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The author prefers network arches with concrete ties and H profiles in the arch. A network arch of this type 

normally saves around ӏ of the steel weight needed for other steel bridges. If there are steel beams in the tie, 

around 1/3 of the steel weight is likely to be saved. Network arches look nice. Network arches have been 

designed in many different ways. See chapter H: Network arches built or planned. 
 

My main publication: ñThe Network Archò can be found on my homepage: http://home.uia.no/pert/ under the 

button ñThe Network Archò. It was started in 2000 and is the result of an organic growth. Thus readers will 

often have a hard time if they are seeking information on specific items. The present publication should be more 

readable and should lead interested readers more directly to what they are looking for. This publication can only 

be found on the internet. It will be updated at least till 2014. There are many references in the text. They are 

supposed to lead to more information on the same subject.  Thus the system of references at the bottom of the 

page is important.  

 

Contents 
Chapter A is a general chapter. The network arch is an arch bridge where some hangers cross each other at least 

twice. The hangers give the arches efficient support and high buckling strength. The chords have little bending. 

Tie and hangers have tension. Thus the network arch makes good use of high strength steels. 
 

Chapter AA. Materials needed for two lane network arch road bridges spanning between 60 and 200 m. 
 

Chapter AAA. Materials needed for two track network arch railway bridges spanning between 60 and 150 m. 
 

Chapter B is on arches. In bridges of small or moderate length arches, universal columns and American wide 

flange beams make very economical arches. They can come from the steel works bent to the right curvature. If 

arches slope towards each other, it makes the transversal beams in the tie longer. Thus the steel weight goes up. 
 

Chapter C is on lower chords. The tensile force between the two ends of the arches is best taken by prestressing 

cables. These cables are placed in small edge beams and give partial prestress in the tie. For everyday loads 

there will be full longitudinal prestress. If the distance between the arches is more than 20 m, transversal steel 

beams are likely to be needed. The longitudinal bending moment is normally smaller than the bending moment 

in the middle of the slab between the two arches. 
 

Chapter D is on hangers. The inclined hangers make the network arch work much like trusses as long as only a 

few hangers relax. Suitably small angles between arch and hangers give the hangers suitably high resistance to 

relaxation and to tensile force and fatigue.  
 

Chapter E is on erection. Economy of network arches is very dependent on efficient methods of erection. A 

temporary lower chord combined with arches and hangers can carry the casting of a concrete tie. The arches can 

be steel tubes that are filled with concrete after the steel skeleton has been lifted to the pillars. In long bridges 

over navigable water finished high strength concrete spans can be lifted in place by big floating cranes. In arctic 

regions the steel skeleton can be erected on ice and be lifted to the pillars before the ice breaks up in the spring.  
 

Chapter F is on cost. Here network arches are compared to other bridge types. Comments on various methods of 

erection are given.  
 

Chapter G is a short chapter on strengthening of network arches already built. 
 

Chapter H gives examples of network arches built or being built.  
 

Chapter I contains references. 
 

Chapter J is a history of network arches as experienced by Per Tveit. 

On references:  
References to pages in this publication are in the form A-1 and B-1. References to drawings in this publication 

are in the form fig. C1 and fig. I2. References to the list of literature in this publication are like (Leonhardt 

1991) and Herzog (1975 p. 281). References to ñThe Network Archò in my homepage are for (Tveit 2013). It 

will gradually be updated as long as the author feel like doing so, but the reference will remain the same. This 

also applies to the present publication. 
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AA.  Amount of materials needed for two-lane road bridges spanning between 60 and 200 m    
 

In bridge design in Aalborg University Center in the nineteen eighties the students were taught to make at least 

three sketchy designs before choosing the final alternative. This can be time consuming. The diagram in fig. 

AA2 has been made to save time for designers that consider network arches an alternative for a road bridge. It 

gives a rough estimate of the materials needed for double track road bridges spanning between 60 and 200 m. 
 

The network arches might be especially advantageous for these spans. In longer spans erection is more difficult. 

It is stresses due to traffic loads that are reduced by the crossing hangers. For longer spans the deadweight 

becomes more important and the crossing hangers do not necessarily reduce the stresses due to deadweight.  
 

The diagram of steel weights has been made starting out with the materials needed for the bridge in fig. C1. The 

cross-section of the bridge is shown in fig. AA3. It is from the masterôs thesis of (Teich and Wendelin 2001). 

Their calculations can be found at http://home.uia.no/pert/ under the button ñMasters Thesesò.  

Teich and Wendelin used a wind load vref = 32 m/s. 

The other loads were the standard EU-loads used in 

Germany in 2001. The dot on curves indicates 

amounts of steel taken directly from Teich and 

Wendelinôs thesis. The diagram is more reliable near 

these dots.  
 

The variation in weight due to increasing spans has 

been arrived at by rough estimates. Thus the result is a 

preliminary estimate of materials needed, but good 

enough to decide if a network arch would be a 

relevant alternative for a two lane road bridge. It could 

also be helpful for educated guesses of the materials 

needed for other network arches. 
 

Teich and Wendelin assumed concrete with cube 

strength 50 MPa. To increase the durability of the tie, 

higher strength concrete could be used. This would 

make lighter bridges and would lead to more ribbed 

reinforcement and less steel of other qualities. Higher 

concrete strengths could also be used for making 

wider bridges, but that could lead to more problems 

with controlling the deflection of the slab between the 

arches. See also p. C-7. 
 

In Norway many bridges have only one footpath. This    

is to facilitate the removal of snow. Then the room for  

pedestrians and bicycles must be extra wide. Thus 

little steel is saved by having only one footpath. The 

amount of structural steel needed can be reduced by increasing the rise of the arch. Teich and Wendelin used a 

rise of the arch that is 15% of the span. This looks good. In the US a rise around 20% of the span is sometimes 

used because it saves a lot of steel. 
 

For spans near 200 m buckling of the arch 

might lead to very big cross-sections made 

from American wide flange beams. If that is 

the case, box shaped arches might be a better 

alternative. 
 

The weight of the temporary lower chord in 

fig. AA2 is bigger than necessary for the 

bridge in fig. AA3. That is because the author 

thinks that temporary lower chords should be 

designed to be used for various network 

arches. 
 

The author would very much like to receive 

feedback from designers who suggests 

alterations to the diagram in Fig. AA2. 
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Fig. AA3. Cross-section of the two lane spans in fig. AA2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. AA2. Steel needed for various two-lane spans 

http://home.uia.no/pert/


AAA.  Amount of materials needed for TWO-TRACK RAILWAY  bridges spanning between 60 and 150m  

          Frank Schanack and Benjamin Brunn. 

Undoubtedly, network arches are adequate for railway bridges. As one of the first network arch bridges, the 

German Fehmarn Sound Bridge from 1963 with a span of 248 m carries not only two lanes of road traffic, but 

also one railway track. Especially during the last couple of years, the number of new network arch railway 

bridges has increased remarkably, for example the new German railway bridges over Mittellandkanal (2009, one 

track, 132.6 m, 1,000 t of steel), over the Oder River (2008, two tracks, 104 m, 1,100 t of steel) and over the 

valley Rosenbachtal (2008, one track, 89 m, 670 t of steel, Fig..AAA1) (Graße, Tveit 2007). From a financial 

and an aesthetic point of view, Geißler, Steimann and Graße (2008) recommends network arch railway bridges 

for spans between 80 m and 300 m. 
 

All of the above mentioned bridges have a 

steel deck with longitudinal tie girders. Based 

on the three most recently built bridges 

among them, the amount of necessary 

structural steel is about 7.5 t/m for single 

track bridges and about 10.5 t/m for double 

track bridges and spans of around 100 m. 
 

In network arch bridges axial forces are 

predominant, favouring the use of high 

strength materials. Consequently, the 

longitudinal tie girders should be replaced by 

prestressing cables, which have much higher 

yield strength. Furthermore, single and 

double track railway bridges have distances 

between the arches of about 6 m and 10 m 

between the arches, respectively. Such 

relatively short distances lie within the 

application range of economical concrete 

slabs. Hence, railway network arch bridges go 

well together with a longitudinally 

prestressed concrete deck. 
 

A double track network arch railway bridge with a concrete 

tie was the subject of (Brunn & Schanack 2003). It spans 100 

m and was assessed for Eurocode load model 71 (a=1.0). A 

front view of the bridge is shown in Fig. AAA2. This bridge 

needs the following amounts of structural steel: 37 t for the 

steel bar hangers, 188 t for the arches and their connections 

and 15 t for the wind bracing. Furthermore, 71 t of 

prestressing cables and 65 t of reinforcement steel are 

necessary for the deck.  
 

In this material-optimized design the bridge needs a total 

amount of about 376 t of structural steel, reinforcement and 

prestressing cables. This value corresponds to 3.8 t/m for a 

double track bridge of 100 m span. In practice, the structure 

would probably be built with bigger safety margins, so that a 

value of 4.5 t/m is more realistic. 
 

In longer network arches the transverse reinforcement of the 

deck and the structural steel of the wind bracing and hangers 

å20% of the total steel weight.  

 

The steel for the arches and the longitudinal prestressing 

cables å80% of total steel weight. 
 

In order to get a rough estimate of the amount of steel 

needed for a two-track network arch railway bridge with a 

length L you can use this unreliable formula: 

 

Weight=375x(L/100)
2 
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Fig. AAA2. Front view of the railway bridge 

designed in (Brunn & Schanack 2003) 

Fig. AAA1. View of railway network arch bridge over 

Rosenbachtal, Germany (courtesy of Stahl- und Brückenbau 

Niesky GmbH) 
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As the network arch is a simply supported beam, 

maximum design forces for uniform (maximum) load 

increase by roughly the square of the span increment. 

Consequently, a 60 m long two track railway network 

arch bridge with a concrete deck will need about 4.5 

t/m Ŀ ((0.6)^2 Ŀ 80% + 0.6 Ŀ 20%) Ŀ 60 m å 110 t of 

total steel. A 150 m long two track railway network 

arch bridge with concrete deck will need about 4.5 t/m 

· ((1.5)^2 · 80% + 1.5 · 20%) · 150 m å 1418 t of total 

steel (Fig. AAA3).  
 

These values have to be adapted to the load 

classification factor a of specific projects. This factor 

applies to live load only, which was about 50% of the 

total load in ultimate limit state of the bridge 

mentioned above (Brunn & Schanack 2003). 
 

Railway traffic is characterised by very high axle loads. In network arches, a high live load to dead load ratio 

increases the hangerôs tendency to relaxation and special care is required when designing the hanger 

arrangement. For the hanger net design good results have been achieved with the use of the radial hanger 

arrangement (Schanack & Brunn 2009a). See also D-4. 
 

The network arch is a very stiff structure that shows very small static deflections under traffic load. See Fig. 7 

on page H-24. This is important in order to assure the safety of railway traffic. Dynamic analyses of railway 

network arch bridges with a concrete deck have shown that the vertical acceleration limits are not exceeded for 

railway traffic speeds of up to 200 km/h (Schanack 2008). However, as for all bridge types, high speed railway 

traffic requires a stiffening of the deck in order to reduce acceleration and resonance vibration. Economically, 

additional steel girders are more effective than concrete members, therefore high speed railway network arch 

bridges need more steel than the values given above. 
 

The Deutsche Bahn (DB ï German railway authority) advisory board for bridge design, founded in 2007 and 

promoting design and construction innovations as well as aesthetic design quality of bridges, has published 

guidelines for the design of railway bridges (Schlaich et al. 2008). In these guidelines the network arch is 

proposed as an innovative alternative to the classic tied arch bridges (Fig. AAA4). 
 

The authors of that publication stress the economical advantages of network arch railway bridges compared to 

standard tied arch bridges with vertical hangers, especially for long spans. The guidelines point out the equality 

in structural and fatigue behaviour, despite the possibility of remarkably lighter structures for network arches. 

Considerable advantages of the network arch over its classic contender are also seen in the serviceability limit 

state due to larger stiffness and lower self-weight and therefore smaller deflections. Wind-induced and rain-

wind-induced vibrations are also less significant when sticking to the hanger arrangement of network arches. 

The members of the DB advisory board do not regard the possible high slenderness of network arches as a 

drawback in terms of robustness. 

 
Fig. AAA4. The network arch as an innovative alternative railway bridge according to (Schlaich et al. 2008) 
 

Frequently a matter of discussion, the costs for corrosion protection measures are also regarded as being equal 

to both network arches and tied arches with vertical hangers, whereas network arches become more 

advantageous taking benefit of the possibility of using a pre-stressed concrete tie. 
 

In all aspects, the DB advisory boardôs comparison between railway network arches and railway tied arch 

bridges with vertical hangers turns out equal or in favour of network arches. Special attention should be paid to 

a connection design that implies little fatigue strain and an appropriate hanger arrangement. Guidelines for good 

hanger arrangements are given in (Schanack, Brunn 2009a). 
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Fig. AAA3. Steel weight in two-track railway  

arches with concrete deck (UIC 71, a= 1.0) 



B. On  arches.     

 Main points: 

In the authorôs opinion most of the arch should normally be part of a circle, but a smaller radius could be used at 

both ends of the arch. The rise of the arch should normally be between 0.15 to 0.17 times the span. In America 

the rise of the arch can be up to 0.2 times the span. 
 

The Nielsen bridges are the forerunners of the network arches. See Fig. J1, (Nielsen 1929) and (Tveit 2013 pp. 

54 and 55). Their arches were usually made of concrete. If the formwork and the erection are not too costly, this 

is a good idea. It might be an extra good idea for bridges over long stretches of navigable waters where it might 

be practical to produce the spans on land. (Tveit 2013 pp. 47-55). 
 

These days most arches should be made of steel. An economical alternative would be arches made from 

universal columns or American wide flange beams. p. C-1. The profiles could be bent to the right curvature at 

the steel works. (Tveit 2013 p. 93). If they have vertical flanges, attaching hangers and windbracing would be 

simple. See fig. C1. The distribution of stiffness would be good, because the arch is more likely to buckle out of 

the plane of the arch than in the plane of the arch.  
 

Box sections should be considered for longer spans and when extra stiffness is needed for the erection.  
 

When the arches in arch bridges have vertical hangers, it is important that creep does not change the shape of 

the arch over the years. Therefore the shape of the arch should be near to a second degree parabola. (Tveit 2013 

p. 14). When the arch is made of steel, a constant curvature is better. 
 

Compared to the parabolic shape the constant curvature gives more even force in the middle of the arch and 

shorter wind portals. (Tveit 2013 p. 14). It also gives ease of production. Other curvatures of the arch can only 

give moderate savings.  
 

If a smaller radius of curvature is used near the ends of the arches, the wind portal would be even shorter and the 

force in the middle half of the arch would be smaller and more even. It would also lead to more even maximum 

bending in the chords. (Brunn & Schanack 2001). The same effect can be achieved by elliptic arches (Teich 

2012). 
 

If the last members in the tie are made a little shorter, then the bending and rotation at the end of the bridge is 

reduced and the tension in the shortest hanger will be more equal to the tension in the longer hangers. This has 

been done in the Steinkjer and the Bolstadstraumen network arches. (Tveit 2008 p. 5b.). This has made the main 

spans 0.3 m shorter than the influence lines. 
 

If there are no transversal beams in the tie, then the distance between the nodal points in the arch should 

normally be constant. The arch members at the end of the span could be 1.5 times longer than the other member 

of the arch. 
 

Arches made of steel tubes look good and attract less force from wind. Steel tubes were chosen in the very 

slender arches of the Brandanger Bridge in western Norway. Steel tubes were chosen for the arches partly in 

order to reduce the wind pressure.  
 

Steel tubes can be used in the arches of network arches to make the steel skeleton lighter. Then smaller cranes 

are needed to move the steel skeleton to the bridge site. The steel skeleton consists of arch hangers and a 

temporary lower chord. This skeleton becomes much lighter if the arch is a steel tube that is filled with concrete 

shortly after the steel skeleton has been moved to its permanent position. 
 

There are two ways of filling the steel tube with concrete. The concrete can be pumped in at the bottom of the 

tube or it can be pumped through a flexible pipe inserted at the top of the arch. The latter method gives smaller 

stresses in the steel tube. Furthermore there will be less problems if the concrete starts to harden before the 

casting is finished. Pumping in the concrete at the bottom of the arch is probably best, provided everything goes 

according to plan. 
 

In the Waikato River network arch in New Zealand the rectangular arches are filled with concrete. See fig. H-

13. 
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BUCKLING OF ARCHES 

 
Fig B1. Possible form of buckling in the plane of a network arch 

 

In (Tveit 66) the author suggested the possible form of buckling seen in fig. B1. The rings and the dotted lines 

have been added later. Often fig. B1 can convince us that bucking out of the plane arches is decisive.  

 

In a very good article (Schanack 2009) shows how buckling in network 

arches can be calculated by the formula for the member in fig. B2. The 

article is in German, but introduction and text for the drawings are in 

English. The same material is presented in Schanacks doctoral thesis 

(Schanack 2008). 

 

For an exact calculation of buckling we can assume that the tie follows the 

arch with a much bigger radius of curvature. 

 

Frank Schanack (Schanack 2009) rightly pointed out that sufficiently accurate results are found if we assume 

that the tie remains straight. Then the arch buckles like a column supported by flexible springs and the problem 

becomes much simpler.  

 
 

 
 

For the maximum load on the whole bridge (Schanack 2008) shows that the buckling load is: 

 

 

 

 

 

 

Schanack have stated that the formula is not exact, but is 

most unlikely to deviate more than 5% from the exact 

value. 
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Pcr = buckling load 

n = number of waves 

l = Length of member 

EI = stiffness of member 

k = stiffness of support 

f = Rise of arch 

EAp = Stiffness of a hanger 

EIy = Stiffness of arch 

s = Span 

Ŭ = Angle between arch and hangers 

n = Number of waves 

np = number of hangers per arch 

Fig. B2. Strait compressive  

member with elastic support 



C. On lower chords.  This is page 93 in (Tveit 2013) 
 

In network arches with moderate length and width it is often best to avoid structural steel in ties of network 

arches. If the tie is a concrete slab on top of elongating steel beams, a lot of reinforcement must be used to keep 

the crack width down. The next two figures illustrate this point. They come from (Tveit 2013 pp. 93 to 93b).  

The Åkvik Sound Bridge 

 
Fig. C1  shows the Åkvik Sound network arch designed according to EU codes in 2001 

Fig. C1 shows a bridge between two islands in northern Norway. Teich and Wendelin designed this bridge when 

doing their masterôs thesis in Grimstad, Norway. (Teich & Wendelin 2001). Their calculations can be found at 

http://home.uia.no/pert/ under the button ñMasterôs Thesesò. Two ways of fastening the diagonals between the 

arches are shown. See also (Tveit 2013, pp. 9-12). This bridge is used for predicting materials needed for two 

lane network arches spanning between 60 m and 200 m. See chapter AA. 
 

Fig. C2 compares the steel weight of the network arch in fig. C1 to the steel weights of German arch bridges 

with vertical hangers. N indicates that there are no members between the arches. S indicates that the arches 

slope towards each other. The year when the bridges were built is also indicated. (Tveit 2013, p. 93-93a). 
 

The bridges with vertical hangers use more reinforcement than the network arch. This is remarkable because the 

bridges with vertical hangers have steel beams under the concrete slab in the tie. The longitudinal steel beams 

have tension. Therefore the slab on top needs a lot of reinforcement to keep the cracks in the slab small. - The 

network arch uses only 35% of the structural steel in the Calbe Bridge (Fiedler & Ziemann 1997) and only 23% 

of the structural steel in the Jerusalem Bridge in Magdeburg. (Fiedler 2005) 

In fig. C2, the dotted area on 

top of the Åkvik Sound steel 

weight indicates the extra 

steel weight necessary if a 

temporary lower chord is 

used for the erection of the 

bridge in p. C-1. 
 

Nevertheless the network 

arch uses much less steel 

than arch bridges with 

vertical hangers. 
 

The steel weight in the 

temporary lower chord costs 

less than the rest of the steel, 

partly because it needs little 

to no corrosion protection. 

Fig. C2. Steel weights per square metre in various arch bridges          
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THE STRAUBING BRIDGE COMPARED TO A NETWORK ARCH 
This and the next page are from page 13 and 14 in (Tveit 2013). 

 
The next two pages compare two tied arch bridges spanning 200 metres. The bridges are shown in fig. C3. The 

bridge with vertical hangers was built over the Danube in Bavaria in 1977. ( Kahman & Beisel 1979) The author 

designed the network arch for the IABSE congress in Vienna in 1980. J-12, (Tveit 1980) and (Tveit 2008, pp. 

59 to 72). The pattern of hangers is 200A, which is shown to the left in fig. 61 in (Tveit 2013).  

 
The main dimensions of the two bridges are surprisingly similar. The rise of the arch at Straubing is about 7% 

higher. For the network arch the concentrated loads are bigger, but the total payload for the two bridges is about 

the same. 

 

The tie of the network arch should usually have a concrete slab because the weight of the tie restrains the 

relaxation of hangers. The lower chord of the arch at Straubing is an edge beam and an orthotropic plate. The 

two arches have roughly the same cross-section and stiffness. The stiffness of the tie in the network arch is just 

under half the stiffness of the lower chord in the bridge with vertical hangers. 

 

The steel weight for the bridge with vertical hangers is only twice the steel weight of the network arch. This 

impresses the author because the Straubing Bridge uses no concrete in the deck. 

 

 

 

Fig. C3. Geometry, loads and quantities of two tied arches  
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The lower part of fig. C4 shows a comparison between the influence lines for bending moments in the lower 

chord of the two spans shown in fig. C3. Please note that the maximum influence ordinate in the lower chord of 

the network arch is the same as for a simply supported beam spanning 5.6 m. The distance between the arches is 

15 m. Thus it is obvious that the bending in the tie is normally much smaller than the maximum bending found 

in the middle of the slab. 
  

In long narrow bridges, however, the longitudinal bending might become decisive mainly because much of the 

strength of the concrete is needed for taking the variation of the axial force in the tie. In which case a bit of extra 

longitudinal ribbed reinforcement is all that is needed to put things right. 

 

 
 

Fig. C4. Areas, stiffness and influence lines for the lower and upper chord of two tied arches 
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EFFECT OF RELAXATION OF HANGERS  This and the next page is page 67 and 68 in (Tveit 2013) 
 

Network arches with all hangers in tension act as trusses and have little bending in the chords. Hangers can, 

however, be made to relax by live load on one side of the span. Fig. C4 shows how the network arch labelled 

200A (See fig. D8) reacts to a very big load on one side of the span. The span is also pictured in fig. C3.  The 

left 54% of the span carries an unlikely live load equal to the dead load on the lane. 
 

The dotted hangers are relaxed due to live load. They are numbered according to the sequence in which they 

relax. The segments of the chords marked ñaò belong to parts of the arch which act like a truss, i.e. where all 

hangers are in tension.  
 

The segments of the arch 

marked ñbò are attached 

by hangers in tension to a 

section of the span acting 

like a truss. 
 

The chords marked ñcò 

are connected to each 

other by one set of 

hangers in tension. This 

part of the bridge 

functions a bit like a tied 

arch with one set of 

hangers. 
 

The equilibrium of zone 

ñcò is dependent on shear 

and bending in the 

chords. Zone ñcò can 

have large bending 

moments. Zones ñaò and 

ñbò are more firmly held 

in place than zone ñcò.  
 

Relaxation of hangers 

causes a significant 

increase in bending 

moments in the chords 

only after a zone ñcò 

exists, and even then 

bending moments do not 

increase as fast as the 

moments in a tied arch 

with vertical hangers.  
 

This is because the 

sloping hangers restrain 

the horizontal 

displacement of the arch 

and because parts of the 

network arch work like a 

truss. 
 

Even if some hangers 

relax, moderate live load 

on part of the span might 

give smaller maximum 

stresses in the arch than 

the same live load on the 

whole span. This is 

because the partial live 

load gives smaller axial 

force in the arch.  
 

Fig. C5a. Forces and deflections due to an extremely skewed load on 200A                                       C-4 


