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ABSTRACT

The paper deals with the most important aspects which consider the design approach and the
construction process concerning the incremental launching method (ILM) for bridge construction.
Incremental launching method, as show the Bulgarian experience also, may offer advantages over
conventional construction, including creating minimal disturbance to surroundings, providing a more
concentrated work area for superstructure assembly, and possibly increased worker safety given the
improved erection environment. The ILM involves assembly of the bridge superstructure on one side
of an obstacle to be crossed, and then movement (or launching) of the superstructure longitudinally
into its final position. After brief literature review, two case study from Bulgarian bridge experience
are demonstration also. However, bridge owners, designers and contractors should be aware of the
advantages presented by this proven construction method for sites, which present challenging access
or environmental conditions. The launching is typically performed in a series of increments so that
additional sections can be added to the rear of the superstructure unit prior to subsequent launches.
The ILM requires a considerable amount of analysis and design expertise and specialized construction
equipment. It is estimated that over 1000 bridges (till 2007) have been constructed by the incremental
launching method worldwide.
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1. BRIEF LITERATURE REVIEW AND HISTORICAL STUDIES —-EXAMPLES

1.1. Box girder bridge near Redland

According [2,11,12,17,21] bridge construction over deep valleys, water crossings with steep slopes or
environmentally protected regions offer many challenges to owners, designers and contractors. The
first steel bridge to be launched in the United States is believed to be a Kansas City Southern Railroad
box girder bridge near Redland in 1970 [8]. The nine-span continuous bridge is 2,110 ft long with a
main span of 330 ft (Fig.1). The bridge superstructure is supported by a series of rollers or sliding
bearings during the launching operation. The thrust required to launch the bridge forward, can be
provided by a variety of jacking systems including hydraulic pistons or hollow-core strand jacks. In
order to reduce the cantilever moments and the amount of deflection that occurs during launching
operations, the contractor can construct a tapered launching nose on the leading end of the girders
(Fig.2). The launching nose reduces the dead load of the cantilever span and utilizes its tapered profile
to assist in “lifting” the mass of the girders as they are launched forward onto the landing pier [8].
During early launches, considerable problems were caused by lateral deflection of the girder due to the
sun’s heat. A lateral misalignment of up to 6 inches was easily eliminated by pulling laterally on the
leading end of the launching nose. Vertical girder deflections during launching closely matched
predicted values. The detailed erection calculations included both review of maximum cantilever
conditions as well as the continuous beam condition behind the cantilever portion. In addition, a
detailed study of web buckling behaviour was made.
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Fig. 1. Bridge launched over rail yard [§] Fig. 2. Tapered launching nose [8]

1.2. Truss girder bridge over the French River near Sudbury, Ontario

Perhaps one of the best-known examples of bridges constructed by incremental launching are the
launched 415 feet span through-truss bridge (Fig.3) in October 1907 [14]. Due to the deep water at the
site, the entire truss span was erected on the north approach embankment and launched into its final
position. It should be noted that although the equipment employed for bridge construction has been
considerably improved in the past century, the basic launching technique has not really changed
significantly.

Fig. 3. Canadian Pacific Railway bridge Fig. 4. Clifford Hollow bridge launching [14]
launching 1907 [14]



1.3. Clifford Hollow bridge

An article [1] about Clifford Hollow bridge] this 1522 ft long, continuous I-girder bridge consists of
six spans with two 210-ft end spans and four 275-ft interior spans requiring nearly 5.2 million pounds
of steel. The original design, which was to erect the superstructure with conventional sequential
construction of the girders with the use of cranes from below, was redesigned to use the incremental
launching method due to constraints imposed by high piers and restricted access to the jobsite (Fig. 4).
A cable-stay to the end of the bridge section was provided by a kingpost frame in the assembly area.
The launching required some modification to the girder designs to accommodate the launching
stresses. The modification of the original design increased the weight of the girders, but the
longitudinal and transverse stiffeners were eliminated, offsetting the additional steel cost by reducing
fabrication labour.

1.4. The Alvares bridge

The Alvares bridge is a seven span continuous composite bridge [20]. Main span is 102 m and deck
width are 27 m. Total length of the bridge is 383.83 m and the highest pier is about 66 m high.
Because of the distance from the valley to the upper level of the deck and because of the existence of
the river and of the two railway lines under the bridge, it was decided to launch the bridge from both
abutments. On the top of the steel box girder a reinforced concrete slab 26¢m thick is placed. A 10 cm
precast concrete slab was placed and, then, a 16 cm concrete slab was poured on site. Weight of each
piece was some 35-40 tons. Nearly 2400 tons of steel were fabricated. Once the box girder was
assembled, it was launched: 234.79 m from western abutment and 149.04 from eastern abutment.
Considering a target friction coefficient equal to 7-9 % and considering the slope equal to 1.646%,
pulling forces necessary for launching were expected to be 1500 kN for western abutment and 750 kN
for eastern abutment. Some horizontal jacks were used for launching from western abutment the two
first sections of the box girder and for launching the whole section of the steel beam from eastern
beam. Jacks have a capacity of 400 kN, and a maximum stroke of 750 mm. Concerning temporary
bearings for launching, elastomeric-TFT bearings were used. Capacity of bearings were 3000 kN and
maximum stroke reaches 400 mm. Concerning friction coefficient on temporary bearings, total load
and pushing or pulling force were measured. (Fig.5a, Fig.5b, Fig.5c). Bending moments, shear and
vertical deflections are governed by both the length of the cantilever span and the level of temporary
bearings on each stage of launching.
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Fig. 5. a) Cross section while launching [20]. b) Pushing jacks [20]. c¢) View when closing central
span [20].

1.5. The Guadalfeo bridge

The bridge over the Guadalfeo river is a five span composite truss bridge with a total length of
585m[20]. Spans are 85+140+140+110+110 m. Its platform is 24 m wide, holding a dual carriageway
with two lanes in each direction. The horizontal alignment is a very gentle curve, with a radius of
17200 m. Central spans are 140 m length and deck width are 24 m. The tallest pier is 85 m high. The
girder was launched from the abutment South using a provisional tower for decreasing the 2 m
deflection of the tip of the cantilever (Fig.6a, Fig.6b, Fig.6c). The maximum distance from the upper
level of the deck to the ground is about 100 m. The cross section of the steel truss is 9.55 m deep. The
truss is made of three main beams on the upper level and another two lower main beams. The distance
in between main beams is 9 m. Its shape is pentagonal to optimize junction between main beams,
transverse beams and diagonals. The cross sections of the two main beams of the lower chord are
similar to the above-mentioned beams of the upper level, but 1200 mm deep and 1280 mm wide.
Groups of four diagonal bars are used for connecting the main beams of the upper level to those of the



lower level, with nodes distributed each 10 m. Each diagonal is a circular hollow section (CHS).
Approximately, 5300 tons of steel have been used to manufacture the steel truss. Finally, the pulling
force on launching system was monitored using another load cell connected to the pulling system.
Bending moments, shear and vertical deflections are governed by both the length of the cantilever
span and the level of temporary bearings on each stage of launching. As it has been mentioned above,
temporary bearings with vertical jacks has been located on piers and on abutments. Concerning
friction coefficient on temporary bearings, total load and pushing or pulling force were measured.

Fig. 6. a) Cross section of the deck [20]. b) General view during erection [20]. ¢) General view while
launching [20].

1.6. Upper construction of the bridge on the river Limpopo, Zimbabwe

The bridge consists of 16 spans, each of 33,8 m. in length [4]. The bridge performs composite steel —
concrete construction. The construction of one span includes 4 main girders and 7 cross beams —
frames. The erection of the construction is executed by consecutive pushing of the mounted elements
from one abutment. The four main steel beams have solid-walled cross-section I with a height of 1845
mm. The beams are united in transverse direction by truss-type diaphragms situated at each 5.60 m, so
that there are 7 diaphragms in a span. The beams are situated at an axial distance of 2.4 m from each
other. A horizontal connection with diagonals along the bottom flange of the cross-section (Fig. 7a,
7b) is realized between the two middle beams. The static scheme of the main beams is a simple two-
support beam with a span of 33,8 m. The total bridge length is 540 m. The main beams are produced
in Bulgaria and are delivered in Zimbabwe by ship. Every beam length is divided in 3 parts of 11,25 m
each. The connection between them is realized by means of high-strength bolts. A reinforced concrete
slab is performed on top of the beams. It is 20 cm thick and 9.6 m wide. The applied method for
assembly of the upper structure consisted in pushing in stages from one abutment. The pushing device
is shown schematically in Fig.7a.The pushing force is realized by two hydraulic cylinders with a
power of 600 kN each, operated from a hydraulic station. The force is transferred by the screws (2)
and the connecting suspender (8) of the two middle beams. The screws are composed by units of 9,0m
and 6,0m connected by muffles. They are fixed under the bottom flanges of the middle beams and they
move along roller carriers. The project was developed in VSU “L.Karavelov” by a team led by Prof.
St. Tanev (1933-2017).
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Fig. 7a. Pushing mechanism [4] Fig. 7b. Moment of the structure assembly [4]



1.7. General description of the bridge structure viaduct-1 at 26"***" km in Bulgaria

Viaduct - 1 (Fig.9) is located in a a situation with a longitudinal slope of 4.61% and on a horizontal
curve with a radius of 850 m [15]. The bridge construction is a steel-concrete composite continuous
beam of 6 spans (60m + 4x72,5m + 60m) with a total length of 410 m (Fig.9) [13,18,19].
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Fig. 9. Longitudinal view of the bridge

The right and left-hand-side road decks were carried upon and supported by separate steel structures of
a “continuous-beam” static scheme. For each road-lane, the main structure consists of two steel
girders, each of 3636mm height, and at 9200mm apart (Fig.10 a, b) [13,18,19].
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Fig. 10 a) Cross section of the composite steel-concrete bridge. b) Detail of the lower
part of the main beam.

In the initial project, a composite steel - reinforced concrete top structure was designed (Figl0 a, b).
The main beams are made with an asymmetrical cross-section, the upper flange of the beams are made
of sheet steel with dimensions of: -20.450 mm. The wall of the beam has dimensions: -16.3600mm.
The lower flange is made of sheet steel with dimensions: -16.1500mm. He is reinforced longitudinally
with a local rib resistance (-16.300mm), placed 900 mm from the beam axis (Fig. 10 a). The road deck
was developed as being constructed of monolithic reinforced concrete that had been put under
prestressed condition upon the supports [13,18,19/. The main girders are connected to each other by
steel transverse stability truss construction in every 3150mm distance mounted (along the highway
axis) (Fig.10), with the aim to provide stability of the structure during assembly of the all bridge
construction. On the lower band at the level of the lower flange, an X- like wind stability truss
construction is provided. To reduce the thickness in the middle, the reinforced concrete slab is
supported on a longitudinally extending beam, made from a double T- cross section, with a height of
400 mm (Fig.10). The same is supported on the upper belt of the steel transverse stability truss
construction. The upper belt of the transverse stability links is made with a closed cross-section of two
hot rolled profiles I120, facing each other and welded with a continuous weld along the length of their
belts. The verticals are made of two hot-rolled angular profiles facing each other in the dimensions:
21'140.140.10mm. The diagonals are made of two hot rolled angled profiles, placed side by side with
dimensions: 2I" 140.140.10mm. The lower belt cross section is made of two hot-rolled angled profiles,
placed side by side with dimensions: 2I" 125.125.8 mm. Wind bracing link in the lower belt bridle is
made of two hot-rolled angular profiles placed side by side in dimensions: 2I" 125.125.9 mm. After



taking into account the differences in the lengths of the spans following the inclining terrain and in the
horizontal projection, their lengths were corrected by 50 cm. After an accident of the left part of the
structure (in the direction of the growing kilometer) due to considerable difficulties on the formwork
and while performing the prestressed work, and also due to observing the deadline of time of the put in
the operation, the reinforced concrete slab was replaced with a steel orthotropic plate (Fig.11 and
Figlla) [18, 19].
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Fig. 11 a) Cross section of the steel bridge with orthotropic deck. b) Steel bridge with
orthotropic deck.
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For manufacture of the steel bridge is used the rolled steel sheets, which are produced locally,
following steel grade St09G2B-M. To ensure the local stability of the 12 mm thick web, longitudinal
stiffened ribs by hot-rolled channel sections I1 160 mm deep are provided on the outside of the web,
simplifying the implementation of the internally located vertical ribs (Fig.11, Fig.11a). According
[18,19] the lower structure comprises caissons (a well-like enveloping structure), each one with a
diameter larger than the outer size of the foundations, which allows for preliminary detection of
shifting of earth layers and making the adequate corrections in the abutment sections of the top
structure. On Fig.12a is view on the caissons protected the foundations of columns against cutting of
earth layers. The bridge structure is supported on the abutments by Creutz steel roller supports
(Fig.12b), and the pier supports by elastomeric bearing pads produced by Gumba GmbH (Fig.12c).
The greater challenge was the proper fitting of the neoprene bearing pads - having been set in the
calculations at a temperature of 10°C, and even more so, keeping in mind that the columns are
sufficiently slender and therefore may become highly deformable. The project was developed by a
team led by Professor D. Dimitrov (1923-2009).

Fig. 12. a) View on the caissons. b) Creutz steel roller supports. c¢) Elastomeric bearing pads
on the columns.

1.8. Some principles of technology of assemblage of the bridge

The factory-made sections are fully welded. All various mountings of the connecting joints on the
main beams are done by using high-strength bolts. The elements of the roadway orthotropic plate are
connected by performing welding seams, as the elements are also welded to the already mounted main
beams. [18,19]. At the production site of “ZMK” Kremikovtzi, the largest metalworking company of
Bulgaria, an installation trial of the main transversal beams and of the elements of the lower
weatherproof connection was carried out, where at the holes for the mounting joints were drilled, too.
The two-hole elements were mounted, where at the last section (segment) of the previous stage is
taken a first segment in the next phase. The purpose of the test-trial installation is to ensure the exact
spatial geometry of the metal structure during final Assembly. For the project to be facilitated, a
tower-crane installation was developed for the assembling of the structure. However, a longitudinal
launching by employing hydraulic cylinders was suggested on the contractor's proposal. The



longitudinal launching of the steel structure was performed by utilizing roller chains (tank-like roller
chains) [18,19]. The bridge structure was calculated as observing the current German codes [5,6,7] for:
moving loads, dead weight, wind, side impact, etc., as well according the theories [3,9,10,16] and
norms for critical conditions while mounting and at assemblage.

2. PROJECT FOR ORGANIZATION AND EXHIBITION OF THE ERECTING OF THE
BRIDGE

In the first Project for organization of the erecting of the bridge, for the assembling of the main steel
beams for the bridge has been suggest a single-unit way, by employing heavy machinery set on the
ground. An argument for these variants to be discarded, at the beginning, was the consideration of
avoiding '"installation in the air" and the preferred option of "installation-on-a-firm-and-stable-
platform” - what is actually called the incremental launching method (ILM). Figure 13 and Figure 14,
shows the technology of assembling of the steel structures of the bridge.
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Fig. 13. Erection by launching of the steel Fig. 14. Incremental launching
structure sequence

The pushing-on itself was done by means of a pair of hydraulic cylinders. The weight of the metal
bridge construction reached 2400 tons. Observing the technology to be implemented, two production-
tracks for preliminary assembly were built in close proximity to the producer's factory, on which an
ancillary geodetic grid was built, with a pre-drawn curve attached to the axis of the bridge
construction, and the axes of the main beams respectively. To ensure access to all the nodes of the
bridge, a stand at a height of 120 cm above the pavement was created. The stand was constructed from
separate adjustable supports. After a complete assembly of one block, the elements of the next block
were mounted upon new bolt-connection supports. The connecting plates between two adjacent
members on the main girders had been drilled by using a perforator machine at the manufacturer's
plant. Through the openings (holes) of one of the connecting plates, stems and belts were drilled onto
the main girders. After having drilled all the holes, a second batch of plates were mounted, screwed
together with 30% of the total number of black bolts. In this sequence, two spans and one block from
the next span got mounted. The last block was moved to the beginning of the production-line,
wherefrom preliminary assembly of the next two openings started. The launching of the structure was
carried out on multi-roller supports with a load-bearing capacity of 100t and the side (lateral) gliding
was provided through a single roll for each supporting unit. In order to reduce the displacement of the
cantilever section during the pushing forward, in the front of the main structure, a lighter auxiliary
lattice structure (Launching nose) was mounted (Fig.15a, b, c). The advancing of the movement of the
bridge during the launching was about 1meter per 10min.

Fig. 15 a, b, c: Installation of the Launching nose on the bridge construction.



CONCLUSIONS

An original method of installation had been utilized by gradually pushing-forward of steel bridge
structures in Bulgaria. The execution of this extremely complex mega-structure task has made it
possible for most manpower to attain the necessary experience, to create original unique systems and
facilities when subjected to extreme conditions — namely, the largest bridge spans in our country.
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