introduces some new innovateacepts identifies by the INCOM WG29 and
reported in the PIANC report 106 “Innovations invMidgtion Lock Design”, 2009.

1. LOAD AND STRENGTH ASSESSMENT The last two types of drives relate to recent

Load and strength are linked when structuralevelopments, which were mainly designed to
engineers design lock gates and valves, first et theduce maintenance.
early design stage (to assess weight and cost) and

later at the final design stage (construction Table 1 - Main Mechanical Parts

drawings) FUNCTIONS ELEMENTS
Nowadays most difficult issues issues concern Gate operation and power- actuators
= Seismic effect on lock gate supply (transmission of a for¢e drives (cylinders,
to the mobile structure) electro-mechanical

- addlthnal quds (externall and internal) drives, etc.)

- behavior during gate motion - motors

- - chain, cables
=>» Ship collision on lock gates

Guiding (rotation,| - rails
rrg;anslation) - wheels and rollers

The challenge for the next years is to identi : :
- pivot, bearing

relevant and cost/effective specifications and
requirements. Bearing and  contacts- rails

(sliding, rolling or static)- wheels and rollers
2. MECHANICAL PARTS: SEALS, BEARNGS, |(transmission of forces to the pivot, bearing

HYDRAULIC CYLINDERS. OPERAING |foundation of the lock) - fixed elements for
EQUIPMENT ' guiding or sealing
The main points about the mechanical parts are Sealing - seals
given in the Table 1. _ _
The key points to consider during the design |of Maintenance - accessibility

- capacity to remove

mechanical parts is th@ate operation. Operating and change elements

machinery is critical locks equipment because this
equipment is subjected to intensive operation. Loek NEwWiINNOVATIVE GATE CONCEPTS
availability depend mainly on the machinery

performance and reliability. 3.1 Reverse Mitre Gate.

For navigation locks, there are typically four Recently innovative gate operating systems were
types of drives, which are used to develop opegatigesigned to combine the link between the gate and

forces: . _ the operating cylinder plus a retaining strut tsise
- Electric-mechanical drives, the effects of a reverse head imposed by flood
- Oil hydraulic drives conditions. Such system is, in principle, suitafiole

- Electromechanical actuatorssing a capsulated |imjted water heads and rehabilitation works.
threaded pin. Due to the head sealing of the mitre

gate the drive is always dry (Fig. 1)
- Oil hydraulic compact drives

PIANC - Brussels Paper 9, part A - Page 1/4



“Innovations in Navigation Lock Design”
International Workshop, PIANC — Brussels, 15-17.Q609

Nevertheless the progress performed in hydrauliotation axis and hooked to a small tower or camsol
cylinder reverse water heads of 2 and 3 m can Beth the top and the bottom hinge carry only
reached (for instance in the IJmuiden locks in tHerizontal reactions in this way, which significignt
Netherlands). In these cases the cylinders work decreases the wear and helps solving some fatigue
compression (reversed head) or in tensile (standaedated problems.
head) — See Fig. 1.

Fig. 1 : Reverse Mitre Gates (IJmuiden-NL)

3.2 Folded plate gates

It is now possible to use complex geometric
folded plate for lock gate structures (Fig. 2).
Therefore the advantages are:

- Some redundancy in the bearing capacity
- Simplified maintenance and inspection
- Well designed to avoid fatigue damage

- Favourable corrosion protection characteristicsFig. 4 -Mitre gates supported only at their topgeis

3.4 Rotary segment gates with horizontal axis

Rotary segment gates (Fig 5) can be used as a
upper lock gate for a large water head if a separat
filling systems exists.When filling the lock thrdug
the gate, a lift height of 8 m is the maximum lift
which are currently planned in Germany.

Figij 2 - Folde pte of a mitre gate at Uelzen I

3.3 Suspended Mitre gates

There is an innovative solution to the problem of
gate hinge wear, so-called ‘suspension gate’, for
mitre or single-leaf gate system (Figs 3 and 4g Th 2
gate leaves are suspended to a rope, chain or otR&y. 5 - Upper gate at Iock Lisdorf during inspenti
torque-flexible member — anchored in the leaf (left) and during a test for flood discharge
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3.5 Vertical-axis Sector Gates (wheelbarrow) and hydrolift gates that are

Vertical-axis sector gates (Fig 6) are an efficie®ommonly used for large maritime locks. The idea
and economical solution where there is & to use a floating gate that is self propelled to
requirement for a lock gate to accept a he&dose/open the lock (as a transversally rollingegat
difference in either direction. They can allow sienp does).
filling and emptying of the locks without provision _ _
of separate sluice gates or culverts. R

vvvvvvvvv

f D[ D] D] -
T o= J h
s e I S
'."-|
] ; ]
il gi i ] J_
i . i b -
u j | I et
| |

Fig.7 - Typical Cross Sections in a Self-Propelled
Floating Lock Gate — 70 m long

3.5 Composite lock gates

CETMEF (France) has studied a vertical lift arcfi-7 Sliding gate — Hydrojet (Fig 8)
gate made out of composite materials. Similarly the -
“Spieringsluis” in the Netherlands was designed wé
with a high strength synthetic composite mateal t
reduce the higher maintenance costs of wooden or
steel gates. The average preventative maintenance
duration with wood or steel gates is 15 to 25 years

Main advantages of composite arch gates are:

- No corrosion;

- Good resistance to aging in damp environment;

- Finishing paint useless, thereby seriously
reducing maintenance costs;

- Lightness, easing transportation and fitting of the

S ME==Za=sEEE=stec=ill ]

gate; | __
- Lightness reducing the purchasing and . R\T\\&\ .
maintenance costs of the machinery; Fig. 8 - Hydrojet — Oranje lock (NL)

- Gate positioning on the river side of the lock _ o . _
heads, easing maintenance and reducing the R Rolling gates with integrated filling/emptying

of collision of the gate and/or machinery. system
In Germany, an innovative gate system (Fig 9)
3.6 Self-propelled floating lock gates combines the advantages of a lifting gate, wheee th

Self-propelled floating lock gates may replacgate body also forms the closure for filing and
traditional wheel barrows gates. Such gate (Fig 7)emptying the lock chamber, with those of a sliding
an alternative to the standard rolling gategate.

PIANC — Brussels Paper 9, part A - Page 3/4



“Innovations in Navigation Lock Design”
International Workshop, PIANC — Brussels, 15-17.Q609

Toroberteil angehoben

Fiillspalt offen The sliding lift gate is based on a high mechanical
performance sliding material with a low friction
coefficient. The material provides both guiding and
sealing functions. It is placed on both sides of
double-sealed gates and embedded parts depending
on the mechanical design adopted. UHMWPE has

the following characteristics:

- low friction coefficient (significantly less than2);

- low wear index, which would mean the installatioauid
not require any significant maintenance (wear <m im
35 years — working life);

- maximum stress = 2 N/mmz2 < 6 N/mm2.

Fg. 9 Ka!ser ifting and_ S!Idmg lock gate UHMPE is nearly a standard solution for such
4. GATE TIGHTNESS, UNINGS AND SEALS contacts in the modern Dutch vertical lift gate
= The “come back” of sliding gates/valves sluices e.g. see as the valves of the Naviduct
In the Netherland, Germany, Panama, etEnkhuizen (NL)-Fig 10..
UHMPE (ultra-high molecular weight polyethylene)
is nowadays considered a reliable teachnology an§-a CORRO$ON PREVENTON and
very durable material to be used for sliding gatd a =~ CORROSON PROTECTON
lock filling and emptying valves. In the last decade, the costs associated with the
It is a durable material a) long-service and bjaintenance of infrastructure (bridges, locks,)etc.
environmentally favourable. It is chemically veryhave increased dramatically due to the development
stable and its mechanical properties are littlef more stringent environmental regulations.
sensitive to time, weather etc. Durability and economic maintainability are both
It is also recyclable (products: regeneratdirectly proportional to corrosion preventive
UHMPE down to low density PE e.g. for gardemeasures taken.
furniture) and at the very end it still has a high Corrosion prevention of metal, which should be
energy value when burned. built into the design, must not be confused with
corrosion protection, which is regarded as a
5. VALVES FOR HKLLING AND EMPTYING secondary item to be apply to the structures at the
SYSTEM building stage.

There are four main types of valves (also called
gates) that are currently used as filling and eingty /- GATE EQUIPMENT

regulation system: As example of new technologies, there is the
a) Radial gates (used as valves) magnetic automatic innovative mooring systems are
b) Fixed wheel gates (fixed roller gates) now ava!,lgble (Fig. 11).

c) Butterfly valves
d) Sliding lift gates

ol

P
miltrlm R

UHMPE

Fig. 11 - Magnetic Mooring System at KalserLock
Germany Cavotec Ltdl

Fig. 10 -UHMPE sliding Gate sluice (Naviduct, NL)
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Paper 9, part B - Lock gates ship impact

Ph. Rigo
Professor (University of Liege, Liege, Belgium)

T. Gernay
Aspirant du F.R.S.-FNRS (University of Liége, Lj&glgium)

ABSTRACT: This paper presents an overview of tlaesof art of ship impact analysis on lock gatestf
the different kinds of analysis are presented, Wwhdoe: empirical approach, analytical-rational apgh,
and finite element methods performed with quadiestanalysis or dynamic analysis. A discussion loa t
hypothesis and the calculus time required by eaethod is carried out with a view to clarify thetstaf-
practice for engineers. Then, a quasi-static amalyg finite elements modeling a ship impact isf@ened

on the specific case of a new lock gate designdgeigium for the “Seine-Escaut Est” project. Theulés
suggest some design recommendations to providectledbehavior and so impact strength for the gate
structure.

1 INTRODUCTION 2.2 Protective measures VS gate designed to sustain

At the beginning of a new project, desigrsMP Impact

recommendations for the ship impact load case areBoth solutions have to be compared on
hard to find, while there obviously are decisiveconomical basis. In Germany, the downstream side
decisions to take. First of all, the “vessel impacis generally equipped with a protection system (on
must be defined in terms of ship weight and spedtie chamber side). This protection system can’t be
Then, a decision must be taken on whether the gatry stiff because it must avoid destroying theshi
must have sufficient impact strength or protectiveince a sinking ship will result in a long downtime
measures must be designed in order to prevent geiod for the lock (PIANC, 2009).

ship from impacting the gate. In the first cases tt'é

analysis to perform to design the gate structuse ha3 Ship impact analysis

to be decided. If the gate has to serve as a ship stopping device,
an analysis of the ship impact must be performed on
2 SPECIFICATIONS the gate structure. Different kinds of analysis are

possible. The decision depends notably on the
importance of the project and the time and money

The ship weight and speed to take into accouiat can be spent on this analysis.

for designing the gate structure or the protective

device have to be defined by the client. Of coursg, SHIP IMPACT ANALYSIS: STATE OF ART
this “vessel impact” has to be consistent with ti‘@
project. For instance, the design &build request fo~
proposals for the third set of locks of the Panama These methods are based on empirical data and
Canal explicitly adopted a “vessel impact” of 16@ractice experience. They offer a very simple way t
000 t with a speed of 0.5 m/s (PIANC, 2009), whicBvaluate an order of magnitude of the impact

is consistent with the design ship and the expectgiiength of a lock gate but their simplicity doex n
ship velocities in the lock. allow to reflect correctly the phenomenon of an

impact. They can only be used as a rule of thumb.
Always more detailed analysis must be performed
(see here after).

2.1 Vessel impact design criterion

1 Empirical approach
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3.2 Analytical-rational approach 4 ONE EXAMPLE: SEINE-ESCAUT EST

Analytical models can represent simple cases of A quasi-static analysis by finite elements using
impact with a good accuracy. Some hypothesis hatlee FINELG software (de Ville de Goyet, 1994) has
to be made on the strain state of the gate th#en performed on a lock gate designed for the
numerical studies with uniform gate structures hav8eine-Escaut Est” project in Belgium, which
highlighted the ways of dissipating energy thancludes the upgrading of 4 locks. The dimensidns o
should be considered, i.e. a local deformation dfe gate are 13.7 m length and 13.6 m height. The
structure elements in the vicinity of the impacti@an design ship is a 2400 t barge. The lock gate &t fir
global bending around plastic hinge lines (Le Seurrelastically designed with the LBR-5 lock gate
et al., 2004). The principal assumption in analfti optimization software (Rigo, 1999) considering the
analysis is that the totality of the energy broulgit hydrostatic load cases. The total weight of the gat
the ship is dissipated by the gate. Various nurakricc1.4 t.
studies have validated this assumption (Le Sourrn
al., 2004).

Those models do not take into account Three scenarios of impact are studied:
phenomenon’s of instability that could appear dyrin 1. The ship impacts the gate at upstream water

&1 Ship impact analysis

the rotation of the plastic hinge lines, considgtime level (U.W.L.), but the hydrostatic loads are

global plastic failure mechanism. Such instab#gitie neglected.

could reduce the structure capacity for energy 2. The ship impacts the gate at U.W.L. while

dissipation. the hydrostatic service loads are already
However, such models, if they are correctly applied to the gate

applied, can be seen as very effective and timersav 3. The ship impacts the gate at downstream

for gate structure with plane geometry. water level (D.W.L.).

The analysis of the first scenario applied on the
initially optimized structure shows a fragile belwav

Finite elements methods can be used to analyaiethe gate. The gate structure has a low capémity
the ship impact. As dynamic effects are usually ndtssipating energy (max. 80 kJ). Here, it should be
significant for lock gate, a quasi-static analys@ noted that the gate was elastically designed tistres
be seen as sufficient to model the impact. One hydrostatic loads. Consequently, the slenderness
possible method is to consider the bow of the akip ratio of the stiffened panel respects Hugues’ gate
perfectly stiff and so to apply a quasi-static laad for T-elements (Hugues, 1995), which fit with the
the gate structure until equalization of the straiBurocode class-3 of cross sections. It explains why
energy of the gate with the initial kinetic energyhe collapse appears very early by buckling of the
brought by the ship. frame when the gate is impacted by a ship.

The approximations of this method are that the After reinforcing the gate to obtain class-1 cross
totality of the energy is dissipated by the gatereé sections for the frames and girders, the observed
is no dynamic effect and no evolution of the cohtabehavior of the gate structure is very ductile (Rig
between the bow and the gate. Nevertheless, thstability phenomenon’s are avoided and the gate i
kind of analysis gives good results when a dynamable to develop a global plastic failure mechanism
analysis can’t be performed. and to dissipate until 2 MJ. However, the total
weight is gone up from 51.4 t to 68.7 t (+34%).

Impact force evolution

Such analysis allows modeling the deformab 700000 —— Impactforce - einforced
bow of the ship so that giving an initial positiand 6000.00 P 4001 brge t 025
speed, the contact between the bow and the gate | 3 "~
be considered. Moreover, dynamic effects are tak
into account. This is unfortunately highly time
consuming method —main disadvantage. 000 | . | | .

Using this method for few study cases can off¢ o 100 200 00 400 mpactforce - ntially
reference results to validate assumptions made Indentation {mm) designed gate
analytical models or quasi-static finite elements Figure 1. Impact force evolution for a U.W.L.
methods. impact

3.3 FEM, quasi-static analysis

3.4 FEM, dynamic analysis

4000.00 < 600tbarge at 1.5 m/s

3000.00 +—£
2000.00 f A 2,400tharge at 1.0 m/s

1000.00 -

Impact force (kN)

2,400tbharge at 1.3 m/s
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When taking into account the hydrostatic loacghenomenon and to allow the gate forming a global
the global behavior of the gate structure is idmti plastic failure mechanism. Ductility of the elenmgnt
but the structure is more deformable. The reasoncian be achieved by using EN class-1 cross sections.
that the gate is already submitted to a stress.fiel Ductility of the structure requires a good

The gate structure is more fragile for gropagation of yielding, which can be achieved by
downstream side impact compared with an upstrean adequate design of the stiffness ratios in the
side impact, the stiffness being much higher amd tpotential impact zones.
collapse arising suddenly for an impact of energy i Nowadays, it becomes a current practice to
the order of 450 kJ (Fig. 2). The strain patterthie perform an elastic design and optimization of the
gate at the collapse stage shows that there wések gates considering hydrostatic load cases.
strain concentrations in the impact zone, mainly iHowever, the gate impact analysis may force the
the frame in contact with the barge bow. This stradesigner to increase the dimensions (cross section)
peak is due to the small ratio between the trassveof the frames and the girders of the optimum
and longitudinal stiffness in this zone, whiclsolution to obtain class-1 cross sections.
prevented the propagation of yielding and thus the Consequently for design purpose the main
development of a global plastic failure mechanismecommendation is to implement in the optimization
(Fig. 3). software a new constraint that consists in usiflg on
80000 class-1 cross sections for the frames and thergirde
0000 [ TomemEEIEEEE 1t would  permit to obtain optimized solutions
T considering impact strength. Then, this solution
soo00 7 o should be compared in term of cost with the elastic
o IL/’ B0 tbare 202 m/s optimum solution coupled with protective measures
against ship impact.

= Upstream W.L. impact force

Impact force {kN)

2000.0
1000.0 -/
0.0

50tyachtat3.0 m/s

! ! ! ! ' < 2,400tbarge at 0.6 m/s
0.0 1000 2000 3000 4000  500.0

Indentation {mm)

Figure 2. Impact force evolution for different ingpa REFERENCES
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Paper 10 - Computational Fluid Dynamics in lockiglesState of the
art

C. Thorenz
Bundesanstalt fir Wasserbau (BAW; Federal Waternkasearch Institute), Karlsruhe, Germany

ABSTRACT: The numerical simulation of the fluid Woin locks and their vicinity has improved
significantly in the last years. Different modeliagproaches have to be distinguished and theittipahc
limits have to be understood for a successful appbn. Here, a short of overview of model typed areas
of application is given.

1 INTRODUCTION i3 =
2 I

The recent developments in computation: ﬂ B R
methods and the tremendous rise in availak |
computing power have shifted the regions E e B e )
applicability of numerical models in the last years - O "
Still it must be stated that the filling and empityiof IS PP (R 11 | S| W - I
a lock is a complex process, which is not easi e DHD%HD% % D%Hﬂ ‘‘‘‘‘‘‘‘‘
replicated in computational models. = >< =
2 CLASSES OF NUMERICAL MODELS MG
2.1 Introduction e T ™ TR LA G

Numerical models can be distinguished by th‘e’_gure__l: Typical network for a lock with saving sias
range of physics they are covering, thefsimplified).

dimensionality, the applied numerical methods and . ) .
other parameters. The major drawback is the necessity to

parameterize the hydraulic system. For standard
components like single bends or T-junctions these
This class of models mainly deals with fluid masgarameters can be taken from textbooks or the
balances. It is useful e.g. to estimate the waté@tabase of the simulation program. For locks,
consumption of a lock complex. Furthermore thepecial shapes are common. For these shapes
filling times can be estimated for simple systeifis, hydraulic models or highly resolved three

calibration data for the loss coefficients is aaflie. dimensional numerical models are necessary to
evaluate their hydraulic properties.

Another more general problem is that this class of
In the scope of locks, these models are typicalbpftware was derived for the use in chemical
networks of tubes and basins, so-called netwoeéngineering, where singular special shapes are
models (Figure 1). They can be used to estimate ttwnnected with large lengths of straight tubes. In
filling time of the lock chamber or model the speelbcks, the flow field after a bend/junction/... can

of the fluid exchange between water saving basiofien not develop across the full width of the eutv
and the lock chamber. again, before the next bend/junction/... is met. Thus
the accuracy of the local losses is often limited a
may decrease the total quality of the results.

2.2 Zero-dimensional model

2.3 One-dimensional models
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2.4 Two-dimensional models

These are mainly used in the approach areas ¢
the surrounding areas of locks. Here, the flowdfie
is approximated with the shallow-water equation
These are applicable if the vertical movement ef tl
fluid flow is negligible. This approximation is wel
established and gives reasonable results for la
scale shallow water situations.

For the movement of water in the chamber th
type of models is sometimes applied, too. It can
used to simulate the sloshing of water in th
chamber. In this case the flow rates of the fillin
systems are computed with a network model and Figgre 2: Simulate(_j water surface d_eformation vmddy
used as boundary conditions for the shallow Wat@fmatlon at the water intake of a lock (with uppetes visible

T . In the background)
model. If no ship is in the chamber, this approacpl
can give reasonablg results. With a ship in the pRAWBACKS
chamber, the damping effect of the ship on the
sloshing can not be adequately reproduced. 3.1 Impact of parameters

As a general rule of thumb, the impact of

2.5 Three-dimensional models without free surfacg?@rameters on the model results is the higheshéor

_ lowest dimensionality (and therefore complexity) of

or junctions_, three di_mensional numerical mOde|§redict the filling time of a lock with a zero- one-
can be applied. For this purpose stationary boyndgfimensional model if no calibration data is avaiab
conditions are sufficient, as the fluid travel timg), already integrated into the model. On the other
through the model is much faster than changeseof g, with three-dimensional models the amount of
flow speed. In order to accurately catch areas Qfcessary calibration data is much smaller.
flow separation, reasonably fine computational gridqditionally, the possible impact of calibration is
are necessary. For singular points of interegf,ch smaller, resulting in a smaller range of the
reasonable accuracy can nowadays be achieved gQsiple results. But the required computational
PCs. If larger parts of the filling system shoulel befiort is many orders of magnitude higher, so that

computed, in many cases a sufficiently fine grid cane choice of the model might be governed by this
not be achieved on a single PC. In this case it zi%pect.

necessary to perform the computation on clustered
machines or larger parallel computers. 3.2 Impact of turbulence models

In three dimensional models, one of the major

2.6 Three-dimensional models with free surface drawbacks is the requirement to choose an
appropriate turbulence model. Turbulence models

If the movement of the free water surface is agye necessary, because at the time given it is
important effect and three dimensional flow paterypossible to model the movement of the fluid down
must be evaluated, this class of models must R¢'its smallest scales. Thus, only the large scale
applied. These models require very high computg{oyement of the fluid is directly computed in terms
resources, which can not easily be fulfilled. of velocities and pressures and the small scale

Here, one must distinguish between cases W&fg,ement, which finally results in dissipation, is
the exact shape of the water surface is relevamt afypsymed in simplified statistical approaches. The
others, were only an approximation is needed (.9.go_called Reynolds-Averaged-Navier-Stokes
order to simulate large scale effects like chambngANS) approach approximates the internal
sloshing).  For certain applications like th§yrpylent movement and replaces it with an
generation of eddies, fine grid resolutions argqgitional viscosity at the larger scales. The most
necessary in order to catch the governing ProcesSSsHminent members of RANS group are the k-
For the example presented in Figure 2, &usilon and k-omega models. These solve two
computational grid with 50 Mio. nodes was used. aqgitional transport equations for the “turbulent
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kinetic energy” and the “turbulent dissipation tate3.2 Different geometric scales
and use them to estimate the additional “turbulent For locks, very different scales of the

\élscosltyk .for ththte thlarge scale hmovemept. Th'ﬂféiraulically relevant features can be observed. On
rawback 1S, that these approaches requiré SeVefal ,ne nand there are large features like the lock

parameters which are praCtica”y impOSSible t8hamber and the flow of water within. On the other,

calibrate in engineering pract_ice. Normally, th‘t?here are very much smaller features like nozzle
standard parameter sets are being used and differ,

turbulence models should be used in order to jud§£ays for the filling of the lock (Figure 4).
in how far the results depend on the choice of the,k -
turbulence model. For some cases, turbulence g
models can even completely fail (Durbin, 1996). /
If higher quality for the modeling of turbulent
movement is necessary, the smaller scales of fluid
movements must be resolved. “Large Eddy
Simulation” (LES) is an approach, where some
scales of the turbulent fluid movement are directly
computed and the remaining turbulent movement on &
the sub-grid scale is described by (simple) = §
turbulence models. Figure 3 shows the differences
between the two approaches. Obviously the large
scale results are comparable, while the reprooimcti|c_)i u
of the small scale movement is much better with ﬂgﬁsg
LES approach, which has been computed with
NaSt3DGPF (Croce et al., 2004). The drawback is, |f these features should be computed in a single

that much larger computational resources afgmerical model, which resolves the flow within the
required. An additional problem is wall frictionoF 577/es (in order to correctly catch the flow
LES models a very fine grid (or a local two-equatioresistance) and on the other hand covers all of the
model) would be required if wall friction should bgock chamber and its filling system, the necessary

adequately reproduced. Luckily, flow resistance iRymerical effort would (at the time given) be
locks is mostly governed by shape and not by wglhpearable.

friction. To circumvent this, models of different types are
coupled. This coupling approach is called “hybrid
modeling”. For example physical model data can be
used to estimate the flow resistance of the
aforementioned nozzles and hydraulically equivalent
units can be fitted in the large scale numerical
model. Though this approach is currently the most
successful way to predict the behaviour of a lack,
must be pointed out that there is always a loss of
information on the seams between the models.

re 4: Nozzles in the new lock Silfe , uristruction
the chamber floor.

Results from NaSt3DGP with LES approach

3.3 Moving objects in three-dimensional models

During the filling and emptying process, several
objects will be moved within the fluid. For simple
locks at least some valves have to be moved, for
locks with saving basins many valves can be
necessary. Additionally, the movement of ships in

> the chamber can be relevant in order to judge the
Figure 3: Detail of computed flow field in the lowapproach duality of the locking process. Currently the
area of a lock, computed with LES and RANS turbaéeen movement of objects can be considered in many
models three dimensional simulation packages. But it
requires a lot of work, significant skills and
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computer power to do this, so that modeling thé fdimulations is not very well trained and/or of good
process of a lockage in a three dimensional madewill to produce quality results, there is a sigraiint

cumbersome and ambitious at least. danger that only nice pictures will be rendered. Fo
external parties, only looking at the resulting
4 SUMMARY pictures, it is impossible to judge the qualitytbé

The development of computers and numerickgsults. Especially commercial packages have a
models has shifted the range of applicability largeténdency  to  produce results  under any
in the last years. Many aspects of fluid flow icke Circumstances, even if for example the grid
can be described with computer models. But it mygsolution is not sufficient for the problem. Thss
be stated that the most accurate and completeavaytd9ered by the tendency that only models of highe
predict the behavior of a lock is still a physicafimensionality are “accepted”, so that three
model. On the other hand, numerical models can #nensional models are being used, even if the
very helpful for many aspects of lock design. If gvalllable computing resources are not sufficient fo
new design is based on an older design for whi@yality results. As a result “Colored fluid dynasfic
data is available, it can be sufficient to use nicag Pictures are produced, which have nothing in
models to extrapolate this know-how to the nefPmmon with real CFD.
design. In conjunction with physical models, the
can %e heIpfuIJto eliminate ur;m):ecessary variants %FFERENCES

to model aspects of the fluid flow which are ditfic Croce, R., Griebel, M., Schweitzer, M.A. 2004, Akl

to see or measure in physical models. level-set approach for two phase flow problems veitiiface

. . . tension in three space dimensionsPreprint 157,
Nowadays, ~Computational Fluid DynamIC%onderforschungsbereich §1niversity of Bonn

(CFD) software is available “from the shelf”. pymin, P.A" 1996, On the k-epsilon Stagnation Poin
Additionally, computing resources have increasethomaly, International Journal of Heat and Fluid FlQwl7,
substantially, so that many people start to do CHR-90

simulations. If the person who is doing the
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Paper 11 — Numerical simulations and experimentalets: how to
choose?

J-M Hiver
Professor ir.(SPW, Belgium)

matching the ratio f appropriate pairs of forces in
1 PHYSICAL MODELLING both scaled model and prototype that play significa
Since Leonardo da Vinci stated as a basic premiggtes in the physical being examined.
to “remember when discoursing on the flow of water The effort in constructing a hydraulic physical
to adduce first experience and then reason”, thfodel is comparable to the effort of working out a
experiment has attained a leading and continuouslylution scheme for the numerical model. Both
growing role in fluid mechanics research. methods must make use of certain simplifications
It is a prime merit of some scientists at thend approximations and have to be adapted to the
beginning of 28 century that they developedreal situation in nature — in the one case by adgpt
experimental methods for the solution of hydraulihe empirical coefficients, in the other case by
engineering problems and they succeeded dhanging the model roughness.
convincing the profession of the usefulness and |n numerical models, the decisive limitation is the
validity of this approach. Hydraulic physicalfact that the majority of flows processes are caxpl
modelling developed rapidly into engineering tobl cand no closed system of equations can be formulated
a general recognition for the solution of hydrau|igncomp|ete set of equations, turbulence

engineering problems. hypothesis,.). Another practical limitation is given
by the resolution of the model, which is determined
2 NUMERICAL MODELLING by the choice of the grid size for the solution

During the second part of the ®2@entury, there scheme.
is fundamental research concerning the developmentfor the credibility of a model, it is important to
of some mathematical tools to describe the flohow on the one hand, which experiences are
evolution. In parallel, the progress in numericadl a already available with similar types of models, and
algorithmic increases considerably. on the other hand to know the extend of possible

Than more numerical models have been appliégedback between nature and model.
in some areas of technical hydromechanics with Thus, the results of both physical and numerical
great success. The greater flexibility of numericanodels should be carefully examined. For physical
models is often compensated by the mof8odels, the model set-up is not very error-prong, b
convincing intuitive power of the physical modelthe measuring and interpretation process can loe lea
The market shares of the numerical models hat® errors. In numerical models, most errors are
increased in the last century against the physidgfroduced in the conception and set-up phaseeof th
models. model.

3 COMPARISON BETWEEN EACH MODELS, 4 HYBRID MODELLING

LIMITATIONS A comparison of experimental and numerical

Scale model studies have proven a cost-effectiigodels shows at first glance that both type of rhode
means of investigating performance of a proposé@ve very much in common. Each must be preceded
structure, provided requirements for hydraulify @ conceptual phase, in which the physical
similitude are met. Idealistically, this requires
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relationships are identified which is to be simetat flexibility, cost efficiency, learning, efficientnean

by the model. of communicationrwhich improve multidisciplinary
Because these two types of model lead #pproach.

approximate solutions, when using them one has to

know how approximate the solution is, the most DEVELOPMENTS  OF  MODELS  IN

important role in the decision making process HYDRAULIC STRUCTURES

played undoubtedly by the limiting factors of eithe  The hydraulic structures, so navigation locks, are

A modelling approach is to combine Dbothyympine together these two methodologies.
techniques to minimize the parasite effects and to e hydraulic engineering problems for a lock

optimize the resolution time is more that a utiiaa design concern both the lock chamber (filling-

of both modelling methodologies t_)ecause these t"éﬁwptying system, gate hydraulic characteristics,
concepts be able to couple and integrate off or Qpyier surface deformation, forces acting on ships,
line to calibrate, validate and treat the bouneiarle_._) the upstream and downstream canals (currents
conditions. ~ The approach consists in  thgear the lock, waves in navigation canals,...) aed th
combination of limited model experimentsmechanical effects (flow-induced forces, vibrations
extensive numerical simulations together with Bavitations,...). There is many examples to
dedicated error correction facility and  ajemonstrate the efficiency of this approach.

optimisation procedure. , Another point of view is the vessel manoeuvring
The strengths of physical and numerical model§ the lock entrance (design of approach wall,

thus lie in different points, which can be optimall yanoeuvrability, accessibility, safety, ...). The
used by combining both models in a hybrid overajypriq approach integrates the results produced by

model (Scotti 2006). physical and numerical modelling to simulate the

~ The added values of the hybrid modelling arg,rrent optimised with the help of navigation
limitation of the parasite effects, guarantying thgjmulators.

precision and accurate way of the design results,
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