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Introduction - Arch bridges

NogarwNE

-_,—

Different types of arch bridges

\%

A Bridge part prefabrication

limitations:
. —— . i Chemical treatment
' i Transport

I Max. Element length 30-35m
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Arch bridges

Tynset bridge, Norway (photo: K. Bell)

A Truss-work type arches:
I Use of truss connections as mounting connection
I Connections in truss exposed to axial forces

A Bridges with vertical hangers:
I Vertical hangers i point load in the arch
I Large moment action in the arch
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Sideway stability
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A lIssues
I Slenderarch  need sideway support
I Connection at support  clamped ?
I Wind bracing at the top of arches  force transfer to the support
(Tynset bridge T no horizontal forces transfer from arch to the deck)
I Small spans  prestressed decks carry horisontal forces

I Small spans  hangers replaced by rigid portal frames; increased
transverse stability
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Durability issues

I Chemical treatment i environmental friendly?
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A Fretheim bridge:

s | Copper cladding on the top faces
¥ i Ventilated venetian blinds i side faces

Fretheim bridge, FIam, Norway, (photo: SWECO)

A General durability issues:
i Keep water out of wooden material (moisture content < 18-20%)
I Suspectible points: upward surfaces, cracks, around details, in connections
I Rapid transport of liquid water
i Covered bridges, possible solution
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Massive arch bridges 1 Inclined hangers
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Inclined hangers

A Traffic loading:
I Heavy loading in skew position
I Vertical hangers: loading as point loads; results in large moments in arch
i Re me dinetvgork aréh b r i dvijhanglined hangers;
moment action reduction: roughly one quarter
vertical displacement reduction: nearly one sixth
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Stability of network arch

1.
2.
3.
4.
5.
6.
7.
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Network arch with double hangers in spoked wheel configuration
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Stability of network arch

timber arch.

_hanger /

Fig. Lateral stiffness from spoked wheel configuration
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Fig. Strain in hanger
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Where:

0 T length of hangers

1 0 elongation

@ T half distance of hangers
fastening points

a 1 angle of rotation

Y T radius of rotation
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Where:
i «fY 1 geometric ratio
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Bridge with spoked hangers

Bridge structural behaviour
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Bridge with spoked hangers i
concept study
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A Conceptual design

Combination of network arch and light-weight deck in long timber bridge concept
Network arch with inclined hangers

Numerical analysis (full and scaled) and experimental model (scale 1:10)
Eurocode requirements

A De3|gn requirements
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Free span of 100m I Spoked hangers configuration
2 lines of road traffic I Tension tie

Width 10m I No wind truss between arches
Glulam circular arches I Timber stress laminated deck

Inclined network hangers
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Design consideration
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T Reduction of moment action in arches
reduction of material needed for the arch
I Relaxation of some hangers  buckling (both in hangers and in-plane)

Hanger layout with constant horizontal spacing and angle

Hanger layout with radial resultants of pair of hangers
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Design consideration
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A Stability

timber archk

I Influence of height to width ratio (cross section)
width (W) > height (H)
I Rise to span ratio
rise = (0,1 - 0,2) span
(our case: 0,14)
I Out-of-the-plane support conditions

I Distance between fastening point of spoked
hangers limited to projection of cross section

Cross section of the bridge with
spoked hangers
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Design for full scale 100 m bridge
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Fig. Fastening of hangers to the transvers beams (numerical model)

A.

transverse steel beams, IPE 400

- distance between supports: 100 m

- rise of arch: 14 m (spacing of 4 m)
- two hinge arches: glulam; GL 32c - hangers in double pairs: in-plane
- constant cross-section of arches: and transverse direction

width-1.8 m, height: 1.2 m - hangers: steel rods d=40 mm,
fastening axial screws in wood in

- stress-laminated timber deck: o
the same direction as hangers

width 10 m, thickness 1 m
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Scaled laboratory model
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Experimental model in scale 1:10
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Scaled laboratory model
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Scaled laboratory model
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Fastening of hangers to the wooden arch
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Structural behaviour of the bridge

A Parameters for evaluation

Introduction

Massive arch bridges
Bridge with spoked hangers
Scaled laboratory model
Bridge structural behaviour
Conclusive remarks

Future work

NogarwNE

Stiffness

Mass distribution

Eigenfrequencies and vibrational modes
Acceleration levels

Damping characteristics

A Scaled model of the deck

Amount of wood material in the timber deck is roughly twice of that in the arches
Measured self weight - 560 kg
Stress-laminated deck height is 98 mm
Pre-stressed to nominal stress of 1.0 MPa
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Measured vibrational modes in vertical direction, experimental model of timber deck

Dymanic behaviour of the deck
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Numerically obtained vibrational modes in vertical direction of timber deck
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