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The References
OhioLINK:

Keyword “Graphic Statics” produces
/2 individual books.
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The Disclaimer

It is hoped that the practising engineer, who has, as a
rule, little time to study mathematical demonstrations or to
search through several pages of transformations for a desired
formula, will appreciate the collection in simple form (Chapter
IT) of all of the necessary formulas likely to be nd These summation formulas are readily applied in the design-
practice, and also the ease and celerity with whi] _ing of masonry arche
can be applied, with the aid of the tables, to the case Nearly all of the formulas given have been deduced for

A fair trial of the summation formulas given in t this treatise by two radically different methods. Many of
these formulas are old, and while it was desired to give full

credit in every particular, it was not found either expedient or
possible to do so for each form.

chapter will, it is believed, lead to the adoption

The tables were carefully computed, and when possible
by the method of differences, each tenth value being checked
by direct computation.

The demonstrations are believed to be sufficiently simple
to be easily followed by senior students in Technical schools.

es, class problems can be solved
which otherwise would be impossible on account of the time
required where direct computation of the various terms must
be resorted to.

The author wiil esteem it a favor if any errors that may

be found are at once brought to his notice.



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
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Graphic Statics
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Parallelogram law Triangle construction

Vector Subtraction

Fig. 2-6




Graphic Statics
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Graphic Statics
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Concrete Arch Design

Recently discovered 1890s concrete arch design sheet
(Cleveland Public Library) 74
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Force Polygans, I+ 100007
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Terminology
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Terminology

Force
Polygon




Arch Design

Funicular{Polygon
(Forces|within the arch)

Force
Polygon

)ty = o .
3 / y p




Terminology

Poles

(Horizontal
Thrust)




Scale and Load Cases

\\ \\\
a5

Force Polyc]ans, 1= 100007
A 3F0° decrease inTemp. Full DrL.

B 4 " « " yz i
C Full Dandl.

D 15° increase in Temp Full D4L.
E. /'QSPan Dand L. |
F 15° (ncrease in Tam/:. /‘Z By L.




Arch Design Live Loads

Various Loads for Vehicular Bridges

e 100 PSF common

 Highest found: 312 PSF

« Common Vehicle through 1910s:
11 Ton road grader



Arch Live Loads Placements




Graphic Statics Analysis







Graphic Statics Analysis




The Decline of Graphic Statics

Contemporary
Graphic Statics Statics & FEM
 Has inexactness * Very precise

* Needs drafting tables, ¢ Ease with slide rules,

papers and pencils calculators and
computers
« Determines « Based on material

equilibrium 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

R

Longitudinal Section




Cuyahoga County

« 150 ft. span
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North Quarry Lane Arch

2LlL= 6.08 k

110.99 k

JDL&LL= 117.07 k




Berea Arch

2LlL= 6.08 k

SDL&LL=  117.07 k DL+ LL

2DL= 110.99 k




Load Rating Variance




Load Rating Variance

Rating Factors

Item
Eden Park N. Quarry Lane
Controlling Vehicle 4F1 3F1
Location Crown Crown
FEM Rating Factor 4.70 2.75
fﬂr:;ht:;:?ti“ ~3.0to0 6.0 ~2.0to 4.0

* Graphic Statics still inexact




Load Rating Variance

Finding exact ,
pole location S




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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