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History of Network Arch Bridges

? Network arches?




History of Network Arch Bridges

Idea

Per Tveit, dr. Eng, Docent Emeritus, Norway, per.tveit@uia.no

http://home.uia.no/pert/index.php/Home
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History of Network Arch Bridges

CCCCCCCCCCCCC



General recommendations

1. The arch
2. The hangers

3. The lower chord

IIIIIIIIIIIIIIIIII
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The arch

-steel, often circular
- American wide flange — easy to find

- Longer spans — box section

b
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The arch

3

1|42

419
750
440

44

L 46 o 1Lt=24

440

24

b=750

b/t = 31.25, A=69696 mm"2 L
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The arch shape

Brunn and Schanack, 2003
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Arch rise

15 - 17 % of the span

CCCCCCCCCCCCC



The hangers

- Wires or rods
- No compression
- Hangers can relax — network # truss

!

Increase in the bending moments

b
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The hangers

N ‘3’-9 it 24}{ 4.7
ff‘ff """'v**
R e

_12X3.9m_| . 12X4m
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The hangers

d_, 9 .

The radial arrangement

: T ISOEXR X%

IIIIIIIIIIIIIIIIII
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The hangers

d= 40-60mm
Protection




Lower chord = deck

— Tube 219 1x6

- T
T UC 356x406x551 — ‘}
wr
o
o
1!
} }
| | Q.40 L L
i ; 14,80 : '
f o +
up
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Lower chord = deck

40
33
30
25
20
18

Slab thickness [¢cm)]

Fig. 3.

352

2 7 9 11 13 15

Span between arches [m]
Slab thickness in network arches. C 40/50

Teich & Wendelin 2001
up

TECHNICAL UNIVERSITY

GGGGGG ~NAPOCA




Concept

Tube 2191 %6

—
.

T UG 3560406351

20,25 5

"'.-'_‘\-"[
"
. : T w
- T j-e":i 2 g8y JF. =R _7_’1 e 4%l =
y Lt = T ST, R —
Concrete - kfrsf’rf E g
L] .__.'

CA0/AN jL.20, 3 500 3 40 W20,

270, 9 40 L2 "‘.‘r,«l
T r I 1

i I"Lm 1 5 T — R .

Fig. 28. Akviksound Bridge. Designed in year 2001.
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Fig. 29. Steel weight in various arch bridges.



Concept

Main span over Saale at Calbe Network arch
100 L 100 ) 100 ) joom ) 100 _ise | 1s0 |~ isom L 1s0
e Tube 219.1x6
A _g‘ Y
|
4 14 13.4m *T
ol (L] 380 . 3.50 3.75 1238
= | l :
| o A s -wrrcrw:c.«f-.rvvf#'ff' — >
R | i - C40/50 ;12 35 , 35 1% e~
. et | <] i —. ¢ H— 3
T S 4 ' 14.8m "
.

N

QComparison of'weight per m? of useful bridge area

Structural steel incl. prestressing steel 100%  Reduction 358%
Reinforcement 100% . 34%
Concrete 100% g 24%
Min. weight to be moved during erection 100% " 46%
Pillars are the same for both bridges 100% " 33%

Savings in cost are probably 35 - 45% per m? of useful bridge area.
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Bridges around the world




Bridges around the world

1704 _Tronsverse steel tube
T _farf of windbracing
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Bridges around the world

Wie rope @ 35
igh strength
tube @ 159 7

a

St t

T

-~

|
!
|
|

I —— -18- (g
A — S | —" | I~
| . | :
\P \ﬁ _ [ - x:\\/
i —— = Welded after erection o . }4
'_\ A ! 7
L J - ]
== . | Fig. 15. Fastening of Fig. 16. Joint in wind-bracing.

i e e

a hanger to the arch.

Fig. 13. Details in arch at Steinkjer. [[]
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Bridges around the world

Fig. H5. The Bolstadstraumen Network Arch seen from the south ,mmzl!zwmm
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Bridges around the world

up
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Bridges around the world

Waikato River Network Arch

[ Allow 2000 hole for concreting
L = ;  located 500 clear of spices,
‘g‘ n e ; stifanars & bracings and
15 - 415 spacifically indicated,
with 10mm cover plate
X |
-—1— e 25mm PATTS (VO3 a
|
! |
= | Ki
A3 1 &

= : ]

l“ 800 +
Bigger arch

Figure 3. Waikato River Bridge Top Chord Sections

|
|
|
|
|

£00

Smaller arch

Allow 2000 hale for
concreling located 500 claar
of splices. stifanars &
bracings and specfcally
ndcated with 10mm cover
plate

Zrem PATES (WEB)

Bigger arch

.

Smaller arch

| 8000 high
clearance
4100 1350 5000 5000 1346 3025
24450 100300 24440 S | ]
; g 1
— l O A Al JL Sktall | 3ufall, ﬂ | .’FootPathJ
1\11 L]’ : )
~Northend .~ | : . e
2 o % 3 = = I
— e s Max normal water + Max. probable flood_jr--'-*‘—"—H
~ Ground e —— i _
improvement B / RC bored piles
zone RC bored piles S

Figure 1. Waikato River Network Arch. Span 100 m. Built 2010. Opened 2011.
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Bridges around the world

T \I'--ll_
: \ ALY
LA RN R e v e
T LA "

AR A LA VAR LA
LA L - " » L

#310,s=15cm ~ l Transverse tendons, DYWIDAG

/ - : threacdbar 360, s=270
Y, Scm
- L =s e

*

" .- prossen |

—
]
710, s= 15::m" 3 ; =
W . #10,s=15¢cm

10,5 =15cm 510, 5 =14 cm /

Longitudinal tendons, @12, 8= 15 em #10,s=15em /
& x DYWIDAG Type 6827 ——
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Fig. 40f. Reinforcement for a tie in the railway bridge in fig 40e T, Y CRsITY




Bridges around the world
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Bridges around the world

Flora Bridge over the Mitteland Canal in
Germany

1.7
0.85]_, 10.85
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Bridges around the world

[ | | THEm
[ | |

N
|

Network arch over B6 at Halle

Fiz. 40m. Shows an early suggesfion
by Prof Marx for a cross-sechion of the
railway bridze over B at Halle
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Bridges around the world

NETWORK ARCH BRIDGE OVER THE EIVER LUZNICE (Czech Republic) Bult 2005
Designer: Ladislav Sasel, PhD, Mott MacDonald, Prague
E'r'_ztnwerze hﬂ”ﬁ.

- g : e g e
. | b 1100 year flood 2 River Lufica =
-='—"~II—I— Prestrazzed concrate dack C3540 T — :
: 41005 M
\ — v Orginal
| o |sburtment

Fig. 96a. Longiindinal section
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Bridges around the world

%CGUHF&:‘ street lights
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- et
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L 2 -
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Bridges around the world




Bridges around the world

Fig. 101. The Brandanger Sound Bridge was lifted onto the pillars on the 7th of September 2010

THE BRANDANGER BRIDGE IS THE WORLD’S MOST SLENDER ARCH BRIDGE

b
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Bridges around the world

{35000 ;Z:m __," 35:3{]0—?
i | _ ’ ‘ " Railings are not shown . :
! g | ot "'f "“' - | .
B RO e % S T
e B 172 KRSt &,
IR == [ —50diem | N
\'\_\_ ||: 200x8000 +% |f- < _+gem0 _:_ o
LN, -8.500 -
| St G T S—
- : i ig i
e T
8

Cross-section of side span

Cross-section in main span
Fig. 100. Final desien of the Brandaneer Bridee
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Bridges around the world

TROJA BRIDGE IN PRAGUE
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Steel-concrete
composite tie
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Bridges around the world

Steel arch

— Cast in situ slab

- Precast
transversal beam

L ow T e e
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8 VA |

29.5
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Bridges around the world

up
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Bridges around the world

“Palma del Rio” bowstring arch Bridge. Cérdoba. Spain.
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Bridges around the world

“Deba” bowstring arch Bridge. | 2 |
Guipuzcoa. Spain. s | 200, |
up
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Bridges around the world

b
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Bridges around the world
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Bridges around the world

Blennerhassett Island Bridge , 268m
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Bridges around the world

326m

, 14.6 m

190 MM C.ILP. DECK

AND 50 MM LMC DVERLAT‘\ M
4
e o — B ———

3 |

1 f_ T |
T / |
LAMINATED NEOPRENE _{ | 3¢ FIXED )

SLIDING BEARING (TYP.) TYP. BEARING
Fig. 3 — Typical Section at Floorbeam

CL BRIDGE

CL TIE BEAM

i

Ll === GG
Fig. 5 = Rib Bracing
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~—4RCH PLANE

Cross-section

ARCH PLANE—

1,50

1,00

RE] BN

1,20

45

77,00
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Case study

1.5.00

6.24

R2=50.8Tm
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The arch — HD 400x634

up
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Case study
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Live load: LM1 + pedestrians 3 kN/mp — 1 sidewalk

m mI
G Q:=300kN
g Banda nr. | q1 =9kN/mp
R
H m
Q2=200kN
5 Banda nr. 2 q2=2.5kN/mp
_IL I
H B 5 Q3=100kN
g Bandanr. 3 q3 =2.5kN/mp
_ILIE

Suprafata ramasa r=2.5kN/mp

up
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Load cases: Load combinations:
- Dead load - Dead load
- Structure - SLS
- Asphalt, railings, etc. - ULS.
- Live load - Dead + Live+Wind
- LM1-TS + UDL - SLS
- Pedestrians - ULS
- Wind
- Wind x
- Windy
- Wind z

b
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Case study

Hangers — tension vs no tension
- deflection - dead weight

End Length Offzet [Location] Dizplay Options
Caze |Eigges|cge] R [-End: |Jr 1 " Scroll for Values

- - 0.000000 ra
LENE |h-'|a||:|r [¥2 and M3) ﬂ |5'”9|E’ valued ﬂ (0.00000 m) E quiwvalent Loads - Free Body Diagram [Concentrated Forces in KN, Concentrated Moments in KM-m)
JEnd | Jr 25 - . Dist Load [2-dir)
0.000000 m il 4673 KN/m
[77.00000 m) LA ot 74 44167 m

Equivalent Loads - Free Body Diagram [Concentrated Farces in KM, Concentrated ko Pasitive in -2 direction

Fezultant Shear

Shear ¥2

T
T i . L . 2839.662 KM
at 74.72000 m

Rezultant Shear
Fezultant kMoment

Moment M3

4770737 KN-m
at B.75429 m

Resultant kaoment Deflections

Deflection [2-dir)
0278836 m

at 38.50000 m

Pozitive in -2 direchion

(" Absolute " Relative to Beam Minimum f* Relative to Beam Endz
Deflections

Deflection [2-dir]

0.030707 m
at 4965333 m
Paositive in -2 direchion

(" Abzalute ("  Relative ta Beam Minimum + Relative to Beam Ends “Ii
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Case study

Tension in the hangers vs. no tension
- deflection - dead + live

887+t +P+z 515 lhd| I-End: |ar 1 " Scroll for Values
: ; 0.000000 ~
[terns |Ma||:|r M2 and k43] j |S|ngle valued ﬂ (0,00000 r:] ‘ﬁ Show Max . . .
_ Equivalent Loads - Free Body Diagram [Concentrated Forces in KM, Concentrated Moments in EM-m)
J-End: |Jt: 26 . i
0000000 m Dist Load [2-dir)
Equivalent Loads - Free Body Diagram [Concentrated Faorces in M, Concentrated bom at 7444167 m

Rezultant Shear

A
I|I|I|I||I|| Illlullll iljlh |§I|I il Illl ‘I|i
T T i

Rezultant Shear

Resultant boment

Resultant kaoment

Deflections

Deflections

(" Abszaolute

" Relative to Beam Minimurn {* Relative to Beam Ends

0109328 m
at 5:3.54500 m
Positive in -2 direction

(" Abzolute

"  Relative to Beam Minimum f+ Relative to Beam Ends

Poszitive in -2 direction

Shear ¥2

211,370 kKM
at ¥4.72000 m

Moment M3

1250.4149 EM-m
&t B.75423 m

Defection [2-dir]

07483973 m
at 4012875 m
Pozitive in -2 direction
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Case study

Tension in the hangers

deflection

LU LS S GL [LULani 1) LAy LI s

I-End: | Jt 1
0.000000 m
[0.00000 m)

J-End: |t 26
0.000000 m
[77.00000 )
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Equivalent Loads - Free Body Diagram [Concentrated Forces in KM, Concentrated Moments in F.M-m)
Dizt Load [2-dir]

0.00 KM A
at 7700000 m
Pozitive in -2 direction

Rezultant Shear
Shear ¥2

511,718 KN
at 74. 72000 m

Rezultant Moment
MHoment M3

£533.3366 K.N-m
at 6.75423 m

Deflections
Deflection [2-dir]

0307817 m
at 4282313 m
Pozitive in -2 direction

" Absolute

" Relative to Beam Minimum {* Relative to Beam Ends

" Scroll for Values

- TS vs UDL

" Scroll for Y alues
f*  Show Max
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- 0.000000 m
V&2 and k3] j |S|ngle wvalued ﬂ (0.00000 m)
J-End: |t 26
0.000000 m
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i Dizt Load [2-dir]
A _..q!l!llu i n;II
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0,00 KM fm
at 7700000 m
Pozitive in -2 direction

Shear ¥2

505.371 KM
at 74.72000 m

Moment M3

E28.5414 KKN-m
at 70.24571 m

Deflection [2-dir]

0281181 m
at 42 52375 m
Pogitive in -2 direction

" Relative to Beam Minimunm {(+ Relative to Beam Ends “Ii
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Case study

Forces —tension
- Axial force in the TIE + bending moment
- dead load

Rezultant Shear
Shear ¥2?

423104 kM
at ¥4.72000 rn

Rezultant Maoment
Moment M3

5756733 EM-m
at ¥4.72000 rn

Hesultant Axial Force
Axial

B533.375 KN
at ¥6.43000 m

up
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Case study

Forces — no tension
- Axial force in the TIE + bending moment
- dead load

Resultant Shear

Shear ¥2
391.044 KN
at 74.72000

Resultant Moment

Moment M3
E44.0494 EM-m
at B.75429 m

Reszultant Axial Force

Axial
435073 KN
at 53.81000 m

up
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Case study

Forces —tension
- Axial force in the TIE + bending moment
- DEAD + LIVE

Rezultant &xial Force
Axial

18105523 kKN
at 7586000 m

17007 667 KM
at 7586000 m

Resultant Shear

Shear ¥2
1444 470 kN
at ¥4, 72000 m
-1434.990 KM
at 2. 28000 m

Reszultant Maoment

Moment M3
1658, 2875 EM-m
at 7024571 m
1516.3229 EMH-m
at 74 72000 m

up
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Case study

Forces — NO tension
- Axial force in the TIE + bending moment
- DEAD + LIVE

Hesultant Axial Force

Axial

17752956 KM
at 52.81000
16640489 KM
at 52.81000

Resultant Shear

Shear ¥2
1333.884 KN
at 7472000
-1325.380 KM
at 2.23000 m

Resultant Morment

Moment M3
2295 BE78 EM-m
at B.75429 m
1661.6396 KM-m
at B18714 m

up
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Case study

Forces —tension
- Axial force in the ARCH + bending moment
- DEAD

R esultant Axial Force

Axial
-8044 BES KN
at 559151 m

Resultant Shear

Shear ¥2
92791 kM
at 0.00000 m

Reszultant Moment

Moment M3
-313.0832 KN-m
at 0.00000 m

up
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Case study

Forces — NO tension
- Axial force in the ARCH + bending moment
- DEAD

Resultant &xial Force

Axal
-7581.644 KN
at 559151 m

Resultant Shear

Shear ¥2
146978 EM
at 0.00000 rr

Resultant Moment

Moment M3
417 32086 KM -m
at 0.00000 rr

up
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Case study

Forces — NO tension
- Axial force in the ARCH + bending moment
- DEAD + LIVE

Hesultant Awxal Force

Axial

19631 581 kKM
at 559151 m
20969 263 KM
at 559151 m

Resultant Shear

Shear ¥2

-J63.644 KM
at 0.00000 m
-399.293 kN
at 0.00000 m

Reszultant Maoment

Moment M3
1041.7050 EM-m
at 559151 m
1586772 KM-m
at 0.00000 m

up
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Case study

Forces —tension
- Axial force in the ARCH + bending moment
- DEAD + LIVE

Resultant Axial Force
Axial

20742 725 KM
at 559151 m

22077771 KM
at 559151 m

Rezultant Shear
Shear ¥2

-229.815 EN
at 0.00000 m

-260. 395 KM
at 0.00000 m

R esultant Mament
Moment M3

-761.9550 EN-m
at 0.00000 m

-560. 2444 EN-m
at 0.00000 m

up
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Case study

LM1 — static vs moving load

Resultant Axial Force
Axial

20742 725 KM
at 559151 m

22077771 KM
at 559151 m

Rezultant Shear
Shear ¥2

-229.815 EN
at 0.00000 m

-260. 395 KM
at 0.00000 m

R esultant Mament
Moment M3

-761.9550 EN-m
at 0.00000 m

-560. 2444 EN-m
at 0.00000 m

up
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Case study

Deformed shape — relaxed hangers

Dead

s XOSOCRQSAAR R K

Dead + live
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Information on the Network Arch

by Per Tveit

Home The Network Arch Systematic Thesis Masters Theses My Publications Supplementary

Bibliography

Welcome to my homepage

The network arch bridge is an arch bridge with inclined hangers. Some of the hangers cross each other at
least twice.

If you are not familiar with network arches and have 4 minutes, you can read the first page of The
Network Arch.

If you want more information you might start reading Preliminary Design of Network Arch Road Bridges
with two examples spanning 93 m and 120 m. You can find it here.

If you would like to have a good general updated knowledge on network arches, read "On Network Arches
for Architects and Planners".

There is a lot of information in the 18 pages in "About The Network Arch”. It can be found here.

A lot of information on network arches can be found here. These 15 pages were presented at NSBA
World Steel Symposium in San Antonia, USA, November 2009.

If you are looking for information on a specific piece of information, it might be best to look at the index
on page 2 of "Systematic Thesis"

http://home.uia.no/pert/index.php/Home W

TECHNICAL UNIVERSITY
OF CLUJ-NAPOCA



Thank you for your attention!

Questions?
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