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1 SUMMARY AND CONCLUSIONS 
The main objective of the present study is to verify whether it is feasible to lift the complete steel 

pylons from horizontal condition to their in-place condition. Various bridge pylon designs have been 

studied, and the challenge has been to find the crane load- and reach limitations of available Heavy 

Lifting Vessels, and then verify these data against realistic pylon designs and the corresponding 

elevation of the center of gravity. 

 

It can be concluded that each pylon can be installed by means of a single-lift operation, based on 

the center of gravity calculations on a preliminary design and comparisons with a revised design 

subjected to strength calculation. Areas of potential improvement are identified and will be 

addressed in further design stages. 

 

In addition, this report introduces an alternative configuration in which the lower pylon legs and the 

upper A-frames are lifted separately. In such a configuration, the HLV crane capacity limit would no 

longer be a critical factor. However, the number of lifting operations to perform would increase. The 

alternative might involve other logistical advantages for the project, but this has not been part of the 

scope. 

 

To fabricate and install the bridge pylons it is proposed to assemble the A-frames in a dock, and to 

connect the lower legs to the upper A-frames in floating condition. This is because all docks available 

in Norway are either too narrow or too short for complete dock assembly. It is proposed to transport 

the pylons by means of a wet tow to the up-ending site. 

 

Alternatively (for overseas suppliers), the A-frames can be delivered complete but transported 

overseas as deck load on a barge or semi-submersible transportation vessel (SSCV). However, 

before up-ending and lift-in, the pylons must be lifted off from the barge and to sea. 

 

A method to hook onto, up-end and lift in the pylons by the HLV is feasible. The critical factor of the 

operation is that the crane must be able to complete the up-ending and further lift-in without shifting 

grip. Assistance by a second crane shall be avoided. 

 

A brief analysis of suitable facilities in the vicinity of the expected bridge site at Langenuen is 

presented. It is assumed that the Mechanical/ Structural disciplines will be able to carry out 

fabrication by resorting to a combination of service barges and facilities on land. 

 

The study proposes the establishment of in-house facilities for panel fabrication, volume sections 

assembly, and surface protection. Areas for outdoor assembling of complete A-frames limit the list 

of potential domestic tenderers. 

 

The fabrication of panels and volume sections for the pylons requires a high capacity for plate 

cutting, transportation/ handling of heavy sections, and semi-automatic panel lines. High output 

SAW welding machines and tandem machines for double-sided welding is considered a 

requirement. However, specialist competence and experience with volume production of high 

strength steel structures are considered essential, more than the equipment. 
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To conclude on a throughput time for approximately 9000 t steel is complicated, because the project 

master plan (including civil) and the need for building new fabrication/ panel lines to meet critical 

milestones are unknown. However, it is assumed probable to expect a delivery time from contract 

to lift-in of approximately 10 to 18 months, without affecting the logistics of the project master plan. 

To meet tight milestones, it is considered that parts of the scope can be subcontracted to sub-

suppliers who are proven capable in previous projects. When the project master plan is known, a 

complete delivery time for installed pylons can be established.  
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2 INTRODUCTION AND OBJECTIVE  

The Method Department at KvÞrnerôs main yard at Stord has tendered for - and been awarded a 

limited feasibility study to investigate the feasibility and relevant methods to fabricate complete 

pylons at protected shop facilities, load-out and transportation to installation site location, and the 

feasibility to up-end the pylons in one piece and lift them from sea to target location. The background 

for the study and the task description is detailed in Attachment 1- Mime-no. 19/257825 

ñOppdragsbeskrivelse- FoU-prosjekt Ferjefri E39 Brut¬rn i st¬l for hengebru over Langenuenò.  

From the project background description it is understood that similar bridge pylons in Norway have 

been exclusively built in reinforced concrete, using the slip forming technique. The initiative to 

investigate the possibility to build the pylons in steel is due to the strong position, experience, and 

facilities of Norwegian and Foreign yards supplying large steel structures for the oil-and-gas 

industry, and which invites to investigate this alternative approach for benchmarking against the 

concrete design. It is also evident that the nearshore depth at the location in Langenuen and the 

shipping channel allows access for large heavy lift vessels (HLV) that have the necessary capacity 

and reach. 

Kværner has through many years developed the strategy to perform prefabrication of large modules 

and structures indoors on its premises, and to transport and install at the target sites with a minimum 

of resources and work hours. This has improved compatibility, quality, and timely delivery of the 

projects. The methods and processes presented in this document are based on well-known 

principles in the engineering industry, both domestic and overseas. All the methods explained in this 

short study are therefore available for application or adaptation for any qualified bidder invited to 

tender. 

The task description contains a sketch showing a concrete pylon alternative. It is understood that 

the conversion of design into a steel-based version is a part of the study, and the overall design 

should in this conceptual phase have similarities to this concrete version. If such design proves 

feasible to fabricate, transport and install, then further design development is expected to lead to an 

improvement of the general constructability and cost. For this study, assistance from the Norwegian 

Public Roads Administration (NPRA) to evaluate the strength and main dimensions of the draft 

proposals are granted. 

The present feasibility study has been an iteration process, in which various A-frame designs have 

been tested towards the chosen crane limitations. The report discusses the feasibility of the most 

critical stages, such as up-ending and lifting, first, and the subjects of fabrication and transportation 

in the succeeding chapters. 
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3 STRATEGY AND KEY FACTORS FOR THE FEASIBILITY STUDY 

The fabrication- and assembling phase of the bridge pylons is found relatively uncomplicated, and 

the methods can be adapted to the facilities and expertise available at each competitive supplier. 

The feasibility of the fabrication phase is therefore mainly governed by a combination of availability 

of outdoor space for assembling and facilities for load-out of the pylons. It will be possible to 

conclude in a yard prequalification phase. 

The most critical aspects of the feasibility study have been to find a realistic weight of the complete 

steel pylons, and to verify availability of lifting vessels that have enough crane capacity and reach 

for both the up-ending and the lifting onto the foundations at the location. Two different HLVôs are 

found to have the required crane capacitiy, both with two rotatable crane booms. However, both 

cranes are also limited by lifting height for the main hooks but have Auxiliary hooks of 2500 t capacity 

per crane and approximately the same maximum hook height.  

For this study case one of these vessels is chosen for the evaluations, mainly because better data 

and a lifting capacity curve are available for this vessel. Kværner has applied this vessel for many 

projects and has agreements with the owner to receive the Statfjord A topside modules (and other 

potential demolition projects) to the Kværner demolition site during the period from 2024. Frequent 

presence in the Sunhordland region might improve the possibility to obtain a good agreement with 

the HLV owner. The strategy is that if one of these vessels can perform the installation, feasibility 

can be stated. But in a consecutive study phase more precise data for the second (or any additional) 

identified crane vessels should be investigated and confirmed. 

As a basis for the study the task definition document presents a reinforced concrete pylon design, 

shown in Figure 6. Based on a previous concept study of pylons for suspension bridges for the 

Bjørnafjord bridge, similar steel pylons gave an idea of possible skin plate and longitudinal stiffener 

thicknesses. Based on this a first conceptual elevation sketch was made, and weight and center of 

gravity (CoG) coordinates calculated. With skin plates mainly between 40 and 50 mm, the complete 

pylon was found to weigh above 6000 t, which significantly exceeds the crane capacity for lifting the 

pylon in one piece.  

A revised design was proposed, based on square columns from bottom to top, and conical columns 

only from foundation to the crossbeam. The revised design is shown in Figure 8, in section 5.2. The 

principle design with an A-frame configuration like the concrete design in Attachment 1 is chosen. 

This is discussed by Norconsult from an architectural point of view in their ñSkisseprosjekt, bru over 

Langenuen og Sßreidsvikaò, referenced in attachment 3, and found expedient and good looking. It 

is also mentioned that the A-frame aperture also has similarities to the planned pylon for the 

Bjørnafjord stayed bridge. It is mentioned as a positive asset that there are recognizable similarities 

between the two bridges in the same E39 road section. 

Based on this adjusted design (and early strength estimates), the new weight was brought down 

under the critical maximum limit for lifting. Based on this preliminary design, the analysis for up-

ending and lifting was made, using hand calculations for weight, and location of CoG and buoyancy 

centers. The feasibility study is made based on this conceptual design and hand calculated data. 

No 3D model is developed, and illustrations are created in a sketch program called Snagit 2019. 
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Midway in the study process, a revised design based on strength calculations results were received 

from NPRA, resulting in lower weight and a more comfortable margin with respect to crane capacity. 

The revision did also include a reduced road box design (29.0 m wide compared to previously 34.3 

m). At a later stage, it is recommended to build a more accurate model to evaluate weight, buoyancy, 

the position of center of gravity, and the center of buoyancy.       

The key factors for compliance with the crane vessel specifications are the following: 

¶ Highest allowable location of hook points (lugs) relative to the crane hooks 

¶ Verify a proper vertical distance from the hook point down to the pylon CoG, to ensure safe 

up-ending and lifting operations 

¶ Verify the ability of the vessel to pick up the A-frame from horizontal (floating) position and 

perform up-ending in one operation without conflicting with the vessel hull. 

¶ Need for excavation of seabed in front of the pylon foundations to meet the HLV operatorôs 

demand for a safe distance. 

 AVAILABLE VESSELS MEETING THE MINIMUM LIFTING CAPACITY AND 

REACH 

As the height of the considered pylon geometries exceeds 200 m, the only lifting configuration found 

possible is the use of a twin boom crane, hooking the A-frame with one boom at each side of the 

frame. To meet these demands, two alternative HLVôs are found suitable for the lift operation. 

3.1.1  SAIPEM 7000 

The vessel is owned by Saipem and is often stationed in Stavanger (in readiness state). The vessel 

with a lifting diagram is shown in Figures 1 and 2. As shown in the diagram, only the 1st auxiliary 

hook has sufficient hook height to lift the bridge pylons. The main hooks have approximately 25 m 

lower hook height at radius 75 m, which is in the region of the CoG of the complete A-frame. 

The diagram is giving maximum heights measured from the upper deck level. At offshore conditions, 

the normal operation draft is 27.5 m, while in calm conditions inshore lifting is often undertaken at a 

lower draft. For lifting the Langenuen bridge pylons an operation draft of 20 m is assumed. Using 

the 1st Auxiliary hooks, the diagram shows a total hook height of 139 m at lifting radius 75 m. The 

maximum load per auxiliary crane is then 2480 t. (There is a slight capacity reduction from radius 

70 to 75 m). 

Figure 2 shows Saipem 7000 performing a tandem lift by the two 1st auxiliary hooks at normal 

operation draft 27.5 m. As can be seen in the picture the hooks are of the 4-prong type, but only 2 

prongs are used in this lift. Similarly, the use of two prongs for the pylons will be preferable, since 

the arrangement for unmanned release of slings will be necessary. 

The mobilization and operation costs of this vessel over a few days will probably exceed 100 MNOK, 

but the cost will be dependent on the vessel location at the time of hire as well as the market 

situation. If the hire can be combined with other engagements in the Sunhordland region, Saipem 

might be able to offer a favorable price. 
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Figure 1: Saipem 7000 lifting capacity diagram 

 

Figure 2: Saipem 7000 in operation offshore 
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3.1.2 SLEIPNIR 

The HLV Sleipnir is owned and operated by Heerema and is a new HLV. It is the largest semi-

submersible crane vessel (SSCV) ever built. Figure 3 shows the vessel at its first assignment.  

Although the main hook capacity is 2 x 10000 t, the auxiliary hook capacity and lifting height are 

quite similar to Saipem 7000. Because the lifting diagram for Sleipnir is not available, the feasibility 

study has been done from the Saipem 7000 data only, but Sleipnir is certainly a strong competitor. 

One advantage for Sleipnir is that the crane booms seem to be slimmer by width, which can be an 

advantage when the pylon A-frames are lifted centrically between the two booms and might allow 

shorter trunnions to be attached to the pylon structures. 

 

Figure 3: HLV Sleipnir at its first assignment 

 WEIGHT LIMIT FOR COMPLETE PYLON IF LIFTED IN ONE PIECE 

From the lifting diagram presented for Saipem 7000, shown in Figure 1), the absolute weight limit is 

2480 t per crane (including the lifting slings, shackles, and so on). No reduction factor for the tandem 

operation of the two cranes are foreseen, but a dynamic amplification factor (DAF) is assumed to 

be 5 %, previously used in the KvÞrner ós yard harbor.  For the study the maximum weight of the 

lifting gears is stipulated to 100 t, which puts the max effective lifting capacity to 4623 t, rounded 

down to 4600 t.  

The reach for the crane is set at 75 m, due to the slightly higher maximum lifting weight at this radius. 

Increasing the radius to 80 m reduces the lifting capacity as well as the maximum hook height. The 
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capacity can be further increased to gross 2500 t per crane by reducing the radius to 70 m. If the 

operation draft of 20 m is concluded, this is however a plausible alternative only for the lift on the 

north side of Langenuen, where the depth contour is deeper close to shore. 

The maximum crane hook height is based on a vessel draft of 20 m. Saipem 7000 has performed 

several lifts with a draft of 8 m, identical to transit draft with dry pontoon tops. The maximum capacity 

at this draft is 5000 t but might vary depending on the lifting radius. In this condition, the margins for 

hook height can be increased by 10 m and the feasibility of the operation is improved considerably. 

 DEPTH AND ACCESS AT THE BRIDGE TOWER LOCATIONS SPECIFIED 

The location of the bridge is in Attachment 1 ñOppdragsbeskrivelseò described by Figure 4, with both 

foundations placed mainly on dry land, close to the sea line. In the Norconsult report (Attachment 

3) it is referred to another alternative, where the foundation of the south side (Jektevik) is placed in 

shallow waters near the shore. This alternative is not studied. If this brings the foundation further 

out from the shoreline, this will possibly represent a reduced uncertainty for the lifting operation and 

crane reach. Figure 5 shows the basic bridge location scaled and transferred into a map containing 

the depth contours (Norgeskart.no). 

In chapter 6, on Figures 19 to 21, the HLV is scaled into this map to illustrate where a moderate 

excavation might be required to obtain sufficient clearance between the vessel hull and the seabed. 

The requirement is normally 10 m horizontally, and 5 m vertically (below pontoons). These 

requirements are based on the HLV operating in DP (dynamic positioning) mode. A rough simulation 

shown in Figure 19 and 20 indicates that a considerable rock volume (probably exceeding 1000 m³) 

may have to be blasted and removed. However, if the operator sees the operation feasible with dry 

pontoon decks (in transfer draft), such excavation seems to become unnecessary. A seabed survey 

and advice from potential HLV operators will be necessary for a later phase to estimate the 

excavation volume properly. 

Another possibility to avoid excavation may be to place a distance barge along the shore, allowing 

the HLV to slightly lean against the barge. Barge fenders must be arranged onshore. Such a 

distance barge might also serve as a passive safety bumper in order to reduce the standard distance 

margin to rock bottom in case of a DP system fall-out. If a service barge is hired for the installation 

period, this barge could also serve as a distance barge for the pylon lift(s). On the north side, shown 

in Figure 21, seems to confirm that no excavation of the seabed is necessary. 
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Figure 4: Langenuen Bridge - Conceptual location 

 

Figure 5: Langenuen Bridge scaled into a map showing depth contours 
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4 EVALUATED PYLON DESIGNS 

 DESIGN CONCEPT BASED ON CONCRETE PYLON DESIGN 

 

Figure 6: Drawing B- K10_001_altB of Langenuen bridge issued by NPRA for study of steel 

pylons. Taken from attachment 2, ñAlternative B- K10_001_altBò 

 

The reference drawing B- K10_001_altB  in Figure 6 is developed with pylons in reinforced concrete. 

This represents the ñstarting pointò for developing a steel-based concept. The A-frame design is in 

the end view shown with a straight outer generatrix from bottom to top and columns trapezoidal from 

the foundation to a level of 100 m. Viewed from the side, the column width is trapezoidal all to the 

top. The road box at an elevation approximately 66 m is shown with a total width of 34.3 m. However, 

early in the study, it was informed by NPRA that the road box cross-section is reduced to a total 

width of 31.3 m, due to reduced shoulder width by 1.5 m in each direction. 

Figure 7 shows the first draft that was made. The draft is based on the configuration shown in the 

task description documents. The skin plates were assumed to be 50 mm at the lower legs (below 

the cross beam) and 40 mm above. An assumption was made that the stiffeners need to be 

slightly thinner, 700 mm high, and spaced at approximately 1000 mm. 

 

In the initial conceptual steel pylon design, the column boxes have a trapezoidal variation of the 

cross-sections up to 100 m above the foundation, and constant column width further up to the top. 

The principle used for preliminary estimation of weights was that stiffeners (longitudinal and cross 

stiffeners at every 3 m height) constitute a constant percentage of the skin plate weights. A 

conservative calculation gave a 70 % uplift of the (simulated) skin plate weight. The concept 

maintains the elevation of the foundation around 6 m above sea level. 
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Figure 7: First concept sketch for A-frame  

 

Based on this design the total weight of the A-frame was estimated to 5900 t, and CoG elevation at 

92.6 m above foundation interface. The location of the CoG is well below the crane hook points, but 

the total weight is excessive and excludes lifting in one piece. 

 MODIFIED PYLON DESIGN- BASE CONCEPT FOR COG HEIGHT AND HLV 

PERFORMANCE DETERMINATION 

The conceptual A-frame design in Figure 8 was developed to reduce the weight below the critical 

4600 t, and to perform the up-ending and lifting study. The outer flank is maintained as a straight 

line, while the pylon legs below the cross beam are made trapezoidal, with cross-sections 8 x 8 m 

at the lower end and reduced to 5 x 5 m below the cross beam. The skin plates were chosen as 50 

mm at the lower legs and 40 mm elsewhere. Hand calculations confirmed that the weight is still 

excessive (4885 t) but considered feasible to be further optimized by reducing the size of skin plates 

and stiffeners when a structural analysis is available.  

The CoG height for this concept decreased slightly to 89.6 m, which is positive for the lifting 

operation. The hook points at el. 120 m above the foundation are set at 12 m below the maximum 

crane hook height (with HLV at 20 m draft). This distance is considered necessary in order to make 

the slings (grommets) flexible enough to install and release by gravity after the lift without the 

assistance of personnel. The hook points are proposed made as trunnions, which must be quite 

strong and stand the shift of load direction during the up-ending. A solid tube with inner stiffeners is 

assumed to cross through the columns to the opposite side. This might obstruct a central lift shaft 

in one column but might be cut away after completed lifting for the insertion of lift shaft infill. 


































































