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PREAMBLE  

This report is for a triple lift lock (55 m width) at the Atlantic side equipped with 3x2 water saving 
basins.

There are no major changes compared with the triple lift lock (also 55 m width) equipped with 3x3 
water saving basins except the number of WSB conduit gates. 

The size of the gates is the following : 

- width 4.5 m x height 6 m for culvert gates, 
- width 4 m x height 5 m for WSB conduit gates. 

The maximum static heads (resulting from the hydraulic study) on the sills are slightly different: 

- for the culvert gates : 37.20 m (for triple lift, 3x2 WSB) instead of 37.03 m (for triple 
lift, 3x3 WSB), 

- for the WSB conduit gates : 39.43 (for triple lift, 3x2 WSB) instead of 42.52 m (for 
triple lift, 3x3 WSB). 

Nevertheless the weights of both culvert and WSB conduit gates have been computed for the static 
heads of the triple lift, 3x2 WSB configuration. 

The weights are as follows: 

- for one culvert gate :25.5 T (for triple lift, 3x2 WSB).  It is still the same as the previous 
weight of 25.5 T (for triple lift, 3x3 WSB), 

- for one WSB conduit gate : 19.9 T (for triple lift, 3x2 WSB) instead of 20.9 T (for triple 
lift, 3x3 WSB). 

The number of culvert gates is the same. 
The number of WSB conduit gates is reduced from 36 to 24.

Therefore the total weight for both the culvert and WSB conduit gates (including bulkheads and 
slots) is reduced from 6,650 T to 5,035 T.  
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1 SUITABILTY OF DIFFERENT TYPES OF GATES 

1.1 GENERAL

Throughout this report, the term “valve” will only be used in case of butterfly valves or of 
cylindrical valves.  All other valves will be called gates.  The culvert valves and conduit valves 
have then been replaced by culvert gates and conduit gates.  The latter is also referred to as WSB 
gates (Water Saving Basins gates). 

The analysis of the suitability of different types of gates is given in the report R4-E (Conceptual 
Design of Post Panamax locks – TASK 4 E - CULVERT AND CONDUIT VALVES), dated 
15.11.2002.

In this report the different types of gates have been analyzed taking into account reliability, 
maintenance, manufacturing and construction costs, expected service life, design and construction, 
sensibility to cavitations and vibration.

In relation with the civil works, the overall size of the gates has also played a major role in 
determining the most suitable type of operating gate for filling and emptying the lock. 

The types of gates/valves that have been examined are: 

- Vertical-lift gates including: 

- fixed-wheel gates, 

- sliding gates 

- Tainter gates including: 

- conventional tainter gates, 

- reverse tainter gates, 

- Stoney gates, 

- Butterfly valves, 

- Cylindrical valves, 

- Grid type gates. 
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To assess the most suitable type of gates/valves to be used for the Post Panamax locks, a 
comparative table has been elaborated. It is given in paragraph 1.2. below. 

1.2 COMPARATIVE TABLE
The different types of lock gates/valves are listed in the table below. Several criteria are used to 
evaluate the gate/valve types. These criteria are linked with a weight factor, determined according 
to their importance. 

The gates/valves are appraised on a 1 to 5 scale for each criterion. These scores are multiplied by 
the weight factor, resulting in a total evaluation for each type of gate/valve. 

The fixed wheel gate obtained the best overall evaluation. 
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1.3 CONCLUSIONS

The conclusions of the report R4E as referenced in §3 were as follows: 

“Based on experience with Post Panamax locks and on engineering judgment there are only two 
types of gates that may realistically be used for the Post Panamax locks of the Panama Canal i.e. 
fixed wheel gates and sliding gates. 

Nowadays vertical-lift gates are preferred for big locks because they are much cheaper to build and 
do not require the large space that is necessary (for example) for a tainter gate. Moreover, the 
hydraulic efforts are better distributed to the culvert walls and maintenance is easier.  

Within this perspective the choice of fixed wheel gates seems obvious. 

Another advantage of course is the actual know-how of ACP and the infrastructure for the 
maintenance of flat gates in use at the Panama Canal.” 

Moreover, the vertical lift gates have proven well for designs where sealing in both directions of 
water flow is required, such as between the lock chambers and the water saving basins. 
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2 DESCRIPTION AND DIMENSIONING 

2.1 GENERAL
The analysis of the suitability of different types of gates has led to the conclusion that the most suitable 
type of gate is the fixed-wheel type. 

For the 55 m lock chamber width (instead of 61 m previously), the dimensions of the lock culverts and 
water saving basins (WSB) conduits have been determined in the hydraulic study (report P4C). 

The culvert dimensions are 9 (width) x 6 (height) m.

The WSB conduit dimensions are 4 (width) x 5 (height) m.

Redundancy (two gates for each culvert) has to be foreseen for the culvert gates, therefore the size of 
the culvert gates shall be 4.5 x 6m.  For the WSB conduits, gate dimensions of 4 x 5m are 
proposed.

Hence, on the Atlantic side all culverts and WSB conduits are equipped with gates of different 
size. 

The height to width ratio is 1.33 for the culvert gates and 1.25 for the WSB conduit gates, which is 
quite acceptable.

For the culvert gates, the basic principle adopted for operation reliability is to work with two gates in 
parallel so that any incident to any gate will not stop the operation of the locks.  Furthermore, it also 
reduces the required gate size. 

However the risk of an asymmetrical operation of the gates (if one gate fails to open or remains 
open in an intermediate position) shall have to be assessed (in the preliminary and/or final design). If 
required, interlocking devices shall have to be foreseen. 

Each of the six water saving basins is connected to the locks by four conduits. Two are connected on 
left hand (near to WSB) side of the corresponding lock chamber, two are connected to the right hand 
(far to WSB) side. No additional provision has been made for redundancy of the gates. In case of any 
trouble on a gate, one conduit will be out of order but the three remaining conduits of the concerned 
basin will be sufficient to operate the locks.

However the consequent asymmetrical operation of the emptying and/or filling of the lock chamber 
(if one gate fails to open or remains open in an intermediate position) shall have to be assessed during 
further design stages, especially as far as operating times and procedures are concerned. 
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2.2 LAYOUT OF CULVERTS AND WSB CONDUITS
Each culvert and conduit gate is equipped upstream and downstream with bulkhead gates allowing 
access to the gate(s) after emptying by pumping (by movable pumps) of the space on both sides. 

The basins conduits have been arranged two by two (in total four per WSB). The arrangement, with 
one conduit located on top of the other as foreseen in the initial conceptual design has been abandoned. 
It makes the WSB gates arrangement much easier and the operation much more reliable. 

2.2.1 CULVERTS AND CULVERT GATES 

There are two culverts running along each side of the locks. Their sill is at the sill level of the lock 
chamber. However, the bottom of the rolling gates chambers prevents the culverts from remaining 
horizontal.  Therefore, the culverts are diverted under the rolling gates and the culvert gates are 
implemented between the main rolling gates. 

As mentioned here above, the culvert dimensions are W x H = 9m x 6m. The culverts are locally 
divided into two sections of W x H = 4.5m x 6m where the culvert gates are to be installed. At full 
opening of the gate, the total size and thus the mean water velocity remains unchanged.  

The next figure shows a basic layout for a culvert gate with two isolating bulkheads. There is only one 
flow direction from the left to the right. 
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Figure 1 : basic layout for a culvert gate with two isolating bulkheads 

For emptying both sides of the culvert gate, the sealing conditions are to be as follows: 

- the upstream bulkhead has to be tight on its upstream side, 
- the downstream bulkhead has to be tight on its downstream side, 
- the gate has to be tight on its downstream side.

That design has the advantage (regarding civil works) that only one vertical separation wall is required.

OPEN GRILL COVEROPEN GRILL COVER

GATE
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2.2.2 WSB CONDUITS AND CONDUIT GATES

The arrangement of the gates and bulkhead gates is shown on the civil works drawing (ref D4-A-403). 

The fixed-wheel gates are designed with upstream and downstream sealing.

Their leaf structures (and therefore the corresponding slots) are dimensioned to support the maximum 
static pressure on both sides corresponding to following pressure conditions: 

- maximum lock chamber level on one side and WSB completely empty on the other 
side,

- maximum WSB level on one side and lock chamber completely empty on the other 
side.

The hydraulic cylinders operating the gates have been pre dimensioned for two cases: 

- for the normal operation with the locks and basins filled with water, 

- for the maximum static head. 

The power required for the gate operation in the most critical case, is the one taking into account 
maximum static head. 

The bulkhead gate (WSB side) is of the sliding type in two or three elements and is designed with a 
double sealing system which allows to: 

- empty the WSB while keeping the locks in operation, 

- empty the space between the two bulkhead gates to give access to the conduit gate and 
slots for maintenance. 

The bulkhead gate on the lock chamber side is also in two or three pieces and is designed with a 
sealing system which allows to: 

- empty either the lock chamber or the WSB (for the emptying of the WSB it makes a 
redundancy while keeping the locks in operation), 

- empty the space between the two bulkhead gates to give access to the conduit gate and 
slots for maintenance. 

The basic data for designing the gates (dimensions and maximum static head) are the same as those of 
the bulkhead gates.

The bulkhead elements can be lowered or removed by means of a mobile gantry crane equipped with 
an automatic lifting beam. 

The 24 conduit gates are also the same. They are dimensioned for the maximum head of 39.43m.  
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2.3 BASIC DATA FOR DESIGN
The values indicated below provide, for the culvert and WSB gates as well as for the bulkhead gates, 
the maximum static heads of water which have been taken into account for the estimation of the weight 
of the moving parts. 

Maximum head on sill level of culvert gates:   37.20 m 
Maximum head on sill level of WSB gates:   39.43 m 

The weight of the gates has also been estimated taking into account the operating heads.  The values 
indicated below provide the maximum operating heads of water which have been taken into account. 

Maximum head on sill level of culvert gates:   25 m 
Maximum head on sill level of WSB gates:   10 m 

For each shaft (culvert or WSB conduit), the calculation of the weight of the gate and its related 
bulkheads has been computed using the same water heads. 

2.4 ESTIMATED WEIGHTS
A reliable determination of the moving part of a fixed-wheel gate by a comprehensive study based on 
preliminary data and admissible stresses is a quite long and difficult exercise. To determine an 
approximate weight, it is common practice to make a comparison with existing gates, of course, of the 
same type. 

Estimation of the weight is based on the main parameters, i.e.: 

- the dimensions (width and height); 

- water pressure on the sill. 

It can be developed by a formula based on statistical data. The weight of the slot embedded fixed parts 
has then to be added. 

This procedure gives an acceptable approach for conceptual design. 

The formula used here (see Water Power and Dam Construction by P.C. Erbiste May 1984) is a 
function of W, h, and H where: 

- W is the span, 
- h is the gate height, 
- H is the static head on the gate bottom seal. 
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The weight of the gate leaf is given by the formula (see abacus – annex 1): 

Weight of a fixed-wheel gate: = 0.706 ( W².h.H)0.7 

Given the static heads are the highest ones (compared to the operating heads), only them have been 
taken into account for the calculation of the weights. 
Span width, height, static head on seal bottom and weight of gate or bulkhead leaf are given in 
annex 3.

The estimated weight of the culvert gate is 25.5 tons and the estimated weight of the WSB conduit gate 
is 19.9 tons.  The weights of the culvert and WSB conduit gates are very close to each other.  At this 
conceptual stage, it clearly appears that the same design should be used for both gates. 

The incurred costs/benefits that will result are the following : 
- From the standardization point of view : same drawings, same manufacturing processes, 

erection procedures, … 
- From the operational and maintenance point of view : reduced amount of spare parts, 

better material knowledge from the maintenance people, … 

It is reminded that to check the procedure, a preliminary calculation of a WSB fixed-wheel gate 
structure has been performed (see Annex 2). The calculation has confirmed the results of the above 
formula. 

Moreover, the weight of one meter of embedded fixed parts is estimated to: 

- Culvert fixed-wheel gates at the bottom of the slot:       800  kg (last 12m1)
- Culvert fixed-wheel gates at the upper part of the slot (only for guiding):    200 kg 
- Culvert sliding bulkhead at the bottom of the slot:        500  kg (last 9m2)
- Culvert sliding bulkhead (only for guiding)        200 kg  
- WSB fixed-wheel gates at the bottom of the slot:       1,000 kg (last 12m) 
- WSB fixed-wheel gates at the upper part of the slot:      200 kg 
- WSB sliding bulkhead at the bottom of the slot:       500 kg (last 9m) 
- WSB sliding bulkhead (only for guiding)        200 kg 

Note: Lintel and sill embedded parts have been added separately. For the gates the weight of said parts 
is taken as 800 kg/m, for the bulkheads, it has been taken as 500 kg/m. 

1 Two times the height of the gates (2x6=12m) 
2 One time first leaf  plus two times second leaf (3+2x3=9m) 
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2.5 CONSTRUCTION DETAILS
Hydraulic servomotor operated, the fixed wheel gates are equipped with wheels revolving on fixed 
axles cantilevered from the gate frame (see annex 4 for typical example of a sectional view of one 
wheel of the Berendrecht culvert gates). Wheels can be of the flat type (rolling on stainless steel 
tracks) or of the flanged type (rolling on rails). Tracks must withstand the bearing pressures and 
distribute them to the concrete structure behind. The number of wheels will be based on the steel 
characteristics. It shall not be less than 6 wheels.

A typical horizontal sectional view of a gate (or bulkhead) welded structure is shown in Annex 5. 
Horizontal plate girders or standard T or I-shape beams are the main force resisting members of the 
gate.

The distance between horizontal girders may vary according to the hydrostatic pressure. Diaphragm 
plates and intercostals are also used as reinforcement to distribute loads more uniformly.  

WSB fixed-wheel gates have to resist to water pressure and be tight in both directions as for the 
locks submitted to tidal effects. 

The access shaft for maintenance will be used as surge chambers during operation of the gates.

Tolerances must be adequate to ensure watertight seals. That is the reason why it is recommended to 
use very rigid U-shape steel guiding for the gates to avoid any movement during embedding of the 
fixed parts.

The gate and wheels are permanently under water. Maintenance of these wheels and bearings is 
possible by lifting the moving parts out of water. Wear of these elements can be considerably reduced 
by using self lubricating material.

SEALING SYSTEM

Seals are usually made of rubber with or without a PTFE (Teflon) overlay (PTFE overlay is 
preferred). The seals are often of the music note shape or lip type. 

For the WSB gates being tight for water flowing in both directions, the lip seals adopted for 
Berendrecht (see sectional view of the wheel) should be convenient.

Lintel seal and side seals: can be of the upstream or downstream type (see figure - Annex 6) 

Bottom seal can be flat or also of the J-shape type.(see figure – Annexes 6 and 7) 

MAINTENANCE OF THE GATES AND BULKHEADS

Maintenance work on gates and bulkheads (as wheels and relevant slots) consists mainly in the 
replacement of rubber seals and painting.  Overhaul and/or replacement of wheels could also be 
foreseeable.  Moreover, the maintenance works will have to include the replacement of the sacrificial 
anodes whenever necessary. 
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During normal operation, any trouble with one culvert or WSB gate (blocking or incident on the oil 
system) will not interfere on the ship transit except concerning the operation time. Every gate can be 
isolated and maintenance people can reach the upstream or downstream side of the gate by use of 
bulkheads after emptying of the space between them. 

In case of planned replacement of seals or painting, the gate will be lifted out by use of a 100 tons 
gantry crane moving on rails. This crane will be provided by truck, assembled and installed on the 
railway located above the gate slot. After dismantling of the gate, the work will be carried out in good 
conditions in the maintenance building.  Two mobile cranes will be necessary for the 40 gates and 12 
bulkheads. Rails will be installed between and outside of all the rows of WSB and culvert slots.

For the culverts, 8 (4 x 2) bulkheads are foreseen.  It enables to close completely one culvert using 
2 x 2 bulkheads at each of the culvert extremities. 
For the WSB conduit, 6 (2 x 3) bulkheads are foreseen.  It enables to close completely one conduit.   

Bulkheads gates can be stored outside or suspended into the slots (one piece of bulkhead gate per slot). 
To remove a bulkhead gate, the cranes will be equipped with an automatic lifting beam. Planned 
maintenance will also be done in the maintenance building.  

3 REFERENCES

- Hydraulic gates and valves in free surface flow and submerged outlets by Jack Lewin  
- Water Power and Dam Construction (review) 
- Final report of the International commission for the study of locks (PIANC) 
- Engineer manuals 
- CCP (2002) “Diseño conceptual de las esclusas Post Panamax – Triple Lift Lock System, 

Task 4” 
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ANNEX 1 

Abacus of gate weight versus gate parameter (W, h, H) 
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ANNEX 2 (Remind of report R4-E date 15.11.2002)

TYPICAL CALCULATION OF A WSB GATE (Hs = 50m)

This calculation is the same as the one included in the report mentioned at the beginning of paragraph 
1.1 of this report. The only goal of this calculation is to prove that the use of the general formula (see 
page 2-6) is relevant for weight calculation. 

SKIN PLATE 

The estimated skin plate thickness corresponds to a distance of 1.5m between the horizontal I beams 
and 1m between the vertical T shape intercostals is 4cm 

MAIN BEAMS 

The horizontal main beams size depends on the span between them and load. According to the I/v 
required, alternatives were investigated i.e.: 

- HE 1000 A 
- W 1100 x 400 x 433
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SECONDARY BEAMS 

T beams coming from HE 600 A were considered 

 CONCLUSION: 

The estimated weight by 1st calculation is 46 or 49 tons according to the beam choice (HE 1000 A or  
W 1100 x 400 x 300  according to the ARBED catalogue (see extract hereunder). These values are to 
be compared with the 51 tons found by the above statistical formula. 
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ANNEX 4 – CROSS SECTION OF A GATE WHEEL OF BERENDRECHT LOCK
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ANNEX 5 

TYPICAL GATE STRUCTURE 
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ANNEX 6

UPSTREAM AND DOWNSTREAM SEALING (Music not J-shape type)
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ANNEX 7 

SIDE AND BOTTOM SEALS ( BERENDRECHT)
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ANNEX 8 : Pictures – typical seals view (Zandvliet lock, Belgium) 

Side seal left position (angular music note type)

Front seal (simple music note seal)
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Side seal right position (angular music note type)

Bended music note seal – Pressing plate and protecting device
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Double bottom seals

Detail of a gate slot
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Handling device details

General view of culvert gate
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1 INTRODUCTION

The original conceptual design of the Atlantic side of the third Post Panamax lock lane (made by 
others, it means not by CPP) has been made for a triple lift lock with a width of 61m and 3x3 WSB. 

For the Atlantic harmonization study, a 55m triple lift lock has been considered (with 3x3 WSB). 
Vessel positioning was foreseen by tugboat assistance. 

The Atlantic locks harmonization has been based entirely on Pacific Locks Actualization. 

The present document gives the impact on the previous study of the replacement of the 3x3 WSB 
option by the 3x2 WSB one on the following subjects: 

- the gates and valves operating machinery (Task 4 F-3x2). This corresponds to the 
operating machinery of the main lock gates and of the culvert and conduit gates, 

- the control system architecture (including SCADA1), which includes the monitoring of 
the whole lock system (the control system architecture is part of Task 4F-3x2), 

- the lighting system (Task 4 G-3x2), 

- the electrical and power requirements (Task 4 H-3x2), 

- the operating structures (Task 4 J-3x2), which deals with the arrangement of the various 
technical buildings2.

1 SCADA = System Control And Data Acquisition 
2 Electrical rooms, Maintenance building, Rolling gates technical rooms, WSB technical building, Culvert technical 
building, Emergency Diesel Room and (Main) Control room 



CPP A4f-j-3x2-RevA 
7/13/2005 

Alternative Atlantic Locks 3x2 WSB 
A4f-j-3x2 – Operating machinery and structures, 

Electrical power and Lighting  2

2 Operating machinery (Task A4f-3x2) 

2.1 MACHINERY OF THE (MAIN) ROLLING GATES

Reference is made to Task P4f (3x2 WSB). 

2.2 MACHINERY OF THE CULVERT AND WSB CONDUIT GATES

The calculation of the rated output of the motor of the main oil pumps mounted on the hydraulic power 
pack is enclosed in Annexes 1 and 2, respectively for operating and maximum static heads.  This 
calculation takes into account the actual dimensions of the culvert and WSB conduit gates (see A4e-
3x2).

A summary of the output for different options is given hereafter: 

55 m (operating heads)  culvert gates:   53kW, 
     WSB conduit gates:  15kW. 

(see annex 1 – Estimate of the gate engine power taking into account operating heads) 

55 m (maximum static heads)  culvert gates:   77kW, 
     WSB conduit gates:  56kW. 
(see annex 2 – Estimate of the gate engine power taking into account maximum static heads) 

Regarding the two last values, standardization of the servomotors is possible if we consider the 
operation under maximum static heads.  
But, regarding the design of the motors (two per gates), another alternative could be envisaged in the 
next step of the studies: 

- for the operating heads, one motor will operate the gate, one will remain on stand-by (one 
redundancy degree).
- operation under maximum static heads should be with the two motors in operation (no redundancy). 

Of course the power output of the motors will have to be slightly adapted to fit the above operation 
procedures.
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2.3 CONTROL SYSTEM ARCHITECTURE

Reference is made to Task P4f-3x2. 
For the drawings, reference is made to the 2002 report and its drawings.  



CPP A4f-j-3x2-RevA 
7/13/2005 

Alternative Atlantic Locks 3x2 WSB 
A4f-j-3x2 – Operating machinery and structures, 

Electrical power and Lighting  4

3 Lighting (Task A4g-3x2) 

3.1 OUTSIDE LIGHTING

3.1.1 LOCK CHAMBER WALLS

Reference is made to Task P4g-3x2. 

3.1.2 LIGHTING POLES

The location of the lighting poles is slightly easier without the locomotive tracks. 
The philosophy of the lighting is to have a lighting level along the lock chamber (both side) and 
decreasing lighting level after the fictive line running along the dead end of the main rolling gates 
recesses. 

For the triple lift lock with 3x2 WSB, the length of the entrance wall is the same as for the triple lift 
lock with 3x3 WSB.  However, the length of the entrance is shorter than for the Pacific locks.  The 
number of lighting poles is 50 instead of 61.  

Given there are now only 3x2 water saving basins, the number of floodlights has also decreased from 
12 to 10 because 2 floodlights were foreseen for the lighting of the last water saving basin. 
The external lighting arrangement is summarised hereafter : 

Side WSB – Gatun lake entrance :
- 3 lighting poles.
- 60m between two LP  
- 6 floodlights of 1000 W 

Side WSB – Chamber locks :  
- 3 x 5 lighting poles.
- 93m  between two LP  
- 10 floodlights of 1000 W 

Side WSB – Atlantic entrance :
- 4 lighting poles.
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- 60m between two LP  
- 6 floodlights of 1000 W 

Other side :
- 28 lighting poles 
- 59m between two LP  
- 6 floodlights of 1000 W 

The number of floodlights has slightly decreased but the price is quite similar.   
Estimated budget price for 50 high masts, 360 floodlights, lock chamber and gallery lighting :  
USD 2 millions.   

Reference is made to the 2002 report.  For the layout, reference is made to drawing D4-A-403. 

3.2 INTERNAL LIGHTING

Reference is made to Task P4g-3x2. 
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4 Electrical and power requirements (Task A4h-3x2) 

There is no major change in the estimate of power consumptions. The rated power of the various 
transformers remains the same.  

Reference is made to Task P4h-3x2.  For the general layout, reference is made to drawing D4-A-203. 
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5 Operating structures (Task A4j-3x2) 

Reference is made to Task P4j-3x2. 

6 References

- CPP (2002).  Diseño conceptual de las Esclusas Post Panamax.  Triple Lift Lock System, 
task 4. 

- ALTERNATIVE PACIFIC LOCKS 3x2, Tasks P4f-3x2, P4g-3x2, P4h-3x2 and P4j-3x2. 
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ESTIMATION OF THE GATE ENGINE POWER
ATLANTIC SIDE : TRIPLE LIFT (W=55m)     3 X 2 WATER SAVING BASINS
TAKING INTO ACCOUNT OPERATING HEADS

LOCK WSB
CULVERT GATE CONDUIT GATE

Maximum effort (T) 96 33
Oil pressure (bar) 200 200
Stroke (m) 6,00 5,00
Opening time (min) 2,00 2,00

Cylinder section (m²) 0,048 0,017
Cylinder oil volume (m³) 0,288 0,084
Oil flow (m³/min) 0,144 0,042

mechanical efficiency 0,9 0,9

POWER (kW) 53 15

Calculus of the forces on the gate

Gate width (m) 4,5 4
length of horizontal seal (m) 4,9 4,4
Gate heigth (m) 6 5
length of vertical seal (m) 6,3 5,3
width of seal (cm) 3 3

Sealing friction forces Fs
Fs = f x 1,5 x p x A f (friction coefficient) 0,15 0,15

p (hydraulic pressure on the gate) (bar) 2,5 1,0
A (Area of sealing contact) (m²) 0,525 0,45
Fs (kg) 2953 1013

Wheel friction Fw
Fw = Q x (fd x d + fr) / D Q (max load on the gate) (kg) 771750 233200
(six wheels have been foreseen) fd (friction coeff of the wheel bushings) 0,12 0,12

fr (friction coeff of wheels rolling on slot rails) 0,2 0,2
d (diameter of wheel shaft) (cm) 20 20
D (wheel diameter) (cm) 80 80
Fw (kg) 25082 7579

Hydraulic load F1 on the top seal of the gate
F1 = p x l x ls p (hydraulic pressure on the gate) (bar) 2,5 1,0

l (width of the seal) (m) 0,08 0,08
ls (length of the seal) (m) 4,9 4,4
F1 (kg) 9800 3520

Hydraulic load F2 on the top of the gate
F2 = p x gt x ls p (hydraulic pressure on the gate) (bar) 2,5 1,0

gt (gate thickness) (m) 1 1
ls (length of the seal) (m) 4,9 4,4
F2 (kg) 122500 44000

Hydraulic load F3 under the gate
F3 = F2 x dlc F2 (kg) 122500 44000

dlc (dynamic load coefficient) 0,8 0,8
F3 (kg) 98000 35200

Weight W (under water)
W = rw x 6.85/7.85 x 1.05 rw (real weight) (kg) 19345 7603

W (weight under water) (kg) 17725 6966

Maximum opening load
F = Fs + Fw + F1 + F2 - F3 + W F (T) 80 28

Sealing friction forces F's
F's = 0.1 x p x A p (hydraulic pressure on the gate) (bar) 2,5 1,0

A (Area of sealing contact) (m²) 0,525 0,45
Fs (kg) 1313 450

Wheel friction F'w
F'w = Q x (f'd x d + f'r) / D Q (max load on the gate) (kg) 771750 233200

f'd (friction coeff of the wheel bushings) 0,08 0,08
f'r (friction coeff of wheels rolling on slot rails) 0,1 0,1
d (diameter of wheel shaft) (cm) 20 20
D (wheel diameter) (cm) 80 80
F'w (kg) 16400 4956

Hydraulic load F'1 on the top seal of the gate
F'1 = 0.5 x F1 F1 (kg) 9800 3520

F'1 (kg) 4900 1760

Hydraulic load F'2 on the top of the gate
F'2 = 0.9 x F2 F2 (kg) 122500 44000

F'2 (kg) 110250 39600

Hydraulic load F'3 under the gate
F'3 = 0.5 x F3 F3 (kg) 98000 35200

F'3 (kg) 49000 17600

Weight W'
real weight of the gate W' (kg) 19345 7603

Maximum braking force
B = W' + F'1 + F'2 - F'3 - F'w - F's B (T) 68 26
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ESTIMATION OF THE GATE ENGINE POWER
ATLANTIC SIDE : TRIPLE LIFT (W=55m)     3 X 2 WATER SAVING BASINS
TAKING INTO ACCOUNT MAXIMUM STATIC HEADS

LOCK WSB
CULVERT GATE CONDUIT GATE

Maximum effort (T) 139 121
Oil pressure (bar) 200 200
Stroke (m) 6,00 5,00
Opening time (min) 2,00 2,00

Cylinder section (m²) 0,070 0,060
Cylinder oil volume (m³) 0,418 0,302
Oil flow (m³/min) 0,209 0,151

mechanical efficiency 0,9 0,9

POWER (kW) 77 56

Calculus of the forces on the gate

Gate width (m) 4,5 4
length of horizontal seal (m) 4,9 4,4
Gate heigth (m) 6 5
length of vertical seal (m) 6,3 5,3
width of seal (cm) 3 3

Sealing friction forces Fs
Fs = f x 1,5 x p x A f (friction coefficient) 0,15 0,15

p (hydraulic pressure on the gate) (bar) 3,7 3,9
A (Area of sealing contact) (m²) 0,525 0,45
Fs (kg) 4394 3992

Wheel friction Fw
Fw = Q x (fd x d + fr) / D Q (max load on the gate) (kg) 1148364 919508
(six wheels have been foreseen) fd (friction coeff of the wheel bushings) 0,12 0,12

fr (friction coeff of wheels rolling on slot rails) 0,2 0,2
d (diameter of wheel shaft) (cm) 20 20
D (wheel diameter) (cm) 80 80
Fw (kg) 37322 29884

Hydraulic load F1 on the top seal of the gate
F1 = p x l x ls p (hydraulic pressure on the gate) (bar) 3,7 3,9

l (width of the seal) (m) 0,08 0,08
ls (length of the seal) (m) 4,9 4,4
F1 (kg) 14582 13879,36

Hydraulic load F2 on the top of the gate
F2 = p x gt x ls p (hydraulic pressure on the gate) (bar) 3,7 3,9

gt (gate thickness) (m) 1 1
ls (length of the seal) (m) 4,9 4,4
F2 (kg) 182280 173492

Hydraulic load F3 under the gate
F3 = F2 x dlc F2 (kg) 182280 173492

dlc (dynamic load coefficient) 0,8 0,8
F3 (kg) 145824 138793,6

Weight W (under water)
W = rw x 6.85/7.85 x 1.05 rw (real weight) (kg) 25550 19863

W (weight under water) (kg) 23410 18199

Maximum opening load
F = Fs + Fw + F1 + F2 - F3 + W F (T) 116 101

Sealing friction forces F's
F's = 0.1 x p x A p (hydraulic pressure on the gate) (bar) 3,7 3,9

A (Area of sealing contact) (m²) 0,525 0,45
Fs (kg) 1953 1774

Wheel friction F'w
F'w = Q x (f'd x d + f'r) / D Q (max load on the gate) (kg) 1148364 919507,6

f'd (friction coeff of the wheel bushings) 0,08 0,08
f'r (friction coeff of wheels rolling on slot rails) 0,1 0,1
d (diameter of wheel shaft) (cm) 20 20
D (wheel diameter) (cm) 80 80
F'w (kg) 24403 19540

Hydraulic load F'1 on the top seal of the gate
F'1 = 0.5 x F1 F1 (kg) 14582 13879,36

F'1 (kg) 7291 6939,68

Hydraulic load F'2 on the top of the gate
F'2 = 0.9 x F2 F2 (kg) 182280 173492

F'2 (kg) 164052 156142,8

Hydraulic load F'3 under the gate
F'3 = 0.5 x F3 F3 (kg) 145824 138793,6

F'3 (kg) 72912 69396,8

Weight W'
real weight of the gate W' (kg) 25550 19863

Maximum braking force
B = W' + F'1 + F'2 - F'3 - F'w - F's B (T) 98 92
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