
THE FIRST BIENNIAL 
SYMPOSIUM AND EXHIBRION 

ON 
MOVABU BRIDGE 

DESIGN AND TECHNOLOGTI! 

THE DEVELOPMENT 
OF THE HYDRAULIC SYSTEMS 

DESIGNED FROM 1965 
TO THE STATE OF T H E  ART 

HYDRAULIC SYSTEMS 
OF TODAY 

BY 
JOHN A. SCHULTZ, JR. 



DEDICATION 

This Paper is dedicated to Mr. Rudolph Timmerman, our ingenious Chief 
Mechanical Engineer. Mr. Timmerman reti red in 1980. His practical 
appl ication of sound engineering principles led to the successful comple- 
tion and operation of our first six hydraulically operated movable 
bridges. I am proud to have been associated with him and to be able to 
call him "My Friendt'. 



SUMMARY OF HYDRAULIC SYSTEMS DESIGNED 

The types of hydraulic systems available are outlined on Page 2. All six 
of the hydraul ical ly operated bridges currently in operation are 1 isted 
on Page 14. 

The first four bridges were open-circui t open-loop hydraulic systems, 
which required the operator to manually monitor the speed of the moving 
leaves and to control the acceleration and deceleration. The fifth and 
sixth bridges in St. Joseph and St. Clair, Michigan were closed-circuit 
open-loop hydraulic systems, which also required the operator to manually 
monitor the speed of the moving leaves and to control the acceleration 
and deceleration. 

The three hydraulically operated bridges that have been designed in 1985 
are listed on Page 27. They are closed-circuit closed-loop hydraulic 
systems. After the operator has manually lowered the traffic gates and 
cleared the bridge of pedestrians, they have pushbutton automatic opera- 
tion. Pushbutton operation has been made practical by the application of 
state of the art equipment. 

The shear locks used at the center of the span on the rolling lift 
bascule bridges have no moving parts. Therefore, they must be engaged 
before the moving leaves are fully closed and slide into place as both 
leaves simult~eously reach the fully closed position. Automatic opera- 
tion requires that continuous precise indication of the location of each 
leaf must be Input to the Programmable Logic Controller (PLC). The PLC 
is programmed to make a1 1 necessary adjustments in its' Output to the 
moving leaves to bring them together at the fully closed position. The 
rear locks are then driven, the brakes are set and the traffic gates 
raised automatically. The operator must turn the control switch to OFF. 



/ HSTs: hydrostatic transrnissionsl 
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DEVELOPMENT OF THE HYDRAULIC SYSTEMS 

The f i r s t  two br idges were designed w i t h  no mention o f  hyd rau l i c  
ope ra t i on  o f  movable br idges i n  e i t h e r  AASHTO Movable Br idge 
S p e c i f i c a t i o n s  o r  i n  AREA Manual, Chapter 15, P a r t  6 Movable Bridges. 
The J o i n t  I n d u s t r i a l  Conference (JIC) Spec i f i ca t i ons  were used as a  guide 
a long w i t h  much research and meetings w i t h  manufacturers. 

I n  t h e  1970 E d i t i o n  o f  AASHTO Movable Br idge S p e c i f i c a t i o n s  inc luded one 
paragraph on hyd rau l i c  pressure l i m i t s  and r a t i n g  o f  equipment. This  
Paragraph 2.5.18 "Power Hydrau l ic  Systems" i s  copied h e r e i n a f t e r  f o r  your 
re fe rence (see Page 4). 

The nex t  f o u r  br idges were designed a f t e r  cont inued research and w i t h  the  
he1 p f u l  manufacturers ' representat ives.  The problems t h a t  came up 
becuase o f  t h e  Cont rac tor 's  l ack  o f  understanding of t h e  a p p l i c a t i o n  o f  
t h e  systems t o  movable br idges i n d i c a t e d  t h a t  a  comprehensive spec i f i ca -  
t i o n s  f o r  t h e  design, f a b r i c a t i o n  and cons t ruc t i on  was needed. 

As a  member o f  AREA Committee 15, t h e  author, s ta ted  a t  a  meeting t h a t  we 
had f o u r  highway br idges  and two r a i l r o a d  br idges  i n  operat ion, b u t  t he  
word h y d r a u l i c  was n o t  even mentioned i n  Chapter 15 Spec i f i ca t ions .  You 
know the  response, t h e  author  was asked t o  take  on t h e  task  o f  w r i t i n g  
t h e  s p e c i f i c a t i o n  needed w i t h  t h e  Movable Br idges subcommittee rev iewing 
and developing t h e  f i n a l  d r a f t  f o r  vo te  o f  approval by  t h e  f u l l  commit- 
tee. A f t e r  t h r e e  years o f  cont inued research and t h e  he lp  o f  my assoc- 
i ate, George N. Pavl a k i  s, t h e  s p e c i f i c a t i o n s  were approved and i n c l  uded 
i n  the  1984 Ed i t ion .  A copy o f  A r t i c l e s  6.4.8.1 "Al lowable System 
Pressures" and 6.4.8.2 "Pressure Ratings f o r  Hydraul i c  Components'' a re  
copied h e r e i n a f t e r  f o r  your reference. Th i s  i s  o n l y  a  very  smal l  p o r t i o n  
o f  t h e  t o t a l  s p e c i f i c a t i o n s  cover ing  Hydrau l ic  Systems (see Page 5). 

Dur ing t h e  development o f  t h e  AREA s p e c i f i c a t i o n s  an in-house study was 
made t o  see how l a r g e  a  r o l l i n g  l i f t  bascule b r i dge  cou ld  be economical ly 
operated by h y d r a u l i c  cy l inders.  The longest  s i n g l e  l e a f  r o l l i n g  l i f t  
r a i l r o a d  b r i dge  i n  t h e  U. S. (shown on Page 7) would have taken tremendous 
c y l i n d e r s  t h a t  would make i t  complete ly  o u t  o f  t h e  question. The author  
gave George N. Pav lak is  t h e  assignment o f  developing a  system t h a t  cou ld  
economical ly be used on any s i z e  br idge. As t h e  r e s u l t s  o f  h i s  ex tens ive  
research, a  system was developed which would u t i l i z e  t h e  l a t e s t  s t a t e  o f  
t he  a r t  equipment used i n  i n d u s t r y  b u t  n o t  y e t  app l i ed  t o  movable 
bridges. A l a y o u t  of one-half o f  t h e  h y d r a u l i c  d r i v e  f o r  one l e a f  i s  
shown on Page 9. The system was presented t o  t h e  Wisconsin Department o f  
Transportat ion, t h e i r  Green Bay D i s t r i c t  and t h e  C i t y  Engineer o f  
Manitowoc, Wisconsin, who a l l  gave t h e i r  approval t o  use i t  on t h e  
proposed US-10 (Southbound) bascule b r i dge  i n  Mani towoc. 



DEVELOPMENT OF THE HYDRAULIC SYSTEMS (Cont. ) 

The use o f  Programmable Logic C o n t r o l l e r s  (PLC) f o r  t he  automatic c o n t r o l  
o f  t h e  moving leaves a l s o  prov ided the  c a p a b i l i t y  f o r  so much more a t  
ve ry  l i t t l e  a d d i t i o n a l  cost.  A complete monitor ing, se l f -d iagnost ic ,  and 
data a c q u i s i t i o n  system had a l s o  been inc luded i n  the  package t h a t  had 
been approved f o r  t he  proposed b r i dge  i n  Manitowoc. The h y d r a u l i c  system 
parameters, t h a t  are monitored w i t h  d iagnost ic  messages d isp layed and 
p r i n ted ,  i s  shown on Page 11. The Data Acqui s i  t i o n  System (DAS) i s  
out1 i ned on Page 12. A Basic Closed-Ci r c u i  t Closed-Loop Hydros ta t ic  
D r i v e  i s  shown on Page 10. 

Plans fo r  two r o l l i n g  l i f t  bascule br idges i n  t he  C i t y  o f  East Chicago, 
Indiana, f o r  t he  Ind iana S ta te  Highway Commission had been completed 
severa l  years e a r l i e r .  A proposal was made t o  update the  opera t ion  o f  
these two br idges t o  t h e  Sta te  of t h e  A r t  Hydrau l ic  Systems o f  Today, and 
was accepted. The Plans f o r  US-12 and 20 were completed several  months 
ago and the  Plans f o r  SR912 are  now being updated. 

AASHTO STANDARD SPECIFICATIONS FOR MOVABLE HIGHWAY BRIDGES - 1978 

2.5.18.- Power Hydraul i c  Systems 

The working pressure o f  hyd rau l i c  systems s h a l l  p r e f e r a b l e  be l i m i t e d  t o  
1,000 p s i  (6,895MPa), w i t h  re1  i e f  va lves s e t  a t  100 p s i  (.690MPa) above 
t h e  working pressure. A1 1 p ip ing ,  valves, c y l  inders, and o t h e r  equipment 
s h a l l  be designed f o r  2,000 p s i  (13,790MPa) se rv i ce  a t  100+F (37.8kC). 
The pump s h a l l  have a cont inuous pressure r a t i n g  o f  120 percent  o f  t h e  
s p e c i f i e d  working pressure w i t h  s u f f i c i e n t  volume t o  open t h e  span i n  t h e  
requ i red  time, i n c l u d i n g  acce le ra t i on  and decelerat ion.  



AREA MANUAL FOR RAILWAY ENGINEERING STEEL STRUCTURES - 1984 EDITION 

6.4.8 - Hydrau l ic  Systems and Components 

6.4.8.1 A1 lowable System Pressures 

(a)  The hyd rau l i c  system s h a l l  be designed and hyd rau l i c  components 
propor t ioned such t h a t  t h e  maximum a l lowab le  system pressures s h a l l  n o t  
exceed the  fo l low ing,  except as otherwise pz rmt t ted  by p r i o r  w r i t t e n  
approval o f  t h e  Company. 

Normal operat ion. 1000 p s i  
Operat ion aga ins t  maximum s p e c i f i e d  loads. 2000 p s i  
Hold ing aga ins t  maximum s p e c i f i e d  wind loads. 3000 p s i  

(b)  Normal opera t ion  s h a l l  be de f ined as opera t ion  aga ins t  Cond i t ion  
A loads s p e c i f i e d  i n  A r t .  6.3.6. Operat ion aga ins t  maximum s p e c i f i t d  
loads s h a l l  be de f ined as opera t ion  aga ins t  Cond i t ion  B & C loads 
s p e c i f i e d  i n  A r t .  6.3.6. Hold ing aga ins t  maximum s p e c i f i e d  wind loads 
s h a l l  be de f ined as ho ld ing  t h e  movable span i n  t h e  f u l l y  open pos i t ion ,  
s t a t i c  cond i t ion ,  aga ins t  t h e  loads s p e c i f i e d  i n  A r t .  6.3.6(e). 

6.4.8.2 Pressure Ratings f o r  Hydraul i c  Components 

(a) M i  nimum working pressure r a t i n g s  f o r  hydraul  i c components s i a l  1  
be as fol lows, except as otherwise pe rm i t t ed  by p r i o r  w r i t t e n  approval of 
t he  Company. 

Pipe, t u b i n g  and t h e i r  f i t t i n g s :  3000 p s i  
F l e x i b l e  hose and hose f i t t i n g s :  

For pressure l i n e s  5000 p s i  
For  d r a i n  l i n e s  2000 p s i  

Cyl inder,  pumps, va lves and a l l  o t h e r  components: 3000 p s i  

(b) Working pressure r a t i n g  s h a l l  be de f i ned  as t h e  maximum 
continuous opera t ing  pressure f o r  t h e  component. For pipe, tubing, 
f l e x i b l e  hose and f i t t i n g  t h e  working pressure r a t i n g s  are  equal t o  t h e  
b u r s t  pressure r a t i n g  d i v i d e d  by a  minimum f a c t o r  o f  s a f e t y  o f  4. For 
c y l i n d e r s  the  working pressure r a t i n g  s h a l l  be equal t o  t h e  NFPA 
t h e o r e t i c a l  s t a t i c  f a i l u r e  pressure r a t i n g  as requ i red  by A r t .  6.5.37.11 
d i v ided  by a  minimum f a c t o r  o f  s a f e t y  o f  3.33. For pumps, va lves  and 
o ther  components t h e  working pressure r a t i n g  i s  equal t o  t h e  maximum 
a l lowab le  peak ( i n t e r m i t t e n t )  pressure r a t i n g  d i v i d e d  by  a  minimum f a c t o r  
o f  s a f e t y  o f  1.5. 

(c )  The minimum f a c t o r s  of s a f e t y  designated i n  paragraph (b )  app ly  
t o  systems having l i g h t  t o  moderate ope ra t i ng  shock loads du r ing  
opera t ion  r e s u l t i n g  i n  s h o r t  d u r a t i o n  peak system pressures no g rea te r  
than two t imes t h e  a l lowab le  maximum opera t i ng  pressure aga ins t  
Condit ions B o r  C loads, whichever i s  greater .  For systems having h igher  
shock load pressures, t he  f a c t o r s  o f  s a f e t y  s h a l l  be increased 
p ropo r t i ona l  l y .  



DRIVE COMPARISON 

DC AC LSHT FEATURE ELECTRIC ELECTRIC HYDRAULIC 

CONTROL TYPE SOLID STATE SOLID STATE 
RECTIFIER INVERTER 

SOLID STATE 
SERVO 

D 
CONTROL RELIABILITY EXCELLENT GOOD EXCELLENT 

SPEED REGULATION EXCELLENT GOOD GOOD 

D RESPONSE T I  ME FAIR FAIR EXCELLENT 
(TORQUE/INERTIA 

RATIO) 

SPEED RANGE EXCELLENT. 
TO 0 RPM 

OPT, 

GOOD. 
20 TO 1 

EXCELLEKT. 
TO 0 RPM 

D DYNAMIC 
BRAKING 

STD , OPT 

OPT 1 STD , OPT, REGENERATIVE 
BRAKING 

e 

POOR INSTALLATION 
FLEXIBILITY 

GOOD POOR 

NOT REQUIRED 

EXCELLENT 

LOW 

YES 

FAIR 

HIGH 

YES 

GOOD 

LOW 

SPEED REDUCER 

P ENVI RONMENTAL 

ELECTR I C 
MOTOR COST 

LOW MODERATE 
b 

ELECTRIC MOTOR 
MA I NTENANCE 

SYSTEM 
FIRST COST 
(HARDWARE ONLY 



Leaf  fully open 

Single Track RailRoad Bridge 

SEABOARD COAST LINE BRIDGE 
OVER NORTH EAST CAPE FEAR RIVER 

AT WILMINGTON, NORTH CAROL1 NA 



SUMMARY OF HYDRAULIC PARAMETERS FOR 
HIGHWAY BASCULE: BRIDGES 

South Haven, 
Michigan 

St. Joseph, 
Michigan 

St. Cldr, 
Michigan 

8" Bore 
60" Stroke 

12' B Bore 
87' Stroke 

12' B &>re 
84" Stroke 

Variable, 
Manual 

Fixed 

Variable, 
S e m  

Variable, 
Servo 

30 750 Oper. 12 
1200 Hold 

38 1450 
2000 Hol 

63 1200 Oper 8 
1650 Hold I 

32 1000 Oper. 10 
1350 Hold 

I I 
Ibianitowoc, 
PF"isconsin 

East Chicago, 
Indiana 

(Ind. Bl~d.) 

East Chicago, 
Indiana 

(Dickey PL) 

244 CIPR 

146 CIPR 

244 C P R  

Variable, 
Servo 

Variable, 
Servo 

Variable, 
S e m  







HYDRAULIC SYSTEM PARAMETERS 
THAT ARE MONITORED WITH DIAGNOSTIC 

MESSAGE DISPLAYED AND PRINTED 

PRINTED XliESSAGE 

LOR' HYDRAULIC FLUID LEVEL AT -_, 

BRIDGE DRIVE POWER UNIT 

1,OW CHARGE PRESSURE AT -_, 

BRIDGE DRIVE: P O \ E R  UNIT 

LOW FLUID TEMPERATURE AT -,. 
BRIDGE DRIVE P O I E R  UNIT 

SERVO CONTROL MALFUNCTION AT -- 
BRIDGE DRIVE: PUMP 

HIGH DIFFERENTIAL PRESSURE AT -- 
SUCTION FILTER, REPLACE FILTER 

HIGE DIFFERENTAIL PRESSURE AT 
MAIN LINE FILTER, REPLACE FILTER 

HIGH FLIUD TEbfPERATURE AT -, 
BRIDGE DRIVE POWER UNIT 

PSI  (SYSTEM PRESSURE AT -- 
EVERY 5' WITH PEAKS BETPr'EEN) 

INTERLOCKED 
WITH BYPASS 

AVAILABLE 

YES 

YES 

YES 

YES 

NO 

NOTE: ITEMS NOT INTERLOCKED ARE ADVISORY ONLY. 
I7ARITION OF SYSTEM PRESSURES WILL BE USED 
TO BALANCE THE MO'C1NG LEAVES. 



DATA ACQUISITION SYSTEM (DAS) 

A b r i d g e  moni tor ing and record ing system, usua l l y  r e f e r r e d  t o  as a  data 
a c q u i s i t i o n  system (DAS) i s  provided t o  monitor t h e  br idge d r i v e  and 
e l e c t r i c a l  systems. 

The DAS automat ica l ly  ac t i va tes  when t h e  CONTROL CIRCUIT s e l e c t o r  swi tch  
i s  tu rned  t o  AUTOMATIC o r  MONITOR p o s i t i o n s  and e i t h e r  PLC NO. 1 o r  PLC 
NO. 2  i s  operat ional .  DAS w i l l  a l so  a c t i v a t e  when CONTROL C I R C U I T  swi tch  
i s  a t  EMERGENCY p o s i t i o n  i f  a t  l e a s t  one PLC i s  f u n c t i o n i n g  p roper l y  and 
the PLC SELECTOR swi tch i s  turned t o  t h a t  PLC. Th is  permi ts  moni to r ing  
o f  b r i d g e  hydraul ic ,  e l e c t r i c a l  and mechanical systems and opera t ing  
procedure dur ing  an Emergency Operat ion tes t .  The f o l l o w i n g  items a re  
monitored and pr in ted:  

Time and date  of Power On & Br idge Opening 
Operat ing Mode (PLC1, PLC2 o r  Emergency) 
Operat ional s ta tus  o f  PLC's 
Status o f  e l e c t r i c a l  system bypasses 
C i r c u i t  breaker t r i p s  
T r a f f i c  warning system and t r a f f i c  gate opera t ion  
T r a f f i c  gate e l e c t r i c  eye opera t ion  
Rear 1  oc k  operat  i o n  
Brake opera t ion  
Hydraul ic  system parameters (see Page 11 ) 
Main motor e l e c t r i c  cur rents  
E l e c t r i c a l  system power consumption 
Rack p i n i o n  s h a f t  s t r a i n  and s t r e s s  on a l l  four  sha f t s  
Operat ing horsepower 
Angle o f  opening f o r  each l e a f  
L i m i t  swi tch  mal func t ion  
Machinery maintenance i n t e r v a l s  
Normal o r  standby power connected 

DAS au tomat i ca l l y  deact ivates when t h e  CONTROL CIRCUIT swi tch  i s  tu rned 
t o  OFF pos i t ion .  P r i n t e r  may cont inue t o  p r i n t  da ta  f o r  a  s h o r t  pe r iod  
o f  time. 



PROPOSED HYDRAULIC SYSTEM RETROFIT OF EXISTING BRIDGES 

Each bridge to be reconditioned could be retrofitted with four hydraulic 
drives - one drive to operate each rack pinion. Each hydraulic drive 
would be a combination hydraulic-mechanical system consisting of a 
hydraulic power unit, low speed high torque (LSHT) fluid motor and a 
hydraulically operated brake. The LSHT motor would be coupled to one of 
the pinions of the existing open gear train, providing that the existing 
gearing is in good enough condition to justify reuse. Otherwise, 
suitable new gearing would have to be provided. At some bridges a speed 
reducer may have to also be provided if the existing open gearing does 
not have the required amount of gear reduction. If speed reducers are 
required either LSHT motors or conventional fluid motors could be used. 

Two LSHT motors would normally drive each bridge leaf but one LSHT motor 
could drive each leaf if necessary. Two hydraulically operated brakes 
would be provided as parking (machinery) brakes for each leaf. Motor 
brakes would not be needed because each hydraulic drive would provide 
dynamic-regenerative braking action during leaf deceleration. The park- 
ing brakes would be set after the bridge comes to rest to assist in 
holding against maximum wind loads or can be used as emergency stopping 
brakes, if necessary, to bring the bridge to a stop faster than dynamic- 
regenerative braking action can provide. The result would be much lower 
shock loads on the machinery and structure during normal operation and 
the problem of adjusting brake time delays for sequenced brake setting 
would be eliminated. 

Controls for the hydraulic system would be solid-state proportional 
electro-hydraulic servo valve type control. The controls would provide 
pre-set acceleration and deceleration of the bridge leaves. The rate of 
acceleration and/or deceleration can be adjusted to suit bridge condi- 
tions. Either automatic pushbuttons and/or manual joysticks could be 
provided at the operator's console. The existing operator's console at 
each bridge would require minor modifications, which could most likely be 
done in place at the bridge, to accommodate the hydraulic control 
systems. Motor controls would have to be modified or replaced, depending 
on their type and condition, to operate the electric motors which drive 
the pumps of the hydraulic power units. The new or revised motor 
controls would be simpler than the existinng arrangements because the 
electric motors would be NEMA 3 Squirrel Cage type AC motors requiring 
only one direction of rotation. The hydraulic circuitry would provide 
the necessary fluid flow direction to open or close the bridge leaves. 

The cost to retrofit a bridge with hydraulic drives would be approxi- 
mately $350,000 per bridge. This cost is an average amount which would 
vary depending on the amount of work which may be required at the bridge. 
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M-43 OVER THE BLACK RIVER 
IN THE 

CITY OF SOUTH HAVEN, MICHIGAN 

Double Leaf Rolling Lift Bascule Bridge Providing 60f Clear Channel at Of 
Skew. 

Operati ng System Designed By: Rudolph Timmerman 
Chief Mechanical Engineer 

Checked by: John A. Schultz, Jr. 
Project Engineer 

The design is an open-circuit open-loop hydraulic system. Power for each 
leaf is provided by a 15 HP squirrel cage induction motor driving a 
variable displacement pump, which delivers a maximum of 30 GPM. The flow 
of oi 1 (maximum velocity of 12.5 fps) from the varible displacement pump 
is manually controlled by a pilot cylinder. The operator controls the 
movement of the pilot cylinder which in turn controls the movement of the 
bridge. 

Each leaf is operated by two 8" diameter hydraulic cylinders having a 12" 
stop tube and uti 1 izing a 60" stroke. The maximum operating (dynamic) 
pressure is 750 psi while the maximun holding pressure (static) is 
1200 psi. 

The same pumps are used to operate the rear locks by means of a 2" 
diameter cylinder. Power is simultaneously applied to the main bridge 
cylinders in the "lower" direction to 1 ift the rear end of the moving 
leaf off of the rear locks and allow them to be pulled out. 





SEABOARD SYSTEMS RR (FORMERLY L&N RR) 
OVER 

ST. LOUIS BAY BETWEEN BAY ST. LOUIS AND HENDERSON POINT MISSISSIPPI 

Single Track Railroad Swing Bridge Providing 100 Ft. Clear channel a t  O+ 
Skew. 

Operating System Designed by: Rudolph Timmerman 
Chief Mechanical Engineer 

Checked by: A. L. R. Sanders 
Chief Engineer & Partner 

The design i s  an open-ci rcui t  open-loop hydraul ic  system. 

This center p i v o t  swing br idge w i th  balance wheels i s  operated by two 
S ta f f a  Mark 5 Hydraul ic Motors, each w i t h  seven cyl inders. The s t a r t i n g  
torque a t  1500 p s i  equals 3,250 ft. lbs. whi le  the running torque a t  750 
p s i  and 37 RPM equals 2,170 ft. lbs. The design rack force equals 45,000 
lbs, ac t i ng  on a c i r c u l a r  rack w i t h  a 13' - 1-9/16 P i t c h  Radius. 

Two mechanical brakes are used t o  con t ro l  the span. They are Stearns 
s t y l e  46,000, Series 1,000 ft. 1 b. torque Disc Brakes, manufactured by 
Stearns E l e c t r i c  Corporation i n  M i  1 waukee, Wisconsin. The brakes are 
mounted for  manual release. 

M i  1 l e r  F l u i d  Power Hydraul ic Cylinders, Model H84, w i t h  s ta in less  s tee l  
rods, cushion both ends, w i t h  S ty le  2 rod ends and having M i  1 l e r  Rod 
Clevis, eye brackets and p ins  were used t o  operate the fo l lowing:  

2 Center Wedges 
4 End Wedges 
2 sets o f  L i f t  Ra i l s  and End Locks. 

The two Center Wedges are operated by one 6" diameter hydrau l ic  cy l i nde r  
having an 18" s t roke and 2" stop tube. 

The four  end Wedges are each operated by one 6" diameter hydrau l ic  
cyl inder, having a 28" stroke and 2" stop tube. 

The Ra i l s  and v e r t i c a l  End Locks a t  the ends of the  swing span are each 
l i f t e d  by one 4" diameter hydrau l ic  cy l i nde r  having a 16" s t roke and 1" 
stop tube. 





MAIN STREET 
OVER THE 

FOX RIVER IN THE CITY OF OSHKOSH, WISCONSIN 

Double Leaf Rolling Lift Bascule Bridge Providing 70 Ft. Clear Channel at 
14+ Skew. 

Operating System Designed By: Rudolph Timmerman 
Chief Mechanical Engineer 

Checked By: John A. Schultz, Jr. 
Project Engineer 

The design is an open-circuit open-loop hydraulic system. Power for each 
leaf is provided by two 30 HP squirrel cage motors, each driving a fixed 
displacement gear pump, which delivers 38 GPM. The direction of oil flow 
to the head end or rod end of the cylinders is determined by two pilot 
operated check valves controlled by the operator. The volume of oil flow 
(maximum velocity 9 fps) is controlled by three pilot operated check 
valves in the return lines from both the head end and rod end depending 
on the direction of the cylinder. 

The speed of each leaf is manually controlled and monitored by the 
operator using a selector switch, which provides three speeds in each 
direction. The switch electrically controls three solenoid operated two 
position valves in the pilot lines to the check valves. When pressure is 
applied in the pilot line, the check valve is opened allowing system oil 
to return to the tank. The flow is regulated by having a pressure 
compensated adjustable flow control valve in the return line. The pumped 
oil not used by the system is returned to the tank through a pressure 
re1 ief valve. 

Each leaf is operated by two 12" diameter hydraulic cylinders with a 
5-1/2" diameter stainless steel rod utilizing an 87" stroke. The maximum 
operating (dynamic) pressure is 1450 psi while the maximum holding 
pressure (static) is 2000 psi. 

The same pumps are used to operate the rear locks by means of 2" diameter 
cylinders, same as the M-43 Bridge over the Black River. 



Hydraulic Power Unit 190' c - c  B e a r i n g s  
in Operator's House 

1 3 2 '  Clear  Channel  

a t  1 7 O  Skew 

Pier I P i e r  2 

Hydraulic Cylinders operate Rail Joints, Lock, Bars, 
,Center Wedges and End Wedges. Hydraulic Motors 
drive Pinions on 360" Rack.(One motor in each quadrant). 

I P i e r  3 

\Future Chonnal Bo t tom 

Single Track Swing B r i d g e  
* 

( Center P~vot  with Balance wheels ) 

L O U I S V I L L E  AND N A S H V I L L E  RAILROAD BRIDGE 
OVER B l L O X l  BAY 

AT B I L O X I ,  M I S S I S S I P P I  PRIZE BRIDGE 1982/MOVABLE SPA& - 



SEABOARD SYSTEMS RR (FORMERLY L&N RR) 
OVER 

BILOXI BAY BETWEEN BILOXI AND OCEAN SPRINGS, MISSISSIPPI 

S i n g l e  Track Ra i l road  Swing Br idge Prov id ing  132 Ft. C lear  Channel a t  172 
Skew. 

Operat ing System Design By: Rudolph Timmerman 
Ch ie f  Mechanical Engineer 

Checked By: John A. Schultz, Jr. 
Movable Br idge Design Manager 

The design i s  an open-c i rcu i t  open-loop hyd rau l i c  system. 

Th is  cen te r  p i v o t  swing b r idge  w i t h  balance wheels i s  operated by f o ~ ! r  
Gerotor MH-39 F l u i d  Motors. Each motor d r i ves  a r i g h t  angle speed 
reducer t h r u  a Fa l k  Type GI0 Size 10G Gear Coupling and a Stearns Disc 
Brake, Ser ies 87,700 w i t h  a 50 ft. lb. torque se t t ing .  The brakes were 
mod i f ied  f o r  manual opera t ion  o n l y  w i t h  sp r i ng  r e t u r n  handles. The r i g h t  
angle speed reducer was a Falk  Type YBX3, U n i t  S ize 2090 w i t h  a reduc t ion  
r a t i o  o f  105.9:l. 

M i l l e r  F l u i d  Power Hydrau l i c  Cylinders, Model H84 w i t h  s t a i n l e s s  s t e e l  
rods, cushion bo th  ends, w i t h  S t y l e  2 rod  ends having M i l l e r  rod  c l ev i s ,  
eye brackets  and p ins  were used t o  operate t h e  f o l l ow ing :  

2 Center Wedges 
4 End Wedges 
2 se ts  o f  L i f t  R a i l s  and End Locks 

The 2 Center Wedges a re  operated by two 5" diameter h y d r a u l i c  c y l i n d e r s  
having a 14" s t r oke  and 1" s top  tubes. 

The f o u r  End Wedges a re  each operated by  one 6" diameter hyd rau l i c  
c y l i n d e r  w i t h  a 2-1/2" rod, having a 38" s t r oke  and 6'' stope tube. 

The R a i l s  and v e r t i c a l  End Locks a t  t h e  ends o f  t h e  swing span a re  each 
l i f t e d  by one 4" diameter hyd rau l i c  c y l i n d e r  having a 16" s t r oke  and 1" 
s top  tube. 



a t  1 5 O  S k e w  
1 

1 
l I 

/ / 
1 1  r- Leaves f u l l y  open -7 '\ \ \ 

2 - 2 8 '  Roadways with 4 '  Med ian  and 2-5' S i d e w a l k s  

1-94 CONNECTOR ROAD O V E R  ST. JOSEPH R I V E R  

IN ST.  JOSEPH,  M I C H I G A N  



I-94BL OVER THE ST. JOSEPH RIVER 
BETWEEN THE 

CITIES OF ST. JOSEPH AND BENTON HARBOR, MICHIGAN 

Twin Double Leaf Rolling Lift Bascule Bridge Providing 100 Ft. Clear 
Channel at 15+ Skew. 

Operating System Designed By: Rudolph Timmerman 
Chief Mechanical Engineer 

Checked By: John A. Schultz, Jr. 
Movable Bridge Design Manager 

The design is a closed-circuit open-loop hydraulic system, Power for 
each leaf is provided by two 15 HP squirrel cage, induction motors each 
driving a variable displacement pump which deliver a maximum of 53 GPM. 
The flow of oil (maximum velocity of 8 fps) from the variable displace- 
ment pumps is regulated by a servo valve electrically controlled by the 
operator. 

Each of the four leaves are operated by two 12" diameter hydraulic 
cylinders with a 7" diameter stainless steel rod and a 25" stop tube, 
utilizing a 124'' stroke. The maximum operating (dynamic) pressure is 
1200 psi while the maximum holding (static) pressure is 1650 psi. 

The same pumps are used to operate the rear locks by means of 2" diameter 
cylinders, same as the M-43 Bridge over the Black River. 





M-29 OVER THE PINE RIVER 
IN THE 

CITY OF ST. CLAIR, MICHIGAN 

Double Leaf Rolling Lift Bascule Bridge Providing 50 Ft. Clear Channel at 
lo+- Skew. 
Operating System Designed By: Rudolph Timmerman 

Chief Mechanical Engineer 
Checked By: John A. Schultz, Jr. 

Movable Bridge Design Manager 

The design is a closed-circuit open-loop hydraulic system. Power for 
each leaf is provided by two 10 HP squirrel cage induction motors, each 
driving a variable displacement pump which delivers a maximum of 32 GPM. 
The flow of oil (maximum velocity of 10 fps) from the variable displace- 
ment pumps is regulated by a servo valve electrically controlled by the 
operator. 

Each leaf is operated by two 12" diameter hydraulic cylinders with a 
5-1/2" stainless steel rod and a 14" stop tube, utilizing a 64" stroke. 
The maximum operating (dynamic) pressure is 1000 psi while the maximum 
holding (static) pressure is 1350 psi. 

The same pumps are used to operate the rear locks by means of 2" diameter 
cylinders, same as the M-43 bridge over the Black River. 



HYDRAULIC ALLY 0 PERATED 
MOVABLE BRIDGES DESIGNED 

USING STATE OF THE ART 
HYDRAULIC SYSTEMS OF TODAY 

DESIGNED LOCATION OF BRIDGE 

1985 U.S.10 OVER THE MANROWOC RIVER 
IN T H E  CITY OF MANITOWOC, mSCONSIN 

1985 U.S.12 AND 20 OVER THE INDIANA HARBOR 
CANAL IN THE crry OF EAST CHICAGO, INDIANA 

1985 S.R912 OVER THE INDIANA HARiBOR CANAL 
IN THE CITY O F  EAST CHICAGO, mD1ft;NA 

NOTE: THE ABOVE BRIDGE DESIGNS ARE CLOSED- 
CIRCUIT CLOSED- LOOP HYDRAULIC SYSTEMS 
SQUIRREL CAGE INDUCTION MOTORS 
DRIVE VARIABLE PISTON PUMPS WHICH CONTROL 
THE S P E E D  O F  LOW S P E E D  HIGH TORQUE 
(LSHT) FLUID MOTORS. THE OUTPUT SHAFT 
O F  THE LSHT MOTORS ARE EACH 
CARRIED THRU TWO OPEN GEAR TRAINS TO 
THE RACK PINIONS. A SEPARTELY MOUNTED 
HmRAULICALLY OPERATED DISC BRAKE IS 
LOCATED ON THE SAME SHAFT AS EACH LSHT 
MOTOR FOR HOLDING AND EMERGENCY STOPPING 
ONLY. HYDRAULIC CIRCUIT AND SERVO CONTROLS 
PROVIDE DYNAMIC BRAlCING DURING NORMAL 
0 P E R  AT10 N. 





U.S. 10 (EASTBOUND) OVER THE MANITOWOC R I V E R  
IN  THE 

CITY OF MANITOWOC, WISCONSIN 

Double Leaf R o l l i n g  L i f t  Bascule Br idge Prov id ing  120 Ft. Clear Channel 
a t  05 Skew. 

Operat ing System Designed By: George N. Pav lak is  
Ch ie f  Mechanical Engineer 

Checked By: John A. Schultz, ; r .  
Movable Br idge Design Manager 

The design i s  a  c losed-ci  r c u i  t closed-loop hyd rau l i c  system. 

Each l e a f  i s  operated by two independent hyd rau l i c  power u n i t s  each 
d r i v i n g  a low speed h igh  torque (LSHT) f l u i d  motor coupled t o  a  d r i v e  
p i n i o n  and a h y d r a u l i c a l l y  operated d i s c  brake. Th is  p i n i o n  i s  p a r t  o f  
two sets  o f  open gear t r a i n  and d e l i v e r s  t he  power t o  t h e  rack  p in ion.  
A l l  o f  the  above equipment i s  on t h e  moving lea f .  The two systems a re  
coupled toge ther  and a re  symmetrical about t h e  c e n t e r l i n e  o f  t he  l ea f .  
I f  a problem developes i n  one o f  t h e  systems i t  au toma t i ca l l y  shuts  
i t s e l f  down and t h e  l e a f  i s  operated by t he  f u n c t i o n i n g  system. The LSHT 
motor o f  t he  d isab led  system i s  placed i n  a  d r i f t  mode and t u rns  w i t h  t he  
shaft .  

Each Hydraul ic  Power U n i t  cons is ts  o f  an L shaped r e s e r v o i r  on a base 
t h a t  supports a  30 HP Squ i r r e l  cage i nduc t i on  motor d r i v i n g  a v a r i a b l e  
displacement, overcenter f o r  revers ing  flow, p i s t o n  type  pump w i t h  an 
i n t e g r a l  charge pump and an e 1 e c t r i c a l l y , a c t u a t e d  pump servo c o n t r o l l e r  
mounted on t he  pump. The power u n i t  a l s o  inc ludes  t h e  f l e x i b l e  coup l ing  
w i t h  guard, manifold(s),  valves, p i p i n g  between power u n i t  components, 
f i l t e r s  and a1 1 o the r  r equ i red  accessories. 



U.S.12 & 20 OVER THE INDIANA HARBOR CANAL 
I N  THE 

CITY OF EAST CHICAGO, INDIANA 

Double Leaf R o l l i n g  L i f t  Bascule Br idge Prov id ing  68 Ft.  Clear Channel a t  
0" Skew. 

Operat ing SystemDesign By: GeorgeN. Pav lak is  
Ch ie f  Mechanical Engineer 

Checked By: John A. Schultz, Jr. 
Movable Br idge Design Manager 

The des ign o f  the  hyd rau l i c  system i s  b a s i c a l l y  t h e  same as t h e  U.S. 10 
Br idge  over t he  Manitowoc R iver  except f o r  t he  s i z e  and capac i t y  o f  t h e  
equipment. 

STATE ROUTE 912 OVER THE INDIANA HARBOR CANAL 
I N  THE 

CITY OF EAST CHICAGO, INDIANA 

Double Leaf R o l l i n g  L i f t  Bascule Br idge Prov id ing  118.5' C lear  Channel a t  
3+-30' Skew. 

Operat ing System Designed By: George N. Pav lak is  
Ch ie f  Mechanical Engineer 

Checked By: John A. Schultz, Jr. 
Movable Br idge Design Manager 

The design o f  the  hyd rau l i c  system i s  b a s i c a l l y  t h e  same as t h e  U.S. 10 
Br idge over t he  Manitowoc R iver  except f o r  t h e  s i z e  and capac i t y  o f  t h e  
equipment. 



HAZELET + ERDAL. INC. 

BIOGRAPHICAL SKETCH OF AUTHOR 

EDUCATION 

SERVICE 

John A. Schultz, Jr., P.E. 
Movable Br idge Design Manager 
HAZELET + ERDAL, INC. 
547 WEST JACKSON BLVD. 
CHICAGO, ILLINOIS 60606 
PHONE (312) 461-0267 

BS C i v i  1 Engineering, Northwestern Un ivers i t y ,  1947 

U.S. Navy 1943 t o  1946, NROTC a t  Northwestern 
Un ivers i t y ,  E lec t ron i cs  o f f i c e r  a t  Bremerton Navy 
Yard and on Destroyer Tender Dix ie ,  AD14, i n  Pac i f i c .  
Took p a r t  i n  Atomic Bomb Test a t  B i k i n i  A t o l l  i n  
1946. 

PROFESSIONAL S t ruc tu ra l  Engineer: I 1  1 i no i  s 

AFFILIATIONS American Soc ie ty  o f  C i v i l  Engineers, Fe l low 
American Rai lway Engineer ing Assoc ia t ion 

MOVABLE BRIDGES Mr.  Schul tz has over 38 years o f  exper ience i n  
s t r uc tu ra l ,  mechanical, hydrau l i c ,  and e l e c t r i c a l  
design and p r o j e c t  management aspects of movable 
b r idge  p r o j e c t s  i n c l u d i n g  successful  complet ion o f  
over 20 movable b r idge  designs. As p r o j e c t  manager, 
has supervised bascule, swing, and v e r t i c a l  l i f t  
design pro jects ,  i n c l u d i n g  t he  longes t  r o l l i n g  l i f t  
r a i l r o a d  span i n  t he  U.S. ; the  The Cape Fear Br idge 
f o r  the  Seaboard System Rai 1 road. Recent p r o j e c t s  
have a l so  inc luded t he  r e h a b i l i t a t i o n  o f  t h r e e  
bascule b r idges  along the  Gulf Coast o f  M i s s i s s i p p i  
and a v e r t i c a l  l i f t  b r i dge  a t  t h e  Ph i l ade lph ia  Naval 
Shipyard. Mr.  Schul tz  i s  a recognized exper t  i n  
movable b r idge  design and has a p a r t i c u l a r l y  s t rong  
background i n  r o l l i n g  l i f t  bascule bridges. 

The most noteworth bascule b r i dge  t h a t  he has 
inspected and prepared r e h a b i l i t a t i o n  p lans f o r  was 
the A r l i n g t o n  Memori a1 Br idge across t he  Potomac 
River, i n  Washington, D.C. 

BACKGROUND Mr.  Schu l tz ' s  background inc ludes  a c t i v i t i e s  i n  
several  p ro fess iona l  soc ie t ies .  As chairman o f  an 
AREA Committee 15 t ask  force,  he prepared standard 
s p e c i f i c a t i o n s  f o r  hyd rau l i c  opera t ion  o f  r a i  1 road 
movable bridges. These spec i f i ca t i ons  were adopted 
by t he  AREA i n  1984. He has designed and supervised 
t he  design o f  a l l  aspects o f  movable b r idges  
i n c l u d i n g  s t r u c t u r a l ,  mechanical, hyd rau l i c  and 
e l e c t r i c a l  elements. 




