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1 Historical development 

Movable bridoes have been buin for CenhlrieS. They are Atechnicallv mod and ecommicallv acceptable solution 
usually inte4ed for linking roads across a wat&ay 
while. at the same time, allowing free navigation on the 
waterway Anernatlve solullon;l~ke tunneis uMer the 
waterwavoraf~xed brdge at asufllctent helght awvethe 
watema; are not ahvais possible for technical or em- 
mmicai reasons. 

Until the beoinnina of the twentieth century movable 
Orlages In Eigtumwere arlven by manpower In the f~rst 
haH of the twentletn Century mre and more mecnan~cal 

waslookedio; inthefieldof hydraulkequipment. At first. 
hydraulic systems using constant flaw pumps were mn- 
sidered. The speed regulation with that type of pump hao 
to be achieved by applying flow-regulating valves. The 
real flow tbrougn such valves dependsd on the viswsity 
oftheoil. Atthattimeoilviswsityvariedwithingreat limits 
depending on the ambient temperature which, for mov- 
able bridges, couklvarya lot. Further diiiculties resuned 
from the fact that, at low speed, an imponant fraction of 
the Wmp wwer is wnverted to heat in the flow-regulat- . . .  

equipment became prominent. ing valves necessitating the use of excessively 1a6e oii- 
ffintainersorof oilwoiing machinery. Therefore,the use 

Hydraulic working devices for movable bridges in Eel- of constant flow pumps was abandoned. 
gium were first studied in 1954. A first such brage went 
intooperation in 1957. Amajor reasonforusing hydraulic Volumetric pumps with variable flow onered a solution. 
devices was because of the lac* of abil i i  of electrome- Since the first experiment in 1957, hydraulic devices 
chancal dnves to fun~ll the law of mtmn lor the bndges have produced such good resuns that rnweaays alms1 
~n a sat~sfanory way every new bndge 1s destgned that way in thls anlcle a 

wwev of the different tv&s of bridoes that have been . , ~  ~ ~- ~ ~ 

The problem was this: in order to obtain a short moving mnstiucted In ~el~iurn'bver the 12 25 years will be 
timethenormalsoeejofthebridoe had toberatherhioh: oiven. Saecial attention will be devoted to the charader- . .. - ~ ~~ 

on the other haAd, it was necessary to have a smooih, I'stics of ihe driving mechanism. 
slow approach to the end position of the bridge. 

The first solution to that problemwas based on the skill of 
the bridgeoperator. By successively connecting and dis- 
mnnectino the eleciromotor he more or less succeeded 
in obtaining an end position without excessive shocks. 
Obviously, heavier bridges did m t  help the problem due 
to their limited speed reduction. Neither was the use of a 
mechanical brake or electrical resistances in the rotor 
circun satisfactory. 

Atechncally acceptable sofiiimn in the m d  SO'S wasonly 
possible by using d~rect current dnvtng motors, mn-  
nected to a Ward Lmnard generator set n was posslble 
to realtse a slaw awmachlng speed whch was not de- 
pendent on external disturbaices, by using a feed-back 
signal of a tachymetric dynamo. Such a complex and 
costly solution was of Wurse only possible for the more 
important bridges. 



2 Draw-bridges 

A scheMtc view of a draw-bridge is given in fioum 1. 
B&esolthistype arelrequently~sedior spans up to 25 
m Thev have an unl~mlted Pass to the MvlOatlon and 
need only a small underground Slrumre. meir super- 
m u r e  too can be built very economically. In its cbsed 
pozition the resuning mInent 01 the cwntemeight is 
ueualk less than the moment 01 the brWe drudure. 
Sereiore rm boning mechan~sm nas to ba Installed lo 
kaeD the bndae cbsea In lts open Dosttion the b e  is 

hydraulic drives have since been unchanged. The two 
cylinders are mounted horizontally parallel to the axes of 
the main girders in an shallow cellar under the road. m e  
suppons allow the rotation in the verlical plane of the 
cylinder due to the rotation of the bridge as well as the 
slgM rotatbns in the horizontal plane due to misalign- 
ment. A schematic, simplified drawing 01 the hydraulic 
circuil is Given in figure 9. 

bbdlced by closing a mechanical brake in the older 6lec- As a minor inconvenience 01 this type of bridge, the facr 
tmmechanicallv driven bridges or by the pressure in the can be ouoted that eiaht rotatbon Wims on the briaoe 
hydraulic cjlinier in the ne'i ones. 

~~ ~~ 

have to be maintained. objection; about aesthetic &- 
~ e n s  are sometimes raised bv urban develooment otfi- 
7~~ ~ ~ ~ ~ 

It was on this type of bridge that the first experiments with cials because of this. 
hVdraUSC drives were carried out. The basic concerns of 

I I 
Fg. 1 : ~ e n i a t c  v h v  of a dndr idge  
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Brldge Spanxwldth Cytlnders Yearof Remarks 
(mxm) const~cilon 

Ninove - - 1957 

I Merendree - - 1960 I 

Lessives 12.45 xll 2 x 350 kN 1972 I 
I Oostende - 

Visserijb~g 

Nieuwpoolt - 
Gravensas 

1 Grimbergen 23 xll 2 x 550 kN 1982 I 
Lokeren 13.125 x10.55 1987 

Table 1: Draw-&ages in Belgium 
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3 Bascule bridges 

TO avo~d a number ot rotallon calms the cnumerwelght To cope wnh tne need tor longer spans bascule bnoges 
canbet~xedlothe malngirdersasshownln figure2 Sucn of adeslgn snown In ftgure 4are used In Belg.Lrr son? 
a solut~on ~nevnably means the construction of a deep 13 bndgesotthatrype wnh aspanct over 60 m nave been 
cellar Smaller brdges can be constructed w d W  a constructed Most otthem are used for road and ralhav 
countemeight. In Belgium this has been donefora span tranyMn across sea locks in the ports of Zeebrugge anb 
of up to 20 m and a width of 13 m. In bothcasesaesthetic Antwerp. As they have to be open tor several hours 
bridges having uncomplicated mechanisms can be bUB. during lockingof ships, a bolting mec5anism for the open 

position is provided. As a rule, raihnay bridges also have 
a boning mechanism for the closed position. 

A survey of bascule brides in Belgium is gi-ren in table 2. 

I I 
Fig. 2: Bascule bndpe wifh muntemeight, span less thivl50 m 





Movable brldges i n  Belgium 

Brldge Spanxwldth Cylinders yearof Remarks 
(mxm)  construction 

I.Spanlessthan50 m 

Zelzate (2 x 31) x20,5 2 x 700kN 1966 2 flaps 

Mechelen - Coloma 15.7 x i3  2 x 1000 kN 1969 

Oostende - Montgomery 12,s x i 2  - 1971 

Oostende - Kapelle 15.7 x10.5 2 x 600kN 1973 

OoStende - Mercator 12.5 x i2  - 1974 

St Job in't G w r  9,72 x 4,s 2 x 700kN 1975 without 
wuntemeight 

Mechelen - Plaisance 1 & 2 19 x 9,s 2 x 3000kN 1979 without 
counterweight 

Schoten 19,43 x13 2 x 2500 k~ 1979 without 
counterweight 

B ~ g g e  - Montgomery 13 x10 - 1979 without 
counterweight 

Wijgmaal 16.57 x l l  2 x 2200 kN 1966 without 
counterweight 

Hotstade 13,s x l l  2 x 3000kN 1966 wilhoui 
muntemeight 

Boom 26.6 x20.6 2 x 3000 kN 1967 

TiMonk 138 x l l  2 x  1 9 0 0 k ~  (1990) wahout 
countemeight 

il.Spanover50 m 

Zandvliet 62.9 x13,5 2 x 5230kN 1966 

Kallo 1 & 2 63 ~13.5 2 x 5000kN 1975 

Kapelle old Bos 1 & 2 63 x12.2 2 x 10000 kN 1 St76 

Dudzele 50 x11,6 - :960 

Zeebrugge 1.2.3 8 4 66.6 x10 2 x 5500kN 1980 

Fredelick Hendnk 62.9 x10.2 2 x 5230 kN 1984 

Oudendijk 74 x10.2 2 x 7500 kN 1985 

BerendrecM 74 x10,2 2 x 7500 kN (1988) 

Table 2: Beule bndges in Belgium 
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4 Li bridges 

Whereas the previous types of bridges are opened by a 1 The force needed to overcome the friction in the 
rotationofthe bridoeamund a horizontal axis. lift bridoes turnina wheels of the steel cables connectino the bridoe ~ ~ - " - 
are opened by a Gns~ation into the veRical b~ane. " with t& counterweight: 

m e  forces needed toopen t i i  bridges are independent of 2 The force needed to overcome the unbalance, i.e. 
wind, which is a wnsaerable advantage. Fork  bMges the intentonal unbalance between the weigM of the 
wilh a countemeight of the type shown in figure 5 the bridge and the muntemeight and the unintentional 
force needed to operate them can be limited. The main unbalance due to smw load on the bridge. 
constituents of these forces are: 

I 1 

' --- -- 
: -- --------- ---- ----- -- -- -- - - - 

section AB 

I d 
Fg. 5:  Lining bridge wilh muntenveght (lining heght less than 10 m) 

RE 03 127/10.87 7 



TO avod the heavy ~ m ~ f e t e  structure needed lo house Some la bndges have been desgned wllhout counter- 
the tumm wheels and the munterwegm, several la weght and wdh the cyl~nders mounted underground a s  
W e 6  Ghoul counterweight, the type shown in fig- shwvn in figure 7. The main reason for such a solution 
ure 6, have been designed. OnV slender columns are was the desire to avoid any superstnrcture. 
needed as a suspension for the hydraulic cylinders. 

l . . ' - '  

'3- 
-.-.-./ .-.-.-.-.-.-. -.-. 

111 
+? ili 

BRIDGE DECK 

I I 
FQ. 7: Lin bridge without munremejhr and wnh the cyiinders under the bridge deck 



Commntoallhydraulicallydrivenliflbridgesistheneed Lifl bridges driven by hydraulic cylinders are usually 
to synchronise the movement of the four (or sometimes limited to a maximum lifting height of less than 10 m. For 
NO) driving cylinders. One solution is shown in figure 10. greaterheightslifting bridgesofthe typeshownin figure 8 
Asynchronisat'oncylinder is used10 equalise the flow to are constructed. The counterweight is suspended to the 
both cylinders upstream and downstream. The low-pres- bridge structure by s!eel cables. The driving steel cables 
sure sides of the lefl-bank-upstream and riaht-bank- are connected to the counterweiaht or sometimes to the 
upstreamcylinders are connecied as well as the low and bridge structure. The winches are driven by hydraulic 
hiah Dressure sides of the left bank Cylinder. The same mtatinaaxial dston Wmrxor by direct current, electroni- 
aiP8des to the downstream cyltnden The flow to each cally re~ulatedelectmmtors Th!shlpeofbr!ageis infan 
cyl~nder~sthenthesameandanundormmvementofthe the only one in BeQlum in whlch electromecnanlcal 
bridge is achieved. Other solutions use feedback sys- driving devices compete with hydraulical ones. 
tems based on a measurement of the inclination of the 
bridge. A sutvay of Vat briaes in Belgium is given in table 3. 

Brldge Spanxwldth Cylinders year of Remarks 
(mxm)  construction 

I Erembodegem 35 x10 2 x l 2 5 k N  3,823 1973 

I Ninove 35 x10 2 x 1 2 5 k N  3.88 - 
Geeraardsbergen 26 x l O  4 x 6 0 0 k N  - 1975 without 

munterweght 

Leuven 20,3 x 8,2 4 x 650 kN 6.02 1979 without 
counterweight 

I Brugge - Damrnepoorl 948 x28,13 4 x 450 kN 3.3 1982 without 
counterweight 

I Oudenaarde 37,6 x11.3 - 6.15 1982 without 
counterweight 

I Grimbergen 37,7 x11.6 34,l 1968 

/  iss sen i 37.7 x11.6 34.1 1968 

I 
Table 3: M bridges in Belgium 
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DRIVING CABLE 

1 I 
Fig. 8a: Lining Sridge, lining heght mom than 10 m 

view from C I 
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I t 
Fg. Bb: Lab'ng brbdge. Hbrg height mom than 10 m 
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CYLINDER 1 

Fig. 9: Simplltisd scheme of a draw-bridge, hydraulk cireuil 
I 

LEFT BANK RIGHT BANK LEFT BANK RIGHT BANK 

I I 
Fig. 10: Simplified scheme of a liR bridge, hydraulk a& 

12 RE 03 127110.87 



5 Conception and design considerations 
for driving mechanisms 

It s obvlous that every type of bndge and in fact every 
brtdae. has ~lsownspecrl~cmncept~on and deslgn Some 
gen;ral considerations, however, can be given. 

In thedesian of drivina mechanisms as in m s t  enaineer- 
lrg oes~~nya genera~&~e hods the less mmpllcaied the 
bener So ~t 1s preferaole to only partially murnemeqnt a 
bridge to avoa the use of a boning mechanism in the 
closed posilion. 

An elimination of some elements, for example the coun- 
terueignt poss~bly w:th dsSuspen~wncablesandtum~ng 
wneels, 0uat.t to be mnsdered even d the dnvlng cylin- 
ders becot-& larger 

The d menslons of the drwsng cylinders depend among 
olherthingS,WnthewindforCeandthe snow badwork- 
ing on t h i  bridge and upon the wo&ing pressure of the 
hydraulic system. 

Wind pressure is the main force acting upon drawn 
bridges and bascule bridges. The pressure normally 
taken intoconsaeration in Belgium amunts to 750 wmZ 
exposed surface of the bridge for bridges on waterways 
with sea-going vessels and 600 ~ / m ~  for bridges on 
inlandwa!emays. It hasbeendiscoveredthatforbascule 
bridges with a span of over 60 mthe wind load represents 
more than 90 %of  the bad that the driving mechanism 
has to surmount. As those bridges have to be designed 
to be kept open in heavy weather, boning mechanisms 
are calculated for a wifid pressure of 1500 ~/m'. 

The working pressure in the hydrauliccircuit is usually in 
!he range of 140 !o 160 bar or 210 to 230 bar. Compo- 
nents are calculated for a peak pressureof 1.5 times the 
working pressure. 

Rotating points such as the main bridge rotation axis, the 
suspension points of the cylinders or the turning wheel 

Movable brldgesln Belgium 

The manoeuvring timeof the bridge is an impoltant factor 
indimensioningthe hydraulic system. Normalopening or 
closing times for bridges are selected as follows: 

1 Bridaes on waterwavs wah sea-ooina vessels: 
- Gad traffic less tiran 5,000 v;hicku'day 

120 s for a span less than 50 m 
and 190 s for a span over 50 m - mad traffic more than 5,000 vehicleslday 
95 s for a span less than 50 m 
and 150 s for a span over 50 m 

2 Bridoes on inland waternays 
- road traffic less than 5,000 vehicleslday 

75 s for a span less than 25 m 
and 120 s for a span over 25 m - mad traffic more than 5.000 vehicleslday 
60 s for a span kss than 25 m 
and 95 s for a span over 25 m 

bearings, are generally equipped weh hvo-row roller 
bearings w%h an automatic or manual greasing system. 
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Movable bridges in Bcbiurn 
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FQ. 2: Leuven, lin bridge - hydraulk cylinder 

RE 03 127110.87 



Movable brldges in Belglwn 





Movablebrldgesin Belplum 
- -- 

Notes 


