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The Washington State Department of Transportation 
(WSDOT) has removed and replaced nonfunctioning 
bridge bearings to extend the service lives of existing 
bridges. Inoperable roller nests and seismically vulnerable 
steel rocker bearings w i t h excessive t ipping have been re
moved and replaced to restore expansion capability. The 
superstructure must be raised to replace bridge bearings. 
Case studies that show three recent bridge bearing replace
ment projects designed by W S D O T are presented. In the 
first case study, a 113.0-m single-span truss buil t in 1925 
was raised f r o m below by placing t w o hydraulic jacks and 
the upper steel distr ibution plates directly under the bear
ing p in gusset plates. The unreinforced pier cap was post-
tensioned to prevent spalling. A sliding disc bearing was 
installed in place of the frozen roller nest. In the second 
case study, the bearings were removed and were replaced 
as part of an overall structural rehabilitation project. The 
existing concrete deck was removed and the ends of seven 
54.9-m single-span trusses were l i f ted sequentially f r o m 
above w i t h a pair of jacking beams consisting of t w o W 3 6 
X 245 steel beams. Hanger rods were attached directly to 
the jacking beams and the f loor beam top flange. Four 50-
metric-ton jacks ( two per jacking beam) simultaneously 
raised the ends of the trusses. Sliding fabric pad bearings 
were used to replace the frozen expansion roller nests. In 
the f inal case study, seismically vulnerable t ipping rocker 
bearings were replaced w i t h elastomeric bearings. Jacking 
diaphragms were located in the exterior bays at the girder 
centerline of bearings so that the l i f t i ng loads wou ld not 
cause t ipping of the pier. Addi t ional shelf w i d t h was pro
vided by adding a continuous corbel to the pier cap. Su

perstructure l i f t ing recommendations are given. Jacks are 
sized for at least 1.5 times the calculated l i f t i ng loads. Bear
ing design loads, replacement bearing costs, and costs for 
l i f t ing bridge superstructures are presented. 

^ I 1 he Washington State Depar tment o f Transpor-
I t a t ion ( W S D O T ) has removed and replaced 

JL n o n f u n c t i o n i n g bridge bearings o n older steel 
truss bridges. A f t e r 60 to 70 years o f service, the steel 
rol ler nests, w h i c h were used to provide f o r expansion 
and cont rac t ion , are inoperable because o f excessive t i p 
p ing and extensive corros ion. I n add i t ion , t i p p i n g 
rocker bearings are seismically vulnerable and are re
placed w i t h more stable bearings. As shown i n the sec
o n d case study, removal and replacement o f nonfunc
t ion ing bearings can be included as par t o f bridge 
rehabi l i ta t ion or seismic r e t ro f i t projects. Replacement 
bearings include m u l t i r o t a t i o n a l disc bearings, fabr ic 
pads w i t h polytetraf luoroethylene (TFE) and stainless 
steel s l iding surfaces, elastomeric bearings, and lead-
core isolat ion bearings. I t is W S D O T ' s pol icy to remove 
and replace defective or seismically vulnerable bearings 
to extend the service lives o f exist ing bridges. 

To replace bridge bearings, the superstructure must 
be raised. H y d r a u l i c jacks have been used to raise ex
ist ing bridge superstructures so that defective po t bear
ings cou ld be removed and replaced (1). I n Washington 
State jacks were used to raise one bridge superstructure 
by as much as 6.3 m so that avalanches cou ld pass be
l o w the bridge w i t h o u t h i t t i ng the girders. O n another 
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project jacking was used as a means o f t ransferr ing the 
dead load o f the superstructure f r o m one exist ing sub
structure to another. Jacks w i t h a capacity o f 1.5 to 2 
times the calculated l i f t i n g loads are used (2). Generally, 
jacking under a live load is no t recommended. However, 
t r a f f i c is permi t ted on the bridge after the girders have 
been safely blocked. B lock ing and member connections 
must be designed f o r the to ta l dead and live loads. O n 
one recent W S D O T project , j ack ing was done under a 
live load . In i t ia l ly , j ack ing was done at n ight , and later 
the operat ion was expanded to pe rmi t jacking under 
t ra f f ic du r ing dayl ight hours. 

W S D O T shares responsibil i ty w i t h the contractor f o r 
the success o f the l i f t i n g opera t ion by designing the 
most practical l i f t i n g procedure based on past experi
ence. As the owner, W S D O T is concerned that no dam
age to the bridge should occur du r ing a l i f t i n g opera
t i on . I n most cases the WSDOT-designed l i f t i n g 
procedure is used, but the contractor may propose an 
alternate procedure. I n either case the contractor sub
mits w o r k i n g plans and independent calculations, 
w h i c h are stamped by a registered professional engineer. 

The f o l l o w i n g case studies show three recent bridge 
bearing replacement projects designed by W S D O T . 

CASE STUDY 1: PUYALLUP RIVER BRIDGE, BRIDGE 
No. 167/20E, PIERCE COUNTY, WASHINGTON 

The Puyallup River Bridge, o r ig ina l ly the M e r i d i a n 
Street Bridge, was bu i l t i n 1925. The bridge consists o f 
a 113.0-m single-span steel truss tha t spans the river 
and t w o 5.8-m t imber approach spans at each end o f 
the m a i n span (Figure 1). The t w o trusses are n a r r o w l y 
spaced at 7.3 m and are 19.0 m h igh at the midspan. 

I n 1991 the bridge was closed to t ra f f ic and was re
habi l i ta ted. Part o f the rehabi l i ta t ion e f f o r t involved re

mov ing and replacing the f rozen rol ler nests at the ex
pansion end o f the truss span. The trusses were raised 
by jacking f r o m the top o f the exist ing pier cap. Before 
raising the bridge, the unreinforced pier cap was post-
tensioned w i t h t w o 35-mm-diameter high-strength bars 
to prevent spall ing o f the pier cap concrete. The post-
tensioning bars were located direct ly under the truss 
gusset plates and jacks (Figure 2 ) . 

The end o f each truss was raised ind iv idua l ly to pre
vent possible lateral movements that migh t have oc
curred i f bo th trusses were raised simultaneously. A n a l 
ysis showed that there was no overstress i n the end 
por t a l and connections when the trusses were l i f t e d i n 
dependently. The d i f fe ren t ia l vertical deflect ion between 
the jacked and the unjacked bearing was no t to exceed 
25 m m , and no jacking was permit ted when the w i n d 
speed exceeded 40 km/hr . T w o 180-metr ic- ton locknu t 
jacks were placed as close as possible to the bearing p i n . 
L o c k n u t jacks were used because no suitable b lock ing 
points were available. The jacking cylinders were cen
tered direct ly under the gusset plates. A steel d is t r ibu
t i o n plate and an epoxy leveling course were used to 
provide a level jacking surface, because the bot toms o f 
the gusset plates were uneven (Figure 3) . The purpose 
of the epoxy leveling course was to distr ibute the l i f t i n g 
load u n i f o r m l y to the gusset plates and to prevent over-
stressing o f i nd iv idua l gusset plates du r ing the l i f t i n g 
operat ion. The epoxy leveling course was a t w o -
component epoxy consisting o f a resin and a catalyst 
similar to that used i n the wi re rope indust ry f o r resin 
socketing. The resin-catalyst was pourable and hard
ened w i t h i n 15 m i n w i t h a f u l l y cured compressive 
strength o f 131 M P a . The l i f t i n g load , based on hy
draulic pressure gauge readings, was approximate ly 150 
percent greater than the calculated dead load , w h i c h 
may be a t t r ibuted to heavy rust ing o f the rol ler nests, 
internal f r i c t i o n forces i n the jacks caused by b ind ing . 
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FIGURE 1 Case Study 1: elevation, Puyallup River Bridge. 
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FIGURE 2 Case Study 1: pier cap post-tensioning and jack location, 
Puyallup River Bridge. 
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FIGURE 3 Case Study 1: epoxy leveling course. 
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or f au l ty gauges. D u r i n g the l i f t i n g operat ion, the pier 
was mon i to red f o r potent ia l t i p p i n g because the jacks 
were posi t ioned 560 m m f r o m the pier centerhne. N o 
t i p p i n g f r o m the eccentric l i f t i n g loads was observed. 
However , just as the truss started to rise, the epoxy lev
eling course cracked but supported the truss w i t h o u t 
f a i l i ng . The rol ler nests were removed, the new sl iding 
disc bearings were installed. 

I f epoxy is used as a leveling course f o r uneven gusset 
plates, i t should be conf ined a long each side to prevent 
fa i lure . Steel confinement bars can be welded to the up
per load d i s t r ibu t ion plate. The depth o f confinement 
should be equal to one-half the height o f the leveling 
course to prevent spall ing. I t is also impor t an t to have 
temporary b lock ing available to be installed i n the space 
fo rmer ly occupied by the bearing i n case the epoxy lev
eling course fai ls . Steel shims, w h i c h require careful ma
chin ing , could also be used i n heu o f epoxies to ob ta in 
a level bearing surface f o r uneven gusset plates. 

CASE STUDY 2: SNOHOMISH RIVER BRIDGE, 
BRIDGE N O . 529/lOE, SNOHOMISH COUNTY, 
WASHINGTON 

The Snohomish River Bridge was bu i l t i n 1926 and con
sists o f a 44 .5-m steel l i f t span, eight single-span steel 
trusses (seven w i t h spans o f 54.9 m and one w i t h a span 
o f 42.9 m ) , and numerous re inforced concrete approach 
spans. The overal l length o f the bridge is 816.8 m . I n 
1994 the bridge was closed to t r a f f i c and rehabil i tated 
at a cost o f $6.0 m i l l i o n . The concrete deck, steel string
ers and f loor beams, and truss panel po in t gusset plates 
were removed and replaced. 

The expansion ends o f the trusses were raised se
quent ia l ly w i t h a pair o f steel jacking beams so that the 
f rozen expansion bearing rol ler nests cou ld be removed 
and replaced (Figure 4) . The jacking beams consisted o f 
t w o W 3 6 X 245 steel beams placed side by side and 
had a mechanical advantage o f 2 to 1. Each jacking 
beam weighed 11.5 metric tons and cou ld be placed 
anywhere on the bridge by an overhead crane, w h i c h 
was supported by rails attached to the upper chords o f 
the trusses. 

Four 25.4-mm-diameter high-strength hanger rods 
connected the jacking beam and the f loo r beam (Figure 
5). Four 50-metr ic- ton jacks ( t w o per j ack ing beam) si
multaneously raised the ends o f the jacking beams 50 
m m . Adequate space was provided between the jacks to 
instal l b lock ing so that the jack's cylinders cou ld be 
lowered. The rol ler nests were removed, and new fabr ic 
pad bearings w i t h T F E and stainless steel s l iding sur
faces were installed. The m a x i m u m l i f t i n g load was 
91.0 metric tons, and the m a x i m u m jacking beam de
f lec t ion was approximate ly 8 to 10 m m . 

Raising trusses f r o m above is a practical l i f t i n g tech
nique du r ing rehabi l i ta t ion projects after the exist ing 
deck slab has been removed. I n this case study, the 
weight o f the deck slab accounted f o r 70 percent o f the 
truss dead load . Smaller jacking beams and jacks were 
used because o f this reduct ion i n dead load. Raising 
these trusses f r o m above w i t h the deck slab i n place was 
not feasible because the end f loo r beams and f loo r 
beam-to-truss connections w o u l d be overstressed and 
w o u l d require extensive reinforcement . 

CASE STUDY 3: KALAMA RIVER BRIDGE, BRIDGE 
No. 5 / 1 1 3 , COWLITZ COUNTY, WASHINGTON 

The Kalama River Bridge, w h i c h was bu i l t i n 1970, is 
a two-span steel plate girder bridge that spans over I n 
terstate 5. There are f o u r plate girders w i t h simple spans 
o f 44.5 m , and f i x i t y is p rov ided at the end abutments. 
T w o sets o f rocker bearings permi t expansion at the 
intermediate pier. Shortly after construct ion i t was ob
served that the rocker bearings at the intermediate pier 
had t ipped t o w a r d the west. The t i p p i n g occurred be
cause o f 0.3 to 0.6 m o f settlement o f the west approach 
f i l l , w h i c h cont inued after construct ion because o f un
der ly ing organic soil . I n early 1972 the bridge was 
jacked, the base plates were slotted, and the rocker 
bearings were p lumbed. The t i pp ing cont inued and was 
mon i to red f o r the next t w o decades u n t i l the settlement 
stabihzed. 

I n 1995 the t i p p i n g rocker bearings were replaced 
w i t h re inforced elastomeric bearings. Plate girder dia
phragms, w h i c h had been installed to raise the bridge 
i n 1972 and w h i c h had been le f t i n place as permanent 
bracing, were again used to raise the ends o f the girders 
(Figure 6) . The jacking diaphragms were located i n the 
exterior bays at the girder centerline o f bearings so that 
the l i f t i n g loads w o u l d no t cause t i pp ing o f the pier. 
A d d i t i o n a l shelf w i d t h was p rov ided by post-tensioning 
a new 305-mm- th ick cont inuous corbel to the pier cap. 
The bridge was raised 25 m m by f o u r 90-metr ic- ton 
jacks located adjacent to each girder. The existing 
rocker bearing was removed, and the upper bearing 
block, w h i c h was welded to the b o t t o m flange o f the 
plate girder, was cut free by arc gouging and was 
g round smooth to remove any excess we ld metal . A 
concrete pedestal, w h i c h was integral w i t h the con t in 
uous corbel , was constructed because the height o f the 
new elastomeric bearing is 230 m m less than tha t o f the 
or ig ina l rocker bearing. The p lan dimensions o f the new 
elastomeric bearing are 305 by 650 m m , and the height 
is 78 m m . Six 14-gauge steel shims reinforce the 12.7-
m m - t h i c k in ternal elastomer layers. The external elas
tomer thickness is 6.4 m m . 
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Jacking Procedure 
1. Remove concrete deck 
2. Remove and replace floorbeams and stringers 
3. Install jacking beams 
4. Use two 50 tonne jacks at each jacking point 
5. Raise the superstructure not more than 50mm and block 
6. Do not jack when wind speed exceeds 40km/hr 
7. Coordinate jacking with utility companies 

Jacking beam 
2-W36 X 245 

Support point 

2-50 tonne jacks 

Jacking point 

Lifting point 
Truss expansion roller nest to 
be removed 

FIGURE 4 Case Study 2: elevation of jacking scheme, Snohomish River Bridge. 

SUPERSTRUCTURE LIFTING RECOMMENDATIONS 

L i f t i n g recommendations based on W S D O T ' s experi
ence (2,3) and o n guidelines f r o m O r r (4) are as fo l l ows : 

1. Show details i n the plans f o r the most practical 
l i f t i n g procedure, and permi t the contractor to propose 
an alternate procedure. Show the l i f t i n g points and i n 
dicate the l i f t i n g loads i n the contract plans. The effects 
of w i n d loading, construct ion loading, and live loading, 
i f any, should be included in the calculated l i f t i n g loads. 

2. Size jacks f o r at least 1.5 times the calculated l i f t 
ing load and require backup jacks. I f a jack fai ls , i t can 
readily be replaced i f backup jacks are available. The 
manufacturer 's nameplate and the rated capacity o f the 
jack should be attached to each jack. The schematic 
hydraul ic layout , inc lud ing gauges, valves, mani fo lds , 
and other equipment, should be shown i n the contrac
tor 's w o r k i n g drawings. 

3. C o n t r o l relative vert ical displacements so as no t 
to overstress the existing s t ructural members and con
nections du r ing l i f t i n g . Indicate the m a x i m u m vertical 
displacement and the relative vert ical displacements per
mi t t ed between adjacent l i f t i n g points and between ad
jacent girders. 

4. Determine m a x i m u m permissible deflections. Pre
vent excessive long i tud ina l and lateral movement by 

p rov id ing positive restraining systems and by adding 
temporary cross bracing to prevent member d i s to r t ion . 
This may be par t icu lar ly impor t an t f o r bridges o n steep 
grades, i n wind-prone areas, or w i t h h igh supereleva
tions. Targets and t i l t meters can be placed on the struc
ture to m o n i t o r any movement . 

5. Block and sh im dur ing the l i f t i n g operat ion. 
W S D O T uses locknu t jacks whenever space is no t avai l
able to b lock the structure. Generally, the structure is 
shimmed t igh t or the locknuts are secured after incre
mental l i f t s o f 3 m m . I n the event o f a jack fa i lure , there 
w i l l be no significant d i f fe ren t ia l settlement and a 
backup jack can be qu ick ly installed. 

6. For safety reasons do no t permi t t r a f f i c o n the 
bridge or the presence o f any unnecessary const ruct ion 
personnel near the bridge du r ing l i f t i n g . Occasionally, 
W S D O T has permi t ted jacking under t ra f f i c . Extreme 
care, advance p lanning , careful coord ina t ion , c r ibb ing , 
and locknu t jacks are required when l i f t i n g under t raf 
fic. A temporary r amp , usually constructed o f asphalt, 
may be required at the approaches i f the to ta l height o f 
the l i f t exceeds 20 m m . 

7. Disconnect any uti l i t ies , r a i l ing , t ra f f ic barrier 
cover plates, and s l iding expansion j o i n t plates tha t w i l l 
prevent the l i f t i n g o f the structure. 

8. The w o r k i n g drawings , jacking procedures, and 
calculations should be prepared, stamped, and signed 
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FIGURE 5 Case Study 2: details at l i f t ing point, Snohomish River Bridge. 

by a professional engineer licensed i n the state where 
the l i f t i n g is to take place. The engineer should inspect 
a l l aspects o f the l i f t i n g operat ion and be present du r ing 
the l i f t i n g . 

REPLACEMENT BEARDSTG AND LIFTING COSTS 

The design service load l imi ts and costs f o r various 
bearing types used by W S D O T are given i n Table 1. 
These costs are per metric t o n o f the design service load . 
The lowest cost o f $3 to $5/metric t on is f o r elastomeric 
bearings, and the highest cost o f $13 to $20/metric t o n 
is f o r mu l t i r o t a t i ona l and seismic isola t ion bearings. 
Since 1987 W S D O T has no t permit ted the use o f po t 
bearings because o f poor performance, w h i c h may be 
related to over ro ta t ion du r ing construct ion. W S D O T 
has used fabr ic pad bearings w i t h a TFE and stainless 
steel s l iding surface and mu l t i r o t a t i ona l disc bearings as 
replacement bearings f o r f rozen truss expansion rol ler 
nests. Elastomeric bearings have been used as replace
ment bearings f o r steel girder bridges w i t h t i pp ing 

rocker bearings when the expansion and cont rac t ion are 
less than ± 5 0 m m . 

High- load elastomeric bearings can also be used f o r 
expansion bearings f o r trusses, provided that the load 
and expansion l imits are not exceeded. For new bridges 
W S D O T has designed high-load elastomeric bearings 
w i t h a m a x i m u m elastomer height o f 150 m m and f o r 
service loads o f up to 360 metric tons i n accordance w i t h 
A A S H T O ' s M e t h o d B (5). Elastomeric bearings can also 
be designed as isolation bearings that w i l l reduce the seis
mic forces acting between the superstructure and sub
structure. Elastomeric bearings show excellent promise 
as replacement bearings because they are corrosion re
sistant, durable, easy to install , maintenance-free, and 
more economical than any other bearing type. 

Table 2 provides the l i f t i n g costs per bearing per met
ric t o n f o r the three case studies. The costs range f r o m 
a l o w o f $22 to a h igh o f $78/metric t o n . The figure o f 
$22/metric t on is l o w because the contractor had un
balanced the b id by overpr ic ing the disc bearings. W h e n 
the bearing un i t price is decreased to reflect a reasonable 
price f o r disc bearings, the l i f t i n g cost w o u l d be ap-
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FIGURE 6 Case Study 3: jacking details, Kalama River Road Overcrossing. 

p rox imate ly $50/metric t o n . The h igh cost o f $78/met-
ric t o n included the fabr ica t ion o f the jacking beams 
used f o r rais ing the Snohomish River Bridge. 

SUMMARY 

procedure. Generally, jacking under Uve load t ra f f i c is 
no t recommended. 

4 . H y d r a u l i c jacks are used as a means o f Uf t ing 
bridges so tha t defective or f rozen bearings can be re
moved. Jacks should be sized f o r a m i n i m u m o f 1.5 
times the calculated l i f t i n g loads to account f o r discrep
ancies between hydraul ic gauge readings and calculated 

1. I t is W S D O T ' s pol icy to remove and replace non
f u n c t i o n i n g or seismically vulnerable t i pp ing rocker 
bearings to extend the service lives o f exist ing bridges. 

2 . Details o f three recent bearing replacement p r o j 
ects i n Washington State are presented. Case studies de
scribe three d i f fe ren t Uf t ing approaches: direct bearing 
o n truss gusset plates, the use o f a jacking beam as a 
p ry bar w i t h a mechanical advantage o f 2 to 1, and the 
use o f jacking diaphragms placed between the ends o f 
plate girders. 

3. W S D O T shares responsibi l i ty f o r the success o f 
the l i f t i n g operat ion by inc lud ing details i n the plans f o r 
the most practical Uf t ing procedure o n the basis o f past 
experience. As the owner W S D O T is concerned that no 
damage to the bridge should occur du r ing a Uf t ing op
erat ion. The contractor may propose an alternate l i f t i n g 

T A B L E 1 Bearing Design Loads and Costs, 1991 to 
1995 

Bearing Type Design Service Load 
(tonnes)" 

Cost/tonne 
($ U.S.) 

Elastomeric^ <360 3-5 

Fabric Pad* <270 5-10 

Steel Pin >270 6-20 

Disc or Spherical* >360 10-20 

Seismic Isolation* <360 13-20 

All loads are in tonnes (metric tons). 
*Replacement bearing types used by WSDOT. 
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T A B L E 2 Superstructure L i f t i n g Costs, 1991 to 1995 

Case 
Study 

Bridge Description Cost/tonne 
($ U.S.) 

1 Puyallup River Bridge 
Br. No. 167/20E 

Jacking against truss 
gusset plates 

22" 

2 Snohomish River Bridge 
Br, No. 529/lOE 

Jacking beams 
2-W36X245 

78* 

3 Kalama River Bridge 
Br. No. 5/113 

Jacking diaphragms 
between girders 

58 

'Contractor unbalanced bid by overpricing the disc bearings. When a reasonable disc 
bearing price is used, the lifting cost is increased to SSO/tonne. 

». Includes fabrication of jacking beams. 

l i f t i n g loads. The gauge readings indicate that heavier 
l i f t i n g loads occur and may be a t t r ibuted to the i n 
creased force required to break the bond caused by 
heavy rust ing o f the rol ler nests, in ternal f r i c t i o n i n the 
jacks caused by b ind ing , or f a u l t y gauges. 

5. I n the f i rs t case study, epoxy was used as a lev
eling course f o r uneven gusset plates. This was the f i rs t 
t ime that W S D O T specified an epoxy as a means o f 
u n i f o r m l y d i s t r ibu t ing l i f t i n g loads. To prevent spall ing, 
the epoxy leveling course should be conf ined by steel 
bars a long each side f o r a depth equal to one-half height 
o f the leveling course. 

6. Bridge bearing replacement is s impl i f ied i f i t is co
ord ina ted w i t h rehabi l i ta t ion projects. As shown i n the 
second case study, i t was easier to l i f t the bridge f r o m 
above w i t h j ack ing beams after the concrete deck was 
removed because the deck accounted f o r 70 percent o f 
the dead load . Smaller jacking beams and jacks were 
used because o f the reduced dead load . 

7. Replacement bearings include m u l t i r o t a t i o n a l disc 
bearings, fabr ic pads w i t h T F E and stainless steel s l iding 
surfaces, elastomeric bearings, and lead-core isola t ion 
bearings. Elastomeric bearings show promise as replace
ment bearings because they are corros ion resistant, d u 
rable, easy to ins ta l l , maintenance-free, and more eco
nomica l than other bearing types. 

8. M a x i m u m design loads f o r replacement bearings, 
costs f o r replacement bearings, and costs f o r l i f t i n g 
bridges are given. 
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