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Architecture 324
Structures II

Gerber Beams

• Continuity in Beams
• Gerber Beams
• Optimization
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Continuous Beams

• Continuous over one or more supports
– Most common in monolithic concrete
– Steel: continuous or with moment 

connections
– Wood: as continuous beams, e.g.

long Glulam spans
• Statically indeterminate

– Cannot be solved by the three 
equations of statics alone

– Internal forces (shear & moment) as 
well as reactions are affected by 
movement or settlement of the 
supports



Gottfried Heinrich Gerber
(1832-1912)

Developed a cantilever bridge spanning 
system used in many bridges worldwide. The 
system became know as the “Gerber Beam” 
and uses cantilever segments to support a 
simple span.

Haßfurter Brücke, 1864. Span of 38 m over the Main River.
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Splice or Hinge – makes Determinate

• Can add one hinge for each redundant reaction
• Reduces length for transport
• Moment = 0 at hinge
• Can be used to balance – and + moments for 

optimization



Examples of the Gerber system

Firth of Fourth Bridge, 1890
• total length 8094 ft.
• central span 1700 ft.
• Design Fowler & Baker
• Construction 1882 – 1889
• After Tay Bridge failure - 1879

Static modeling of the Firth of Forth Bridge 
by Fowler & Baker
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Quebec Bridge Final Completion 1917

Final successful completion 1917
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Quebec Bridge failure – 1907 and 1916
Compression members 
that failed in 1907

1907 failure due to miscalculation of the 
steel strength and dead load.
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1916 hoisting failure

Gerber system in building frames

Speicherstadt Hamburg Kaffeerösterei
1888
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Gerber Beams in Detroit
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Example Gerber Beams
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Steel
Wood

Concrete



Moment control in beams
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Moment control in beams
Spans = 10 ft
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simple span

three spans – without hinges

three spans – with hinges



Example Problem
Given:
Span and loading
• D + L = 49 psf
• 49 psf x 11 ft = 539 plf

Find:
For each beam section
find shear and moment

FBD 1
Reactions

University of Michigan, TCAUP                                                                     Structures II              13 of 25

Example Problem cont.

FBD 2
Reactions
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Example Problem cont.

Force Diagrams
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Example Problem cont.
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Example Problem cont.

For Zx req. = 23.13 in3
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Structural Optimization

Optimization procedure: Find the “best” solution for a given problem.

• Describe the goal – objectives (single vs. multiple)

• Determine limitations – constraints

• Describe the parameters – variables

Optimization type: What to optimize (objectives)

• Material

• Member (section)

• Geometry

• Topology
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Optimization

• Material
– Composites
– Steel vs. Aluminum

• Member and Geometry 
– Variable Depth or Width
– Holes and Cut-outs

German Pavillion at Expo 1967, Montreal
Eng. Frei Otto  Arch. Rolf Gutbrot

Biesenbach Viaduct, Blumberg Wutachtal Railroad,  1890
Eng. von Würthenau, Kräuter, Gebhard & Gernet
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Section Optimization

Reichenbach Valley Bridge, 2003
Eng. Büro Peter + Lochner
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Section Optimization

Reichenbach Valley Bridge, 2003
Eng. Büro Peter + Lochner
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Geometry Optimization

New Bangkok International Airport, 2003
Eng. Werner Sobek  Arch. Murphy Jahn
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Geometry Optimization

New Bangkok International Airport, 2003
Eng. Werner Sobek  Arch. Murphy Jahn
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Geometry Optimization - Bridges

lightest solutions

plot of weight vs natural frequency
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Topology Optimization - Shukhov towers

Nizhny Novgorod, 1896
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