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A detailed assessment of riverbed scour based on 
satellite images and simple analytical methods 
were undertaken.  The magnitude of the natural 
scour depends on the flow and channel pattern at 
the bridge crossing.   

The river has changed its channel pattern 
dramatically over the last 40 years, see Figure 5. 

The most severe natural scour occurs when it has 
an anabranched pattern and a confluence 
develops just upstream of the crossing. 

Deep scour can also occur when the river 
develops a highly meandering pattern and the flow 
on the outside of the bend impinges against the 
banks.   

Based on this work, design general scour levels for 
the 100-year return interval were adopted as          
-34.8m PWD in the middle of the river and -46.7m 
PWD adjacent to the river bank.   

Added to these estimates were the effects of local 
scour that occur from the obstruction to the flow 
caused by the bridge piles.   

From model test experimentation work carried out 
in Canada by subconsultant Northwest Hydraulic 
Consultants, local scour was estimated to deepen 
the design general scour by a further 15m for the 
proposed raking pile configuration. 

A shipping study was undertaken to confirm the 
nominated vertical clearances and the design ship 
impact loading.   

The Bangladesh Inland Waterway Transport 
Authority (BIWTA) requested at least three spans 
be provided with a minimum vertical clearance of 
18.3m above Standard High Water Level.  

Given the braided nature of the Padma River, it is 
not appropriate to assume that a principal 
navigation channel can be identified and 
maintained in a particular location for the 
foreseeable future.   

The river channel shifts laterally from year-to-year 
making it impossible to establish a fixed location for 
the navigational channel.   

Therefore, it was decided that the number of 
principal navigational spans should be increased to 
provide the minimum vertical clearance over the 
central 4.8km of the river.   

An additional allowance of 0.4m vertical clearance 
was provided for the effects of future climate 
change. 

The load combinations given in BS 5400 Part 2 
were generally followed, but this code does not 
adequately cover how to combine seismic loading, 
ship impact and scour of the foundations.  

The effect of scour was thus given special 
consideration as the nature of the Padma River is 
unique.   

Scour can occur over prolonged periods and when 
infill of scour holes later occurs, the material that 
fills the holes is loose and remains uncompacted 
for a long period after the event.   

The loose material is susceptible to liquefaction 
and cannot be relied upon during a seismic event.  
Hence scour with a 100-year return interval was 
adopted to be combined with loading from a CLE 
seismic event.   

In the case of ship impact, liquefaction of the infill 
material is not considered a problem and a lesser 
return period of 10 years for scour was adopted. 

Wheeler (2011) provides further detailed 
discussion on the development of the design 
criteria. 

5. BRIDGE SUPERSTRUCTURE 

With the difficult foundation conditions at site, 
efforts were made to maximise the span length as 
far as possible.   

Cast-in-place concrete box girders allow long 
spans to be achieved but are slow to construct and 
their large mass exacerbates design for seismic 
loadings.   

Precast segmental construction is much quicker to 
construct and provides the added advantage of 
high levels of quality of workmanship associated 
with precast construction.   

The maximum span length, however, is limited by 
the available erection equipment and the maximum 
segment weight that can be handled.  Similar 
superstructure solutions were used for the 
Jamuna, Bhairab and Paksey Bridges in 
Bangladesh with span lengths up to 110m.   

The extension of this span length is possible 
through the use of extradosed cables, as proposed 
in the Feasibility Study (180m spans).   
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Review of the Feasibility Study design at the 
commencement of the detailed design phase 
indicated that the 180m span length for the river 
spans, however, needed to be reduced to satisfy 
the serviceability deflection and rotation 
performance requirements under the maximum 
design rail loading.   

This led to the adoption of a composite steel 
superstructure solution with greater span lengths.  

The resulting main bridge river crossing is in the 
form of a composite steel truss comprising 41 
spans of 150m (with typical modules of 6 spans) 
with two levels - a single railway track at the lower 
deck level and two 10.0m wide highway 
carriageways at the upper deck level, see Figure 6.   

Two main Warren truss planes, transversely 
spaced at 12m, form the major structural 
component of the superstructure, with hollow steel 
box sections for top and bottom chords and for the 
diagonals.   

 

Figure 6:  Main spans superstructure 

 

 

  

Figure 7: Transition of river spans with approach viaducts 

 

At the lower deck level, transverse lower cross 
beams at 18.75m spacing connect the two bottom 
chords and form a platform for the railway track.   

At the upper deck level, a concrete deck 
comprising precast sections approximately 22.0m 
wide is made composite with the top chords.   

The trusses were envisaged to be prefabricated, 
transported to site in modules, assembled into full 
span lengths and erected one span at a time.  
Precast deck slab sections are then lifted into 
place and prestressed longitudinally. 

The viaduct spans are separated into the approach 
road and the railway viaducts.  With the main 
bridge as a two-level structure, a complex 
arrangement of the viaducts was required to 
separate the railway from the highway.   

There are a total of four viaducts supporting the 
highway, two on each side of the river.   
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PADMA BRIDGE �t CONSTRUCTION        
OF MAIN BRIDGE SUBSTRUCTURE 

 Ken Wheeler, Senior Superstructure Construction Specialist, 
Korea Expressway Corporation 

 

1. ADDITIONAL GEOTECHNICAL 
INVESTIGATIONS AND CONFIRMATION OF PILE 
REQUIREMENTS 

In accordance with the construction contract 
requirements, the main bridge contractor China 
Major Bridge Engineering (MBEC), was initially 
required to undertake further geotechnical 
investigations, primarily in the central part of the 
river, to confirm the previous investigations carried 
out during the detailed design phase for the main 
bridge piles.   

42 boreholes (one at each main bridge pier, plus 
12 special boreholes (at selected trial load test and 
trial constructability pile locations) were 
undertaken as part of this additional geotechnical 
investigation.  This work was commenced in 
November 2014 and completed in May 2017 in 
two stages.    

The river pile design comprises 3m diameter, steel 
tubular piles, 60mm thick, typically in a group of six 
raking piles driven to founding levels at 114m 
depth with a 10m long concrete plug at the bottom 
of the pile and a 15m long reinforced concrete plug 
at the top of the pile.   

The piles for the two transition piers comprise 3m 
diameter vertical reinforced concrete bored piles 
with founding levels at 80m depth. 

Trial piles (constructability and load test trial piles) 
were required to be constructed prior to any work 
on the permanent piles.   

The constructability trial piles were required to 
verify the construction techniques proposed by the 
Contractor in installing piles to the correct rake, 
alignment and the required founding level. 

The fully instrumented trial test piles were also 
required, load tested to failure, principally to 
confirm that the design skin friction values, both in 
compression and tension, and that the design end 
bearing values could be achieved with the 
�&�R�Q�W�U�D�F�W�R�U�p�V�� �S�U�R�S�R�V�H�G�� �S�L�O�H�� �L�Q�V�W�D�O�O�D�W�L�R�Q��
methodology.   

A total of 33 trial piles of three different categories 
were constructed: 

�x Ten 1.5m diameter steel tubular load test trial 
piles �t all base grouted, two with additional skin 
grouting, Pile Driver Analyser (PDA) and static 
load tested up to 3,000T using tension piles 
and a load reaction frame, 

�x Six 3m diameter steel tubular constructability 
trial piles �t 5 base grouted, one with skin 
grouting, PDA tested, and 

�x Seventeen 1.5m and 1.2m vertical bored trial 
piles �t all base grouted (with two also skin 
grouted) and static load tested up to 3,000T. 

The additional geotechnical investigations 
determined that a weak cohesive soil layer (Unit-
1a) exists within close proximity of the provisional 
design pile toe level for 22 river piers (instead of 
the very dense silty sand material assumed by the 
provisional pile design). 

Hence the pile tip levels at these piers were raised 
9m above the top of the cohesive layer and the 
number of piles was increased from 6 to 7             
(6 raking and one central vertical pile), including      
a total of 77 piles at 11 piers with skin grouting, as 
required to achieve the design capacity.   
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Figure 1: PDA testing 1.5m dia. trial load test pile after static load test; PDA testing 3m dia. trial 
constructability test pile after base grouting 

The toe levels of all working piles for the 40 river 
piers were progressively finalised with driving of the 
working piles commencing in December 2015 and 
completed in July 2019, to a maximum depth of 
122m.   

2. FABRICATION AND INSTALLATION OF STEEL 
TUBULAR PILES 

A total of 262 steel tubular piles, each 3m diameter 
and 60mm thick were required for the main bridge 
river piers.  Steel plates 9.45m long by 3.2m wide 
of grade BS EN10025 S355 were delivered to site 
from China.   

Fabrication of the tubular piles was undertaken at 
�0�%�(�&�p�V���S�L�O�H���I�D�E�U�L�F�D�W�L�R�Q���\�D�U�G���D�W���0�D�Z�D���E�H�W�Z�H�H�Q���-�X�O�\��
2015 and May 2019.   

Initially, the steel plates were cold rolled to             
a circular shape and then welded longitudinally and 
circumferentially by seam welding, see Figures 2 
and 3.   

To facilitate the pile driving operation, the tubular 
piles were fabricated in two major sections �t the 
lower section of length 71.12m and the upper 
section of length varying between 48.14m to 
55.52m.   

Internal shear keys comprising 120mm by 60mm 
steel strips were welded to the inside of the steel 
tubes in the lower 10m length and upper 15m 
length.  A 0.5m long, 80mm thick driving shoe was 
incorporated into the tip of the lower section. 

Both ends of each pile section were sealed by 
40mm thick steel plates, lifted by 450t gantry 
cranes, transported on trolleys to the steel pile 
jetty, lifted into the water using floating cranes and 
towed to the final pier position by tug boats.   

The pile was then lifted by a floating crane, sealing 
plates removed, and placed into a guide frame 
supported on a positioning platform composed of 
vertical positioning piles and a ring platform.   

  

Figure 2: Fabrication of tubular steel piles in Mawa fabrication shop; cold rolling to circular shape 
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Figure 3: Longitudinal seam welding plus welding of internal shear keys 

 

Once correctly aligned, the pile hammer (MHU-
2400S or MHU-3500S) was lifted onto the top of 
the tubular pile.   

On completion of driving the bottom section, the 
soil was removed from inside the casing using the 
airlifting reverse circulation method to a depth of 
soil plug of not less than 10m. 

The upper pile section was then lifted into position, 
spliced, weld tested and driving continued, see 
Figure 4. 

 

�V Figure 4:  Driving of raking steel 
tubular piles using support frame 

 

  

�] �Y Figure 5: Concreting top section Pier 37 piles 

 

The lower 10m and upper 15m sections of the pile 
were tremie concreted with base grouting 
hardware installed at the tip of the lower section 
and a reinforcing cage installed in the upper 
section, Figure 5.   

All piles were base grouted in accordance with the 
original design to achieve a minimum base 
preloading of 10 MPa.   

Further skin grouting of piles for 11 piers was 
undertaken in accordance with the provisional 
requirements of the original design to increase the 
axial load capacity. 
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Figure 6: Prefabricated suspended cofferdam �t concreting sealing layer 

 

  

Figure 7: Placing reinforcement in pile caps for first lift 

 

3. CONSTRUCTION OF RIVER PIER PILE CAPS 

The river pile caps are hexagonal in plan shape 
and 5.5m deep.  The pile caps were constructed 
inside suspended cofferdams or inside driven 
sheet pile cofferdams depending on the riverbed 
levels.   

Following driving of the working piles at each pier, 
the cofferdam was installed and sealed using         
a tremie concrete pour 1.3m thick.   

Once the sealing concrete reached 90% of its 
design strength, the cofferdam was dewatered, 
working platforms were erected and activities 
inside the piles commenced (soil removal, bottom 
concrete plug installation, base grouting, removal 
of base grouting tubes and centralizing frame, 
sand filling, rebar cage installation, top concrete 
plug installation), Figure 6. 

Pile cap concreting (C40 concrete) was 
undertaken in two lifts.  Formwork for the first 1.5m 

high pour was placed initially, followed by 
placement of the first and second horizontal 
reinforcement mats, vertical reinforcement and 
casting of the first lift concrete, Figure 7.   

Following curing, the top horizontal surface was 
roughed, formwork for the remaining lift placed, 
pile cap reinforcement fixing completed, including 
the pier column starter bars, and then completion 
of the concrete pour and subsequent curing. 

Thermocouples were placed in each concrete pour 
together with water cooling pipes at five levels to 
control the heat of hydration effects.  

Thermal blankets were also placed on the top 
surface following the second stage pour to control 
temperature gradients.   

The concrete was supplied by the batching plants 
on either the north or south side of the river, 
whichever was closer.   
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Figure 8: Concrete transport ship; second stage pour of pile cap Pier 21 

 

  

Figure 9: Prefabrication of pier cap reinforcement 

 

Transit mixer trucks transported the concrete to 
the concrete jetty and 4 transport ships transferred 
the concrete to the pier where it was pumped into 
place.  

Each transport ship was equipped with 4 mixer 
tanks, each with a capacity of 5m3, Figure 8. 

4. CONSTRUCTION OF RIVER PIERS 

The river piers vary in height from 13.855m to 
17.08m with the lower section cellular with 1m wall 
thickness.  Concrete (C50) was placed in four lifts, 
the last lift being the solid pier column cap.  
Formwork comprised steel faced forms, Figures 9 
and 10. 

5. CONSTRUCTION OF TRANSITION PIERS 

�7�K�H�� �W�Z�R�� �W�U�D�Q�V�L�W�L�R�Q�� �S�L�H�U�V�� ���3�L�H�U�V�� ���� �D�Q�G�� �������� �D�U�H�� �o�<�p��
shaped pier columns 32.76m high constructed on 
the riverbanks, supporting the main bridge end 
spans and the end spans of the approach road 

viaduct spans and the railway viaduct structure, 
Figure 11.   

The reinforced concrete cellular pier columns are 
supported on reinforced concrete pile caps 5m 
thick, which are in turn supported on 3m diameter 
reinforced concrete bored piles extending to          
a depth of 80m.   

The original design for twelve 3m diameter bored 
piles was revised to sixteen piles based on 
geotechnical investigation samples test data 
indicating the potential for subsoil liquefaction 
under earthquake at Pier 1 and results from the 
base grouted and skin grouted trial piles including 
a proof static load test on one trial pile.   

Construction of the working piles commenced in 
January 2018 and was completed in November 
2018. 

The pier columns were constructed in ten sections 
with a maximum lift height of 5m using C50 
concrete, Figure 13. 
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�X Figure 10: River pier formwork 
and concrete placement 

 

�V Figure 11:  Main bridge transition pier 

 

  

�]��Figure 12: Commencement 
of pile cap and pier column 

construction Pier P42 

 

Figure 13: Formwork system for transition pier column 
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PADMA BRIDGE �t CONSTRUCTION        
OF MAIN BRIDGE SUPERSTRUCTURE 

 
Ken Wheeler, Senior Superstructure Construction Specialist, 

Korea Expressway Corporation  

 

 

Figure 2: Steel truss module configuration 

 

1. STEEL TRUSS CONFIGURATION 

The 41 spans of composite steel trusses are 
arranged into 7 modules, each comprising             
6 continuous spans (of overall length 900m) with 
the end module on the Janjira side comprising       
5 continuous spans (of overall length 750m). 

The four-lane width highway (plus 2.5m width 
shoulders on each side) is supported off the truss 
top chords, on a precast concrete roadway slab 
designed to act compositely with the steel truss for 
live load effects.   

The top chords, bottom chords and diagonal 
members of the main trusses are fabricated in 
hollow steel box sections.   

Box sections are also adopted for other members 
in the superstructure, including the lower cross 
beams and upper cross beams.   

The railway, supported on a precast railway slab 
system, is located at the lower level between the 
truss planes, Figure 1.  

Composite action is formed between the channel-
shaped concrete slab and four longitudinal steel 
stringers.   

 

Figure 1: Precast concrete slab system supporting lower 
level rail (ballastless railway slab to be provided later) 
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For all steel members except the steel stringers 
supporting the railway slab, the steel grade is 
S420M for plate thicknesses up to 40 mm and 
S420ML for plate thicknesses over 40 mm. For the 
railway slab support girders, the steel grade is 
S355M. 

2. STEEL TRUSS FABRICATION AND ASSEMBLY 

The major segments of the steel trusses were 
fabricated generally using a 60mm thick steel plate 
at the China Railway Major Bridge Engineering 
Group Co. Ltd factory (CRSBG factory) in China.  
Approximately 120,000 MT of steel plate was 
required for this purpose.   

Following fabrication of the major segments (lower 
chords, upper chords, nodes, diagonal members, 
etc), these were protective coated except at splice 
locations and transported to Mawa by ship.   

The individual segments were then assembled into 
one complete 150m span by welding at the Mawa 
construction yard, Figure 3.   

 

Figure 3:  Layout of Mawa Construction Yard 

 

The steel truss fabrication yard comprised a truss 
segments storage yard, railway stringer fabrication 
yard, truss segment assembly yard, truss segment 
�q�V�W�D�Q�G�L�Q�J�� �X�S�r�� �\�D�U�G���� �W�U�X�V�V�� �V�S�D�Q�� �D�V�V�H�P�E�O�\�� �\�D�U�G����
truss span painting yard and a truss span storage 
yard.   

These areas were serviced by a combination of 50t 
gantry cranes and two 200t gantry cranes. 
Movement of the assembled trusses to the loading 
jetty was achieved using hydraulic trolleys on rails. 

On completion of assembly of the first 150m span, 
a 3D load test of the truss was carried out in the 
Mawa construction yard to confirm appropriate 
precamber values and actual load/deflection 
behaviour.   

Fabrication and final protective treatment of all 
truss segments were completed in April 2020. 

Figures 4, 5 and 6 illustrate the steel truss 
fabrication and assembly activities. 
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Figures 4a �t 4l:  Assembly of truss segments in Mawa fabrication shop 

  

Figure 5: Fabrication of railway stringer components 

 

  

Figure 6: Protective coating of assembled steel trusses 
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�V Figure 7:  Erection of first steel 
truss using Tian Yi floating crane 

 

�]  Figure 8: End details of truss at 
movement joint between modules 

and at intermediate piers 

 

3. ERECTION OF STEEL TRUSSES 

The first steel truss was transported to site and 
erected on the top of Piers P37 and P38 in 
September 2017, Figure 7.  

Each steel truss span was moved to the steel truss 
jetty through slide rails, then transported to the pier 
�O�R�F�D�W�L�R�Q���X�V�L�Q�J���W�K�H�����������W���I�O�R�D�W�L�Q�J���F�U�D�Q�H���q�7�L�D�Q���<�L�r���I�R�U��
erection.  

Steel truss erection was carried out in both the 
monsoon season (part) and dry season. In the 
monsoon season, the water velocity is high up to 
3.5m/s, which adversely affected the navigation of 
the floating crane, and hence assistance from a 
tug boat was required.   

In the dry season, the water depth in the navigation 
channel was not enough for the navigation of the 
floating crane and it was necessary to dredge the 

navigation channel between Piers P1/P2 and P13 
to P42. 

Figure 8 shows the details of the steel trusses at 
the ends of each module where movement joints 
are located and over intermediate piers.   

The temporary support of the trusses during 
erection thus varied. 

A lifting frame supported off the previously erected 
truss was required to temporarily support one end 
of the new truss for all spans within a module other 
than the first erected span, until the new truss was 
spliced, with the other end supported by vertical 
jacks on top of the next pier, as shown in Figure 9. 

Figure 10 shows the placement of the final truss 
span in the module. 
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Figure 10:  Erection of final truss span in a module 

 
4. SEISMIC ISOLATION BEARINGS 

Seismic isolation of the superstructure and 
substructure of the main bridge is achieved 
through the use of double-curved friction pendulum 
bearings, with two bearings supporting the steel 
trusses at each pier. 

Under the original design, the Contractor was 
required to design (to either BS EN 15129, 2009 or 
the AASHTO Guide for Seismic Isolation Bearings, 
2010), fabricate, factory control test, install and 
site test the 96 friction pendulum bearings, 
classified into 5 different types based on loading 
and movement requirements. 

Six Type Tests were required on representative 
bearings comprising load bearing capacity (under 
twice dead load plus combinations of non-seismic 
live loads), frictional resistance under service 

conditions and sliding isolation tests (to verify the 
dynamic coefficient of friction). 

The friction pendulum bearings were designed and 
manufactured by Wuhan Hirun Engineering 
Equipment Co. Ltd in Wuhan, China and Type tests 
were undertaken using their 2D test machine in 
2017, under direct oversight by representatives 
from EUCentre, Italy.   

A further series of tests were undertaken on one 
friction pendulum bearing at the University of 
California San Diego seismic device testing lab in 
early 2020 to validate the original Wuhan Hirun 
type tests together with multi-directional tests to 
simulate seismic response using time history inputs 
from the original design. 

Figure 9: Use of lifting frame to temporarily support one end of the new truss span 
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Figure 11: Type A bearing being dismantled after Type test 

 

  

Figure 12: Storage of precast roadway slabs 

5. PRECASTING AND ERECTION OF ROADWAY 
DECK SLABS 

The roadway deck comprises precast reinforced 
concrete slabs 2m long (longitudinally) and 
21.25m wide made composite with steel trusses 
through shear connectors.   

The roadway slab is designed as a reinforced 
concrete member in the transverse direction and 
as a prestressed member in the longitudinal 
direction.   

Longitudinal prestressing of the deck slabs was 
carried out after the slabs were erected and before 
composite action was achieved to ensure no 
additional stresses were generated in the steel 
truss members. 

A total of 2917 precast slabs were manufactured 
with 1,708 cast in the Mawa precast yard and 
1,209 cast in the Janjira precast yard.   

A combination of long-line and short-line match 
casting was used with C60 concrete.   

Water curing was used in the casting beds and      
a curing compound applied before moving to the 
storage areas, Figure 12. 

The original design of the precast roadway slabs 
incorporated a closed (blind) shear connector 
pocket accessible by grout tubes extending to the 
deck surface.   

Concern was expressed at the commencement of 
construction on the constructability of this detail 
including quality control/verification difficulties, and 
the design was thus revised to incorporate full-
depth open shear connector pockets.   
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Figure 13:  Transport of precast roadway slab Figure 14: Roadway slab erection gantry in operation 

 

 

�V Figure 15: Placement of new precast 
roadway slab using the slab erection gantry 

 

COWI was engaged by the Bangladesh Bridge 
Authority (BBA) to redesign the precast deck 
slabs, whilst maintaining the original construction 
sequence.   

This redesign incorporated revisions to the 
prestressing tendon arrangement, stressing 
sequence and reinforcement detailing in the vicinity 
of the shear connector pockets. 

The precast slabs were transported to the 
transition piers, lifted onto the deck by the 150t 
gantry cranes and transported along the 
completed deck to the slab erection gantry, which 
lifted and placed the new slab on the steel truss 
top chords.   

The precast slabs were epoxy glued and 
temporarily post-tensioned to the previously 
erected slabs before the final prestressing was 
completed, Figures 13, 14 and 15. 

6. PRECASTING AND ERECTION OF RAILWAY 
DECK SLABS 

The railway deck is a composite structure of four 
steel stringers and 8 precast railway deck slabs 
supported on elastomeric bearings between steel 
truss lower cross beams.   

A further precast deck slab is supported directly on 
the lower cross beam.   

Eight sections of stringers and rail deck slabs are 
required for each steel truss span.   

The subsequent placement of in-situ track slab and 
rails will be carried out under another contract.  

All 2,959 precast railway deck slabs were 
manufactured in the Mawa precast yard, see 
Figure 16. 

The railway stringers were placed on jig frames on 
a flat barge and 8 railway slabs were partially 
installed one by one on the assembled railway 
stringers.  

The 2.8m wide deck slab to be installed on the 
lower cross beam was placed on the rear end of 
the assembled stringers and slabs as 
counterweight.  

The assembled railway stringers and slabs were 
installed by 200t and 165t floating cranes onto the 
elastomeric bearings supported by brackets bolted 
to the steel truss lower cross beams, see       
Figure 17. 
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Figure 16:  Storage of precast railway deck slabs in Mawa construction yard 

 

Figure 17:  Erection of railway deck slabs 

 

7. COMPLETION OF SUPERSTRUCTURE 

Completion activities for the main bridge 
superstructure included the construction of the 
roadway edge parapets, which incorporated 
precast outer facings, cast-in-place central 
median, erection of roadway lighting poles, 
application of deck waterproofing system, 

placement of final wearing surface, installation of 
762mm diameter gas pipeline and installation of 
deck movement joints.   

The main bridge incorporated 8 seal modular 
movement joints at the intermediate piers and      
11 seal modular movement joints at the end piers 
P1 and P42.  

 

 

 

 

 

 

  

Figure 18:  Application of deck waterproofing system and placement of deck wearing surface 

 

Figure 19:  Installation of modular expansion joints at Piers P13 and P1 
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PADMA BRIDGE �t CONSTRUCTION        
OF APPROACH VIADUCTS 

 
Ken Wheeler, Senior Superstructure Construction Specialist, 

Korea Expressway Corporation 

 

1. GENERAL 

The roadway viaducts at Mawa and Janjira are 
both divided into southbound and northbound 
viaducts. The northbound viaduct at Mawa is 
721.25m long comprising 19 spans and the 
southbound viaduct is 756.8m long comprising    
20 spans.   

On the Janjira side, the northbound viaduct is 
873.25m long comprising 23 spans and the 
southbound viaduct is 797.25m long comprising 
21 spans. 

The superstructure consists of simply supported 
1800mm deep precast, pre-tensioned concrete 
�o�6�X�S�H�U-�7�p�� �J�L�U�G�H�U�V�� �F�R�P�S�R�V�L�W�H�� �Z�L�W�K�� �D�� �F�D�V�W-in-situ 
reinforced concrete deck slab.  Span lengths are 
38m. 

The substructure consists of slender rectangular 
reinforced concrete pier columns 1,300mm to 
1500mm thick with widths varying from 4,000mm 
up to 6,000mm at the top of the column.  

The pier columns are supported on a 2,000mm 
deep reinforced concrete pile cap.  

The foundations are vertical reinforced concrete 
bored piles 1,200mm in diameter extending to       
a typical depth of 65m below the existing ground 
level. 

The railway viaducts are 2.36km and 2.96km long 
on each side of the river of which seven spans 
266m long in each case were included as part of 
the bridge contract.   

The superstructure consists of 2,200mm deep 
precast, post-tensioned I-shaped concrete girders 
composite with a cast-in-situ reinforced concrete 
deck slab.  Span lengths are also 38m.  

The substructure for the railway viaducts consists 
of reinforced concrete pier columns 1,500mm thick 
and 4,000mm wide supported on 2,000mm deep 
reinforced concrete pile caps.   

Each pier is supported on four 1200mm diameter 
reinforced concrete bored piles extending to          
a typical depth of 55m below the existing ground 
level. 

2. SUBSTRUCTURE 

A total of eight trial bored piles were constructed 
and static load tested to confirm the effectiveness 
of base grouting for the Mawa approach viaduct.   

Consistent results were not achieved from the 
static load tests on the initial six trial piles 
incorporating base grouting only and a further two 
trial piles were constructed and static load tested 
using a combination of base grouting and skin 
grouting, which achieved satisfactory axial load 
capacity for selected piers on the Mawa side 
where there is potential for subsoils liquefaction 
under seismic events, Figure 1.   

The 172 working piles for the Mawa approach 
viaduct were installed between August 2017 and 
June 2018 with 66 piles base grouted only and  
106 piles base grouted and skin grouted. Three 
trial bored piles were constructed and static load 
tested for the Janjira approach viaduct.   

The 193 working piles for the Janjira approach 
viaduct were installed between August 2016 and 
November 2017 requiring base grouting only, 
Figure 2. 

The Mawa approach viaduct includes 39 piers and 
abutments and the Janjira approach viaduct 
includes 42 piers and abutments.   
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Figure 1: Static load tests of approach viaduct trial piles 

 

Close to the main bridge transition piers, the 
roadway and railway viaduct piers are supported 
on common pile caps transitioning to separate pile 
caps for each individual pier column, see Figures 3 
and 4. 

The roadway viaduct piers comprise reinforced 
concrete columns up to 35m high and were 
constructed in multiple lifts using C50 concrete. 

The roadway pier headstocks are of an inverted   
T-shape incorporating dowels that pin the 
superstructure to the substructure providing multi-
span articulation modules.   

The railway viaduct piers comprise reinforced 
concrete columns typically 14m high, Figures 5 
and 6. 

  
Figure 2: Installation of reinforcing cage and breaking back tops of bored piles 

  

Figure 3: Reinforcement placing for combined and individual pile caps 
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�X�Z Figure 4: Pier column 
construction Mawa viaducts 

 

  

�Y Figure 5: Roadway viaduct pier columns and headstocks 

 

Figure 6: Railway viaduct piers 
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Figure 7: Super T girder casting bed - Elevation (above) and Plan (below) 

3. ROADWAY VIADUCT SUPERSTRUCTURE 

The Mawa roadway viaduct incorporates            
204 precast, pre-t�H�Q�V�L�R�Q�H�G�� �o�6�X�S�H�U�� �7�p�� �J�L�U�G�H�U�V�� �D�Q�G��
the Janjira roadway viaduct incorporates           
234 �oSuper T�p girders.   

�7�K�H�� �o�6�X�S�H�U�� �7�p�� �J�L�U�G�H�U�� �G�H�V�L�J�Q�� �Z�D�V�� �I�L�U�V�W�� �G�H�Y�H�O�R�S�H�G�� �L�Q��
Australia in the early 1990s as a safe and 
economical beam for short to medium-span road 
bridges between 18m and 35m spans.   

The design development was in close collaboration 
between the precast and construction industries 
and designers to provide a precast beam that is 
easy to manufacture, capable of high production 
rates, minimises on-site formwork and provides     
a safe working platform once the beams are 
erected side by side.   

Unlike other medium-span pre-tensioned bridge 
beams, the Super T girder uses only straight 
prestressing strands which significantly simplifies 

the precasting manufacture.  Super T girders are 
extensively used in Australia and New Zealand and 
�K�D�Y�H�� �V�L�Q�F�H�� �E�H�H�Q�� �o�H�[�S�R�U�W�H�G�p�� �W�R�� �D�� �Q�X�P�E�H�U�� �R�I�� �6�R�X�W�K 
East Asian countries.   

The Padma bridge project was the first time    
Super T girders were used in Bangladesh. 

MBEC established precasting facilities for the 
Super T girders in both the Mawa and Janjira 
precast yards.  At both locations, five casting beds 
were constructed, each capable of constructing 
three Super T girders in a single line, see Figures  
7 and 8. 

MBEC initially predicted production cycle times for 
each three girder casting in the order of 11 days, 
but this was not achieved because of a number of 
issues, primarily insufficient trained personnel to 
fully and efficiently service the large number of 
casting beds.  Figures 9a �t 9n illustrate the girder 
casting cycle. 

  

Figure 8: Super T girder casting bed - Stressing End (left), Dead End (right) 
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Outer Form 

 

Support of internal form 

 

  
Prefabrication of reinforcement cages 

 

  
Anchorage of strands using barrel and wedges 

 

 

Debonding strands at girder ends 

 

�7�Z�L�Q���F�H�Q�W�U�H���K�R�O�H���M�D�F�N�V���W�R���W�H�Q�V�L�R�Q���I�X�O�O���V�W�U�D�Q�G���E�X�Q�G�O�H���D�W���o�O�L�Y�H���H�Q�G�p 
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Concreting (C60 concrete) with use of external form vibrators 

 

  

Water hessian curing Detensioning strands 

 

  

Lifting of girder from casting bed Stacking of girders 

 

Figures 9a �t 9n: Precasting cycle for Super T girder 

 

Water Hessian Curing Detensioning Strands 
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On completion of the precasting cycle, the 
girders were lifted from the casting bed and         
a number of finishing works were then 
undertaken, including roughening the end side 
faces of girders at end cross girder locations and 
any necessary minor repair works.   

Precasting all 438 Super T girders was 
completed in February 2021. Following                
a minimum period of 3 months, the Super            
T girders were transported to site using special 
trucks and lifted into place using gantry cranes, 
Figure 10. Sacrificial forms were placed between 
the Super T girder webs, reinforcement placed 
and the deck slab concrete (C50) cast, with link 
slabs over intermediate piers cast last, Figure 11.  

Deck slab construction for both Mawa and Janjira 
viaducts was completed in August 2021. 

  

 

�[���XFigure 10: Transport of girders and erection 
using gantry cranes 

 
�] �Y Figure 11: Roadway deck reinforcement 

placement and deck slab concreting 

 

  

  

Figure 12: Prefabricated railway girder reinforcement; post-tensioned girders after post-tensioning and removal from the casting bed 
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Figure 13: End treatment of railway girders; lifting girders into place using gantry crane 

 

  

Figure 14: Railway girders in place; commencement railway deck slab construction 

 
Figure 16:  Completed approach viaduct at Janjira 

 

4. RAILWAY VIADUCT SUPERSTRUCTURE 

A total of 84 post-tensioned railway viaduct girders 
were precast in the Janjira and Mawa precast 
yards using casting beds originally constructed for 
the roadway Super T girders.  Each girder 
incorporated three draped tendons comprising    
29 no.s 15.7mm diameter prestressing strands, 
see Figure 13. 

Following finishing works, including end protection 
of the stressing anchorages and attaining minimum 
age of 3 months, the railway girders were 
transported to site using special trucks and lifted 
into place using gantry cranes, Figure 12. All the 
railway girders were precast and lifted into position 
by December 2019. Cast-in-situ deck slab 
construction followed and was completed in July 
2021, Figure 14. 

5. COMPLETION OF SUPERSTRUCTURE 

Completion activities for the approach viaducts 
included the erection of precast parapets       
(3,825 roadway parapets between March 2021 
and June 2022 and 710 railway parapets by June 
2022), erection of lighting poles, installation of 
deck movement joints (3 seal and 5 seal modular 
movement joints for each of Mawa and Janjira 
roadway viaducts and two elastomeric profile 
movement joints between main bridge and railway 
viaduct), application of asphaltic concrete wearing 
surface for the roadway viaducts. 

Figures 15 and 16 show the completed approach 
viaducts at Mawa and Janjira. 

 

 

 

 

 
Figure 15: Completed approach viaduct at Mawa 
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PADMA BRIDGE �t RIVER TRAINING 
WORKS 

 

Bruce Walsh, President, Northwest Hydraulic Consultants 

Knut Oberhagemann, Principal, Northwest Hydraulic Consultants 

Ken Wheeler, Senior Superstructure Construction Specialist,           
Korea Expressway Corporation 

 

 

Figure 1: Current alignment of Padma River with bridge crossing in yellow 

1. BACKGROUND 

The project site, in the middle part of the Padma 
River, lies within a vast river delta complex that has 
been growing for millions of years and 
encompasses the greater part of Bangladesh.   

The present general location of the Padma River, 
which is approximately 100 km long and combines 
the flows of the Ganges and the Jamuna 
(Brahmaputra), has been observed for almost two 
centuries, but with a tendency to shift gradually 
towards the southeast.   

The overall alignment of the river is fairly straight, 
but under moderate to high flow conditions it 
exhibits an alternation of relatively stable single-
channel reaches with unstable multi-channel 
reaches.   

The Padma project involves extremes of river 
engineering and river training in terms of flows, 
sediment, river bed scour, and potential for 
considerable shifting of the river banks. The 
objective of the Padma river training works (RTW) 

is to maintain the river in a reasonably stable 
alignment as it approaches and passes under the 
bridge and to protect against scour failure of the 
piers and abutments while minimising upstream 
and downstream impacts. 

The design of the river training works, which 
included extensive studies, was undertaken by 
Northwest Hydraulic Consultants (NHC) within the 
overall AECOM design team.  The contract for 
construction of the river training works was 
awarded to Sinohydro Corporation Limited in 
October 2014. 

2. PADMA RIVER CHARACTERISTICS 

Hydrologic parameters related to the bridge and 
RTW design included low and high water levels 
and 100-year and 500-year flood discharges.  
These parameters were also adjusted to allow for 
projected future climate change within the 100-
year design life of the bridge.  Wind speeds, wave 
heights and wave run-up were also considered. 
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Potential 100-year and 500-year discharges for the 
bridge site were determined to be 148,000 and 
160,000 m3/s respectively.   

The equivalent water velocities are 4.6 and 5.1 m/s 
respectively.  The range of water levels from 
Standard Low Water to 100-year flood level is    
6.6 m, accounting for climate change, with             
a further rise of 0.4 m to the 500-year flood Level.  
Significant wave heights for the 100-year and 500-
year conditions are 1.4 and 1.9 m respectively.   

The river bed and most of the banks near the 
bridge site consist of very fine, loose sand that is 
easily mobilised and eroded by relatively small 
flows, but the left or north bank contains some 
erosion-resistant soils and has been fairly stable 
over decades.   

The overall width between the tops of outer banks 
is typically 5 to 10 km, and maximum river bed 
depths at certain locations can be up to 50 m or 
more.  Maximum velocities of flow are generally in 
the range of 3 to 4 m/s, but at certain locations 
velocities up to about 5 m/s may occur under rare 
conditions. 

Modeling was undertaken to determine river-bed 
scour levels at critical locations.  The maximum 
100-year design scour level was set at -50 m, 
while the 500-year scour level is -60 m.   

Design scour levels in the central 2 km of the 
bridge section, far from the influence of erosion-
resistant banks, were set at -35 m and -40 m 
respectively.   

The adopted depth of local scour for design of the 
bridge pier foundations was determined to be 15 m 
below ambient bed levels, from scale model tests. 

3. STUDIES AND MODEL TESTS 

For the RTW design, NHC undertook the following 
activities as part of the design development: 

�x Collection of extensive field data on 
geotechnical and river conditions �t a 100 km 
length of the river was surveyed as well as    
550 km of topographic ground survey lines. 

�x Background studies on hydrology, morphology, 
climate change, natural scour, velocity 
potential, performance of existing river training 
works in Bangladesh, and constructability and 
maintenance issues.  

�x Analysis of different concepts and scheme 
alternatives for comparison in a Multi-Criteria 
Assessment to identify a preferred design 
alternative.  

In the detailed design phase, NHC developed and 
applied extensive numerical and physical models 
to evaluate RTW options and designs, and to 
estimate design velocities and scour depth: 

�x A comprehensive physical model of 40 km of 
the river was constructed in Bangladesh �t the 
model was 120 m long by 60 m wide �t to 
determine larger-scale worst-case channel 
scenarios, Figure 2.  

�x A physical section model of the RTW 
constructed in Canada was used to design 
scour protection along a seven km length of the 
south bank near the bridge �t the model was   
45 m long by 15 m wide.  

�x Flume models built in Canada were used to 
assess scour at the bridge piers and study the 

  

Figure 2: Section of physical model of 40km reach of the river, looking upstream along south bank 
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Figure 3: Flume model used to predict local pier scour (8 pile option shown) 

 

Figure 4: 1-, 2- and 3-D numerical modelling     
of hydraulics and sediment transport 

hydraulic characteristics of sand-filled geotextile 
bags (geobags) used to protect the banks, 
Figure 3. 

�x 2-D numerical morphological models, and 1-, 2- 
and 3-D numerical hydraulic models in parallel 
with the physical models for comparison of 
scour, flow velocities and water levels, Figure 4. 

A geotechnical assessment was made for the 
slope of the RTW to assess the potential for 
liquefaction for combinations of different 
earthquakes with different scour depths, and static 
flow slides by, for instance, rapid scour or 
construction dredging at the toe of the slope.        
A dredged underwater slope with an inclination of 
1V:6H was selected to reduce these risks. 

4. DETAILS OF RIVER TRAINING WORKS 

The river training works are intended to protect the 
main bridge, viaducts, end facilities, the new 
approach roads and several resettlement villages. 
In order to ensure these components are not 
damaged by the river, the river training works were 
designed to protect three critical areas: 

�‡ The north bank near the bridge to prevent 
possible outflanking and erosion of the viaduct 
and end facilities. 

�‡ The south bank near the bridge and viaduct to 
prevent outflanking and erosion to critical 
structures and end facilities. 

�‡ The south bank upstream of the bridge to 
protect the new approach road, approach road 
bridges, drainage structures and two river-side 
resettlement villages. 

The river training works on the north bank consist 
of 1.6 km of protection that extends an existing 
erosion-resistant clay layer in the downstream 
direction through the bridge opening.  

The south bank is highly erodible and the RTW 
consists of 12.4 km of protection in the form of      
a long guiding revetment that uses the natural 
features of the river to direct the river towards and 
�W�K�U�R�X�J�K�� �W�K�H�� �E�U�L�G�J�H�p�V�� �Q�D�U�U�R�Z�H�U�� �R�S�H�Q�L�Q�J���� �7�K�L�V��
reduces the risk of the bankline shifting which 
would cut off the bridge, Figure 5.  

The typical embankment or revetment cross-
section has three main components: upper-slope 
wave protection using concrete blocks, a precision 
dredged underwater slope with erosion protection 
using rock riprap and geobags, and a launching 
apron at the toe of this underwater slope using 
rock riprap or geobags, Figure 6.   

The launching apron is constructed along the toe 
of the slope generally on a 55 m wide strip that is 
dredged 25 m below the annual low water level, 
which is at the limit of practical construction 
dredging.  Setting the apron at this level assists to 
ensure that it can launch to the design scour depth 
(approx. 30 m lower) for the long-term function of 
the RTW.  
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Figure 5:  Layout of river training works 

 

�W Figure 6: Typical cross section of RTW with surface 
treatments, comprising upper slope wave protection, 

dredged underwater slope and launching apron 

Click on the image to open it in a higher resolution 

 

Because potential maximum scoured depths far 
exceed the feasible maximum depth of the 
dredged underwater slope, the launching apron is 
critical for long-term stability and new ones may 
need to be placed at lower levels as scour 
deepens.  

This will require a long-term capability for in-river 
monitoring and adaptive works that goes beyond 
the common understanding of maintenance 
requirements. 

5. SLOPE PROTECTION MATERIALS 

Most RTW designs in the world use some form of 
rock riprap or cobble/gravel material, including 
concrete blocks - underlain by a filter to prevent 
finer bank material from washing through the 
coarse protective layer - to construct erosion and 
scour protection.   

These have typically been the preferred materials 
in Bangladesh for permanent works, but with         
a very mixed history of performance (mostly 
related to poor filter design and construction).  
Bangladesh has a single hard-rock quarry, but with 
insufficient production, and hence all riprap has 
been imported by ship or rail, and consequently is 
costly.  

On the other hand, Bangladesh has practically 
endless quantities of sand and low-cost labour, 
which can be used to produce sand-filled geobags, 
Figure 7. 

Since 2000, culminating in the Padma Bridge 
project, NHC has researched and developed the 
design, construction and monitoring criteria for 
using geobags as a cost-effective and more 
sustainable alternative to rock and concrete-block 
riprap.  

Geobags are used extensively for the RTW: as an 
effective filter layer of three layers of 125 kg 
geobags covered with riprap on the underwater 
slope near the bridge; four layers of 800 kg 
geobags on the underwater slope away from the 

 

Figure 7: 800kg geobags for slope protection 

 

https://e-mosty.cz/wp-content/uploads/P5_Figure6.jpg
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Figure 8: Upper slope wave protection using concrete blocks Figure 9:  Manufacture of concrete blocks 

bridge; and, five layers of 800 kg bags placed in 
the launching apron along the toe of the 
underwater slope.  

For the Padma Bridge RTW, the cost of using 
geobags is 60% of the cost of using riprap. 

The combined horizontal length of the underwater 
slope (dredged at a 1V:6H slope) and launching 
apron (dredged up to 25 m below the existing bed 
level) is up to 200 m.  

About 10.1 million geobags are being used, 
covering a total area of 2.2 km2. 

The upper slopes of the RTW are protected with 
large interlocked concrete blocks (typically 0.4 m 
cubes) that include raised sections for wave 
attenuation, Figures 8 and 9.  

The pattern was designed to provide easy 
pedestrian access for people up and down the 6 m 
high 1V:6H slope. Providing easy access to the 
banks is important - rivers provide a source of 
water and easy access allows daily activities such 
as bathing, fishing, washing, and transportation.   

A 12 m wide strip of large interlocked concrete 
blocks is also provided along the crest of the RTW 
to allow easy access along the river, primarily for 
inspection and maintenance purposes plus 
controlled public access. 

The transition from the upper slope to the lower 
slope was set at an elevation to allow boats and 
other river users unimpeded access to the bank 
over the range of water levels. Bollards are 
provided every 500m along the crest of the RTW to 
allow vessels to anchor should it be necessary to 
undertake maintenance and repair. 

Six large distributary channels cross the south 
floodplain. During the monsoon floodplain 
inundation, the combined flow in these channels is 
about 30% of the flow across the entire floodplain.  

Offtakes were provided along the RTW to maintain 
river transportation routes and a connection for fish 
(an important food source) migration to and from 
the river, Figure 14. 

6. UPPER SLOPE  

The upper wave protection slope was graded using 
excavators and labourers, while the concrete block 
placement relied on laborers moving individual 
blocks.  A solid reinforced concrete anchor beam 
is positioned at the toe of the slope to provide        
a foundation for the placement of the concrete 
blocks higher up the slope. 

The area downslope of the anchor beam is 
typically underwater during most of the year and 
concrete blocks were randomly dumped to allow 
for construction and to protect the slope from 
hydraulic forces from vessels and country boats 
that use the riverfront.  

Land-based cranes were used to dump the blocks 
higher up the slope while dumping barges were 
used on the underwater slope areas.   

Concrete was used to fill the voids along a 6m 
wide section to reduce the tendency for these 
blocks to be shifted by vessels or by people during 
periods of low water when these blocks can be 
exposed and are out of the water.  

Figures 10 to 16 illustrate the upper slope 
protection using concrete blocks.   
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Figure 10: Concrete block placement on the river slope and back slope south bank. On the river slope 
note the raised sections of blocks to provide wave attenuation 

Figure 11: South bank downstream end Figure 12: Void filling dumped concrete blocks 
with concrete (and curing) 

  

Figure 13: Block dumping south bank 
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Figure 14: Construction of anchor beam and block dumping at south bank takeoff 

  

Figure 15: Concrete block placement north bank Figure 16: Void filling with concrete blocks south bank 

7. UNDERWATER SLOPE AND LAUNCHING 
APRON 

Dredging was required to form the 1V:6H 
underwater slope from El. 0m to up to El. -25m, 
and to form the wide flat area (up to 55m wide) 
along the toe of the slope.  

Bulk dredging was first undertaken to remove most 
of the material, followed by precision dredging 
using computer-controlled cutter-suction dredges 
�t �D�� �W�R�O�H�U�D�Q�F�H�� �R�I�� �Ž�� ���������P�� �W�R�� �W�K�H�� �G�H�V�L�J�Q�� �O�L�Q�H�� �Z�D�V��
required, Figure 17.   

A trial dredging program was used to determine 
the best methodology to reduce the risk of flow 
slides and other events that could be triggered by 
removing material too quickly or using too large     
a depth of cut.   

Precision dredging required up to three final 
passes at 0.5m steps to achieve the final slope. 

Dumping barges were used to place geobags and 
riprap.  The geobag dumping barges, through trial 
works, were modified to include adjustable 
dumping cages that allowed the geobags to be 
�q�U�H�O�H�D�V�H�G�r�� �F�O�R�V�Hr to the river bed (reducing the 
tendency for them to spread out through the water 
column), which allowed for accurate placement. 

The cages could accurately place 800kg geobags, 
used for the apron, at depths up to 30m. The 
barges were anchored using a cabling system that 
allowed the barge to be methodically moved in and 
out from the bank to attain the required coverage. 
Figures 18 to 20 illustrate the 125kg and 800kg 
geobag dumping barges. 
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Figure 17: Dredging work south bank 

 

  

Figure 18: Dumping 125kg geobags on lower slope north bank 

 

 

  

Figure 19: Dumping 125kg geobags south bank  
lower slope 

 

Figure 20: 800kg geobag dumping south bank 
near the bridge 
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Figure 21: Riprap dumping south bank 

The contractor trialed various methods and 
procedures for the placement of riprap, eventually 
using custom built bottom-opening barges, see 
Figure 21, with the riprap delivered by flat barges.   

The trial works found that rock released from the 
surface provided sufficient coverage control and 
release closer to the bed was not considered by 
the contractor. The barges were anchored using    
a cabling system that allowed the barge to be 
methodically moved in and out from the bank to 
attain the required coverage.  

 

Daily multibeam bathymetric surveys were used to 
monitor the dredging and placement of the 
underwater slope protection.  The survey system 
was mounted on a catamaran-hulled vessel to 
provide stability, with the equipment lowered 
through a moon pool at the stern of the vessel, 
Figure 22.   

The accuracy of the surveys is in the order of 
10cm, which allowed for detailed monitoring of the 
dredged surface and the condition of the protection 
layers as they were placed.  Areas that needed 
upgrading to the required specifications and/or 
layer thickness were identified, and appropriate 
upgrades were made.  

Figure 23 shows a typical monitoring survey of the 
125kg geobag layer and a selected cross-section. 

 

 

 

 

 

  

Figure 23:  Placement of 125kg geobags on the underwater slope prior to placement of riprap. Cross-section is shown 
by yellow line in 3D image 

 

 

�V Figure 22:  Survey vessel for daily multibeam 
bathymetric surveys 
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PADMA BRIDGE �t DRAWINGS 

 

Click on an image to open it in a higher resolution 

 

 

https://e-mosty.cz/wp-content/uploads/Elevation-part-of-the-bridge.png
https://e-mosty.cz/wp-content/uploads/Main-bridge-roadway-deck-slab.png
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https://e-mosty.cz/wp-content/uploads/MAIN-BRIDGE-RIVER-SPANS-RAILWAY-COMPOSITE-DECK-TYPICAL-SECTIONS-DETAILS.png
https://e-mosty.cz/wp-content/uploads/Main-bridge-pier-typical-section-Pier-No-18.png
https://e-mosty.cz/wp-content/uploads/Northbound-Viaduct-Pier-N10.png
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https://e-mosty.cz/wp-content/uploads/Typical-section-at-piers.png
https://e-mosty.cz/wp-content/uploads/Typical-Section-between-piers.png
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China Major Bridge Engineering Co. Ltd. 
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PADMA BRIDGE �t VIDEOS 

 

Videos 1 and 2: Flying over the almost complete Padma Bridge 
Click on an image to play the video 

 
Credit for the flyover videos: China Major Bridge Engineering Co. Ltd. 

 

 

 

https://youtu.be/JSiNPqnqbkM
https://youtu.be/3GJNcmpH8Ug
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WHERE NOW                                                  
WITH LONG SPAN BRIDGES? 

 By Dr David Collings 
 

 

INTRODUCTION 

My involvement in proposals for cutting edge, 
innovative structures and the need to regularly 
keep up to date and relevant for teaching and 
research means I am constantly looking at what is 
happening with major bridges worldwide.  

This has led to some thoughts on the future of 
major long span bridges. This article, originally 
written to assist a TV producer for a now 
abandoned programme, condenses some of these 
ideas, data and some current inspirations, to 
attempt to answer the question: where do we go 
now with long span bridges?  

The article is extensively referenced so that those 
interested can delve more deeply into aspects of 
long span bridges. 

PAST DATA 

Before looking forward it is often instructive to look 
back.  

Our bridge building predecessors have often 
looked at a wide range of options, the available 
technology and economics ultimately tending to 
favour one of these options amongst the many 
originally considered.  

Firstly, let us look at how far we have spanned. 
Figure 1 plots the maximum span of suspension 
bridges from 1800, Myerscough [1] outlines this in 
more detail.  

 

Figure 1: Longest 
Suspension 

Bridge and Cable 
Stay Bridge with 
time, from 1800 
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We have gone from 20m to 2,000m in about 200 
years. The 1,991m span Akashi-Kaikyo Bridge, 
Figure 2, a classic truss type suspension bridge 
completed in 1998 was the longest span until 
�U�H�F�H�Q�W�O�\���� �Z�L�W�K�� �W�K�H�� �����������P�� �V�S�D�Q�� ���������¤�D�Q�D�N�N�D�O�H��
Bridge [2] in T�Ùrkiye now taking that title, Figure 3, 
and with the 2,300m span currently under 
construction in China. 

Fairclough, et al [3] suggested a doubling of span 
every 50 years, this implies a steep rise in spans, 
which is not currently occurring.  

The data indicates more of a linear progression at 
an average growth of about 100m per decade.  
The growth is not smooth but jumps up in steps 
and is related to:  

�x Technology advances such as the use of wire 
rather than chains, or the use of boxes rather 
than trussed deck girders.  

�x Failures, often due to fatigue or wind 
aerodynamics [4]. 

 

Figure 2: Akashi-Kaikyo Bridge, Japan, of 1998, a conventional truss 
deck suspension bridge with almost 2,000m span.                      

Picture by Pinqui (CC licence) 

 
Figure 3 �)�L�J�X�U�H�����������������¤�D�Q�D�N�N�D�O�H���%�U�L�G�J�H�����7�Ù�U�N�L�\�H�����R�I��������������              

a 2,023m span  box girder deck bridge, currently longest 
span in the world. Picture from e-mosty June 2022 [2] 

 

�x Affordability, big bridges are expensive and 
grow more expensive as spans increase [5].  

�x Politics, do the  local  people  need  and  want 
a bridge?  

Figure 1 also plots the maximum span of cable stay 
bridges, a different and slightly more efficient type 
of suspension structure.  

It extends the 20th century development outlined by 
Virlogeux [6] into the 21st century.  

 

Figure 4: The Russky Bridge, Russia, of 2012 until recently          
the longest cable stay span. Picture by Alexxx1979 (CC licence) 
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The 1,104m Russky Bridge of 2012, Figure 4, was 
the longest span of this type, a 1,176m span over 
the Yangtze River in China is under construction at 
the time of writing.  

The rise in span for cable stay bridges from the 
1950s has been much steeper than that of 
suspension bridges, at a rate of about 200m per 
decade.  

The rate of change in spans from the largest of 
each bridge type over the last few decades 
suggests that recently we have been putting our 
effort in developing the cable stay bridge form 
rather than significantly increasing the spans of 
suspension bridges.  

 

Figure 5: Brooklyn Bridge, USA, of 1865, a suspension bridge 
with additional stays. Picture by Suiseiseki (CC licence) 

 

If the present trends continue, cable stay and 
suspension bridges will have achieved similar 
spans by the end of this century. 

The layout of early suspension bridges was more 
varied than modern suspension bridges.  

Span to cable sag ratios varied but quickly settled 
to near the 10:1 ratio of most modern bridges 
(typically within an 8:1 to 12:1 range).  

Hybrid bridge forms with stays and suspension 
cables were initially popular but pure cable stay 
bridges had to wait over a century for the 
development of high strength wire.  

Many older bridges we think of as suspension 
bridges, like the Brooklyn Bridge of 1865, Figure 5, 
are supplemented with stays.  

Most modern long span bridges since the 1920s 
have been pure suspension structures.  

However, recently the 1,600m span 3rd Bosphorus 
Bridge [7], using a hybrid cable stay-suspension 
bridge form, was completed, Figure 6, at 59m wide 
this is also one of the widest bridges, an important 
characteristic as we shall see later.  

This hybrid cable stay-suspension form may be     
a possible way forward for increased spans. 

 

Figure 6: Yavuz Sultan Selim Bridge (3rd Bosphorus Bridge), 
�7�Ù�U�N�L�\�H, of 2016, a hybrid suspension cable stay bridge.    

Picture by Andrew (CC licence) 
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Multi-span suspension bridges were also common 
early in the history of long span bridges [8], as 
spans could not cross wide rivers in one single 
span.  

Multi-span suspension bridges are making a re-
appearance, with the recent twin span Taizhou [9] 
and Maanshan Bridges in China (with identical 
twin, 1,080m spans  and a length of 2,200m) and   
a similar sized bridge at Chacao, Chile under 
construction [10].   

 

Figure 7: Millau Viaduct, France, of 2013 a multi-span cable stay bridge. Picture by Mike McBey (CC licence) 

 

 

Multi-span cable stay bridges are also reaching 
new heights and lengths, for example the 336m 
tall, 2,460m long Millau Viaduct, Figure 7, or the 
multiple 560m span Rion Antirion Bridge, Figure 8, 
with its deep-water foundations.  

These multiple span bridges also show a possible 
direction for long span bridges. 

Within the suspension and cable stay bridge data 
are a number of footbridges, these do not form any 
of the longest spans as the longest footbridge span 
is the 721m Sky Bridge, Czech Republic [11]. 

Figure 8: Rion Antirion Bridge, Greece, of 2016, a multi-span cable stay bridge. Picture by Eusebius (CC licence) 
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Figure 9: The 516m span Arouca footbridge with variable main cable spacing and inclined towers.                    
Picture by Luis Ascenso (CC licence) 

 

However, the relatively light and narrow forms of 
these structures require special cable layouts to 
keep the bridge stable and to maintain pedestrian 
comfort.  

A common cable layout for longer span footbridges 
that may have relevance to future long span 
bridges is to create a 3-dimensional cable with the 
cables being further apart at the towers than they 
are at mid span, Figure 9.  

This layout increases both the lateral and torsional 
stiffness of the bridge. 

OTHER DATA 

The Akashi-Kaikyo Bridge spans the Akashi Strait 
between Kobe and Awaji Island as a classic 3 span 
truss suspension bridge, Figure 2, with a single 
long span and shorter back spans, it has its towers 
founded caissons on the seabed 70m below water 
level.  

The Chang-Tai Yangtze River Bridge has caissons 
72m deep. The Rion Antirion Bridge spans the gulf 
of Corinth in 5 spans, Figure 8, with foundations on 
�W�K�H���V�H�D�E�H�G���D�W���D���G�H�S�W�K���R�I�������P�����7�K�H�����������¤�D�Q�D�N�N�D�O�H��
Bridge, Figure 3, has 84m wide stepped caissons 
47m deep.  

The foundations for these bridges were cast 
adjacent to the shore and floated into position 

similar to offshore oil & gas production platform 
structures or more recent large wind turbine 
structures. Edinson Guanchez [12] discussed this 
trend in more detail in a previous edition of            
e-mosty.  

The current  deepest  concrete gravity  oil  platform 
is Troll  founded  in  300m  of water, and the 
current deepest steel production platform structure 
is  Petronius  founded in over 600m of water, 
Figure 10.  

 
Figure 10: Increase in size of oil production platforms in deep water 
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Figure 11: Burj Khalifa on the Dubai skyline, UAE, a 830m tall tower.                                                
Picture cropped from original by Nepenthes (CC licence) 

 

Tension leg platforms are used in up to 1,450m of 
water. These deep-water structures also show the 
depth development possible for the foundations of 
long span bridges.  

In 1865 the 90m tall towers of the Brooklyn Bridge, 
Figure 5, were the tallest structures in New York.  

Tower technology has developed, materials have 
changed from stone to steel and today are most 
likely a mixture of both steel and concrete.  

The towers for the Akashi-Kaikyo Bridge are 283m 
�W�D�O�O�����W�K�H�����������¤�D�Q�D�N�N�D�O�H��Bridge 318m, those for the 
Russky Bridge 321m, for the Yavuz Sultan Selim 
Bridge 322m and the Millau viaduct 336m.  

The towers of the Chang-Tai Yangtze River Bridge 
currently under construction will reach 340m high. 
These heights are similar to the skyscrapers of the 
1930s New York.  

Today skyscraper building towers such as the Burj 
Khalifa, Dubai, Figure 11, are 828m high [13] and 

 

Figure 12: 
Tallest towers 
with time, from 

1800 
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taller 1,000m towers under construction. The rise 
in tower height since 1800 is shown in Figure 12.  

These towers also indicate likely practical height 
limits for the towers of long span bridges. 

Bridges are not the only structures using cables: 
The longest zip-line span carrying people is 
2,832m long at Ras al Khaimah, UAE.  

There are several power transmission lines with 
long spans. The Zhoushan Island line has a span of 
2,700m supported on 380m tall towers [14].  

The now dismantled Messina line had a span of 
3,646m. The current longest span power line is 
across the Ameralik Fjord, Greenland. At 5,376m it 
uses the mountainous topography rather than tall 
towers to achieve the height needed at the 
supports. These cable structures indicate possible 
practical limits for long span bridges. 

PROPOSED SPANS 

A number of proposals for long spans in various 
locations have been made over the years, Mullins 
and Collings [5] summarise some recent straits 
crossing proposals with single span bridges such 
as the long-mooted Messina crossing with a 3.3km 
span and various multi-span bridges of 1.7km to 
2.7km spans utilising offshore deep-water 
technology with multi-span suspension bridges, 
Figure 13.  

Plans for suspension bridges with 2.25km, 2.8km 
and 3.7km spans over the Vartdalsfjorden, 
Sulafjorden and Sognefjord Fjords in Norway have 
also been considered.  

 

Figure 13: Multi-span suspension bridge and offshore deep-water technology combined for a proposed straits crossing 

 

Plans for suspension bridges with floating or 
tension leg foundations have also been proposed. 
The current longest span proposed is for a single 
5.0km span in a crossing of the sea to Taiwan. 

THEORETICAL SPAN DATA 

Fairclough, et al. [3] considered a catenary of 
equal strength type structure with the strength and 
density of steel and estimated a 20km span was 
theoretically possible.  

However, the span to height ratio was 
approximately 1.7 indicating towers of almost 
12km height would also be required.  

Modern suspension bridges are not catenary of 
equal strength type structures but have cable 
catenary of constant area. Lewis [15] considered  
a suspension bridge type structure with a steel 
strength slightly more than Fairclough and 
confirmed a 20km span suspension bridge was 
theoretically possible with 7.5km high towers. 

Lewis also considered cable stay structures and 
estimated a theoretical limit at 8.8km with 4.4km 
towers. Fairclough [3], Croll [16] and others have 
considered optimised structural forms for bridges. 

The optimum form is an arrangement with radial 
towers  and almost tangential stays similar to 
Figure 14a.  

A more practical arrangement with multiple towers 
was also considered, Figure 14b, together with 
more conventional cable stay and suspension 
arrangements, these have slightly more material 
volume.  

These optimums also have high towers compared 
with the span length. It is also noted that 
theoretically the cable stay form is more efficient 
than the suspension bridge. 
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Figure 14: a) Theoretical 
optimum form, and          
b) a more practical 

optimum form, with more 
conventional                   

c) cable stay, and           
d) suspension bridge form 

[3]  

 

The assumptions typically used for these optimised 
theoretical structures are that:  

�x High-strength steel is used with similar 
strengths in tension and compression.  

�x Only permanent self-weight loads are 
considered with live loads being insignificant.  

�x Non vertical loads like wind are neglected.  
�x The structure is part of a multi-span structure 

with similar structures each side.  
�x The construction method is not considered in 

the analysis.  
�x The deck weight is part of the optimised 

structure, and  
�x the substructure is not considered in the 

optimisation.  

In practice many of the assumptions are not fully 
met which can significantly affect the optimum 
structural form and the span to height ratio.  

The deck has to span between stays or hangers 
longitudinally and spread localised loads over        
a number of stays or hangers, the structure will 
also need to span transversely between pairs of 
cables, these requirements lead to a minimum 
deck material requirement (tmin) at low spans.   

Figure 15 outlines the theoretical minimum material 
for the various types of optimised bridges (form a, 
b, c, d above) with spans from 1 to 10km.  

 

Figure 15: 
Theoretical 

optimum material 
for various bridge 

forms (span to 
height ratio �§ 2) 
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The relative volumes used in theoretical 
publications are replaced with the normalised 
tonnage (teff) based on the assumptions defined 
above, with material stress, fs = 500MPa and the 
minimum deck mass, tmin = 0.25t/m2. 

The above assumptions are not strictly valid;           
I recently presented a paper in Edinburgh, 
Scotland [17] updating these assumptions, with     
a short extract below:  

The limiting tensile and compressive stresses will 
normally be significantly different, with lower 
compressive stresses due to the lower material 
strength of plates (fus = 250 to 650MPa) compared 
with cables (fus = 1,600 to 2,000MPa) and due to 
the effects of buckling of the plates in 
compression.  

Lewis [15] noted that with a tensile to compressive 
stress ratio of 4.4, the volume of material in the 
towers increase significantly at low span to height 
ratios and the optimum structures occurred at 
span to height ratios of 5 for suspension bridges 
and 3 for cable stay bridges.  

The assumption that live loads are small compared 
to self-weight loads is not valid for the optimised 
loads. If a live load of 3kPa is assumed for vehicles 
or crowds, this is equivalent to approximately 0.3 
t/m2, hence for all the optimised structures less 
than about 7km span the live load will affect the 
optimisation and increase material.  

Railways are increasingly being carried by long 
span bridges and the live load intensity will be 
significantly higher than for vehicles.  

Live loads can also occur in layouts different to 
permanent loads (for suspension bridges loading 
to half of the span is often more critical than over 
the full span) leading to complications with 
optimisation and additional stiffening. 

The optimum structures are considered to be part 
of a multiple span structure. Croll [16] noted that 
the optimum solution for a multi span bridge was 
approximately 10% less than that for an equivalent 
single main span with smaller side spans.  

In practice the multi-span bridge will also require 
additional stiffening measures in the form of cables, 
tower material or deck stiffening [8] to cope with 
non-uniform and non-symmetrical wind and live 
loads.  

Again, the additional structure needed for these 
loads will favour lower tower heights.  

The optimised structures do not consider 
construction issues and hence the decks of the 
structures in Figure 14 have tensions across 
approximately one third of the deck near mid-span. 

If built in cantilever (as all long span cable stay 
bridges currently are), then the deck would be in 
compression over the full span, leading to 
additional material in the deck.  

The optimum structural analysis is repeated with 
higher tensile stresses (fst = 700MPa) and reduced 
compressive stresses (fsc = 200 MPa).  

A live load of 3kPa over the entire deck and a 10% 
allowance for stiffening is also included.  

Figure 16 outlines the theoretical minimums for 
various forms of optimised bridge with spans from 
1 to 10km based on the revised assumptions.  

The weight of the suspension bridge structure is 
similar to that of the radial optimum at spans up to 
7km.  

The span to height ratio of the theoretical 
structures is still smaller than used for most built 
bridges, considering a more practical span to 
height ratio of 8 for a suspension bridge gives an 
8.4km limiting span with 1,100m high towers.  

For a cable stay structure with a span to height 
ratio of 5 the span limit is 6km and requires 
1,250m towers.  

These revised limits appear more practical and 
achievable but bridges near the limits contain 
significantly more material than current spans and 
so would be significantly more expensive and have 
a higher carbon footprint [17], an increasingly 
important parameter.  

The mass of a number of current and proposed 
cable stay and suspension bridges are also shown 
in Figure 16 and indicate current proposals are not 
too far off from the theoretical mass. 

A comparison of Figures 15 and 16 indicates the 
minimum weights of the bridge increase 
significantly with better assumptions during the 
theoretical optimisation.  

The increased material will lead to increased costs 
of the bridges and increased relative forces on 
foundations.  

The theoretical studies show possible directions 
and limits for long span bridges. 
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Figure 16: Theoretical 
and proposed material 

for various bridge 
forms and span           
to height ratios 

 

  

Figure 17: Tacoma Narrows Bridge Figure 18: The twin separated boxes at Stonecutters Bridge, China 

AERODYNAMICS 

The consideration of long span bridges would not 
be complete without consideration of 
aerodynamics.  

Aerodynamics have been a critical design issue for 
�H�Q�J�L�Q�H�H�U�V�� �V�L�Q�F�H�� �7�H�O�I�R�U�G�p�V�� �������P�� �0�H�Q�D�L Bridge was 
damaged by wind soon after opening [4].  

Aerodynamics were an issue on many other 
bridges including the Golden Gate Bridge, which 
was one of the last major bridges to rely on its 
sheer mass to overcome wind.  

The 1940 Tacoma Narrows Bridge, Figure 17, 
which was designed to be relatively narrow and 
lightweight, was destroyed by aerodynamic forces. 

The Tacoma failure also led to significant research 
on aerodynamics and the development of the 
aerodynamic box section of the 1966 Severn 
Bridge.  

This technology has developed further with the use 
of central slots or barriers to disrupt the airflow and 
more recently with separate decks linked by          
a transverse diaphragm, Figure 18.  

The separate decks are also helping to increase 
the width of the bridge. The width of the bridge 
relative to its span is a measure of its slenderness; 
the more slender the deck, the more likely they are 
to be unstable.  
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The span to width ratio (L/B) for Tacoma was 72:1, 
currently thought to be near the critical 
slenderness [1].   

The span to width ratios for constructed cable stay 
and suspension bridges are plotted in Figure 19. 

The limits for long span bridges on the figure are:  
a 40:1 lower limit (below which instability is 
unlikely) and a 75:1 upper limit. 

The most notable aerodynamic mechanisms and 
actions investigated for most long span bridges 
include limited amplitude responses like vortex 
shedding and buffeting then divergent amplitude 
responses like flutter and galloping.  

Vortex Shedding is a well-recognized aerodynamic 
phenomenon that is associated with divergent 
structural response under relatively low wind 
speeds.  

 

Figure 19: Span 
to width of 

various bridges 
with estimated 

upper and lower 
safe limits 

 

The design of the leading edge therefore has         
a considerable bearing on controlling this 
phenomenon.  

The estimated critical wind speed for vortex 
shedding for a number of real and theoretical 
spans is plotted in Figure 20.  

It is noted that the velocities are relatively low, 
hence they will occur, and the leading edge and 
barrier details need to be carefully considered [19].   

Flutter is a high wind speed divergent response 
and one of the key mechanisms that led to the 
collapse of the Tacoma Narrows suspension 
bridge in 1940.  

The flutter mechanism is self-excited and is 
sensitive to the structural damping.  

 

Figure 20: 
Critical wind 

velocities       
for long span 

bridges 

 



   
 

4/2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A negative damping of the system results in 
progressively increasing high amplitude deck 
vibrations that can eventually lead to the collapse 
of the structure. 

Determining the critical wind velocity for the onset 
of flutter is a key element of long span bridge 
aerodynamic design.  

A range of flutter velocities is plotted in Figure 20 
for long spans. It is increasingly difficult to obtain 
high critical velocities for flutter as spans grow 
longer.  

To accurately determine the aerodynamic 
behaviour of long span bridges wind tunnel testing 
is required.  

The effects of aerodynamics and in particular the 
bridge width will remain a key influence on the 
future development of long span bridges. 

CARBON EMISSIONS 

The carbon footprint of a bridge is a function of the 
embodied carbon in the materials, the carbon 
emissions from transport of the materials and 
workers and of the construction methods used.  

I have outlined the capital carbon content of 
infrastructure including major bridges in a number 
of papers [18, 20] and the capital carbon of some 
major fixed links crossings [5], including some 
major bridges.  

 

Figure 21: 
Normalised carbon 
footprint of major 
bridges with span 

 

The data for major bridges is normalised to give 
the carbon for a unit area of deck and it is plotted 
with span in Figure 21.  

Some data for tunnels is added for comparison.  

The carbon content of a bridge increases 
significantly as span increases.  

As carbon and cost are linked, the carbon content 
of major bridges is likely to be an important 
parameter for future bridges. 

SUMMARY & DISCUSSION 

Where now with long span bridges?   

We have seen that if present trends continue, 
cable stay and suspension bridges will achieve 
similar spans by the end of this century, although 
hybrid cable stay-suspension form may be             
a possible way forward for increased spans.  

The effects of aerodynamics and in particular the 
bridge width will remain a key influence on the 
future development of long span bridges. 

Multiple span bridges, perhaps with large deep-
water foundations, also show another possible 
direction for long span bridges. 

The theoretical studies show possible new form 
and set limits for long span bridges.  

More practical limits based on current towers and 
other cable structures are also set for the 
immediate future.  
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The studies also show that the carbon content of 
major bridges is likely to be an important 
parameter for future bridges. 

In my experience, politics has always played a key 
role in long span bridges and will continue to do so. 
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I did not go into more detail on this in the article as 
I do not want to lose friends and cause arguments.  

But if you are in any doubt on this, consider the 
5km bridge in the Taiwan Strait, the politics have 
global implications. 
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PUSHING THE LIMITS �t 150M LONG CYARERA 
SUSPENSION BRIDGE, RWANDA 

Nicola Turrini, Bridges to Prosperity 

 

 

Figure 1: Cyarera Bridge Walkway 

 

 

 

INTRODUCTION 

In the last two decades, Bridges to Prosperity 
(B2P) has designed and built more than 400 
pedestrian and moto trail bridges, connecting 
nearly 1.5 million people in rural and isolated areas 
across the world to essential opportunities and 
services on the other side of impassable rivers.  

The principal way in which this tremendous amount 
of work was completed efficiently, rapidly, and 
economically was by producing a set of standard 
designs covering different bridge spans. 

Last year, I wrote about how the significant height 
difference between two sides of a river at some of 
our bridge sites drove us to engineer a new hybrid 
solution: merging two different standard designs, 
suspended and suspension, into one.  

This year, we explored a new challenge: how to 
build the longest suspension bridge we have ever 
attempted by customizing our engineering to meet 
a span 50% longer than the maximum span 
covered by our standard designs. 

https://www.bridgestoprosperity.org/
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Figures 2 and 3: Cyarera Bridge valley in dry and rainy season respectively     Source: Google Earth Images 

 
Before diving into the technical details, it is 
important to remember that at the source of every 
big bridge lies an essential need for safe and 
reliable access.  

In the case of the Cyarera Bridge within the 
Nyanza district in Rwanda, the surrounding 
communities of Cyarera, Gatongati and 
Masangano have been struggling with crossing the 
immense valley carved by the Mwogo river for as 
long as they can remember.  

 

Figure 4: Cyarera Bridge valley captured during construction 

 

During the rainy season, when the vast valley is 
completely flooded, the only way to cross safely 
results in a five-hour walk to a vehicular bridge, 
while the bravest (and the ones physically able to 
do so, and without goods to be transported) would 
attempt to walk or swim through the deep waters 
of the river, risking their life time and time again.  

Building a resilient vehicular bridge is simply 
impossible in this valley without the significant 
investment of millions of dollars, leaving the people 
living in the surrounding areas without a crossing 
point - until now. 



   
 

4/2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE CYARERA SUSPENSION BRIDGE 

After scouting the valley for an adequate bridge 
location, one natural option clearly stood out from 
the others, corresponding to the narrowest section 
of the valley in a wide area equally spread between 
upstream and downstream.  

From the first survey, it was clear that a bridge 
nothing less than 150 meters long could have been 
built there.  

With the current trend of unpredictable rainy 
seasons directly related to global climate change, 
the probability of experiencing individual rain 
events of huge magnitude which could entirely re-
shape the bed of a river like the Mwogo overnight 
is higher than in the past and must be accounted 
for.  

That is why the foundations of the Cyarera Bridge 
could not be constructed in the valley, where the 
riverbed could suddenly wash them away after 
changing its position during a heavier rainy season 
but were placed on two secure spots elevated with 
respect to the floodplain, pushing the span of the 
structure to reach 150 meters in length while also 
guaranteeing strong geotechnical properties of the 
ground. 

Such a massive span extends beyond Bridges to 
�3�U�R�V�S�H�U�L�W�\�p�V�� �V�W�D�Q�G�D�U�G�� �G�H�V�L�J�Q�� �D�Q�G�� �F�D�O�O�H�G�� �I�R�U��            
a customized design for a bridge with a final 
construction cost of around 200,000 USD, which is 
twice the cost of the average Rwandan bridge.  

The primary reason for the enlarged budget is the 
requirement of a lateral wind-guys system with      
4 extra concrete anchor blocks, securing the          
2 extra 200-meter-long cables bracing the 
structure against lateral actions.  

For such a long walkway, the lateral action of 
intense winds can create dynamic- and strength-
related problems for the structure of the bridge, 
while the oscillations during the pedestrian 
crossing of the walkway are far more intense for 
the user compared to shorter spans.  

With wind guys, movement is stabilized for the 
bridge users to have a better experience while 
crossing, and the overall resistance of the 
structure to the side action of the wind is improved 
to guarantee the correct functioning of the bridge 
even during intense weather events. 

 

Figure 5: Survey profile of the valley 
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 Figure 6: Cyarera Bridge layout and planview 

Click on the drawings to open them in a higher resolution 
Click on the pdf icon to see all drawings 

 

 

Once the project was confirmed, geotechnical 
tests of the ground were taken before finalizing the 
design of the bridge.  

After that, the substructure works could start on 
site, where the construction team encountered the 
first logistical problem: due to the great width and 
depth of the river, it was not possible to build          
a temporary timber bridge, to serve the community 
and our own team during the construction of the 
main bridge, which is the typical solution at our 
bridge sites.  

The lack of a temporary safe crossing for 
construction materials and workers, compounded 
by the long 1 - 1.5 hour car drive from one side of 
the construction site to the other, forced the 
construction team to start working only on the left 
side of the river while starting on the other side 
only when the left substructure was completed.  

Thanks to the hard work of the 45 community 
members hired daily and led by our experienced 
construction team, the bridge began to come 
together.  

Finally, the tight construction schedule and the 
high cost of the project led to the opportunity of 
hosting three different teams of volunteers (for        
a total of 15 volunteers) from three different 
sponsoring construction companies (Traylor Bros., 
Kokosing, McMillen Jacobs) to support the bridge 
build with their construction and hands-on related 
knowledge and experience.  

They flew to Rwanda specifically to support the 
construction of the complex superstructure of the 
bridge which took place during the last 2 weeks of 
the build. 

 

 

 

https://e-mosty.cz/wp-content/uploads/elevation-3.png
https://e-mosty.cz/wp-content/uploads/plan-3.png
https://e-mosty.cz/wp-content/uploads/Cyarera-Bridge-Drawings.pdf
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Figure 7: Construction workers passing construction 
material with a small boat across the Mwogo River 

 

 

DESIGN AND CONSTRUCTION CHALLENGES 

In this section, we are going to go through the 
main challenges encountered during the 
construction of the Cyarera Bridge.  

The difficulties were mainly concentrated in the 
superstructure-related works, while the 
substructure offered fewer challenges apart from 
the increased size of foundations and anchors, and 
the additional concrete anchors for the wind-guy 
cables. 

1. 11m TALL STEEL TOWERS 

The bigger the bridge, the bigger the towers. For 
the Cyarera Bridge, in particular, a set of 11-
meter-tall towers was needed (1.5 meters taller 
with respect to the tallest standard tower in our 
typical suspension bridge designs). 

a. The increased length and thickness of the 
main tower pipes created issues in 
transporting them by foot along the steep 
slopes of the Mwogo river valley, slowing down 
the process of positioning and assembling the 
towers on the pedestals.  

b. On a similar note, the increased weight (with 
respect to the standard values) forced the 
engineering team to increase the dimensions 
of the pedestals, the footings, and especially of 
the concrete cubic anchor which connects to 
the cable puller while lifting the towers.  

The tower lifting process sees the winch being 
installed and hooked on a concrete cubic 
anchor cast in the ground on the opposite side 
of each tower, where it is connected to a cable 
crossing the river, passing through a pulley 
system on top of a front scaffold tower, and 
finally connecting to the top of the laying tower 
ready to be lifted, thanks to its hinged bottom 
placed on top of the two concrete pedestals. 
The main way this anchor resists the tower 
lifting forces is by its self-weight. 

 

 

�Z Figures 8 and 9: Positioning, painting and 
assembling of one of the two 11m tall steel towers 

 
�W Figure 10: One of the towers 
being lifted thanks to a hand-
winch positioned on the other 

side of the river 
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Figure 11: Representation of the general tower lifting procedure for B2P Suspension bridges 

 
2.  WIRE-ROPE CABLES 

The extreme length of the main wire-rope cables 
for this bridge (more than 200 meters each!), and 
the increased number of them (8 in total including 
the wind-guy cables, instead of 4 for a typical B2P 
bridge) created a series of problems listed below: 

a. Quality/Availability: the cables used for B2P 
bridges are donated spools of re-used wire-
rope cables coming from marine ports. Before 
cutting the cables from the spool, which are 
gathered at our warehouse in Kigali, and 
transporting it to site, our team applies a 
thorough quality control process with the goal 
to spot any visible imperfection.  

It was an immense challenge to find 200+ 
meters of cable with no imperfections between 
the available spools, and then repeat the 
process eight times (6 main cables and           
2 wind-guy cables).  

The obstacle resulted in our quality assurance 
team working extra hours in the weeks leading 
to the superstructure works starting before 
being able to provide these essential structural 
elements for the Cyarera Bridge. 

b. Transportation: the longer the cable the 
heavier and more difficult to transport, both 
down the steep slopes of the valley and across 
the deep water of the Mwogo river.  

Crossing such long cables from side to side 
involved the use of the entirety of the 
workforce, distributing all the workers along 

the entire length of the cable across the valley 
�L�Q�� �R�U�G�H�U�� �W�R�� �O�D�\�� �L�W�� �D�O�R�Q�J�� �W�K�H�� �q�E�U�L�G�J�H�� �O�L�Q�H�r���� �I�U�R�P��
anchor to anchor. 

c. Total Number: normally a B2P suspension 
bridge would have 4 cables in total:                 
2 upstream and 2 downstream.  

Due to the exceptional span, the Cyarera 
design called for a total of 6 main cables. This 
increase changed the detail for the anchor 
block where the cables are looped and clipped 
to themselves, making the blocks wider to 
accommodate one extra cable at both the 
upstream block and the downstream block. 

 

 

 

 

 

 

 

Figure 12: Cable spools at B2P 
warehouse in Kigali, Rwanda 
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Figures 13 �t 15: Construction workers transporting and installing wire-rope cables across the Mwogo valley 

 

 

 

 

Figures 16 -18: Custom Anchor Blocks details 
for Cyarera Bridge 
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3. WIND-GUY CABLES SYSTEM 

This system is made by two main cables: one 
upstream and one downstream with respect to the 
centreline of the bridge, laying across the river and 
creating a parabolic horizontal profile, and being 
anchored on both sides of the river to a set of 
custom concrete anchors.  

Both cables are secured to the cross beams of the 
walkway through transversal cables called wind-
ties, with the function of transmitting the 
transversal loads from the walkway to the wind-guy 
cables. 

The major constraint regarding the wind-guy 
cables installation was time.  

Falling within the superstructure completion, the 
installation of the wind-guys was set to take place 
during the last 2 weeks of construction, with the 
support of the 15 corporate volunteers; this 
created a lot of extra technical tasks for the B2P 
team and the volunteers, forcing all of them to 
wake up at 5:00am every morning in order to 
reach the site as soon as 6.30am and work until 
5:00pm every single day, including the weekend 
when they would typically have time to rest and/or 
take time off for some leisure activities. 

 

  

  

Figures 19 and 20: 
Wind-tie/Crossbeam 
details before and 

after walkway 
construction 

 

Figures 21 and 22: 
Wind-guy massive 

anchor block before 
and during installation 

process 
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Figures 23 - 26: Corporate program volunteers �Z�R�U�N�L�Q�J���R�Q���Y�D�U�L�R�X�V���V�W�D�J�H�V���R�I���W�K�H���E�U�L�G�J�H�p�V���V�X�S�H�U�V�W�U�X�F�W�X�U�H���F�R�Q�V�W�U�X�F�W�L�R�Q 

 
CONCLUSION 

Building this incredible and massive structure was 
challenging in many ways, but it demonstrated to 
the entire Rwanda Program team, from the 
procurement to the construction to the engineering 
department, that even with good planning and 
allocation of resources, a lot of extra issues may 
arise that are not normally accounted for.  

At the same time, having adequate preparations 
resulted in the team members overcoming the 
difficulties and delivering the Cyarera Bridge on 
time for the planned inauguration to the people of 
the Cyarera, Gatongati and Masangano 
communities.  

�,�Q�� �D�G�G�L�W�L�R�Q�� �W�R�� �R�X�U�� �W�H�D�P�p�V�� �K�D�U�G�� �Z�R�U�N���� �W�K�H�� �L�P�P�H�Q�V�H��
efforts of the local community members who 
worked for months on bridge construction, as well 
as the local districts who advocated for safe and 
reliable access, made the construction of Cyarera 
possible.  

Thousands of previously isolated and rural, 
residents are now able to access key resources 
and services, including education, markets, 
government services, healthcare, and employment 
opportunities. 

Climate resilience is one of the main 
characteristics which we aim for our bridges to 
exemplify, and in this constantly evolving world, we 
know that Cyarera will probably not remain the 
longest suspension bridge built at B2P for too long.  

Long-span trail bridges are essential for securing   
a long lifespan for the invaluable connections that 
the bridge itself creates for the residents of these 
rural valleys in East Africa, and we are ready to 
continue to push our limits in the years to come. 
Cyarera Bridge is just the start. 
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Figures 27 �t 30: Images from the 
joyful inauguration of the Cyarera 

suspension bridge 
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EQUIPMENT FOR BRIDGE 
CONSTRUCTION 

 �-�D�Y�L�H�U���)�H�U�Q�¾�Q�G�H�]���D�Q�G���-�X�D�Q���1�R�Y�R�D�����5�×�E�U�L�F�D���(�Q�J�L�Q�H�H�U�L�Q�J 

 

  

�5�×�E�U�L�F�D Engineering designs and produces special 
equipment for various construction methods as 
segment lifters, overhead form travellers, 
underslung form travellers, finishing platforms and 
precast line beds.  

The company, with �L�W�V�� �G�L�Y�L�V�L�R�Q�� �5�×�E�U�L�F�D�� �%�U�L�G�J�H�V, 
has been involved in many remarkable projects 
worldwide since 1996. 

In the field of bridge construction, we can offer 
equipment especially for in-place casting of 
bridges, such as formwork travellers, wing 
travellers, finishing platforms, lifters, self-launching 
falsework, various special systems and unique 
projects. 

FINISHING PLATFORMS FOR THE ATLANTIC 
BRIDGE, PANAMA 

 

Here you can see a short overview of some of our 
major projects. More can be found at our web, 
www. https://rubricaingenieria.com/en/ 

WING AND OVERHEAD FORM TRAVELLERS 
FOR THE ROSE FITZGERALD KENNEDY 

BRIDGE, IRELAND 

 

 

Read more Read more 

https://rubricaingenieria.com/en/projects/rubrica-bridges/
https://rubricaingenieria.com/en/rubrica-proyecto/formwork-travelers-equipment/
https://rubricaingenieria.com/en/rubrica-proyecto/finishing-platform-for-atlantic-bridge/
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OVERHEAD FORM TRAVELLER       
FOR A BRIDGE, JULIUS NYERERE 

HYDROPOWER PROJECT, TANZANIA 

PRECAST LINE BEDS, MALOLOS CLARK 
RAILWAY PROJECT, PHILIPPINES 

SEGMENT LIFTERS, PRECAST ARCH 
POSITIONING, ABU DHABI, UAE 

UNDERSLUNG  FORM TRAVELLERS, CEBU -
CORDOVA LINK EXPRESSWAY, PHILIPPINES 

Read more Read more 

Read more Read more 

  

You can also read about some of the 
projects in the e-mosty magazine 

�V Rose Fitzgerald 
Kennedy Bridge, Ireland 

�W Atlantic Bridge, Panama 

https://rubricaingenieria.com/en/rubrica-proyecto/overhead-form-traveller-julius-nyerere-hydropower-project-jnhpp/
https://rubricaingenieria.com/en/rubrica-proyecto/malolos-clark-railway-project/
https://rubricaingenieria.com/en/rubrica-proyecto/special-project-for-precasts-arch-positioning/
https://rubricaingenieria.com/en/rubrica-proyecto/underslung-form-traveller-cebu-cordova-link-expressway/
https://e-mosty.cz/the-rose-fitzgerald-kennedy-bridge/
https://e-mosty.cz/movable-scaffolding-systems/


We �F�G�U�K�I�P���C�P�F���R�T�Q�F�W�E�G
formwork equipment
for in-place casting of bridges
N25 New Ross Bypass (Ireland)



The Matacryl brand, which USL 
Speciality Products supplies 
throughout Europe, has a wide 
range of uses to address various 
construction issues. Matacryl 
WPM provides a durable 
�[�E�X�I�V�T�V�S�S�û�R�K�� �Q�I�Q�F�V�E�R�I�� �X�L�E�X��
�Q�E�]���F�I���Q�E�R�Y�E�P�P�]���S�V���W�T�V�E�]���E�T�T�P�M�I�H��
for use beneath the asphalt. As 
an alternative, Matacryl WS is a 
�[�E�X�I�V�T�V�S�S�û�R�K�� �E�R�H�� �L�M�K�L���J�V�M�G�X�M�S�R��
application used for thin surface 
coatings that greatly lightens the 
�W�X�V�Y�G�X�Y�V�I���W�� �[�I�M�K�L�X���� �8�L�M�W�� �W�]�W�X�I�Q��
�G�E�R�� �F�I�� �H�M�V�I�G�X�P�]�� �X�V�E�ý�G�O�I�H�� �J�S�V��
both pedestrian and vehicles, 
�V�I�Q�S�Z�M�R�K�� �X�L�I�� �V�I�U�Y�M�V�I�Q�I�R�X�� �J�S�V��
asphalt.

MATACRYL COMBINED SEAMLESS 
WATERPROOFING MEMBRANES & 
WEARING COURSE SYSTEMS
APPLIED ALL YEAR ROUND

All Matacryl solutions provide 
�S�Y�X�W�X�E�R�H�M�R�K�� �T�I�V�J�S�V�Q�E�R�G�I�� �E�R�H��
lifespan (PUMMA technology). 
Additionally, both on new build 
�E�R�H�� �V�I�J�Y�V�F�M�W�L�Q�I�R�X�� �T�V�S�N�I�G�X�W� ��
�X�L�M�W�� �L�]�F�V�M�H�� �J�S�V�Q�Y�P�E�X�M�S�R�� �M�R�L�M�F�M�X�W��
deterioration on both concrete 
and steel applications.

�2�E�X�E�G�V�]�P�� ���]�W�X�I�Q�W�� �E�V�I�� �I�Q�T�P�S�]�I�H��
by partners, infrastructure owners 
and civil engineering experts 
�E�G�V�S�W�W�� �X�L�I�� �K�P�S�F�I�� �X�S�� �M�Q�T�V�S�Z�I��
�X�L�I�� �H�Y�V�E�F�M�P�M�X�]���� �T�I�V�J�S�V�Q�E�R�G�I�� �E�R�H��
service life of infrastructure assets

PRODUCTS



�+�S�V���Q�S�V�I���M�R�J�S�V�Q�E�X�M�S�R���G�E�P�P���������
�	���&���&�����&�0�����4�0�	���S�V���Z�M�W�M�X���[ �[ �[���Q�E�X�E�G�V�]�P���G�S�Q

Available in spray and 
�Q�E�R�Y�E�P�P�]���E�T�T�P�M�I�H���K�V�E�H�I�W���X�S��
�Q�I�I�X���N�S�F���W�M�X�I���G�S�R�H�M�X�M�S�R�W��

�7�E�T�M�H���G�Y�V�M�R�K���X�M�Q�I���T�V�S�Q�S�X�I�W��
fast installation, lower labour 
�G�S�W�X�W���E�R�H���U�Y�M�G�O�I�V���L�E�R�H�S�Z�I�V���X�S��
the next construction phase.

�:�4�(���G�S�Q�T�P�M�E�R�X� ���G�S�R�X�E�M�R�W��
no solvents.

�(�L�I�Q�M�G�E�P�P�]���M�R�I�V�X� ���H�S�I�W���R�S�X��
�V�I�U�Y�M�V�I���L�E�^�Q�E�X���T�V�I�G�E�Y�X�M�S�R�W��
for disposal once cured.

No heating or conditioning of 
resins or special application 
�I�U�Y�M�T�Q�I�R�X���M�W���V�I�U�Y�M�V�I�H��

�2�E�X�E�G�V�]�P���W�]�W�X�I�Q�W���E�V�I���S�R�P�]��
installed by authorised and 
approved applicators.

Matacryl WS (vehicular) 
�W�I�E�Q�P�I�W�W���[�E�X�I�V�T�V�S�S�û�R�K���E�R�H��
wearing courses for roads, 
bridges, and tunnels.

UNWIN BRIDGE, CANADA

�4�Y�V���X�I�G�L�R�M�G�E�P���I�\�T�I�V�X�W���G�E�R���T�V�S�Z�M�H�I���E���W�S�P�Y�X�M�S�R���X�E�M�P�S�V�I�H���X�S���]�S�Y�V��
�T�V�S�N�I�G�X�¶�W���V�I�U�Y�M�V�I�Q�I�R�X�W���F�E�W�I�H���S�R���X�L�I�M�V���H�I�G�E�H�I�W���S�J���I�\�T�I�V�M�I�R�G�I��
�E�R�H���L�Y�R�H�V�I�H�W���S�J���M�R�W�X�E�P�P�E�X�M�S�R�W���E�G�V�S�W�W���X�L�I���K�P�S�F�I��

MATACRYL WS 
�
�:�*�-�.�(�9�1�&�7������                         

���I�E�Q�P�I�W�W���[�E�X�I�V�T�V�S�S�û�R�K�������[�I�E�V�M�R�K��
�G�S�Y�V�W�I�W���J�S�V���V�S�E�H�W�����F�V�M�H�K�I�W�������X�Y�R�R�I�P�W

�2�E�X�E�G�V�]�P���;�����G�L�I�Q�M�G�E�P�P�]���F�S�R�H�W���[�M�X�L��
both concrete and steel substrates to 
�G�V�I�E�X�I���E���J�Y�P�P�]���E�H�L�I�V�I�H���[�E�X�I�V�T�V�S�S�û�R�K��
�E�R�H���[�I�E�V�M�R�K���W�]�W�X�I�Q�����4�Y�V���Z�I�L�M�G�Y�P�E�V��
�K�V�E�H�I���W�]�W�X�I�Q�����G�E�R���F�I���M�R�W�X�E�P�P�I�H���S�R��
�R�I�[���F�Y�M�P�H���c�S�V���V�I�J�Y�V�F�M�W�L�Q�I�R�X���T�V�S�N�I�G�X�W����
�E�P�P�S�[�W���J�S�V���W�M�K�R�M�û�G�E�R�X���[�I�M�K�L�X���W�E�Z�M�R�K�W���F�]��
�I�P�M�Q�M�R�E�X�M�R�K���X�L�I���R�I�I�H���J�S�V���E�W�T�L�E�P�X��

�4�Z�I�V���������G�S�Y�R�X�V�M�I�W���[�M�X�L���Z�E�V�]�M�R�K���G�P�M�Q�E�X�I�W��
have it installed.

MATACRYL WS 
�
�5�*�)�*���8�7�.�&�3������                         

���I�E�Q�P�I�W�W���[�E�X�I�V�T�V�S�S�û�R�K�������[�I�E�V�M�R�K��
�G�S�Y�V�W�I���J�S�V���T�I�H�I�W�X�V�M�E�R�������G�]�G�P�I���F�V�M�H�K�I�W��

�2�E�X�E�G�V�]�P���;�����I�Q�T�P�S�]�W���X�L�I���W�E�Q�I��
�X�I�G�L�R�S�P�S�K�]���E�R�H���W�]�W�X�I�Q���H�I�W�M�K�R���E�W��
�X�L�I���Z�I�L�M�G�P�I���K�V�E�H�I���F�Y�X���[�M�X�L���E���W�Q�E�P�P�I�V��
�E�K�K�V�I�K�E�X�I���J�S�V���T�I�H�I�W�X�V�M�E�R���G�S�Q�J�S�V�X��

�O�É�É% 
Solid reactive resin 

content.

�
��  minutes
Weather resistant 
and ready to use 

after completion of 
application.

- �—�É°C to +�‘��  °C
Installed in a wide 
range of ambient 

temperatures to extend 
the construction season.

•	 Five Oaks Footbridge, UK

•	 Cobden Footbridge, UK

•	 Unwin Bridge, Canada

•	 Alfred Nobel Bridge, Denmark

•	 Orestad Pedestrian Cycle Bridge, Denmark ALFRED NOBEL BRIDGE, DENMARK

ORESTAD, DENMARK

KEY PROJECTS:

�2�E�X�E�G�V�]�P�q���5�V�M�Q�I�V���(�2

�2�E�X�E�G�V�]�P�q�����8�(���(�P�I�E�V�������5�M�K�Q�I�R�X�I�H���8�S�T�G�S�E�X

�&�K�K�V�I�K�E�X�I���'�V�S�E�H�G�E�W�X

�2�E�X�E�G�V�]�P���2�E�R�Y�E�P�������2�E�G�L�M�R�I�������1�2��

�6�Y�E�V�X�^�����������³�����������Q�Q

�2�E�X�E�G�V�]�P�q���;�1�������;�1�:���[�M�X�L�����3�1���+�M�P�P�I�V

�2�E�X�E�G�V�]�P�q���5�V�M�Q�I�V���(�2

�2�E�X�E�G�V�]�P�q�����8�(���(�P�I�E�V�������5�M�K�Q�I�R�X�I�H���8�S�T�G�S�E�X

�&�K�K�V�I�K�E�X�I���'�V�S�E�H�G�E�W�X

�2�E�X�E�G�V�]�P���2�E�R�Y�E�P�������2�E�G�L�M�R�I�������1�2��

�6�Y�E�V�X�^�����������³�����������Q�Q

�2�E�X�E�G�V�]�P�q���;�1�������;�1�:���[�M�X�L�����3�1���+�M�P�P�I�V

�2�E�X�E�G�V�]�P�q�����8�(���(�P�I�E�V



�+�S�V���Q�S�V�I���M�R�J�S�V�Q�E�X�M�S�R���G�E�P�P���������
�	���&���&�����&�0�����4�0�	���S�V���Z�M�W�M�X���[ �[ �[���Q�E�X�E�G�V�]�P���G�S�Q

Available in spray and 
�Q�E�R�Y�E�P�P�]���E�T�T�P�M�I�H���K�V�E�H�I�W���X�S��
�Q�I�I�X���N�S�F���W�M�X�I���G�S�R�H�M�X�M�S�R�W��

�7�E�T�M�H���G�Y�V�M�R�K���X�M�Q�I���T�V�S�Q�S�X�I�W��
fast installation, lower labour 
�G�S�W�X�W���E�R�H���U�Y�M�G�O�I�V���L�E�R�H�S�Z�I�V���X�S��
the next construction phase.

�:�4�(���G�S�Q�T�P�M�E�R�X� ���G�S�R�X�E�M�R�W��
no solvents.

�(�L�I�Q�M�G�E�P�P�]���M�R�I�V�X� ���H�S�I�W���R�S�X��
�V�I�U�Y�M�V�I���L�E�^�Q�E�X���T�V�I�G�E�Y�X�M�S�R�W��
for disposal once cured.

No heating or conditioning of 
resins or special application 
�I�U�Y�M�T�Q�I�R�X���M�W���V�I�U�Y�M�V�I�H��

�2�E�X�E�G�V�]�P���W�]�W�X�I�Q�W���E�V�I���S�R�P�]��
installed by authorised and 
approved applicators.

Matacryl WS (vehicular) 
�W�I�E�Q�P�I�W�W���[�E�X�I�V�T�V�S�S�û�R�K���E�R�H��
wearing courses for roads, 
bridges, and tunnels.

UNWIN BRIDGE, CANADA

�4�Y�V���X�I�G�L�R�M�G�E�P���I�\�T�I�V�X�W���G�E�R���T�V�S�Z�M�H�I���E���W�S�P�Y�X�M�S�R���X�E�M�P�S�V�I�H���X�S���]�S�Y�V��
�T�V�S�N�I�G�X�¶�W���V�I�U�Y�M�V�I�Q�I�R�X�W���F�E�W�I�H���S�R���X�L�I�M�V���H�I�G�E�H�I�W���S�J���I�\�T�I�V�M�I�R�G�I��
�E�R�H���L�Y�R�H�V�I�H�W���S�J���M�R�W�X�E�P�P�E�X�M�S�R�W���E�G�V�S�W�W���X�L�I���K�P�S�F�I��

MATACRYL WS 
�
�:�*�-�.�(�9�1�&�7������                         

���I�E�Q�P�I�W�W���[�E�X�I�V�T�V�S�S�û�R�K�������[�I�E�V�M�R�K��
�G�S�Y�V�W�I�W���J�S�V���V�S�E�H�W�����F�V�M�H�K�I�W�������X�Y�R�R�I�P�W

�2�E�X�E�G�V�]�P���;�����G�L�I�Q�M�G�E�P�P�]���F�S�R�H�W���[�M�X�L��
both concrete and steel substrates to 
�G�V�I�E�X�I���E���J�Y�P�P�]���E�H�L�I�V�I�H���[�E�X�I�V�T�V�S�S�û�R�K��
�E�R�H���[�I�E�V�M�R�K���W�]�W�X�I�Q�����4�Y�V���Z�I�L�M�G�Y�P�E�V��
�K�V�E�H�I���W�]�W�X�I�Q�����G�E�R���F�I���M�R�W�X�E�P�P�I�H���S�R��
�R�I�[���F�Y�M�P�H���c�S�V���V�I�J�Y�V�F�M�W�L�Q�I�R�X���T�V�S�N�I�G�X�W����
�E�P�P�S�[�W���J�S�V���W�M�K�R�M�û�G�E�R�X���[�I�M�K�L�X���W�E�Z�M�R�K�W���F�]��
�I�P�M�Q�M�R�E�X�M�R�K���X�L�I���R�I�I�H���J�S�V���E�W�T�L�E�P�X��

�4�Z�I�V���������G�S�Y�R�X�V�M�I�W���[�M�X�L���Z�E�V�]�M�R�K���G�P�M�Q�E�X�I�W��
have it installed.

MATACRYL WS 
�
�5�*�)�*���8�7�.�&�3������                         

���I�E�Q�P�I�W�W���[�E�X�I�V�T�V�S�S�û�R�K�������[�I�E�V�M�R�K��
�G�S�Y�V�W�I���J�S�V���T�I�H�I�W�X�V�M�E�R�������G�]�G�P�I���F�V�M�H�K�I�W��

�2�E�X�E�G�V�]�P���;�����I�Q�T�P�S�]�W���X�L�I���W�E�Q�I��
�X�I�G�L�R�S�P�S�K�]���E�R�H���W�]�W�X�I�Q���H�I�W�M�K�R���E�W��
�X�L�I���Z�I�L�M�G�P�I���K�V�E�H�I���F�Y�X���[�M�X�L���E���W�Q�E�P�P�I�V��
�E�K�K�V�I�K�E�X�I���J�S�V���T�I�H�I�W�X�V�M�E�R���G�S�Q�J�S�V�X��

�O�É�É% 
Solid reactive resin 

content.

�
��  minutes
Weather resistant 
and ready to use 

after completion of 
application.

- �—�É°C to +�‘��  °C
Installed in a wide 
range of ambient 

temperatures to extend 
the construction season.

•	 Five Oaks Footbridge, UK

•	 Cobden Footbridge, UK

•	 Unwin Bridge, Canada

•	 Alfred Nobel Bridge, Denmark

•	 Orestad Pedestrian Cycle Bridge, Denmark ALFRED NOBEL BRIDGE, DENMARK

ORESTAD, DENMARK

KEY PROJECTS:

�2�E�X�E�G�V�]�P�q���5�V�M�Q�I�V���(�2

�2�E�X�E�G�V�]�P�q�����8�(���(�P�I�E�V�������5�M�K�Q�I�R�X�I�H���8�S�T�G�S�E�X

�&�K�K�V�I�K�E�X�I���'�V�S�E�H�G�E�W�X

�2�E�X�E�G�V�]�P���2�E�R�Y�E�P�������2�E�G�L�M�R�I�������1�2��

�6�Y�E�V�X�^�����������³�����������Q�Q

�2�E�X�E�G�V�]�P�q���;�1�������;�1�:���[�M�X�L�����3�1���+�M�P�P�I�V

�2�E�X�E�G�V�]�P�q���5�V�M�Q�I�V���(�2

�2�E�X�E�G�V�]�P�q�����8�(���(�P�I�E�V�������5�M�K�Q�I�R�X�I�H���8�S�T�G�S�E�X

�&�K�K�V�I�K�E�X�I���'�V�S�E�H�G�E�W�X

�2�E�X�E�G�V�]�P���2�E�R�Y�E�P�������2�E�G�L�M�R�I�������1�2��

�6�Y�E�V�X�^�����������³�����������Q�Q

�2�E�X�E�G�V�]�P�q���;�1�������;�1�:���[�M�X�L�����3�1���+�M�P�P�I�V

�2�E�X�E�G�V�]�P�q�����8�(���(�P�I�E�V



FOLLOW US

INNOVATIVE | SAFE | SUSTAINABLE | FAST  

SOLUTIONS FOR 
BRIDGE CONSTRUCTION

MSS M1-70-S @ BRATISLAVA BYPASS | IN SITU CONSTRUCTION 

LG 36-S @ CAIRO METRO LINE 3 EXTENSION | PRECAST SEGMENTAL 

WWW.BERD.EU
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https://www.facebook.com/berdbridges/
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ALLPLAN BRIDGE 2023 
A NEW ERA IN PARAMERIC BRIDGE MODELING
Allplan Bridge introduces a new modeling method – free parametric modeling. It enables the 

parametric modeling of an entire bridge or its sub elements freely in 3D space. Additionally, as  

this is a more general parametric modeling technique, it can be used for modeling of other 

infrastructure facilities. Further important product enhancements are the extensions of the  

national annexes.   

YOUR BENEFITS:

›	 Free parametric modeling - �exible and time saving 

›	 Avoid repetitive tasks with powerful templating and improved project collaboration

›	 Smoother analytical interoperability

GET YOUR FREE TRIAL:
allplan.com/bridge

https://www.allplan.com/products/allplan-bridge-2023-features/
https://www.allplan.com/products/allplan-bridge-2023-features/
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forces in motion

Scope of application: 
The installation of the MAURER Swivel Joist Expansion Joint shall allow access to and 
protect the bridge deck from horizontal over load during a seismic event. 

MAURER SE| Frankfurter Ring 193 | 80807 Munich/Germany
Phone +49 89 32394–0 | Fax +49 89 32394–306 | www.maurer.eu 

References:

• Bahia de Cadiz, Spain

• Hochmoselübergang, Germany

• �Ô�����H�L���*�H���
 Bridge, Izmit,��
Turkey

• Mainbrücke Randersacker, 
Germany 

• Millau Viaduct, France

• Rheinbrücke Schierstein, 
Germany

• Rion Antirion, Greece
• Russky Island Brigde,��

Vladivostok, Russia

• Tsing Ma, China

MAURER 
MSM®��Swivel Joist Expansion Joint 
�Ô�0�a���3���*�����Ó��BRIDGE, IZMIT, TURKEY | WORLD NO. 4 SUSPENSION BRIDGE WITH HIGH SEISMIC LOAD

Features: 
•  Unrestrained absorption of specified 

movements and simultaneous trans-
mission of traffic loads 

•  Serviceability of the structure after the
earthquake 

•  Protection of the bridge deck from hori-
zontal overload caused by extreme closing
movements during the earthquake 

•  High life time expectation through 
use of high performance components

•  Longitudinal seismic displacement
of ca. 4 m 

•  Service velocity up to 20 mm/sec 
(10 times higher than for a regular bridge) 

•  Watertight across the bridge width
•  Maintenance free 

Anz_IzmitBayBridge-Dehnfuge_2020_A4_EN--ISOcV2.indd   1 28.09.20   08:40



 

 

 

Photo :  Jules van den Doel 

Helgeland Bridge, Norway 

https://www.aas-jakobsen.com/markets/long-span-bridges/


 
 
 
 

 
 

 

 
Arup works in active partnership with clients to understand their needs so 
that the solutions make their bridge aspirations possible �² big and small. 
The Arup global specialist technical skills blended with essential local 
knowledge adds unexpected benefits. 
 
 
www.arup.com 

Whether to span nations, make a statement or 
improve everyday links, Arup crafts better bridges 

 

Naeem Hussain Richard Hornby Steve Kite Deepak Jayaram 
naeem.hussain@arup.com richard.hornby@arup.com steve.kite@arup.com deepak.jayaram@arup.com 

Global UK, Middle East & Africa East Asia UK, Middle East, India        
and Africa 

Peter Burnton Marcos Sanchez Matt Carter  
peter.burnton@arup.com marcos.sanchez@arup.com matt.carter@arup.com   

Australasia Europe Americas  

 

  

Queensferry Crossing Scotland 

http://www.arup.com


Consequences of aged infrastructure  
and poor maintenance and lack of 
monitoring lead to disasters. 

SHM technologies are a key tool that aide 
infrastructure businesses in mitigating 
risks and improve asset resilience. 

SHM can help road operators in reduce 
liabilities connected to structural failures 

while optimizing maintenance costs, 
giving an objective criteria and timely 
input .

Nplus SHM is the only system specifically 
designed for infrastructures, covering  
the full range of structural monitoring. 

A unique software managing SHM from 
sensor management to data analytics.

www.nplus.it

A bridge to the future.  
Now.
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Cyarera Suspension Bridge 
Rwanda 
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