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1 Introduction 

The construction of the Berendrechl lock in the port of Thisarticlegivesadescriptionof thernaincornponentsof 
Antwecp started in 1983. After Wmpletion in 1988 this the hydromechanical equipment of the three new 
lock with a width of 68 rn and a length of 500 rn, will be the bridges. 
biggest lock in the wor!d. Sauated some hundred meters 
south of the Zandviiet lock, this complex of two locks will 
form the main access to the righl bank of the port of 2 Bascule mechanism 
Anhnerp. 

TheolderZandvliet lock hadabascule bridgeonthedock Fwms 1 and 2 gwe a general survey of Me basarle 
sde. Zandvliel bndge, m albw mad and ailmadtraffic to mechanisrnollhe bndge. The bndge strudura issupport- 
cross the lock. Thisbridgewas put intooperationin 1966. ed by two bamle axes bu~n-in a torsbnal tube connect- 

ngbothmaingirden. Each baswleaxis hasonerwo-row 
Dunng the construction of the Berendrecht lcck the con- roller bearing. The weight of the framewo* of the 
st~ciion 01 three new bascule bndqes was ~lanned. Fredenk-Hendnk bndge amounts to 1.135 1 and the 

These bridges are: 
Oudendiik and Berendrecht bridgesto 1,1891. Themun- 
terneights amwnt to 1,010 t and 1,283 t respectively. 

- Frederik-Hendrik bridge across the ZaMvliet lock on 
mounted hydraulccylindencreate the river side the baswle movement. The bridge rotates 86'. Each 

- Oudendijk bridge across the Berendrecht lock at the cylinderismwmedinasupport,allowingRnatonsintwo. 
river side mrmally pemendiarlar axes (See fiwm 3). The first 

rotation, whiih in fact is a pendu~ar rtGvement, is due to - Berendrecht bridge across the Berendrechl leek On 
the rota1'onof the bridge. The second rotation is provided the dock sue for to cope with possible misalignment of the axes of the 
cylinderwlhthe axes of the bridge. The axesforthe first The three bridges are basically the same. The main rota,.on are moumedon two-row sen-aUgning spherical diierences with the older Zandvtiet bridge are: mller bearings. The axes for the second rotation are 

- The greater welght of the new bndges due to more rnwnted in a friction beanng cumposed of a stainless 
stnnyem requirements from mad and railroad traffic steel shell shrink la  on the axts and a bronze flicllon 

- The use of two-row self-aligning spherical roller bear- 
ings for the rotation points 01 the bridges. Zandviiet 
bridge was originally equipped with self-lubricating 
friction bearings which failed after a few months of 
operaton and hadto be replaced by grease lubricated 
bronze friction bearings. 

The Frederik-Hendrik and Oudendijkbridge went into 
operation in 1984 and 1985 respectively. Berendrecht 
bridae is underconstruciion and will be finished in 1988. 

material.Theconnectionofthecylindertothe maingirder 
of the bridge is made by screwing an eye-shaped end lo 
the cylinder rod. A two-row spherical mller bearing is 
mounted in the eye-shaped end and an axis is put 
through it and buiil into the main girder. Roller, as well as 
fridional bearings, are lubricated with a MoS2 grease. 
The equivaient static bearing load of roller bearings is 
calculated in accordance with IS0 76 standard. A safety 
factor of 1.5 is applied to obtain the allowable static bad 
rating. 

The'bridge deck of the Frederik-Hendrik bridge is 62.9 rn 
and 0,2 wide. The Oudendir and The mechanical elements of the bascule mechanism are 

designed in accordance with a serie of Belgian standards bridges are 74 mbng and 10.2 mwide. All three bridges 
NBN 52, These standards, datingfmrn 1980 andorigi- have a railway track embedded in the road. 
nally intended to design cranes, give a detailed calcula- 



fbn method for the dimension d mechanical elements 
against ~ p l u r e  andfaiigre. The Ministry of Publk Works 
usesthemforVle desbnot mechanical elements mtoW 
i n k v a ~ e  imdges b;l in all other fields such as bdw. 
fbodgates, and lr(s as well as, d murse, m e s .  

3 Bolting mechanism fortheopen position 
of the bridge and hydraulic dampers 

In open posl in the bridge is, at the bwer end ot the 
muntetweiaht. blocked between the front wall of the 
cellar at one side and a boning mechanism at the other. 
~t the front wall of the cellar tvm hydraulic dampen are 
mounted. 

They serve two plrposes: 

All mechansm have hydraulic cylinden to drive them. 
The main characleritilcs of the hydraulic equipment is 
shown in table 1. Its deslgn is based on standards spe- 
died bvthe Minislw of Public Works andbased onthirlv 
years oi experience. 

Some of the most signiticant speclications are: 

1 The cylinder jacket is designed for a pressure of 1.5 
times, the maximumworking pressure. Lame'sfomulais 
used and lhe safety factor against ruphtre is 4. 

2 Eulefsformula is used to des!gnthe cylinder rcd.The 
safety factor against buckling is 1.5. 

3 Oil fbw is limled to 3 Ws. 

4 All important bearings are two-row, self-aligning 
spherical roller bearings. 

1 In a compressed pcsnion, they pmvide one of the 5 Cylinder md material is AS1 431 with a layer01 al least 
suwcns tor bbckino the bridge 35 micron Cr to oblaln a hardness HB 30 of 225-275, . . - 

2 They are designed to dissipate the kinetic energy of 
unless spectic condkions require the use of other mate- 

the bridge when, due to technical failure. the bridge rials. 

should not decelerate to &s mrrnal approach speed 6 Connection of piping is done by making use of flange 
couplings with O-rings. 

TheboRina mechanism isshown in ffoure4. Inopen pcsi- 
tion the free movement measured atihe lowerend of lhe Pa&ular specifcations for this project were: 
counterweight is onby 5 mm. limit is necessary to Four groups deliver the total oil By doing 
make sure that a varying wind bad does not cause Pre- the speed can be 
mature wear on the cylinder seals. by shuning down three pumps and using the fouflh. By 

doing so internal leakage fiow into the pump is only a 
Whereas the bascule mechanism elements are calcu- minor factor. 
l it& t m ~ ~ n m m e  wind wessureof uoto 600 Nlm2 bridoe 

~ ~~ 

surlace. the boning mechanism pa& have to withstarkl 2 Piping fromone pumpinggroup isseparatedfromthe 
wind pressures of up to 1.500 Nld. omen. Atthecylinderjackettheplping ~sinterconnected. 

Satety reasons make such a soMin  advisable. 

4 Bolting mechanism for the closed 
position and centre mechanism 

3 Auxiliary plmps bring the c i m l  pressure to 10 bar 
before the main pumps are started. Cavitaliin and an 
underpressure are thus eliminated. A simplified scheme 
of the hydraulic circun is shown in rigure 7. 

Anhouoh in ts  cbsed mslion an unbalance of 1,000 4 The oil reservoir tank is made of stainless steel. No 
m m  keeps the bridge ciosed. railway authorities wanted risks exist for the formation of mnusive products due to 
a mechanical device to lock the bridae. A SQlutikJn was the contact wilh wet air emeriw the oil c im l .  
~~ ~~ 

lound by using a simple mechanism &nsisling of a steel 
cvlinder mounted on the land side and a nngshaped 
iiement on the bridge. When the bridge is cbsed small 
hvdraulic cvlinders wsh the steel w l i i  into Me ring ,- - 
shaped e ~ k e n t  onihe bridge. 

At the flap endof the bridge acylinder is also fixed which, 
at the closing of the bridge, moves into a V-shaped con- 
st~ction on the land sideasshewn in fiiure5. Thiscentre 
mechanism makessure that at each manoeuvre the brid- 
ge retumsexaaiytothe samepostion. Thisis, ofcoufse. 
an absolute necessrty tor a rallway bridge. 

6 Automatic control and regulatio~l 

The motion law of the bndge is shown in tgure 6. Limit 
switches on the bascule axes detect the ws lbn  of the 
w e .  Their informatbn is collected by a programmable 
controller Ths controller commands the lbwmrmolling 
mechanism of the pumptng gmuw. The controller also 
changes andchecksthetratticandsh~p~sbnspnorto . .  . . 
a b&e manoeuvre. 

5 Hydraulic equipment 
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Frederik-Hendrlkbrlge Oudendljkbrldge 
Berendrecht bridge 

1 Basculemechanlsm 

a cylinder 
number ....................................................................................... 2 ....................................................... 2 
bore ................................................................................. 0 mm 7 mm ............................................ 

............................................ .................................................................................. rod 315 mm 3 mm 
stroke ........................................................................... 3,800 mm ......................................... 3,800 mm 

............................................. working pressure ....................................... bar 245 bar 
disposition ......................... .. .......................................... vertkal .............................................. verlical 

b hydraullcpumpgroup 
number ....................................................................................... 4 ....................................................... 4 
type of pump ......................................................... variable flow ..................................... variaMe fbw 

............................. ....................................................................... a x  piston pump axial piston pump 

............................................. driving elmromotor power ............................................. 75 kW 1 1  kW 

Boltingmechanisrn 
open position 

a cylinder 
................................................. number ................................................................................ 2 x 2 2 x 2 
........................................ bore ................................................................................. 125 mm mm 
.............................................. ..................................................................................... rod 70 mm 70 mm 

stroke .............................................................................. 230 mm ............................................ 0 mm 
............................................. ........................................................... working pressure 4 bar 204 bar 
......................................... disposition .................................................................... homomal horizontal 

b hydraullcpumpgroup 
................................................. number ................................................................................. 2 x 2 2 x 2 
.......................................... type of pump ................................................................. d flow x flow 

......................................................................... a piston pump ............................. axial piston pump 
.............................................. driving eIcfro motor power ................................................ 7.5 kW 7.5 kW 

3 Boltingmechanism 
closed position 

a cylinder 
....................................................... number ....................................................................................... 2 2 
.............................................. 50 mm m m  
............................................. 28 mm 28 tlull 
.......................................... stroke ........................................ mm 200 mm 
........................................... ............................................................. working pressure 100 bar 100 bar 
........................................ disposition rizomai horizontal 

b hydraullcpump group 
number ......................... ....................................................... 2 
type of pump ......... ........................................ ear pump 
driving elmmmotor power .............................................. 1.1 kW 

I I 
Table 1 : Main chaacieristks of the hydraulic equipment 



I I 
Fig. 1 : F l e d s d  Hendrik bridge, side view 
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L I 
Fig. 3: Frsderidr Hendrik bridge, disposilnn d the hydraulic cylinder 
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I I 
Fig. 4: Bolting mschanbm for the open psnitiw, 

I 

I + I I Section A-B 

I 
B-d 

~ ' g .  5: Cenm mechanism 
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I I 
Fig. 7: Hydraulic scheme 



Fg. 8: Port of Anfwerp: Foreground - rnnstnrtion of Berendrscht lo& and Oudendijk bridge; 
Sadcground - ZamMiet lock. Zandvliet bridge (open posilicn) and Freder'ik Hendrik bridge 

Fig. 9: Oudendijk bridge during assembly 
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FQ. lo: Frederrk Hendrik bridge during assemMy 

FQ. 1 1 :  Freder* HendnX b m e .  bayxk aris prior io assembly 
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Fig. 12: FredenX Hendr& btidge 
baswie axis, beating and house 



Basculebrldges8ttheBerendrecht lockintheponof Antwerp- Belglum 

mi. IS: F&e& He&& bridge 
-18 rnachanisrn, cylinder and @PPn9 
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Notes 


