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	1 Brandangersundet. When I was a student 55 years ago, I suggested the network arch. It is an arch bridge where the hangers cross each other at least twice. Since then over 30 network arches have been built. They are nearly all different and tend to cost too much. When some children in the world go hungry, with inadequate schooling, economical bridge designs should be the rule not the exception.

This lecture gives tips on how to design economical two lane network arches. The network arch competes best for two lane bridges with spans between 60 and 200m. I will tell you how to design economical editions of network arches. 
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	2 Aakvik Sound. A network arch is best understood as a simply supported beam. The arch is the compression zone. It is well supported by the hangers. Most of the shear force is taken by the vertical component of the arch force. 

The hangers are the web. This web works best when all hangers are in tension. 

The tie is the tension zone. It should be a simple concrete slab with small edge beams with room for the prestressing cables that take tensile force in the tie. There will be a beneficial longitudinal prestressing in the tie.

The biggest bending moment in the slab of the tie is halfway between the edge beams. Thus the longitudinal strength of a thin lower chord will always be ample.

The arches should be universal columns or American wide flange beams that come pre-bent from the steel works. I recommend yield strengths around 430 N/mm2. The profiles give slender arches with high allowable buckling stresses. It is simple to attach the windbracing.
This network arch was designed by two students of mine. Their master thesis is part of the around 2000 pages on network arches that can be found on my home page. If you would like to design a network arch, a lot of help can be found there.

An extended version of this lecture is on this memory stick. You can borrow it and put its content on your PC. The extended version will also be put on my home page.
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	3. Diagram for steel weights. This diagram tells you how much steel you need. The dots on the diagram correspond to the steel weights of the bridge in the previous slide. 

When designing bridges it is a good idea to examine more then one alternative. This diagram can be used for a rough estimate of materials needed for two lane network arches. 

For a network arch with a span of 100m and two sidewalks, these materials are needed. Structural steel 140t. Prestressing cables 15t. Temporary lower chord 70t. Concrete 0.3×15×100=450m3.
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	4. Comparison of steel weights. In this slide the steel weight of the students’ network arch is shown to the left. It is compared to the steel weights of German arch bridges with vertical hangers. The network arch seems to save around 70% of the structural steel. More steel can be saved by making the footpaths narrower, the rise of the arch higher, and the concrete tie thinner.
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	5. Necessary thickness of slab between the arches.
This diagram indicated necessary thickness of the slab. In Norway cylinder strength of 50 is sometimes used to make the slab durable. Thicker slabs are recommended to avoid big deflections. 

If big deflections occur they can be counteracted in other ways. For instance by spanning plastic lines under the slab.

If there is transversal prestress, the deflections can be controlled by varying the tension in some of the prestressing rods that have not been grouted. 
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	6. Best hangers. I prefer these hangers. The length of the hangers can be adjusted by one or two men turning the nuts. The prestress keeps the lower end of the hangers firmly embedded in the concrete. The upper end of the hangers is a standard industrial design.
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	7 Bearings and end of arches. The prestressing cables are anchored in a thick plate where arch and tie meet. The thick plates rest on top of the bearings.
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	8. Timber scaffolding. The method of erection has a decisive influence on the cost of network arches. It is simple when you can build a timber structure like in this slide. A similar method can be used when a network arch is built over wide lanes that will be opened later. 

My first two network arches were built on timber scaffolding in river beds. The arches were erected from the concrete tie. Then the hangers were tightened till they carried the tie.
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	9 Temporary lower chord. Sometimes a temporary lower chord can be used in the erection. Combined with arch and hangers it makes a stiff skeleton that can be moved.
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	10. Erection of a skew bridge. This slide shows the first stage in erection and transport of a skew bridge across a canal. The span is 100m. The three arches give a thinner tie. 

The steel skeleton is erected on one side of the canal. Then it is lifted across the canal by a pontoon. Then the tie is cast and the temporary tie removed.
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	11. Erection of the Mangamahu Bridge. This slide shows a stage in the erection of the Mangamahu Bridge in New Zealand. The span is 85m. The steel tie was erected on two temporary supports. Two halves of the arch were erected by the two red mobile cranes. The yellow crane carried the two men that joined the arches at the top.
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	12 Erection of the Blennerhassett Bridge. This slide show a stage in the erection of the Blennerhasset Bridge in Ohio in USA. The span is 268m. Compared to a bridge with vertical hangers the live load deflections were reduced by a factor 11. The bending moments in the arch and tie were reduced by factors 4 and 5 respectively. 
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	13. Transport by Uglen. This slide shows how the steel skeleton of a 150 m long two track bridge can be lifted in place by Norway’s biggest floating crane. Some of the formwork is in place before the lifting. The temporary lower chord can be used in bridges of varying length and width.
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	14. Lifting Brandanger. It is usually better to use two cranes to lift a steel skeleton of a network arch. This slide shows how the finished main span of the bridge in the first slide was lifted in place by two big cranes. It has a span of 220m and only one lane. It weighs 1870 tonnes. 

I suppose that I am running out of time. The last two slides contain a lot of text for which there was no room in the lecture. 



	
[image: image15.emf]• All members of network arches efficiently carry forces that can 

not be avoided in any simply supported beam. A well designed 

network arch is likely to remain the world’s most slender tied 

arch bridge. The slim chords are pleasing to the eye and do not 

block the view to the surrounding landscape or cityscape. The 

slim tie is an advantage when traffic on the bridge is lifted up to 

let other traffic pass under it.

• If the bridge has 15 to 20m between the planes of the arches, 

the tie can be a simple concrete slab with room for longitudinal

prestressing cables. If the span of the slab is more than 10m, 

transversal prestressing should be considered.

• Network arches are not sensitive to uneven settlements in the 

foundations. Lightness and vertical reactions give savings in the 

substructure. High strength and low weight give the network 

arch good resistance to earthquakes. Tie and hangers give the 

arch good support and high buckling strength in the plane of the

arches. H-beams with horizontal webs have a favourable 

distribution of stiffness and give simple details.


	

	
[image: image16.emf]Tension is predominant in tie and hangers. All hangers can have nearly 

the same cross-section. 

There is more on arrangement of hangers in (Teich and Graße 2005) 

and (Schanack and Brunn 2009). Network arches are equally well 

suited for road and rail bridges. Erection can be done using a 

temporary lower chord which combined with the structural steel has 

enough strength and stiffness to carry the casting of the concrete tie. 

In artic regions this steel skeleton can be erected on the ice cover of 

lakes and rivers. It can be lifted onto the pillars by mobile cranes. The 

concrete tie can be cast in the spring. (Tveit 2008 p. 30b). Other 

efficient methods of erection are available.

Network arches use very little steel. High strength steels are well 

utilized. When things go well, the network arch can save up to 40 % 

of the cost and 70 % of the structural steel. See (Tveit 2008 p. 93a 

and 93b). Since the network arch uses little steel, a high percentage 

of the cost will be labour. Any state bridge office that would like to 

design network arches is advised to start with a bridge of moderate 

length and width, preferably with a concrete tie. Later it will be easy to 

design longer and wider network arches.

For medium spans for road and rail network arches, diagrams give steel 

weights needed for two lane and two track network arches. These 

diagrams could be useful in the initial choice of bridge alternatives.
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4. Comparison of steel weights. In this slide the steel weight of the students’ network arch is shown to the left. It is compared to the steel weights of German arch bridges with vertical hangers. The network arch seems to save around 70% of the structural steel. More steel can be saved by making the footpaths narrower, the rise of the arch higher, and the concrete tie thinner.
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2 Aakvik Sound. A network arch is best understood as a simply supported beam. The arch is the compression zone. It is well supported by the hangers. Most of the shear force is taken by the vertical component of the arch force. 

The hangers are the web. This web works best when all hangers are in tension. 

The tie is the tension zone. It should be a simple concrete slab with small edge beams with room for the prestressing cables that take tensile force in the tie. There will be a beneficial longitudinal prestressing in the tie.

The biggest bending moment in the slab of the tie is halfway between the edge beams. Thus the longitudinal strength of a thin lower chord will always be ample.

The arches should be universal columns or American wide flange beams that come pre-bent from the steel works. I recommend yield strengths around 430 N/mm2. The profiles give slender arches with high allowable buckling stresses. It is simple to attach the windbracing.

This network arch was designed by two students of mine. Their master thesis is part of the around 2000 pages on network arches that can be found on my home page. If you would like to design a network arch, a lot of help can be found there.

An extended version of this lecture is on this memory stick. You can borrow it and put its content on your PC. The extended version will also be put on my home page.
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1 Brandangersundet. When I was a student 55 years ago, I suggested the network arch. It is an arch bridge where the hangers cross each other at least twice. Since then over 30 network arches have been built. They are nearly all different and tend to cost too much. When some children in the world go hungry, with inadequate schooling, economical bridge designs should be the rule not the exception.

This lecture gives tips on how to design economical two lane network arches. The network arch competes best for two lane bridges with spans between 60 and 200m. I will tell you how to design economical editions of network arches. 
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3. Diagram for steel weights. This diagram tells you how much steel you need. The dots on the diagram correspond to the steel weights of the bridge in the previous slide. 

When designing bridges it is a good idea to examine more then one alternative. This diagram can be used for a rough estimate of materials needed for two lane network arches. 

For a network arch with a span of 100m and two sidewalks, these materials are needed. Structural steel 140t. Prestressing cables 15t. Temporary lower chord 70t. Concrete 0.3×15×100=450m3.
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8. Timber scaffolding. The method of erection has a decisive influence on the cost of network arches. It is simple when you can build a timber structure like in this slide. A similar method can be used when a network arch is built over wide lanes that will be opened later. 

My first two network arches were built on timber scaffolding in river beds. The arches were erected from the concrete tie. Then the hangers were tightened till they carried the tie.
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6. Best hangers. I prefer these hangers. The length of the hangers can be adjusted by one or two men turning the nuts. The prestress keeps the lower end of the hangers firmly embedded in the concrete. The upper end of the hangers is a standard industrial design.
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5. Necessary thickness of slab between the arches.

This diagram indicated necessary thickness of the slab. In Norway cylinder strength of 50 is sometimes used to make the slab durable. Thicker slabs are recommended to avoid big deflections. 

If big deflections occur they can be counteracted in other ways. For instance by spanning plastic lines under the slab.

If there is transversal prestress, the deflections can be controlled by varying the tension in some of the prestressing rods that have not been grouted. 
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7 Bearings and end of arches. The prestressing cables are anchored in a thick plate where arch and tie meet. The thick plates rest on top of the bearings.
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12 Erection of the Blennerhassett Bridge. This slide show a stage in the erection of the Blennerhasset Bridge in Ohio in USA. The span is 268m. Compared to a bridge with vertical hangers the live load deflections were reduced by a factor 11. The bending moments in the arch and tie were reduced by factors 4 and 5 respectively. 
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10. Erection of a skew bridge. This slide shows the first stage in erection and transport of a skew bridge across a canal. The span is 100m. The three arches give a thinner tie. 

The steel skeleton is erected on one side of the canal. Then it is lifted across the canal by a pontoon. Then the tie is cast and the temporary tie removed.
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9 Temporary lower chord. Sometimes a temporary lower chord can be used in the erection. Combined with arch and hangers it makes a stiff skeleton that can be moved.
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11. Erection of the Mangamahu Bridge. This slide shows a stage in the erection of the Mangamahu Bridge in New Zealand. The span is 85m. The steel tie was erected on two temporary supports. Two halves of the arch were erected by the two red mobile cranes. The yellow crane carried the two men that joined the arches at the top.
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14. Lifting Brandanger. It is usually better to use two cranes to lift a steel skeleton of a network arch. This slide shows how the finished main span of the bridge in the first slide was lifted in place by two big cranes. It has a span of 220m and only one lane. It weighs 1870 tonnes. 

I suppose that I am running out of time. The last two slides contain a lot of text for which there was no room in the lecture. 
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13. Transport by Uglen. This slide shows how the steel skeleton of a 150 m long two track bridge can be lifted in place by Norway’s biggest floating crane. Some of the formwork is in place before the lifting. The temporary lower chord can be used in bridges of varying length and width.
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		All members of network arches efficiently carry forces that can not be avoided in any simply supported beam. A well designed network arch is likely to remain the world’s most slender tied arch bridge. The slim chords are pleasing to the eye and do not block the view to the surrounding landscape or cityscape. The slim tie is an advantage when traffic on the bridge is lifted up to let other traffic pass under it.

		If the bridge has 15 to 20m between the planes of the arches, the tie can be a simple concrete slab with room for longitudinal prestressing cables. If the span of the slab is more than 10m, transversal prestressing should be considered.

		Network arches are not sensitive to uneven settlements in the foundations. Lightness and vertical reactions give savings in the substructure. High strength and low weight give the network arch good resistance to earthquakes. Tie and hangers give the arch good support and high buckling strength in the plane of the arches. H-beams with horizontal webs have a favourable distribution of stiffness and give simple details.
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Tension is predominant in tie and hangers. All hangers can have nearly the same cross-section. 

There is more on arrangement of hangers in (Teich and Graße 2005) and (Schanack and Brunn 2009). Network arches are equally well suited for road and rail bridges. Erection can be done using a temporary lower chord which combined with the structural steel has enough strength and stiffness to carry the casting of the concrete tie. In artic regions this steel skeleton can be erected on the ice cover of lakes and rivers. It can be lifted onto the pillars by mobile cranes. The concrete tie can be cast in the spring. (Tveit 2008 p. 30b). Other efficient methods of erection are available.

Network arches use very little steel. High strength steels are well utilized. When things go well, the network arch can save up to 40 % of the cost and 70 % of the structural steel. See (Tveit 2008 p. 93a and 93b). Since the network arch uses little steel, a high percentage of the cost will be labour. Any state bridge office that would like to design network arches is advised to start with a bridge of moderate length and width, preferably with a concrete tie. Later it will be easy to design longer and wider network arches.

For medium spans for road and rail network arches, diagrams give steel weights needed for two lane and two track network arches. These diagrams could be useful in the initial choice of bridge alternatives.














