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Abstract

The proper installation of sensibly selected, wlekigned expansion joints in bridges is a key faoto
ensuring durability and minimising life-cycle casfhis is especially true for the large expansion
joints generally required by cable supported bridigehich can present very significant challenges —
for example, due to their size, which can makesjpan from factory to site and installation very
difficult, or due to the connections to steel ssfreictures that more often arise in long-span lesdg
By describing such challenges, and illustratingrthgith reference to appropriate case studies, this
paper can enable designers and constructors oé leadple-supported bridges to gain a deeper
understanding of the associated challenges.
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1. Introduction

Deck expansion joints generally perform a critiftaiction in bridges of any significant span length,
by enabling the deck to expand and contract (duertperature changes, creep, shrinkage, etc.), and
otherwise move and rotate, as required by the bisddesign and loading. This is especially true of
cable-supported bridges, which tend to have lomgs@and thus be subjected to correspondingly large
movements and rotations at the ends of each spgaa.résult of their greater size and complexitg, th
expansion joints of cable supported bridges oftesgnt particular challenges for transportation and
installation. Associated factors that should besatered in the specification, design, supply and
installation of such expansion joints, to avoiceercome such challenges, are described below.

2. Importance of proper expansion joint installation and general installation considerations

Of course, the proper long-term performance of xgrarsion joint depends on a number of factors,
including selection of the optimal expansion jdiyye, the reliability of the specific model offerbg

the chosen manufacturer, and good design with Lusptmnal features as may be appropriate. Proper
installation is also critically important in ensagi the good long-term performance of any expansion
joint, in a number of ways. But all too often, erp@n joints are installed with insufficient care o
expertise, as recognised by NCHRP Report 467 fi].ekample, which broadly groups durability
problems with modular expansion joints into fouteg@ries, one of which is “Problems that can be
traced to improper installation”.

Many other factors must be considered and checkgdglexpansion joint installation. For example, a
joint should be installed in such a way that al jtarts are properly supported and will not be
subjected to any unnecessary forces or damaginsfreants. Its gap width at the time of installation
must be appropriate for the gap width of the stmgcht that time, considering the prevailing stnoet

temperature, with allowance for the future openamgl closing movements that the joint must
accommodate. And any designed pre-tensioning withe joint should be as designed, without



increase or decrease due to lack of proper legel@ther key points to be aware of and consider
during installation works typically include:
- the watertightness of the expansion joint,
- the expansion joint’s proper alignment,
- the condition and proper functioning of any slidegfaces, drainage channel or rubber seals,
- the condition and adequacy of corrosion protectaonl,
- the condition, flatness and waterproofing of coningcpavement / nosing.

If not properly installed, an expansion joint caiffsr in many ways, including, for example, from
- mechanical damage from impacts during transportstdllation or improper handling
- damaging constraint forces during structure movesen
- inadequate ability to facilitate all structure mments and rotations
- contamination of sliding interfaces and other stefa
- excessive loading from traffic, etc., or
- reduced ability to withstand static and dynamialiog.

Ensuring proper installation requires a good urtdading of the subject. Therefore, expansion joint
installation must be planned and carried out bymetent and properly informed/inducted personnel,
with all work planned and carried out under theesuision of a suitably qualified engineer who is

familiar with the design and needs of the particyéant type. Supervision provided by the joint

manufacturer may be the best solution and is gépdmabe recommended. This is especially true
where, as is often the case, the bridge is schedalée opened (or re-opened) to traffic very soon
after the completion of expansion joint installatie where there will be little or no opportunity to

correct or improve sub-optimal installation.

3. Transportation challenges associated with very lamg expansion joints
The enormous size of the expansion joints manufadtuor some large bridges can make
transportation from the factory to the bridge veif§icult. Challenges may include:
» awkward handling of bulky constructions at any stagthe transportation process
» road transport limitations due to weight, e.g.liossing bridges
» road transport limitations due to dimensions, with over-length or over-width, perhaps
requiring a police escort
< limitations relating to port cranage, or
< challenges in ship transportation, where trandpahipping containers or below deck may
not be possible, perhaps necessitating shippibglascargo which may take longer and offer
less protection.

Significant transportation challenges were encaoentefor example, in the case of the 24-gap modular
joints manufactured in 2009 for the Incheon Bridtg&outh Korea, as illustrated by Figures 1 and 2.

I

Figue 1. The Incheon Bridge (left), and one oR#sgap joints during loading onto a ship (right)



Figure 2. Two é4-gp Tensa-Modular joints beingwsad in a ship’s hull for transport to sifé Eiéft),
and one of these during lifting into position otegright)

To overcome such challenges, it may be possibled-should be considered — to design and fabricate
very long expansion joints in parts, to be conretdgether on site. In the case of a modular jdant,
example, this requires specialised butt-weldinghef joint’s transverse-oriented steel surface beams
insertion of rubber seals to span the gaps betwersurface beams, and application of corrosion
protection to the newly welded areas. It shouleshbed, however, that carrying out all this workaon
bridge construction site — exposed to inclementtiaraand construction schedule pressures and
perhaps using processes and equipment that vany fineir very standardised, highly controlled
factory counterparts — can only introduce an elémémisk to the quality and durability of the fyll
installed joint, reducing its life-cycle performanand resistance to fatigue.

Possibilities may also be considered for desigaimg fabricating an expansion joint with parts which
can be removed during transport to reduce heiglrtaease robustness (e.g. removable rigid drainage
channels) or to reduce width (e.g. partially rentmd@aupport bar boxes of a modular joint).

Another possibility, requiring considerably mordoef on site but perhaps overcoming an otherwise
insurmountable transportation challenge, is to gggembly the expansion joint in the factory, de-
assemble to suit transportation restrictions, et re-assemble on site. This approach was ta&en, f
example, in the case of the Run Yang — Nan ChagBrid China, which opened to traffic in 2005
with a main span of 1.49 km — one of the longeshenworld. The bridge’s construction required the
use of exceptionally large modular expansion joiatdwo bridge axes, to accommodate longitudinal
movements of 2,160 mm. The expansion joints sugp@ach have 27 individual movement gaps, each
gap facilitating 80 mm of longitudinal movement ¢asll as further movements and rotations). Due to
their enormous size, each with a length of 16.2&na weighing more than 55,000 kg, these joints
were delivered in pre-assembled parts and re-asedmin the bridge deck to overcome the
difficulties of transporting them fully-assembledr Europe to the construction site in China.

Figure 3. The Run Yang Bridge in Chlna (Ieft) ame of its 27 -gap modular Jomts on site (2005)
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Figure 4. Assembly of the Run Yang — Nan Cha Bsdgjegap Tensa-Modular join was carried
out on the bridge deck, greatly simplifying trandption to site

4. Challenges associated with lifting into position omsite

Once delivered to site, expansion joints requirbddifted into position, often after being trarrséel
from the point of acceptance to the appropriatation on the superstructure. This may be challengin
but relatively straightforward, as in the casehaf 22-gap modular joints manufactured in 2008Her t
Chongming Bridge over the Yangtse River near Shaingimages of which are shown in Figures 5
and 6.

Figure 5. The Chongming Bridge over the Yangtserhanghai (left), and one of is 22-gap
Tensa-Modular joints during transport to site (rijyh

*é e E 3 3
g in and installation of a 22-gaponfular joint on the Chongming Bridge, 2008

Figure 6. Liirn



In some cases, however, accessing the installa@ation on the deck and lifting into position can
present significant access challenges — for exarifptlee joint’s location on the superstructurenist
accessible by truck or by road crane with the mequilifting capacity — and may also present
considerable safety risks which must be carefullygated. Such challenges are illustrated by theeca
of the 18-gap modular expansion joints manufacture®017 for the new Tappan Zee Bridge
(officially named the Governor Mario M. Cuomo Bra&lgsee Figure 7) currently under construction
near New York City, one of whose parallel structunas already opened to traffic. As specified ley th
bridge constructors, these expansion joints wegeired to be delivered from the factory in one piec
in spite of their enormous size — each 29 m long N3 wide and weighing 57,000 kg. Following road
transport from the supplier's factory in Pennsylaaio the bridge’s location on the Hudson River, on
a truck with a 12-axle trailer and with a police@$ (Figure 7), the expansion joint was lifted by
crane from one end of the incomplete superstrudnte a raft, floating on the water 49 m below. The
raft was then pulled, together with a second, iihgatrane, into position beneath the edge of the
bridge deck at the appropriate deck axis. Withrétieadequately secured, the floating crane wad use
to lift the expansion joint up onto the deck (Fig@). The joint was lifted right into position ihet
previously prepared recess in the concrete dedkgréat efficiency; within 45 minutes of beingdidk

off the raft, the positioning of the joint had befamalized — a notable achievement for a full-ldngt
expansion joint of such dimensions.
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Fiure 8. Liftin an 18-gap Tensa-Modular expangjoint (29 m long, 3.5 m wide and w
57,000 kg) onto the bridge deck from a barge orritrex 49 m below, using a floating crane

5. Connection to the main structure — design and exetion considerations
In designing an expansion joint, and executingaisnection to a bridge superstructure, it is imguart
to consider both the structural (load-transmittioghnection and the road surfacing connection.

The design of the structural connections betweerxgansion joint and the main structure at each
side depends on whether the main structures asteefwork or concrete — or more precisely, on
whether the connections may be concreted or mustolied/welded — a necessity that arises more
often in the case of cable supported bridges, whrehmore likely than other bridge types to have
steel superstructures.




Concreted structural connections are generallyiderebly easier to execute (both in expansion joint
fabrication and on site) than steelwork connectidngparticular, concreting allows a much greater
degree of tolerance in terms of positioning, wité joint simply lifted into an oversized recesg(Fe

9), but it does require reinforcement steel to treectly placed in advance of concreting. It shdugd
noted that expansion joint designs can have aiseiiopact on this constructability. For example, a
joint whose design (e.g. with orthogonal shape)vadl easy placing of reinforcement and concrete
around it on a bridge deck (see Figure 9) willdéssllikely to suffer from poor installation thajoant
whose design makes this site work complicated affidudt. An example of poor execution is shown
in Figure 10, where cracking has occurred in thenrettucture beneath a modular joint’s support bar
where it enters the concrete structure — presuntil®yto poor placing and compaction of the concrete
beneath the steel box in which the support bauppasrted. To address the challenge of ensuring
proper placing and compaction of concrete beneatih ®lements, the use of grouting in those
locations may be considered — an approach whiclduasl application in Japan, in particular, in the
installation of modular expansion joints.

o

Figure 9: Connection to the main structure by Figure 10: An example of a poorly executed
concreting allows a great deal of tolerance in  connection, resulting in cracking of the
positioning, and an orthogonal expansion joint Structure beneath a modular joint’s support bar
design can greatly simplify placing of rebar where it enters the main structure

Steelwork structural connections, in contrast tncgeted ones, require a much higher degree of care
and precision, both in terms of design and fabncaof the expansion joint and the connecting
steelwork, and during installation on site. Conrmerbdf expansion joints to steel structures magroft
be achieved by welding or bolting. Bolting offerdvantages in terms of installation (especially, for
example, in the case of galvanized steel) and ceplaility, but this approach requires yet more
precision / allows yet less tolerance than weldagg bolting generally requires significantly more
space to transmit a specified load than weldingaking bolting impractical in some circumstances.
And as a rule, achieving a desired level of qualdwptrol is considerably more laborious with welded
connections than with bolted ones.

The particular challenges of steel structural cetioes, relative to concreted structural conneatjon
typically include (as described by Jelenik et &):[2iniqueness from an expansion joint design
perspective; potentially uneven/poor load transimisgo the main structure; greatly diminished
accommodation of tolerances; less convenient designconnection of transportation and installation
frames; increased access difficulties for workersng) installation; distortion of steel and damapin
of corrosion protection due to welding; and theché&e apply corrosion protection to welded areas
following installation, with implications for quayi and durability. The relative complexity of steel
connections relative to concrete ones is alsotithtesd by Jelenik et al, with examples such asethos
presented in Figures 11 and 12.
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ifighre 11. Installation of 7-gap and'1'4-gap Tensaedlar expansion joints, side by side, during
renovation of the Lillebaelt Bridge, Denmark (2002)

Figure 12. Installation of a 7-gap Tensa-Modulaparsion joint during renovation of the Angus L.
Macdonald Bridge in Halifax, Canada (2017)

The road surfacing connections between an expainsiohand the main structure at each side are
generally asphalted or concreted, depending largelywhether the deck surface has an asphalt /
bituminous surface and whether the structural ccinme (as described above) is concreted or
bolted/welded. Where the structural connectiorf ihe concreted type, the concrete may be extended
right up to the driving surface or may alternatywkdave room on top for asphalted road surfacing. |
the case of asphalt surfacing connecting to that,johe design of the joint’'s edge profiles should
generally allow, by means of a suitable horizofieahge, for the connection of the superstructure’s
waterproofing membrane. Asphalted connections mdgaire great care in compacting the surfacing
along the edges of an expansion joint, to achiespgy compaction without damaging the expansion
joint. To overcome this problem, consideration rhaygiven to installing the expansion joint aftez th
road surfacing has been applied right across #tallation location, and then cutting out a reéess
which the expansion joint will be placed and cotexle

6. Further installation considerations

Numerous further challenges may arise during ilaitah of an expansion joint on a bridge, which
must be considered in the design of the expansion and the main bridge structure. For example,
the dynamic loading on an expansion joint fromfitahould be limited in order to limit fatigue-
related deterioration and other damage. For tlasae, consideration should be given to making the
surface level of an expansion joint slightly lowtean the connecting road surface at each side (by
between 2 mm and 5 mm in the case of asphalt, etweklen 1 mm and 4 mm in the case of concrete),
which has been concluded by the EVAF research girofes reported by Lachiner and Hoffmann [3],
to limit dynamic loading on the expansion joint aodeduce the risk of damage by snow ploughs.



It is also important to ensure that the connectwad surfacing will maintain the desired level for
many years, and not become deformed or deteriduegdo traffic loading etc. — not only for the same
reason of preventing unnecessarily high dynamidif@pon the joint, but also for the surfacing’serol

in maintaining the watertightness of this critipalt of the superstructure. This should not besana

in the case of a concreted surface connection,rbtite case of an asphalted surface connection,
deformations can generally be expected to arisgu@ course unless suitable measures are taken to
prevent them. Consideration may be given, for exantp strengthening the asphalt along the edges
of the joint with mortar ribs or polymer concretess.

A task that can become a significant challengenindase of cable stayed bridges, during instatiatio
of large expansion joints, is adjusting of an exgp@mjoint’s pre-setting. It is vitally importartiat the
pre-setting of a joint is correct at the time ddtadlation, to ensure that it will be able to acoondate

all future opening and closing movements, includihgse due to temperature changes, creep and
shrinkage of concrete, etc. Pre-setting is alreadghallenge to address properly in design, and
adjusting on site can be especially challengindomig cable supported bridges because the width of
the bridge’s movement gap may change significaotlythe day of the installation. Pre-setting
brackets, which may be specially designed tranaport beams (as shown in Figure 13), are generally
used for this purpose, but the bridge’s naturatremtion or expansion (as day turns to night ohnig
turns to day), where substantial enough, may atsesked to adjust pre-setting.

weight 55,000 kg) on the Queensferry Bridge, Soadtlgeft), and view from below (right)

7. Designing for the future with easily replaceable gansion joints

It can be very beneficial to consider future expamgoint replacement needs when equipping a bridge
with expansion joints — especially in the case tetlscable supported bridges, which require large
expansion joints with steelwork connections. In tiase of expansion joints of the modular type,
which are often required by cable supported strestua “quick exchange” solution such as that
described by Adam et al [4] has much to offer. Aeven by the images in Figure 14, the originally
installed expansion joint is designed to allownitschanical part, with moving parts that are subpbct
to fatigue loading etc., to be replaced, while raiiming the parts of the joint that are connectethe
main structure. This will enable, when the time esrto replace the joint at the end of its seniieg |

to carry out this work quickly and easily, with absolute minimum of impact on the bridge structure
and on the traffic using the bridge.
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Figure 14. A Tensa-Modular expansion joint as spi&cidesigned for easy future renewal by means
of the “Quick-Ex” method — maintaining the joint®nnections to the main structure

8. Conclusions

The challenges that can and often do arise inioalab the installation of expansion joints on eabl
supported structures are substantial. Indeed, iiee gprocess of selecting, designing, detailind an
delivering the optimal expansion joint solution far cable supported bridge requires effective
collaboration, early in the bridge design processyween a specialist expansion joint supplier &ed t
bridge’s designer and construction contractor. drtipular, an understanding of joint-specific issue
(during the construction stage and long term) an flart of the bridge construction team is very
important, as is the timely consideration of thpamsion joints’ needs and of the implications @fith
use. Solutions such as "quick exchange” designsddain expansion joint types can be supplied, and
developed as required, by suitably experienced faaturers, who can also provide the expertise
needed to achieve the precision and quality requiceensure the serviceability and durability of
expansion joints as installed. Where steel conoestare required, great care and attention toldetai
are needed in developing and implementing the isoluais are extensive knowledge of the technical
challenges arising and in-depth experience in theldpment of suitable solutions. The potential for
problems to arise during installation on site sHolé recognised, with adequate time allowed for
installation, and all appropriate measures takangdnsultation between the bridge designer, the
bridge constructor and the expansion joint supptieminimise the risks and ensure a satisfactory
long-term solution.
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