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GENERAL
The 5th lock at Brunsbüttel (abbreviated as: 5SKB) is located at the entry from the North Sea to Kiel Canal. The Canal's traffic significance with reference to the Baltic Sea Region and the North Sea ports is great (Brunsbüttel, August 2016). It is the busiest artificial waterway in the world according to the number of ship movements. Due to the traffic flows from the North Sea ports to the Baltic Sea, the lock has great economic importance. 

At present, the Brunsbüttel lock system has 4 lock chambers. Initially, two locks with mitre gates with a width of 24m, each, were constructed; however, they were soon supplemented by two more locks with sliding gates with a width of 46 m (42 m useful width), each. Theses locks have not been generally refurbished since their construction (1914). Due to their intense use and the high need for maintenance and repair, it is not possible to refurbish the existing locks during normal operation. For this reason, another lock has to be provided for the period of general refurbishment to maintain the existing capacities. This necessitates the construction of a 5th lock chamber. After the general refurbishment of the existing locks, the lock capacity will be larger than at present. The dimensions of the new lock were selected congruently with the two large existing locks.

Apart from the lock function, the structure is also very challenging as regards flood protection as well as Canal drainage. The structure is characterised by these two, partially opposing, but also supplementary requirements. 

In consideration of the required lock availability and the comparatively large number of parallel locks with the same dimensions, the response time could be selected so that it is not necessary to keep a second gate permanently ready for operation at each lock head. This will reduce investment cost. Only must storage area be provided for the selected number of spare gates. In addition, the construction of a dry dock is currently being planned. Redundancy requirements comparable to the requirements of the gates rendering a lock chamber failure improbable are therefore made for the drive systems and the upper carriages.

Due to the variety of requirements made, large sea locks are very complex structures. The core of these systems and of even higher complexity are the lock gates and the ballasting/emptying system that will significantly affect the overall function of the lock in the future. These locks, which are designed with an integrated ballasting system in this case, are objects characterised by structural engineering, mechanical engineering and shipbuilding. 
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Brunsbüttel is located on the mouth of the Elbe river to the North Sea, on the western end of Kiel Canal. This area of the Elbe river is seriously subject to tides involving significant silt loads. The lock is situated on a lock island at the entry of Kiel Canal; space is very confined on this island, and the location of the lock and especially the transverse extension of all components, including the drive units, had to be optimised.
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Figure 11: Overview Brunsbüttel (source: Google Maps)

In this article, only a very limited number of challenges to be taken account of in connection with this type of lock gates can be addressed.

DESIGN SELECTION
The selected gates types for the 5SKB are sliding gates, designed so that they may also be used in the existing chambers of the large lock after the latter’s general refurbishment. Therefore, the wheel-barrow system as used in the existing locks was selected. An undercarriage and a upper carriage on which the sliding gate is supported has been designed.  Consequently, only an upper carriage and an undercarriage with the same connection system and a rail system as provided for the new lock have to be made available on the old lock after refurbishment, and the gates can easily be used in the old locks. This allows to waive spare gates and maintenance may be standardised. The investment cost for additional gate chambers and drive systems can hence be saved.
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Figure 21 Presentation of sliding gate in closed position

The gates of the 5SKB were designed as floating structures; one purpose of this is to allow for a facilitated replacement of the sliding gates. For assembly/disassembly, the gates are floated by means of the above-mentioned ballasting/emptying system. General conditions for the assembly (this also applies to the disassembly) of the gates is an appropriate elevation of the bottom edge of the floating gate so that it may be swivelled over the undercarriage (function of ballasting and tide level) and a rotating swivel movement around the gate chamber may be initiated. In consideration of manufacturing tolerances in steel and concrete construction, a permissible heeling and a permissible trim, a few centimetres of space are sufficient to float in the gates. 

The gates are solely assembled by means of tugboats as described above, so that they may be moved at low cost without the need to use specialised cranes. The spare gate may remain on dolphins until its next use. For general refurbishment, the use of a dry dock is convenient, since it provides more space than the gate chambers, and all necessary equipment is available to significantly facilitate maintenance and repair. The gate may easily be transferred between the locations by means of tugboats. Due to the mobility of the gates, a second gate chamber can be omitted.

As a result of all requirements of the gates, the latest generation of gates is heavier than in the past. In contrast to previous gates, the new gates are fitted with filling and emptying valves that increase the gates’ weight in comparison to the old gates at Brunsbüttel lock. By providing the filling valves in the gate, maintenance can be performed completely independent from lock operation (e.g. in a dry dock). 

STRESS
The gate is subject to a variety of impacts, which are generally compiled in accordance with DIN 19704. Especially the dead weight, the outside water pressure, ballast water, but also traffic loads on the roadway are to be noted. In the present section, only some particularities of stress for the sliding gate are addressed.

Fatigue
It is intended that the 5SKB manages 17 double locking processes each day. The term double locking process is illustrated in Figure 31.
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[bookmark: _Ref508134049]Figure 31: Definition of double locking process (A - locking from Kiel Canal to Elbe; B - locking from Elbe to Kiel Canal)

The North Sea is a sea characterised by intense tides, Kiel Canal has a constant water level of approx. ± 0.00 m asl. The North Sea’s regular tidal range is ± 3.00 m. The gate is moved at almost constant water levels in the Canal and varying water levels on the North Sea. The water level in the lock chamber changes between that on the North Sea and that in Kiel Canal with each locking process. The outside head is always subject to the water pressure as it develops in relation to time with the tides. In Kiel Canal, the water level is largely constant, and in the lock chamber, the water level changes between these two levels with each locking process. The gates can only be opened and closed when the water level is almost balanced.

Figure 32 shows the tidal sequence over a day. The tidal sequence was approximated by a sine wave, which is sufficiently accurate for the investigation purposes. The tidal sequence is assumed congruently with a day. This will have almost no effects on the investigation result, but this simplification slightly renders results conservative.


 
[bookmark: _Ref508133947][bookmark: _Ref508133939]Figure 32: Illustration of tidal sequence over a day (17 double locking processes)

The progress of the water level differences acting horizontally on the gate is affine to the tidal sequence. This results in a fatigue stress on the gates, composed by the daily tidal sequence and the varying load conditions arising from gate opening and closing. Assuming the maximum load difference as the fatigue stress produces uneconomical results. It is also uneconomical to compute all water level differences individually, evaluate them at all relevant locations and optimise them at the design stage. Such procedure would significantly extend the design process. The mean value, however, would be on the insecure side, since high stress produces disproportional damage according to Wöhler’s conception. To compute a reduced damage-equivalent, however conservative water level as input value for a FE computation, the damage hypothesis may be evaluated according to Palmgreen-Miner
(DIN-EN-1993-1-9:, 2005).
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The given load changes ni result from the locking frequency. The locking processes at the 5SKB are evenly distributed over the day, largely independent from the tidal range. There is hence is no effect from the fact that locking only takes place at high water levels, for instance. This results in a typical number of load cycles for each water head. The manageable load cycles Ni result from the existing  notch types and the actual stresses for the given notch types according to the Wöhler curve. 
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Figure 33 Schematic comparison of water level differences to Wöhler curves

The exact recording of fatigue stresses at all specific notches in combination with ductility matching the hydromechanical steel structure, may help to avoid cracks in the structures (in particular cracks due to fatigue and brittle fracture). 

Maximum stress by waves
Another function of the sliding gate is flood protection. The lock is an integral part of the flood protection line along the North Sea coast. Storm tides may reach a height of approx. + 8.88 m asl. according to a forecast. The rated flood level is + 7.00 m asl. The water level determination and the resulting skinplate increase (to + 7.60 m asl.) takes account of the effects of the climate change. 

The top gate area is solely loaded by waves in consideration of the expected rise in sea levels. During a flood, water for instance entering through leakage may also enter Kiel Canal. The amount of water entering by waves will not result in a significant rise of the Kiel Canal water level. For this reason, the sealing requirements have been reduced in these local areas where only waves act. , 
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Figure 34 Flood protection line, gate skinplate increase

The design specifications were set by a wave study. Since DIN 19704 does not include any requirements for wave loads, EAU is used for this. The approach is conservative for large gates, since large lock gates deform more severely than embankments and therefore impact forces reach at lower heights. This results in the following loads for the sliding gate. 

[image: ][image: ]

Figure 35 Breaker load (left) and implementation in computation (right)

DESIGN REQUIREMENTS AND REQUIREMENTS RESULTING FROM DIMENSIONING, INTERACTIONS AND EFFECTS 
The manufacturing methods, safety requirements (e.g. design conception) and social requirements such as occupational safety have significantly changed since the construction of the large historic locks in 1914. With apparently the same key dimensions, this results in completely different detail solutions. Examples of requirements and their interactions are described below.

[bookmark: _Ref508139180]Safety requirements vs. floating depth
Due to the increasing values damaged in case of a failure, society requires increasingly high availability and hence safety for supporting structures, processes etc. (Schneider & Schlater, 2007). Higher safety requires the dimensioning of more robust structures; fatigue, for instance, was not investigated for the old gates at Brunsbüttel lock. For this reason, many structures are heavier than in the past. 

In a sliding gate, this additional weight is proportionate to the general weight distribution, since all areas of a gate are affected to the same extent in a first approximation. The additional mass can only be compensated for by additional buoyancy cells to comply with the maximum possible floating depth and optimise the bearing loads on the supporting structure (upper carriage, undercarriage) and their distribution. If the floating depth of the gates is to remain the same, given the above-described “increase in mass”, the extra buoyancy can frequently only be achieved by buoyancy cells arranged towards the bottom of the gate. This adversely affects floating stability, which can only be compensated for by ballast positioned at the gate bottom. This additional ballast in turn requires extra buoyancy, i.e. the system is self-reinforcing reacting sensitively to general design conditions, please also refer to Section 4.3.3 Floating stability.

Occupational safety vs. buoyancy safety
One result of modified occupational safety requirements is that all accesses have to be wider and less inclined than in the past. As a consequence, accesses to machinery rooms need significantly more space. Since the staircase - as a hollow body - always increases buoyancy with rising water levels, the overall buoyancy of the sliding gate increases with growing staircase dimensions. In old gates, only ladders provide access to machinery rooms.

A material supply shaft with similar dimensions is required to supply completely assembled components into the machinery rooms inside the gate; by means of a mobile crane provided, this shaft can also be used to evacuate injured persons from the machinery room. 

[image: ]
Figure 41 Staircase layout, cross-section
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Figure 42 Material shaft with maximum transport sizes

The additional buoyancy described above has a negative effect with regard to the sliding gates’ buoyancy safety during operation. It is to be ensured that the gate will not float at any outside water level. The additional buoyancy hence requires additional ballast to ensure the gate’s anti-floating safety. This additional ballast is only partially compensated by the higher structural weights of the gate (cf. Section 4.1). The additionally required ballast can variably be provided via the ballasting/emptying system. To achieve an improved floating stability, the additional ballast can be provided as permanent ballast, e.g. Heavy concrete, at the very bottom of the gate, cf. Figure 43.

[image: ]
[bookmark: _Ref508141004]Figure 43 Identification of hollow spaces for permanent ballast (blue: methodically used/orange: reserve for planning)

The staircases have been arranged in the corners to achieve maximum stability for assembly and lowering the gates (analogous to disassembly and floating), see Figure 44. Due its the high Steiner’s proportions when the tank ceiling immerses into the water, the gate will then maintain significantly more stability than a comparable gate with centrally arranged staircases.
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[bookmark: _Ref508140975][bookmark: _Ref508140966]Figure 44 View on sliding gate (1 – staircase / 2 – staircase in corner)

Floating properties
The floating properties have an influence of some important parameters and act on the structure as well as the structure vice-versa acts on the floating properties. The floating properties can basically be differentiated by the following parameters. 


Floating depth
In general, the floating depth has a bottom limit. The causes for this limit are e.g. the assembly/disassembly conditions (the gate must float above the lock sill and the already installed undercarriage), but also the fact that all locations near the lock must be reached at pre-defined water levels. The floating depth in consideration of the tide hence also determines the time slot available to lower the gate with a pre-defined minimum distance above the undercarriage). As soon as the gate has been swivelled above the undercarriage, the minimum distance is no longer required.

[image: ]
Figure 45 Presentation of gate floating above the undercarriage

The remaining time for installing the gate above the undercarriage by means of tugboats can be determined based on the tide speed. The process of swivelling in the gate should be started when the tide increases. 

Two additional lifting pontoons are specifically scheduled for the 5SKB project. The lifting pontoons can be coupled to the floating sliding gates without the input of additional manpower. The lifting pontoons will generate additional buoyancy and hence reduce the gate floating depth. In addition, the floating stability of the gate-pontoon combination is significantly higher than of the floating gate alone. The lifting pontoons will not be addressed in more detail in this report.
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Figure 46 Presentation of lifting pontoon

Buoyancy safety vs. load discharge
Buoyancy safety is specified normatively in Germany, since a floating of the gates involves a significant storm tide risk for the cities beyond the flood protection line. This buoyancy safety does not depend on the structure size, the design methods and the manufacturing processes. In this case, a systematic statistical analysis to determine safety factory in consideration of all major parameters and their statistical distribution would be reasonable. In this respect, the selected depth of engineering as well as the manufacturing process should be taken account of. 

The determination of the masses and the buoyancy volumes using a 3D-BIM model on as-built basis is much more accurate than the determination based on simple two-dimensional design drawings.  Since safety factors always also take account of how actual components are represented by the numerical model, the required safety factors could for instance be reduced with an increasing accuracy of the methods. 

The safety factors are the product resulting from the acting buoyancy (e.g. ballasting cells, machinery rooms, solid body buoyancy) and the counteracting driving forces [e.g. dead weight of fitted gates (in dependency on the method of weight determination), ballast (permanent and variable), variable loads such as silt load]. 

As regards varying ballasts (filling of ballasting tanks), process reliability must be included in the computation (automatic filling, monitoring of automatic filling, staff (and their qualification) for supervision vs. remote control only). In this respect, the probability for the stability of the gates as required by society should be verified; this verification should take into account that a loss in stability may result in considerable damage to the cities located beyond the dike protection line. 

The key portions of the buoyancy forces are the buoyancy of all ballasting cells and of the machinery room. The size and location of the ballasting cells must be selected so that the entire gate floats safely on the one hand. On the other hand, the ballasting cell buoyancy must be countered with extra ballasting water including a safety margin in addition to the gate dead weight as well as all permanently installed equipment to meet the buoyancy safety of the installed gates. 

The general determination of buoyancy safety in Germany results in comparatively high bearing loads for structures with a large mass. During operation, too, buoyancy safety must be ensured; for a specified safety of over 1.10 (=Rd / Ed), for instance, a minimum of 10% of the overall mass of the gate must be discharged through its support structure (upper carriage / undercarriage and their load transfer e.g. into the wheel-rail system).  As a consequence, the relevant stress of load discharge in the vertical direction result from buoyancy safety requirements.

[bookmark: _Ref508136486]Floating stability
Floating stability criteria have to be observed for the floating gate so that it meets occupational safety requirements despite waves and wind. The stability criteria comprise the numerical inaccuracy of the difference of high numbers (buoyancy and downforce are equal with a floating gate; balance of forces). Manufacture therefore requires great care and is best with the weighed masses of the fitted gates or a mass computation during workshop design equivalent to weighing; otherwise the target values (e.g. floating stability, floating depth, etc.) cannot be achieved. 
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Figure 47 Example for lever arm curve with presentation of metacentric height (1.08 m at 57.3°)

In general, floating stability is determined by metracentric heights. In addition, floating stability properties are described by requirements of lever arm curves. The connection for rectangular cross-sections may be described as the reflection of the source tangent on the floating lever arms when the the metacentric height is plotted at 57.3° (= 1.0 rad). 
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In this equation, I0 is the moment of inertia of the submerged area around the axis for which the floating stability investigation is to be made. The submerged volume results from the weight of the submerged body. The result is:

	
	(4)

	GTor -            the total dead weight of the gate with all equipment. All other weights such as contamination, vegetation, are to be analysed in the relevant combinations 

	γW                 the gross density of the water

	VSchwimmtank     the volume of the floating tank submerged into the water

	VRest               the residual volume of all other bodies submerged in the water; with a sliding gate, this is primarily the volume of all steel cross-sections below the floating tank

	ATank                     the surface area of all buoyancy cells

	tTank               the tank submersion depth



The submersion depth is of great significance, since it determines a major parameter of the buoyancy centre of gravity position. This is required to determine hk. hk is the elevation difference between the centre of gravity of the dead weight and the buoyancy an can be computed as follows:
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All elevation data refer to the bottom point, i.e. the centre of the floating tank in this case. The individual centres of gravity are multiplied by their lever arms ΣGi ·ei and ΣAi ei. These figures, which are subtracted from each other, are considerably higher than their difference. This means that if one of the two figures only fluctuates a little, which they always do due to tolerances, the effects on the result will be enormous. This requires great care in material ordering, in case of changes, during assembly, etc., so that the floating stability reaches and acceptable value. 

In contrast to large vessels, the description of the outside shape of the sliding gate bodies displacing water is much more difficult. The reasons for this are that the shape is more rugged and frequently not symmetrical along the longitudinal axis. The asymmetry of the 5SKB results from the floating process requirements. The skinplate is located on one side, only, to provide for enough space for floating. 

The load from variable loads on gates does not result from the load masters (vessels), but partially by accident from natural processes such as silt settlement, etc. or from the system operation. Staff is not continuously present on site, but the lock is controlled from a control station. An effect from unequal inclinations (trim/heeling) may be detected by installed measuring systems on the 5SKB, for instance.

The sensitivity is presented based on the intermediate results of the floating stability computation for the 5SKB sliding gate. The graph can be taken as an extreme example; if the buoyancy centre of gravity aV shifts downward by 10%, the metacentric height and hence the floating stability is reduced by 50%. The sensitivity of floating stability shows that workshop design and manufacture require extreme care, since for instance the provision of additional or reduced masses cause the gate to float higher or lower. For this reason, manufacture requires great care. With sufficient counteraction in workshop design, a weight computation as weighed must be performed.   

 
Figure 48 Sensitivity analysis of input values and their effects on the metracentric height

All parameters mentioned are actually subject to tolerance; this applies to both the design and the manufacture of the steel structure (e.g. rolling tolerances, deviations in individual dimensions, auxiliary assembly equipment), and the coating thickness. Apart from this, all variable effects such as silt, contamination or vegetation are difficult to assess and are inaccurate. The buoyancy centre of gravity, too, is subject to uncertainties despite very careful design, e.g. by accidentally enclosed air. 

Based on the metacentric height, the raising moments can easily be computed for slight changes in the floating position:
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This equation applies to the surroundings of the origin of the tared floating body. The resisting moment from the floating body (pantokarene) is opposed by the effects from wind, waves, skew during tugging, etc. These effects shall be considered for lock gates for the exact design conditions, e.g. the transport to the berth and the travel distance to this location. In comparison to vessels on the open sea, these swell parameters are appropriately lower.

Filling valves
The filling vales shall be operated by hydraulic cylinders. For each valve channel, two rows of valves are provided. The valves are of a double-seal design so that the valve channel can also be sealed by one row of valves, each. In addition, the valves are self-closing types to provide for sufficient process reliability for closing Kiel Canal. For this reason, the filling valves were ballasted so that they also close in the absence of electricity. As a consequence, sufficient process reliability can be ensured to be able to protect the interior against storm tides in case of a power failure or damage to the hydraulic cylinder. 

Regarding floating stability, one of the key parameters is the elevation of the valves, since they have an outstanding effect on floating stability due to their comparatively high dead weight. These and other parameters are considered in the determination of the reliability of the gate system.

Filling valve design requirements 
Flow velocity is significant for smaller vessels (whose floating position should not excessively be affected), tie-up forces and scour protection, as well as for the static, dynamic and fatigue rating of the valves. A key factor for safe filling is therefore the structural and flow-related design of the filling channels. Angle sections (so-called disturbing angles) and are used in the filling channel to convert energy and to break up the flow into the lock chamber. In this way, the water flow is split up, homogenised and hence the maximum flow velocity is reduced. 

Apart from the water level difference itself, the flow direction depends on different specific water weights in the lock chamber and on the opposite side (inside head: Kiel Canal; outside head: Elbe). Consequently, it was examined whether fresh water flows into brackish water or brackish water flows into fresh water (see Figure 49). The illustrations in the following figures show the computation results with the assumption of unrealistic specific water weights, pure fresh water is not found at the lock, no more than the salinity used here. However, the effect becomes evident based on this design specification. The realistic salinity has a considerable influence on the tie-up forces (Thorenz, Septmeber 18-21, 2017); in practice is has shown that no problems are to be expected for sufficient redundancy is provided for.

[image: ]		[image: ]
[bookmark: _Ref508147771]Figure 49 CFD simulation, effects of different specific water weights

Due to the sensitivity of Teflon coating against abrasion on the seals, the optimisation of the gates’ lifting forces was omitted to that effect. The seal types used were conventional music note profile seals. With respect to sealing, the deformation of the gates, the supporting structure and the seals have to be examined. Where flow has a significant influence on the gap topology and therefore the flow behaviour, coupled mechanical-hydraulic (cfd-computational fluid dynamics) computations are required. 

Due to the immense computation effort, it is neither reasonable nor necessary to make these computations for the entire system (complete gate), but subsystems are used. These subsystems require the identification of appropriate interfaces. The correct transfer of general conditions is needed at these interfaces. All tolerances and distances must be defined in a way that the sealing as required by the Client is ensured, but jamming of the seals or excessive wear is avoided. There is a certain probability for vibration and abrasion-induced damaged. The structural and flow-related design of the filling valves are essential factors for the overall lock’s function.


Filling valves - facility management planning
The maintenance and repair of the filling valves is a significant aspect of design. Areas where mobile cranes may discharge their forces are provided on the accessible top of the gates. For this reason, facility management has already been planned along with the actual design. As a graphic example, the installation sequence of the filling valves, which may be dismantled from the gate for maintenance purposes, is shown.  Figure 410 shows an overview of the filling valves and there mounting.
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[bookmark: _Ref510001639]Figure 410 presentation of filling valves and important points during installation

Figure 410: overview) shows the final stage, Position is defined as distance between roadway and lower edge of filling valve (FV), I) FV above roadway, II) FV 0.5 m beneath the roadway - visual check during positioning - attention: hydraulic piping, III) FV 4.90 m beneath the roadway – bottleneck cylinder console to be observed, move slowly, IV) FV 5.66 m beneath the roadway - bottleneck at seal, shackle (visual check), V) Position 9.36 m beneath roadway Guide installation, VI) Position 11.84 m beneath the roadway - Visual check, spring-loaded roller engages, 1) lifting eye, 2) platform cylinder hydraulic, 3) platform entrance, 4) platform cylinder console, 5) cylinder console, 6) guide installation, 7) coupling bar, 8) temporary guiding installation (UHMW-PE)]
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[bookmark: _Ref510005657]Figure 411 presentation of filling valves and auxiliary construction for installation

Figure 411: A) FV 7.25 m beneath the roadway - attachment of securing rope, B) FV 8.40 m beneath the roadway - observe position mark – deviate FV by crane to contact with UHMWPE keys for assembly , C) FV 14.00 m beneath the roadway - held by securing ropes (a) at accurate position – deviate coupling bar by hydraulic cylinder (connection cylinder with coupling bar), a) securing rope, b) position mark, c) hydraulic cylinder


Flushing system
In combination with the ballasting/emptying system, a flushing system was provided for the 5SKB. The flushing units are located in the tank ceiling and near the undercarriage rails. The flushing system’s task is to clear both the area of the undercarriage rail system and especially the tank ceiling of the gate from sedimented silt. . In addition, a pump system floods and/or empties the ballast tanks. This requires extensive piping for this pump system on and in the gate. The control units for these components are partially arranged on the gate. The provision of a machinery room in the gate for accommodating all these units is necessary. 

[image: C:\Users\matthias.schaefers\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\TK_Supermodell-20180212115259.png]
Figure 412 Gate flushing system (orange pipes - tank ceiling / blue pipes on gate bottom edge - rail system)

ABSTRACT
Due to the variety of requirements to be met, the design of sliding gate structures for a sea lock is very difficult (one of the most difficult design tasks). A number of individual disciplines is addresses, i.e. steel structure, shipbuilding, piping construction, mechanical engineering, control engineering, automation. The design is best performed in a three-dimensional BIM taking account of all disciplines. The numerical representation must be sufficiently transparent so that the different conditions of such a gate may be imaged.

The successful design and manufacture of such complex works requires the cooperation of all parties involved.

[bookmark: _GoBack][image: ]
Figure 51 5SKB isometry CAD model


LITERATURE

Brunsbüttel, W. u. (August 2016). Bau der 5. Schleuse in Brunsbüttel. 

DIN-EN-1993-1-9:. (2005). Eurocode 3: Bemessung und Konstruktion von Stahlbauten - Teil 1-9 Ermüdung. Brüssel: CEN.

Petersen, C. (2013). Stahlbau - Grundlagen der Berechnung und bauliche Ausbildung von Stahlbauten. München: Springer Vieweg.

Schneider, J., & Schlater, H. (2007). Sicherheit und Zuverlässigkeit im Bauwesen - Grundwissen für Ingenieure. Zürich.

Thorenz, C. (Septmeber 18-21, 2017). Numerical investigations of salinity effects in locks. 8th international PIANC-smart rivers conference . Pittsburgh.



hnorthsea,Mean =	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	0.1	1.0781776099114124	1.9383725637035023	2.5768326548234946	2.9165501736149149	2.9165501736149149	2.5768326548234946	1.938372563703503	1.0781776099114131	0.10000000000000035	-0.87817760991141236	-1.7383725637035012	-2.3768326548234935	-2.7165501736149147	-2.7165501736149151	-2.3768326548234953	-1.738372563703503	-0.87817760991141214	9.9999999999999312E-2	1.0781776099114109	1.9383725637035019	2.576832654823495	2.9165501736149144	2.9165501736149153	2.5768326548234959	1.9383725637035016	1.0781776099114124	0.10000000000000106	-0.87817760991141047	-1.7383725637035037	-2.3768326548234922	-2.7165501736149147	-2.7165501736149151	-2.376832654823493	-1.7383725637035015	-0.8781776099114128	9.9999999999998604E-2	hcanal =	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	hshiplock =	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	0.1	0	1.9383725637035023	0	2.9165501736149149	0	2.5768326548234946	0	1.0781776099114131	0	-0.87817760991141236	0	-2.3768326548234935	0	-2.7165501736149151	0	-1.738372563703503	0	9.9999999999999312E-2	0	1.9383725637035019	0	2.9165501736149144	0	2.5768326548234959	0	1.0781776099114124	0	-0.87817760991141047	0	-2.3768326548234922	0	-2.7165501736149151	0	-1.7383725637035015	0	9.9999999999998604E-2	Locking of Ships n [-]

Water Levels w [mNhN]



Variation I0	-9.9999999999999978E-2	-4.9999999999999933E-2	0	5.0000000000000044E-2	0.10000000000000009	-0.20708327019310024	-0.1035416350965499	0	0.10354163509655034	0.20708327019310069	Variation VV	-9.9999999999999978E-2	-4.9999999999999933E-2	0	5.0000000000000044E-2	0.10000000000000009	0.23009252243677847	0.10899119483847408	0	-9.8611081044333138E-2	-0.18825751835736404	Variation ak	-9.9999999999999978E-2	-4.9999999999999933E-2	0	5.0000000000000044E-2	0.10000000000000009	-0.40465162549113853	-0.20232581274556882	0	0.20232581274556982	0.40465162549113898	Variation av	-9.9999999999999978E-2	-4.9999999999999933E-2	0	5.0000000000000044E-2	0.10000000000000009	0.51173489568423869	0.25586744784211901	0	-0.25586744784211979	-0.51173489568423958	1. Winkelhalbierende (neutrale Sensitivität)	-0.6	0.60000000000000009	-0.6	0.60000000000000009	2. Winkelhalbierende (neutrale Sensitivität)	-0.6	0.60000000000000009	0.60000000000000009	-0.6	Variation of the input[%]

Variation of the result (metacenric height) [%]
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