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PREFACE TO PART IIL

THE curved lines of arches are pleasing to the eye, and may
often be introduced with advantage in constructions. An arch
may furnish, under some circumstances, a very economical way
of spanning an opening; and arched ribs are employed in

CoPYRIGHT, 1879,

other cases, at conspicuous locations, where beauty of design
By CHARLES E. GREENE.

is regarded, or where ample and uninterrupted space beneath a
roof is desired. Stone arches have been built for many centu-
ries; at the present time, wood, iron, and steel are also used as
materials. If the principles which enable one to ascertain the
forces acting in all parts of an arched structure are clearly
understood, designs of this type will be more common than
they now are; and it is with the desire to do what he can to-
i ) ward shedding some light upon this subject, as well as to give
oS ' . the ability to intelligently design an arch to those who are not
ACFRV(Q GENERA B familiar with the higher mathematics, that the-author submits’
i the following pages to the publie.

Most persons experience difficulty in mastering the principles
which govern the action of an arch, as they have hitherto been
_ presented. Even one who has successfully worked through
New Vork, U'S, A, the mathematical theory, as he finds it in the text-books, may
¥ sometimes lose sight of the actual meaning of each step in the
3
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4 PREFACE TO PART IIT.

process; so that there is a certain mystery about the applica-
tion of the formule to a specific example, although one may
feel confident that the results are reliable. To many con-
structors a treatise on the arch, as usually written, is a sealed
book, and the whole subject is veiled in obscurity. Empirical
rules, copying of existing examples, and guesswork have been
the refuge of many. While such practice may answer for
masonry structures, where the factor of safety as regards
strength is very large, the introduction of iron skeleton strue-
tures, where the pieces occupy definite lines of force, and the
sharp rivalry for economical disposition of the material, render
a better practice desirable. It is hoped that the graphical
method developed in the following pages will enable the reader
to understand as clearly the effect of applied forces on an arch,
as it has, through the explanations of Parts I. and II., enabled
him to analyze trussed roofs and bridges.

From the bending moment, direct thrust, and shear, here
obtained at successive sections of the arched rib, the stresses
in the chords or flanges, and bracing or web, are derived as if
the structure were a simple truss. In finding the resultant
stresses in the pieces, the method of Part I. will sometimes be
preferred to that of Part II. So far as possible, the formuls
of the text have been obtained by direct and easy ways; and,
while it has been convenient to arrive at some of the definite
‘results by the use of the calculus, such results have been
obtained from the diagrams, and can in all cases be verified by
the reader, for any specific example, by the most simple means.

After the subject is once mastered, the resulting formule
and applications will, naturally, alone be referred to in working
out designs: the author has therefore thought it best to place
the results, &c., in direct connection with the explanatory
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statements, and to have the analytical or mathematical demon-
strations follow in smaller type. One ‘who simply desires ,
working-material may omit the matter printed in small type,
without losing any of the facts, but must then take some state-
ments for granted.

A distinctive notation for the figures, introduced in Parts I.
and II., — capitals for structures and moment diagrams, small
letters for the shear diagrams, and numerals for the stress dia-
grams, — has been generally adhered to. While an acquaint-
ance with Parts I. and II. will aid the reader in understanding
more readily the graphical constructions here given, it has been
the aim of the author to enter sufficiently into detail to make
this part intelligible by itself: hence a few explanations are
repeated here.

It is believed that many things offered in these pages will be
new to most readers. The work is almost entirely the result of
independent investigation. A portion of the material was once

printed in the * Engineering News,” but it has been entirely

revised since that time: over one-half of this part is now in
type for the first time. The device of increasing the breadth
of the parabolic rib, or the thickness of the flanges, from the
crown to the springing, while the depth remains constant, —
which device will be found in Rankine’s « Civil Engineering,”
—enables the summation of ordinates to be made across the
span, as for a beam, rendering the treatment simple. On the
other hand, the depth and breadth of the circular rib are sup-
posed to be constant, and the summation is made along the
curve. Herein the treatment differs from that of some authors.
It is shown that the direct thrust on a right section is not equal
to the product of the horizontal thrust by the secant of the
inclination of the rib at the section to the horizon, as some
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6 PREFACE TO PART III.

writers assume, unless the equilibrium curve is paralle} to the
axis of the rib. Other points of difference in treatment and
result will be found by readers who are familiar with the litera-
ture on this subject. The discussion, in Chapter VIIL., of the
action of the wind on an arched roof, will, it is hoped, be found
timely and serviceable; the effect of change of temperature,
and the change of form under stress (Chapter X1.), are often
ignored by writers ; an example of a stone arch of considerable
magnitude is worked out in detail; the methods of stiffening | '

suspension bridges are discussed and compared: on some of TABLE OF CONTENTS.

these points very little has heretofore been given.
C. E. G

-

ANK ARBOR, MicH., July, 1879,
CHAPTER 1.

GENERAL PRINCIPLES.
SECTION.
. Arches 5
. Funicular Polygon apphed toa Curved R1b ;
. Relation between Equilibrium Polygon and Bending Moments
- Value of Bending Moment o
. Remarks .
. Condition to detemmne. H Invarmhlhty of Span
- Formula for this Condition .
- The Equilibrium Polygon determinate
- Deflection of the Rib :
- Another Value for Bending Moment .
. Combined Effect of Bending Moment and Dlrect I‘orce :
- Reversal of Figure; Movement of Rib from Equilibrium Polygon
. Equilibrium Polygon for a Single Load .
- Direct Force and Shear at a Right Section
. Sign of Shear; Maximum Bending Moment at P{nnt of Zero Shear
. Treatment of Arch with Fixed Ends requires Three Conditions
- First Condition ;
. Second Condition : Chauge of Iuclina.tion between Abutments
equals Zero
. Third Condition: Deﬂectlon between Abutmenta equals Zero
. This Condition not applicable to Hinged Rib .
- Remarks: Abutment Reactions; Shear, &c.
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