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Bangna-Bangphli-Bangpakong Expressway,
Thailand (BBBE) dubbed as the world’s longest
elevated expressway bridge (about 55-kilometre) and
also the widest (27.2 meters) carrying 6 lanes traffic
3 in each direction, was built along the median of
highway 34 from Bangna to Chonburi. This
expressway is part of the networks of expressway
planned by the Expressway and Rapid Transit
Authority of Thailand (ETA) to ease the flow of
traffic in and around the metropolitan Bangkok.
Specifically, this superhighway is meant to serve the
Eastern Seaboard Area and the soon to be
completed Bangkok Second International Airport.

Apart from this 55 kilometers main expressway,
there is also an additional of 26 ramps or about 40
kilometers in length, two elevated mainline toll
plazas with surveillance buildings, 11 platforms for
toll surveillance, two
police stations, and
associated at-grade
works. The total bridge
deck area is 1,900,000
m2. All these were
completed at a record
time of only fifty-three
months overall
construction period by
employing a state-of-
the-art design and
construction technique
known as the “Precast

Segmental Technology of  Bridge Construction”.

This turnkey project was undertaken by a joint
venture company called JV-BBCD composed of
Germany’s Bilfinger + Berger and Thailand’s Ch.
Karnchang Public Company as the lead partners.
These two companies havefor years been a part of
Bangkok’s implementation of  networks of  elevated
expressways, now to a record total length of
expressways built in and around the city of 132 km
or 3,598,000 square meters of deck area or  5,854
spans total  including this project.

Alignment and Foundation Design was done by
the Asian Engineering Consultants (AEC) and the
Superstructure and Column Design was done by
the inventor of  the Segmental Technology of  Bridge
Construction, Jean Muller International (JMI). The
design of selected parts was reviewed by
ACECOMS, AIT.
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Figure 1: Night view of the completed bridge
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The Test Span

Prior to the start of the project a test span was done
because this was the first ever application of a precast
segmental box girder with external tendons and dry
joints of such segment size with a width-to-length
ratio of 10.70. A full scale test for one complete
span was done to confirm the adequacy of the design.
The test span was conducted mainly to investigate
the longitudinal flexural behaviour of the precast
segmental box girder for both under service and
ultimate loads. In addition, the superstructure was
subjected to traffic load applied at the top slab close
to the first segmental joint, further to torque and to
maximum shear at the pier segment.

The test span was composed of 16 typical segments
(2.55 meters each), two end pier segments (1.80
meters each) and a total span length of 44.40 m.
Longitudinal post-tensioning consisted of external
tendons located inside the box girder but outside
the concrete section and internal tendons located at
the wingtip outside the edge beams.

The loading procedure (design service load, design
ultimate load and design ultimate loads/ Φ  ;  Φ  =
strength reduction factor) was set up in accordance
with the AASHTO Standard Specifications, the
AASHTO Guide Specifications for Segmental
Bridges and the Project’s Design Manual (besides
the standard highway loading consisting of truck
and lane load HS26-44 (1.3 x HS20-44)) provision
was made for infrequent overload by checking a
passage of convoy trucks (278 kN each) as per the
Design Manual.

The test span was assembled at the project’s precast
yard and was supported on typical elastomeric
bearings type BS6-D, 700 x 800 x 90 mm, 4 layers.
As the test model was erected without surfacing
and without parapets the behaviour of the tested
structure was estimated to be slightly less stiff
compared with the real spans.

The test span was equipped with electrical sensors,
gauges and transducers and all relevant data was
transmitted and stored automatically upon request
and some additional readings were taken manually.
Data recordings were taken for every step of  loading.

The behaviour of the test span was predicted by the
designers using the DEFLECT program. Test
results confirmed the adequacy of the design under
the loading conditions described above.

Construction Methodology

The precast segmental technology of bridge
construction that was used in this project was
invented by a French Engineer Jean Muller, in 1962,
during the construction of Choisy-Le Roi Bridge
over the Seine River in Paris. The method is based
on the total prefabrication of the bridge deck that is
“sliced transversely” into modules called segments.
See Figure 4.

Each segment deck is cast in special casting cell, against
the previously cast segment and matches its surface
with precision. Once the concrete achieved its
strength requirement, the segments are transported
to the project site and assembled to an erection truss
before a force is applied through a prestress cables
to re-establish the continuity of the bridge deck.

The Precast Segmental Method is the only bridge
construction technique that precasts the complete
section of the deck and requires no major cast-in-
site concrete which is, in general, a constrain. Figure 2: Bridge at

intermediate stage

•  Concrete In Situ: 775,000 m3
•  Concrete Precast: 998,000 m3
•  Rebar In Situ: 75,000 tn
•  Rebar Precast: 134,000 tn
•  Prestress Steel: 49,200 tn

•  Deck Area: 1,900,000 m2
- D6 Deck Area: 1,440,000 m2
- D2/3 Deck Area: 500,000 m2

•  D6 Segments: 22,100 no
•  D2/3 Segments: 14,500 no
•  D6 Spans: 1,282 spans
•  D2/3 Spans: 1,160 spans
•  DN800 Piling: 28,880 no
•  ML Truss D6: 5 no
•  Ramp Truss D2/3: 6 no
•  Portal Truss: 3 no
•  D6 Modules: 38 + 10 no
•  D2/3 Moulds: 19 + 7 no

Fact & Figure
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The main expressway was
built at the median of an
existing highway without
interrupting the flow of traffic
at 80 kph. At the same time
the Department of Highways
was simultaneously
improving the existing at-
grade roads by driving in
cement columns. Their driving
rigs were higher than the height
of the expressway and
therefore once the elevated

expressway was built, improvement below could
not be done.

Despite the above obstacles, the completion of the
entire project at extremely short time of only 53
months was achieved by employing proper design
and bridge construction technique that is most
appropriate for the given situation ;  the segmental
technology of bridge construction. With this
method, construction on the substructure and the
prefabrication of the superstructure was made
parallel. This was one of the greatest advantages of
this construction technique because the whole bridge
deck was prefabricated and assembling it at site was
extremely short at 2 days per span per erection truss
for each of the five mainline trusses. When all the
erection girders were in full operation during the
construction period, they were able to erect 2100 m
of mainline deck and 2500 m of ramps per month.
The rate of the mainline erection girders (D6) is
twice that of  the ramp’s girders (D2/D3) and at the
same time all logistics were simplified. The design
and technology employed in this project makes it
one of the most interesting bridge project of our
time.

The Precast Yard

An integral part for the
success of this project
was the Precast Yard.
Strategically located
along the length of the
expressway, the Yard
with an area of 650,000
square meters provides
enormous logistical
support. It was set-up
to produce about 40,000
segments and is
considered the largest
Precasting Yard in the
world with a production
capacity of 1800
segments per month. It
was equipped with 48

D6 molds and 26 D2/D3 molds. Two huge fully
automated batching plants, an automated rebar
cutting and bending and a disc factory to produce
anchors for longitudinal post tensioning were also
installed. Basic production rates were concrete 1,600
m3/day, rebar 290 tons/day and strands 28 tons/
day with a labour force of 2,100 men/day in two
shifts.

Structural Elements

Typically, each span (44.4m) of  the main expressway
consists of 18 segments, 16 typicals (2.55m long)
and 2 end pier segments (1.80m long). Each typical
segment is 27.2m wide and 2.60m deep. The deck
slab is supported by two precast struts and has an
internal duct for post tensioning at the wingtips /
edge beam.

The 16 meter high H-type mainline column are very
elegant and show extreme lightness. The architectural
design is not only aesthetic but also functional. As
this expressway is built at the median drain of
Highway 34 , the two legs gives way for the flow of
water. The horizontal support forming the H shape
serves as the support for the underslung girder that
erects the segment along the entire length.

At the locations where the mainline was widened or
narrowed like the location of toll plazas and at the
ramp precast portals were used. The portal beams
spanning up to 3 traffic lanes in each direction were
rigidly attached to the mainline columns and to an
intermediate column on the outside. As the flow
of traffic had to be maintained at all times during
construction an overhead truss was used composed

Figure 3: Aerial and
close views of the
largest precast yard

Figure 4: Typical box segment and construction
stage before fixing the girders

Subphase I.1:   8.50 km; 31 months
Subphase I.2:   3.05 km; 35 months
Subphase II.1:   2.95 km; 37 months
Subphase II.2:   8.00 km; 41 months
Subphase II.3:   3.50 km; 43 months
Subphase III.1:   13.50 km; 49 months
Subphase III.2:   5.70 km; 51 months
Subphase IV:   9.65 km; 53 months

Total   54.85 km; 53 months

Construction Schedule
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of two main
components,
the launching
girder and the
erection girder
that were
connected by
a turntable.
After the
l a u n c h i n g
girder was
fixed on three
m a i n l i n e
columns the
erection girder
was turned 90
degrees to
erect the

portal beam segments delivered from the median
without disturbing the traffic below.

At the ramps smaller segments were used called D2
segments (two-lanes) and D3 segments (three-
lanes). These type of segments have been extensively
used in several expressway of Bangkok. The width
varies up to 15.60 meter, length of 3.4 m and a
depth of 2.4m.

As Bangkok’s soil is generally soft clay up to about
30m depth, it was necessary to transfer the loads to
this level with 16 numbers 800mm span piles
through a pilecap of 2.3m thick. In areas where
driving spun piles were not possible, especially at
the location of  existing bridges at Bangpakong river
bored piles were used.

Transporting the Precast Box
Segments to Site
Transporting the super segments to site was a real
challenge. Weighing from about 80 tons per one
typical segment to as high as about 110 tons for a
pier segment ordinary commercial trailer trucks were
not appropriate. Besides, most of the bridges along
the route were not capable of carrying such heavy
loads. And so, the joint venture company made
special long trailers to transport the segments to the
erection site with 64 wheels to transfer the loads to

the roads and were on air suspensions. In areas
where there were these short bridges across the
rivers, a bypass was made especially for the segment
trailers.

Erection of Box Girders

Unlike the D2/D3 segments for the ramps where
an overhead truss was used, the mainline D6
segments were erected at site using an underslung
girder.  This girder extended a little longer than 2
spans and rested on the horizontal cross-beam of
the H-column. It was composed of a load carrying
plate girder in front and a truss to support the
launching in the
rear. It was
equipped with a
swivel crane for
lifting and placing
of segments to
the chassis with
hydraulic jacks
that allowed
adjustment to the
right levels. The
swivel crane can
either be installed
at the front or at
the rear of the
span to be erected. It was installed in front when
erection was done by directly delivering the segments
from the ground. In areas where this was not
possible, the swivel crane was installed at the rear
and the segments were delivered from the top of
the already erected spans.

Conclusion

The Bangna-Bangphli-Bangpakong Expressway
project along with other segmental bridge projects
in Bangkok is an unquestionable demonstration
on how a sophisticated method of bridge design
and construction technology can be applied to a
developing country like Thailand. The Precast
Segmental Technology is the first global solution to
the problem of industrializing bridge construction
and allows savings of labor
and materials, speed of
construction and quality
control never before reached
at comparable levels in the
construction industry.

* Photographs courtesy Expressway and Rapid Transit Authority Thailand

Figure 5: Foundation work

Figure 6: Transporting 80-110 ton segment

Figure 7: Lifting of the
segment

Figure 8: Day view of the
curve part of the bridge
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