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The References

OhioLINK: 

Keyword “Graphic Statics” produces 

72 individual books.



The Disclaimer

Lessons from

our Engineering 

Forefathers.



The Fredericktown Arch: How?

50-ft. Melan concrete arch

Built 1896

2ND oldest concrete arch in Ohio

Among first 20 built in U.S.



The Fredericktown Arch: How?

• Load rating: 

Engineering Judgment.

• 3 Ton load posting.

• Local farmer says a fully loaded 

fertilizer truck crossed it.



Answer: Graphic Statics



Graphic Statics

1840 to 1940: 

Today:



Graphic Statics



Graphic Statics



Concrete Arch Design
Recently discovered 1890s concrete arch design sheet 

(Cleveland Public Library) 



Terminology



Terminology

Force 

Polygon



Arch Design

Force 

Polygon

Funicular Polygon 

(Forces within the arch)



Terminology

Poles 

(Horizontal 

Thrust)



Scale and Load Cases



Arch Design Live Loads 

Various Loads for Vehicular Bridges 

• 100 PSF common

• Highest found: 312 PSF

• Common Vehicle through 1910s:

11 Ton road grader



Arch Live Loads Placements



Graphic Statics Analysis



Loads



Graphic Statics Analysis

A Free Body 

Diagram



The Decline of Graphic Statics

Graphic Statics

• Has inexactness

• Needs drafting tables, 

papers and pencils

• Determines 

equilibrium

Contemporary 

Statics & FEM

• Very precise

• Ease with slide rules, 

calculators and 

computers

• Based on material 

properties



Graphic Statics Load Rating:

The Ground Rules

Compare rating factors with previous      

FEM arch load ratings:

1. Use same material strengths

2. Investigate controlling OLL vehicle and 

placement on arch.

3. Use LFR load rating methods.



Eden Park Arch

• Cincinnati

• Built 1894-95

• 70-ft. span



• Cuyahoga County

• 150 ft. span

• Built 1938

North Quarry Lane Arch



North Quarry Lane Arch



Berea Arch



Load Rating Variance



Load Rating Variance

* Graphic Statics still inexact

* 



Load Rating Variance

Finding exact 

pole location



The Takeaways

The Strength of Graphic Statics: 

Has a feel like driving a car with 

a manual transmission!

• No black box, the engineer can “see” the 

structure work.

• Easy to follow the process and find issues or 

errors.



The Takeaways

1. The Past: Can be a great learning tool for 

engineering students.

Taught by Dr. Boothby, Penn State 

Architectural Engineering program.

Developing workshop for U. of Akron Civil 

Engineering, Spring 2018



The Takeaways

2. The Present: Graphic statics may be easier 

to use now with CAD and spreadsheets.  

Still inexact without refined determination 

of poles.



The Takeaways

3. The Future: Despite lack of precision, 

Graphic Statics still is a method useful to 

bridge engineers and students.

Can develop elaborate spreadsheets to rate 

greater number of arch locations.
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