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Problem 1 
Invent Yourself  

It is more difficult to bend a paper sheet, if it is folded 
άaccordion styleέ or rolled into a tube. Using a single A4 
sheet and a small amount of glue, if required, construct a 
bridge spanning a gap of 280 mm. Introduce parameters 
to describe the strength of your bridge, and optimise 
some or all of them. 
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Strength of Materials - Paper 

Å Intermolecular forces 

Cellulose 

Hydrogen 
Bonds 
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Strength of Materials - Paper 

http://mosmanibphilosophy.wordpress.com/2012/09/0
5/what-is-contained-in-a-blank-sheet-of-paper/ 

Linear structure composed of 
cellulose fibers intertwined. 

For calculation purposes, 
the A4 sheet may be 
considered  isotropic. 
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Strength of Materials - Paper 

ωRepresents superficial density of the paper. 

Grammage (g/m²) 

ωMass per unit of volume 

ωHigher density= more molecules per unit of volume= higher intermolecular interactions. 

Density 

Cardboard- 250 g/m²  Bond Paper- 75 g/m² 

       Cardboard is more 
resistant than bond 
paper for the same 
bridge structure. 
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Strength of Materials - Paper 

ÅIƻƻƪŜΩǎ [ŀǿ ŀƴŀƭƻƎȅΥ 

F 

x 

Increases with 
the resistance 

F 

x 

1̒ 
2̒ 

1 

2 

Greater grammage 

Lower grammage 

tg 1̒ > tg 2̒ k1 > k2 
Greater 

grammage = 
greater resistance 
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Strength of Materials - Paper 

ÅFlexural rigidity: 

t 

Tension from the torque 
required to bend the 

structure 

Young Modulus 
Second moment of inertia 

Thickness 

ωHigher grammage 

ωLoad supported increases General View 

ωEach bridge geometry has a grammage limit  

ωLoad supported increases with grammage until limit, then decreases Specifications 
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Bridge Types 

ωCŀƭƭǎ ŘǳŜ ǘƻ ƛǘΩǎ ƻǿƴ ǿŜƛƎƘǘ Plane 

ωVertical segments which tend to prevent 
the collapse of the bridge in buckling Rectangular 

ωContinually distributes the weight 
horizontally and vertically Tubular 

ωWeight is distributed in various horizontal and vertical 
spots 

ωThe segments tend not to suffer deformation to the sides 
Fanfolded 

ωProvides full or partial annulment of the 
compression stress Trussed 
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Bridge Types - Accessories 

Holding bands 

ω¦ǎŜŘ ǘƻ ǇǊŜǾŜƴǘ ōǊƛŘƎŜΩǎ ŘƛǎǘŜƴǎƛƻƴ 

Tubes 

ωBy having a small cross-sectional area, are rigid, and 
when associated under the bridge, make it more 
resistant. 
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Bridge Types ς Trussed Bridge 

Å Structure of connected elements forming triangular units.  

Å Typically straight, that may be stressed from tension and compression. 

Å External forces and reactions are considered to act only on the nodes.  

Howe Truss 

Pratt Truss Warren Truss 

Brown Truss 
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Force Distribution ς Plane Bridge 

Tangent Tangent 

N
C

N
C

Bridge falls due to 
its own weight. 

W 
1f
C

2f
C

Wff
CCC

<+ 21
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Force Distribution ς Rectangular Bridge 

L 

Lateral View 

Weight generates forces in 
the surface the paper 

Greater  resistance 
(as already shown) 

W 
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Force Distribution ς Tubular Bridge 

W 

Concentrated load 

Smaller 
diameter 

More layers 
of paper 

Higher spring 
constant 

More load 
supported 
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Force Distribution ς Fanfolded Bridge 

Series of triangular structures 

W
C

1F
C

2F
C

1f
C

1N
C

2N
C

2f
C

ä =0F
C

Until the bridge 
collapses (max. load) 

2F
C

Every opening 
angle has an 

optimal number 
of folds, as will be 

shown in 
experiments. 


