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ARNDALE BRIDGE — Hyperboloid structures

Hunisha Patel

In this coursework | will demonstrate how | modeled The
Arndale Bridge and how strength is achieved in the bridge
through using this model.

What is a Hyperboloid? fad
A hyperboloid is a double curved, ruled surface. This 770\
means that the structure is curved in 2 directions which are
generated by using only straight members. The two opposing

arches balance and strengthen the structure as opposed to one arch  Figure 1: Hyperboloid Model
which is considerably weaker. that I created in OasysGSA

Modeling a Hyperboloid

‘ - Sticks were joined together in

\:IJJJ.‘.? SRR, N/ pairs using rubber bands.
44 A4 AR AR | -Further bands were added where
JJJu.:.UJ RR/

WV skewers crossed as demonstrated

‘{-‘JJ-J‘JJJJJJJ .
AN BV VVVV VYA in the figure to the right
44-¢--¢-H-¢JJJ,J A _ _
A L8 Elastic bands were used to allow the members to rotate relative
/4_:': n -'-1‘-(-'{-'{:! < J S to each other and were tied loosely to allow movement
/ -.-: qj‘(‘ ' -The more rows added creates a stiffer structure
P AN

-This creates a mat of 2 layers in a diagrid shape

Connecting the two
ends of the net
creates the
hyperboloid.
Without a force
applied to it, it
naturally conforms Due to the diagrid nature of
to a cylinder-like the structure, when a force is
shape with a very applied to increase the The two opposite curves of
small diameter. diameter, the members are the structure create the
forced to twist creating a strength as the bottom
hyperboloid shape where the curve  strengthens  and
centre has a smaller stabilizes the structure by
diameter than the ends. pulling it down. One curve
would be weak alone.
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Top beam in  Lower beam
compression in tension

The stress in the structure is constant as vertical load acting on it is
only transmitted through shear forces. This is because of the

torsion of the structure of which
component (TUDelft, 2007).

The structure will have small deflection as the loads in the

Understanding and Using Structural Concepts

Structural Concept

The hyperboloid supports all loads axially in compression and
tension rather than bending. The lower, load bearing beam is
restrained from deflecting down by the upper, pre-stressed
beam which opposes this motion by pulling the lower beam up
and therefore making it a stable structure

As the 2 layers are opposing directions diagonally membrane

action is developed as vertical due to the restraining action from
the lower beam therefore inducing a lateral force which causes
membrane action (frpreinforcement, 2008)

when resolved is a vertical

structure are transmitted to the support in a direct load path. -

The strength of the structure
increases as | (moment of inertia
value) increases; this is achieved
through creating a larger diameter
and moving the material away from
the neutral axis.

Arndale Bridge

if*ﬁ.'. g

This shape as many advantages

-as members are in tension, the beams can be
thinner and lighter which lowers costs but also

Increasing the diameter at the

s ends of the structure also
= o S increases the tension within
.Q.‘,,_i- N 3 S it therefore making the whole
' T = astructure stiffer  and
-5 therefore allowing longer

spans.

This bridge was built to replace the
footbridge which was destroyed in the 1996
bomb explosion in Manchester City Centre
(Hodderandpartners, 1999).

It is the only bridge in which a hyperboloid
is used. (Hodderandpartners, 1999)

The bridge connects The Arndale and
Selfridges by fixing the ends of the bridge
to either wall.

This hyperboloid is constructed from 18
straight tension rods of 25mm diameter
and 110mm hollow compression members.

creates an aesthetic and slender structure.
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